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I Metrology

METROLOGY

/Q 1. What is metrolog}' ? : : S

- Ans : Metrology is a science of measurements; It is concerned with numerous problems
thedtetical as well as practical, related with the measurements, such as units of measurements -
and their standards, methods of measurement, measuring. instruments, accuracy of
measurement and measuring instruments, efc. In-broad sense, metrology is not limited to
measurements only, butis also related with mdustnal 1nspect10n and its various techniques. '
Inspection is concerned with chetking of product at various stages during manufacture andis

carried out with gauges. Metrology mclud es the deswn manu facturmg and testin g gauges of
all Llnds

Q. 2 Enumerate the sco pe of metrology . :

‘Ans : Metrology isa science of measurement. Ina broader sense metrology is not hmlted to
length and angle measurements but also concerned with numercus problems theoretrcal as'
well as practical related with measurement, such as:

i  Units of measurement and their standards, which is concerned with the establrshment

- reproduction, conservation and transfer of units of measurement and their standards.

Methods of measurement based on agreed units and standards. -

i. -Errors of measurement. '

‘iv. Mesuring instruments and devices.

v, Accuracy of measuring instruments and their care.
vi. Industrial mspecllon and its various technigues.
\'u. Demgn manufaclurmg and testing of gauges of ali kinds, -

Q. 3 What is the need of inspection in mdustr:cs ? :

Ans : Inspectionisa recent development, Inspection means checking of all rnaterlals products
 or component parts at various stages during manufacture. It is the act of comparing matenals

products or commponents with the eslablished standards.
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In old days dlfferent component pans were made by a crafisman and assembled by the
same craftsman, If the parts did not fit properly he used to make the necessary changesin  }
the dimensions of the parts. Therefore, the two matmﬁparts were not required to be of dimensions

; - ofclose tolerances and there was no need of inspection. But our modern industrial system is
[t -7 based onintrchangeable manufacture (mass production), to reduce cost of production. Different i§
IF| % parts are made in large quantities in different plants and asembled in another plant. So itis -
JHil - i essential that any part, chosen randomly should fit properly with any other mating part, that |
A too chosen randomly. This ¢an be possible only when the parts are made to close dimensional . |
1] - tolerances. For this the inspection of parts at the various stages of manufacturing is needed.
Inspection provides means to find out short comings and defects in manufacture and ensures
that the product conforms o the desired standard. It should be done ndt only at.the fi nal stage
but must start from the begining i.. from the time of receiving the raw matenals '

/ Q.4. Dcscnbe in short the concept of mass productlon in modern industrial systems. B
- Ans : Mass production is the specialised manufacture of identical articles on a large scale.:
“Since identical articles are produced the operations are repeatitive, production- auxiliary aids
‘such'as speclal tools, jlgs and fixtures, material handmg system, mspecnon devices can be

used advantageously, - :
‘In mass production the machines are arranged in line la)'out (accordmg to sequence of
~ operations) Different parts are made in large.quantities in different plants/production lines or
- shops, and assembled in another plant/shop. So it is essential that any part, chosen randomly
should fit properly with ahy other mating parts, that too chosen randomly. to achieve this it is
necessary to use precise specialised machines, standard material, builtin type material handing
equipmems conveyors etc. There s astandardisation of parts, materials, processes, 'eqoimeots
ete. The parts are produced with close tolerances. In mass production line balancing plays
important role in mainting the flow of materials as it is being converted from raw material
stage to the finished proauct state, In mass production prior planning and prodiiction control is
' comparanvelv easier. The cycle tlme is quite short and the unit cost is less as compared to.
batch pl’OdUCth"!

# Q.5, Whatis Interchangeab:hty ? State lts advantages ? .
Ans : Inold days production was confined to small number of parts. The same worker used
to produce the parts and assemble them to obtain necessary fits. But modem trend is towards
mass production in which parts are made by different workers in different plants and assembled |

" in one shop. Under such conditions, the dimensions of the various mating parts must strictly
lie within certain variations so that any one part selécted randomly will assemble correctly
with any other mating part that 100 chosen randomly Such system is called mterchangeable R |

system or system of limits and fits. D vi
~ Interchangeability is possible only when certarn standards should be followed Whenall §
the parts to be assembled are manufactured in a single unit, local standards may be followed.
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Advantages :
i- Productionis mcreased considerably. o
ii. Results in reduced production cost. S :
iii, Simplifies reptacement and repairs of worn out or defective parts, so mamteneécost
" is very much reduced. -
tv. A worker is concerned with limited work 50 he can easﬂy spet:lallse himselfin that
" work: This results in superior quality of work. :
Assembly tlme is reduced considerably, so production rate is increased.
i Dxfferent components can be manufactured in different parts of the country, depending
upon the avallablhty of raw matenal skilled labour and other fac:lltles This reduces
cost%f productlon conmderably

“Q.6. Write short noe on- selective assembly. :

Ang : In selectwe assembly, the parts of any one type are classified into several groups
according to size. The mating parts are also classified into same number of groups, so that the
corresponding gro_ups,when'assembl ed will zive the desired fit at assembly with little or no
further machining. In this method the parts are manufactured to rather wider tolerences and
then seperated into number of groups according to their actual sizes, Assembly is then made

 from the selected groups. Selecnve assembly results in reduced cost of production without
aﬂ'ectmg the quality of the product Itis often followed in air cra& automobile industries and
in ball and roller bearmg industries. '

Q.? What do you understand hy measurement ? :

~ What are the different methods of measurement 2 . : :
Ans : The set of experlment:xl operanons camed out to determme the \ralue of a quantity-is
called mesurement and the sequence of the’ operat:oos performed is called process of
measurement. The various methods of measurement are as follows : .

1. Method of direct mesurement : This is simple method of measurement, in which the
value of quantity to be measured is obtained directly by the use of instruments. e.g.
measurements by using scales, vernier calipers, micrometers, bevel protractor, etc.

2. Method of indirect measurement : In this method the value of quantity to be measured
is cbtained by measuring the cther quantities which are functionally related to the required
value e.g. angle measurement by sine bar, measurement of screw pitch by 3 -wire method.

3. Absolute or fundamental method In this method the zero division of the measurmg
instruments e.g. steel rule, vernier calhper etc.. : :

4. Centact method-of measurement : The sensor or the measuring tip of measuring
instrument is placed in direct contact with the quant:tv to be measured e.g. mncrometers
vernier calipers, dial indicators, stc.

5, Contactless method of measurement The sensor or measurmg tip-ofi instrument is
not placed in contact wlth the quantity to be measured e.g. measured by optlcal instruments.
Such as tool maker’s mlcrosco;:e projection comparator etc. '
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6. Ooﬁmparatwe method of measurement : In this method the value of the quantitiy to :
- be measured is compared with known value of the same quantitiy or ancther quantity J

functionally related with it i.e. the deviation of the measured dimension from master gauoe
are determined e.g. dial gauges or other comparators. :

'Q 8. Define and explain the term accuracy of measurements. !
‘Ans : The purpose of measurement is to determine the true dimensions of a part. Butno |
measurement can be absolutely accurate; there is always some error and the amount of error
depends upon the various factors such as accuracy and design of measuring instruments, skill 1
of the operator using it, method used for measurement, termperature variations, elastic 55;
deformation of the part or insturment, etc. Because of these numerous reasons, the true f':'
dimension of a part can not be determined but can only be approximated. The agreement of
the measured value with the true value of the measured quantity is called accuracy. If the } 1

. measurement of a dimension of a part approximates very closely to the true value of that .-3 ]

"dimension, it is said to be-accurate. Thus the term accuracy denotes the closeness of the -}
" measured value with the true value. The difference between these two value is the error of
measurement The lesser the error, the more is the acouracy '

Q.9. .Dlscuss the possible effects upon aceuracy of measurement due to :
n Temperature variation, (2)-Elastic deformation (3) Contact pressure..

Ans :

1. Temperature variations : The standard temperature for measurement is 20°C. and gauges
are made to be:of correct size when they are at this temperature. If the measurements are
carried out at temperature other than the standard temperature an error will be introduced.
Due to expansion or contraction of instrument and part are of similar metals, accuracy of
measurement will not be affected even if measurement is carried- -out at other temperature,

“because both will contract or expand by the same amount. r
' " The difference between the temperatures of instrument and part Wlll also mtroduce an - §

error in the measurement, especially when the matena! of the part or instrument has higher & - :

coefficient of expansion. To avoid such errors, instrument and the part to be measured should

be allowed to attain the same temperature before use and should be handled as little as

possible. To obtain accurate results, high grade reference gauges should be used only in
rooms where the temperature is maintained very close to the standard temperature,

2. Elastic derormatwn Slrzught edges are used to check the strai ghtness and ﬂatness of

— : parts; They are generally supported at two points. This results X
‘ - T | in deformation or deflection, the amount of which depends' §

| 2 J upon the positions of the supports. The deflection causes an . §

f_ t . _' _ ~ error in the straightness of the working faces. To have §
e ' minimum deflection the distance should be 0.554 times the |
lenyth of the bar (Airy pomts (SIL 0. 554) ]
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‘Itis also important that the measuring faces of the instrument be parallel to each other i.e.

there should not be any slope at the ends. For this the distance between the two suppons
_ shou]d be 0.577 times length of the bar (S/L = 0.577)

3. Cont'u:t pressure : The variations in the contact pressure between the anvils of instrument

~ and the work being measured produces considerable differences in the readings obtained and

introduce errors in the readings. The development of correct feel is one of the skills to be
acquired. Errors are caused by deformation of the instrument frame.and the workpiece, The
deformation of work piece and anvils of the instrument depends upon the contact pressure
and shapes of contact surfaces. Too much contact pressure results in deformation of both the
instrument and work piece. When there is surface contant between instrument anvils and
work surface there is veny little. dlstomon (deformation), But when there is point contact
beh\-een the surfaces the d:stomon is appreciable.

Q. 10, State Abbe’s alignment prmclple.-Explttm' sine aﬁd; ._c_osinc efrors,

“Ans : - Abbe’s alignment principle :- It states that "the axis or line of measurement should

coincide with the axis of measuring instrument or line of the measuring scale”.

" 1f while measuring length of a work piece the measuring scale is inclined to the true line of
the of dlmcns:on being measured there will be an error in the measurement.

L= measured length:
Lcos = truelength.
L (1 -'cos@ ) =error.

- Lca&} a

Flg,l 2 : . _
The lenglh recorded will be more than thé true- length ThIS error is called cosine error. In -
most cases, the angle "9 is very small and thc error is neohglble

ﬁ.,,

“Iptyection:
- p' ) N
move ment

Fig. 13
The cosme error rgp} occur while using dial gauge, if the axis of the pomter is not along
the direction of movemeént of work. Also, when an indicator is fitted with a ball-end stylus
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. form, the arm should be so set that the direction of movement of work is tangeona.l to the arc
along Whl ch the ball moves, other wise cosme error will beintroduced.

i adotasede diakin | .
T
e

s

™S T L A
\_ lcos® - = - \

Flg 14 : :

The combmed cosine and sine error occurs if the micrometer axis is not truely perpendlcular
to the axis of the work piece (Refer Fig. 1.4). The same error occurs while- measuring the
length of an end gauge in a horizontal comparator if the gauge is not supported so that its axis
is parallel to the axis of the measuring anvils or if its ends, though parallel to each other are

‘not square with the ends. The erros of the above nature are avoided using gauges with spherical

ends. such gauges need notbe all gried accurately when used in combmatlon

Q.11.Explain the term “precision’ as used in measurements. How it is applled in
manufacturing a product?. ' '

Ans : Itisa repeatability of a measunng process when number of measurements are camed
out for a single quantity in identical conditions ( i.e. by the same observer With the same
instrument-and in short intervals of time) the precmon determmes how well these perfon-ned
' - measuremems agree with each other. -

‘Precision has no meaning for onfv one measurement, but ex:sts only when a set of

measurermnents is carried out for the same quantity under identical conditions. For any set of

measurements, the individual results will vary slightly from the mean or average value. The

lesser the variations in the measurement more is the precision ¢.g.consider a component
having true length of 50 mm. A person takes number of readings for the length measurement

are very small.

~ of this componts, with the same instrument and in short intervals of time, The readings obtained - § 1
-are 49,001, 49.002, 49.00, 48.999, 48, 998 mm. Though the readings are not accurate, they
are precise because the variations in the readmgs above or below the mean value 49.00 mm
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Q.13. What are the sources of errors in measurement? OR E‘xplain systematic errog

" and random errors. : : ' 4
Ans 3. Error in measurement is the difference between the measured value and the true valij
ofthe measured dimension, Errors can broadly clasmﬁed mto two catagones viz, Systema :
oru.ontrollable errors and random errors. ' :

Systematlc or Controllable errors :- As the name suggests these errors are reneat
consistently with the repcatition of the measurement operation and can be controlled f
magnitude as well as in sense. If properly analysed they can be determmed
reduced,Systematic errors include:- . . :

i. Calibration errors :- These are caused due to the vanauon in the calibrated scale fr
its nominal value. The actual length of standards such as slip gauges and engraved scale v l:
‘vary from the nominal value by small amount. This will cause an error in measurement 1
""‘lﬁionstam magnitude. Some times, the instrument inertia and hysterisis effects do not allow 1]
ig:f'g"msh'umel*us to translet the measurement accuralely Drop in voltage along the wires of ".
o2 electric meter may induce an-error (called signal transmission error) in measurement.  J§

\?Qs ii. Ambient or atmospheric conditions (Environmental errors) :- Variation in atmosph
ﬁ condition (i.e. temperature,pressure and moisture content) at the place of measurement frof

internationally agreed standard values (temperature =20 degree C and pressure =760 mn

Hg) can give rise to error in the measured size of a compenent. Temperature is the mj

significant factor which causes error in the measurement due 10 expansion or contractlo - %
- component being measured or of i mstrument used for measurement, : ¥

. iii. Stylus pressure (contact’ pressure) - Changes in the stylus pressure produces vanatl
in both the deformation of work piece surface and deflection of work piece. This will cag
" an error in the measurement. Variations in the force applied by the anvils-of micrometer
the work to be measured result in the difference in its readings. The error is caused by.
distortion of both,micrometer {rame and work piece. To avoid this effect of contact pressff
micrometer js fitted with a ratchet mechanism with an operating th:mble The ratchet s
_ when 'lheap‘p‘hed pressure exceeds |he minimum required operating pressure. '

iv. Avoidable errors :- These errors may occur due 10 parallax,non-alignment of work pif§

centres,improper location of measuring instruments,etc. The error due to. misalignmeng

caused when the centre line of work piece is not normal to the centre line of the measutl§
. _mstruments ' ;

'Random errors :- Random etrors occur randomly and are accidental in nature. Their spé _
causes, magnitudes and sense cannot be determined from the Lnowledge of measunng sys .
=or conditions of measurement. The possible sources of such errors are : ' :
i Small variations in the position of setting standard and work piece.
ii. Slight displacement of lever joints of measuring instrumens.
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Fistematic erroy Operator error ir. scale repdine ST g
: g . Fluctuations in :he [riction in measuring mStrumnt
and the true valyl . Q. 14 D:l’fcrcnt:ate between systemanc errors random errqrs,

ies viz. Systemat]  Ans :-

Systemat:c errevs : ' _ Random érrors: A
f'J ' ofs are rer} oats 1. These errors are repeatitive innature | L. 'Ihese are non-consistent. The\aources
o H & contr o‘“' ed " and are of constant and sn_mtlar form. - giving riseto such errors are random. |
determined an 2. Thg_se errors.result fromimproper - 2. Such errors are inherent in the measu-
: : . conditions or procedure that are . ring system or measurning instruments.
. 1 consistent in action. _ ' o _
fibrated scale fro;i - 3. Except personal error, all other ‘3. Specific causes, magnitudes and sense
ngraved scale wf * systematic errors can be controlied ; of these errors can no! be determined
in measurement; inmagnitude and sefise. | o from the knowledge oi mcausring .
ts do not allow . : ' - ' system or conditions of measurement. a
png the wires of *4, If properly analysed, these errors 4. Theseerrors can not be eliminated,but -
jeasurement. * can be determined and reduced or 1 the results obtained can be corrected.
tion in atmOSPhj ren slhwinaisd E ' | | . o
easuremeént fr 5. These erfors include cahbratlon errors '} 5. These errors include efrors caused -
sure = 760 mm - . errors due to variation in atmospheric due to variation in position of selting
erature isthe mg =~ coaditions, variation in contact pressure, standard and work piece, errors, due-
fon or contractionf = - - parallax errors, misalignment errors, etc | - displacement of lever joints of instru
3 ' - : ' -ments, errors resulting from back-
lash, fnctlon etc.

Q. 15. Explam the fellowmg terms used in measurements. Repeatab:l:ty,
~ Reproducibility, sensiti vity and readability, _cahbratmrl. .

ror is caused by
kof contact pressu
Ble. The ratchet sl

suve. ‘

Ans :
1, Repcqtabthty - Itis the ab:hty of measuring system to reproduce the same results for
the measurement of same yuantity when the measurements are carried out by the same -
observer, with the same instrament,under the same conditions and in short intervals of time.

2. Reproducibility :- It refers 210 the coasistency of patiern of variation in measurement

i.e.closeness of agreement between the results of measurements of the same quantity when'

mdmdual measurements are carried out by different observers,by different methods usmg
' drfferent instruments under different cc-ncunons Co =

3. Sens:tmty and Readability - Sensitivity and readability, bolh the terms are assocm!ed '
with the measuring instruments and not \.ith the measuring process. Sensitivity measures the
ability of a measuring instrument to de .ect small variations in a quantity being measured.
Hwher the abllny of such detection of an instrument, more sensitive it is, but if the mstrumenls

ik

- ) . ¥ . - -
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are made more sensitive the3 are »as:iy affecied by external effets “Such as tempermlmes
_ variations, vibrations. etc. This affects the accuracy and precision ‘ofmedsurement;:If-an
- instrument is more sensitive t_h_an reqlziremsnt,it becomes'difﬁculf_fforieg’}'eraipnmﬁ.-a:btain'i’a
reliable reading. - '
© Readability’ refers to the ease with-which 1,1# :ea’*mgﬂ of & Measunng: mstrumam‘ CHIT bF
“read. It is the suscepublhty of measuring instrument 1o have iis indicatibns donvericd into’
meaningfi:] number. To make micromeiers morz readable they are provided: with veriierscaie: o
Redability and hence accuracy of measvrement can also be. iriprovedbydse ofsprofaro
magnifying devices, : : o o '

4. Calibration :- It refers 1o measHL rernents of the measuring instrumentsy #e framifig of: '
scale of the instrument by :a.n*‘!* ing same standurdised signals. Calibsationis a:pre-measurement
process generaliv carried out by manufactu ers, Consisient vzeof instfunéntsraffect:(heir
,,,‘-\accuracy If the accuracy is to be maintained. the instromentznnust beseteckéd: dndiresd
eflibraied, The.schndules of such Cﬁh iation depend upon the sederity ofiuse;énvironmient takhar
§i conditions,acciracy of measurement required,ete. As far as possiblecalibration shouldibald
performed under envxronmemal conditi ons which are very close tddhetcanditions tindenavhichy
:gf sctunl measurements are carried out and as per manufacturers xnmmnnpubhwtahdmmd
:r%a stics, TTihe mutput of o measunn g svstem is linear a.nd repeatalplmtn?ﬂm ibemlywﬁl‘b’rmﬂ&:al

.16, Wha! iz meant by magmf’catmn" Eap!am bneﬂy . dy.

‘ Ans 2 Toim r 24t accuracy of measurement, small vananonsmdhequmn;ybmﬂg‘measmedc

/\\:uu}a i ERE if &Oiﬁﬁ_le_d by measuring instrument and its readings:shonlhalsol béseasily-a

M baduhlé. For this the sutent signal frdm a measuring insirument isiterbie amiplified bf mbgnified:id
% Thus sagnificslion moans increasing the magnituds of sutput signalofimbasering instrumen
-:‘“‘mam "'ms 16 make [t wore readable. : ' :

\P_> Magnification oblained i 2 measucing msimment ma_, be mac:a%ni-c"a}g?‘Biaétriéai:feleéﬁeéﬁiﬁ;
o Optical or preumadic, )

?\ Mechanizal magnilcaiion i
magnificati: 3 [t =e\ 14

oHigined by means of levers:snr: gear trainsi-in- eiectritad

LY caor capacitance of electrical circuit, made by change

\n the quantity Lo g 38 o ¢ ¢ axplily the output of the measuring instrument. -

- Electronic magnifics i_ms is u%;«,mf,a by ine use of valves,transistors or ICs. Opticat

_ magnifi cation uses principle of reflest’ -.m:i no ,r‘vz.*cmagmﬁcatmn makesuseof compressed' :
Q‘I_/ air for amphfymg 1he output of meariging insirumernds, : _

Q 17. Give a brief classification «f errors which sty arise ﬂumg measurementi2a: .

Ans: Types of errer :- During measurement seversl types oﬁ.er.roi' may- ansp,.;.;Fheséfam;f

' I Static errors which includes. o T
- a. Reading errors.

b, Characteristic errors

* ¢. Environmental errors.




B
gtemperature:: '_ In most of the measurements, very often precrsron is requrred In fact, precrsxon is the
grement:If-an 7 § ain criterion by which the quality of the work is judged. :

e toiobtainad: | - Modern industrial system is based on interchangeable: manufacture, 1o reduce '
. 'n roduction cost. Different parts of a product are made in large quantities in different palnts-

. gimentcanbes bnd assembled in another plant, So it is essential that any part, chosen randomly should fit.
/ - Jonverted inia’ foroperly with any other mating part that too chosen randomly. This can be possible only when °

jeritier:scide: < Bhe parts are made to close dimensional tolerances For this accuracy is not important but
pse ofspropar 7t -

(§:Congrak: b chtrolug’

i) recision l'll measurement is. ESSCHH&]

R.12. Drstmgmsh clearly between © preclsron and Accuracy . : :
3iAns : Both the terms are associated with measuring process. Accuracy is the agreement of
: ‘She result of measurement with the true value of the measured. quantity,while precisionisthe
y STaffeC‘f ﬂ‘terr repeatability of the measuring process It shows how well identically. performed measurements -
bekad: \_anﬂ: read oree with each other. Thus accuracy is concemed with the t&¥8 value, but precision has no-
{ronm toncern with it. Presision has no meanmg for on]y one‘measurement, but exists only when a
set of measurments is camed out for the same quantrty under 1dentrcal condltrons

. l True vétos T g e L orror'-
c . . ] . - L .
I Ll . Ap—— Ty p—
BT e T s .
g Lmn vatue o e mean volee
. B loccurale ond precise) - o L0 T fol ocaeate)
. Frequency — Frequm:y ——— -
I . 'lrue uelt‘u-__ error ) - s  True volue” _- "r“';_' R
l T e '_..._L_.-..‘_., —.._I.. :
&l — = | . O
& - : : - .
5 men value Lrrmu-n ‘vdup. . o I o - :
. .5 {No occurucy,no prr:nsion)l (eceurolo hut ot prwse) R "
Frouumey ———— Frequenr.r
. |
Flg 1. 5

If the vanatl Ons inthe measurement of a'dimension are very Iess ie if they agree closely
= ith each other;they are said 10, be prec:se even though therr mean or average value may not.

. dhe measured value of the drmersron 1t can not be sard to be accurate In ot‘rcr words there_
no accuracy in the measuring process, but prescision is more. _
Slmllarly if the variations in the measurements of a dimension are more, but their mean
ralue agrees very closely with the true value of that drmensron they are said to be accurate
IE\ough they are not precise. S - : :
} Accuracy is usually sought for in a measunng process but’ ver)r oﬂen in ‘most- of the _
" Ineasurements, only precision is requrred It rs much easrer and cheaper to achleve precrsmn '
1an to achieve great accuracy ' - C :
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.Q 13 What are the sources of errors in measurement" OR Explain systematic erroﬁ
" and random errors . ' : .

Ans 3 . Error in measurement is the difference between lhe measured value and the frue val;

of the: measured dimension. Errors can broadly classified into two catagones viz, Systema
orwntroilable erTors and rani:iom errors : :

Systematic or Controllable errors :- As 1he name suggests these errors are repe
consistently with the repeatition of the measurement operation and can be controlle
‘magnitude as well as in sense. If properly analysed they can be determined aj
reduced,Systematic errors include :-

Cahbratmn errovs :- These are caused due to the variation in the callbrated scale frd

_ its nominal vafue. The actual length of standards such as slip gauges and engraved scale \
vary from the nominal vahie by small amount. This will cause an error in measuremem

constant maghitude. Some times the instrument inertia and hysterisis effects do not allow f__

instruments to translet the measurement accurately, Drop in voltage along the wires o -

- eledtric meter may induce an-error (called signal transm:ssxon error) in measurement,

~ ii. Ambient or atmospheric condifions (Environmental errors) :- Variation in atmosp
~ cogdition (i.e. temperature,pressure and moisture content) at the place of measurement fi
internationally agreed standard values (temperature =20 degree C and pressure = 760 m
Hg) can give rise to error in the measured size of a compenent. Temperature is the 3
- significant factor which causes error in the measurement due to expansion or contractiony
component bemg measured or of instrument used for measurement.

iti. Stylus pressure (contact pressure) :- Changes in the stylus pressure produces variati
in both the deformation of work piece surface and deflection of work piece. This will caf
an error in the measurement. Variations in the force applied by the anvils of micrometer§
the work to be measured resuit in the difference in its readings. The error is caused by 1

" distortion of both,micrometer frame and work piece. To avoid this effect of contact pressy
micrometer is fitted with a ra!chet mechanism with an operating thimble, The ratchet s [
when me-'applzed pressure exceeds 1he minimum required operating pressure.

iv. Avoidable errors : - These errors may oceur due to parallax non-al:gnment of work pif
* centres,improper location of measuring instruments,etc. The error due to misalignmen)
caused when the centre line of‘ work piece is not normal to the centre lme of the measurg
mstruments '

" Random errors :- Random eITors occur randomly and are accldenlal in nature. Thexr sp R
causes; magnitudes and sense can riot be determined from the knowledge of measurmg sys
or conditions of measurement. The possible sources of such errors are :
i.. Small variations in the position of setting standard and work piece.
- i, Slight displacement of lever joints of measuring instruments.
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i. Operator error ir. scale rending _
iv. Fluctuations in \he [riction in measuring instrument,
Q.14. D:!‘l‘crcn_t:ate between systematic errors random errors.
Ans : .

_ Random errors i
These are non-consistent, The sources,

: gnvmg rise to such errors are randem.’
Such errors are inherent in the measu-
ring system or measuring instruments.

Systemat:c errecrs

* These errors afe repeatitive in nalure'
and are of constant and similar form.

* These errors result fromimproper -
conditions or procedure that are
consistent in action.

Except personal error, all other
systematic errors can be controlled
‘in magnitude and sense,

Specilic causes, magnitudes and senie
of these errors cannot be determined
from the knowledge of muausring
system or conditions of measurement.
These errors can not be eliminated,but

If propef_ly._ aﬁalysed, these errors _ ]
the results obtained can be corrected. ) '

can be determined and reduced or

even eliminated.

These errfors include calibration errors,

errors due to variation in atmospheric

conditions, variation in contact pressure,

parallax errors, misalignment errors, etc
- ) - ' : -=ments, errors resulting from bacL-
- ' lash, friction etc.

These errors include errors caused
due to variation in position of setting .
siandard and work piece, errors, due-

Q.15. Explam the followmg terms used in measurements. Repeatab:hty,

Reproducibility, sensmv:ty and readability, callbratlou.

'Ans

1. Repeatabthty - It is the ability of measuring system to reproduce the same resulis for
ithe mcasurement of same guantity when the measurements are ¢arried out by the same
observer, with ﬂmsame instrument,under ihe same conditions and i in short intervals of ume

2, RLproduCIb'hty - It refers to the coasistency of pattern of variation in measurement
_i.e.closeness of agreement between the results of measurements of the same quantity when

individual measurements are carried out by different observers by d:ﬂ'erent methods,using

- dufT erent instruments under different concuuons

3. Sensatwnty and Readability - Sensi nvuy and readability, both the terms are associated

with the measuring instruments and not 1.ith the measuring process. Sensitivity measures the
ability of a measuring instrument to de .ect small variations in a quantity being measured.

Higher the ability of such detection of an instrument, more sensitive it is, but if the instruments. /

displacement of lever joints of instru ..’
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- variations, vibrations. etc. This affects the accuracy and precision of measurement. If an

- read. It is the susceptlbrllty of measuring instrument to have its indications converted into _f'. .

- Redzbility and bﬂrc- accuracy cf measurement can also be 1mproved by use of proper |

" actual measurements are camed out and as per manufacturers instructions or pubhc standard
o pracnes Ifthe output of & measunng svstem is linear and repeatable rt can be easily cahbrated

- Ans : Toimprovet the accuracy of measurement, small variations nithe quantlly bemg measured .

- opnca] Of prieumatic.

~ Electronic. magnifications is obtamed by the use of valves Jiransistors or ICs Opllcal_ . ff?'.__
_ magmﬁcatron uses principle of reflection and’ pneumatic magmﬁcanon makes use of compressed_ -]
- air for ampllfymg the output of measurmg mstrumenis '

are made more sensitive they are easily affected by external effects such as temperature

instrument is more sensitive than requrrernent it becomes difficult for operator to obtain a 3 3
relisblereading. © 30.18.
Readablhty refers to the ease wrth whlch the readmgs of 4 measuring instrument can be .

méaningful number. To make micrometers more readable they are provrded ‘with vernier scale:

magnifying devices.

4. Calibration :- It refers to measurements of 1he measurmg mstruments ie. frammg of -range_,
scale of the instrument by app]ymg some standardised signals. Calibrationis a pre-measurement ' :PTeCi 3
process,generallv camed out by manufacturers. Consistent use of instruments affect their R4
accuracy If the accuracy is to be maintained, the instruments must be checked and re-
calibrated. 'I‘hc.Schedules of such calibration depend upon the severity of use, environmental H
Condltlons accuracy of measurement required,etc. As far as possible calibration should.be .
performed under envrronmental condmons which are very close to the conditions under which

Q 16. What i is meant by magmt‘ catmn" Explam briefly.

should be: easily. detected by measuring instrument and its readmgs should also be easily

readable. For this the output signal from a measuring instrument is to be amplified or magnified. "
Thus magmﬁcanon means increasing the magmtude of output s:gnal of measunng mstrument !

many times to make it more readable. : :
Magnification obtained ina measunng mstrument may be mechamca], electnca] electromc,

. Mechanical magmﬁcatlon is obtamed by means of levers or gear trains. In electrlcal &
magmftcatlon, the change in the mductance or capacitance of electrical crrcult,rnade by change - i
in the quantity being measured is used to amplify the output of the measuring instrument. _ i§

Q 17. Give a brief classification of errors which may arise dumg measurement .
Ans : Types of error :- During measurement several types of error may anse These are _
“1. Staticerrors whichincludes. = = o L - Bioad
_a. Reading errors. o o . Bsuch
b, Characteristic errors [ - v
c. Environmentalerrors. S BESEE T
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. 2. Insturment loading errors.
3, Dynamlc errors.

(.18, Describe the followma error’s which may avige durmg measurement
. Static errots.
il Loadmg eITors.

3

1Ans : Static errors :- These errors result from the phys:cal nature of the vanable components_
'f of measuring system.’

There are three basic sources of stattc errors. The static error divided by the measurement

‘§range (difference betweefl the upper and lower hmlts of measurement) gives the m\,asurement _
' premsmn '

ja Readmo errors :- Readmn errors anply e\cluswely to the readout dewce These do not

have any direct relatlonshlp with other ty pes ‘of errors within the measurmg system.
Readmg errors include.
- - Parallax error .
- interpolation error.
Attempts have been made to reduce or eliminate reading erors by relanvely sunple techmques

: For example, the case of mirror behind the readout pomter or indicator virtualy elminates

occuranceofparallaxerror ' S - : !

l’nterpolat:qn error :- It is the réading error resulting from the inexact evaluation of the

{position of index with regarding to two adjacent graduation marks between which the index is

ivcated Interpoiation error can be tackied by increasing, using magnifier over the scale in_the
v lslmty of pointer or by uSmg a dimtal read out system.

Characteristic errors :- It is defined as the deviation of the output ofthe measuring system

{from the theoretical predicted perfermance or from nominal performance specifications.

Linearity errors, repeatability, hysteresis md resolution errors are part of characteristic
etrorsifthe theoretical output is a strai ight line. Calibration error is also included in charactensnc :

© derror.

_§ii. Load ing Errors :-Loading errors results from the changein measurand itself when it is.

cing measured,(i.e. after the mesuring system or instrument is connected for measurement.
Instrument loading error is the difference between the value of the measurand before and
after the mesuring sysiem is connected/contacted for measurement,

For example, a soft or delicate component is subjected to defromation during measurement
due to contact pressure of the instrument and cause 2 loading error. The effects of instrument
loading errors are unavoidable. Therefore, measuring system or instrument should be selected

$such that its sens:ng element will minimize instrument loading error in a particular measurement
qinvolved,
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i

1i.
iv.
V.
Vi,

Match the following two parts :- -
' PartI - . o _
Error resulting from the change in measurand
itself when it is being measured.
Error casued due to effect of surrounding
Error casused due to lime variation in the measurand,
Absolute error divided by true value. ‘

Error inherent in the mesuring system

Repeatative type error.

Metrology & Quality Control

Part11 _
a. Random error

b. Loading error.

¢. Relative error.

d. dynamic error.”

é. systematic error

f. environmental errot-

Ansi- (B, G0, GO, (WHO, (), (D-(6)
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'MEASUREMENT

Q.1. Enumerate the importance.of measurement, define the term physical
measur'ement. Describe in brief the ¢lements of process of measurement.. .
| : " OR .
Q. 1 Explam biriefly the prmcrples of measurement.
Ans-: Mechanical and production engmeers are concerned with special aspects q,f meswement
~ in designing and manufacturing engineering products The engineering products vary widely
in size, scope eic but have one thing.in common, namely,lhey have 1o be. perfmmed toa -
specification involving dimensional accuracy. i '
‘Measurement is an essential part of the deveiopment of technology imd as teehnelogy
becomes more complex the techmques of measurement becomes more: SQphiﬁﬁﬁated
For every kind of quantity measured there must be unit to measure it. This will enable the
quantity to be measured in number of that unit. If we say that “A’ is longer than “B*,untii and
‘unless we answer how much, our statement is incomplete. We must be able to express thls
difference in quantitative.terms i.e. in terms of numbers. - :

Physical measurement :- A physwal measurement can be deﬁned as the act of obtaining -
_quantitative information about a physical obiject. It can also be deﬁned as the set of expemnental
operations carried outto detem'une value of quantity. - - -

Process of measurement :- The squer.ce ‘of operations necessary for the gxecution dt‘
measurement is called process of measurement. . :

“There are three important elements of measurement.

i} Measurand 11) Reference  iii) Comparator.

i. Measurand :- Measurand 1s the physrcal quantlty or property like length, augle
dlameter thickness etc. to be measured.

N Reference :-Ttis the phys:cal quannty or property to which quanutatwe compansons
are made. o

it Camparator - It is the means of comparmg measurand wrth some reference




Suppose a ﬁtter has to measure the length of M_S. ﬂat he first lays his rule along the flat. .-':

He then carefully alipns the zero-end of his rule with one end of the M.S; flat and ﬁnally :

compares the length of flat with the graduations on his rule by his eyes. In this example, the ?
length of M.S. flatis a measurand, steel rule is the reference and eye can be consxdered as aj
comparator :

Q.2. What do ypu understand by “standards of measurement’ ? Explam brleﬂy the
different systems of measurement. '

.

Ans : A standard is defined as something that is set. up and established by authority as a rule

for the measurements of quantity,weight,extent,value or quality. Industry, commerce,

international trade and in fact, modern civilization itself would be impossible without a good

system of standards. The role of standards is to support the systems which make measurements
' possible throu ghout the world. . _

Systems of measurement :-A measuremg system 1s based on few fundamental

units,e.g.leéngth,mass, time,temperature,etc. All the physical quantities can be expressed in-

terms of these fundamantal uruts The followmg systems of measurement are in use in dlﬁ”erent
countries.

*1.” F.P.S. System :- This S)’Stem is used in English speaking countries.In. lhIS system unit
of length is yard, unit of mass, weight or force is pound,unit of time is seconds and unit of B

temperature is 0° Farenheit. This system,being inconvenient is steadlly loosing populanty

'2. Metric System :- Metric system is the predominant system in the world. It is the |

decimal system of weight and measure. It is based on metre as unit of length,kilogram as the §
unit of mass and kilogram-force (kg-f) as the unit of weight or force. Unit of temperature is'0° §8

centlgrade This system is sunple for calculation purposes than F.P.S. system.

_ 3. S.LSystem :- This system is extension and refinement of the metric system It is more |
convenient and superior to other systems, The unit of length is metre, unit of mass is kilogram, |

. and unit of weight or force is Newton. Umt of temperature is0 centlgrade This system is |

followed today in most of the countries. -

-

Q.3. What are line standards and enﬂ standards" Exptam in brief.

Ans : Line Standards:- When length is expressed as the distance between two- tines, itis |
called line standard. Both material standards-vard and metre-are line standards. Line standards |
aré quick and easy to use, but they are not so accurate The accuracy of measurement by ]

these standards depends upon the skill of the user.

End Standards :- When Iength is expressed as the dtstance betweern two flat parallel faces, |
it is known as end standard, e.g. slip gauges, ends of micrometer anvils,etc. These standards ]
are highly accurate and used for measurements of close tolerances in precision engineering |
as well as in standard laboratories. A modem end standard consists fundamentally of a |
hardended block or bar of steel Its end faces are lapped flat and parallel to within I‘ew tenths -
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Q..'4. “Distinguish clearly between line standard and en-d_ﬁtandard. :

Line standard ' L " { Endstandard

1. ‘Length is expressed asthe distance . | L. Length is expressed as the distance
between two lines. - between two flat parallel faces.

2. With line standard, measurement is . | 2

- Use of end standards is time consuming,
quick and easy. ' '

3. Line standards, though can be accurately | 3. End standards have very high accuracy
~ engraved, can not be conveniently used and are suitable for close tolerance
for close-tolerance length measurement, |

length measurement.
- 4. These are subjected to parallax errors. | 4. These are subjected to.wear on

measuring surfaces.

5. These are not subjected to wear except | 5. No paraliax error in the measurement

on leading end leads. - '

the axis of
. of measurement, C - - measurement. . '
7. .Examples: yard, metre, etc. ‘| 7. Examples: slip gauges, micrometers,
o e, '
Q.5. Whatis wavelength sian_da'rd? St;ite the necessity and advantages of wave length
standard, S o ' : '

Ans : Material standards are subjected to destruction and their dimensions change slightly

with time. Also a considerable difficutly is experienced while comparing and varifying the

sizes of pauges by using material standareds. It, therefore become necessary to have a standard
: ariable. In 1829, Jacques Babinet, a French philosopher

suggested that wave lengths of monochromatic light can be used as natural and invariable

units of length. In 1960, orange radiation of isotope Krypton-86 was chosen for new definition -

of length;standard metre and yard were defined in.terms of wave lengths of Kr-86.

1'metre = 16,50,763,73 wavelengths and ' -
lyard ‘= 0.9144 metre,

-Advantages of wave Iength standayd ;-

1. Aswavelengthisnota physical one, itneed not be preserved.
2. Itis notsubjected to destruction by wear and tear,
3. Dimenstons do not change with time. .
4. Itisareproduceable standard of length. It is pessible to repeat measurement to a very
high accuracy. The error of reproduction is only of the order of 1 part in 100 million.
3. Comparing and varifying of material standards (size of gauges) is simplified. '




Q.6. Write short note on “End bars’.
Ans : End bars or length bars are primary end standards used for the measurement of larger- g

' laboratorres as reference standards for the cal 1brat10n of combination end bars which arein :
“everyday use. Comblnanon end bars have their ends drilled and threaded 0 recerve studs,
‘which are used to join two or more bars together. '

_ Q.7 What dayou understand by linear measurement" Name the various instruments |

: Ans : To function roperly,precmon mstrument should process the fo]lowmg charactenstlcs

Metrology & Quality Control I
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sizes of work. These are high quality,carbon steel bars of about 20mm to 22mm diameter,
made in sizes varying from 10im to 1200 mm, The bars are hardened at the ends only. The
end faces are lapped. They have two bands of slightly larger diameter at the “Airy” points 3
(0.554. times the length.) The bars are supported at these points so that the end faces-are
parallel to each other. End bars are available in four grades. They are used by stndardising

used for linear measurements, : :

Ans : Lmear measurement applies to the measurement of lengths, dlameters helght and
thickness, covering both extemal and internal measurements. Its principle is to compare the
diamensions to be measured wrth standard drmensron whlch is calibrated on measurmg
instrument. o =

The mstruments used for linear measurements can be classified into two groups

1 Non»preclsmn instruments such as steel rule, caliper, etc. :

il Prec&sxon mstruments such as vernier cahpers mlcrometers slip gauges etc

Q.8. State the :
_properly. .

araterrs_trc_s_wh:ch a p_rec_is_:on mstl:ument should_, have to funection

.. It shouild be sensitive. If measuring instrument is sensitive, a small change in the
‘measured dimension can be easily determined. Butinstrument design should be such
‘thetits smﬁmy remains constant thraughout the range of the dimensicn to be. measured. 8
It should possess high degree of accuracy so that it wilt be able to gwe the indications

_ close to the true values of the dlmenswns to be measured. - _.
i, Instrument should glve nearly the same readmg for repeated measurements of same
- quantity, E
iv. Callbratlon of mstrument should be proper and clear. : N B

v. Wear of the measuring surfaces and other parts of the instrument should ben minimum §

posmble §

Inertia and friction in moving parts ofi mstrument should be mimmum so that it will not are

besluggish. - : - - - #o]
vii. Instrument should respond to small changes of the quantity measured. R a
viii. Instrument should have metrological quahtles constant at all times: : '-'-__. i

i It should be able to amphfv the very small changes in the quantity to be measured
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Q.9. What precautions are to be observed while using metalic scale ?
- Ans : The following precautions should be taken while using metallic scale:-
i Generally the ends of scalé are worn out dueto continuous use. Therefore, to avoid
. eIFor in measurement, end of scale should never be set with the edge of the part to be
~ measured. :
ii. Tohave correct reading of the dlmensmn to be measured scale should never be lald flat
- on the part to be measured. _ ' :
iii. Scale should never be used for cleaning between parts oras substltute for screw driver,
- othérwise its edges and ends will be damaged. o :
iv. To maintain sharpness or the graduations for easy and accurate readmg,scale should
- be cleaned with grease or dissolving fluids.
v. To avoid parallax error,while making measurements, eye should be du‘ectly opposxte
~ and 90 degree to the mark on the part-to be measured. :
Q.10, State the principle of vernier, Exp!am briefly the construction of vernier cahper.
Ans : Prmclple The accuracy of measurement can be increased by utlhsmg the dlfference _
between two scales or divisions which are slightly dlfferent insize.

Constructmn Vemier- caliper consisis of two scales; one is fixed and other is rnovable The

ould be such_ -
fo be measured. - §
the indications |

] nents of same. |

ild be minimum

§ fixed scale,called main scale is calibrated on L-shaped frame and carries a fixed j jaw. The
{ movable scale,called vernier scale slides over the main scale and carries a movable j jawBoth -
‘§the scales have two mesunng tips. The accuracy of measurement depends on the cpndltlon of
: lhe measunng tips, squareness and uniformity of ali gnment of the slldmg Kame '

' Mtasunng ttps (fol Intzmal dlumenslon
: /mram sculz {tixed scale)

: mifnulfnn

s Vtrm:: soqie {movablt ‘scaie)
N Clamping screw . .
movable jaw

" measuring tips (for external diamension -

F1g21

jaw

qwrt, the main scaIe When two measurl" g tip surfaces are in contact with each other scale

shows reading. An adjustment screw is provided for finer adjustrtent of movablej Jaw. A]so an

_arrangement is prowded to lock the shdmg scale onthe mam scale

10. 11. Define least count of vernier instruments.- How is it determmed ?

Ans : To increase the accuracy of measurements, vernier instruments make use of the -
id]fference between two scales whlch are slightly different in size. These instruments have
two scales: Main scale is fixed and vernier scale shides over the main scale. When zero on the
fmain scaIe coincides with thé zero on the vernier scale, the number of divisions on the vermer




~ mainpulation or mishandling of the instrument and its jaws on the woerlece The varlo ;
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scale is one more than the number of divisions on the main scale with which it coincides.
the value of a division on vernier scale s sllghtly smaller than the value of division on ma _5;__
scale _
Least Count (L.C.) : is the difference bet’ween the values of main scale division and vern

scale division. It can also be calculated by the ratio of the value of minimum d1v1510n on mag
scale to the number of dlvlslons on vernier scale

\ :]2 ) :i - 6 5 6 < matn s;ul_e
iiiilllil llllll‘ll Illjilll l; n | ligg i 5T

vern!er
50 % et

o

Fig.2.2 :

Fxo 2.2showsa memlerhavmg main scale graduations of 1mm and 25 divisions on vern
scale coinciding with 24 _dwnsuons on the main scale. As 25 divisions on vernier scale measuj
24mm, the value of each division is 24/25 = 0.96 mm. The value df smallest division on 1

main scale is lmm So least count of the instrument = value of smallest division on ma
scale ' '

1-0.96 = 0.04mm.

- OR -
Value of smallest division on main scale
Number of divisions on vernier scale
1
25
= 0.04

-

e

. ‘Least Count =

Q.12. Give list of possible errors in vernier instruments. What precautions should :
be taken to minimise them ? i

Ans : The errorsin the measurements carried out bya vernier mstrument are usually duc t@§

causes of errors are given below.
l. Error due to sliding between jaws on the scale. et

. Ifthe sliding jaw frame becomes wormn or warped, it will ﬂof'sﬁﬁ; squarely and accuratalf _1';
on the main scale, This will introduce error in the measurement. - R

. iii.  'Wear and warping of the ] Jaws will also cause 0- 0 p01ms on the main and vernier G4
_ not to coincide with each other and will introduce error.
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iv. Errors are also caused by misreading of the vernier scale or by incorrect adding of the
_ vernier scale coincident reading to the relevant maln scale readmg But such errors are
‘notusual. = : _
Error is introduced if the line of measurement does not coincide wrth 1he line of the
scale. : .- _
vi. Erroris also caused due to mcorrect feel and touch.

Precautions :- To'minimise the errors, the following precautions should generally be followed
i Thelineof measurement must coincide with the line of the scale.
ii. While measuring outside dlameters, the plane of the measuring tips of the cahper must
~ be perpendicular to the centre line of the workp:ece The caliper should not be tilted.
iii. Grip theinstrument near or Opposrte to thej jaws and not by 1he overhangmg projected
- mainbar of. callper
v Move the caliper jaws on the. work w:th light touch Do not apply undue pressure
v, Before readmg, try the calrper agam forfeel and location.

Q. 13. Explam the principle of mlcrometer and hence defi ne its least count
“Ans : Mlcrometer uses the principle of screw and nut. We know that when a screw is turned

division on mai

] through nut through orie revolution, it advances through one pitch dlstance i.e. one rotation of

§ screw thread corresponds to pitch length. If the circumference of screw is divided into number
1 of equal parts, say “n’ its rotation through one division (on the c1rcumference) will cause the -

_ f: screw to advance through (Pitch/n) lengihi.e. the minimum length that can be measured by
8 such arrangement will be (pitch/n) By reducing the pitch of the screw thread or by increasing .
1 the number of divisions on the circumference of screw, the length value of one circumferential
{4 division can be reduced and accuracy of measurement can be increased considerably.

- Least count of micrometer is the value of one division on graduated collar connected to

§ screw (thimble). If thé pitch of screw thread is 0.5 mm and the thimble has 50 equal divisions

Eautions should

on the circumference, one division on the th:rnble equals t0 0.5/50 i.e. 0.01 mm. Therefore
least of count of the instrument is 0. 01. : :
Q.14, What precautions should be taken whrle using a m:crometer 7

. Ans-'

-:ely and a_ccurataljl'

d vernier scalesf - -

_ First clean the micrometer by wiping off 011 dust and grit. -
. Clean the mesuring Surfaces of the anvil and spmdle with a clean prece of paper or.
cloth. :
Set the zero reading of the instrument before rneasunng
Hold'the part and micrometer properly. Turn the thimble with foreﬁnger and thumb till
- the measuing tip just touches the part and final adjustment should be made by ratchet
so'that uniform measuring pressureis applied. :
. While measuring dimensions of circular parts, the micrometer must be moved carefully
" over representatwe area so as tonote rnammum drmensron only
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Q.15. “Micrometer anvil surfaces should be truly flat and parallel’”, Why? With what_ 10
instrument and how you will check flatmess and parallelism of surfaces? 4 s
Ans : Mlcormeter is an end measuring device and (end standard:) It expresses length as :
distance between its anvil surfaces. The lack of flatness and parallelism of the anvils wil -j;{ €c
result in mcorrect functioning of the instrument and will cause errors in the. measurement. S nf_ ar
the micro meter anvil surfaces should he of very h: gh finish ({lat) and truly parallel to eachhi G
other. : - - - “hi
_ Best instrument for mesurement of ﬂatness and parallellsm of mxcrometer amnl surface i
is optical flat. When checking flatness, an optical flat is brought in contact with each of th A
- two anvils intum and moved in such a manner that minimum number of interference: fringe i
are produced.By observing the number of fringes produced, the condition of flatness of anvj '8
_surface can be determined. Interference frignes obsered on each of the two anvzls should u_' '
be more than two for practrcallv all ranges of grade I micrometers.
~ Parallelism of the anvils of micrometer can also be checked by using optical flat and aﬂ ! 8
' paralle} plate. The interference fringes produced between flat parallel plate and anvil surfacg§ |
~ are observed. The sum of the fringes observed on the two anvil surfaces indicate the degrd -~
. of parallelism between the surfaces. For 0- 25 mm rmcrometers the sum of the fringes shoul§
_ not be moré than 6, {or 25 to 75 mm micrometers, —not more than 8 and for 75 to 100 mj
microméters-not more than 10. :

Q.16. Write short note on : - - _ _ , I
. 1. Surface plate, . - 3. Tool maker’s straight edge,
2. Angie plate, . - 4 Vernier helght gauge.
Ans : . :

1. Sur l‘ace p!ate Surface plates are extenswely used in work shops and laboratones ]
reference surface for testing flatness of surface or as reference surface for all other measuri
ingtruments havmg flat bases e.g. for mountmgV blocks angle plates,sine bar mecham '
‘comparator, efc. ~

' Surface plates are massive and highly 'ri gid in _desi

- They have truly flat level planes. These plates 4
generally made up of CI, free from blow holes, inclusid@ " -

- and other sur{ace defects and are heat treated to relig@ '
internal stresses. All the surface plates are of it
section and properly ribbed at the bottom, so that tHl¥: -
are rigid enough to carry their own weights as welill
weights of heavy objects placed on them, with@ .
appreciable deflection. The'top surface is scraped® .+

* true flatess, either by hand scraping or by hand lapp@ -
The four edges of the piate are finished smooth, strail
parzlle! and reasonably sqiare to each other and toj
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anvils should nO. '

fs and anvil surface]

Gradel: -
Al e\tenor and interior faces and edges be finished by either grmdmg or hand scrapmg

ce plates are of de§
he bottom, so that g

top surface. B:g surface plates are pmwded with four levellmo screws 10 adjust their top
surfaces truly horizontal. : : :
Surface plates are aIso made. up of gramte and glass Granite surface plates are non-
corrosive and wear resistant. They are not.affected by temperature varxatlons or dampness
and are heat and electric insulators. Al granite plates are stable over reasonably long periods.
Glass surface plates are light weight and non-corrosive. They can be manufctured easily to &

- higher degree of accuracy and maintain their aceuracy for a longer period. -

Surface plates are designted by their length,breadth, grade and number of Indian standard,

GradeI:

“Maximum perrmssxble departure from ﬂatness 5 microns over an area of 300 mmx300 mm.

Grade Y1 : : :
Maximum penmssdbe depamlre from ﬂalness 20 mlcrons over an area of 300 mm x 300 mm.

PI'EC"luthﬂS H _
" To have minimum wear the whole surface of the plate’ must be used The top surface of

_'; the plate must be protected from corrosion by applying grease and when not muse, it should

be covered by wooden or hard board piate, :
1. Angle plate : CI angle plates are widely used in
workshaps or laboratories with surface paltes for
measurement purposes. The two working faces are
truly perpendicular to each other. Angle plates are
generally made form closed grained CI. After being -
~ cast and rough machined, they are heat treated to
relieve internal stresses and are then finished. The
- material used for these plates should be sound, free
from blow holes and porous patches. Generally no
sharp edges are allowed in the plate. Angle plates
are available in two grades depending upon the '
- accuracy. ' :

Fig.z,4

Grade 11 ;
All exterior faces: are finished by p;anmg or milling operation.

_' 3 Too! maker’s straight edges :-These straight edges are used for very accurate w ork

Length upid S8ram

- Fig.2.5 -
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o Fig.2. 6
such as checkmg stra:ghtness and flatness of surfaces in tool room. They are made of suxtab :

 cast or wrought alloy steel, hardened and suitably heat treated to relieve the internal stress

~ and to.give stability. They are available in the range of 15 mimto 30 mm. _

. The shapes of the sections of straight edges of various Ienglhs are as shown in Fig.2.5
Fig.2.6.The working edge, commonly known as knife édge is bevelled and very slightly round
off throughout the length. The faces adjoining the workmg edge are ground flat. The wor
edge is finished hv grinding and lappmg o

4. _Vemier henght.gaug’e Vernier helght gaug
are used to measure or mark vertical distances, Thes}
are mainly used in the inspection of parts-and layoul
work. A vernier height gauge consists of a graduat
~ bar held in the vertical position by a finely grou
. and lapped base. Other parts are measuring jaw off
scriber, a slider with venier scale, fine adjustmerf
screw, clamping screws; etc. All the parts are madg
_ .of good quality steel or stainless steel. The base R
S * quite robust to ensure rigidity and stability of th]

MEASURING insturment. The section of the beam is siuch that §

' ensures sufficient rigidity during use: The measurinl |

jaw has a clear projection from the edge of the bez ]

~ atleast equal to the projection of the base form t ]

beam. The upper and lower surfaces of the jaw ag

- parallel ta the base. Slide has good sliding fit alon;

the fuli working fength of the beam and is provide]

_ Flg 27 o - with an arrangement for fine adjustment.
Precautions :- When notin use vermer height gauge is kept in its case. To ensure sufficief
accuracy in measurements, it is tested {or straightness and squareness or parallelism of th
working faces of the beam, measuring jaw and scriber and the accuracy of the scale reading

Q.17. What are the various instruments used for measuring flatuess of a surface platg

Describe the test procedure adopted for measuring flatness of a surface i
) using one such instrument. :
Ans : The various instruments used for measuring flantess of a surface plate are sensm
level, auto-collimator, Beam comparalor llquld surface gauge etc.
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?; he basis of reference 1o compare the surface to be tested with quuld surface,
: £53 Micrometer _ The liquid is contained in a trough made of iron
"head ~ ~ channel. The trough carries a form of height gauge with
-  an overhanging micrometer head having a comcal point
SR \ to the spindle. : .
E Spindle 1| S _ The spindle points downwards The gauge is placed K

| " ' *over the surface to be tested. The micrometer head is
serewed down untill the conical poing ofthe spindle just
Toekctsie  touches the liquid surface The exact position of contact
S9PPlY s determined with the help of on electrical indicator
Liquid eircuit, the gauge is moved from place to place over the

!

L4
L

Juges . surface and for each position a reading is taken, The -
Thes an.z 8 ' dilTerences in the readings indicate the errors in flatness.
ayOUf e Varlatlens in the ﬂatness of surface are thus compared wnh lhe true plp.ne of the liquid
uatedfsurface '

FOUﬁ, Q.18. Describe the method of testmo squareneess of angle plate wrth dial gague
3 ns : The apparatus used for squareness teslmg consnsls ofa smgle block and column :

- ert:cally onit A square blocL havmg t\\o Opposne sides accurately pa:allel is used for

'?Se'ii s eltmg the mstrument . -

that -' i AR

Suring —ﬂ . :

beani 1277 LN '_

m th4 Dot goug '

W arg ‘ | |otepiote

along e—— o '

nvide A R T ACr——rh _ﬁ___ :

ficien| -'Fhl _DQSe _ #
of thd Fig.2.9 :

dings§ The mstrument is placed on a flat base (surface palte) and one of the parallel faces (AB)
piete: of the square block is brought in contact with the knife edge. The dial gauge reading is
ce by taken. The block is then turned around and the opposite face (CD) is brought in contact

‘Fwith the knife edge The reading of the dial gauge is taken. The mean value of these two -
: readmgs represents squareness. The instrument is now ready for testing squareness. To
test the squareness of angle plate, it rs placed on lhe surface plate and is brought in contact
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with the knife edge. The readmg of the dial ‘gauge is noted the difference between this .
reading and the mean reading shows on error in squarencess over the dlstance between the
knife edge and the dial gauge(L) : . _ -

Q.19.. Explain the prmc:ple and uses ol' Spll"lt level -
Ans :  Spirit Ievel consists of a sealed glass tube mounted on a base. The inside surface of
- the tube is ground to.a convex barrel shape having large radius. The prec1s10n of the level fpetw:
“depends on the accuracy of this radius of the tube. A scale is engraved on the top of the finthe
glass tube. The tube is nearly filled with eather or alcohel etcept a small air or vapour flifTer
bubble, . o . R he he
' ' .Prmelple : The-bubble alw'ays_ tries'to'. rer_nam .21
at the highest point of the tube. If the base of §
~ spirit level is horizontal , the centre point is the &
‘highest point of the tube; so when the fevel i
‘placed on a horizontal surface, the bubble rest
“at the centre of the scale. If the case of th
level is tilted through a small angle the bubbl_
‘will move relative to the tube a dxstance alon
' 1ts radius correspondmg to the angle.
*_ TheFig.2.10 shows two positions 6f the base )
' PO S _ of the Ievel (OAI and 0A2) and correspondmg_
- ; F:g 2.10 - © . positions of the bubble (B1.B2). When the base]
(OAI) is horizontal the bubble occuples posmon B1. Let™8" be the small angle through-
which the base is tilted. The hubble now occupy the position B2, Let "I" be the distancel§,
travelled by the bubble along the tube and “h’ 1the dlfference in helghts bctween the ends of i .
' the base, then, o - &

L= RO and b s - 1
I ,L  hto R
B =E= s 9 1-=.h~'—
VTR L L
Where R Radlus ofcurvature ofthe tube

L Length of base -

Sensitivity of spmt level is the angle of n!t in seco..ds that will cause the bubble to move :
~ through one division. It depends upon the radius of curvature Jength of bubble and mternal
- radius of the tube. : _

Uses : Spirit levels are used 1o measure small angles or inclinations, to test strai ghtness and o
ﬂamess of surfaces ete. E B
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.20 How stralghtness is measured. by usmg spmt level. :
ns : Spiritlevels can be used to measure straightness of horizontal surface. by measuring

Sthe relative angular positions of a number of adjacent sections of that surface.

Two feet are attached at a convenient distance apart to underside of a sensitive spirit

¥ de surface of Hlevel. The level is moved along the surface to be tested in steps equal to the pitch distance

of the level . e’tween the feet and at each position the reading of one end of the bubble is noted. Variations

iin the bubble position represent angular variations in surface and these are converted into - '

ifference in the heights of the two feet. Thus by moving the level along the whole surface,

“§the heights of the various points above or below the starting point can be determined.
eé’miremain .-l .21. Write short note on slip gauges ' " ; o
BAns : Slip gauges are used as standards of measurement in pracncally every preclslon-

. ngineering works These are mvented bv 'C.E. Johansen of Swedan and are also ca!led

is fohansen gauges.

ase of the § olerances. To resist wear, these are hardened throughtout by heating to about 760 degree.C.

the bubble %

bble to 'moyfe.',- '
g.and internal |

. ghiness and .

e distane Grade JI : Used i in workshops for settlng up machme tools . _
e distance 1
the ends o rade I : Used for more precnse work such as settlng up sine bars, checkmg 2ap gauges etc.

¥ '_ rade0:1Itis mspectlon grade and is used for tool room or machme shop inspection.

" Slip gauges are rectangular blocks made of hlgh grade steel to excepnonally close

d quenching in water, They are then stabilised by heating and cooling successively in -
tages so'that hardening stresses are removed after this the measuring faces of the blocks .
re carefully finished by hlgh grade lapping to-have good wringing surfaces. -Sectional -
1men51ons of these: gauoes are 9mm X 30 mm fof sizes upto 10mm and 9mm X 35 mm for

Slip gauges are available in the followlng five grades of accuracy :-

rade 00 Used for hlghest preclslon work such as measurmg Grade I and II.

Calibration grade : Thisis special grade and it is also used to measure other grades_. '
The followmg twcf sets of sllp gau ges arg in general use :- Lo

'.'- ormal set (M—45)

Range (mm)
1.001t0 £.009 -
1.01t01.09

- 1.1t019
“1to9
101090
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~ Special set (M 87) - o S . “bod
Range (mm) " Steps - Pieces _ ' j

1.001 to 1.009 o001l . 9 : _ - Ay

1.01 101.49 1%} S 49 : © {and

0.5 109.5 - 0s N

.10 1090 S T 9 Qa

1.005 N - fAn

T 87 Retc:

Q. 22 State the meamng oi‘ wr ulgmg Wh'lt are the essentlal condltwns of wrmgmg" Th
or Explam wringing of slip gauges.. R
Ans : When two clean and very accurately fiat surfaces are slid together under pressure, Th..
they adhere firmly. This phenomenon is called wringing. Generally a minute 2mount ofg§"™>
grease or moisture must be present between the surfaces forthem to wring satisfactorily. §"
This effect is caused partly by molecualar attraction between the surfaces and the lquId
film and parﬂ} by atmospheric pressure. Use of this phenomenon is made when several :
gagues are to be used in combination, because the stack can then be handled asa unit¥
' wuhout the need of clampmg the pleces togelher - ‘ "

: - : Flg 2 11 : ' :
'I‘o wring two shp gauges together, they are first cleaned because nf any dust is presen
_ between the surfaces they would not wring together. Afier cleaning they are placed together}
at right angles in the form of a cross and-then rotated through 90 degree. While beingg
- pressed together. 'I'hts method causes less rubbing of the surfaces. :

- Q.23. What precautlons should be taken while uslng slip gauges ?
 Ans : Slip gauges are high precision measurmg devaces hence sufﬁclent care should
taken while using them.. - _
When not in use, alt the polished surfaces should be protected from atmosphenc corrosm
by applying petroleum jelly or other suitable anti-corresive agents,
They should be always kept in their cases which should be kept closed. -
‘To prevent corrosion, gauges should not be touched by hand, if it is possible to avoicl
doing so. They should be handled by usmg piece of chamois leather or tongs made from af



| Measuremient o : . . : -

strip of perspex. Handhno should be as minimum as possnb]c to avoid lransfer ofheat ffom
body to the gauge : : o

After wringing. llu. surfacas should be \\uxd with solvent to remove fmger marhs if
any. To remove grease, a clean rag soaked in petrol is first used, followed by anolher dry
and soft cloth-and final cleaning is done by chamois leather. '

After use the gauges are wipsd and replaced in their proper comp mments in the case.

F Quality Control | 1

Q. "4 Wnte short note on- Vernier depth gauge, _
fAns: Itis used to measure the dapths'ofholes, stots and recesses, to Tocate. ' lre dislances.
etc. It consists of a sliding head having flat and true base free from cur\'e nhd wavmess.
The sliding head slides over a graduated blade called beam. . N
% The beam:is perpend:cu'iar to the base in both directions and its end: -Is-.sqaure and flat.

!j'. der pressure, #The-end of sliding head can be set at anv point with fne a linustment on it! While usmg lhls

' Jinstrument,hold the base-oT the sl:dmg head firmly on 1hd reference surfacc and rnove gal.we o

fute amount of: beam 1 die d h thout anp d
Y satistactorily. | eam Qmegsurg 1e. epth withou app \mgun ue pressun.

i ofwringing? :

. Fine
~ adjustment
CLserew

je Locking
screw

A dled as a umt.‘. '

' .'Sliding
head

tain
gcale
Beam

vernlew
scc:l<_z

i

J?&

//:x/ /\\§ \Vf/ ///z
- 4 14 X
:j o= ;\_Meusurmg
4 U base _
‘:;,;r 7 o '.
FIUZ 12 Varnir Dﬂ w

While using this instrument, hold the base of the sliding head firmly on the reference
While being Jsurface and move the gauge beam to measure the depth without applying undue pressure.

Q.25 A slip vauce spt mth 8‘1 pieces, as under, is avallable :

- -]
_Range Step | Pieces. Ranges Step pleces -
_ o f 1001 to L ' 0001 | 9. | 104090 109
o 051095 | o5 19 -

3 -_Bmld up the following dimensions with mlmmum namber of sllp gauges:-
Ssible to avoidd i 29, 758 mm i, 46.635 mm
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Ans :

i. Forlast demmai place of 0.008, choose 1. 008 mm slip gauge
Now dlmen510nle_ft_ 1529.758 -1.008=28.75mm
For second decimal place of 0.05 ;choose 1.25mm slip gauge.
Dimension left = 28.75-1.25 = 27.5mm |
'Now choose 20mm and 7.5mm Sllp gauges to build the required dimensions.
. Thus, we have 20+ 7.5+ 1.25+ 1.008 =29.75 8mm1 ¢. the above four slip gauges
are requtred to butld 29.758 mm.

' ii. To build dimension 46, 635mm, choose the following slip gaugev. :

1.005+1.13+4.5+40=46.635 mm, :
i.e. the above four slip gauges are reqmred to bulld 46.635 mm.

. Q 25 Descnbe VY Block. State tts uses.

Ans : TheV-block is made of C.1. with all the faces machined true. V grooves are provnded
on two oppite sides and slots on.other two faces as shown in fig. 2.13. Generally the angle of §

Vis 90° and these are available in wide variety of shapes. U—clamps are provided to secure
' the work ﬁrmly on the V-groove. : . :

U clamp

Nork piece

F1g..2 13 V-block

V- blocks are rnamly used for the following purposes.
1. To hold the cylindrical work pieces firmly for marking centres..
2. For checking out of roundness of cylindrical work pieces.
- 3. To establish precisely the centre line or dxis of cylindrical work pieces.
4, They may also be used to support rectangular cqmiponents at 45°to the datuim

surface.
5. V-blocks are-also manuf actured in pairs for holding and supporting long circular’
* components parallel to the datum surface.
. Depending'upon the accuracy IS : 2949-1964 specifies the V-blocks in two grades ; grade
A and grade B. These grades vary only in the amount of flatness tolerance on the workmg

faces of the blocks. V-blocks having 120° 1_ncluded angles between V-grooves are also available, 1

In
of th_'li

fand s

Q.26
1]
2!

$ossg
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In'using V-block; it is very essential that the cylindrical piece should rest firmly on the sides
of the V and not on edges, These blocks should be c‘*eck“d pe-'-odxcally for basic accuracy
and should be prevented from rustmg ' :

Q.26 ‘Write short notes on '

ensie_rls. o 1) Feeler Gauge
ur slip gauges §

2)-Scm§w pitch ganges
3) Radius gauges
4) Wire ga'uges
¥ Ans :Feeler Gauge

Feeler gaunge is used to measurel check the clerance between the two mating parts For
. example, it can be used in gauging of the clearance betweén _the piston and cylinder and also
are provided: for adjusting the spark gap between the distributor points of an automobile. The feeler gauge
Iy the angle of § set consists of narrow strips of sheet steel of dif ferent thlckness assembled (hinged) together

003 -1,009’!!\1 L ]

Fig. 2. 14'Feeler Gauge

_ Their workmg ent:rely depends upon the sense of feel. In using the strips (blades) itis
§ essential that the strips should neither be forced between the surfaces nor slide freely. The
4 caorrect strip or a combination ofstnps w111 gwe acharacteristic 'gauge fit! type of feel.

I A set of feeler gauge generally- consists of a series of blades of thickness varymg from
f 0.03 1o 1 mm. The blades are made of heat’ treated bright polished tool steel. The width of the
Bblade in 12 mm at the heal and tapered for outer part of their length so that the width at the tip
B s approximately 6 mm. The holder protectsthe blade when notis used The nominal t}uckness

: of the blade is marked on it legibly. '

B 1S:3179 recommends seven sets of feeler. gauges with thickness from 0.03 to 1.00 min. -
Each set is devised so as to permit maximum utility with minimum number of blades. Table

§ below gives the thickness and number of blades in each setas recommended by Indian Standard
ades ; grade § s 3179.

e working §
fo avaitable. |
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Set No.  No. of biades in

Thlckness of blades in mm
in the set

1 g
.2._ A
3 . 16

1

S

Y

S|

10.03,0.04, 0.05, 006 0.07,0.1,0.15, 0.20, 030 0.40,

| "'005 006 00? 008 009010015 020 040 075

050, 'o;ss am 065 0.70,0.75,0. 80, 0.85, 090

0.03 10 0.01 in steps of 0.01
003'003’004 0.04,0.05, 0.05, 0.06,0.07,0.08
0.03;0.04,0.05, 0.06, 0.07, 0,08,0.09, 0.1, 0.15, 0.20
0.25,0.30,0.35,0.40,0.45, 0.50

050 _
0.05, 0.06, 0.07, 008 0.09,0.1,0.15, 0.20, 025 nao
0.40, 0.50, 0.75, 1.0

1.0

_SC!CW Pltch Gnugcs - |

A

Radius Gauges

Screw pitch gauge is used to checl. the pﬁeh of the scresy.thread. They quickly delermme
the pitch of the thread by matching the tecth on thie strips with the teeth on the work. They are 5
~available with 55%and 60° included thread angles A typical set is shown infig, 2. 15

Fig. 2.15 - Scréw pitch gauges o kB

Radius pauges are employed for checking e\ternal and internal radii on a curved surface
Radius gauges consists of sets of blades. The correspdndmg radius is permanently mgrked on |
each blade. The set consists of blade with internal radius on one side and external radius on

“the other, so that it may be suitable for cheking fillets as well as radius, The passage of hohl
_ between the gauge and the work allows lhe radms to be checked properly.
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Ddi:‘n_sure_mcnt

,0.07,0.08 ' 1
0.1,0.15,0.20

- ~Fig.2.16 Radius Gauge

e L Wire Gauge
£0.20, 0,30, 0.40, ]

‘Wire gauge ( Fig. 2.17) are u._sed for finding diameters of wires by ins'erting the wire in the.
: % notches provided and finding out which it fits. The diameter and the number-marked on the
£0.20,0.25,0.30,% icc are réad off from the sauge. The wire gauge has the range from 0.1 mm to 10mm.

0.20,0.40,0.75,

0,085,090, - §

hickly determine
he work. They are |
Bfic. 2.15. |

£ curved surface. §

Bniently marked on §
ternal radius on §-
passage of light - §-
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LIMITS, FITS AND.GAUGES o

Q 1. Explain; w1th the help of & sketch the fr.illmntlr terms :- - ]
i. Basic size, Ii. Limits of size, iii. Devntlon, iv. Zero lme, V. Tulerance,
vi. Fundamental deviation. '

AnS':__ - _ _ _ g
: T - i. Basic size : It is the standard sizgf |
G Lower dniolion  dhvadlion — 10"'/3"“ .~ of apart with reference to which ali§ -}
e T TR 7 P the limits of variations of size arg
' deviotion \l N ~ determined, It is same for both ho]e
. Tlcreluir ! . . l : : % . _E “and its shaft '
o l ' ‘ ; s ;’ if. Limits of size are the two extrem
l BRI permissible sizes of a part betweef
| I

which the actua! size of that partig b}
Fig.3.1 : contained. The greater of these twi
sizesis s called maxi mum limit or high limit of size whlle the smaller size is the minimum hm
~ orlow limit of size. -

iii. Deviation : It is the amount by which the size of a part deviates from its basic siz

Thus it is the algebraic difference between 2 size and basic size. The algebraic dlfferenc

~ between high limit of size and corresponding basic size is called upper dev1at10n wh11
dlfference between low limit of size and basic size is lower deviation:

iv. Zero line : It | is the line of zero deviation and represents the basic size. In thi l
_ graphical representation of limits and fits. all the deviations are shown w.r.t. the zero lm
positive deviations above the line and negative devlauons below the line.

v. Tolerance : Itis the algebraic diflerence between the upper and lower deviation]
and has an absolute valus without swn It can also be defined as the difference betwee]
“high and low limits of size. '

e it b st b
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vi. Fundamental deviation.: Tt is gither upper deviation or lower deviation which is |
conventionally chosen to define the position of tolerance zone in relation to the zero line.

£0.2. What do you understand by - Limits, Fits, Toléran ce and Allowance,
——% Ans : Limits : It is not possible to obtain exact dimensions of a part because of the variations
#in man and machine. Also it is costly affair to obtain perfect size of a part. Therefore, the
‘¥ranges of permissible differernce in dimensions have been standardised under the name limits.’
* fThe limits of size of a dimension are two extreme permissible sizes between which the actual
size of the dimension is contained. The greater of thésé two is called maximum or hlgh limit ct
{ size, while smaller mze is the minimum or Iow limit of size.

"Fits : Fitis the relationship existing

§ Max.intetence Tolera ﬂ;ﬂ [ | ~ between two parts during assembly due
T Min, interference | ax.Clearance - 44 the difference in their sizes. Itis the
‘B ; I Min.Clearance - degree of tightness or louseness between
. 1‘[:‘_:?5 :;_[4) '[Tol_er‘a_ncz " two mating parts to perform a definite
. __ 5 1] B ?Sfi'éé ‘-g‘ f‘un.ction. Depending upen the actual
e . 7/// = prourrd == y= limits of the hole or shaft sizes, fits may
T be classified as : Clearance fit. Interference

. Hot
noe fit or Transition fit.-

_ o "I‘olcrance,. It is rather difficult or
_ . Fig.3.2 - ' even impossible to. make a part to exact .
Y given size. It is, therefore, essential to allow a definite variation in the size of the part.
4 This permissable variation in size or dimension of part is called tolerance. Tolerance is
' the difference between maximum and mmlmum llmlts of size, 1t is the algebrlc dlffcrence
1 between the upper and lower deviations.

3 Allowance Allowance is the prescribed difference between the dimensions of two

4§ mating parts (hole__ and shaft) for any type of fit. It is the intentional difference between
§theJower limit of the hole and higher linmiit of the shaft. The allownace may be positive or
§ negative. The positive allowance is called clearance, whlle negative allowance is called

4 mterference :

= Q.3, ‘Differentit tate, bctvcccn Tclcreﬁce ar.d Allonance

-: Ans : _ ) )
4 Tolerence : B ~ Allowance _
_' LIt is the permissible variation in 1. Ytis the prescribed difference between
. dimensionof a part (hole or shaft) the dimensions of two mating parts -
o ' ( hole and shaft).

2 1 is the difTerence between higher and |2 Risintential dilference between thelower
* lower limits of a dimension of a part. ~ limitof hole an_d higher limit of shaft.
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3. Tolerence is to be prov:ded ona ~ 1 3. Allowances isto be provided on the -
dimension of part as it is not possible dimensions of mating parts to obtain
1o make a part of exact specified required 1ype of fit.
* dimension. . :
4. It has an absolute va!ue \uthout sign, . Allownace may be positive
' : ' (clearance) or negatlve (mterference)

Q.4. Write short'notes on :i. Limits. ii. Fits' and its types.
Ans : : -

i Limits: Every production process isa combmahon of three elements-man, machme
and materials. A change in any of thesgwill resuli in changes in the sizes of the manufactureq
parts. The incorrect'size relationships between the manufactured parts affecttheir life ang
. proper funcllomng In mass production, where number of,parts aré to be made, it is nof
possible to make all parts e\acl]v alike and to exac! dimensions. The di{ferences in dxmensxo !
do exist because of the variations in tooling, machine variables, raw matérial ard ‘hum
_effort. Also, perfect size is ot only adiffcult buta costl)r aflair. Therefore, the ranges 0
penn1531ble difference in dimensions have been standardised under the name limits. The limi
of a size of a dimension of a part are two extreme permissible sizes, befween which t
_actual size of that dimension is contained. They are {ixed with reference to the basic size
that dimension. The higher limit forihat dimension is the largest size permitted forthe dimensior]

' and lower limit is the smallest size permmcd e.g. ashaft of 25 mm basic size may be writtef] Y

as 25 09 The higher llmlt of the dimension is 25, 02 rnm and lower limit for the dlmensmn ig
24.98 mm. ' :

ii. F:ts and its types When lwo parts are to be assembled the relation resultmg fro y
the difference between their sizes before assembly is called fit. It is the degree of tightness of
looseness between two mating parts to perfofm a definite function. Various kinds of engagemer}
between the hole and shafi result from the difference between their average sizes. Depending
upon the actual limits of the hole or shalt sizes, fits may be classified as :- -

Clearance l'it :- It denotes the condition.of assemblv of two mating parts in which.the 512 :
limits of 1he.se parts are so chosen that pasitive allow nace i.e. clearance will always occur. |

7 . Min clecm.ﬂce ' ' oy 1 - Interterence
w i | 231 |

T Max o . |
T ﬁtclearunce ' T

| ///////

Hole
F|«33




in which the size
vill always occur. ;

Interfete nce

i
T

S T L L-.--.' .

Shatt

" Fig.3.4

3 side of the basic dimension or size i.e. tolerence lies wholy on one side of the basic size.

'} eitherabove or below it.

. Metrofegy & Quality Control l

- 'd The largest permissible shali size is smaller than the smallest permissible hole size. Sliding fit
{ and running fit are the examples of clearance fit. '

lnterferen ce fit i In this {it the sizes of the mating parls are so selected lhal interference or
d negative allowance will always occur. The minimum permitted shaft size is larger than the.

| ‘maximum permitted hole size. Press fit, dnvmg fit, shrink fit and force ﬁt are the e;\amp[es of
thls type of fit. '

Tz

(shalt and hole) are so selected that either clearance or
_inferference may occur depending upon the actual sizes of the
parts. Push fit and Iight Keying fit are exam'ples of'this type of
fit, o

vz

" Hole

:ElgSS

Shaft

Q 5. Whati is tolerance ? Explam um!ateral and Bilateratl systems of tolerance.

.. 8 Ans : Itis never possible to make a'part or.a component exactly to 2 given size of dimension
§ and no method is available for absolutely accurate measurement of that dimension: It therefore,
4 1s essential to allow a definite permissible variation on every specified dimension. This
:'r perm1351ble vananon insize or dunen31on is callegd tolerence. Thus, the word tolerance indicates
& that a worker is not expected {o produce the part to the’ exact size, but a small size error is
permltted The dlfference between hlgher and lower fimits of 2 d:mensxon represents the
' margin for variation in w oeranshlp and is called tolerence zone.

Tolerance can also be defined as the amount by which the jobis allowed to go away

f from accuracy and perfectness without causing any functional trouble, when assembled

with the mating part and put into actual services. e.g. for a shaft of dimenston 25 *° 02

. tolerance =25 .02 -24, 08 =004 mm.

_ Tolerance for a particular dimension may be allowed to v ary either on one snde of the basic

Imze or both sides of the bas:c size. There are two systems of spec1fymg the tolerence of 2

component.

Unilateral system -In this syslem the dlmensxon of a partis allowed to vary onIy onone

m.‘_’__hlemnce
S AR |
Nposic sze R L
. ' Molergnee - '
" Fig.3.6

'Transmen fit In this type ofﬁt the size hmlts ofmatmg @’*ﬁs
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+0.02 . +002 - -001 - +0.00 -

+001  -000 - -002 . 002
‘€g.25 - 25 25 - or - 25 -

Thrs system is preferred in mterchangeable manufacture, especially when prec1snon i
are reqmred because it is easy and simpler to determine deviations. Another advantage oft
system is that Go gauge ends can be standardnsed as the holes of dlfferent tolerance grag
have the same lower limit and all the shafts have same upper limit. .
Bilateral system 3 In this system the dimension of a part is permitted to vary on both sid
of the basic size i.e. limits of tolerence lle on e:ther srde of the basic mze, but may not

' necessanly equally disposed about it.

_ o
e.g. 2_5 % or 257

- Tolerance- _ Inthis system it is not possible to retain the sam¢

.l whentolerancéis varied and basic size of one or botl

_ the matmg parts to be-varied . This. system is useq

“Basic size - - largesize manufacture Bilateral tolerances hel
Fig. 3.7 'machme setting. - :

Q.6 Exp!ant bnefly Hole basls system and shaft basls system of lelts ami Fi __
Ans : A limitend fit system is the.system of series of standard allowances and teleranc
suit specific ranges of basic size, which, when pwperly selected and assi igned to matmg'p
ensure spec1ﬁc classes of fit. There are two sys{ems of limits and fits. ]

- 1. Hole basis system: In this system, the deg
~ -size of hole, whosé lower deviation (fundame

. - dsviation) is zero (H-hole).is assumed as basic

[ _ m — W?JI gqtflr Ai t‘ferelnt clearta;c;:s and ;nterfelr;nces (to h

.. ifferent classes of fit) are obtained by varying
Bosic size @ @ limite of the shaft. In other words, the limits off
~ hole are kept constant and those of the shafy

Fig.3.8 vaned s7asto obtam the necessary fit.

DA AT N
P X

H-Hele,

Refer fig. 3.8.

1. Clearance fit, 2. Transition fit and 3 Imerference fit.
. There are considerable advantages in using hole basis system of limits and fits. Thls syS!
. is recommended by IS India and preferred in industries, because it is very easy, conven|
and less costly to make a hole of correct size.by using standard drills, reamers, etc. Itis |
miich easier to vary shaft sizes according to the fit required,by adjustable methods suc
grinding and turning. Also gauging can be conveniently done with adjustable pap gauges
direct external measurement is easior than internal measuremcnt . |




2. Shaft basis system : In this system,

(fundamental deviation) is: Zero (h-shaft)-
- obtained by vérying the limits on the hole i

- Metrology & Quality Control ]

the design size of a shaft whose upper deviation
is the basicigize and different clases of fit are
i.e, the limits on the shaft are kept constant and

those on the hole are varied to obtain.desired classes of fit.

Bosic size Hale
st () (@ 0
- Fig3.9

In hass production, use of this system will need

* - large amount of capital and storage space for the
- large number of tools required fo-produce holes
for of different sizes, because drills, reamers,

broaches, punches, etc. can not be adjusted to vary
the size. So this method is not preferred in mass
production. This system is suitable when a long

shaft of uniform diamieter has to carry vanety of accessories having different fits, Such as -

puIleys gears bearings, coupling etc,

Q.7 Difference between -Hole bas:s system ‘and shaft bas:s system.

Ans H

Hole Basis System

Shaft Bas:s System

1. Size ofhole _ith'se._ lower deviation
( fundamental deviation ) is zero

. and those of the shaft are varied to

obtam desired type of fit.

3. System is preferred in mass procluc-
tion because it is easy, convenient
and less costly to make a hole correct

' size,

according to the fit required.
5. Itrequires less amount of capital
and storage _spacé for tools needed to
produce shafts of different sizes.
6. Gauging of shafts can be easily and
- conveniently done with adjuslable gop
gauges '

(H-hole) is assumed as the basic size. |-
‘2. Limits on the hole are kept constant

3 o 4. dtsds much easy to vary the shaft sizes

1. Size ofshaft whose upper devnatlon :
(fundamental deviation) is zero (h-shaft)

°- is assumed as the basis size. _
2. ‘Limits on the shaft are kept constant and
. fhose on hole are varied 10 have o
- _necessary fif. - o
| 3. Systemis not suitable in mass productlon

- because it is inconvenient and costly to
. make a shaft of correct size,

4 ltis i'at_her difficult to vary the hole sizes

* according to the fit required. -

5. Itneeds large amount of capital and

~ storage space for large number of tools

*yequired to produce holes of different sizes.

6. Beinginternal measurement, gauging of |
_holes can not be easily and conveniently
done.

' B Q.S.' Study the followin'g figure and'an.sw_e'r .'the-"follbwing' :-

~i. Name the type of fit for assembly.

ii. State the system of Telerance.

Hi. Name the system of Tolerance for Hole and shaft .
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- iv. Determine the vgllues offﬁaximum and minimuom values 'of allowances.
Ans: _ _ S E
1. The size limits of hole and shaft are such that either clearance or interference ma
occur dunnv assembly, so the type of ﬁl assemblv is transition fit.

OF §
: -+ B2 : - The system of tolerance is Newall systeng - Iﬁ
_ +0015 ' : %/ ! .- becauseitis hole basis system. :
=y // % Basic 5172 iii. System of tolerance for Hole is unilafer e
got ¢‘°mm system and for the shaft it is bilateral sysie ollor
Toleronce Zone rolerance Zone . ‘1v. Maximum clearance or posuneallowanc s
Shd“ S Hele S *"Mammum size of hole- mmlmum size of dva
Fig.31¢ .- . - shaft=0.035mm, : -
Maximum mterference or negative aIlowance Minimum size of hole- ma.\lmum size d 1
shaft=0.016 mm. g m
' M&\rmum and minimum allowance arﬂ 0. 035 mm and 0. 016 mm respectwely 3 v.é
Q 9 Study. the given Fig.3.11 and answer the following, ' :. .'
Red raw the gwen fig, propm tionately and name the portlons mdlcted by A te I vf
e $ i
e R VST IS y {—L., : ]
Bl i N ' i
, t : Fle i
8 A .é’ E 9.1
. Z; n'
" Fig.3.11 9
it. Fmd the maomtudes of Lower and Upper deviation, - 'F
iti.. Find the magnitude of maximum allowance.
iv. What type of f‘t itis? _
Ans
_U'pofr Haw ’ Haole 'lsinﬁnu . 3 I
R o I §
' dmtion o ole 3 : o : . B
Up;lr - - . &
- d"':hh ld“lu‘m‘;\ ! s}ﬁ‘ql bk 2 F PR ORd E .E: :-" E :ﬂl Lz"d’““ . - “
T = - " . [ ' ol
P ‘ ol o™ 7 na
ozl ¥ B . wl ofw of . . 3
= fgﬁja'ﬁg]é) ) aj~l° = . : . P |
] I B A ; T o o

"Tolecandr. .f . e Ehall
shatl

Fig.3.12°

! -Q.10. What is _lntercha'ngeliility ? State its advantages.. ' _ »
. Ans : In old days producion was confined to small number of parts. The same worker usedi’
! _ produce the parts and assemble them to obtain necessary fits. But modern trend is towar]
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3 Interchangeab:hty is possﬂhe only. when certain standards are strlctly followed in various
anufacturing units. For universal interchangeability, international standards should be followed.

dvantages :
4 i Productionis increased consrderably _ .
i, Resultsinreduced production cost, - . -0

cost is very much reduced.
iv. A worker is concernéd with lirhited work, s0 he can easily speclal;se hxmself in that
§ - work. This results in superior quality of work.
% v Assemblytime is reduced considerably, so.production rafe is increased.
§ - vi. Different components can be manufactured in different parts of the country, depending
upon the availability of raw material, skilled labour and other facilities. This reduces
_ cost of production consrderably . :

_ D.11. Write short note on - Selective assembly
Cpusiln selective assembly, the parts of any one tvpe are classfied into several groups
gecording to size. The mating parts are also classified into same number of groups, so that the

Forther machining. In this method the parts are manufactured to rather wider tolerances and
- #hen seperated into nuraber of groups according to their actual sizes. Assembly is then made
, om the selected groups. Selective assembly results in reduced cost of production without

gifecting the quality of the product. Itis often followed in air craft, automoblle industirés and
fh ball and roller bearing mdustnes : : :

$.12. How holes, shafts and fits are designed ?
p0s ¢ To describe completely ahole or a shaft, its basic size followed by appropriate letter
ind the number of tolerance grade is given. a hole is designated by capital etter while shaft

Q0mm “g’ shaft with tolerance grade IT7 is designated as 20g7.
Afitis mdxcate(by its basics

¥ same worker used

- de IT7i is designated as Og'f @Jﬁ(
gdemn trend is towarf - S

en all the par*ts o be assembied are manufactured in asingle unit, Jocal standards may be

iii. Simplifies repiacemenl and repairs of wom " out or defectlve parts so maintenance

- gorresponding groups, when assembled will give the desired fit at assembly with little or no '

small letter. e.g. 20 mm H-hole with tolerance grade IT7 is designgated as 20 H7 and R

] fol_lowed appropriate letter and the nuber of tolerance
© Hradeis given, a hole\s des:gnale capital letterwhile shaft by smalt Ietter. €.g.20 mmH-
- ole with tolerance grade IT7 is designated as 20 H7"apd 20mm “g shaﬂ ith tolerance
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Afitis mdlcated by its basic size, followed by symbols represennng the limits of each o
two components the hole bemg quoted ﬁrst - :

H
20 HTg_1l or ‘20—:— ._
Q.13. Interpret the meanings of the followmg f'ts : :
H,f‘,l-lh Hr Hy,. _ : T
- H, f,: H, is the basic hole with tolerance prade IT7. f, is shaft thh tolerance g
ITG Thls shaft gives clearance fit with basic hole H, . It gives norrnal running fitand is wi E
_used for grease or oil lubricated bearings such as gear box shaft bearmgs, sma!l e!ectnc m
" bearings, pump bearings, etc. This system is hole basis system. : 1
- ii. H,h, s This is hole basis system. With hole H,, shaft h, gives a clearance fit wh1 -T 3

~ suitable for non-running parts e.g. for spigol and locanon fits.

iii. H7r_: This is-also hole basis system. With basic holeH,, shaft I, glves mterferenc ?
It produces medlum dnve fit on ferrous parts a.nd llght drive fiton non—ferrous parts whlch
‘be easﬂy dismantled, _ '
iv, Hv,: H, is the basic hole. v,is shaﬁ with tolerance grade 1T5. Thls shaft glves l )
mterference fit with basic hole H, and not recommended for use. -

Q. 14 What are limit gauges ? sketch.any two types of limit gauges, 1
Ans : Manufactured parts must be checked to determine whether they lie between e gt
limits of size: In mass production it will be very time consuming to measure the dimensio]

- each part, therefore instead of measuring actual dimensions of each part, the conforman r’f

- part with tolerance specification can be checked by gauges. Gauges arg scaleless i mspe j
tools of rigid design, that are used to check dimensions, form and relative positions of
surfaces of parts. They do not determme the actual size of part, but define whether,

~ deviations in the actual size or dimensions of part are within the specified limits. They ci

" whether a part lies between the two limits of its size, so they conmst of two sizes correspon
1o their maximum and minimum limits. : : _

- Limit gauges are widely used in engineering beacause 1hey are easy to use, reqmr
adjustmem in their use and no claculations are required to be made for determinging
‘variations in size. ' :

K0 GO

Double endec goen goige
C Fig.3.13 |
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Q 15. Explam the prmc:ples of GO and NO-GO gagues,

- Ans : For checking the dimension of work piece, limit gauges usually have two working sizes; -

one correspouds to the low limit size and other to the high limit size of that dimension. These

' are known as GO and NO-GO gauges. The dlfference between the sizes of these two gauges
- isequal to the tolerance on the work piece. GO gauge checks the minimum metal condition of .

the work piece. In case of hole, GO gauge corresponds to the low limit size, while NO-GO

§ saguecorresponds to the high limit size. For shaft GO gauge corresponds to the low limit size.

A part is considered to be good, if the GO gauge enters it and NO-GO gauge fails to enter it

~under the action of its mass. This indicates that the actual dimensions of the part are within
the specified tolerance. If both the gauges fail to enter, it indicates that hole is under size or _

shaftis over s:ze If both the gauges enter, it shows that hole is over size or shaftis under sxze

: Q 16. What is Taylor’s principle as applied to deSIgn of limit ganges ? ?
‘Ans : It states that GO gauges should be of full form i.e. they should check shape as well as

size of part, whereas NO-GO gague | should check only one dimension of the part, As GO
gauge assembles with the mating component it should check number of dimensions, including

errors of form such as straj ightness, roundness, squareness ete.which are outside the' maximum -

:s shaft 'gi\..r'es' £ metal limit. NO-GO gauge, on the other hand should check only one dimension of part at a

time in order to find out any dimension which is outside the minimum metal limit.

*“To illustrate the principle consider a part having a rectangular hole. If a pin gauge for _
length and width,made to the lower limits of their respective dimensions is used, it will enter
into the hole and thereby indicate that the hole is satisfactory,although the corners maynotbe
square. It is therefore, necessary for Go gauge to be rectangular plate i.e. geometrical equivalent

of mating part or full form gauge. However, if NO-GO gauge is of full form, it wil! 2ot enter
the part, even if only one dimension of the part is correct. Thus if gauge is of rectangular
‘shape made to upper limits of their respective dimensions (width and length), it will not enter-
J thehole evenif only width is correct and length is excessive or length is correct-and width is
4 excessive. NO-GO gaguge must, therefare, consist of two seperate pin gauges, one for length
3 and other for width. : : : :

Q.17. What is gauge maker’s tolerance ? '

Ans : In pratice gauges can not. be manufactured to exact size. The closer the lumts are held,
the more expensive the gauge is. Also some variations in size can not be eliminated due to
imperfections in the process or skill of worlcer Some allowance must, therefore, be givento

‘gauge maker for manufacturing gauges. This is known as Gau ge maker’s tolerence or Gauge

allowance, Logically the gauge tolerence shoutd be kept.as small as possitbe, but this will
increase the cost of manui’actunng the gauges. Limit gauges are generally provided with

' _'gauge allowance of 1/ lﬂth of work {olerance.

Q.18, State why and how wear allowances are considered in gauge dcsngn. :
Ans : Assoon as gauge is putinto service, its rnc':swmu surfaccs rub constantly 'w'unst the
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'-_Ans.

Q.19. D:fferentlate between ) Workshap gauﬂcs and Inspect:on gauges. n) GO thrcaJl :
. plug gauge and NO- GO thread plug gauge, B

- surfaces of the work piece. This resulis in the wearing of the measuring surfaces of gauge]
The | gauge loses it's initial dimensions. The size of GO plug gauge is reduced and that of ring .
© or gap gauge is increaed. Hence a wear allowance is provided to the gauges in the dlrecno:'
~ opposite to that of the wear. In case of GO p!ug gauge, wear allowance is added whlle in ring
. orgap gauvre it 15 substrated :

_ identifi cation marks. State in which measurement it is used.
Ans : Snap gauges aré suitable for gauging both cylindrical as well as non-cylindrical worf purg
Double -ended snap gauges are used for checking sizes in the range of 3mm to 100mm.

Workshop Lauges _ Inspectio'n gauges :
1. _'I‘h_ese gauges are used during " 1. These gauges are used for final mspectlon
manufacture of partsin shops. . " -of parts, _
2. _ __qbper to lerence timif 2 upper tole rence dimit
NO-GO Loz M0G0 | :
| A \r'/ - Ty Q.21..‘
o Lower tolerence .;ﬁ,?t'  Lower tolerence fimit . JAns *
tolerence on workshop gauges - The tolerence on inspection gauges are  §PO5S1b.
are arranged to fall inside the arranged to fall outside lhe work tolerance] 80soly
work tolerence, _ ' § withoy
--3. Parts which are in work tolerence 3. Parts that are not in work tolerence may § { These}
limits may be rejected.when tested | - be accepted when tested by mspectxon - gactual
~ by warkshop gauges.  grages. § that a
GO thread plug gauge NO-GO thresd plug gauge. E;Zh
1. Itis full form and is made to L. Itis made to maximum effective dlameter insted
the minimum effective diameter © of screw thread. ' s'peci"
of screw thread. ' : dimed
2.- 1t checks virtual effective 2. It checks maximum eﬂ“ectwe d:ameter T cd
diameter, errors in pitch or flank - of thread. $oous;
angles of thread. - Beentd
‘3. Tolerences on these gaugesare | 3, Tolerence on these gauges are arranged | p—
arrar_lged within the work to]er\a\nce. . outsldeihe work tolerence. ;. us .
_ R ! Rthred
_Q 20 Draw a neat sketch of double ended snap Uauge and indicate on 1t varioy p 1

fOl’ 1]

§o2
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Values of deviationg
Pented - ofor work piece

/" Nominal size and
~ Cclass of tolerance

Fig. 3. 14

N Q.21. Discuss briefly the use of limit gauges to control the size of parts on shop floor,
~§ Ans : In mass production, where large number of parts are to be manufactured, it is not
{ possible to make all the parts alike and to exact dimensions, Also, no method is available for
1 absolutely accurate masuremaents of the dimensions of the meanufactured parts. Therefore '
§ without affecting the functional quality of parts, small size errors are allowed in their dimensions.
{ These are called tolerances. Thus two permissible limits of sizes of the part are specified. The
~ § actual size of the part must lie within these limits. The limits of sizes of paris are so selected -
| thata satisfactory functioning is assured on assembly. In shops, the manufactured parts must
4 be checked to determine whether they lie bstween the specified limits of size. In mass -
4 production, it is very time consuming to measure the dimensions of each part; therefore,
instead of measuring actual dimensions of each part,the conformance of part with tolerence
{ speciations can be checked easily and rapidly by limit gauges. The gauges not only check the
J dimensions of part,but also check the form of the part and relulive position of the surfaces.
Consider a cylindercal male part. In addition to checking the sizes of the part, ring and gap
gauges can detect errors such as Jobing, raised imperfections, bending, drunkenness {i.e. waved
centre line) barreling, indented imperfections, etc. To check the sizes of cylindrical holes and
errors in their forms double ended plug gauge Or progressive type plug gauge can be effectively
used. The various elements of screw thread can be easﬂy and rapldly checked by screw
thread gauges. - : :
Thus we see that, though limit gauges do not determine actual size of the manufactured

4 parts, they can conveniently and rapidly determine the errors in the permissible sizes and
4 forms of the manuflacturad parls SO lhev are extensively used in workshops and for inspection

purposes

Q.22, Sketcha pro gressive type of “G 0’ and “NO-GO? plug gague suitable for ZSH
- hole. Wear and manufacturing allowances need not be considered. For 25H
hole fundamental deviation is zero and IT7 is 21 microns.
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_b. State one advantage and one disadvantageof.this’ type of gauge when compart .'
to double-ended plug gauge.
-¢. How can you identify the GO and NO-GO ends of double-ended plug gauge
Ans :
a. Fundamental dev:ancm of lhe hole (1 e. lower dewat:on) =0
IT7 =21 microns.

" Upperdeviation =21 x 10° = 0.021 mm

005

. Limits of 25H, 2 0.00
Lower limit of hole = 25 mm and
upper or high limit of hole = 25.021 mm.

- Since wear and manufacturmg allowancs are not to be cons:dered size of GO
gauges = 25 mm and size of NO-GO gauge = 25.021 mm

_ - b Ad vantage of progressive type gauge is that as th
Red coourband  gauge is not to be reversed each time gauging is done}
3  more rapidly. Disadvantage is that it can not be used}
/=3 for checking shallow blind holes such as recesses.
¢, 'NO-GO portion of double ended gauge is made shorter
_ ‘than GO portion and also it is painted with red co!our
Flg 3.15 : band.

Q 23, Des:gn the “Workshup’, “Inspection’ and “General® types of GO and NO- GO
plug gauges for checkmg the hole of ¢ 30 Assume each of the wear alowance
and gauge allowance as 10% of work tolerance. _

Ans : Lowlimit ofhole = 30-0.33=29.97 mm.

High limit of hole = 30+ 0.05=30.05 -
Work toerance = 0.08
Gauge tolerance = wear sdllowance

25027

E

10% of work tolerence.

= 0.1 x 0.08
= 0.008 mm.
Inspection Genercl
ork
High hmatof' shop_gawge CIu9? auge -
e O NO-GO
holez 3005// gf e ' :
| T
Y [=) .
Low limit i 3008
- - =N
of hole=29.97 WQc:r s p . , GO
. _ - allowance - - Wear

Gauge allowance

a4 dligwance
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jen comparted vy, rkshop gauge :

Upper limit of GO gauge

!

29.97+0. 008 +0.008
129,986 mm=30-0.014 -
29.97 +0.008 =29.978 mm
= 30-0,022 '

0014 .

.~ Limits of GO gaugcg = 307 %02

rlug gauges?ﬁ

Lower limlit of NO-GO gauge

' Upperlimit'ofNO--GO_gauge} =-30.05 mm

Lower limit of NO - GO gavge = 30.05 - 0.008 = 30.042mm

+0.005 |

Limits of NO -GO gauge = 30" 002

ii. Inspect:on gauge @

k10 0f GO

_ - D.03

b Limits of GO pauges = 30° *% .0 008 _ o 8
gs that, as the : o v A o ' ' i
biging is done § ' _ Teaoss . : :
® not be used - Limits of NO - GO gauges = 307 %%

s recesses. |
gmade shorter
fih red colour |

iii. General type of gauge :

- 014
- 0.022

Limits of GO gauge =

+ 0.058

Limits of NO - GO gauge = 30" 000

I d NO-GO 24 Des:gn the general type GO and NO-GO gauge for components having 20H,1,
B alowance | _ fit, Given:
FL i (micron) = 0.45 Jp + 0.001D (where D in mm) :
~ § 2. Upper deviation of ' {’ shaft =-5.5 D™ -
4 3. 20 mm falls in the dimeter step of 18mm to 30mm.

L4 117 = 163, S)IT, = 25 i
§ 6. Wear allowance 10% of gauge allowance.
E N ' ’

3y =_m = 23.2379 mm. .
b =045 3353375 +0.001%23.2379
§ =1.3074 micron
S IT7 = 161 =16x1.3074 = 20.918
 IT7 ~ 21 microns=0.021 mms
IT8 = 251 =25x1.3074 ~ 33 microns
= 0.033mm : '
fpdamental or upper deviation of shaft -
= o5 S(2y2379p
~ =~ 20 micrns =-0.02 mm
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Fundamental or lowcr deviation of H—hole =
+ .02t

Limits for 20H7 = 20"‘”m o
and Limits for f, = 207 °'°“’ ooss. = 207 %%
Gauge tolerence for hole gauging = 10% work tolerence
= 0.1 x 0.021 mm
_ _ S = 0.0021 mm
~ Wear allowance on this gauge = '10% of gauge tolerence
: : ' = 0.1x0.0021
.= 0,00021mm.
Gauge tolerence for shaft gaugmg 0.1 x 0.033
' : = 0,0033 mm.
Wear-alloance' on this gauge = 0.1 x 0.0033
' - ' = 0 00033 mm.

. ngh limit of .
_ H03¢=20,0'217 _
o " . Gauge tolerence
Low limit of B e T I

Hole= 20 - Wear
. ©  glleance

‘_' o No-Go

&\\\

: Wear atloance
High limit of '

. shapt= 7 e NO- GO
19,98 %1‘5 Gauge tolerance
Low timit _.//;‘?o L :
of shapt 19947 4 6o

Fig, 3.17

For hole : _ o E
' Upper limitof GO gauge = 20+ 0.00021 + 0.0021
_ ‘ = 20.0023lmm.
Lower limit of GO gauge = 20+ 0.00021 = 20. 00021mm
+ 000231

- _ . "Limits of No - GO gauge = 20*%%%

Il | . Upper limit of NO-GO gauge 20.021 +0.0021 -
. .- =200231mm,

Lower limits of NO-GO gauge = 20.021 mm -

+ 0.0231

. Limits of No - GO gauge = 20% 0020
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§For shaft _ .
. ' -0,0530
Limits of GO gauge 19 947" -G = 20 0%
: . -0.00033 ’
Limits of No - GO gauge = 19.98" %% - 00083
. Lo : -0020%%
20 0.023
Q 25. Dnstmgmsh between precls:on mstruments and gauges.
JAns:
_' Precision. instruments B Gauges
1 1. These are measuring tools carrymg . 1. These are ingpection tools without
} © . calibrated scales. ' |  scales.
2. These are used to measure the actual 2. These are used to determine’ whelher
; dimensions of parts e the dimensions of part are within the |
L ' specified limits.’ '
3. Measurement by precision instruments 3. Measurement by gauges is easy |
‘is time consuming, so they arenot . ~ and rapid, so they are suitable in
suitable for mass production. -+ mass production,
4. These instruments are required to be 4. The gauges can be easily. handled by
handled by skilled workers. . unskilled worker. .
5. Use of the precisioninstrumentsin =~ . | 5. Use of gauges results in reduced ;
mass produciton results in mcreased - production cost.
cost of part.

Q 26 Draw neat sketches of the various types of lelt Plug Gauges.
-_:5 Ans, Types of Plug Gauges
|  1.Solid Type: For sizes up to 10 mm.

st s

;; '- N W _
| o €9 -1 tglo——10 k1 —icois -

L

H

e lj oty |

=
R ]

Fig. 3.18 Solid Type double-ended plain plug gauge
- . (Reproduced from IS : 3484) - o
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2. Renewable Type (Taper Inserted Type : For sizes over 10 mm and up to 30 mm.
. . [ - . . .

: a1 - . !
—Jo T S (TS g;
Crgp e B g,

T
1*'

ni

?'

t

hd

' Fig. 3.19 Inserted Type Plain Plug Gauge (Reprodm:ed from IS 3434)

3. Fastened Type .

O S5MT—v — 0, caan)

Flg 3.20 Fastened type plain plug gauge (Reproduced from 1S : 3484)

(a) Double-ended : For sizes over 30 mm and up to 63 mm.
(b). Single-mded I-'or sizes over 63 mm and up to 100 mm, (F:g 3. 2!)

I

'l.'

."

i

+0.030 —63H7e_ mtﬁ

f— = teurd

* Fig.3.21 Single Ended

ok

-lz-‘

an 3.z Faslened type Go and Nol—Go plug smgle ended gauges

(Reproduced from 1S : 3484)
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1030 mm. | ) Progresswe form of plug gauge

wia e SN . -
R ¢

a A

W b
¥

1 | \#7/S7/1
el
olhols - :ﬁ:ﬂ
Fig. 3.22 A progressive form of plug gauge in whnch N : S
L = Length of component +3.2mm. ) S B 3

R

"} Flat Type : For sizes oves -l_ 00 mm and up to 250 mm,

——

']--.4 b -_|uz'-l'__
1 ]

Fig. 3. 23 l'-'lat type Go and Not-Go plug single ended gnuges

: ' (Reproduced from lS 3484) _ '

’ Renewable end type plug gauges . . _ 2 B

(ow i 110 88 00 damater g
ol b “olbole

Cwet ey | P

. | Fig. 3.24 Renewable End Type

o .

A
i




rAngular Measurements.

- Chapter 4 -

ANGULAR MEASUREMENTS

Q.1. Name the various instruments used for measurement of ahgles. .

Ans : The various.instruments used for measurement of angles are as foiiows :-

Bevel protractor sine bar angle gauges spmt Ievel clmometer auto colllmator angle del\kor
etc. S - '

. Q.2. What is sine bar" How is it used for anole measurement ?
Ans : Sine bar is a precision instrument used along with slip gauges. for accurate angle
measurments or angle setting. It consists of a:steel bar and two rollers: The bar is made of
: _ B _ “high carbon, hgh chromium corrosion resistant
/_'—_ T'°_p. surface -~ steel, suitably hardened stabilised and precision
: - ground. The rollers are of accurate and equal
“diameters. They are attached to the bar at-each
' ) end. The axes of the rollers are parallel to each ¥
holes Rollers _ other and also to the upper surface of the bar. ]
- R The nominal distance between the axes is exactly,
. Fig. 4.1 100m, 200mm or 300mm. When the rollers are
~ brought in contact with a flat surface the top of the bar is parallel to the surface. All the
working faces of the bar and cylmdncal surfaces of rolIers have surface finish 0f 0.2 ym Ra
value or bertcr - '

End 1'c:_icé"'

' Th__c li's_e of sine bar'is based on the laws of
. geometry and trignomietry. To set a given angle,
- oneoller of the bar is placed on the surface plate
and combination of slips gauges is inserted under
~ the second roller. If “h™ is the height of the
combination of slip gauges and “L”" the distance
between the roller centres. Then, o

-

I TITTII7T 77 ‘ veen "
. Sil'_l9=—-— or 6= S_il'l-l_ an




at-each

to each .

E1s exactly,
follers are
E. All the
b2 ymRa

€ laws of
fen angle,
face plate
fed under
Bt of the

fdistance

'. variation in angle, « -d9 = sin'l (_d_x_)

Metrology & Quality Control I

Thus the angle to the measured or 1o be set is determined by indirect method as a function
of sine : for this reason, the device used is called sine bar. '

Q.3. Explain how sine bar is used to measure angle of a component.

. Ans : i. When component is of smal] size :

For checking the angle of a component of small size, a siné bar is set up at nominal
(apprommate) angle on a surface plate by suitable
combination of 5lip gauges.. The component to be

_-checked is placed over the surface of the sine bar as
shown in fig. 4.3 A dial gauge is carried in a surface
_gauge on the surface plate.and is moved along the upper
surface of the component. If there is variation in
“parallelism of the upper surface of the component and
_the surfce plate, it is indicated by the dial gauges. The
combination of the slip gauges is so adjusted that the
upper surface of the component is truly parallel with
the surface plate.
_ Fig. 4.3
The angle of the component, 8 = sin-! (-—2—]
The perfect adjustement of slip gauge combination requires too much time, so the vdriation
in the parallelism of the upper surface of the component and the surface plate indicated by
the dial gauge is converted into corresponding angular variation. If “dx’ is the vanatlon in
parallelism over a distance “x’ the corresponding :

A

X

and the approxlmate or nominal ang!e, 8 = sin~! [_}_‘_)

Actual angle of the component =9 +db

- | h . | dx
3m — | £ = —_—

ii. When component size is large - The component is placed over a surface plate
The sine bar is placed over the component
 asshownin fig 4.4(a). The heights over
- the rollers are measured by means of a
vernier height gauge. A dial gague is used

to check the measuring pressure. 1If “h’ is
the difference in the heights and “L’ distance
between the roller centres of the sine bar, -

i IR ,u t."'ah : .u???‘ﬂ"’ | ) then h
o "8 = sin !
Fig. 4:4 (a) L
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Anothermethod of determining angle of large - } . Q.5.
sized part is shown in the fig. 4.4(b). The component Ans
" .is placed over a surface plate and sine baris setup ' -1'.
at approximate angle on the component so that its -2
~ ‘surface is nearly parallel to the surface plate. A dial 3.
gauge is moved along the top surface of the sine -4
bar to note the variation in parallelism. If“h’ isheight S
of the combination of the slip gauges and “dh’.the -J = 5
o : - variation in parallellsrn over distance “L’ then Q.G.;
Fig.44 (b), . : 0= - ! [h + dh) | o Ans:
Q4. ~ Explain why itis not preferred to use sme bar for measurmg anwles greater

. than 45°,- -
: The accuracy of the' angle set by a sine bar depends upon the errors in its important
' dlmensmns such as error in distance between roller centres,error in combination of slip-gauges
" used for setting, error in paralle!ism between the gauging surface and plane of roller axes,
elc. ' _ =

~ The slip gauge combination. (h) required to setan angle (9) is gwen by L . Q.74

h=Lsinb ' g Ans}
~ The effects of error in spacmg of rolIer centres. (dL) Or error in combmatlon of slip ’
gauges(dh). on angular setting accuracy c¢an be obtamed by partlal dlfferentltatlon of the =
- above equations: : :

" h=Lsinf.

dh

..—=_sin.B-qI—"-+Lcose ' o - e
do -

do
- dh

]

sin@dL + Lees 0,40 ' | | I Qs
dh ~  sinB.dL o S |
 Lcos® Lcos 0 ' ' |

:[ dh  dL ) o | o ‘ ' ' . Ani
= tan 0 - - ' : o S
A Lsin® L . : o ‘ e

-, df =

But, L.sin9 =

5 d8 =tan B (-‘fh— AL )
_ h - L
From the above equation we can see that the effect of error in roller spacing or slip gauge
combination 1s a functio_h of _tangent of angle 8. As the angle 8 increases, the error (d6 ) in
the angular measurement increases and above 45° value it is more sigﬁiﬁcant,_ because above _
- 45% value of tan § is greater than unity and increases progressively.




Q.5.

‘Ans @

1

b

]
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State the features of sine bar which have toleranes for accuracy.
Followmg features of the sine.bar have tolerance for accuracy.

Upper and lower surfaces: flatness and paraIlehsm with respect to datum surface.
Side faces : Flatness, squareness to upper surface, squarencess to the axes of rollers. -
End faces : Flatness, squarencess to upper surface, parallelism to the axes of rollers.
Rollers : Straightness, cylindrical accuracy (freedom from lobing, and taper } mean

" diameter,

>0
o owe

: -
(7]

[ A T S

=~

Q.7.

“Ans @

OB wN

=
e

Ans :

Taper plug

- Roller axes : Centre distance, paraHehsm wnh each other, parallelism wnth upper surface.

Name the various factors on which the accuracy of a.sine bar depends.

: The accuracy of a sine bar depends on the followmg factors

Equality of size of rollers.
Cylindrical accuracy of rollers. -
Centre distance of rollers.

~ Parallelism of roller axes with each other.

Parallelism of roller axes to upper surface of the sine bar. '
Equality of distance from roller centres to the upper surface-.
Flatness of upper surface of the bar.

List the possible sources of errors in angular measurement by sine bar.
‘The different sources of errors in angular measurement by a sine bar are listed below
Error in distance between roller centres.

Error in slip gauge combination used for angle setting.

Error in parallelism between the gauging surface and plane of roller axes.
Errors in equality of size of roller and cylindrical accuracy in the form of the rollers.
Error in parallelism of roller axes with each other. -

Error on flatness of the upper surface-of the bar..

Draw a neat sketch to illustrate the use of a sine bar for. measurement of taper _
pluge gauge and—esxplam briefly,
OR : : _
How you will measure the angle of a tapcr plug gauge with the help of a sine bar?
F]g 4.5 illustrates the use ofsme bar for measurement of angle of a taper plug gauge.
: : The sine bar is set up on a surface
= | angie pidte plate to the nominal angle of the tapeér
' ' - plug gauge and clamped to an angle plate.
" Taper plug gauge is placed on the sine
_ : bar and prevented from sliding down by
N oo astap plate. The axis. of the taper plug-
Surtace plate gauge is aligned with the bar aixs. A dial
- gauge, supported in a stand is set at one

Dial _ ]
indicalor

Swne bar-

gouge .

Siop
plale

Fig.4.5
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end of the plug gauge and moved to the other end and the difference in the readings is noted.
- Let“dx’ be the difference in the readings of the dial gauge over a distance “X’ Let “h” be
. the height of the combination of the slip gauges used and “L’ dlstance between the roller
centres,

~ Then, nominal angle § = sin’! [L) and variation in the angle,

| = sl _}..l_
dBI sin (L]

-~ Actual angle of the taper' plug gaugue,

=0xd0= sin’! [l} + sin! (;‘i‘-)
L X

Q.9. A 100 mm sine bar is to be set up to an angle of 33° Determme the Sllp gauges
needed from 87 piece set ? . : :
Ans : Combination of slip gauges requned to set up an angle is given by,

h = Lsind
Where L = distance between roller centres
= 100mm '
andg = 33° . _ :
- h = 100 sin 33° = 54, 464 mm -
The ‘minimum number of slip gagues needed to build up 54. 464 mmis as follows :-
1004 - one
1460 - one
2000 -~ one
50.000 - one
- 54.464 four

Q.10 Write short notes on i) Vernier Bevel protractor ii) Angle gauges.

Ans : i. Vernier Bevel Protrator :- Bevel protractor is a simplest instrument for measuring

Blade angle between two faces of paris

. such as taper shafts bushing, etc.
It has two arms, which can be set

~Acute alongthe faces and a circular scale
angle attachment 15 indicate the angle between them.

+ ~ Locking nut The accuracy of the instrument is

. Bladz io:kmg

Stock -, increased by the addition of a vernier.

7: o The body of the instrument is

mee' scate” - extended from one of the arms,
Laody \ working edge  known as a stock. The other arm

Mechan cal bcwel protractor with Vernier and acute - isinthe form gfan adjustable blade.

angle attacnment

. Fig. 4.6
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The working edge of the stock is about 90mm long and 7mm thick and as faras poss:ble
perfectly straight. The blade is about 150mm or 300mm long, 13mm wide and 2mm thick. Its
ends are bevelled at angles of 45%and 60° wnhm the accuraey of 5 minutes of arc. The blade
rotates in a turret, mounted onthe body and can be clamped in any position by a locking nut.
Either the body or the turret carries a divided circle, (main scale) and other member carries a
vernier orindex. The least counts of vernier bevel protractoris 5 minutes. - .

2. Angle gauges :-In 1941, Dr. Tomlinson devised a set of angle gauges , which enables

any angle to set to the nearest 3”. These are pieces of hardened and stabilized steel The

mesuring faces are lapped and polished to a high'degree of accuracy and {latness. They are
75mm long and 16mm wide and are available in two sets, One set consists of 12 pleces anda
square block, in three series of values of angle viz, .
1°,0°93°,9°,27°, and 41° - '
1,3, 9'and2'and '
' 6" 18" and 30* -
Another set contains 13 pieces and a square block
1°,39,9°, 27° and 41° . :
'1,3,9,27and .
3", 6", 18" and 30"

Each angle gauge is accurate to within one second and is marked wnh engraved V whnch '.

indicates the direction of the included angle, These gauges, together with square block can be
so wrung that any angle between 0° to 360° can be set. This s posmbie because the gauges in
comblnatlon can be added or substraled as reqmred (refer fig4.7) .

" These gauges are widely used in engmeenng

industries for quick measurement of angles
between two surfaces, to check angle
tolerance of work pieces, etc. But the

{8+ ) Addion L 5""‘"‘9?"“.-, number of these gauges is rather bulky
- Fig. 47 2 . . and can not always be conveniertly

_ applied to work, 50 they are used as reference along w:th other angle measuring devices:

Q.11. An angle of value: *33% 9'15" isto be measured with the help of the I'ollowmg
standard arigle gauges (1% 3% 9% 279, 41°) (1%, 3%, 9%, 27) ,(3", 6", 18", 30" }
Show the arrangements of angle gauges with a neat sketch by solectmg minimum

: number ol' gauges. : '

Ans : Mmlmum number of angle'gauges required 1o

“obtain the angle 33°, -9'-15" are as follows.
2794993+ 9" +]8" - 3"

“infigd8

.. . 33.;9,'_'15"'.:
=

* block formed by the combination:of

- The combination of the above gauges is shown
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Q:12. An angle of value 102 ®- 8'- 42 " is to be .
measured with the help of shndard 13
pieces set of angle, gauges and a square

block, sketch the combination.

with the help of square block. So angle to be

; - Flg 4.9 o _

" setby angle gauges is equai 10 (102° 8'-42"-90= 12° 8' 42"

- Combination of ‘angle gauges required’=9°+13% +9'-1'+ 30" + 18" - 6"
Q.13. What is clinometer ? Describe how it can be used for measurements and settmg ?

Illustrate your answer with sketches ?
~ Ans: Clinorneter is a spirit level mounted on 2 rotary member carried ina housmg

Circulor

2 B0-lord) -

(@ - . Fig.410 (b)

One face of the hcusing forms the base of the iastrument. On the housing, there is a"
circular scale. The angle of mclmanon of the rotary member relative to the base can be

feasured. by a circular scale. The scalc may cover the whole circle or Only part of it. (refer

fig.d4.10).(a) - '

. Clinometers are generally used to determine the angle mcluded between two adjacent

faces of a'work piece (refer fig.4.10 (b). The base of the instruments is placed on one of thé}

surfaces and rotary member is adjusted till zero reading of the bubble is obtained. The angle s

of rotation is noted on the circular scale. The instrument is lhen palced on other surface and

reading is taken in the same manner.

If 9 and ¢ are the readings of the instrument, the lncluded angle between the surfaces,
@ =180 - (8 x ¢)°

" Clinometers are also used for checking angular faces and rehef angles on large cuttmg
tools, for setting tables of jig boring machine, grinding machine for angular work etc.

- Ans : Angle being greater than 90° | it is measured : }




Q.14. Explam with the help of neat sketches prmclples and construction of an
auto- cohmator.

Cﬂllm_c!q

G.‘I\‘tl.r:i :

4] e used for the measurement of small angular
differences, changes or deflection, plane
surface inspection, etc. The pninciple of the
instrument is explained below.

b £HITY

™
- .
LT

_ : 5.
Fig.4.11 l’rihciple of auto-collimator S _
' o Principle : Ifalight source is-placed

(ea in the focus of a collimating lens, it is

projected as a parallel beam of light.

Werameth ' . - Ifthis beam is made to strike a plane
thu 2 i

A ' : reflector, kept normal to the optical
- axis, itis reflected back along its own
Bean

Gt = e S

B

~ Ifthe reflector is titled through a small

- S T I angle "9 ", the parallel beamis

- L’L‘"ﬂ'ﬂ! g "Ifw,,_: : deflected through twice thatangle and

= Optkd et refecto s . is brought to a focus in the same plane

O e el (el as the light source, but to one side at
Fig.4.12 Pi'in'ciplé of aﬁto-collimator a distance, x =29 '

where .= focal length of lens
¢ = angle of mclmat:on of reflectin g mirror,

—--..-

.

Construction : In an auto-coll:mator there are three parts, viz. micrometer mlcroscope '

lighting unit and colhmatmg lens. A line chagram of a modern auto-00111mator (injected graticule
_auto-colhmator) is. shown inthe Fig.5.12. . :
- A4g5° transpa;ent ‘beam splitter reflects the hght from the gratmule towards the objecnw.
~ (collimating) Ienses. The image seenafter reflection in the external reflector, whose angular
-variations are belxgg measured is formed by the light from the objective lens. This lrght passes
through the beam splitter and the image is pch 24 up by the microscope. For simultancous
measurements, in two planes at right angles = - .icrometer is fitted to the target graticule,
_optically at ngﬁt angles tothat on the eye p:ece graticule.

| 'Q.15. Write short notes on :-~ (1) Angle dckkor. {(2) Optical square,
Ans : 1. Angle dekker : This is a type of auto- collimator, It consists of a mlcroscope
objective (collimating) lens and two scales engraved on a glass screen which is placed in the

Metralogy & Quality Centrol ]

Ans: Auto—col_imatoris an cptical instrument

_ pathandis brought to the same focus.
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| _(a) Fig.d.13 =~ (b)
focal plane of the objective lense. One of the scales, called datum scale is horizontal and
_ ﬁ\ed It is éngrav ed acioss the centre of the screen and I8 always visible in the mlcroscope %
yepxece Another scaleis an illuminated vertical scale which in normal position is outside the
view of the eye plece and only i its reﬂected image is visible, When -animage of the illuminated
scale is received at rlght angles to the fixed scale vemcal and horizontal angular dlsplacements g '
_ can be mmultaneously measured o ' ' ;
_ The sensitivity of this instrument is lower than lhe other types of auto colllmators Butitis 3
videI) used for general annular measurements, Incombination with angle gauges itis used to
measure angle of a component, for angular setting of machmes checklng slope-angles of V-3
biock to measure: angle oftaper gauges etc. .
2. Optical square (penta pr lsm) - Sometimes it is not:
possible to align an auto-colimator.to obtaina reflectlon from ]
the surface 1o be !ested In such case an optlcal square is 3
often used. L
Optical square is a cohstant deviation five sided pnsm whlch
reflects rays of light through the same angle irrespective of
w, - the angle of incidence. The two reflecting surfaces have a°
45°included angle. In the general case of a contant deviation -
prism, the ray of light is deflected through twice the angle
betiveen the relfecting surfaces. So the angle of deflection 2 x 45 ?= 90°. The rays of light
are, therefore, turned through 90° without necessarily seiting ‘the square precisely in relation
to the light. The acutal angle is not exactly 90°, but the error is only a second or two. The
deviation angle of the square is calibrated to: the nearest second. _
- When used with an auto-colimator, the optical square cnables both the projected and re[lected 4
beam of rays to betumed through aright angle without precise setting of the square. Thxs is :
useful in allgnmem tests m\'olvmg two surfaces at rlght angles

S Y
il
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" Q.16. Explam how angle of a workp:cce or taper plug g‘mge is. measurcd wrth the

' help of angle dekkor and angle gauges. .

- Ans 7 i. Measuring smgle of a workpiece ! To measure an
angle of 2 component,first the angle gauges combination is set
up to the nominal angle with 10' or 20", Using special attachment

. and link,angle dekkor is set to receive the reflection and adjusted

are then removed and the workpiece under test is put in place.

e slip gauge is placed in it to form a reflecting surface. Angle
D : ~dekkor is again adjusted 1o receive the reflection, The new
ek o . reading of the'reflected scale w.r.t. the fixed scale gives the
F:g 4.15 _ -difference between the angle of the component is obtained by

i, Mesuring angle ol‘ a taper plug gauge : 'First the
angle gauges combinationis set up to the nominal angle
_ of the taper gauge. Thei mstrument is adjusted to receive’
- thereflection and set to obtain zero reading on the
illuminated scale. The angle gauges are removed.and
- - " taper gauge is placed in that ‘position. A slip gaugeis
5' P gauge - held against the curved surface of the taper gauge. New
' Fig.4.16 - ' reading of the instrument is noted. It-indicates the
difference inthe 1ncluded angle of the taper plug gauge and nominal angle set up by the angle
gauges. : : :

Q. 17. Desc“be the method of checking the angle of a taper plug using rollersy
mu:rometer and sllp gauges.

Roties 7 secrametee " metod of checking the angle of
— i - ' a taper plug using rollers,
]

I

__micrometer and slip gauges.

r _Taper plug is placed ona

 surface plate. First two rollers

s : of equal diameters are placed

| Sarloce plat 16uching on the opposite sides
Fig. 4.17 of thie lower surface ofthe plug _

on the slip gauge combinations of equal heights (H ). The distance (m)) between the ends of

“therollersis measured with micrometer. Thenthe rollers are placed on slip gauge combinations . -

of heights (H,) touching on the opposite sides of the top portion of the plug, The disatance

to obtain zero reading 6n the illuminated scate. The angle gauges

If the surface of the workpiece is not sufficiently polished, a :

al gebrzﬁc additlon of the readmg of the angle dekkor and the nommal angle set up by the angle ) "
. gauges, ' o : . :

‘Ans ¢ F:g.4.l7 shows the
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M, ) between the ends of the roller in this new posmon is. agam measured by means of

mlcrometer The half the taper angle of the plug is then calculated as follows -
If d = diameter of roller, then

wy - ]
/ {[Hﬁ * —) [ng]}

s / 2(H2 1)

Q 18. Wlule checkmg angle of piece tapered on one s:de with the help of two dlscs,
- slip gauges and dial indicator the following observations : were obtained, ;-
- Diameter of larger disce = 25 mm Diameter of smaller disce = 15mm

o The dial indicator shows no variation when traversed along the surface of the _

piece placed over the disc. Draw the sketch ol‘ the set up and fnd angle of

~ taper.’
Ans: - _ L
~ Fromtriangle OIAOz
' :E ﬁwwhﬁine 3 S | OA - ﬁ .4
L T T T s 8 2 OA TS
o . : <. st ¥ = = —t
. Gisc of Ot . _ _;s:::’gu o . A - AQ, 1 +. l:ll _q;
Soe @™ Al g1V 02 e ot _ . 2
oy -.....,.-.!...' G- dp : o
. R el
T ?&'&'."" . 1an / = —--—-dl =d2.
. T t 21 +d] +dy :
Fig4.183 . = Butd, =25mm, d, —ISmmandl 40mm
. 25-15 9--. 0 .
F —_— = 4,76364 0 = 9522728
- . B0.+25 + 15 A 5

Q 19. Calculate the angle of taper and minimum d:ameter ol' an internal taper from
the £ ollowing redings : : :

- Diameter.of bigger ball . . . 10,25 mm._ _
Diameter of smaller ball ........6.07Tmm.
- Hexght of top of bigger ball from datum ...... 30.13

_ | _He:ght of top smaller ball from datum- 10.08.
Ans: R
d, =1 0-25. mm, d2_= 6.07mm, h, =30, 13r'nm, ~ h,=10.08 mm.

a8/ L OA 04
i )2 AO;  BD - 0B - 0,0




C2(hehy) - (@) N
_ 1025 607
2(30.13- 10.08) - (10.25---6.07) .

_ 418
© 3592

e s o
S __ . 9 =66826" .0 = 133652
~ Fromtriangle O,DE '
| o & 4
sn® =2E. 22 _ &-d -
SR v Rl ol T

' o T 607 -4 - ) . S
in6.6826 = ———— — o d =443
i ST T A
Angle of taper = 13,3652° o
~ and minimum diameter of tapér =4.43 mm.

Q.20 Describe with the help of neat sketches
1) Sine Centre . 2) Sine Table
.'_AI'I.S, . | ’ . . . B

Sine Centre : -

{*‘Ey‘f/im 4{-- £

S 200/300 Y -
Fo'lérs : %."'“ - _ S{mn
- Fig. 4.20 Sine Centre

.
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Due to dlﬂ‘iculty of mounting comcal work easilyona conventlonal sine bar, sine centres

are used. Two blocks as shown inFig. 4.20 are mounted-on the top of' sine bar. These blocks.
. accomodate centres and can be clamped at any pos:tlon on the sine bar. The centres can be -
~ also bg,ad;g&t\cd depending on the length of the conical work piece, to bé held between centres. :
' Sm& it msg extremely useful for the testing of conical work, since the centres ensure

,coprecf %ﬁme tof the work piece. The procedure forits seltmg is the same as that for sme

: Sine 'I‘able “The sine table is. the most’ convement and accurate design for hevy work

plece The eqmpment congists of a self-contained sine bar, hinged at one roller and mounted
on its datum surface. The table is quite rigid one and the weight of unit and work-piece is*
given fuller and safer support. The table may be safely swing to any angle from 0 to 90° by
pwo‘lmg it about its hinged end. Due to the work being held axially between centres, the angle
ofinclination will be half the included angle of the work. The use of sine centres and sine tabIe
prowdes a convenierit rnethod of measurmg the angle of a taper plug gauge. "

Conical Work -

_ Fig. 4.21 Sine Table
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‘Chapter ... D

SCREW THREAD MEASUREMENT

Q.1 Define with neat sketches the bas:c nomenclature ol‘ parallel threads,

Ans 3 . _
7 B ' I S AR 7
' //7 /7 A | ' I Cgregy -7t |
§ 3 / ' * 1- S ' L . ;! o
i3 [/ /7 ,/ 2 o g, 3,
LA 1P 2 g e
G - = 4
Fheend - . \ H -
(a) External thread l-“ig;S_.l : (b) Internal thread

~ Crest : It is the prominent part of thread i.e. top surface joining the two sides of thread.
Root : Itis the bottom of the groove between the sides of two ad_lacent threads
Flank : The stralght surface between the crest and root of a thread. -

Pitch : The distance measured paralle] to the axis from a poittona thread to lhe correspond ing -

pomt on the next (adjacent) thread.

Lead : The distance through which a screw thread advances axially i in one complete revolutlon

Depth of thread : The distance between the crest and the root of a- thread measured
perpendicular to the axis of the thread.

Thread angle Angle. mcluded between the flanks or slopes of a thread measured in an

axial plane. -
Flank angle : Angle made by the flank of a thread with the pependlcular to the lhread axis,

Itis equal to half lhe thread ang!e




5.2 _ ._ o ' - _Mclrology&Qua_lilyCenuol]

' Minor diameter : (Core diametet or root diameter). It is the diameter of an imaginary co-
axial cylinder which would touch the roots of an external thread or crests of an internal - -
- thread. - h _ _ - : R
‘Major diameter : (External diameter) It is the diameter of an imaginary co-axial cyclinder. - -
-which would touch the crests of an external thread or roots of an internal thread. '
Effective Diameter : (Pitch diameter) :- It is the diameter of an imaginary co-axial cylinder
- which intersects the flanks of the threads such that the widths of the threads (metal) and
widths of the spaces between the threads are equal; each being half the pitch.

Q. 2 . What are the various characteristics that youwould measure in a screw thread? -
- Also tist the instruments appratus that are required for this. -
‘Ans : The various characteristics or elements that are required to be measured in a screw

thread and the instruments or appratus used for the measurement are Ilsted below

External thread mesurement :

- i. Major diameter : Ordinary micrometer or Bench micrometer. :

il. Minor diameter : Two V-p:eces and aﬂoat:ng carriage dlameter measuring machme or
optical projector of microscope. : :

'm.Snmple effective diameter : Thread mlcrometers, or Ball-pomt micrometers or wires
(rods) with a micrometer.

~ iv. Pitch : Pitch measuring machine or screw p:tch or proﬁle gauge or mzcroscope

V. Thread angle and form: Either amlcroscope or an optlca] pro,]ector

Internal thread measurement : - -
: i. Minor diameter : Usmg taper parallels, us.ng rollers or by thread mesurmg machines.
. Effective dlameter : Using screw thread mlcrometer usin g measurmg machinés or-
comparator or using cast of the thread, S
fii. Major diameter : Using cast of the thread Once acastis made, major d:ameter can
' be determined by using microscope or optical pl‘O_] jector.
“iv. Pitch : Screw pitch or profile gauge, microscope or pltch measuring machine,
v. Thread angle and Form : Usmg cast of thread Oncea cast is: made either amicroscope
- or.an optical projector. .

Q 3. Descirbe any one method of checkmg major dmmeter of an external stralght
thread.

“Ans : A good quality hand micrometer can be used to measure major diameter of e*ctemal
threads but it has defici enées like variation in measuring pressure, pitch errors in its threads,
etc. Therefore for greater accuracy and covenience a bench rmcrometer is preferred This
instrument was designed by N.P.L. :

In place of fixed anvil fiducial indicator is used. This ensures constant pressure for all the

~ measurement. The instrument has a micrometer head with a vernier scale to read to the accuracy

of 0.002 mm. It is used as comparator in order to avoid pitch errors of micrometer threads,
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’ inticator . [—'S“’.”“.’ _J

Srhm mictmclo’

L

Flg 5, 2 (b)

zero error setting, etc. A cahbrated setting cylmder having nearly same dlameter asthe ma]or -

* diameter of the thread to be mesured is used as setting stadard. The setting cylinder is held
' between the anvils and reading is taken. The cylinder is then replaced by the threaded workpiece
and again the micrometer reading is noted for the same readmg of the fiducial mdlcator
If D = diameter of the setting-cylinder. :
Rl = reading of micrometer on settmg cylinder
R2. =. reading of micrometer on screw thread.
then major diameter of screw threaded =D+ R,-R}}

- Measurement is taken at two or three positions to determine the amo unt of taper and also _

at one plane in dlﬂ'erent angular positions to detect ovality.

Q.4. Bneﬂy give the procedure for measuring accurately the minor d:ameter of a
“V? screw thread. Name the instrument used Illustrate your answer with
su:table sketch, S -

Ans: Minor diameter of a V- serew thread is measured by comparative method using floahng

carriage dlameter measurmg machine and {wo small V-pxeces Which make contact with the
root of the thread

_ F:g 5.3
_V-pleces are made of hardended steel. Their ends have radius less than the root radius and
included angle less than the thread angle. Floating carriage diameter measurmg machineis a

bench micrometer mounted on a carriage which is confined to move atri ght angles to lhe axis.
~Fthoa ramtrs har a YW I-\a" S H . < - = = =




oot (u) Wires or rods.

Metrology & Quatity Control | .

The threaded workpiece is mounted between the centres of the mstrument The V-pieces -
are placed on each side of the workpiece with theis bases against the anvils of the micrometer -
is noted. The threaded workpiece is replaced by a standard reference disc or a plain cylindrical
standard gauge of diameter approximately equal to the minor (core) diameter of the screwto |-
be measured and second reading of the micromieter is taken for the same fiducial readmg

If Rl = micrometer reading on standard cylinder.

© R2 = micrometer reading on threaded workpiece.
i Do = diameter of the setting (standard) cylinder.

then mmor dlan_teter of thread-= D + (R-R))

6 detect th ‘__'taper and ovahty readmgs at various posnt:ons are taken.

If the threads are' very sharp 61 have no radius at the root; the measurement of minor
* diameter is done by projecting the thread form on ascreen and comparm gitwith standards or .}
making use of microscope. :

Q.5. How the effective diameter of a- SCrew thread is measured ? o
Ans ¢ Effective or pitch dlameter of a thread can be measured by usmg (1) thread micrometer -

B Thread mrcrometer method : This method issimple and |
_' :rapld For measuring effective diameter, a thread micrometer is -
~ used. This micrometer is similar to ordinary- micrometerexcept - |
: that it has anvils having special contour to suit the end screw
thread form to be checked. .
Micrometer anvils are first fitted into each other and reading -
is taken. The anvils are then made to contact the thread to be -
checked and second reading is taken. The difference between -
the two readings is the elfective diameter of the thread. In this - |.
Flg 5.4  method, actually the measurement is in between the major {.
_dlameter onone side and minor diameter on the other side which gwes the effective dlameter e
For more accuray a settlng gague is used. 1
: “u Using wires or rods : This is the most common method of 1
measuring pitch or effective diameter of thread. The method uses -]
two or three small diameter (rods) and a floating carriage diameter
measuring machine. The wires are made of hardended steeland |
Fig5.5(a) have high degree of accuracy and finish. i
Two wire method - Wires (rods) of same diameter are placed in the V-grooves on
' the opposite sides of the thread. Then the distance over or under
the wires is measured accurately on floating carriage diameter | .
measuring machine. The wires may be either held in hand or secured_ | N
) : in the grooves using grease or may be hung through threadsona -
Fig.5.5 (b))  stand. ' S ' :
Three wire method '
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-If D, = distance over the wires. .
' D = distance under the wires, ' '
p = pitch of thread, d = wire diameter and 26 = thread ang!e
Then, :
‘effective d:ameter D =D+p= D .C -
Where P and C are constants Thell' values depend on, wire d:ameter pitch and thread

Iangle .
P —lz)- cotd - d(cosecB - 1)

| . =0.86p - d —---for L. S 0 metnc thread _
L =0.9605 p- 1. 165?d —m—i for Wh:tworth thread
C =2d-p '

Q.G. How the major d:ameter of an mternal thread is measured ?.

: ¥ V - 744 - - withathread comparator fitted with ball ended stylii of radius less
| ' - 2:; than the radius of the root of the thread to be' mesured. One of the ~
8i:l SRR stylu is attached to a floating head which is kept in contact with
2 E ; | sty the spindle of dial indicator the folating head towards the mdlca.tor i
.‘.*‘ / 7/ is constrained by aspring. - _ '

. The insturment is first set on a cylmdncal reference standard
Frg s, 6 . having diameter apprommtely cqual to the major diameter of the

' 'mtemal thread to be checked and reading of the dial indicator is noted. ‘Then the floating head .

-is retracted to engage the tips of the stylii at the root of the under spring pressure Second
reading of the dial indicator is.noted. - :

If D = diameter of cylindrical standard
R, = reading'of'dialindicato'ron-thestandard o
Ry = readingonthread

Then major diameter of internal thread = D& (R, R )

_Q 7 What are the pltch errors? Explain brief the causes aml el‘!‘ects of pltch errors :

B in threaded compornent. -
Ans : The various types of pltch errors: -and their causes are explmed below

Pro gresswe pitch error : The pitch of the thread may be Ionger or shorter 1han its nominal .

B value but uniform such errors are caused due to (i) incorrect ratio of the lmear v eloc:ty ofteol

and angular velocity of the woik.(ii) puch error in the lead screw of lathe of other machfne o

- used for thread cuting (m) Use of incorrect gear or gear tram between work and lead screw

Penodlc pitch error: Pitch of the thread js not uniform i.e. increases gradual]y {0 a maximum

value,_ then reduces gradually below the normat value. This error repeats itself at equal_mtervsls
~ along the thread. In this case _sdccessive portions of the thread Iength are either longer or

Ans : The major diameter of internal thread is usually measured ‘

'_‘11'_3;
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- uniform or (ii) if the lead screw of machine lacks squarencess in the aboutment so that it
-moves forward and backward once in each revolution. : '

3.6 L _ _ - Metrolegy & Quality Control ]

shorter than the mean value. Such errors are caused (i) when tool work velocity ratio is not

Irregular error or drunken error : The pitch of the thread is not umform It varies in
magnitude over equal fractions of each tum of the thread. These errors have no specific

‘causes. They may arise due to d:sturbances in the machme sct up, variation in the cuttmg

properites of material etc. - :
Effects of pitch error: ThlS error resuhs in progresswe tlghtemng and mterferenanc:e on
assembly and increase the strain in the parts on engagement. An error in pitch virtually increases

the effective diameter of a bolt or screw, even though it has the same actual effective diameter -

* as that of one having perfect pitch, and virtually decreases the effective diameter of nut. So a

perfect bolt having some pitch error will not assemble with a nut of perfect form and pitch -

" without interference and strain, Now if the effective diameter of the nut is increased,retaining

the same pltch then the assembly will be possible. But this will lead to thining of the thread
flanks and consequent weakening of the assembly. Formost of the threads the change inpitch

diameter is approximately twice the pxtch eITOL.

Q.8. ‘'What is effect of pitch error and thread angle error on effectwe dlameter of

screw ? -
Ans : Errorin pitch vnrtually increases the eﬁ‘ectnre dlameter of abolt or screw. This can be
understood by the following example. : :
Consider a perfet bolt haying some error in the pltch Assume that it has to engage witha

nut of perfect form and pitch. This will not be possible without interference and strain in the

joint. But if the effective diameter of the nut is increased retaining the same pitch, the two

parts can assemble without interference i.e. pitch error has virtually increased the effective - -

_ diameter of bolt, so for perfect engagement (without strain) the effective diameter of the nut

is 1o be increased. For most of the thread the change i in the eﬂ‘ectwe dlameter is twice the-

pitch error.

- Similarly the vxtua! effective dlameter <fanutis decreased by the error in pitch. Therefore

“if a screw of perfect form and pitch is to be enganged without mterference with a nut of

~ the interference between the meshing threads. Even if the error in pitch is not umform the_

perfect form having some error in pitch the offective diameter of screw is to be reduced.
The effect of both longer and shorter pitchis same, each reducing the clearance or increasing

effect would be the same. o : i

The effect of error in the thread angle is same as that of the error in the pitch. T‘hread ang!e-

" error also increases or decreases the effective diameter of screw ornut, If d 8, and

dB; are the errors in degrees in the angles on the two flanks of thread the change inthe

effective diameter of the thread i is given by,
 0.0115p (48, - d6y) |
- where p = nominal pitch.

Ans

threa
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Q.9. What do you understand by “Best size’ wire? For M,16X 2 external thread
" calculate the diameter of best size wire and d:fﬁ-rence hetween the size under
the w:res and effective diameter. :

Ans : Best size wire is a wire of such dlameter that it makes c¢ontact with the flanks of a

thread of effective diameter or pitch line. Whlle making measuremenis of effective diameter

by wire method if best size wire is used any error in the measurement due to-error in the
thread form or thread angle is miinimised.
Diameter of best size wire is giv en b)

' Db =2 s0c8

~ Where,p= pxtch of thread. )

C o = half thread angle or flank angle :

* ForM16x 2 external thread, pnch p=2mm and and o= 30° '
_ dlameter of best size wire.
_Db _=—2- x sech =% x s6¢30° = 1.1547mm

".’The differénce betweén the size under the wires and effective diameter. -
p=10866 p-d= 0866x2 1. 154?
= 0.5773mm. :

Q. 10, Write a short note on:
Tool Maker's Microscope : . : : : :
Ans : This is a versatile instrument based on opt:cal means, It consists of a: heavy hollow

base accomodating the illuminating unit undemeath. Work table is mounted on the base of the

instrument on ¢ross slides and is equipped with accurate micrometer sérews to move it in two

mutua]ly perpendlcular directions in the horlzontal plane i.e. longltudmal and lateral directions. -

eyeplzce
Clamping
L sCrew
Qptical {
head : :
' Supporting
. _ o column
Glass plate AN . o
- Table
Latera!

Mictometer ' 3 ' :
. SCIeW : —t : ] tami .
- . .  /Base . JHumination
. .. Longituding) - .

miciometer screw

e r .

wrhe

-

n

o |
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Optical head is' mounted on a vertical column and can be moved up or down and focussed
over the work. To clamp the optical head at any desired position a clamping screw is provided,

- “Work piece is mounted on a glass plate placed on the table. A ray of light from a lampis
-collimated and then reflected as a parallel beam by the prism at the end of the tube connecling

the !arnp to the centre of the instrument. It then passes through the glass tube, The shadow |

image of the outline or contour of the work | piece passes through the objectwe of the optical
.. head and is projected by a system of three prisms to a ground glass screen. Observations are

made thiough an eyepiece. Measurements are made by means of cross lines engraved onthe |
‘glass screen. The screen can be rotated through 360%and the angle of rotauon can be read.

through an auxiliary eye piece provnded on the optical head. .
~ Applications The following are the applications of tool maker’s mxcroscOpe
i Measurement of length in rectangualar and polar co-ordinates. -
i, Mesuring tool angles, milling cutter angles, thread angles. etc,
. iiil. Comparing thread forms with standard preﬁles
w Checking contours. - :
v. Determining the relative posmon of various pomts on work.

Q.11, Explam the prmc:ple, of operatmn, constructmn, worlung and and uses of an .

_ ontical pl‘OjBCtOl‘. _
Ans : Optical Projector : Optical comparators whlch make use of the enlarged lmage

- ~ principle are commonly knows as optical projectors use: _
B The opncai projector is used for checking the shape or profile of a relauvely small engmeermg'
- components with an accurate standard or drawing. It eriables a magmﬁed image of part of 8.

component to be.projected on to 2 screen where it is compared with an enlarged proﬁle

drawing. The degree of magmﬁcanon avmlable may range from $ t0 100,

Principle of working : The essential elements of an optl_cal projector are sho_wn

diagrametically in fig: 5.8. Light from the lamp L passes first through a condenser lens C and

then thro™ a projection lens p. The component supported on the work table between these two
“ lenses, interrupts the light and causes an inverted magnified image to appear on the screen.’

=

'F'g.ss

Commercml Pro;ectors A commerclal projector is shown i in Flg 5.9. Is principle is the
same as descnbed above, construction : .

Metrology & Quality Conlrol—]'
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It consists of © :
i A pro;ector (having alight source, a condenser or collmating lens system to direct the
light past the part and into the optical system) -
ii. Suitable work holding table which may be fixed or movable,
iil. Projection optics including both mirrors andlenses.
iv. Screen where the image of workpiece is projected and where measurements or
- comparisons are made,

V. Measruing devices. Agood opncal projector must have a precise optxcal system, and-

means for preceise mechanical measurement.
 source, shadow of the profile is projected

it is compared to a master chart drawing,

provided. The magnification is usually from

* 5 10 100 The light source may be a tungsten

‘lamp, fillament lamp or High pressure

mercurcy or zenon arc lamp. A strong

beam of light consisting of paralle! light

_ — . _ rays is produced by optical means, Beam

Fig.5.9. Optical projector of light should be of large enough diameter

- fo provide coverage on the test piece and adequate illurnination mtensxty for pro;ectmg surface
characteristics.

The object to betested is placed on the work table. The work table may be either stahonary
or moving type. Some tables are also equipped with an angular adjustment for positioning to
the helix of threads and worms. These tables usually have in and out movement parallel to the
axis of the beam for focussing purposes; and also provision for movements in other two
planes. Micrometets ift combination with dial indiacators are fitted as measuring attachments
for either two or tliree directions:

The light beam aﬂerpassmg the object to be pro,;ected passes into the projection system
- having lenses and mirfors which miist be held in accurate alignement on rigid supports. The

lenses are used to obtaifi the desired magnification and mirrors to direct the beam of light on

screen. The screens are usually made of glass with the surface facmg the operator ground to
very fine.grade.

Q.12, Explam-the‘constrﬁdﬁtl‘nfatitl working of a pitch measuring machine,

Ans : The screw pitch measuring -machitie is used to measure the pitch error of individual

threads accurately. It emiploys various stylus points to suit the screw threads that are to be
checked. The screw under measurement is held stationary between centres on the machine.

When an object is placed before a light '
at some enlarged scale on a screen where

- To reduce the thermal effects an extra.
arrangement for water lenses is generally -

e
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The indicator unit, carrying the stylus which bears on the flanks of each thread successively,

is carried on aslide which is mounted on balls. The slide is actuated by means of a micrometer.

The act of rotating the micrometer spindle causes the slide to move in relation to the work

being measured. The stylus which is mounted on a leaf sprin g, falls in and out of each thread,
- the pomter of the indicator reads zero (it is adjusted to read zero in the first groove) when this

* stylus is in a central position in each successive thread. The micrometer reading is taken each

-~ time the indicator reads zero, these readings then show the pitch error of each thread of the
~ screw that is being mesured. Special graduated discs are provided to fit the mtcrometer to suit
all ordmary pltches whilst Specxal pitches can be provnded for.

Flg 5.10 Pltch ‘\erasm ing Macme -

The small hand wheel below the micrometer screw serves the purpose of moving the . -~

indicator in relation to the slide so as to bring the stylus opposite to the screw to be tested in
any position between centres. The total travel of the micrometer is 25 mm.
The pitch errors extremely small, being of the order of 0.002 mm for a thread. A test
_screw is also supplied with the machine and a chart of pltCh error for this screw.

- Q.13. Describe the procedure for measuring the pltch of the mternal threads by means:

ofa pltch measurmg machme

using an adaptor. This adapter carries

_1ing, the stylus being fitted to the bar

usual manner. The ring gauge is

Hg OO

Stylus - mounted on a face plate or on the head
Rod holding stylus R. - stock of the machine, which:will
Ensof::e:déustmg slylus G. Thls is arrangcd opp051te | _-accomodate rings upfo several c.m ir_l
Locking screw for Q. ' i -diameter for very large rings, a special
Indicator pointer which is anangcd to read zero whlle

setup on a surface plate is necessary,
taking micrometer reading. = Lisi . .
Fig. 5. 11 Measurement of pitch of itm'rm:l threads - utilising an indicator and slip’ gauges.

Ans The p:tch of-an mternal thread- o
can be measured on any of the
'stgndard pitch mesuring machine by

a bar which can be inserted into the

“end engaging with the thread inthe -
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Q.14. Explain the construction and operatlon of a screw thread m:crometer.

Fig. 5.12.
Screw Threaded Micrometer.
the vee of the anvil micormeter reads zéro. A setting gauge is also provided to remove zero '
error if any. Different seis of anvils are provided for different fype of therads and the contact

points of mlcrometers are so dem gned that some allowance for thread clearance 1s always
made - :

Ans : The screw thread micrometer is just like
an ordinary micrometer with the difference that
it is equipped with a special anvil and spind’e.
The anvil has an internal vee which fits over
the thread. the end of the spindle of athread
micrometer is pointed to 60° cone for American
standard threads and an accurate 60° V is
grooved in the anvil. The anvil is free 1o rotate.
Thus vee of the anvil can adjust itselfto the

‘helix angle of the thread being measured: Whieii
the conical spindle is brought into contact with

Q.15 Explam the construchon and operation of a tangent mlcrometer. ' '
Ans. Atangent micrometer is provided-with flanked anvils. It essentially cons:sts ofa ﬁxed

anvil and a movable anvil. There is a micrometer on the moving anvil side and thishas a very |
limited movement on eithet side of the setting. The distance.is adjusted by setting the fixed

anvil at a desired placed with the help of locking ring and setting tubes. It is also called as

David Brown Tangent comparator, It is used to compare the thread parameter with the standard
dimension, It is also used for checkmg gear tooth parameters

. MOYING ANVT

. F:g. 5. 13 I\ﬂwd Brown Tangent Comparator

{"havvwaimeine.
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COMPARATORS

B . ” ——

Q.1. What s a comparator ? How they are classﬂ‘led Enumerate the various uses of

. comparator ?

Ans-; Comparator is an instrument used to" compare linear dimension.  of gauges and work .

pieces with workmg standards such as slip ganges. Tt indicates the difference in sizes between
the working stndard and work piece being measured. This difference is  magnified bv some

means and indicated on.a calibrated dial by some form of pomter The magmf' cation varies

between 2000 to 4G; 000,
© Classificatian : Depending on the method used to magnify and record the var:at:ons in the

dimensions of standard and work piece hemg measured,comparators are classified as follows: -

- 1. Mechanical comparators, 2. Electrical 'comparator's 3. Optical comparators,
4. Electronic comparators, 5. Pneumatic comparators 6. Fluld comparators,
7. Combinations of the abov : -
Uses : -
1. To check the components and newly purchased gauges.
2. As laboratory standards to set working or inspiction gauges.
3. As working gauge in important stages of manufacture

4. Asa final mspectlon gauge.

Q.2. Descrihe the-esential characterlstlcs of comparator OR What are the

fund amental requ:rements of comparator?
Ans ;- ' '
1. Robust design arid construction :The demgn and construction of the instrument
shou!d ‘be robust so that it can withstand the effects of ordmary uses without affecting its
' measuring accuracy. :
2. Linear characteristics of scale: Recordmg OF measuring scale should be linear and
‘uniform (straight line characteristic Jand its indications should be clear.
3. Migh magnification : The magnification of the instrument should be such lhat asmallest
deviation in size of component can be easily detected.
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. 4. Quickin results The mdlcatmg svstem shouid be such that" the readmgs are obtamed

in least possible time.

5. Versatility ¢ Instrument should be 50 demgned that i it can be used for w:dc range of

mteasurement. :
6. Measurmg plunger shouid have the hardened steel or dlamond contact to minimise
wear and contact pressure should be low and uniform.
- 7. The pointer should come rapidly to rest and should be free from osc:liat:ons
8. ‘System should be free from back iash and unnecessary friction and it should have 2
minimum inertia.

9, Indicator should be provided wnth mammum compensation for temp e’t&tu'ré e‘ft‘ects
10. Ind:cator should return to'its mma! Zero posmon every time:

Q 3. State the principle of w orking. of mechanical ccmparator, electr:cal comparator,
' optical comparator and pneumahc comparator ? "
Ans 3 1, Mechanical comparators : The magnification of pb.mger movemént ¢ani be obtained
by mechanical means such as levers, gear and pinion arrangement or other mechariical means,
- 2. ‘Electrical comparators : These instruments are based on the theoty of Wheatstone

- A.C. bridge. When the bridge is electncally balanced,no current will flow through the
_ galvanometer connected to the bridge and pointer will not deflect. Any upset i inductances

of the arms will produce unbalance and cause deflection of the pointer

3. Optical comparators : Operating prin¢iple of this type, of com“p‘arﬁformbased on the '_

laws of light reflection and refraction. Maghification system depends on the tilting of a mirror,
which deflects a beam of light, thus providing an optical lever, ~

4. Pneumatic comparators': These instruments utilise the vatigtions m the &ir pressure
or velocity as an amplifying medium. A jet or jets of air are applied to the surface being -

measured and the variations in the back pressure or velocity of air cawsed due to variations in
size are used to amplify the omput signals, - :

Q.4. _What are the advantages and d:sadvantages of mech-amcal comparators?

3 Ans Advantages :

- Compact and robust contructzon
i, - They are portable and cheaper _ .
iii. They are easy to haridle and can be set qu:ck!y
~ .iv. Scaleis linear or uniform.

v _They are independent of any external power supply, So the accuracy of the readm gsis.
‘not aﬁ'ected by the variations in the power supply.

: D:smtvantages

i, Morenumber of moving parts, so frlchon and wear js more and accuracy is less.
i Slackness in moving parts reduces the accuracy of the instrument.
fili. Trertia of moving parts makes the instrument setisitive to vanat:ons
i Reavrge-of the instrumeént is limtied by thie range of the fixed s¢ale.
- v. Parallax ervors are introduced as the pointer moves over a fixed scale.

'Nagwnmying.
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‘Q.5. Describe in brief construction and Wotking of a mechanical comparator. 2-
Ans:J ohansson “Mikrokator” is a methanical comparators having magnification of about
5000. Tt works on the principle of a button spinning on aloop of string. - S
"Johansson “M:krokalor’ : The instrument consists of a plunger, twised thm metal strip,

spring elbow, pomter etc. A very light glass pointer is attached to the centre.of the twiested -
strip. The two hal ves of the strip from the centre are twisted in opposite- dlrectlons so that any Bl

pull in the strip causes the cemre and hence the pomter to rotate

Iw.-skad stnp /Pointer

Cuntrlev‘
- slrip
\Bollogaak - '
3 lever - or spring ethow B
 Stit wus_ber.-;\. _
O\‘%Pmnggi}"” - o T
Fig.. 6.1 =~ .. '

One end of the strip is fixed to an adjustabm cannlever stnp and otherendis altached toan

~ armof §pring elbow. The measuring plunger is mounted on 2 flexible diaphram, Its inherend .

is attached to the other arm of spring elbow. Thus the vertical movement of the plunger is
_transmitted to the metal strip through the elbow. Any vertical movement of the plunger will

‘make it to twist or untwist. This will casuse the pomter 1o rotate by an amount propomonal to _

the change in the length of the strip. :
Magnification of the instrument depends upon the lenglh width and number of twists of the

twisted strip. It can be varied by chanema the length of the stnp with lhe screws prowded on -

adj ustab!e cantilever strip.

Q.6. State requirements of good dla! md:cator 7. ' :
Ans: 1. Design and construcion must be robust so that 1t can glve trouble free and dependable
readings over a fong period without attention.

2.- Pointer movement should be properly damped so that it wnll not oscﬂlatﬂ when readmgs

are bem g taken.

| ]
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3 To avmd damage to the instrument, rovéments of plunger larger lh'm the spec;ﬁed

4, ‘The instrument should be useful for lhe movement of the measuring plun ger in enher _

-amount on the scale should be controlled by some means.

direction without affecting the accuracv

5. The pointer movement on the dial (scale) shouid be such as to mdicate the dzrecnon of

. 6. - Accuracy of readings should: be lald down to- close hmxts for various sizes and ranges '

7. Operating pressufe reqwred on measuring head to obtam Zero readmg must remain -

Q.7.
Ans : 1. The mslrumem can b easily used and read even by unsLlIled worLer
~2. Comiact pressure is low and uniférm. ' : e
3. 1tis not subjected 1o problems such as gauge wear, temperature varlanons etc.
-4, 'Itis best suited in mass producnon for précision dimensional conlrol,

-

]

a

‘rg,l’- B¢

.movement of the measuring plunger. -

of mstruments

constant over whole range. - . - o L SN

I‘m.vrmz :a!ef the various ad\-?n!ages of z!-ol i'!."!l(‘.i!tﬂl'..

5. I can detect smal! dimensional variations lhat are beyond the range of conventlonal

gauges.

-6, The instrument is accurate and econom:cal : :
7. Itis versatilé i.e. can be easily and rapldly used, for different types of precxston' o

measurements ¢.8. 1estmg roun'..ess 1aper etc.

8 Iiis portable easy to handle and can be set very qui'ckly

Q.8, W:rte short nmes cn : i, Dial md:cator, 1i. Sigma compamtor :
‘ . . “Ans : 1. Dialindicator: - Dial indicator
PﬁioniP L N R - is a simall _mdlcatmg.de_vlce using |
.' b Rek " mechanical means such as gears, pinions
Gear (Gs - - for magnification. The usual magnigication
-_ - Gear(63) . isabout250to 1000 |
Gear 637 | Hoi‘r-. ‘ It consists of a plunger which slidesin -
N springtH) . . bearing and carriesarack atitsinnerend.
Pinion_{PzL/v ' - Therack meshes \yilhapinio_n. (n) whiqh_ '
R S ) B drives another gears and pinions,
PimontPy) 1L glunger " . The plunger is'kept in its normal

Rack guide

- extended position by means of a light coil

LSprng -  plunger is magnified by the gear train and

_ _ ‘transmitted to the pointer on the dial scale,
: "-‘:g 6.2 _ L The pointer is mounted on the spindie of

. pinion (pj) To take up the bacL lash,a hoht halr spring (H) is attached to the gear (G,)of the
: gear train,

cot .- - spring. The linear movement of the -

I"naywmmsIng

-
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- - Dial indicators arg compact and robust in construction. They are protable, easy to handle
and can be set very quickly They are used for inspection of small precision machined parts,
‘testing alignment, roundeness, parallehsm of work pleces etc. But these msturments have
-' followm g drawbacks:- : :
) “Wear of plunger beanng surfaces gear bearmg pomts etc cause an error in the
measurement.
' 'ii._ Accuracy of the instrument is reduced dueto bacldash in rack and pinion or gear train.

iii, As the plunger moves inside, thie contact pressure of the plunger increases. The vanatlon o

in the plunger contact also introduces error in the measurement, .
S:oma comparator : This is 2 méchanical comparator provxdmn magnification in the range of
300 to 5000, It consists of g plunger mounted on two steel strings (slit diaphrams). This provides

a frictioniess linear movement for the planger. The pluner carries a knife edge, which bears

upon the face of the movmg black of a cross-strlp hmge The cross-strip hmge is formed by

“pieces of flat steel springs arranged at right angles and is a very efficient pivot for smaller B
angular movements. The moving block carries a light metal Y-forked arms, A thin phosphor-

- bronze ribbon is fastened 1o the ends of the forked arms and wrapped around a small drum,.
_ mounted ona spindle carrying the pomler : -

Sfit . -

T Kmfe —" ..--_-diuphrnm
eoge u::b oo
. T . N -:’ .
“Fized 1 [ Screws
Phosphe¢rbronge - member o - :
griving bund A I B
T a )

: \ - o -

< ——Moving block

~ P~—Plunger
Driving. - S -
drum of ) — - aglit-
"fediqs r -Cross Slf’P ~. . diubhrnrn
o We M . e
Fig 6.3

Any vertical dtsplacement of measuring plunger and hence that of the knife edge maLes :

the moving block of the cross-strip hinge to pivot. This causes the rotation of the Y-arms. The

metallic band. attached to the arms makes the driving drum and hence the pointer to rotate.
~The ratio of the effective length (L) of the arm and the distance (a) of the knife edge from

 the pivot gives the first stage magnification and the ratio of pointer length(L) and radius{r) of
- the driving drum gives second stage magnifi cation of the instrument, Total magnification of
the instrument is thus (L/a x Vr). The magnification of the instrument can be varied by changmg
the dlstance(a) of knife edge by tightening or slacLemng of the adj Justmg SCrews.

‘5, Ra
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Q.9. State the advantages and hmltatlons of an electrzc comparator. ?

-Ans : Advantages
i  Small and compact size. -
-i.. Small number of moving parts,hence less fncnon and- wear
i, TtHas wide range of magnification.”. .
iv. The mechanism- carrym gthe pomter being very hght is not sensmve to v1brauons _
v Operatlon of the :nstmmem on A C supply reduces shdmg fncnon errors due to cychc
" vibrations.
vi. Instrment can be easﬂy set up in variety of posmons and can be easrly operated
vii, Indicating1 mstrumenl need not be p]aced close 10 the measunng umt
" Limitations or disadv antaoes : ' b :
‘1 Fluctuations in the voliage or I'requencv of the electric supply may effect the results,
ti. Heating of coils in the measurmg unit may cause zero drift and alter the calibations.

ii. ‘When mesuring unitis remoie from’ the indicating unit, rellablllty is Iower _
iv. Cost is generally more than mechanical comparator.

Q. 10 Dlstmuulsh befween. Mechameal comparator and electrlcal comparator. ?
Ans : "

' Mechamcal comparators R I Electrical'coniparato_rs
1. Morenumber of moving parts,so 1. Smail number of moving parts. hence
friction and wearismore,and - | less fnctlon and wear and accuracy
accuracy is fess. . | - ismore " o
1.2. They are independant of any eatemal .2, Fluctutions inthe voltage or frequency
1 _power suppiy, so accuracy ofthe . . t - . ofthe elecurc_p_ower supply may aifect
readmgs is not affected by the variations | . the resulis and accuracy of measurerent.
'mthepo“ersupply ' T :
3.. These intruments are ponab!e and  |. 3.-Measruing and indicating units being’
" cheaper. . | ‘seperate and as they require supply they
o S _-_'arenot ) easxlyponble and also cost is
4. Inertia of moving parts makesthe [ 4. The mechanism: carrying the pointer being
- instrument sensitive to vibrations.} . verylingt is not sensitive to vibrations. -
‘5. Range of theinstrument is limited 5 It has wide range ‘of magnificatien.
' by the range of the fixed scale. _
k

What are advantages and d:sdvanges of pneumatlc comparators ?
Ans 1 Advantages : -

i Very high magnifi catlon ot‘ about 30 000 is- posmble
-

Mctmlogy & Q'uali:y Control |




{_Comparami's '

ii.
itl.
iv,
v,

) As there is no physical contact between eauomg member and the part to be measured

no wear of gauging member or parts and accuracy is more.

Absence of friction and less inertia;so accuracy is more. _
Asitis independant of operator skilt, stability and reliability is more. §
It can be used 1o measure diameters, length, squareness parallellsm concenmclty, '

__roundness and other geometric conditions.

Vi
© v,

vid,

ix,

Disadvantages :

i
i,
iii.
iv.

Qll

Gauging pressures can be adjusted to prevent deﬂectlon of parts being measured
Best suited for checking multiple dzmens:ons and condmons oha part in least pcssnble .
time, _ _

Jet of air heIps in cleamng dm and dust 50 accuracy is. more _
Indlcatmg mstmment can be placed away from the measurmg umt
Scaleis generally not uniform. - : _

It is not easily portable as it req uires elaborate au.\ullaly eqmpment such as accurate
pressrureregulator, etc. -

Low speed of response. .

Needs different l\,pes of measufing heads for dlfferent dimensions.

Describe wnh neat sketch the, censtruehon and workmo of Solcx Pneumat:c

_ cemparator. ? -

Ans:

7 o fill:er S Cotrol . R
) _ Y ofifice |
Moe bebaa FoFET :
. Up tbe=pe o NS
. e —_D 1 ) . 5 : Mecsunn
'f': [‘ a\\ jets. 9
| =2 " k'.”.quk piece
Ceommoccn Menomster ' o
}_ALCQTT‘PfE'Ssor a Wﬂter tgek
" Fig. 6 4

This mstrument was I'lrst commcrc ially introduced by . Sole\ Axr Gauges Ltd It uses a
water manometer for the indication of back pressure, : -

It consists of a_vemcal metal cvlinder filled with water upto a certain level'and a dip t_ube _
immersed into it upto a depth corresponding to the air pressure required. A calibrated manometer
tube is connected between the cylinder and control orifice as shown in the fig_ 6.4 -

If the pressure of the air supplied is higher than the desired pressure, some air will bubble




‘measured,

1centricity,

asured.

st po.s_si_t_:le .

s accurate

neumatic .

. I!l-ﬁse's a :

adiptube

lanometer

ill bubble
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out from the bottom of the dip tube'and air moving to the control volume will be at the desired
constant pressure. The constant pressure air.then-passes through the control orifice and
escapes Torm the measuring jets. When there is no restriction to the escape of air,the level of
water in the manometer tube will coincide with that in the cylinder, But, if there is arestriction
to the escape of air through the jets, a back pressure will be induced in the circuit and level of
water in the manometer tube will fall. The restriction to. the escape of air depends upon the
vaniations in the dimensions to be measured. Thus the variation in the dimensions to be measured.

are converted into corresponding pressure- vanal:ons whlch can be read from lhe calibrated
- - scale provlded with the manomeier. - '

Q.12.: Due to which charactenshcs air gauagmg has rapldly mcreased used in mAass -

. product:on gauging 7

Ans : Air gauging has rapidly mcreased use: in mass productlon gauﬂmg because of the
'followmg advantages possessed by it over other me!hods '
' Refe; (10) : ) ’

- Q 13 What ls the bas:c difference between a measurmg mstrument and a eomparator ?

- Defi ne sensntmly in both the cases. ?

" Ans 1 A measuring instrument indicates the actual valiie of the quant:ty bemg measured whlle '

a comparator indicstes the dlf"erence in 1he sizes between the working standard and the
work piece being measured ‘ : : :
Sensitivity of a measuring instrument for a spec1ﬁed value of quanmy measured is e:;preSSed

“as the ratio of the increment of the observed variable and the corresponding increment of the
-quantity measured. Sensitivity ofa’ comparator can be defined as the rate of displacement of
the mdicatmg dev:ce w.r.t. the difference in the sxzes of working standard and work plece

being meaSured - S
Q. 14. What is the bas:c d:fference between a guage and a comparator ?

_ Ans: A gaugeis an inspection tool used to check dimensions, form, etc. and to define whether -
~ the deviations from the actual dimensions or form of part are within the specified limits;

Whereas a comparator is used {o compare linear dimension of work piece with standards
such as slip-gauges. Comparator indicates the difference in'sizes between the standard and
the work piece being measured, whrle guage determmes wﬁether the manufactured part lles

* between the given limits of size.

'Q.15. What are the merlts and demerlts of optleal comparator ?
Ans : Merlts : . ' :
i Very few moving parts hence less fr1c1ton wear and hence higher accurac’y
ii. Scale can be moved past a datum line and so have high range and no parallax errors.
ii. Very high magnification, so, suitable for precision measurements.

iv. Sincescaleis illuminated, it enables readmg,s tobe taLen lrrespecnve ofroom hghlmg '

~ conditions.




: [ I Comparatofs

Demerlts T

-i. . As the magnifi ication is hrgh heat from the Iamp, 1ransformers, etc may cause the _

_ setting to drift.

- ii.. Depends on external eiectncal power supply
i -Apparatus isusually bu!kv and ea.penswe “ol C :
“iv. When scale is projected on‘asereen;the mstrument isto be’ used in dark room

A --Instrument is inconvenient { or- contmuous use; beéause the scale is’ ‘fo be vlewed through -

' -'eye piece,

'Q 16 Exp!ain the. prmc:ple of optlcal lever with the help 0!‘ a neat sketch Draw a -

- figureshowing general system of optical comparator . 2. ' "5 1%t b
Ans : Opérating principle of opticat comparator is based on the laws of llght reflection and
refraction. ‘Optical magnification system depends on the tilting of a mirror which deﬂects a

beam of light thus proudmg an optical. !ever The fol!owmg figures 111ustrate the prmcnple of _

' Opncal lever. - ; :
According to the law of reflection, l‘le angles of mcxdence and reﬂectlon are equal “de'

the total angle Of the beam deﬂecnon is mcreased by 2d9 ﬁms gwmg automaﬁc magmf catxon -

. Fig.6:5
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Comparator and gauge. ?

Comparator

Measuring Instrument

§ 1. Itis used to compare dimensions of

* parts with working standards and to

I  measure dliferenc'= between the sizes

of parts and working standards.

|2 The reading are magmf ed by sultable

" arrangements.

{13, Measurements can be done rapidly and
* accurately; so itis smtab!e in mass

production. _
4, Can be used to check dlmenswns as '
_ o well as geometric forms.”
5. No chances of errors due to mcorrect
- 'contant pressure or deformatxon of
K vork piece.

6. Accracy-is inde’peﬁd_ant of correct

[

‘No magnification systém is provided.

. Measurements is. t!me consummg sonot

Can not be usedi to chedk geomelric forms.

.Errors are caused due to mlsallgnment of

“workpiece,

It is used to measure the actual dlmensmns
of the manufactured parts

suxtable in mass productlon '

instrument or work piece, incorrect contact
pressure and deformatlon of’i mstrumenl of

Accuracy depends on the correct feel and
operator skill.

feel or operator skill.

' -Comparator

1. ‘Used to compare the d:mens:ons of
. parts with working standards, .
2. Determines the difference between

| the sizes of part and standard.

* E Magmﬁcatlon and indicating’ svstems ,

- are provided. -

. §4. Less wear or even no wear as in

-case of electrical, optical comparators
3. Can be used to compare dimensions
of larger and thin walled parts.

[

'No magmﬁcatlon and mdxcatmg systems

) contmuous use.

Used to determine whetherlhe dimensions
of:part li¢ within the given limits of size..
Determines deviation from the actual
dimensions or form of part.

are provided.
Surface of ‘GO gauge wears dunng

Can not be used to gauge the dimensions

27" TR s
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of larger and thin walled parts.

- $1.18. Explain the construction and operation of a reed fype mech‘miéﬁl comparator ?

s : Reed Type mechanicz! Comparator :- In reed type mechanical comparator, the

B bruging head is usually a sesitive, high quality, dial indicator. The dial indicator is mounted on
base supported by a stardy column Fig. 6.6 shows areed type mechanical comparator

i
£




~{ Comparators .

The reed mechanism is fﬁctidnlesé device

It consists of a fixed block ‘A’ which is rigidly
fastened 1o the gauge head case, and floating
‘block B, which carries the gauging spindlé {

. and is connected horizontally to the fi *ced '

. block by reed C. - '
" Avertical reed is attached to each block
with upper ends joined together. ]
~ These vertical reeds are indicated by D
_-Beyond this joint extends a pomter
" Alinear motlon of spindie moves the free
. block vemcaily causing the vertical reed on
-~ the floating block to slide past the vertical
. reed on the fixed block. However, as the
~ vertical reads are]omed at lhe upperend,
instead of sllppmg, the movement causes

spindle . A 4) : both reads swmg thr0u0h at arc and as the
CMe—_—T . . target is merely an extension of the vertical .

T reeds, it swings throghamuch wider arc.

I‘lg. 6.6 S ~ The amount of target swing is proportional

- Reed. type mechanical- Comparator o to the chstance the ﬂoatmg block has moved

but of course very much magmﬁed \ : .
The scaIe may be cahbrated by means ofga'.:ge block (shp gaugﬂs )to indicate any dewatron
" from an initial sefting, :
The mechanical magnifi ication is usua!h iess than 100, but itis mulllplled by the optlcal lens’
“system, Itis available in mpll[’lcanons nnuuw fr romX 500 tox 1000. :

Q 19 ('1) Name the two t}pes of dial md:cat’:rs.

for magnifying small motions of the spindle, {

(b) Draw a s:mp!e d:aoram ofa plunwcr type dial indicator md:catmg the values of .

PO . ..

(I) read division on the ; main scale (2) each: d‘\'lSlOB on the revolul:on counter scale.
Ans. The two distinct types of dial indicators are ' :

1. Plunger type (with linear moving plunger)

2 Lever type(wnh an angu!ar moving stylus}

(b) F:g 6. 7 shows a plunuer tvpe dlal test mdlcalor ) 'Ihe value of each dmsmn on the maif’
circular scale is 0,01 mm.
(i) 'I‘he value of each division on lhe revolu:on counter zs lmm




Bezol Clamp ~ &3 wéazh bazel

| Fig.; 6.7 munger Type Dial

: Q 20 W:th the he!p of a neat sketch Explam the workmﬂ of alever type dial lnd:cator.
Why a revolution counter is not provxded in lever type dial test md!cator.
Ans. Fig. 6.8 shows a lever tvned:.z! md:cator in this type the plunger is repIaced bv a ball

tipped lever arm wh:ch is pwated on the body of the md:cator The ball-nppped pomon is
called sty Ius : _

| /"‘%’Eﬂ?r

ster o '_ Relarn Spnng

F:g. 6. 8 Lever Type D:ai Indtcator

Hl

The movement of the leveris such thm itis atright angles 1o the main scaie Flg 6.8 shows
the mechanism of the lever type dial indicator. It relies upon a lever, which is pivoted at its

lower end. A bail at the upper end of the main lever rolates the scroll and this movement is

~ displayed by the pointer on the main scale.

It has only a limited range (Ilrmted by the scroll length) which usuanly allows about l 2
3 revolunons of the pointer to be made. It is for thls reason that a revolution. counter is not
provided in this type of dial indicator. : :

~ Uses: Thns instrument is more compact than the plunger type and it is most commonly
used for both inspection and machine setting. With the bail tip placed msxde a small bore
_concentncuy, roundness or machine sellmg can be convemenlly checked.

Mectralogy & Quality Control | |




| Surface Finish Measurments

| Chei)ter 7 g

SURFACE FINISH MEASURMENTS

Q. 1 - What are the dlﬁ‘erent modes ol' deﬁmng surl‘ace texture ?

~Ans : On any finished surface 1mperfecnons or irregularities are bound to be there. They are .
in 1he form of successron of hills and valleys which { vary bothin hetght and its spacmg, dependmg -

- upon the product:on process or manufactunng process used.

Roughness . . Surface :rregularltles supenmposed ona plane .
T waviness. _curv_ed or wavy base portion of asurfaceis called
. ’*'9"" - surface texture. There are two modes of defining

' f helghll

wealh

‘Lﬂw#ﬂ'ﬁ' . e surfacetexture, viz pnmary texture and secondary :

width . T .
g Frg'?l I _.texture. ' -

-

i. Primary texture (roughness) e The surface 1rregular1t1es of small wave length are

B calied primary texture or roughness These are caused by dlrect action of the cutting element

. on the material i.e. cutting tool shape, tool feed rate or by some other disturbances such'as
friction, wear or corrosion, These irregularities constitute mlcro-geometncal errors, The
evaluation of surface ﬁmsh is based on the hetght and character of the microgeometrical
irregularities. C : :

ii. Secondary texture (“avyness) :« The surface 1rregulantles of considerable wave -

Iengih of 4 periédic chafdelér aré called sécohidary (EXT0FE OF WATYRESS THESE itrégalantias

result due to inaccuracies of slides, wear of guides, misalignment of centres,non-linear feed -
_ motion, deformation of work under the action of cutting forces, vibrations of any kind, etc. .

These errors are macro-geometrical errors. Roughness (primary texture) is superimposed
upon the secondary texture (wavmess) ' _

Q.2. Describe wuth a neat sketch construction and workmg of an mstrument used
) for measnrement of surface fexture. :
Ans : Comparatively cheap and reliable mstrument usmg mechamcal cum optlcal means of
magnification was designed by Dr. Tomlinson (Refer Fig.7.2)
The instrument consists of a diamond probe (stylus) held by sprmg pressure aga.mst the

ez
-_ésurfac
.| the pt

1 lappe
| motio

-{exert
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arm attached 1o the lapped cyliner. A magnified vertical movement of the diamond scriber on
smoked glass is obtained by the movément of the arm. This vertical movement of the scnber
'together avith horizontal movement produces a trace on the smoked glass plate This trace 1s
further rnagmﬁed atX 30 orx: 100 by an opnoa] pro_|ector -

'Q 3, What are roughness companson speclmens" How they assess surface

- roughness 2 7 Whit are the hmrtatlons ? -
Ans The roughness comparrson speclmens are either flat or segmented cyhndncal pieces

$of a finished product by comparison materigls such as'steel having hardness of about 400,
nickel alloy or metahsed plast:cs They are ng:dly supported ona base to prevent warpmg or
distortion durmg use.

visual inspection, the product and the specimen are séen srmultaneously and the roughness of
the product is compared with that of the specimen by naked eye. In touch inspection, the feel

surface of a lapped cylmder b} aleafspring. The lapped cylmder is supported on one 51de by .
{ihe probe and on the other side by fixed rollers. A light spring steel arm is attached to the - -
- {lapped cylinder. It carries at its tip a diamond scriber which rests agamst a smoked glass. The
{motions of the stylus in all the drrectlons except the vertical one-are prevented by the forces
_- eserted bv the two sprmgs : '

For mesurmg surface ﬁmsh the body of the instrument is moved aCross the surface by
screw ‘and motor arrangement. “The vertical movement of the probe caused by surface
irregularities makes the horizontal lapped. cylinder to roll. This causes the movement of the

4 Y ;

havmg Lnown roughness value. They are used for qualitative assessment of surface roughness -

{  The assessmentof surface t roughness of a finished product is done by comparison with the
speclmen of known roughness value and finished by machining process similar to that of the -
‘product under test. The compsrison may be done by visual inspection,or touch inspection. In

of the surface is experienced by moving i inger nail hghtly across the lay of the roughness of

- EEE

&

2
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' I Surface Finish Mcasurments

the product1o be tested and afterwards moving across the surface of the specimen of known
. roughness value. Then the two feels are compared to assess the surface roughness. of lhe
- product. .- : .

Though the methods of assessment of surface roughness by using speicmens of Lno“n

roughness value are rapid, they are not reliable because visual inspection by naked eye is

always likely to be misleading especially when the surfaces to be tested have high degreeof -

finish. Touch inspection can not give reliable results and can not detect minute flaws, unless
the person is very well trained. Also the results obtained by comparison vary from personto
person. Erfors may also be caused dueto difference in the matenal shape mehod of maclunmg,
method of finish, etc. of product and the specimen,

Q.4. Explain the prmcnple, general construction and operatmn of s!‘ylus type sur face

texture mezsuring instruments. What are the dlsadvantaoes of these types of
) ‘instruments ? why arec they w:dely used ? :
Ans : If a finely pointed probe or stylus be moved over the surface of a work piece ‘the

vertical movement of the stylus caused due to the irregularitiesin the surface texture can'be | -

used to assess the surface finish of the work piece.

Stvlus which is a fine point made of diamond or any such hard materlal is drawn over the .
surface to be tested: The movements of the stylus are used to modulate a high frequency -
. carrier cugrent or to generate a voltage signal. The output-is then ampllt’ed by suitable mems T

and used to operate arecording cr indicating instrument. - :

(Sud o _ - Stylus type instruments anera!lv consist ofthe
: _ followingunits: - -,
Xz=Stls i Skid or shoe.
_ S 1. Finely pointed stylus or probe

Surtcce to be lested ~ i, Anamplifying device for magnifying the st}lus
. Fig.7.3 . movement andindicator.
~ iv. Recording device to proeduce a trace and
- v. Means for analysing the trace.

Skid or shoe is drawn slowly over the 'surt‘ace either by hancl or by motor drive. It follows.

the general contours of the surface and provides a datum for measurments, The stylus moves
- over the surface with the skid. It moves vertically up and down due to surface roughness and
records the micro-geometrical formi of the surface. The stylus movements are magnified by

-an ampllfymg device and recorded to produce 2 trace. The trace is then analysed by some .. )

automatic device incorported in the instrument.
’ D:sadvqntages
1L The mstruments are bulky and complet
i, They are relatively fragile.
iii. Intial cost is high.
iv. Measurement are hmlted to a section of surface




v. Need skilled operators for measurements

. Distance between stylus and skid and the shape of the skld mtroduces errors in
measurement for wavy surfaces.

Inspite of all the above disadvantages, the main advantage of such mstruments is that the

electrical slgnal available can be processed to obtain any desired roughness parameter or can
be recorded for display or subsequent analy51s Therefore the stylus type mstruments are
widely ysed for surface texture measurements. :

Q.s: Explain the. following terms used in surface finish measurement: Ruughness, _

Waviness, Effective profile, Lay, Samplmg length Mean line Aand centre line of
profile, . : :

Ans : i. Roughness : 1 is also called primary texture It rel‘ers to surl‘ace 1rregularmes of - -

_small wave length i.e. f'ne]v spaced irregularities produced due the action ofcutting 1 tool,
y frl_hon wear or corrosion, tool feed rate or tool chatter. (refer fig. 7.1)

- Waviness : Or secondary texture. This includes irregularities of considerable wave

length of perlodlc character. i.e. :rregularmes of greater spacing which are in the form of

waves. This type of irregularities are caused due to misali gnment of centres wbranons machlne
orwork deflections, warping etc. (refer6.1) : :
iii. Effective profile : It is real contour of a surface obtained by uslng lnstruments
-iv. Lay : It is the direction of predominant surface pattern produced by tool marks or
scratches. Symbols used to indicate the direction oflay are given below -
I = Lay parallel to the line representing surface to whlch the symbol is appl:ed .
. e:g. parallel shaping,0.D.tumning, < _
'l = Layperpendicualr to the line representing the surface to whtch the syrnbol is appl:ed
 e.g.sideview of shaping. O.D. grinding, - '
x = Layangularinboth directions to the line representmg the surface to w hICh symbol
is applied e.g. transversed-end mill, end wheel grinding. = :
Multidirectinal lay e. g Iappmg,superf inishing. :
Lay approximately circular relative to the centre of the surface to whxch the symbol
is applied e. g.-facing on lathe -
R = Lay approumately radial relanve to the centre of the surface to which the symbol '
s applied,e.g. grinding on atumtable indexed on end mili, :

S ESESLE

Fig.7.4
~v. Sampling length : It is the length of profile necessary for Ihe evaluation of the

Og
' |

irregularities to be taken into account. It is measured ina dlrectlon parallel to the general- |

direction oflhe profile.

- Metrology & Quality Cc’mtrol.] .
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L Surface Finish Measurnents

vi. Mean Line of Profile : It is the line dividing the effective profile such that within the

sampling length the sum of the squares of vertical ordmates(vl y2 D between the effeciwe

prof' le pomts and the mean line is m:mmum

~‘embraced by the profile above and below the
line are-equal, For repeatitive wave form

Flg 75 o ~ impossilbe in any manuﬁeturmb process mean
" line and centre line are- assumbed to equwalent for pracucal purposes. : -

Q.6. What do you mean by Ra and Rz values ?
. Ans : Ra \ralue Roughness average (Ra\ is the anthmeucal mean devxanon of the surface

Mean Lin .
[ e AT anthmetlc average of the vertical ordinates Y -
2 - m ) ) ) from the mean regard less of the anlhmetlc.
W i R Ilyl
- Sumnlmg lenqih L '. Ra = -I: I Y dl. = .-—-—
F1g76 L Wheren number ofdmsnons in samplelength L.

Rz value : Itisten pomt he:ght of 1rregu1ant1es and is defiried as the average difference.
between the five highest peaks and [five lowest valleys on the surface profile within the -
samplmg length from alme pa:allel 10 the mean line and not crossing the profile, Mathemaucally, -

_ F:g 7. T
'—-—(R+R1+R3+R+R)-(R5+R7+R‘+R9+RI) _
where R,, R,,a R are five hlgheSl peaLs andR, R, ... R are five lowest vaIIeys.
_Q.7. -State how surface finish is designated on drawings ? ‘
Ans @ The surface roughness is represented as shown in fig. 7.8(a)
- The following information is fumnished with the symbol.

i Surface roughness value ie. Ra value n mm.
ii. MachmuwF allowance in mm.

_ vvil.Centre Line of Profile : It is the line .
eratile dividing the effective profile such that the areas

R (profile) the centre ling and mean line are-
_Sompling tength - -~ - © | .- equivalent. Though true repetitive profile is -

profile from the mean line. 1t is defined as the
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Machining - 60° Durﬁchen
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@ . omgns T )
ii. Sampling length-or instrument cut-off length in mm. _ '
“iv, Method of machining such as milled, ground, lapped shapped etc
v. Direction of lay in the symbol formas =, | ,X,M,C,R.
-e.g. amilled surface having Ra valué 6.3 m, with cut—off length 2. Smm and dlrecnon of
lay parallel will be represented as shown in i ig. 7.8 (b) - -
The surface roughness on drawmg is represemed by the symbols glven below

: Symbol ~ % ‘Ravaluein pm.
B v k : -__'8‘1025 _ ¥
';Ve'” T 16tes
vvy 00251016
vYvY <0,025 -
' Q 8. State and explam the methods of mesurmg prlmary texture (roughness) of a
surface. -

' Ans: In practice, three. methods of measunng prlmary texture(roughness) of surface are

' used
1, Ten pomt henght method (refer fig.7.7)

] “In this method, the average d:ﬂ‘erence between the ﬁve hlghest peaks and five lowest .
. | .. valleys of surface texture within the sampling length, measured from a lme parallel to the B

mean line and not crossing the prof' leis used to deriote the amount of surface roughness

‘Mathematically,
- Rz= ten ponr't he'ght of 1rreg' "ant'es

=—(R+R+R,+R+R) - (R6+R7+R+R+Rw)

ThlS method is relatwely simple method of analysis and measures the total depth of surface
: irregulanhes_ within the sampling length: But it does not give sufficient information about the
surface as-no account is taken of frequency of the irregualrities and the profile shape. It is
used when it is desired to control the cost of finishing for checkmg the rough machining,
2. R.M.S. Value : (refer fig.7.9)

In'this method toughness is measured as the average deviation from the nommal surface._'

- Root mean square ¥ alue measured is based on the least squares.




. I Surface Finish Measurments ‘ : R 1. :
‘RMS value is defined as the square root of the arithmetic |
~ meanof values of the sqaures of ordinates of the surface { -
v»  measured from a mean line, It is obtained by setting many
o equidistant ordinates on the mean line O Yo y3+ Jand.
-, then taking the root of the mean of the squared ordinates,
" Let us assume that the sample length “L” is divided:
into “n’ equal parts and y .y, ¥, ...are the helgh__t_s of the

Meor lire

il

‘cnn--'“ lenzin (L)

'k e i

Fig.7.9
ordmates erected a tho se points Then

RMS average = ‘/y, * y, + y,
o '.n

3. CLA value : In this method also, lhe Surface roughness is measured as the average |
de\«'lahon from the nommal surface

Mm fite . '_Centre Lme 'Average prArlthmetic..Average (AA) |
/ - is defined as the average values of the ordinates from -
. themeanline, regard!ess of the arithmetic signs of
the ordinates, y Yty
_ | - CLA Value or AA Value = =— " 2 T o
s;nm.L T L '
. Cmp"’ﬂ Eng { } . _ A’ + Az +A! 4+ ..
Fig.7.10 o =zi_
_ _ _ L

CLA value measure is preferred to RMS value measure because its value can be easily "
determined by measurmg the areas with planimeter or graph or can be readlly detérmined i in §
- electrical instruments by mtegratmg the movement of the stylus dlsplavmg 1he result onan ¢

- average meter

Q.9. What is meant by RMS value and CLA value ?-
Ans : Refer Q. 8. - -

_ Q 10 State the methods of measuring surface fimsh Show by proper symbols and
wvalues the different surface finish,
~ Ans : The following two methods are. used for measunng the surface fmlsh of surfaces. -
1. Inspection by comparison methiods : In these methods, the surface texture is-
assessed by observation af the surfaces. These are the methods of qualitative analysis of
~ surface texture. The texture of the surface to be tested is compared with that of a specimen
~ of known roughness value and finished by simitar machining process. Though these methods
are rapid, the resuMs are not reliable because they can be misleading if tomparison is not
" made with the surfaces produced by snmllar techmques The various methods available for
- comparison are :
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i Visualinspection, _ ~ii. Scratch inspection,

 iii. Touchinspection, - = - ) _iv. Microscopic inspection,
v.. Surface photographs, . . . vi. Micro-interferometer,
vii. Wallace surface Dynamometer and  viii. Reflected Ilght intensity.

2. Direct instrument measurements : These are the methods of quanntatwe analysls
" These methods enable to determine the numerical value of surface finish of any surface by

using instruments of stylus probe type operatmg on electncal pnnc:ples e.g. proﬁlometer
Tomlison surface meter, etc. .

For symbols and values of surl‘ace ﬁmsh refer Q.7

Q. 11. Followings are lhe Ra values fnrjobs. Mention the method of manufactunng -
with 3, 6. 4, 1.6 and 0.08 microns. - .
‘Ans : Ra value in microns  Mathod of manufacturing. -

3 Broaching or reaming, -
64 . Shaping, Drilling

16 ;. - Milling, grinding B .
0.008 - .. lapping, superfmlshemg.

Q.12 In the meast.-*cmcnt of surface roughness, !-e:ghts of successive- 10 peaks and
. troughs were measured from a datum and were 33, 25, 30, 19, 22, 27, 29, and

.. 20 microns. If these measurements were obfained on 10 mm length determ:ne '

CLA and RMS values of surfaces r_oughness ?
Ans : CLA value or Ra value or AA value =, '

Y +yz *ty,
. .. hid ) e
33+25+30+ 19 +22 +18 +32+27 +29 +20
T ——y
- .= 25.5microns. - - .
" RMSValues | ;
- \/Yf TV FRF
S n o .

[T 357+ 30° ¥ 19° T 20 V18 32 +27 + 239 + 20,
Y ' o1

26.03 microns

Q-'.l3_-l)escribe the comparison methods used for measuring the _siur_f'ace finish, ;
Ans.In inspection by comparison methods, the surface texture is assessed by observation of
the surface. These are methods of qualitative analysis of the surface texture. The texture of
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the surface to be tested is corhpared with that of a specimen of known roughness value and
finished by simifar machining processes. Though these methods are rapid, the results are not

reliable because they can be misleading if comparison is not made with the surface produced

-by similar techniques. The various methods a\rallable for comparision are ;
1. Visual Inspection :
2. Touch Inspection =
3. ScratchInspection. -~
4.‘Microscopic Inspection -

5. Surface Photographs

" 6. Micro-Interferometer

7. Wallace Surface Dynamometﬂr
8. Reflected Light Intensity -

“Touch Inspect:ou This method can s1mplv assess whrch surface is more rou gh, it cannot

give the degree of surface roughness. Secondly, the minute flaws can't be detected. In this

method, the finger tip is moved along the surfaceata speed of about 25 mm per second and *
‘the irregularities as small as 0.0125 mm can be detected. In modified method atennis ball i is

rubbed over the surface and surface roughness is judged thereby

_ V‘sual Inspectmn In this method the surfaceis mspeeted by naked eye. This method is
always hkely to be misieading particularly when surfaces wrth hlgh degrees of finish are
inspected . It is therefore limited to rougher surfaces. :

- Seratch Inspectmn In this method a soﬁer material lrke Iead babbit or plastrc is rubbed

over the surface to be mspected The tmpresm on of the scratches on the surface produced is

then visualised,

: - Microscopic Inspeetnon Thls is. probably the best method for’ exammmg the surface

- ‘texture by comparison. But since, only a'small surface can be inspected at a time several = {
readings are required to get an average value. In this method. 2 master finished surface is

' placed undeér the ticroscope and compared with the surface under inspection. Altematively,

- astraight edge is placed ot thie strface to be inspected and a beam of light projected at about . | |

 60%to the work. Thus the shadow is cast into the surface, the scratches are magmﬁed and the
surface and the surface rrregulan tles can be studred :

Surface Photographs § Tn this method magmfied photographs of the surface are taLen
with dlfferent types of illumination to reveal the 1rregulannes :

Ifthe vertlcal :Ilummatxon 15 used then defects like irregularities and scratches appear as

dark spots and flat portion of the surface appears as bright area. In case of obltque illumination, |
reverse is the case. Photographs with difTerent 1llummatlon are compared and the result is

. macoccad
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Micro Interfero'meter : In this method, an optical flat is placed on the surface to be

inspected and illuminated by a monochromatic source of light. Interference bands are studied

through a microscope. The scraiches in the surface appear as interference lines extending
from the dark bands into the bright bands. The deplh of the defect is measured in terms of the
fraction of the interference bands

Wallace Surface Dynamometer Itisasort of fr:ct:on meter, It consists of a pendulum
_ in which the testing shoes are damped 1o a bearing surface and a predetermined spring pressure
can be applied. The pendulum is lified to its initial starting position and allowed to swing over

‘the surface to be tested. Ifthe surface is smooth, then there will be less friction and pendulum |

swings for a Jonger period. Thus, the ime of swing is a direct measure of surface texture.

Reflected Light Intensity : Inthis method a beam of light of known quantity is projected

upon the surface. This light is reMlected in several directions as beams of lesser intensity and
the change in light intensity in different directions is measured by a photocell. The méasured

intensity changes are already calibrated by means of readmg taken from surface of known -

' roughness by some other suitable method.

Surface Roughness Compar:son Spec:men The roughness companson spemmens
are either flat or segmented cylindrical pieces having known roughness vatue, They are used

- for quantitative assessment of surface roughness of a finished product by comparison. These
~ specimens are made up of hard, wear resistant materials such as steel having hardness of

. about 400 HB, nickel alloy or metallised plasllcs They are rlgldlv supported on a base to
prevent warping or distortion during use. :

The assessment of surface roughness of a finished product is done by comparison with the
- specimen of known roughness value and {inished by machl_nmg process similar to that of the
product under test. The comparison may be made by visual inspection or touch inspection,

In visual inspection, the prcduct and the specimen are seen simultaneously and the roughness

-of the product is compared with that of the specimen by naked eye. In touch inspection, the
feel of the surface is experienced by moving finger naily lightly across the lay of the roughness
- of the product to be tested and afterwards moving across the surface of the specimen of

known roughness value. Then the two feels are compared to assess the surface roughness of
the product -

These specimens have also proved to be very good devices for trammn the personnel to
judge the R_value by feel and appearance of the surface. It should be noted that the surface
being compared should be clean and dry. However, the results obtained by comparison vary
from person (o person. Errors may also be caused due to difference in the material, shape,
method of machining, method of finish, etc. of the product and the specimen. '
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Q.14 The surface finish on the milled surface is not to exceed 5 mm Ra with a cut—-off'
length 2 mm, machining ailowance 0.5 mm and direction of lay parallel. How will you
represent itona drawm C o : : :
Ans. - o Milled

Fig. 7.11

© Q.15, Describe any one method. of checking the surface finish of a mechined surface.
‘Ans : There are two methods used for measuring surface finish of machined surfaces,viz.
eomparison methods and direct instrument measurements. Comparative méethods are used for -
qualitative analvsis of surface texture whils instruments are used for quantitive analysisi.e. to
determine nu'm.rlcal value of the surface: finish. Nearly all the instruments used are stylus
probe type ofinstruments, operating on electrical principles. The outputsignal is amplified and
“then used to operate a recording or indicating mstrument One of the direct measurmg :
mstruments is etplamecl below o
- - Ttisan indicat_ing. and r'ecording instrument usedto |
—_— ~ measure roughness in microns. The principle of the : -
N E _ ‘instrument is similar to gramophone pick up. The
' V///.LJ 7/////{ - -instrument consists of two principle units; a tracer and
./ e By _/ - an amplifier. Tracer is a finely pointed stylus. It is mounted
— | in the pick up unit which consists of an induction coil - -
singst [ .1 located in the field of a permanent magnet, When the

o=m Mgigret
. Indutlion W o
ol : ’

Styly or

| brobe : ~ tracer ismoved across the surface to be tested, it is-
' e tested.  displaced vertically up and down due to the surface .
W o ' irregularities. This causes the induction coil to movein .

ﬂ'.'l"_{",&'i o *  the field of the permanent magnet and induces a voltage.

Fig,7.12- Prof’lometer - The induced voltage is amplified and recorded.
This mstrument is best snited for measuring surface {inish of deep bores

Q.16 Describe the cons'truc.tion and working of ,t-he,Ta'ylor-Hobson-Talysurf.

‘Ans. The Taylor-Hobson-Talysurf ;: Taylor-Hobson Talysurf is a stylus and skid type of |
instrument working on carrier modulating principle. Its response is more rapid and accurate .-
. ascompared to Temlinson Surface Meter. The measuring head of this instrument consists of - '
“a sharply pointed diamond stylus of about 0.002 mm tip radius and skid or shoe which i 15
“drawn across the surface bv means of a motorised driving unit.
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In this insfrﬁment the stylus is made to trace the profile of the surface irregularities, and

the oscillatory movement of the stylus is converted into changes in electric current by the g

_ arrangement as shown in Fig. 7,13, The arm carrying the stylus forms an armature which .
pivots about the centre piece of E-shaped stamping. On two legs of (outer pole pieces) the E-
shaped stamping there are coils carrying an a:.c. current. These tivo coils with other two
resistances form an oscillator. As the armature is pivoted about the central leg; any movement
of the stylus causes the air gap to vary and thus the amplitude of the original a.c. current

-flowing in the: coils is modulated, The output of the bridge thus consists of modulation only as (e
shownin Fig. 7.13. This.is further demodulated so that the current now is dlrecﬂy proporuonal SR

to the vemcal dlsplacemenl of the stylus only.

E.shw .

N 3 Stamping B
: t -

| -(:kcialor' j

. WNUU\ " Modulated  -Damcowlatedand

. car:ifr o  fiarder - Smogthaned

Fig. '?.1_3.Taylor.-Hobson—Talysurf '

The demodulated outpult is caused to operate a pen recorder to produce a permanentrecord fh
'md the meter 10 give a numerical assessment dlrectly S
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MACHINE TO O¥
TESTING TECHNIQUES

Q.1. What is straightness? Explian briefly how the striaghtness is measured.
Ans : Itis not easy to define what is meant by straightness. In metrology a line is said to be
straight over a given length if its deviations w.r.t. the ideal reference line are within specified
tolerence limits or if the variations of the distances of its points from.two planes perpendicular
to each other and parallel to the general dlrecuon of the line remam within specified tolerence
Timits, :

The most convenient method oflestmg straightness of a surface of any lengih to a high
degree of accuragy is ‘oy using spirit level or auto-colimator,
: ..utp-columm - ‘
Seirl level -

. Reﬂgfmr O . . -
. testeg ¥ i T Surfoce to be
. . _ Flg S ] ) . : ested

A stralght line is drawn on the surface whose straightnass is to be checked. A sensitive

spirit level, fitted with two feet at a convenient distance apart is moved along this line in steps
equal to the pitch distance between the centre lines of the feet. For each position, the reading
is noted. Variations in the bubble position represent angular variations in the surface and
these are converted into differences in height of the feet above or below the starting point.
. If auto-colimator is used, then a block fitted with feet at convenient distance apart and
carrying a plane reflector is moved along the surface in steps equal to the pitch of the feet.
Angular variations are measured with auto-colimator.

Spirit level can be used to check only honmntal surfaces but auto- colhmator may be used .-

‘on a surface in any plane.
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' Q.2. State the various methods used to test str'ughtncss of a su;face and explain

briefly any one of them.
Ans : The following methods are used to measure the stralghtness of a surface.
i U__smg straight edges i, Spiritlevel method:
. Auto-colimator method iv. Liquid gauge method.
'v. Beam comparator method.

Straight edge method : This is simplest method of testing stralghtness of a surface. A

straight edge of known accuracy is applied 10 the surface to be tested and degree of contact

‘is determined by marking, feelers or light gap. The more accurate method of measurmg

straightness by a straight edge is wedge method,
A straight edge is supported at the points for minimum deﬂecnon on two unequal piles of

slip gauges so thatitisata slight inclination to the surface to be tested. The distance between -
the supports is divided into number of equal parts and marked on the straight edge. If both

straight ed lge and surface are perfecﬂy straight,the gap at each point will vary uniformaly.

: Assume that the slip gauges used have values 10mm and
10.1mm as shown in the Fig.8.2 Let the distance between
the slip values be'divided into 5 number of equal parts. The

. gap at each point will, therefore, vary by 0.02 mm (0.1/5).

Iroight edge -1

7 o ~7  Now we can determine the value of pile of slips required for
L .S qigeS  exact contact at each position,e.g. at ‘the first position it is
Fig.8.2 " 10mim; at the second position it will be 10.02mm; at the third

it wili be 10.04 mm and so on. Insert the sllp gauges of appropriate value at each marked

_position. If there is no error, the slips will make contact with both the surfaces exa_.ctly atthe -
marked positions. If, however, there are errors in straightness, the slips will not fit exactly at
- their marked positions, but will be dlsplaced one way or other along the stnght edge hy amounts

proportional to the errors,

This is very sensitive method of rneasurement and can be made as sen51t1ve as desired by
choosmg asmall wedge angle and large number of measuring positions. Care must be taken
to see that the slips do not wring 10 the surface, otherwise the whole sensitivity will be lost,

Q.3. Describe bneﬂy Beam comparator method of testing stralghtness.

“Ans ;" This method uses an instrument of Beam type designed by Rochdale Technical College
: an.l manufacmred by the sigma Insturment Company, Ltd., under the name * Rochdale Flatness

_ Dt gouge, Tester ”’. Beam comparator was originally designed for
Geam . b ' testing the flatness of surface tables, but can also be used
N  for testing the str_aighiness_ of surfaces.

The instrument consists of a light, rigid beam on the

. ”’)U”’ﬂ_’y% M_ underside of which are fitted two ball-ended feet:one at

- the centre and other near one end. At the other end of
Fig.8.3 the beam,a dial gauge is fitted. The axis ¢f the dial guage

e —

Qe _S- S—_ I N
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plunger is vertical and in line with the two fixed feet; The instrument is placed on the surface
to be tested on the two feet and moved along the surface in steps equal to the pitch of the
feet. At each position the reading of. the dial gauge is taken. The readings glve the heights at
different positions, above or below the line through the two points on which the fixed feet rest.
This instrument can be used to: check the stralghtness oflong surfaces in any posmon

Q.4, Explam how the flatness of a surface can be tested. - . _
~ Auns : Flatness testing is nothing bul extension of straightniess testmg A surface can be |

considered to be formed by mﬁmtely large number of lines. The surface will be. truly flatonly |
_ifall the lines are stra:ght and they lie in the sameplane. Therefore to test the flatness of 4 |

surface itis essentlal to measure the straightness of some of the number of lines forming it. :
P . The deviation of a large surface: such as surface table or -

“of spirit level, autoscolimator or Beam comparator. The pnnc1p1e
_ .ofthe method is same for all the instruments.
.. Firstnumber of lines parallel to the sides of the surface tobe
FTT71 -tested are drawn on the surface, at distances equal to the pitch

° ‘lines and then those lines are related with each other in order to-
- verify'whether they lisin lhe same plane or: not: Thus the whole = |
surface is surveyed: along a number of lines and the-variation in heights-of the points of
instersection of the lines is detemised w.r.t.a datum plane. This datum pla.ne is then adjusted B
10 become the mean true plane for the Surl‘ace " : : B

Q.5 Describe the methods of checking :
. Parallchsm of two ates, - -
ii. Parallelism of an axis to a pl'me. _
© Ans : Parallelism of two axes: - . . S -
' o SR | Ass’urne'that'the parallelism of axes of two cylinders. |
" 1sto be.tested.-Thg instrument used for the test is dial ;
indicator. It is supported on a base of such shapé that the |
~ base slides along one of the cylinders. The dial indicator - |
_base 18 so adjusled thatits feeler (plunger) slides along the |
-+ another cylinder. The maximum deviation between the
axes of the cylinders at any point may be determined by | '
gently rockmg the dial mdlcator ina dlrectlon perpendlcular Rt
to the axes. : Y s

éﬂ-al )

ndieglor

Parallelism of an axis to a'plane :In this test, a dial indicator is held on a support with a flat’ |

‘machine table from the true plane can be determined by the use | -

distance of the base of thei mstrument used. The straightnessof |
all these lines is determined by moving the instrument along the” ]




_— - Axis ' - to touch the surface of the cylmder representmg the
H: ' ' axis. The msturment is moved along the plane fora

At each point of measurement, readings of the
- instrument are noted. If the maximum difference

TTTT Z T ? 4 { o between thé_se\f'e_'ral readings ta_ken at number of
Plane o points does not exceed a predetermined value, the
Fig.8.6 = axis can be said to be parallel to the plane. '

Q.6. Exp!am how the squarennss of an axis of rotat:on w;th a given plarie can be _

tested? . o : :
Ans : Assume that squareness ofaus of rotation of a spmdle withaplane i is to be tested. A

. _ dial indicator is mounted on the arm attached to the spindle. The .~

ts of _ feeler (plunger) of the dia! lndIC"l‘Ol' is adjusted parallel to the

v orgletiog

- plane of rotation of free end of the plunger is perpendicular to

the axis of rotation. N.b\ir_ the p'l_ur'lgerl'of 1the dial indicator is made

“to touch the plane under test. The spindle is slowly revolved and
readings are noted at various positions. The variatioss in the-

" Dl ndicotar

_ ~ between the plane-of free end of the plunger and the plane under
“testor devi 1at10n in the squarencess of the axis of rotation of the spmdle with the plang under test.

N

Q 7. Ax:s of rotatmn of live centre of lathe m'lchme is required to be checked for
. pqr'lllchsm with- respect to Jathe bed surface. State the instruments lequ:red
- and descnbe mcthod with. sketch 2 :

Ans : :
ns Y 010[ :ndlcqtor

Yoy

-.'—'..-——.

h

Fig. 8.8

Thﬂ instruments required for the test are a test mandrel and a dial indicator.
The test mandrel is held between the centre on the lathe machine, Dial 1ndtcator is held in

the compound rest and adjusted so thatits feeler {plunger) touches the man_drel surface, first

above the bar and then on the side of it. The mandrel is kept stationary and dial gauge is
moved along by lraversmg the carnage. Anyi maccuracy either in the vertlcal or honzontal
‘plane is indicated on the dial gauge.

Mctrology & Quality Control I '

distance overwhich parallehsm festis to be performed :

axis-of rotation of the spindle, so that as the spindle revolves, the -

readings of the instrument represent the deviation of paralfeﬁs‘iﬁ :

iy
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Q.12, What is optical flat" Explain how interferecne frmges are formed when optrcal- SRS |

flat is placed ona surface to be tested ?

~ Ans : Optical flat is a cylindrical prece of a transparent material usually glass or quartz, with

one or two hlghly polished working surfaces. It is used to check the ﬂatness of pleces gauge
~ blocks, micro meter anvils, erc.
' ‘When an optical flat is placed on work piece surface it
will not form an intimate contact, but will be at slight
inclination to the surface, forming an air wedge between
it wedge the surfaces. If optical flat is now illuminated by
_ _ monochromanc (single wave length) source of light,

\gurtace tcjbe interference frmges_ will be observed. These are produced

_ tested by the interference of light rays reflected from the bottom
Fig.8.13 =~ ' 'face of the optical flat and top face of the work piece being
tested through the layer of air, _ :

Consider a ray of light incident at A on.an optlcal flat placed over a work piec. to be
~ tested, It passes throu gh the optical flat and at its bottm face it is divided into two compenents. |
- One comonent of the incident rays gets reflected from the bottom of the optical {lat at Bin the
. direction BC and the other portion, transimited through the layer of the entrapped air will te -
reflected by the top face of the work piece at D in the direction DEF. The paths travelted by
both the reflected ravs differ by an amount BDE i i.e. the second component of the ray lag: |
behind the [irst by an amount equal to twice the air gap. Though both the components have the
same wave length and start in phase the difference in their paths causes them to be either in
phase or out of phase at C and F. If the path difference between the reflected rays is even
multiple of half wave length, the extra distance the ray reflected from the work piece surface
has to travel will cause it to be 180° out of phase with the ray reflected from the lower face of
the optical flat and the reflected rays will cancel each other and darkness will be obseryed. If
the path diference is an odd multiple of half wave length they will be in phase with each other
'and will reinforce each other. So brightness will be observed. Depending upon the air gap

-between surfaces, we.will get altemate dark and bright bands due the mterference of light.

Q. 13 With what instrument and how you w:li take finish maesurement ol'mrcrometer

_ anvil surfaces ?- '
Ans : Deviations of flatness of the micrometer anivl surfaces are tested with an optical flat.
Optical {lat is brought into contact with each of the two anvil surfaces in turn and moved till
minimum number of interference fringes are observed. i.e. closed curves are observed. The
number of interference fringes observed on cach of the two amtl surfaces should not be more _
* than 2 for all ranges of Grade - I micrometers. ‘ - _

The parallelism of the anivl surfces is also tested wuh optical flat {of type B). Optical flat

is placed in contact wrth the f xed anvil and movmg anvil is brﬁughl in contact withthe Opposue
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face of the optical flat. Interference fnn ges produced are observed, The surm of the mterference '
fringes observed on the two surfaces should not exceed 6,8 and 10 for ranges 0 25 ,25-75 and
“75- 100 mm m:crometers

- Q.14. By using optical flat and monochrematic hght state how you will determme
whether the given flat or curved sufaces are concave or convex o

Ans : When an optical flat is placed on a surface to be. tested and illuminated by a
' 'monochromanc light intefference fringes i.e. alternate dark. and bright bands are observed.
The fringe pattern represents the contour map of the surface under test. Each band indicates
a path of constant seperatxon between the optical flat and the surface under test.

—Line of . ' piine o

@™ mr*

~Concave - T Convex
.surface - ' S surfaca

Flur 8.14°
~ Ifthe surface to be tested is perfectly flat the fringes or bands produced will be stralght
and even after applying light pressure at any edge there will not be change in the fringe
pattern, But if the surface is not flat, the bands obtained will be curved. (refer fig 6.) If the
“band curve around the point or line of contact, the surface is convex and if the bands curve in
the opposite dlrectlon The surface i is concave. If the curvature of bands is more, itindicates
more convexity and vice- vers*._ -

Curved .. Coavex .. Caregia
_Surioce e surloce - surteen

: : Fig.8.15 oo
When the surface under test is curved, circular bands with a central brlght spot at 1he point
of contact are observed. To-determine whether the surface is concave or convex, it is pressed
lightly with finger tip at one edge: I1Fthe centre of the bands is displaced and the fringes come
closer, the surface under test is convex.-If application of light presure at edge makes no
change, then light pressure is applied at the centre, If the bands move apart and number of
bands is reduced the surface to be tesled IS concave.
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'Q.15. List the various geometrical checks made' on machine tools ? _
-'ms : The various geometr:calfahgnment checks generally carried out on machine tools-are:

Stra:gthness Straaghtness of gmde ways and slide ways of rmchme .ols.
2. Flatness : flatness of machine table and slide- ways

3. Parallelism Equldlstance and alignment : of sl1de ways and axes of various movmg
parts with reference to some standard planes. - : :

4. True running and alignment of shafts and spmdle relative to other axes and surfaces
- P:tch or Lead error: '_ i) of lead screw u) of gears.
6. Eccentrlclty, out of roundness, penodlcal axial sl:p cammmo etc

_ 7. Dlvulmg errors: of dmdlng heads ; indexing heads

. Q. 16. Name the equipment required for gedmetrical tests ?
"Ans : The measurmg eqmpmem used for aki gnmem tests are

I.: Dial gauge.

2. Test mandrels

ul

Straight edges and squares
Spirit level, '

Auto collimator.

BN L)

Waviness meter etc.

Q.17. Dlstmgu:sh between allgnment test and performance test ofa machme tool"
Ans : The alignment test is carried out to check ihe grade of manufacturing accuracy of the

machine tool. It consists of checking the relati onship between variéus machine elements (such

as bed, table, spindle etc.) when the machine tool is idle and unloaded. _ _
" Performance test consists of chekeing the accuracy of the finished components and is

known as practical test. The performance test therfore, consists of preparing the actual test

jobs on the machine and checking the accuracy of the jObS produced. It is carried out to know
whether the machme tool is capable of prod ucmg the parts within the specnﬂed llmxts ornot.

Q 18 Describe how you would perform the fo!lowmg allgnment tests.
_i. Straightness of saddle level in horizontal plane.
ji.. Allgnment of both centres in vemcal plane.

R U U VL SN JyRpp— A S
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iii. Parallcllsm of main spmdle to saddle movement,
iv. True running of head stock centre. :
V. Pfira!lehsm of tail stock slecve with saddle mcvementi machme bed guldcs.
' Ans R Stra:ghtness of saddle level in horizontal Plane.
' : Measuring Instruemnts : Cylindrical test mandrel (600mm
Iong) dial indicator.
Procedure’ The mandrel i is held between centres. The dial
indicator is mounted on the saddle. The spindle 6f the dial indicator
is allowed to touch the mandrel: The saddle is then moved
longitudinally along the lengih of the mandrel. Readmus are taken
at different places. -
Penmssuble error : 0.02 mm over lengthof mandrel
Ahgnment of both the centres in the vertical plane : _
- Measuring instruments ; Cvlmdncal mandrel 600mm long, dial
- gauge. : :
Procedure : The test rnandrel is held between centres, on the -
saddle in vertical plane as shown in Figure. Then the saddie along
with dial gauge is travelled longl tudinally along the bed ways, over
: - the entire length of the mandrel and the re'ldmgs are taken at
Fw 8 1'? - dl"ferent places. : : :
" Permissible error : 0. 0"’ mm over 600 mm length mandrel (T'qutocL centreis tolie h:g,her
Onlv) ' ' -
iii. Parallelism of main spindle to saddle movement :
a. In_ vertical plane - b. In horizontal plane.
e ' Mcasurmg Instruemnts : Test mandrel with taper shank and
300 mm long cylindrical measuring part, dial gauge.
N Procedure The dial gauge is mounted on the saddle, The dlal
gauge spindle is made to touch the mandrel and the saddle is moved
- to andfro. It is checked in vertical as well as in horizontal plane.
- Permissible ¢ érror: a) 0. 02/300 inm (Mandrel rising towards
- free end only (t) 0. 07_!300 mm (Mandrel inclined at {ree end -
towards tool pressure only. - o '
iv, True runmng of he-ld stock center :
Measuring Instruement : Dial gauge.
Procedure : The live centre is held in the tailstock spindle and it
is rotated. Its trueness is checked by means of dial gauge. '
~ Permissible error .01 mm.
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: Fig_. 8.20
towards free end only.)

i.

Parallelism of t-ulstock sleeve to saddle movement :

Measuring Instruments-; Dial indicator.

Procedure : Tailstock sleeve is fed outwords. The dial gauge is
mounted on the saddle. Its spindle is touched to the sleeve at one
end and then saddle is moved to and fro, it is checked lnH P and

VP also.

Per muss;ble error:a) 0. 01:’ 100 mm. (T allstock sleeve mclmed
towards tool pressure only. (b) 0.01/100 mm (T: ailstock sleeve rising

Q 19. Describe how you would pe:form the I‘o]!uwmg alignment tests.
' Movement of upper slide parallel with main spmdle in vertical plane.

ii. Parallelism of tailstock sleeve taper socket to saddle movement.

iii. Levelling of lathe,’

iv. True running of locating cylinder of main. spmdle

True running of taper secket in main spindle.

: i Movement of upper slide parallel with main spindle in vertical phne :

-Measuring Instruments ;

- Test mandrel with taper shank and 300 mm long cylmdncal
- measwing part, dial gauge,

- Permissible error : 0.03/100 mm.

it. Parallelism oftmlstock slreeve taper socket to S'lddle

‘movement : a} VP b)in H.P .

Measuring [nstruments : the mandrel with taper shank and a

N cylindrical measuring part of 300 mm length, dial indicator.”

Procedure : Test mandrel is held with its taper shank in a tail

~ stock sleeve taper socket. The dial gauge is mounted on the saddle.

The dial gauge spindle is made to touch with the mandrel. The
saddle is then travelled longltudmally along the bed way and
readings are taken

iii. Levellmg of Lathe. a. mlonmtudranl dlrecnon -

tak

Fig.8 ‘23
- wise d:recuon The posttion of the bubbie in the spirit level is checked and the readings are

en.

b. in transverse direction,
Measuring Instruement ; Spmt level gauge blocL to suit the

guide ways of the lathe bed. ' '
Procedure : The gauge block with the spirit fevel i is placed on
the bed ways on the front position, back position and in cross
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V. Parallehsm of tailstock sleeve fo saddle movement :
- Measuring Instruments-: Dial indicator.
y Frocedure: Tailstock sleeve is fed outwords. The dial gauge is
mounted on'the saddle. Its spindle is touched 10 the sleeve at one

VP, also.

o : Per m:ssnble error; a) 0.01/ 100 mm. (Taxlstock sIeeve mcllned
Fig. 8.20 towards tool pressure only. (b) 0.01/100 mm (Tailstock sleeve rising
towards free end only.) ' _ o o _

Q.19. Describe how yoﬁ_wou-ld pe__rform' the foliqwing_'alignment-tests.

1. Movement of upper slide paratlel with main sp:ﬁdle in vertical plane,

il. Parallelism of tailstock sleeve taper socket to saddle movement,

. Levellmﬂ uf 1athe. -

iv. True running of locating cylinder of main spindle.

v. True running of taper socket in main spindle. :
Ans: i Movement of upper slide parallel with main spindle in vert:ml plane R
-Measuring Instruments : -
~ Test mandrel with taper shank and 300 mm long cylindrical
- measuring part, dial gauge. _
- Permissible error : 0.03/100 mm.

ii. Parallelism of tailstock sleeve taper socket to saddle
_movement ; a) V.P. b) in HP. . .
- Meéasuring Instruments : the mandrel with taper shank and a
Fig, 8.21 - cylindrical measoring part 0f300 mm length, dial indicator.

Proccdure Test mandrel is held with its taper shank ina t'atl :

_E‘%_‘_d"—“‘ %  stock sleeve taper socket. The dial gauge is mounted on the saddle.
o — g

ﬁ' : _ The dial gauge spindle is made to touch with the mandrel. The
o ! . - saddle is then travelled longltudmally along the bed way and
- _.l"_" s readmgs are taken

Fig, 8. 22

ifi. Levelling of Lathe: a. iﬁ_longitudianl d.irection'._.-

b. intransverse direction.

Measuring Instruement : Spirit level gauge blocL to su:tthe
guide ways of the lathe bed. ' -

. Procedure : The gauge block with the spirit level is placed on
Fip.8.23 the bed ways on the front position, back position and in cross

wise direction. The posmon of the bubbie in the spirit level is checked and the readmgs are
taken.

end and then saddle is moved to and fro, it is checked in H P and:
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Permissible error: Front guide ways:: 0.02 mm/m convex only. Rear guide ways, 0.01 mmy/
m convex only to .02 mm/m convex only cross wise direction : 0.02 mm/m. No twist perm:tted
. True running oflocatmg cylinder of main spmdle -
—- . Measuring Instrument : Diai gauge,
rr i f' Procedure : The dial gauge is mounted on the bed, touchmg at a
' point on main spindle. The main spindle is rotated by hand and
.z readings of dial gauge are taken.
Fig. 8.24 - - Permissible error : 0.01 mm.
v. True running of taper socket in main Spmdle : S
Instruments Required : Test mandrel with ‘taper shanL and 300
mm long cylindrical measuring part, dial guage.

__ Procedure : The test mandrel is held with its taper shank ina. .

head stock spindle socket. The dial gauge is mounted on the saddle.
The dial gauge spindle is made to touch with the mandrel, The
-saddle is then travelled longltudlnally along the bed ways and-
readings are taLen at the point A and B shown in figure,
Perm:ss:ble Error Position A (.01 mm, Position B 0.02 mm.

Q 20. Describe in detail, ‘how would you check T
i. The {latness of clamping surfaces of base / table.
. True running of spindle taper. -
iii. Perpen dicularity of drill head guide to the table.
iv. Squareness of spindle axis with table. T
Ans :i. Faltness of clamping surface of‘b‘tse!table Refer figure below The testis
CENTRE . - performed by _placmg a straight edge on twq gauge’
ois TANCL;':,D,_—fE_;_\ ~ block onthe base plate (on table) in various positions
I and the error is noted down by inserting the feeler
SPINDLE gauges. This error should not exceed 0.1/100 mm
SLEEVE =~

. ;:[BJ e . clamping surface should be concave only.
SPINDLE

{| DRiLL HEAD i, True running of spindle taper : For this test,
L GUIDE - ' '

7A8L. ~ thetest mandrel is placed in the tapered hole of spindle

and a dial indicator is fixed on the table and its feeler
made to scan the mandrel. The spindle is rotated

error should not exceed 0.03/100 mm for machines
- with taper upto Morse No.2 and 0.04/300 mm for
GAUGE BL abf .~ machines with taper larger than Morse No.2.

Fig.826) . cgC CHAKRAVARTHI
~ Assistant Manager - QMQC

" “stowly and readings of indicator noted down. The .
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iii. Perpendicularity of drill head guide to the table : The

squareness (perpendcu!arlt)) of drill head guide to the base plate

1 E is tested :

- manDReL {F|  a. inavertical plane pawmg thourgh the axes ofboth spindle

o ff}’,ﬂ’}’vﬁ”“ 11 and column, and’ :

- b, in aplane a1 90° to the plane at (a). :
Y " The testis performed by placmg the frame level (wnh graduat1ons

' from 0.03 to 0.05 mmy/n) on guide column and table and the error

~" isnoted by noting the difference between the readings of the two
INDICA fo&- . - levels. This error should not exceed 0.25/1000 mm guide cqufh’n _
' .- for(a) and the guide column should be inclined at the upperend
(b) - tow ards the front only, and 0.15/1000 mm for (b).

iv. Squar eness of spmdle axis with table ; For

this test a straight edge is placed’ :

in positions AA’ and BB’. Work table is arranged in
- the middle position of its vertical travel. The dial

its feeler made to touch the Straigh't edge first say at
A and reading noted down. The spindle is rotated by

reading is noted down, The difference of two readings
~ .- gives the error in squareness of spindle axis with table.
Similar readings are noted down by placing the

" . straight edge in posxtlon BB’

- Fig. 8.26(c) Test l'or per pendlcularnty o

of drlll head guide wnth tahle. . ' _ _ - . _ _

, P .. The permissible errors are 0.08/300 mm with lower
T —  ‘endof spindle inclining towards column only for.
sét up AA’ and 0.05/300 mm for set up BB’

- _lt_‘ X {  Q.21Déscribein detail the following allgnment_
’?\_‘ !};1' *',1' SrRmGNY tests on dr:llmg machine. .
p:x =y £06E L Parallelism of the spindle axis with its
PL_/_WXX - vertical movement. :
E ' IR i, Squareness of clamping sulface of
Flg. 8.28 _ . table fo its axis.

Ans : i. Parallelism of the spindle axis wnth its vertical movement : This test :s perfomred :
into two planes. (A?_aa;d (Q) at Q:vht anglqs to each other. The test mandrel is fitted i in the
tapered hole of the sp;ndle and l’f* dlahndlc'lf? fixed on the table with its feeler touching

-...n.r 7 ;

indicator is mounted in the spindle taperéd holeand -

180° so that the feeler touches at point A’ and again -
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the mandrel. The spindlé is adjusted in the middle position of
its travel. The readings of the dial indicator are noted when
the spindle is moved in upper and lower directions of the

- middle position with slow vertical feed mechanism. .
The permissible errors are : for plane (A) for plane (B)

. - '.I;.
wre=9 ¥ o
' (31 0.03/100tm - 0,03/100 mm
CSECTIONYY

10.05/300mm *0,05/300mm

Fig. 8.29 For machines with taper
upto Morse No. 2 For machines
~ with taper larger than morse No. 2.
(Lower end of mandrel can be inclined towards column only )

' J ii. Squareness of c!ampmg surface of table to its axis : For
performing this test, the dial indicator is mounted in the tapered
- hole of the spindle and its feeler is made to touch the surface of -
table (refer Fig.10.16), Table is slowly rotated and the readings of -
dial gauge noted down, which should not exceed. 0 05/300 mm
dlameter :

N
T

Q 8. Descrlbe the l'ollowmg ahgnment test on knee type
horizontal milling machine? -
i Flatness of work table.
_ Fig. 8.30 T . ii. Parallelism ol‘the work tab!e surl'ace ofthe l‘nam
- spmdle.._ : - : ' :
- iii, Parallelism ol‘ the clampmﬂ surf‘tce of the work table in |ts longltudmal motlon. '
v Parallelism of the cross (transverse) o
Ans : 1. Flatness ol' wo:k Table :
' = & ri longitudinal dlrectlons

“."H"-i"[;" 2 b.In transverse direction. o
—-— ¢ ¢ ¢ Measuring Instruements : - Spirit level
!_ 1 | " Procedure: Asplrltlevel is placed dxrectlyon the table atpomts E
o . _ ; i{  about25to30cm apart, at A,B,C for longitudinal test, and at D,E -
- T = T ' ~and F for the transverse test. The readings are noted.
0 Db D ‘Permissible error DlrecnonA-B C £ 0 04/mm Direcnon

‘Fig. 8.31 - - D-E-F + 0.04/mm.
ii. Parallelism of the work table surface t_o_the main s_pindle 0
Measuring Instruments : Dial indicator, test mandrel 300 mm long spirit level.




Procedure : The tableis adjusted in the horizontal plane by a
spirit level and is then set in its mean position longitudinally. The
" mandrel is fixed inthé spindle taper. A dial gauge is set on the
- machine table, and the feeler adjusted to touch the lower surface
‘of the mandrel. The dial gauge réadings'at (A) and (B) are
observed, the stand of the dial gange bemg moved whlle the i

- ' - machine table remains stationery. - J

F:g 8.32 o _Permissible ervor : 0.02/300 mm. : 1

Lt Parallehsm of the clamiping surface of the work table in its longntudmal motion : i
Instruments : Dial gauge, stralght edge. ' : @ '

Procedure : A dial gauge is fixed to the spindle, The dlal gauge
_spindle is adjusied to touch the table surface. The table is then
~‘moved in long:lud inal direction and readings are noted. If the table

surface is uneven it is necessary to palce 4 straight ed ge onits

surface and the dial gauge feelerls made to rest on the top surface

of the straight edge.
- . Permissible error: 0.02 upto 500 mm lenolh of traverse 0. 03
Fig.8.33 ~ . upto 1000 mm and 0.04 above 1000 mm fength of traverse.
|v. Parallelism of the cross (t‘ransverse) movement ol' the work table to the main

Spmd!e :
: a in vertical plane
b. in horizontal plane. :
Instruments : Dial gauge, test ma.ndrel with taper shank.
~ Procedure : Work table is set in its mean position. The mandrel -
- isheld in the spindle. A dial gange fixed to the table is adjusted
so that its spindle touches the surface of the mandrel. The table
is moved crosswise and the error is. measured in the vertlcal
plane and also in the horizontal plane.

o B L .- Permissible error : 0.02 for the overali 1ransversemovement
. S - Fig. 834 - «of work table.

I T i et e e
Cm— e — i T gt e g e e s

.22, Describe the following alignment tests on knee type honzonta! milling machme ?
i. True running of the internal taper of the main spindle.
ii. Squareness of the centre T slots of work table with main spmdle. _
- iil, Parallelism of the T-slots with the lengitudinal movement of the table,
. iv. Parallelism hetween the main spindle and th_e guiding surface of the'o'verha'nging
o Arm. - o |
Ans : i, True runnmg of the mternal taper ef the main spindle :
Instruments : 300 mm long test mandrel, dial gauge. The test mandrel with its taper
shank is held in the rnam Splndlc. Dial gauge is kept sca.nmng the penphery of mandrel, spindle~
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| Fig.8.35

£\

=14
Hochin"n

Fig. 8.36

is rotated and dial gauge readmgs are noted at different pomts say A &
B as shown.

' Permissible érror: PosmonA 001 Pos:tlonB 002

if. Squareness of the centre T-slots of worktable with main spindle :

- Imstruments : Dial, gauge, special bracket.

Procedure : To check the perpendicularity of the locatlntr slot and the

~ axis of the main spindle, the table should be arranged in the middle position
of its longitudinal movement, and a bracket with a tenon at least 150 mm '

long inserted in the locating slot, as shown in Fig. 10,18 )
A dial'gauge should be fixed in the spindle taper, the feeler being -
adjusted to fouch the vertical face of the bracket. Observe the reding on.
the dial -gauge when the bracket is near one end.of the table, then
swing over the dial g gauge and move the bracket so that he corresponding

- readings can be taken near the other end of the table,

Permissible ervor : 0.025 mm in 300 mni.

iti. Parallehsm of the T-slets with the Ionﬂltudmal movement ol‘the table :

\

Instruments : Dial gauge special bracket. .
Procedure : The general parallelism of the T-slots with the longltudmal

@ “hye -» . movement of the tableis checked by using 2 150 mm long brackethaving -

K

. Fig, 8.37

~ atenon which eniers the slot, The dial gauge is fixed to the spindle taper
~ and adjusted so that its feeler touches the upper surface of the bracket.

The table is then moved longitudinally while the bracket is held stationary
by the hand of the operator and. dial gauge deviations from parallehsm .

~ isnoted down.

Permissible error ;: 0,0125 mm in 300 mm.

iv. Parallelism between the main spindle and the gundmg surface of the overhangmg

b

Instruments Dial gauge, mandre] o
" Procedure : The overhangmg arm is clamped inits _
" . extreme extended position. The dial gauge is fixed to
the arbor support. The feeler of the dial gauge is .
 adjusted to touch the top or ride of the test mandrel.

The arbor support can then the moved along the -

overhanging arm and the deviations from parallehsm
' observed on the dial gauge.

Fig. 8.38 Checking the overarm :
to the cutter spindle,
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B Chapter.‘....9

" GEAR MEASUREMENT -

' Q 1.- Def' ine an mvolute and show how w1ll you check the mvolute profile of a spur.
- gear ? L : : -
Ans : Invelute is 4 curve traced by A pomt on g stra:ght lme whlch rolls around & circle -
without slipping or may be defined as the curve traced by a pointon a piece of strmg wh1ch is
unwound from a stationary cylinder, keeping the string always tight. '
The following methods are used to check the involute profile of a spur gear.:
1. Optical projection method :- In this method, the profile of the gear under test is
~ magnified by optical means and projected on & screen. It is then compared with master profile.
. This method is quick and suitable for cheiking the profile of small thin instrument gears.
2 Using involute measurmg machinei- The principle of involute measuring machine
s illustrated in i-'lg 9.1. If a straight edge is rolled around 2 base cm:le without slipping, the.
stylus of the dial gauge attached to the siraight edge would traverse a true involute,

ool - ) - | oL In this method the gear to be tested

Strcight - dlSC havmg exactly the same dlameter
- edge . il the base circle of the gear under test
is also mounted on the mandrel. The
straight edge of the instrument is brought

' mﬁ’g'
- 'tstylus)

dlsc As the gear and disc are rotated the straight edge moves over the disc without slip. The
stylus-of the dial gauge is brought in contact with:a tooth prefile. When the gear and disc are
rotated, the stylus moves over the tooth proﬁle and the deviations from the. true mvolute
profile are indicated by the dia gague. o .

“This method is rapid and accurate upto,0.002mm. '

3. Tooth displacement method :- When the involute measurmg machines are not avai able
the profile of large gear is checked by using a dividing head and a vertical measuring machine
(height gauge). The gear is rotated through small angular increments and the readings of the

Flg 9.1 cirde " in contact with the base circle of the -~ ¥ -
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vemcal measurmg machme or the height gauge are compared with the theoreuca!ly calcutated
( values at about ﬁve lo ten places along the tooth flank.

- /4—-—Fitch'=';:ifde'

3 Flg 9.2 Teoth displacement met.l_xod.'_ .
- Ly-E, = rc05 (8- 6:)
LJ -L, "r,costi)(eg 6,) .

This method is very time. consummg but is best smted for ca:lbration of master mvolute $0
itisused onlv for ve-'y prec:sxon “cmpone"ls

Q.2. ‘What are the sources of ¢ errors in manufacturmg ge'lr ?

Ans : The vanat:on in manufacturmg methods and conditions lead to many lypes of eITors o
| such as error of eccentncnty, run out, pitch error, €rrof in tooth thlckness, etc.

" The gears are generally manufactured by reproducing method or generating method. In
reproducing method, a formed involute cutter is used to cut gear teeth. The various sources of -
“eérrors when gears are made by this method are.: '
.1 Errors in manufacture of the cutting tool,
it. " Errors in positionting the tool relative to the work and
iii. Errors due to the incorrect indexing of the gear blank. ' -
In gEnerating method the. cutling tool (hob) forms the profile of several tvelh srmultaneously
dunng canstant relative motion of the tool and blank. The sources of e_rrors in this method are:
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i Errorsinthe manufacture ofhob, .
ii. Emorin positioning the tool (hob) relative to the work and -
iti, Errorsinthe relatwe motion of the tool and blank durmg the cuttmg operatmn.

Q 3. Drawa neat sketch of a gear tooth and mention on it two important dlmens:ons. _
State the names of the instruments for measuring these dimensions. _

: “Ans : Tooth thickness : Instruments used |

for measuring tooth thickness are gear tooth ]
vernier caliper, gear tooth micrometer, §
‘addendum comparator, etc. R

~ Piteh : Instruments used for p:tch i

Pitch i
sirde - .. measurement are gear tooth tangent §
_ o o \ ~ micrometer, pitch measuring machines etc.
~ Figh3 ' K‘\ - .
i Q.4 N-lme the varlous elements of a spur gear which are to be mspected for poss:ble
errors.

Ans Spur Gear Measurement : The analytical i mspecnon ofthe gears cons:stsmdeterrmmng :

the following teeth elements in which manufacturing errors may be present. '
1. Runout, 2. Pitch, - 3. Profile, 4 Lead, 5. Back lash,
6. Tooth thickness, 7. Concentncm' 8 Ahgnment 9. Composite errors.

Q S. Name and descirbe the varmus methods used to measure the errors in pitch of
" the gears, o S :
Ans: Pitch Measurement Errors in the tooth spacmg or pltch of 1he gear may be measured
by : . .
a) Measuring the dnstance from a point on the tooth to a pomt on the next tooth (step by
step method) .
b) Measuring the posmon of a suitable point on a tooth aﬂer the gear has been indexed
lhrough asuitable angle (Direct angular measu-ement) '
“Tooth to tooth pitch measurement (5tep by step method) :
. Olar - This method involves the measurement of

indicator

vayiations. in pitch between successive teeth of the
gears. The differences obtained in this way are
- relative 1o the tooth spacing of the arbltanly chosen

datum position.
&ff‘,,,;,y __ f:;::;:;',:_ ~ The portable hand- held instroment which
Adfostasy S measures the base pitch errors is shown in Fig.9.4
o L Orgviee step The instrument has three tips. One is fixed
Fig.9.4 Portable hand-held base measuring tip. The second is sensitive tip whose
pitch meas gringinstrument  position can be adjusted by a screw and the further
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movement of it is transmitted through a leverage system to the dial indicator, The third fip is
adjustable or guide stop. Itis meam forthe stab:l:ty of the instrument and its posmon can also
be adjusted by a screw. '
The distance between the fixed and sensitive tip is set 1o be equivalent to the base pxtch of
~ the gear with the help of stip gauges. This properly set instrument is applied to the gear sothat =
~ all the three tips will contact the tooth profile. The readmg on the dial mdlcator is the error in -
-~ the base pitch. -
~ Another method is to use two dial gauges on adjacent teeth wuh the gear mounted in
. centres. The gear is indexed through successive pitches to give a constant reading on dial A.
Any change-in the reading on dial B indicates that pitches errors are present. The actual error
“¢can be determined by deductmg the mamdual readmg on a dial B from the mean of the -
~ readings. ' : '
Direct Angular measurement : The sunplest method of determmmg pltch errots is to seta .
din) e.uge against a tooth and note the reading. If gear is now indexed through the angular
coich the reading: differes from the original reading. The difference between these is the -
cupiz e pitch efror. The problem is to index through the exact angular pitch because an -
error ir: - .lexing will induce an error in pitch. Itis lherefore necessaryto use sultablemdexmg '
device to obtam accumte resuits. : :

_ Q 6. Describe briefly the methods of checking the followmg elements of a spur gear.
_ i. Run Out, - il Lead.
Ans : i. Run Out : Run out means lhe eccentiricity in the p]tch cxrcIe Gears that are eccentrlc
= tend to have penodlc variation in sound (vibration) during each revolution. A badly eccentnc
tooth may cause an abrupt gear failure. The runout in the gears is measured by means of gear
‘eccentricity testers. The gear is held in the mandrel in the centres. The dial indicator of the
tester possesses special tip depending upon the module of the gear to be checked. The tip is
* inserted in between the tooth spaces. The gear is rotated tooth by tooth. The maximum variation
" isnoted from the dial indicator reading which gwes 1he runout of the gear. The runout is twlce
the eccemncnty : :
. Lead Checking : Lead is the axial advance ofa helm for one complete turn asin the -
threads of cylmdncal worms and teeth of helical gears.

Control of lead is necessary to ensure adequate contact across the face wuh gear and -

pinion are properly mounted with axes parallel and in the same plane.
- Lead may be checked by lead cheking instruments. The instrument advances a probe

along atooth susface, parallel 1o the axis while the gear rotates ina spemﬁed timed revoluuon

- based on the specified lead. :

Q.7. Define back-lash. Describe the melhod o!' determining the back lash in gears.
Ans : Back Lash Checking : Back lash in gears is the play between measuring tooth
surfaces. Back lash is defined as the amount by which tooth space exceeds the thickness of
an engaging tooth, Numerical values of backlash are measured at the lightest point of mesh
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on the pitch circle, ina dlrectaon normal to 1he tooth surface. .
However, a 11gnt mesh is objectionable, because.of gear sound, increased power losses
overheating and rupture of lubricant f Im, over ioaded bearing and premature gear failure.

Hence, sonie backlash is necessary.

I S. specifies two types of backlash,
" Circumferential back lash.

2 Normal backlash, ' : -

The desired amount of back lash s difficult to evaluate It is therefore recommended that
when a designer, user, or purchaser includes areference to backlash in gearmg specrﬁcatlon L
and drawing, consultation be arranged with the manufacturere : '

1.S. therefore does not specify the tolerance etc. Backlash is determined as fol!ows Oue _
of the two gears of the pair is locked, while the other is rofated backwards and forward asfar
as possible, the maximum displacement recorded by a comparator whose stylus is locked
near the reference C)lmder and a tangent 10 this is called the circular backlash.

For spur gears, the normal bacl-. lashis eg ual to cwcular bacLlash multlﬁlled by the cosine
of pressure angle. - o :

"Q.8 Name the various methods of tooth thlckness measuremcnt. . .
Ans : Tooth Thickness measurement : Since the tooth thickness is defined as the Ienglh
of an arc; it is not possible to measure it directly. It is generally measured at pitch circle and -

is therefore, the pitch line thickness of the tooth. In most of the cases, it is sufficient 10
measure the chordial thickness i.e. lhe chord j _|0mmg the intersection of the tooth proﬁle with
the pitch circle: : :
There are vatrious methods of measunntr the gear toolh thlckness :
- i Chordal thrckness method (measurement of tooth thickness by gear tourth vernier
. ca]llper) _ _ . :
i.. -Constant chord melhod
- iti. Basetangent method.
Y i_v. --Measurment over pms ot balls.

g Q9 Descnbe fnlly the method used to measure the chordal th:ckness of a gear :

.tootli on the pitch circle,

_'Ans Chordal Thickness Method : In this metho'l gear tooln vernier ca.ll!per is used to

mesure the thickness of gear tooth at the pltch line. The gear tooth vernier calliper consists of
two perpendicular vernier arms with vernier scale on each arm. One of the arm is used to

~ measure the thickness of gear tooth and other for measuring depth, The calliper is so setthat = -
. its slides on the top of tooth of gear under test and the lower ends of the calliperjaws touch

the sides of the tooth at the pitch line. The reading on the horizontal vernier scale gives the.
value of chordal thickness (W) and the reading on the vertical vernier scale gives the value of
chordal addend um (A): These measured values are then compared thh the calculated values,
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0 o
'Vemi-ergeur tooth Calliper Cherdal thiek’nees method
- Fig: 9.5 ' . Fig9.6
Considering one gear tooth, the theoretical vatues of wand d can be found out. In fig.9.6. -
wis a chord ADB, but tooth thickness is speciiied as an arc distance AEB. Also the distance
& adjusted on instruement is slightly greater than the addendum E wis. therefore called chordal -
thickness and Ais called chbrdal addendum '

-.'Now, from fig.9.6

= AB = ZAD :
360
4T _
- threT Number of teeth

W.= 24D = 2x AOsm—@- L
=44 - aT

‘Angle AOD Q:

e = W _2Rsin'-3-§-q (R = Pitch Crrcle Rad:us)

«

Mo‘du_lefm = C. L 2R

No ofteeth T

'Iherefore R— —'%9-

v =2 (3]

1.6 W Tmsm{ g—T— ] R
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_ Q.10. State the linmitation of vernier methnd for measurmﬂ the tooth th:ckness State :

: reasons

- ‘&'% i “hi% ,}2! ek Au*‘#';ﬁﬁa p R fr,, cgv:;"ﬂ‘ﬁﬁfgz;}},_ AP

Also from fig.9.6 _
=0C-0D .
But OC = OE + addendum = R + m

Tm :
= — +m

 and OD = Recosd

_ Tm (90)
. B C05{ —
2 AT )

Therefore, h = I—— +m - m'COS(.?P:)
. 2 '-2_ T.-
Tm %0 Y]
A= —— + ] + =~ - i
3 [ c?s[T ] |
h=m+T—m|:1-cos(g—-J] -------------- - 2

how-these can be over come: : E
Ans : The vémier method described above is not very sausfactory because of the following - #

~i  The vernier nself is not reliable to closer than 0, 05 mim or perhaps 0.025 mm wnh
. practice, : :
ii. The measurements depend ontwo vernier. readmes each of whlch is a function of the'
" other, :
ifi. Measurment is made wiih an edge of the measmmg }aw not its face, which again does
~ not lead it self to accurate measurement.

These problems can be overcome by measuring lhe span ofa convement nurnber of
teeth witha vernier call:per ' _ o "
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Q.11, Descr:be the constant c‘lord method of measurmg tooth thlckness What are
its advantages ? ’
Ans : Constant Chord Methnd In geartooth ca]hper melhod both the chordal thickness™
and chordal addendum are dependent upon the number of teeth. aonce, for measuring a large
number of gears for set, each having different number- of teeth would involve separate
calculations. Thus the procedure becomes labouries and time consummg
The costant chord method does away wnth
these dlfﬁcultle_s. Tt enables to employ one setting
for all the gears having the same pitch and
pressure angl_e irrespective of the number of
teeth, - '
Constant chord is deﬁned as be chord joining
‘{hose points, opposite faces of tooth, which make
contact with thé mating teeth when the line of
the teeth lies on line of the gear centres.
~ Infig.9.8 AB is known as constant chord. The
value of B and its depth from the tip, whereit -
occurs can be calculated mathematically and then
verified by instruement. '
Fig.9.8 The advantage of the constant chord method
is that for all number of teeth (of same module) value of constant chord is same. Secondly, it
readily leads itselfto a formof comparator w ‘hich is more sensitive than the gear tooth vernier.
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Q.12. Descube the Parkinson’s gear tester and state its lm‘ntat:ons. _
Ans ; Pakrinson Gear Tester : Working Principle: A standard gear (master gear) is mounted
" ona fixed vertical spindle and the gear 10 be tested on another similar spindle mounted on a
sliding carriage. These gears are maintained in mesh by spring pressure. As the gears are
rotated the movements of the sliding carriage are indicated by a dial indicator; and these
variation are a measure of any irregulaties in the gear under test, alternativley a recorder can
~ be fitted, in the form of a wa\ed cnrcular chart and records made of the gear vanatlon in
.accuracy of mesh,” o R o
- Fig9.9shows a gear tester for testmg spur gears (Testers are avallable for bevel, hellcal,
and worm gears ‘also), The gears are mounted on two spmdles 80, that they are free to rotate
without measurable clearance. The master gear is mounted on a adjustable carrlage whose
portion can be adjusted to enable a wide range of gear diameters to be accomodated and it
can be clamped in any desired position. The gear under test is mounted on a floating spring
“loaded carriage so 1h.11 the master gear and the gear under test may be meshed together
-under controlled spring pressure.The two spindles can be adjusted so that their axial distance
is equal to the desinged gear centre distance. A scale is attached to one carriage and a vernier -
to the other, this enables centre distance to be measured to within 0.023 mm.

o |
:|
i
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Fig 9.9 Parkinson Geat Tester.

Geaf.ﬁi;saﬁsfaétory ' Gear moderatre ~ Gese fully Satisfacto;'y_
Figelo .

When these gears are in close mesh and rotated any etrors in the toolh form 'lpltci" or '_ o
concentricity of pitch line, will cause a variation in centre distance. Thus, movements of the
carriage, as indicater to the dial gauge shows the errors in the gear under test, _ o

Aitemanvely arecordeér can be fitted as shworiin fig.9.9in theform of a waved circular or .
rectangular chart and records made of the irregulaties in the gear under test fig 9.9, shows a
reprcduction of a two typical charts with a reduced scale and the magmﬁed radial errors,
Gear 1 is an unsatisfactory. Gear 2 is moderate pear and gear 3 is fully sahsfactory

Some limitations of Parkinson gear tester are:

‘1. Generally, 300 mm d:ameter gear is maximum that can n be tested, usuallv 150 mm or
smaller dnameter _ 3 gears are also tested
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Thereis s Iow friction in the movement of the ﬂoatmg camage and a hlgh smsmvxty of
the sensing unit is important. . _ '
The accuracy is of the order of £ 0.001 mm.

Rolling test does not reveal all errors, since the device is sensmve to cumulanve posmon
erTos.

Errors are not clearly identified for type proﬁle pltch heh\ and tooth thlck-ness and are
indistinguishably mixed. .

Measurements are directly dependent upon the master gear or rcference gear.
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: Chapter o 1 0

QUALITY FUNCTION |

Q.1. Defne the term quahty

Ans : Quality is a relative term, it is generally used thh reference to the end use of the,

product. Quality can be defined as-: o : :
" i. Fitness for purpose : The component is sald to possess good quality, if it works well

in the equipment for which it is meant. Qualify is thus defined as fitness for purpose.
ii. Grade; Quality is a distinguishing feature or grade of the product in appearance,

performance life rehab:hty taste, odour mamta.mab:lllyetc ThlS is generally called as quahty '

: charactenstlcs ,
iif, Degree of perl‘erence Quality is degree to whu:h a specxfed product is preferred
over competing products of equivalent grade,based on consumer’s preference.

iv. Degree-of excellence : Quallty is a measure of degree of general excellence of the
product : :

Q.20 Define the term “Quallty control”and state its objectlves
Ans : The term Quality control can be defined in number of ways: ' :
i Qualxty control can be defined as an effectlve system for integrating the quality
development,qual ity maintenace and quality improvement efforts of the various groups
itf uti 6fganization, so as to enable production and services at the most economl-
-cal levels,which allow full customers satisfaction. r
ii. Itcanbe defined as the tools, devices or skllls through whlch quahty activities are
' carried out.
iti.” It is the name of the department wh:ch devotes ltself full t:me to quallty functions.
Objectives of Quality control : '
‘1, Improved income: To i 1mprove company S mcome by making the product more
acceptable to the customers.
‘2. Costreduction : To reduce company’s cost through reduction of losses due to defects.

etc.

F_or example,to achieve lower scrap, less rework ,less sorting, fewer customier returns -
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3. Interchqngeablhty To achive’ mterchangeablluy of manu f‘lcture in Iarge scale
production. ‘
4. Optimum Quality : To produce opttmum quahw at minimum price,
' 5. Customer’s satisfaction : To ensure satis{action of customers with products or
~-services of high quality level,to build customers good will,reductions of returns and
- complaints ete. ,
6. PromptInspection: To make mspectlon prompt to ensure quallty control.
7. Integration-of quality effects : To integrate the quality development quality’
mamtemnce and quality improvement efforts of the various groups in the’ organization,
8. Quality mindness : To create qualuy mindness in all the persons workmg inthe
organization. :

Q.3. Name the various staoes (steps) of quahty control programme in an mdustry.

. Ans : The stages in quality control programme are _ .

1. Formulation of quality policy.
2, Work out details of product requirement,set the st'tndards (specxi' catlons) on the basis
of curstomers pref‘erence‘cost and profit,
3. Selecti mspectlon plan and set up procedure for checkmg,spemfy inspection stages tools
“devices elc.’ :
4. Detect deviations [rom set standards or specifications. - :
5. Take corrective action lhrough propér authonty and maLe necessary changes to achteve
standards. )
6. Decide on salvage methodl €. decnde how the dcfecnve parts are dlspOSed off entlre
.. scrap or rework. _ : :
7. Co-ordination of quality problems - i
- 8 Developing quality consciousness in the organization.

Q.4. Describe the importance of t{u'alitj'- and quality objectives for an organisation.
Ans : Every manufacturing organisation is concerned with the quality ofits product. While it
is imporiant that quallly requirements be satisfied and production schedules met, itis equally
important that the finished product meet established speclﬁcanons Because customer’s sat-
isfaction is derived from quality products and services. Stiff competition in the nationat and
international level and consumers awareness require production of quality goods and services
for survival and growth of the company. Quality and productivity are more hkely to bring
prosperity into the country and improve quality of work life.

However, the managemenl looks to achieve customer satisfaction by runmng its business
at the desired economic level. Bolh these can be attained by properly intergrating quality
development quality maintenance and quality imptovement of the product. The integration of
these three aspects of a product ¢an be achieved through-a sound quality control system.

Quality depends mainly on customer’s perception. Hence, it is essential that all these
features must be built in-the design and maintained in manufacturing which the customer
would like to have and willing 10 pay forit. Thus the quality objectives of the company are
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concerned with imparting certam abllltles in the product to perform satlsfactonly ina stated
appllcatron at the most economical manner, '
These abilities may be categorised in to ten factors as und er:

Suitability : For specific application. il

Reliability : It should give efficient & consistent performance

Durability : It should have reasonable life.

Safe and fool proof working,

AffTordability : It should be economical.

M'unt*unablhty It should be easy to maintain,

Aestheic look : It should look attractive.

Satisfaction to customers : It should satisfy the customers requlrements

Versatility : It should sen e number of purpOses

A product can be said to posses g vood quahty if all the above requlrements are properly
. balanced while deswmng and manufacturing it. )

Q 5. What s Quallty Pollc}'" Describe the l‘actors to be cons:dered while foamulatmg |

-the quality policy of a company.

 Ans: Quality Policy : Quality policy relers to.the basic principles which are used to guxde

the actions of the company, in order to meet the quality objectives: However, economy may
be the additional factor while determining the quality policy. Quite logically, the cost of pro-
duction will increase as the level of accuracy or quality of product is raised. Thus functional

‘use of the p"roduct' and cost should be considered simultaneously while formulating the quality

requirements or policy. -

The quality policy should always be formu!ated wnh reference to its effect on :

1. Manufacturing process. :

2. Effect on sales,

3. Changing nature of customers

4. Inspection costs.

5. Optimum use of resources. -

The policy once decided must be laid down in clear cut words framing working -
specifications and should be communicated 10 all concerned from top to bottom.

Applied to quality function some.of the basic questions whlch often require pollcy
determination are : - : :

1, The standard of outgoing quality : Four competing theories ha\*e been developed
which may guide the policy for the outgoing level of quality of the product.

a. A capability theory : According to this theory the plant should keep the available
machines running through reasonable maintenance and it is the responmb:l:ry of the sales
department to sell the product
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the extent of guarantees of the product, and the ‘extent of ngldlty or ﬂeub:hty in settmg

~ the designer until he defines it through verbal description, sample drawing etc. As already
-explained, the demands of the apnlication are translated into the requirements and the

Metrolo’gy.& Quality Control [ _ 1

b Usage theory Itis apphcable when the liking of the customers dillers for the same {{ §
design. Some customers may give emphasis on appearance,others on dimensions strength life %3
etc.So,it is necessary to meet the needs of various customers,which may resplt.in several
levels of outgoing quality for the same design. o

c. A competitive theory : When similar products are manufactured by number of &
firms,the customers have choice or muitlple sources for supply and hence they will make
competitive comparison and the plant managers may fael that they have no alternatwe but to &
face the competition with other similar firms. - -

~d. An excellence theroy : This was generaily held by top management and sales
orgamsatlon who wanted the company 1o be known as “Quality House”but without knowing |
whether an excellence level would cost more or less than’ other Ievels and’ whether 1t will
result in increased profit or otherwise. '

2. The pattern of customer relation : This mcludes the e\tent of advertlsmg trulhfully,

customer™s claims for defectives.

3. Theextentof leadershtp in ado pt'.n‘g o reco gmze and meet customer quahty needs For
e‘;ample making maintance free goods market survey, and leadersth m solvmg such quality
problems of customers. -

4. The pattern of vendor relatiens :
i Personal il. Entertainment
iit. Visits - iv. Contractual Obhgatlons etc. :
5. The extent of use of impersonal methods of supervision i.e. objectwes planmng,
reports goals, charts, controls, audits etc. as agasmtpersonal supervlslon

Q.6. Explain the meaning of quality specification and its need. -
Ans: A speclﬁcatlon is a definition of design. The design remains a concept in the mind of

requlrements are quantified. These quantiﬁed requirement are called spec:ﬁcatlons
The specifications thirs contains the list of essential cigracteristics and thexr tolel‘ances
“The subject matter of quality specifications may include :

The material specifications, {e. g components mgredlents and ﬁmshed products)

Process specxﬁcaﬂons

Method of Test,

Criteria for acceptance and rejectxon

Method of use. :
Complete programmes : :

One specification may be sufficient or separate specifications may be necessary to
- describe the desired quality characteristics in the materlal product ete.

St AW
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Oncea deﬁmtlon is avallable any one of the parties in the industry can commumcate any
other and use shorthand of the specification to define a complex product. A buyer can order
a No.392 blower or a ton of steel per specification No. EN 32, and in each case seller will
understand what is the exact requirement of buyer. With the help of specifications, the pro-
duction departments will kriow what materials, machines, tools are to be used and what to
make, the receiving inspector of the buying. company will know what to test forand so on.
Thus, the need for specification can be summarised as, Need for specifications :

- L. Tthelps the manufacturing department to Know what exactly is to be.produced. -
2. The raw material, process, equlpment skili etc. requlred to produce the product of
- - designed quality. : . :
To descriminate betwecn defective and nondefectwe products
To decide test standards, inspection and test devices ‘required,
To decide what is the exact requirement.of the buyer.

Q7 Name the various types'of specifications.

Ans : The various types of specification‘may be of the followmg types
1. Standard specifications.
2. Consumer specifications.
- 3. Company specifications.
" 4. Process specifications.
5. Test Specnﬁcanons

_ Q.S Descnbe the followmg types of speclficatrons. :

Ans :
L Standard Spectﬁcanons
2. Consumer speclﬁcatlons
- 3. Test Speclﬁcanons ' '
1. Standard Specifications : The worL of specnﬁcatxons has been greaﬂy slmphﬁed by
the growth of standards for materials, components, processes tests, products etc. Most of the
countries have their own Stnadard Bodies. These standard bodies formulate the specifications

- for a variety of products. In our country. “Bureau of Indian Standards” (BIS) is the National

Standards Body. There are number of technical committees working within the framework of
BIS for standardising the specifications for consumer’s as wel as producer s products, The
members of this committee are taken from manufacturers, users, research organisations.
Govt. departments or other interested individua) experts of orgamsanons BIS spec1ﬁcatxons
~are only voluntary not mandatory.
2. ‘Consumer Specifications : :
-When BIS specifications are not available or not su:table for a particular customer.

. needs, the customer provides the specifications to suit his parncular needs and the manufac-

turer may agree and; produce the product as per the specrﬁca_ttons given by the customer.
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Test Specrf’ catlon ¢ These normally mclude

Scope of the test- spec:ﬁcattons
2. Purpose of test, :
3. Apparatus to be used, i.e. mstrurnents reagents etc _
4. Methiod of selection and preparation of sample or specrmen
5, Test procedure. .'
Q.. Descrlbe the follomng

Ans : -

L Companyspeclﬁcatlons'
2. Process Spec1ficattons

1. Company Specifications : Where a company manufactures products to its ownt spec1- ]

fications due to varied constraints and the customer accepts them, the spemﬁcatrons may be §
called company specfcauons L ¢ :

Contract specifications are the Spec:ﬁcauons decided by contract reached between the §

manufacturer and customer. These specifications are the compromise between the consumer
spec1£'1catrons and company or manufactunng Specxﬁcauons

=

: Product and materials Specxfic'xt:ons :
.. L. Specrﬁcatton Identification : This includes the name of the product a number wh:ch

serves as shorthand description, date and issue number ete. _
2. Product description : This describes the product completely, utilizing shorthand
designations, e.g. make; size, grade, number of components and their description etc.

Al dw_rs;ons {departments) have semething to contribute to the_decmton of what should be
the characteristic of the product. Sales presents the view of the customers. Design presents
the technical limitations. Manufacturer presents the cost and personnel ltmttatlons The final

) desrgnspecrﬁoatton is properly a composrte of these and other views.

- 2, Process Specifications : It is necessary to_specify the process to produce the par-

ticular prod uct with the specilied qual ity. The evidence of conformance to the's pecnﬁcatlon is

also evidence of conformance to the process st ecified quality. The evidence of oonformance
to the product specification. :

The process spec:ﬁcanons common]y include :
Specification identification. IR o
. Material used, identified by their shorthand de51gnatton and quantities of each
Sequence of operatlons 10 be performed. :
- Description of each operation, including machines and tools to be used
Process conditions to be maintained 1o produce the product with stated qualtty (time
. cycle, temperature, pressure, humidity etc.), . :

“ 6. Process testmg to-be perfomred-test of process acceptance
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Q.10, Define mspectron Describe the objectives of mspect:on

- Ans : Inspection means checking of the material products or components of product at vari-
ous stages in manufacturing. :

The inspection act always includes :
. Theinterpretation ofa specification.
2. Measurement of the product. :
3. Comparision of 1. and 2.10 check whether the product conforms to the set standards
or not. : - S
Ob]ect:ves of Inspectlon : -
1. Receiving Inspect:on Inspecuon of i mcommg materials and purchased parts to
ensure that they are according to the required specnﬁcattons
2. Inprocess Inspectron Inspection of raw materials as it undergoes processing from
- one aperation to another This will help 1o isolate the faulty seml-ﬁmshed goods before
. it enters for the next operat!on
3 I‘m:shed good Inspect:on To mspect the ﬁnal finished product (aﬁer assembly) to

otect t"1e defects and its sources. It may '-lso be necessary to carr}r out the functional

test to ensure that the- product functions properly.

4. To Maintain Customer Retatrons To ensure that no faulty or defectlve product
-reaches the customiers.

- 8, G‘luge Mq:ntenance Control and mamlenance of measurmg mstruments and
inspection gauges: _

6 Test Equipment Mainterance : To maintain the equrpment (e g. profile projector,

- ultrasonic flaw detector, 100l makers micrascope, strengih tester etc.)

7. Decision on salvage ; Itis necessary to take decision onthe defectlve parts Some of -

these parts. may be made acceptable after mmor repa:rs '

Q 11. Define mspectton planning. Suggest the mspcctton stations for the fairly big

manufacturing industry..
Ans : Inspection planning 1s a part ofplannmg for quahty It 1ncludes
1. Selection of inspection stations and, -
2, The planning of activities at each inspection station.
3. Selection of i inspection pian.
4, Decision on requiremerits of tools. gauges & test devices requ:red for inspection.

_The most appropriate places for inspection stations are :

1.~ Atreceipt of goods from vendors usually'called vendor inspection.
2. During the progress of high quality or expensive operations.
5. Upon complenon of all fabrication operations called finished good Inspection.
. 6. ‘Before completing and irreversible; expensive operatlons (e.g. pouring a melt of steel)
7. At natural peepholes in the process, sometimes it may be necessary to carry out the
mspectlon at vendor s plant : : -
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' Alternanvely the dlfference between Inspocnon & Qualxty Control can be stated more _' &
precisely as follows ;

S.No.|

Paramctel S

Inspection

Qualit]._r Control

1L

Scope

Definition

Devices

Applicability

Concern .

Inspectionis apartof
quality control.

Inspection is an act of
checking materials, parts,

| components or products at

various stages in rhanufac-
‘turing and sorting out the
faulty or defective items
from go_od items.

| Inspection uses precision

measuring instruments
such as vernier catlipers,
‘micrometers etc. and
devices such as tool -
makers, microscope,
profile projector, flaw
detector etc.

quality of past production to
judge conference with spe-
cifications and sorting out

- | defective items fron: good -

| items.

IrisPection is mainly the
responsibility of the.
inspeclors.

- | process capability study, V.Q.R,,
| VR Quahly aud:ts, ﬁeld complamts

Inspection is concerned with

of defects will not occur in future.

| whether the quality of products to be

Quality control is a broad term, it
involves inspection at particular
stages, but mere inspection does
not mean quality control.

Q.C. is an effective system for
integrating quality deyelopment,
quality maintenance and quality
improvement efforts of various
groups in an organisation to enable
the production to be carried out at
most economical level and to
achieve satisfaction of customers.
Q.C. uses devices such as statistics,
control chatts, acceptance sampling,

Q.C. is concerned with quality of
future production. For example, take
asample, inspect it, if it is defective
find out the reasons and take
corrective action so that such type

" What is learned from inspec-
tion is used as a basis to ascertain

produced will meet the specifications
or it is necessary to make changes
in pro duction process.

Everbody worlung inan organisation
is responsible for quahty of products

produced
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Q.12. D:[‘f'crentnte between Inspectlon and Quality Control"
Ans : For any manufacturing organisation, both inspection and quality control are essential,
; However, there is a marked difference between the two. Quality control is a broad term, it
1nvolves inspection at part:cu!ar stage but mere mspectwn does not mean quality control.
_ Inspecnon is an act of checking materials product or components at various stages and
detecting and sorting out the faulty or defective items. -

Inspection is concerned with the quality of past producuon For e\ample ifthe productlon
I schedule calls for manufacturing 1,000 spindles with a diameter of 50 + 0.05mm the inspector
I will concern hm_‘as_elf ouly with whether the spindles produced meet this specification. Those
that do not will be rejected and will continue until 1000 good units have been produced. As
opposed to inspection, quality control is.concemed with the quality of future production. For
exémple,’ as the spindles are beihg produced periodic samples may be taken form the output
and spindles in each sample inspected. If the quality of the items in a péutic'ular' sample is
satisfactory, prOdUCthH will be allowed to. continue. But if it isnot, corrective action may be
immediately taken. This ac‘aon may involve ad_]ustmg the machme eliminating defects in'raw
materials, instructing or- replacmg the operator, selection of better machine etc,

In brief, what is learned from inspection of a sample of the product is used as a basis to
ascertain whether the quality of the products produced will be as per the specifications or it is
necessary to make changes in the production processes. Hence, inshort, in inspection quality

of past production is ascertained, and in quality control quality of future production is regu-a. |

lated. Secondly, inspection’is merely an act of checking and sorting out the defective items
whereas quality controlis a broad term which includes number of activities (mcludmgmsPec-
tion) in order to build up and regulate the qualltv ofproduct

Q.13. Explain the meamng of quallty of design and state the factors controllmg it.
Ans : Quality of Design :- The quality of design of a product is concerned with the
| tightness of specification for the manufacture of the product. For example,a part which has a
drawing tolerance of 0.001 mm would be con51dered to have a better quality of design than
another with a tolerance of 0.01 mm.

The factors controlling the quality of des:gn are :

1. Type of customers in the market. _ _

2. Intended life, enviomnmental condmons reliablity, Importance ofcontinuity of service.

3. Profit considerations. . ' o
" 4. Special requirements of the product such as strength, fa‘ugue re51stance llfo

‘interchangeability of manufctue of item etc.

5. Economic conmderanons and feasibility.

Q. 14. Explmn the term quality of peformance and the factors which controls it.
Ans : The quality of performance is concemod with how well the manufactured product
" gives its Performance. . : : :
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_. Ans : The quahty of design of a product is concerned wnh the ti ghtness of the Specrﬁcatlons

It depends upon :
"a. Quality of design and,

b. Quality of conformance. : : : .

It can be a best design possible but poor conformance control can cause poor perfor~ :
mance, conversely the best conformance control can not make the product funtion correctly if
the design itselfis not right. :

If the quality of performance of the product 1s not Crood customer 5 complam and returns
will increase. It badly affects the reputation of the firm and the sale’s volume of the product :

Q.15. What is the meaning of quality of conformance" state the requlrements for'
~ good quality of conformance, . : = i
Ans : The quality of conformance is concemed wrth how we!I the manufactured Product
conforms to the quality of design. : : '
For good quality of conformance with the desrgn the followrng factors are 1mport'mt
-+ 1. The raw material, machines, tools measunng mstruments shou]d be of adequate quatity ]
. and should be maintained properly. b
2. - A proper process should be selected .and thelr should be ad equate process contro!
_ during manufacturing. :
3. Operators should be well trained and expermenced
4, Proper care should be taken in shipment and storage ofﬁmshed goods
5. Inspectlon programme should be planned properly.

Q.16. Discuss the statement “H:Uher quality of design means hrgher costs, qmte
often ll' also means h:gher values’_’. :

for the manufacture of the product. Therefore, high quality of
designmeans closertolerances, The relauonshlp between tolerance °
~ and cost of manufacture is shown in the fig 1.1..

As the tolerances are made closer and closer the cost of
production goes on incressing, because to manufacture the
: . components with close tolerance we need

Tolerance—s. 1. Precision machines, tools, materials, etc. - -
Fig 10.1 2. Trained and highly skilled operators.

3, Tight inspection and good inspection and testing devices. ;

4, Closer tolerances : Manufacture of the parts w1th closer tolerances needs more #

concentration, frequent chacks therefore the rate of productlon also decreases.

5. Close supemsron is essential. -

However, higher quality of design increases lhe grade of the product by provrdmg
addrtlona! features in the product such as reliability, appeamce interchangebility, luxury fea- §
tures, versatalltv etc. This helps to increase the utility of the product and thus increases the

’ COS!—-—-—
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i value of the product. With superior quality of design the company can eam higher share of
& market, firmer prices, few returns and complajnts from the customers, less scrap and rework
i etc. - ' ' ' : :

- ;" Q.11 Explam the concept of Rehab:hty in deta:ls

¢ Ans : Reliability is ordinarily assocrated with the performance of the product However there
{ would be little point in having an electric lamp which may light at the time of purchase but

¢ which may burn off after 200-hours of use. Whenever the customer purchases a product he
L expects that it should give satlsfactory performance over a reasonably long period. hence,
what is 1rnportant is thata product should functlon and continue to’ funcnon for a reasonable

time. : .-
In practlce in majority of the cases it may not be posmble to test each and every product

| for its life or other performance requirements. Neverthless, itisa well known experience that

each individual unit of product varies from the other units, some may have relatively longer
life. In view of the existence of this variation there would always be a chance or probability
that the product would funition in the intended manner for the intended length of time.
More specifically, “Reliability is the probability of a product functicning in the mtended
manner over its inténded life under the environmental conditions encountered.
‘From this defination,there are four factors associated with re]:ablhty These are,
1. Numerical Value. - 2. Intended function. o
3. Life. L4 Environmental conditions. :
The intorduction of this element of probability really makes the quanntanve measurement

of reliability possible. In other words such measurements help to make rellablhty a
number - a probability that can be expressed as a standard.

They make it possible to ojbectively evaluate the rehablhty to predict it and-to balance
it with the other quality requirements, such as maintainability and appearance.

The second consideration for a product to be reliable is that it must perform a ceftain B

function or do a certain job when called upon. The phrase functioing in the intended manner
(satisfactory performance) implies that the device is intended for certain apphcauon. For -
example, in the case of electric iron, the intended application is that of applying intended
deégree of heat to the various types of fabrics. Ifinstead it is used to keep a room at a certain
temperature, the electric iron might be inadequate because of the greater area to be heated
and the change in environment.

~ The third element in the definition of rehabll:ty is that’ of time whlch ensures that the
product is capable of working satisfactorily throughout the expected life. Many companies
frequently concentrate on testing their.product at the start only and do not evaluate the per-
formance at the various stages during the life of the product. As a result they experience

extremely diflicult rehabxhty problems when ihelr increasingly complex producls are putto
use by the consumers.
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' Q.18. Give some important’ def'mtlons of Rel:ablhty what is the main c"luse ofun- . |

- follows ;

' i.ng complexity of product. The muluphcanon law of probability illustrates this very simply.

10.95, the reliability of function of assembly is (0. 95) or about 0. 78. Many asseniblies which

_ foIlows

follows the distribution of Poisson e - T/6.
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The fourth con51dera110n in the definition is that of the environment conditions whmh
have to be viewed broadly so as to include storage and transport conditions. Since these
condltlons too have significant. eﬂfect on product reliability. :

rehablhty" .
Ans ; Many formal definitions of rellablllty have been proposed that are szmlhr in their &
general intent but differ a bit in their exact’ phrasing. Some of the other definitions are as

' “Rellablllty is the probablltlv of a devrce performmg its purpose adequatly for the perlod of
time intended under the oporzal‘anﬂr conditions encountered.” i
The realibility of a system or devics, is the probability that it wxl‘ give satisfactory perfor-
mance for a specified period of time under specified conditions.’ ]
Reliability of a product is ** a measure of the ability. of the product to funct:on suCI*essfulIy,
when required for the required period in the specific manner.”
“Stated simply, “reliability is the capability of an equipment not to breakdo“m in operation.”’
* When an equipment works well; and works whenever called up on to do the job for whichi it
is designed, such equipment is said to be reliable. -
. Failureis.defined as the 1nab111ty of an equipment not to breaLdown n oporatlon
“Reliability may also be defi ned as the probab:llty of no failure Ihroughout a pre-scrrbed
operating period.” ' ' :
The causes of unreliability of the product are many one of the major causes is the : ‘nereas-

Given an assembly made up of five components, each of which has arellablllty of funztion of

are electronic in nature involve thousands of parts (a ballistic missile has more than 40,000
parts). Therefore, to have reasonable chance of survwal for such. assembhes the comp onents
reliability is of prime xmportance

Q.19.-State the basic elements of Reliability,
Ans : Basic Elements of Reliability are ' :
The basic elements required for an adequate Spec1ﬁcanon or deﬁmtlon of rehabxhty areas ¥

1. Numerical value of probablhty :

2. Statement defining successful product performance

3. Stalement defining the environment in which the ’equlpment must operate
4, Statement of the required operating time, :
5., Thetype of distribution likely to be encountered i ‘m reliability measurement, Reha b:hty g

Where, 8 = ‘mean life
T = requiredlife.
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.20, State the effectlve areas to be considered for the achievement of rellablllty
Ans : There are five effective areas for the achievement of reliability of the product They
are: : }

i Des:gn, " fii. Measurement and testi_ng _
i, Production iv. Maintenance and,
" v. ‘Field operation, :
Design is the main cause of unreliability and a greater percentage of causes of unrehablllty
can be traced out in this area.

- Q.21, leferentlate between Quahty Control and Rehablhty

Ans : Quality Control and Reliability : Qualny control mamtams the con51stency of .
the product and thus affects reliability. But it is entirely a separate function..Reliability is =
associated with quallty over the long term where as quality control is associated with-the
relatively short penod of time, required for manufacture of the product. The task of reliability -
is to see thatin a product deswn full account has been taken of gvery contingency which may
cause a breakdown in use and to forecast the components ot assembleis that are likely to' -
* become defective in service. However well, the equipment is deSIgned still.it may be unreli-

able, if some component has not been fully evaluated under all service conditions, even ifthe - -
production standards have been maintained by quality control durmg manufacture F:g 13.1
_shown the intergrationof quality and rellablhtv functlon

Q.22. Explain the need of reliable product? : :
Ans : The reliability of a system, equipment or product is very important aspect ofquah!y for
its consisterit performance over its expected life span. In fact, uninterrupted service and haz-
ard free operation is the essential requirement of large complex system like electric power
generation and distribution plants or communication network such as railways, aeroplane;
‘automible vehlcles etc. In these cases a sudden failure of evena single component, assembly
or system results in a health hazard,accident, or interruption in continuty of servece.

Thermal power plants provide electric power for domestic, commercial, industrial and ag- -
ricultural-use: Reliability problems may cause shut down or reduced generation of power -
resulting in load sheddmg and many other problems including loss of productive activities.

Failure of any one system of an air-craft may result in forced landing or-an accident.

Sudden stoppage of subruban railway train due to fault in the single system faulty carriage,
interruption in the power supply or faultv tracl-. sets up a chain of event leading to dlstrupnon
of service or accident.

Similarly, sudden failure of a car break system w}u]e 1t is runnmg may cause severe
accident.

_ Unpredicted failure of a single cnucal component may be cause of any one of the above

What is true of power plants, air-crafls, railways etc. is also true for other products like
washing machine, mixer grinder, T.V. sets,Refrigerators etc. though failure of such products
‘may cause incovenience on a smaller scale. :




plex system needs to be detected by elaborate testing at the development stage and late
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‘The problem of assuring and maintaning has many responsible factors, inéluding’ origina
equipment design, control of quality during manufacture, acceptance mspectlon ﬁeld trials
life testing and design modifications.

Therefore, deficiencies in design and’ manufacture of products wh:ch g0 to build such com

corrected by a planned programme of maintenance.

Q.23. Define the term maintainability. State the relationship between mainten_anc'e
and Reliability. o ‘

Ans : Maintenance and Reliability Approxnmately twice the original cost of complex

equlpment is expended each year to support the equipment. Much of this cost is the result o

up-keep and maintenance. The iotal reliability of the equipment in the field is a function of

desngn, mamtenance and field operation reliability ; that is,

RF =/(D, M, FO) .

" Maintenance is a production type of activity at or near the place of use whzch L
confined to repair or replacement of failed, marginal or time change units. -
Maintainability : “Maintainability” is defined as the probability that a device will be restore
to its operational effectiveness within the glven period; when mamtenance action is performed
in acordance with the prescribed procedure.

Mamtenance action is the prescribed operatlon to correct an equlpment failure,
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QUALITY ASSURANCE

Q.1. Define the term "Quality Assurance Function”. Describe briefly the stages
involved in Total Quality Assurance. State the advantages of Quality assurance?
Ans : "Quality assurance engineering" deals with assuring the desired quality, reliability, service
and other aspects in the manufactured product, through scientific techniques. The _]ob of .
~ evaluating the companys activities with respect to quality, reporting the results of evaluation
to all concemned for information and necessary action, and the subsequent action takes is

i called as "Quality Assurarice Function”.

The three stages in consideration of total qu'lllty assurances are : :
1. Design Stage : To check and ensure whether the quality of design is accordmg tothe
needs of the maximum numiber of customers. .
2, Manufacturing Stage : To check and ensure whether the quality of the manufactured '
" products conforms to design specifications. . .
3. Field Observations ; (Reliability and performance analysis, observmg the -
performance in actual field, studying and analysing the preformance, maintenance,
life etcin view of improvement in Lhe product in the next manufacturmg cycle There
fore.
Total Quality Assurance = Quahty of design + Quallty of manufacturmg conformlng
to design + Quality of performance :
Advantages of Quality Assurance :
1. Fewer defects. _
. Fewer customer's complaints.
. Better Quality.
Less scrap.
Good customer relations.
Higher productivity.
Less inspection reject,




- Ans : Quality Mindness : The term quahty mmdness means person's attitade towar

- Every one working in the organisation or all departments are responsible for the broad quali .

- foremen, supemsors workers etc) Quahty mmdness is also called as quality. consclousnes
- .or quahty awareness,

- instruments or other facilities for inspection, It lies in the state of mind of the persons working

 can hiot produce quality products if handled by the person who lacks quallty mmdness Quah '
- 'mmdncss of the personnel in the firm is an index of the firms quality. - :

Q 2, What is “Quahty Mmdness" ? How does it help in :mprovmg the quallty ot‘t ;L |
product ? '

quality. It is actually a state of mind in which the awareness of quality i5 constantly presen

function Therefore, to maintain quality or to 1mprove quality it 1s necessary to stress ¢
Jimportance of quality in the minds of the various persons working the the organisation (Manage

" Quality mindness helps to achieve the desired results with a minumum of rtsL man hou
matenals and time. The principle forcé for meeting the quality lies not in the gaug

in the 6rganisation, from the top executive down to the worker. The most expensive equipme

Quality mindness helps to achieve the splral

wi;okisoie A - -of progress in quality as explained belw,
maintenance a‘ﬂp‘mf""’ N L. With the help of market survey a com pan
service © \ - o8 determines, what qualities are needed by
' \Servi';e S the customers. :
s e _\.%":;-Devzio ment. | 2- Research and development spec1ahst
tnsfectiongge®®" |  Dedign - create a-product concept which can mee
Process contiy | Specitication | these quality need of the user.
) ' ) . Planning for - . I i ]
prodicion - annid for 3 Des:gnlengm%ers prepare prgduct and ]
I stramebtation Purcheding . mateial specifications consi ering thel |
- _ 4 qualily requirements. o
L vendors| 4 pr ineers specify th 58
The spmt i progress in quu“ty { 3 _ocees_ eng _neer p fy the p_rocesses, -
— : © machines and instrument capable of §

Figi 1.1 ' producmg appropriate qualities econonucally

3. Purchasmg speciist buy materials and componems possessing approprmte qualities. - §

6. -PersonueLdep,ar:tment selects arid trains the workers to make product as per design. §

~7. Quality conscious operators. mnke eﬂ‘orts to make the parts; coniponents to meet the 1

quality standards. 3

8. Inspectors eximine the product to judge the conformance with the deslgn Thus the
efforts ofall quahty conscious persons from top to bottom results improved quality

ofthe product at minimum possible cost of producnon :

Q.3.- How quality mindness can be created in the orgamsatlon" Explam or state the
Aactivities of arganising quality campaign in the company.

Ans For creating quality mindness it is necessary to orgaruse the quahty 1mprovemen

campal gn inthe company, the objectives are :
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‘To make eveiy employee aware of the company's reputation for the quality.-
. To make every employee reallze that the company s reputatron is 1mportant to hlS
persona] well-being. ;
3. To make every employee understand that he in hls dally work is contrlbutmg to '
company's quality for better or worse : '
4. Toshow éach employee howhe can improve his contnbunon to the company 's quahty
5. To provide means for recewmg emplovee xdeas and suggestlons on how 1o 1mprove '
quality,
6. To record best way of doing the jOb as reference for future’trammg and check
'7_. To provide a score board or means for measurmg quallly performance for depa.rtments
-and individuvals. -
- The following methods are generally used for creatmg psychologrcal clrmate favourable
' for quality mindness. - '
a. Ta Attract Attention : The management sholud try to make the workers reahze that

b

o0

. employees furture is dependent on company's future, companys future is dépendent on quality,
" therefore quality is important for every Person workmg in the company. With the help of

bulletins, printed slogans or messages, stickers such as "Up with quality,” Down with rej jects™
letters to. employees homes from company presrdent, articles with pictures in- company
newsp aper etc. The company can aftract attentlon of the persons towards quality mindness.
b. To generate:interrest about quality : The following meéasures can be taken to
generate interest about quallty Displays to shows how company products are used. R.atmg
sheets for foremen to rate themselves on quality. o :
Slogans contest, with | pnzes The siogan contests always yield well worded sl ogans whrch.

o reflects the i 1mportance of quality. Forexample "“quality makes sales-sales make job security,".

"Quality depends on me" Satlsﬁed customers are job insurance. 'Beauty you can see-Quality

,| youcan trust Extra awards may also be given for suggestions on quahty lmprovements

Q.4. Whatdo you mean by Quality survey or Qu ahty Alldlt State the activities -
.involved in: Quallty Audit, : .
Axis ;. The quality audlt or sufvey is an apprassal oflhe quality system of an entire plant. The
quality audit is analogous to an accounting audit. The audit checks the books, the book keeper,
and accounting system the quality audit evaluates the products, the inspector, inspection devices’
and the entire system for achieving quality. It enqmres about the adequacy of all the entire
system of handling quallty function. -
. A quality survey may be conducted ona scheduled periodic basls or only when needed by
lhe existence of symptoms of quality problems. the audit team consists of the company president

"as chalrman and several assistants with out side consultants as observers; The audit is conducted

at the plant, sales ofTice, des:gn office, inspection department, quality control department etc.
At each level approprlate subjects are choSen for revrew The audit team members discuss-
their findings and report their recommendatlons
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_ Quality audit include the follqwing activieties :
A. To examine whether :- _ _
1. The design meets the fuhctional requirements completely. -
2. Design specifications are clearcut without ambiguity,
3. The design fullfills the Eustomer’s requirements.
B, To examine whether :
- Manufacturing specifi ications conforms with the funcnonal des:on spec1f' cations,
2 The manufactunng sp‘eclﬂcatlos are complete and clearcut
C. To examine : :
_Customers quality complaints. _ -
: 2 And the adequacy of the cotrective action taken by the company.
D. To examine ;: The various phases of quality performance such as:
Cheack inspection data
Control charts ' o
- Inspection policies and implementation etc.
E. To examine activities in shops such as :
1. The adequacy of gauges and test equipment used.
2. Completeness and sequence of performance ofi 1n5pecnon procedure data collecnon
system and action. :
F. To examine whether : _
1. Shop personnel possess adequate quahty conscmusness

2. The scope and organlzanon of the programme to ensure that all personnel understand

the ac‘uons they must'take to achieve the quality needs of the customers '

Q.5. ‘What do you understand by vendor Quality Rating ? Explin the need ofVQ R. 5§
Ans : The quality of the products manufactured largely depends on the quallly of theraw &
materials, tools, equipments etc purchased form the vendors, Therefore the quality of the .
~ products submitted by vendors is evaluated for making purchasmg decisions. For this purpose
vendor quality rating formulas are used, which provides a quanntatlve measure of the vendor
quallty In fact V.Q.R. is an evaluation of vendor's ability to meet quality requ:rements

These rating are used in revxewmg, comparmg and selecting vendors.
Need of V.Q.R.
- The vendor quality rating provides a basis for :
1. Measuring how well each vendor is doing, quahty wise,
- 2. Comparing various vendors with one another for the quality of the raw materials,
tools, equipment etc. they are able to supply.
3. Judging the progress or lack of it of each 1nd1v1dual vendor over an ettended penod

of time: -
4. For eliminating those vendors whé repeatedly fail to meet competmve quality levels,
' The VQ R. is an important defect prevent:on device, : -
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Q 6. Dnl‘!’erennate between Vendor Quality Ratmg (V.Q.R. ) and Vendor Rating
(VR).
Ans : Invendor qualxty rating the quality of the products submitted by vendors is evaluated
and compared for making purchasing dec1s_1_ons V.Q.R. is only one of the factors for taking
- purchasing decisio_né regarding the choice of vendors. The quality of the products submitted by
particular vendor may be excellent, but the price of his products may be quite high or he may
" not be keeping delivery promises. Hence there are other factors, principally, prices, service
~ rendered, capability of the supplier to supply the required quality, delivery promises, discount - -
allowed etc. Which must be considered for selectiing the proper vendors. The vendor rating
takes into account all such factors for selecting a proper vendor. Therefore, the purchasing
agents who have responsibility for co-ordinating all these factors and take purchasing decistions
have developed vendor rating plans. These plans take mto account the subratmo from all
spec1allsts mcludmg quality specialists. :

-Q.7. Define Quality Circle. :

Ans : A quality circle is a small group of vo!unteers (usually 3 'I'o 12 employees ) doing .
' similar work: They meet regularly under the leadershlp of their immediate supervisor, or some

one.chosen among the circle to identify problems, set prioriies, discover causes and propose

solution. These may concemn quality, productmty, safety, job structure, process flow, control

“mechanism, aesthetic of the work area etc.

- Accotding to Maurice Alston,

Quality circles are small groups of paople doing similar work who, together w1th their -

supervisors volunteer to meet for an hour a week to study and solve work related problems
which affects them. Circleleaders and members are trained in simple prob!em solving techniques
which identify causes and develop solutions. Atan appropriate time, presematlons are made
by trhe guality circle to ‘the management who decide whether to accept, modify or dechne the.
proposals”. ' '

Dewar president of the mternatlonal Association of Quahty circle defmes Quality Circles
" as"a way of capturing the creative and innovative power that lies within the work force." .

. Quality circle is a participative management system in which workers make suggéstions
and improvements for the betterment of organisation. =~

Q.8.  Explain the basic concept of Quality Circles .
Ans : The quality circle concept has three major attnbutes These- are
Q.C. is a form of participative management
2 Q.C. is a human resource development 1echmque
3. Q.C.isaproblem sol\fmﬂr technique.



mode of participative management. Itimplies the development of skills, capabilities, confidence

“and participation. It also implies, the creation of facilitative conditions and environment of

' potentlal of people for improvement in product quality and productmty

bellef that every orgamsatxon has a vast store of untapped talent brams ablhttes and 1deas

) and quality may be listed as below :

© .2 The memebershnp of qualny circles are most Voluntary The workersfemployees in -

4. The memers meetregularly every week or according to an agreed schedule
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It is based on the concept that suggestions affectmg the work place should come from
those who have the greatest knowledge : abou the job, The coricept assumes that people close -
to the problem better understand the nature of the problem and-what is or is not a feasible
solution. - ;

It assumes that a group of Indmduals workmg together will mvanably come up with better _
solution than one individual working alone. Quality ¢ircles are spemﬁcally structtiral formand

and creativity of the people through cumulative process of education, training; work expenence

work, Which creates and sustains their motivation and commttment towards work experience.
Quahty circles have’ emerged as a mechanism to develop and utilize the tremend’ous.

. The phllosophy of. quality circle is to make better use of human resourse. It is based on the

Q.9. Enumerate the. charactertsttc of Quality Ctrcle. :
Ans : The charactenstlcs of quahty CIrcIes asa management tool for 1mprovlng productmty

‘1. Quality circles are small prtmary groups of employee!workers whose lower limit is
" fourand upper limit ten. _ .

~terested in some area of work, improvement may come togethe_r.to form a circle. .
3, Eaeh circle is lead by area supervisor. Also, they are normally coordinated in
© * organisation by a person who has been trained as a "Facilitator". .

5. The circle members are specially trained in techmques of analysis and problern solving

* inorderto play their role eﬂ‘ectwely -

.6, The basicrole of QC'sisto mdenttf} and solve work-related problems for 1mprovmg
quahty and productmty : \ S -

7. QC's enables their members to exercise thetr hldden talents, creative skills and:
competenee for tackling cha!lengmg tasLs and thus contrtbute 1o theu‘ self
dévelopment. - : : :

8. Italso promotes the mutual development of their members thrOugh co-operative -
pamcupanon :

.9, Thecircle work is char‘tctensed by the attr:butes of htgh skill variety, task 1dent1ty,
" tasksignificance, autonomy, goal setting, and feed back. :

10.1t also contributes to job satisafaction of their members by cre‘anng feelmg of

 accomplishment: from indentifying and solvmg challengmg problems..
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.. 11. The members also receives recognition in the form of members, certifictes and
~ privileges, In some cases they also share in productmty gams that might be the
result of their work. -
12. It also contributes to their self esteem and self confidence through acceptance of their
' recommendations bymanagement -

. Q.10, State the oluectwes (purpose) of Quahty Cn-cles.
¢ Ans:The objectwes of QC'S which: contribute to the 1mprovernent of the enterprlse and

mdlrectly the i mterest of the employee are;

L Thei 1mprove the quality and producuvlly and thus contnbute to the improvement and
development of the enterpnse

2. Toreduce cost of products or services by waste reduction, safety, eﬂ‘ectlve utlhzstron
. of resources, avoiding un-necessary errors and defects. . * _

3. To mdermfy snd sole work related problems that mterfere wnh produchon.

4, To tap creative mtelllgenee of the persons workmg nﬂhe organisation and to make full
" use of the its human resources.

5. To permlt employees to'develop and use greater amount of knowledge and skrll and
" ‘motivate them to apply to a wide range of challenging task :

6. Toi improve commumeanon within the orgamsatlon. -

7. Toincrease employees loy alty and comitment to the orgamsatron and its goals

8. To respect humamty and built a. happy brlght work place environment whreh is
. rneamngful to work in, : :

9.' To ennch human capablhty conﬁdence moral attntude and relanonshlp

10 To sat:sl'y the human needs of recogmltlon, achlevement and self development _
" Quality circles are not limited to manufeiurmg firms only. They are apphcable for variety
of organisation where there is a scope for group based solution of work related problems.
Quality circles are thus: relevat for factories, firms, schools, hospitals, universities, reserach
institutions, banks, government office etc. i.e. any place where people are mvolved in the
solution of problems and development of work. :

Q.11. Descirbe the functmnmg (process of 0peratron) of Qualrty Crrcles.
Ans : The basic purpose of quality circle is to identify and solve work related problems The
circle members normally meet once a week for one hour, In the early meetings, time is devoted

mainly to train the circle members.Once they have acquired the fundamental problem solving
- and quallly analysrs techmque they start working on problems. :
- The operation of quality circles involve a set of sequential steps_ as under,
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= Problem . | | problem . problem - ~Generate ~
ol identification selection - Analysis . Altemative .-
Implement present " prepare” select test
the solution solutionto . - :planof *soluion”
- Management - — :

F;tr 11.2 Proccss of operatmn ol‘ Qu-lhty Clrcles :

© Stepsin Qual:ty Cricle Operatmn H
1. Problem identification : The circle members 1dent1f“es a number ofproblems that
need to be solved: pertaining to their work area; o
2. Pmblem Selectmu They decwle the priority and select the problem they w1sh 1o
takeup first. > =
3. Problem Anﬂys:s The problem is, class:f“ed and analysed by bamc problem '
solvmg techmques such as:- . C :
a. Brain storming “b Pareto_ dlagrams_
- Cause ad Effect diagram d. Data collection :
4. Generate Alternative Solutions : Iden‘ufy and evaluate causes and generate number
‘of possible alternative solutions. SR
5. Select the most appropriate. solutmn At this stage the cu'cle nurnbers dlSCLlSS

i . and evaluate the alternative solutions by comparisen in mvestment_ and the return from
2 y - the solution under the existing circumstances. ' T

“h - 6. Prepare planof Action : The circle numbers then prepare plan of action for making.
LA - the solution reality. The action plan includes the critical examinationi.e: the consxderahon '

[ S - of who, what, when, where, how and why of solving problems. :
Y - 7. Present solution to Management : the Circle membsrs present the solutlon and
_action plan to the management for approval.

i 8. Implementation of solution : The management then evaluate the recommended §

T solution. Depending upon the nature and magnitude of the problem, 2 small scale g

i pilot tést run may be essential be[‘ore a full scale 1mplementatlon of the solutmn is &

atternpted, : : : :

‘Once asolution is successfully ‘iested and approved itis 1mplemented ona full sca]e atthe .

earliest. A decision should be communicated 10 quality circle generally i in two weeks,

The cycle of circle funcllomng is repeated as they solve one problem and begm work on
another : . - :
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Q.1. Explam the meanmg of i. Cost of Quality: ii. Value' of quallty :
Ans : i, Cost of Quality : The-cost of carrymg out the' company s quality functxons (meetmg
. the quality ficeds of the customers) >re known as costs of quality.
This mcludes 1. Market. research costs of discovering the quality. needs of the custoiners. -
‘2; The product research and development costs of creatmg' product concepb which will
meet these quality needs. _ o ,
3. The demgn cost of translating the producl concept into. mformatxon -which perm:ts
‘plannmg for manufacture :
The cost of manufaotunng plarmm gin order tomeet reqmred guality spemﬁcanons
-Cost of inspection and test. R . —
Cost of defect prevention. ' '
Cost of scrap, quality failures.
Cost of quality assurance: :
Field service and such other functtons attr:buted to the quahtv 1rnprovement and
‘maintenarnce.
V‘tlue of Quality : With supenor quaihty the company can eam hrgher share of market firmer |
prices, few returns and complaint form the customers. It is this effect on income which makes
quality to have value. Hence, value of quality can be defined ds the return direct ormdlrect
~ gained by the manufactures due to missions of quah‘y control :
Value of quality is composed of
1. Value inherent in the design;
2. Value inherent in the conformance to that dessgn : . _
- The value inherent in the design is usually called as "grade". Grade is the variation in
specifications for the same functional use. Difference in grade may involve diffrences in :
- Life of the product Extent of maintenance required S
~ Appéarance Reliability _
Iriterchangebility - Luxury features

Ve N Lo
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Factor of safety . - Ease of installation or use

"  Ability to take occasional overloads etc.
m - Asarule, higher, qualuy of des:gn means hlgher costs Qulte oﬂen it also means hlgher
o © values. .
'i R (37 comparatwely easy to evaluate the cost of quallty but itis dlfﬁcult to assess the value
ﬂ‘ _ of quality, as the information is widely scattered:: _
- The value of quallty is to be assessed cons:dermg various factors a few of whlch are as
T under:. - . _ -
Ce " 1. Thesaving dueto mcreased productlon
2. Reduction in scrap and re-work cost.
3 Increased sales of good qual:ty product
4. Indirect factors suchas: - e
a. - Reputation of the manufacturermdgeodm‘ll ofthec\momer. R o
b -Psycholog:cal stabll:ty in the enterpnse dueto mereaqed sales and secumy of Jobs to

Q.2.

. workers , _
_-'How to obtain the balmee hetweeu tlte eoat of quality ‘and value of quality T
. Explain. '
o "_Explain the meaning of optimum quality of design with the help of graph. _

- Ans : The balance between the cost of

e 2 [+ quality and value of qualitygives optimum
- e b """"‘qualuyofdwgn o ]
: 5: .' .’_: - ‘From companyspomtofv:ew proﬁt -8
| l { i o g:"“‘“: o .~ ismore improtant. It isnot necessary < 8
g ‘hlue‘ii.-:l':'f?-_‘F'-T‘__.--..:'*":"'_'i' /S that the company. should manufecture
3 R VA S \ R 100% qualnyproduct The studyof
3 v A Nl LY Cemstaui -optlmum':q‘nahty of desxgn involes™ .
© Ao ' L - "Market Survery®. thle carrying out -
oy S L : n‘larketsuﬁreyexpectedsaleforpartlcular :
-?T" reete «quality, profit and competition inthe
3% <00 D B T market:stobeconsndered'rhequahtyof'"
o : N S S - design should meet the needs of the
)  Quiiy of deign ot - - customer and at the same time its manu _
S S facturing cost should be such that it will
“Fig. 121 Bal-mce between Cost yleld maximum profit. The aim should
of quality and value of quality. -  be to improve quality at lawer cost.

. .- Thecurves represennng the cost and value of quality of design are showniin figure 12,1 If .
we want to improve the quality of des:gn from point 1 to point 2 the cost of quality will 3
increase by amount A. Where as the value of quality will increase by an amount B. Now B>A
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and therefore, 1mprovement in quality at this level will yield more 1gcome
However, if the quality is to be improved from the point 2:to point 3 then from the ﬁgure 1 3 o

D < C i.e. the increase in the value of quality is less than the increase in the cost of quality. So, ~ |

the quality level at point 2 is optimum quality of design. Below this optimum the profitthatcan

be earned is not maximized and above thls optrmum itis unecouomrcal toimprove the quahty

of design. :

Q.3 Discuss the economics of qualtty of design. : ’ _
Ans : The quality of design of a product is concerned with tlghtness of specxﬁcatmns for |
‘manufacture of product. Therefore, higher quahty of design means closer tolerances The |
relationship between tolerance and cost of manufacture is shown'in fig, Fig, 12.2 '
- As tolerances are made closer and closer the. cost of production goes on mcreasmg, be-'
cause’ to manu{‘acture the components with close tolerances weneed ;: S '
. o 1. Precision machines andtools, matenals étc. -

2 --Tramedmdhrghlyshlledopei'ators _ o N
= 3. Tightinspection and good inspectionand testmg devtces -
- 4. Manufacture of parts with closer tolerance needs more

LN . . -concentration, f;equent cheeks whxch may slow down -
« =" . - therate of production, - :
A . 5. Italsoneedsclose superwsron .

- Tolerance — 6 Specral, costly toolspgs and fixture may also be'necessary.

. Fig.12.2 - |
The des:gn engineers are. tempted 10 speclfy very close tolerances and iarge margin of ~
§ safety. However, for sake-of economy the. quality of design should ‘be realistic Whl(:h are . )
j tlghtly enforéced so as 1o achreve conformdnce to des: en. :
: The manufactuer should produce the products in dtfferent grades to surt the varrety of K
i customers. (rich, middle-class, poor). S

‘Modem techniques of standardization snmphﬂcatlon and specrallzatlon are at the root of
4 economic analysns of. desrgn of the product - :

COStiam _'

1 Q4. “Discuss the statement hlgher quahry of conformance costs less. T o
| Ans': We know that the quality of conformance is concerned with how well the manufactured o
] product conforms to the quality of design; non ‘conformarice to quality of desrgn wrll involve
rejectlon of the product; and involve unsattsfactory product costs. :
I Rejection may mean. :
_; 1. Non.acceptance
1 - 2.Retumofall goods. -
3. Return of defectives on]y :
4. Non acceptance unless certain conditions are met :
The nonconformmg products are to be reworked, reparied to make them suitable if pos-
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sible or they are to be treated as scrap. The cost of rework, repairs, scrap causes reductio
in revenue as well as increase in’ expénces, the ﬁrm may also loose reputatlon whlch ma
. hamper the sell and price of the product. Lo ' :

.. However, if the manufactured product conforms to the quallty of des1gn ‘there will be
large saving by reducing the number fo defective products and rejection. The cost ass ocmte

- with the conformance is quite less as compared to.the cost of unsatlsfactory product rejec
tion rework repairs, retumns-etc. :

Q.5. Explain the following terms : - C '
_ -1, Cost of Prevention. 2. Cost of appra:sal 3. Cost of f-ulures.
Ans : Cost of Prevention : It eonsnsts of the cost assocrated thh preventmg the pro-
duction of defective parts.. - :
Cost of prevention mcludes._ L - _
1. Cost of quality planning : The cost of market research and product development g
departments, which is done for achlevmg fitness for use, ' -
2. Process quality control costs : The cosls assocrated with 1mplementmg Ihe quahty
~plans and procedures, co e ST
- 3. Engineering, technical and supervnsory costs of preventmg of recurring defects S
4. Cost of investigation, analys:s and: correstron of causes of defeets by quality control =
departrent. - - 2
5. Costof investigation, analysis and correction of cause of defects by engineering |
department, _
Cost of Apprasial : The costs associated with the measurmg, evaluatmg or auditing or prod-
uct; components and purchased rnatenals and performance requ:rements are called cost of!|
_appraisal. - T
In other words, itis the ¢ost of evaluatmg quahly and of zdennfymg and separatmg non-
conforming parts and assemblies. It consists of costs assocrated wnth 3
1. Receiving or incoming test and inspection.
Laboratory acceptance testing.
Inprocess mpectlon and test,
Set up forinspection and test ‘ :
- Maintenance and calibration of test and i mspecnon eqmpmem
Quality audit,
.-Review of test and inspection data
‘8. Evaluation of field stock and spare parts.
Cost of Failures : It can be classfied as : ) Cost of internal faxlures
_ b) Cost of external failires.
Cost of Internal Failres : The cost associated with defective products, components and |

materials that fail to meet quality requlrements and result in manufact\mng lossess are called
as cost ofmtemal failures.

:a.cn-'.u.esa.w
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Bhts and

“This mclues

1. Cost assoclated w1th scrap, 1.€. cost of matenal labour and burden of nonusable '

. parts.

. 2_.,' Cost.of rework and repalr ie. 1he cost of makmg defectwe parts and assembl:es_

.- good. :
3. Cost of reinspection and retest aftcr the defectwe parts are repaared
4. Cost associated with material review activities. '
Cost of External Failures : It consists of costs whtch are generatecl because of defective
products being shipped to customers. This includes :- -
1. Costof processmg complamts from customers.
2., Cost of service of customers who receive defective items..
3. Costofinspecting and repairing the defective items retumed by the custormers.
4 Cost of replacmg the defecllve materlals or products

it 4 0
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Q.l. State the actwities or functlons related to qual:ty orgamsatmn. A
~Ans 3 ‘The organisation for quality function. should cater to acimnes related to:
i Planning for quality (prevention) ' : -

ii. Monitoring and control of quality and -

il Improvementin qualuy (innovation changes)

The quality organisation is responsnble for:

- product development and service  function by forming & Quality committes.

~ . other functional areas by forming a task group for quality improvement. :
¢. ‘Report on quality cost, 1dent157 problems and implement quality i improvement process
d Identify training needs and co-ordmate thh trainin g functlon to 1mplement quahty

Q.2. Givea typlcal orgamsahon for quahty

.- the produchon orgamsatlon In t}us type 1mprocess qualuy isa responsibility of shops

| ngher Management ]
L _ — .
| -Quali_ty-Manageﬂ o _ fPdeuctlon Manager |
. Chief Inspector Quality Control : Quali!y Assuranc_e
Acceptance | | - Engineer .} | Engineer

Fig. 13.1 Organisation for quality function.

131 ‘ - - ] ' o Me'tr_ol_ogy&Quality Conu-ol.'
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a. Co-ordinating the activities of design, purchasing, Engmeermg, productxon, Fmance, ‘

- b. Utilise the experts from statistical process control, religbility, technical experts and '_

Ans : The following chart shows a typicat quality control orgamsatlonal chart on level wuh _3';':. _
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10. 3 ‘Wlnt do you mean by manufacturing phnmng for quallty 7State the quality :

- aspects of planning for manufacture:

% Ans: Planning Consists of utilizing prior knowledge 10 control future gvents, It comsists of |

preparations necessary to carry outthe objectives of the company. Planning starts with clear
objectives and ends when everything is ready for execution. Planning for manufacture constists

-§ of the activ ities required to put faclory in readmess 1] meet its standard of quahty cost and

dehvexy dates. : :
The specific quality aSpecls of planmng for manufacture mcludes -
1. Choice of machines, processes and tools capable:of meeting the specnﬁed tolerances '
2. Choice of measuring instruments, gauges and other lnspectlon dewces adequate to
' control the process. - Lty LT
Planning the flow of manufacturmg mformatton and mspectlon criteria.
Planning of process quality controls.
. Selection and training of producuon personnel
: Plannmg the quality aspects of paclung and shlppmg T

Aol W

[

. ‘What do you mean by planning through trial lots ? why is it necessary 7 State
its limitations? '
Ans : Plannmg through frial lots méans {6 plan only for trial Tots before planmng for fuill scale _
produclron The manufacture may desire to introduce a new manufactunng process, complete .
new functional features and large investment, for such product priot knoweledge is hot available
on which the productlon can be planned Such product mvoles a serious risk for the company -
if the planning goes wrong. Hence, for such products it is necessssary to plan for trial lots

t before planning for full scale production. The trial lots after productlon are introduced in the

markét and the reactions of the customers, thelr complamts regardmg the functlonal and other

.aspects of the product are carefully studied, -

Therefore trlal lot is used to clear the track for full scale productlon for the followrng'
reasons; S : _
1. To ensure'that the tools and processess selected are cap able of pro ducmg thls
products economlcally ' -
S 20 Provrdmg on test, that the product possesses the essentxal functional quallhes
T3 Prowdmg on use, that the product will achleve the mtended field of performance and
" is acceptable to the ¢ustorhers.
4, To trace out the deficiencies in process or procluct whlch should be corrected before
* starting full scale production. -
Limitations of trial lots :
1. The time required for tnal lots is consxderably large there isa delay in startmg the
production. '
2, The cost is high, and henee it may be economreal only for large scale productron
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Q.5. List out the activities mvolved in
1. Acceptance, 2.Prevention, 3. Assurance as the funct:on of quality contro
- What are the three main e]ement of quality functmn ? Explam.
Ans : 1. Acceptance Function : The term "acceptance’ is the activity of making decxs:on
on whether the product, materials tools, etc are acceptable for use or not.
The product aceptance consists of Acceptance of
i Purchased goods. :
ii. Goodsin process, when the raw material undergoes processing,
il. Finished goods. ' :
In addition to above inpsection actwmes such as : . -
1. Maintenance of gauges, méasuring instruments.
2. Storage and disposal of non-acceptable products.
~3. Recording the data are also grouped with acceptance functions. ¥
2. Prevention Function : It is based on the prmc1ple that it is better to’ prevent defect
from happenmg than to cure them,
The defect prevention consists of :
1. Planning new products processes procedures etc. Such that the defecs are avoxded
in the first place, itself.
- 2. Eliminating the defects as they arlse
3. Take suitable actions to avoid the occurance of such defects in future. :
Satistical quahty control is the. 1mportant dev:ce for defect prevenlton The defec
prevention activities include | : - 4

_i.. Economic studies ~ ii. Process capahihty studies
tii. Design of e\per:ments © iv. design of sampling plans.
V. Analysis of data ' vi. Training in quality comrol.

3. Assurance Function : Quality assurance function deals with assurmg the des:red
quality, rehabnhty, service and other aspects in the manufactured product through scienfifich

The job of evaluating the company s activities with respect to quality, reportmg the results
of evaluation to all concemed for information and necessary action, and the subsequent action]
taken is called as quality assurance functlon The activities assigned to the assurance functlon
usually include. :

1 Processmg of the field complamts

2. Quality rating of outgoing product.

‘3. Quality survey or audit.

4. Prepartion of executive report on quaht}'

5. Settmg up quality levels.
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6. Inspection planning. - _

7. Market quality determination.

8. Disposition of non-conforming products : S

In short the activities involved in three main elements, acceptance preventlon assurance
can be listed as follows:

Inspection _ ' Quality Cont'rol - Quality Assuranee o
Receiving inspection | Economic studies Field complaints.
Inprocess inspectionProces s"capabiiity studies - Qualltyrating of outgoing .
_ Finished good inspection | Design of Experiments Products Quahty survey or’
- Gauge maintanance | Analysis of Data ) | audit.
- Testequipment - Design of sampling plans ~Preparation of Executwe
- maintenance : ' Statistical '_I'echn‘iques | reporton Quality
Storage and disposal of such as control charts to Setting up quahty levels.
‘non acceptable product | beused and their -~~~ . | Inspection planning-
etc. -freqoency E | Market Quality determination.
' Training in quality _ o '
Controletc. . '] Dispositionofnén-
‘ | comforming products,
" Depreciated equlpment
o . | _ tools etc. K
~ Acceptance Function - | Prevention Function - | Assurance Function

'Q.6. Expalin the need.of erganisation for co-ordination in‘an industry. How is it
achieved ? or justify the statement quality is everybody's business. .

Ans 3 Every person working in the industry is responsible in the task of obtairing satlsfaetory

quality. The salesman who sells the product, production engineer, tool enginet, purchase ofTicer,

production, machine operator, inspector, personnel who trains the employees evérybody has :

his own contribution in maintaining or improving the quality of the poroducts. If the work of
‘any person in the organisation goes worng, it will affect the quallty of the product produced
and the efforts of all other will be in vain, Thus there is hardly a single individual in the entire
company who in one way or the other does not. contribute to the quality of the company's
product or services. Thus it is rightly said that quality is everybody s business. This fact can -
be explanmed ¢clearly with the help of spiral of progress in quahty (Refer ﬁg 2 1 Question
number 5 ...)
. From the above dlscussmn itis necessary to co-ordmate the effons of all these mdmduals

for building up and maintaining quality of product. S

The Co-ordination in various groups may be achieved by various means such as :

1. Co-ordination through a common boss which forms a llnk and whose decxs:on is fmal

' tobe followed by all concemed.
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2. Self Co-ordination i.e. to leaveit to individuel supervisors to identify the need for
co-ordination as they arise and to conduct a meetmg ofwhateve; people are needed
‘to-solve-the qualty problems. - -
3. Co-ordination through written procedure.
4 Co- ordination through staff specialists. -

5. Co- ordmatron through joint committes (Quality impro vement commrtee Qualrty ]
motrvatlon commitiee and engineering change commrttee ete. ) ' '

Q.7. What is defect prevention ? State its ob]ectwes. : y
Ans : Defect prevention. is based on the principle that it is better to prevent defects from@
happenmg than to cure them. Defects in the poducts manufactured do not just happen the =
'have causes. A few defects account for the majority of losses.

The defect prevention activities consist of : - -
1 P!anmng new products and processes such that defects are avorded in the ﬁrst place .
itself: Before they occur and make the product defectwe i

2. Eliminating « defects as they arise,
“This involves :

1. Establish correct level of performance

2. Establish measure of current performance.

- 3. Collect data on current performance.

4. Compare the current performance and expected performance. 28
5. Take suitable action 10 eliminte difference to maintain the quality of future productlon.
Objectives of defect prevention : - : 2

- 1. To prevent the defects from occurmg in the f' rst place Th:s helps to reduce scrap, - 3

. rework and also the cost of production.’ B
2. Ifthe defects are detected as soon as they occur it saves the man hour, machine hours ¥

- which would have been wasted while working on already defectwe products, | f
3 It helps to maintain the reputatlon of the ﬁrm and increases the demand for -

. .product in the market. - - o 1
' 4. Itincreasesthe competltwe strength of the firm wnh nval companies producmg similar &
products ]

, State the functmns of pid quahty control engineer (magager) in an mdustry
The function of the quality control engineer can be hsted as:
Draft 2 company's policy.on quality. =~ -
Draft the company's major quality objectives.
Establish optimum quality of design.
Conduct quality audit and surveys, -
Co-ordinate the preparation and execution of the qualrty plans including the tasks g
- required during design, drafiing purchasing, manufacturing and usage of the products : | |

PO
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- 6. Conduct process capability and machine capability studies.

7. Design of sampling plans, control charts and other statistical techmques _

8. - Approve design of gauges, inspection and test dev1ces _ R

9, Prepare job specifications for selecting and training of personnel for quality matters.

10. Plan and allot the quality functions to various persons in the department.

CIL Collaborate in disposition of non-. conforming products and materlals
12. Recommand new gquality objectives based on consumers need. . -
. 13. Collaborate with poroducuon purchase; and other: departments in solvrng quallty _

problems andin matiers requiring a team apporach. \

14, Keep informed on new industrial developments in inspection methods processes
materials, satlstlcal techniques and other. matters affectmg quahty of. 1he products

- Q.9. Define Qua!ity system state. its importance.

Ans : Quahty system ¢ To assure quality one has to ensure the quahty To ensure quahty it

is necessary to adopt a standard procedure and to make systematic control. at every stage and

to take critical revrew of efforts and ach:evements of company vmh respect to. quahty ofthe _
A comprehenswe qnahty sytem covers. all aspects of company 's operatlon from the
preparation of teriders to the eventual delivery. Installatlon and commlssromng of. products '

. and also its afier sales service. _
Accordmg to Pr. Feiginbaum, “p total quahty system is the agreed companymde and

pla.ntw1de operating work structure documented in-an effective and integral technial and

managenal procedures for guxdm g the co-ordinated efforts best “and most practical ways to
~ ensure customer quality satisfaction and economrcal costs of quality.” _ o

Through the adaptton’ and lmplemematlon of formal documented procedures the system
imposes discipling upon all aspects ol company’s.op erations wnth a view to.ensuring that each

'_task is performed correctly, first time and every time consistently. This will reduce réwork,
cutting waste by reducingrejections and scrap on the shop floor. It will also lead to prompt .

delivery by redo’cm‘g detays to minimum; Hence operatmg efﬁcrency willi 1mprove resultmg in
an improvement in overall proﬁtabllny ' _

~ Q.10, Explain the term total Qualrty Control _

Ans : Total Quality Control: As already defined in Charpter 1 “'I‘otal Quahty Control” is
- an effective system of intergrating qulity development, quality. maintenance and quality
improvement efforts of the various groups in an organisation, so as to enable production and
services at the most economlcal levels, which allow full customers satisfaction.

- Total Quality Control gives stress on prevention of defecls rather. than sefting it right by

rectification. ‘The concept of total quality is difTerent from product quality. It incliudes product

quality and much more. Its approach towards quality is in all its forms in perople and
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processes, in products and costs, in planning and mahagement. All the operations of 2 company
~ market research, the needs of the customer, the optimal use of raw materials and other inputs,
' products developmentand de51gn, manufacturing process, sales, service after sales the whole
of it comprise total quality. - : : ' o

Total quality can be achieved only through total Employee InvolvemenL It starts with people.
Total quality comes from employees creativity, team work, parnmpanon continuous
improvement, leadership, motivation etc. :
There are six identifiable phases to achieve Total Quality control.

~ 1. Comprehension - 2. Commitment _
-Competence - 4. Communication
Correction = . 6. Continuance.

Commitment : clarity of concepts and policies, organisation for it. -
Competence Develop method, tests, procedures to- evaluate quallty, understand the
price of nion-conformance to quality. - : _

4. Communication : Create awareness, resolve conﬂlcls, co-ordinate activities, create an

image of product quality and rellablllfy ' _ E -

5. Corréction : Solve problems of non-Conformance Problems are largely. due to. lack

of knowledge or lack of facilities. ' .
6. Continuance: Maintain its 1mportance ensure exposure to sustained programmes
* innovation (Introduction of new methodes, techniques). '

TQC covers the above concepts and envelops all activities of product quallty such as
product design, product development, proto-type development and testing, _manufactunng
planmng, production and inservice performance, testing and training etc, '

1t provides feedback at various stages for comparison with standards and for mltlatmg

cotitrol action to bring about modification and changes at appropriate stages. Itinvolves all
'departmems at various levels and provides for mteractlon, co-ordination and momtonng of
various activities through prompt commuriication and control system :

Q.11. Define T.Q. M. State how it can be ensured,
Ans:

Total Quallty Management (TQM) - : -
Definition 1. Total Quality Management refers to the total involvement of staff in an
organisation together, which includes suppliers, distributors and even customers K
in bringing about quality sansfactlon by promoting quality cultures througitquality circles, job
-enrichment and effective purchasmg Workers and supervisors have to be trained to solve the
problems in product/process variations.

3
4
1. Comprehenslon What i is quality, it should be definable and measurable
2
3



: ‘rQuality Organisation ——— . m

2. 'According to Prof. Leopald S. Vasin “TQM is the control of all transfortnation
processes of an organisation to best satlsfy customers needs in the most economical
© manner”, _

The management can- ensure this through @
 a. Team Effrot. S . .
" b. Satisfying workers emotional and intellectual needs for better-working conditions.

- The worker’s attitude towards his products and their quality ig also dependent on the

industrial relations climate in the organisatiox. If the climate reflects a feeling of fair
ness in personnel decisions, prompt redress al of grievances and open cummunication,
- the probability will be hi gh that workers will be responsible and responsive to man
~ agements advice. They may develop pridein their organisation and its products. Such-
. apride and sense of belongmgness will have a great impacton product quallty and
- ‘productivity, _
- Installing motivation system to include collective achievement.and qualuy excellence, .
d. Integration and co- o_rdmation of activities of various departments such as product
~ design, R and D, production planning, manufacturing/processing, technical services,
... ‘salesetc. to attain the desired goals economically. _
e. Mamtammg a sound qual:ty system, to ensure each task i is performed correctly
_ All this requires complex changes in product/processes to be effectively managed by top
rhanagement through people involvement. Parameters responsible for product quality and qualty
~ concepts need to be clearly understood by management if the marketed products are to satisfy
. the users and a good image of quality is to be developed 1o strive for excellence. -

p .

Q.12. What are ISO 9000 series stand_ax_"ds-'? State its equivalent standards. .
"Ans : 1SO : 9000 series of standards on quality system was formulated by International
Organistion for Standardization in order to meet the requirements of internationally uniform
. quality system. The European Nation trade has reached an understandmg that the post 1992
trade transaction would be dealt only wn‘.h those compames who have reglstered ISO 9000
quality system. - : : :
ISO: 9000 Series Staudards in General ¢ Intcmatlonal Orgamsanon for Standardization
‘has developed the following standards on quallty systems, the correspondmg Ind.lan
standards are glven in the brackets. Fig. 13.2. _
180 : 9000 quality standards stipulate certain management lines and minimum requirements
for making quality of products and services conforming to the needs of customers. These are
- developed for facilitating international exchange of goods and services. Allthese systems are
essentially self-disciplined standards based on the principles of harmomzanon of specrﬁcatlon '
and continuous. surveihance by thirds party,




Ao

E Q 13 Descnf:'e ISOI.9000 series in brlef .

.' _guidelines for selection and use of appropriate model.
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150:84021 .| VOCABULARY{

(18:13999)
150:0001 ~° SELECTION AND USE OF QUALITY SYSTEM 5 |
(18:14000) 1 . STANDARDS® o
'NON- CONTRACTUAL ‘ COchﬁAL'SITUAfrroNs .
1509004 - | '?-QUA'L’I‘I'Y MGMT | | 150:9001- "QA.MODEL?OR'DE'SIGN
(15:14004) | .SYSTEMSTDS. [{.(15:14001) ‘| DEVELOP/PRODN/IN -
—— | . | STALLATIONAND
| SERVICING -
.lsosooz ) QUALITY ASSURANCE
.| MODEL " o 13
- dS: 14002)‘ FOR- PRODUCTION AND
| INSTALLATION

; 150:9__003 - { Q-AMODEL FOR FINAL |
1-(S:14403) | INSPECTION AND = .. . |
¥ . - | TESTING . X
'__ISO:IOO'Il-l. '. GUIDELINES FOR R
to -
-.13010011-3 _.AUDITING QUALI'I‘Y
:  (S:14013:1 | | SYSTEM. -
e iel4011-3) :

Flg. 13.2 Structure of Quallty system Standards. ‘

Ans : ISO : 9000 (IS 14000) Quality Management and Quahty Assurance Standard T '. ]
1SO Standard has given different models for adoption which relate to the stage.of the §
product or service at which the quality of the later needs: assurance Thls standard gwes ]

ISO 9001 : 1987 (IS 14001 : 1988) _ _
Model for Quahty Assurance in DeslgnIDevelopment, Productlon, Insta!latwn and f

A productora service has to pass through several stages aﬁer itis concenved and before E
itis supphed to the customer. Even afler it is supplled to the user, a necessity may arise 10 |
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keep a follow up action; so that the user does not face any:problem or difficulties in using the
product ISO : 9001 standard gives a model for qualify assurance at all stages starting from.
designing the product and continuing even after the productis dehvered to the customer..

ISO 9001 apphes to industries who design, produce, instal product and provide service
after sales as per the requirements of the customer. Some specific examples are heat_
exchangers, coolers, filters, extraction columns etc. for process industries.

Inthese cases the customer states his application and the supplier works out the ,ﬁnal
d_esxgn, makes changes if required. A set of specifications is then prepared, after the design

muality Organisation

| & requiremerits are mutually agreed. The manufacturer has to open his ‘manufacturing stages to
the customér so as to enable the customer to Judge the suppliers capabxhty of manufactunng

the product as per has requirements. L
- Aferthe product is manufactufed, and mSpected for conformance with speclficanons it

_should be install¢d by the supplier at the customer’s premises and atrial run should be conducted
Even after installation, the supplier has ta provnde necessary services for mamtenance of _

- equipment for trouble-free performance ' : :

IS0 : 9002 : 1987-(IS : 14002 : 1988) _ . .

" Model for Quality Assurance in Production and Installation Some products requlre :
quality assurance only during production and till they are delivered tathe customer/or installed
in his premises. IS0:9002 gives a model quality assurance for such products. In such cases

the manufacturer given his own design to meet the customers requirement and has to only
prave that production process is capable of producing the product/equipment as per the

' reqmrements of the customer; and that the supplier can install the product!eqmpment atthe

customer’s premises satisfactorily. Civil structures, construction of bridges etc. are the

examples So, this model is appheable where the assurance on qual ityis requrred only durmg' -

production and upto sansfactorymstallauon I

I80.: 9003 : 1987 (IS 14003 ; : 1988) .
Model! for Qualﬁy Assurance in Final Inspection and Test : Cenrtam products requlre:

quality assurance only afier they are manufactured i. e. at the time of supply. The customer is
not con¢erned with how they are manufactured He is interested only in getting the product of

 desired quahty as stated by the supplier/or ISO 9003 standard gives a model of quality assurance
in such cases. Examples of such products are : domestic appliances, pertroleum products o

~ . components used in the assembly of manufacture of bigger 1tems such as automobiles etc.

Most of the consumer items also-falt in this category.

- ISO : 9004 : 1987 (IS 14004 : 1991)

Quality Management and Quality System Elements Gmdelmes 180 : 9001 9002 and

9003 apply where a contract between supplier and contractor exists. In non-contrctual
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situations .companies may adopt 150 : 9004 wl'iicl_l gives guidelines for quality man_agernent. .

- steps in managing all matters which have direct or indirect effect on its image to deliver the

“elements of a quality management system. -
' 'Q.14, Stae the outstanding features of ISO 9000 series standrds.

 they give preference over those who do nothave ISO : 9000 quahty system since 1he customer
‘would be sure of the quality he gets ' '

. Ans-: Advantages or Benefits of ISO : 9000 :

It is essential to build confidence of the customer that the organisation can supply the
desired quality of the products or services. The organisation has to take serveral mtegrated

products of desired quality. These mtegraed efforts of the organisation towards maintaining .
the quality culture is Quality management All these elements of quality management taken £
together make the quality system. ISO 9004 ; 1987 glves gu:dehnes compnslng dlfferent'__

Ans : Outstandmg Features of ISO : 9000 Series of Standards : There are a number of
outstanding features about the ISO : 9000 series of quality assurance system standards.
1. The elements if 1S0:9000 quality systems are not new. Some oralt the elements are
" always under pracnce by every ogranisation in its business activities. The1i 1mportant |
features of 1SO: 9000 are the integration of all activities which have a direct or indirect’
effect on the quality of a product or service. The total system of quality is thrown open §
for verification by the customer and confidence is built in him that the orga.msanon is #
_ capable of delwermg the products or services of desired quality. o
2. These standards have been formulated by peopole who are conversant with the £
" -problems and failures which occur in industries. _
3. 1S0: 9000 stndard series tells suppliers and manufacturers whati is requ:red of quahty 3
~ oriented working system. It does not set outextra Specral requirements which onlya §
~ very few firms can comply with, instead it is a practical standard for quahty systems
which can be used by small as well as large organisations. ;
4. It defines the basic concepts and specifies the procedures and criteria 10 ensure that
the outgoing product meets the customer’s requirements. - .
5.. There are no dictatorial clauses in the standards In most casesit requlres a company '_
“to establish its own procedures: : : o .
6. The standards are designed to be user friendly. 'I'he}' are generic in ‘nature, and follow '}
alogical, easﬁy understood format. They are appllcable to every product, let 1t be a
tooth brush or a nuclear reactor. g Sl
ISO : 9000 standards are not compulsory by legislation. They are only voluntary However 4R

Q.15. State the advantages and llmltatrons of ISO : 9000

- 1. 180 : 9000 series of standards enable to meet the reqmremems ofan 1nternat:onally
‘uniform quality system. .



\

[QuiyOgisation

2. Itcould enhance foreign exchange. So itis 1mportant for the mdustlres to adopt 1S0:
9000 to compete in the international market. : :
3. It enables the company 1o build customer confidence that itis capable of delwenng
the products or services of desired quality. : : : SR
'4. Ttreduces the need for assessment by multiple buyers It thus avoids time and money
spent on multtple inspections of products for conformance.
- 5. ToadoptISO: 9000 standards it is necessary to establish and maintain sound quahty

- assurance system. This results in improvement m efficiericy, and redution in inspection;

scrap and rework. :
6. Motivates the employees and develops pridei in them for achlevmg excellence
7. OncelISO : 9000 has been adopted it automatlcally enables the company to control its
productlon quality and delivery schedules cut waste and down time and boost
productivity. :
‘Limitations of ISO : 9000. : -
There are few dlsadvantages of ISO : 9000 series standards, these are ¢
1. The 1mplementatlon ofISO 9000 series of standards is very much demandmg on
' resources.
2. The formu}almg and documentmg of the system is time consummg, and may involve
- - considerable clerical expenses.
. 3, Assemssment and registration are also expensive.
4. Theneed to change attitudes and accept new workmg practlces may strain the
: management capability ofthe company beyond its ability to cope.

Q. 16 Define the following terms as per ISO : 8402 (vocabulary)

L Quality i, InSpectIon ik Reh_ablhty

iv. Specification” - v. Quality loop. -
~ Ans : Quality : Quality is the totality of features and characterlsncs ofa product or servnce
that bear on its'ability to satisfy stated or implied needs. :
Inspection : As perIS0:8402, mspecnon impliesthe activities such as measuring; examining,
testing, grading one or-more characteristics of a product or semce and comparmg 1hese with
specified requirements to determine conformity:

‘Reliability : Real:b:l:ty is the ability of an item to perform a required function under stated -

conditions for a stated period of time.

. Splclf' cation : The document that prescnbes the requ1rements wnh wh:ch the product or

service has to conform.

Quality loop : (Quality spiral ) Tt is the conceptual model of interacting activities that mﬂuence |

the quality of a product or service in various stages ranging from the indentification needs to
_the assessment of whether these needs have been satisfied. -
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© Ans: Quality system As per ISO 8402 vocabulary, Quality system is the orgamsatmnal ..
- structre, respos1bxlmes procedures, processes and resources for 1mplementmg quallty

‘management -

* activities and related results comply with planned arrangements and whether these.

- Quality Management : The aspects of 1he overall mannagement functlon that determmes

* and implements the quality policy. :
" Quality Policy : The overall quality intentions and direction of an orgamsanon as regards

- Pesign { SPEITICAON. EAGINERring
and Product  Dewelopment

Marketing and - -
Markel . Research

Disposal 'Mle.r Use —\' ) Prccurernent.. '

Process Planning
and - Developrment

Technical Assistance Customer | . o oducer
ad  Mainlgnance Consumer . - Supplier

Ingtaliation. .'rg\d J A Production
th < Inspection Testing and
Erarmnahon :

. Sates and Distribution : Paclung and Storage

Fig, 13.3 Quallty Loop
Q 17. Define the followmg terms as per 1SO : 8402

_Quaht.y__sys:te_m i, Quality Assurance 1u Qualiry 'control'
iv Quality Audit V. 'Quality mana'g'ement - Quahty pohcy
vii. grade o

Quality Assurance ¢ All those planned and systematlc actions necessary to prowde adequaxe k
conﬁdence 1hat a product or service will satisfy given requirements for quallty 3
Quahfy conti6l i< The operationat tcchmques and actrvmes that are used to. full ﬁll

requirements for quality. ]
Quality Audit : A systematic and mdepend ent exammauon to. deten'nme whether quality}

Ll

arrangements are 1mplemented efTectively and are suitable to achieve objectives.

quality, as formally experssed by top mangement.
Grade : An indicator of category or rank related to features or charactensncs that cover _
dnfferent sets of needs for products or services intended for the same functional use. "



.18, Name the various elements of I1SO: 9000 series stan'da_rds-:
ns : The various elements {Clauses ) of quality system as per I1SO : 9000 series standards

-1
]
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Management Responsibility. -
Qualtty systems
Cotract Review.
Design Control
DocumentControl
' Purchasing .
Purchaser supplied Preduct.
Product I8entfication and tramabthty
Processcontrdl:
10, Inspectimnand testing _
11. Inspectiion Measuring and Test Eqmpmem
12, Inspection and Test status. . [
- 13. Contrgl ofNo-confmmg Pmtlucts
14, Comrective Action.
15. Haidling, storage, Pmkagmgamd Dzeﬁvery
16. Quality Records -
17. Internal Quality Audtt _
18. Training
19. Servicing
" 20, Statistical Techniques.

O : 9000 standards, thus cover all aspects of fun.ctlonmg of any organisation, It mvoIves _
'velopment of the Total organisation. The implementation of Quality management system '

ised onISO : 9000 /1S : 14000 series standards is effected through a well documented
uality manual al ong with procedures, mstructlons and formats for records

9. Descrrbe in brief the pre-requtsrtes for rmplementmg ISO: 9000 Qualtty system o

ns 3 For 1mplementmg ISO 9000 Qualrty systems effectn'ely, the orgamsatton must meet
3 followtn g requirements : o . : ST

1. Development of quality Awareness :
Imparting Education and Training to Employees.
Introduction of Motivation and Incentive programme.
Development of measuring Euipments Laboratory.
Development of planning scheme for Implementation.
Management commitment to fully support the quality system with a strong wrll and
faith to make it success.

'velopment of quality awarcness : Everybody in the organisation from top to bottom
yuld extand hie willful eunnort 16 tha malite nraoramme ond males malifs oo Seot s alinee Ts

-
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- is necessary to convince every employee is accept quality as'as part of work and get their
~wilful support in 1mplementmg and maintining of quality policy of the orgamsal:on as their

h orgaﬂ_isat’ibn to meet international quality standards. The education and training programme
- should be structured for three levels on the lines of ISO 9004, a. Training for executives,

. Mo vatlon and Incentive programme : Quahty systems have clearly recogmsed the 13
‘impdrtance of peoplemachlevmgproduct qualit consistently. It should be noted that the principle

~ in'tHe-organisation from the top executive down to the workers.

‘Planning scheme for Implementation : Quality planmng (ISO 9003 AND 9004) is a
- written document which must be read and understood by everybody from top to bottom in the

quality system. - : )

‘of the organisation in conformity with the provision of ISO-9000 series standards. The quality § |
- system certification of BIS has been accredited by the Road Voor de certificate (RVC) ofthe §
. Netherlands. It has also entered into mutual agreement with DQS, Germany a Ieadm g1S0

Metrology & Quélily Control ]

main respons:blhty _
Impamng Education and Training fo Employees Educatlon and trammg to the workforce
at different levelsis a must in order to make sure that the desired skill is ‘available within the

b. Training for technical personnel, ¢. Training to work force (shop floor) and production
isors. Education and traini.ng must be job oriented and must be integral part of quality

forcg for meeting the specifications maintaining or improving quallty lies not in the gauges,
instruments or other facilities for inspections; it lies in the state of mind of the persons working

Loboratory for measuring Equipments : To measure and control the qual:ty charactnstlcs
of products test and measuring equipments are e\tremely 1mponant components ofquallry
system. Therefore, a metrology and matertal testing laboratory 1S very important pre- requ151te
to make the quality system a success.

organisation before implementing quality system. For projects relating to new products, services
or processes management should prepare, appropriate, written quality plans consistent with
all other requirements of a company's qiiality management system.

Q.20, Describe in brief the mstallatmn I Reolstratmn procedure of 1S0 : 9000 Quallty ]
system. :

Ans :  ISO : standards are adopted by Nauonal Standards Bodies of the individual counmes

These bodies if mutually recoghised by the countries, are the certifying or registering bodies. In §Q

our country Bureay of Indian Standards (BIS), is the National certification Body, The B/S has § -

introduced the Quali ity system certification Scheme according to IS : 14000 series of standards. A

These standards are identical to the mtemat:onally accepted ISO :9000 serles of standards of § -

The quality system certification scheme of BIS entails lmplememanon in day to day operating

9000 certification agency for recognition of each others certification.
The basic steps to be followed for ISO : 9000 certification are as given below.




Quality Organisation : o .
Management Commitment _
Prepare the workmen for change
Selection of appropriate model
Study the selected model
Setup steermg Group and Sub-groups
‘Arrange Training of leaders and Co- ordmators "
Preparé a check list
Prepdre corporate Quality manual,
Prepare procedure manuals, operation manuals work instructions etc.
10 Up date all drawings and specifications.
11. Prepare schedule of training programme and educate employees. -
~12. Provide Tooling, equipments, Facﬂ:tles etc to meet standa:ds
13. Carry out Internal Audit.
14. Take correctlve‘Acnon L
15. Apply for Trial /External Audit.
16, Implement Recommendation :
17. Apply for Régistration / Accredltanon "
18, Grant’ of Lincence: - : : e
Once The trial audit result is pos:twe the orgamsanon isina p051t10n to appiy for regrstratlon' _
BIS/or any other mtemahonal!y recognised Body. - - o . '
After the application has been accepted, the documented quahty system will be exammed
certifyirig agency to veritfy the conformance to the relevant standard Descrepencnes if
v, will have to be corrected by the applicant. .
The corrective action taken by the firm on the discrepancies observed during assessment
Thave to be verified by the certifing agency. Based on the{indings of the assessment team

1satisfaitory report, licence will be granted to the ﬁrm by BIS[ISO to use the certification. '
tk in letter heads, quality cemﬁcates etc. - :

\OPér-‘lpw\.th?r-",

21. Name the standard bodies in Indm Whlch prowdes gmdante in connectlon with
ISO-: 9000, : :

s § In India the following standard bodles provxdes guldance to Indian mdustnes

1. Bureau of Indian Standards : The Bureau of Indian standrds (BIS) is the National |

tification Body It gives guldance for launching quahty system cerfication in the foIIcrwmg

a. _ : _

L Quahty system apprec1atlon programme. -

1 'Quality system survey

ii. Trial Assessment

v. Licensing

Tha Birsair alen radiierte comminiare (‘nanrPnr‘PQ M‘T!Lchﬂﬂc_ﬂn_f}!n_cfn_g'lu—lh - —
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-Q.22. What is machine capablhty ? State its lmportauce Name the meithods used fo
' determmmg machine capability. . o 3

surface finish consistently. Hence, machine capability is the ability to pmduce the parts
_' ._products, oomponems wuhm the specified tolerance imnts conslstently

- short time period, this possibility should be constantly considered by the engineer. Thus repeated

* each inherent variation is the important factor taht determines the capabllny of the. machme to
- produce non defectwe products. : o : 3

~ - loosing accuracy due to wear etc. Hence the machme capabthty determmed at one tme ma g
© not be an mdrcatron later on of the mherent ahll:ty to meet the tolerance -

Metrology & Quality Control | i

1. TheBIS has introduced the quality system certification scheme according to 1S 140008 Qz |
. series of standards are identical to the mternanonally accepted 18O 9000 series of s
.'standard of quality system. : :
Confederation of Indian Industry (CII)
" Breau-of Veritas Quality International Ltd., Bombay
National Centre for Quality management
Quality management International o
'National Productivity council (NPC) etc. also prowdes gurdance insome areas g
related to 1S0: 9000. ' _ .

P*:m-'.n.t.»p

Ans Machme tool selected should be able to: grve requrred machlmng accuracy l '

- But, the machine tool do not remain in the same condition due to.wear, nmproper use, pooiy
maintenance etc. Preventive mainténance, prope. ‘Tubrication, use of coolent, trained workersy
good quallty matenals, tools ete. may help to maintain the machme capab:hty for a 1onge i

Machme capablhtles change with tlme, and because the change take pl ace ina relatwel a

runs of products manufactured do not give exactly the same results. The width of the band of
- Capabrlrty ofa new machine tool is lmown from the catalogues But machme tools goes o

ﬁefore §“e’l’€?:tmg and buYi‘rié’ﬁ fﬁﬁcﬁfﬁe it i ﬁ’zi?:es?ﬁi‘? 6 ko wheikier the machme he i i |
specrfylg is adequate to meet the deslgned tolerance (assummg normal operation and
maintenance of the process) several methods are m use for determmmg machme capabrhty

1. Try out the product as made by the machine mactual use.

2 Measurement (1 e. testing) of the machine itself as i in case of machme tools O
3. Measurment of the product (tumed out by the machme) against the product tolerances
4

. Measurement of the process capabrlrty of the machme in terms of 6o lmuts a g
explamed in Chapter 6 :
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Q.23 Describe in brief.
1) National codes
2) International codes :
Ans. 1) National Codes : Most of the countries have their own Standards Bodies who
- formulate specifications for a _vane_ty__of products. In India Bureau of Indian Staridards (BIS)
is the National Standards Body. Various technical committees work within the framework of
BIS on products of not only consumer use, but also on products for consumption by various
industries. Members of the committees are drawn from manufacturers, users, research
organisations, Govt. departments or any other interested individual experts or orga.msanons :
The different jobs performed by BIS are as under :
i) Providing standards in documented form for products materials and the processea
i) Toissue the ISI certification for industrial produdis under 151 Ceruficatlon marks scheme '
~under Act, 1952. -
iif) Circulation of latest information 1hrough their ]oumals regarding siahdardization.
iv) Providing intemnational standards in India, in collaboration with ISQ (International
Orgamsanonfor Standardlsanon) and. IEC (Intematlcmal Electrochemlcal Commrssmn) m J
" Europe. : :

“2)International Codes : The development of own national standards by major industrial.
countries for similar type of products bear littie resemblance 10 one another. Thus standards
(national) have become hinderance to easy flow of goods from couniry to country. _

ISO : 9000 series of standards on quality system was formutated by Internationial Orgamsatlon '
for Standardisation in order to meet the requirements of i mtematxona!!y uniform quality system.

“European countries adopted these standards in their own National Standards. The European
Nation Trade has reached an understanding that the post 1992 trade transaction would.be
dealt only with those companies who have registered ISO : 9000 quality system. India, too,
adopted these standards ihrough IS 10201 in parts in. 1988 and later year which were
subsequenﬂy as 1S : 14000 senes

CSC CHAKRAVARTHI
Assustant Manager QNQC




 STATISTICAL QUALITY CONTROL
(S Q C.)

'Q.1. Define the term Statistical Quality Control (S.Q.C.) and state its benefits.
Ans : A quality control system is called S.Q.C. when statistical techniques are employed to
¢ontrol qﬁality or to solve quality control problems. Statistic is based on law of large numbers
and the mathematical theory of probability. Tt is in this sense that the adjective stanstlcal is
accurately used in the expression statistical quality control. : :

"In S.Q.C. the mathematical statistical approach neutralizes personal bias and uncovers
poor Judgement Modemn techniques of statistical quality control and acceptance sampling.
have an important part to play in the improvement of quality, enhancement of productivity,
creatlon of consumer confidence and development of lhe industrial economy of the country.

Benefits of Statistical Quahty Control : - : -
‘1. Efficlency and cost reduction : Since only a fraction of out put is mspected use of
+ 8.Q.C. ensures rapid and efﬁclent inspection at minimum cost. :
2. Reduction of Scrap: It enables to forecast the troubles before re_;ecnons occur and
' reduces the amount of spoiled work. :
- 3, More effective pressure : On quality improvment than 100% mspectlon N .
© 4. Eady deteﬁiﬁﬂmﬂﬁﬁmw help of control charts deterioration in qua!ny can B ¥
be easifylEtectodand gercgesjve action can be taken. 1
5. Adherence to specification : So long a statistical conirol continues specification can

be accurately predicted for future, by which it is possible to assess the capability of the
process to meet the speclf cations. '

: 6. Easy application
i - 7. Reduction in scrap, rework and consumer complalnts
B 8. . Better customer relations. :
Creates quality awareness in employees.
. Improves productivity and reduces wasted machine and man hours.

AT
o -




Stalistical Quality Control{S.Q.C.) : _ “ '_

).2. Define central ten dency and explain the meamng of mode, medum and
Arithmetic mean as measures of central tendency, ;

\ns : Central Tendency : When accurately measured the drmensmns of most of the

omponents tend to coricentrate close to the middle of the two extremes. This is called “Central

"endency’ In other words the maximum number of components will have sizes equal to or

ipproximately close to the midle size, and the sizes blgoer or smaller than the middle size will

ye less frequent and lie near the two extremes.

Central tendency is usually expressed in three ways::

i 1. The average value (Arithmetic mean)

| 2. The middle value (median)

3. The most frequently occuring value (mode)

Mode : -

' Mode is the value that occurs: most. frequemly,m a frequency hlstogram or frequency :
olygon it is the observed value corresponding to the high point of the graph. Infact mode s
e most unstable average and its true vaJue is dlfﬁcult to determine. For example, the recorded

bservations are;

| 23245267_,42

" Here 2 occurs most frequently hence mode 2,

VIedlan : '

When all the observatlons are arranged in ascendmg or descendmg order, then median is
he magnitude of the middle case. It has half the observations above it and half below.
If there are “n’-observations of the variate and they are arranged in ascending order:
L N+ny.ooooo '
The median is given by [—“2-"—) value if “N”is odd. . _
On the otherhand the medlan is the average of ( )th and ( N, 1 )m valueif “N”is
ven. | _ 2} 2 _ - - '

Arithmetic Mean : : ' :

" The arithmetic mean ¥ is the average of all the values of variate in the sample.’

¥X,X,, X, X,,..... X are the n values of the variate X in the sample, then A. M. is given

y : : _

% XXy Xyt X, - ZS{_

n
If X occurs f times, X, occurs f, times etc. and lastly X_occurs f, times, there bemgn
3bservatrons

. = lel +X2fg +X3f3 vineees _+an|1
wwtogether then, X G+t
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“isknown as dispersion.

'Variance:

_the number of cbservations “n '

Q4. leferentlat_e between _attr:bute inspection and variable inspection.

Mectrology & Quality Control K

The A.M.is used to denote average size, average yield average percent defective etc.

‘Q.3. 'Define dispersion. Explain the various measures of disbersien. _
Ans : Dispersion : The exent to which thedatais scattered about the zone of central tendency

The various measures of d:spers:on are:
"1 Range (R).
- 2. Standard deviation
3. Vanance
Range : : : : |
~ Range s the.differnce between the largest observed value and the smallest observed va!ue
in a sample. : : %
ie. R= Largest value - Samllest value -

‘Range is the sxmplest measure of dlspersron ina sample It is pamcularly used in the 18

control chart. _
Standard Deviation : : : |
Standard dewat:on (o)is the rm.s. value. Sta.ndred deviation is defmed as the root mean
square of the differences between the obsérvations and the mean, ' ' 4
IfX,X,,X,... X are“n’ number of observations. ¥ = Arithmatic mean S

| Theno = J(Xx'- X+ (XX + et (X - X)) -

= 1’( X-X)? - Where, i varies1ton -

Variance is the suin of the squares of the devnatlons from the arithmetic mean divided by

in other words variance (o- *)isthe square of the standard deviation.

' Dif‘l‘ei’entiate betw_een'quality by'varinbles- and quality by attrihuteso
Ans 3 ' .
' ‘Variable InsPectlon o o Attrlbute Inspect:on E
1. Variable mspection consists of 1. Attribute inspection consists of Judomg the
measuring the quality characterstics | conformance or non conformance of the
to be inspected with the help of . : quality characteristics with the laid down
precision measuring instruments. standard. N ‘
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Variable Inspecfion

'Atfribute Inspection

2. Actual dimensions say diameters of
' number of spindles are measured -
with the help of micro meter, vernier
- calliper etc. and the data is recorded.
3. It provides detailed information about
- the quality characteristic.
4, The time required and the cost of .
inspection is quile large
5. It may cause fatigue to the
~ ‘inspectors. Thereforethe =
B ‘meausrements may go wrong.

6. The data obtained from variable *

“inspection is called as continiious -

- data, and can have any value over
" certa,ln mterv&

7 Exampl_e.:'A:dimgnsion_of parts
. . Mmeasured, Hardness in Roackwell
units, Temp., tensile strength, weight

2. The conformance or non conformance is
usually inspected with th help of Go-No-
 Go gaues. And items are classified as
- defectives or non defective.’

‘| 3. It just gives information about whether

+the parts are acceptable or not.
4, 1t requires minimum time and cost.

s 1t d'oes not cause fatigue to the inspectors.

Therefore this method is suitable in'mass
productlon where large number of sm'nla:
- parts are 1o be inspected. _

6. The data obtained is called discrete data.
‘The. discrete data can have certain integer -
value. For example, asample of 25 'casting '
taken from a lot may contain 0, 1, or2
defectives there can riot be frdcatlon
‘defectives such as 2}/2 defectives.

1 Example : Number of defective_pieccé

found in a sample, surface finish of .
- furniture, cracks iri sheets by spot welding

- oete.

oete

Q.s. Define frequency dnstrlbutmn. Draw neatly the normal dlstnbutmn curve and
mention its characterlst:cs. State the uses of this curve in quality control.
Ans : Frequency distribution : When the measured sizes of all the products are plotted
‘against the frequency of occurances of each size in the form of graph, itis known as frﬂquency
distribution. The height of the curve at any point is proportional to Ihe frequency of oc cura.ncg
'ofihatpamcuiar size. : : _
‘Mormal Distribution Curve ¢ In In the frequency distr?b“iicp if the nambﬁr of obbervaiions
“are increaseqd the frequency i,c,Ii gon assumes 2 bell shape and approximates to riormal
 distribution curve, if only he chiance causes of varation ars p:emi in the quahl) c‘waractensfics '
measured, ' ’ : : :

Character:st:cs : : - :
1. Thenormal distribution curve is bell shapﬂd and symmemcal aboul 1ts mean. The curve
- isfully defined by ¥ and ¢ _
2 Theoretlcally, the N. D. curve e‘ttends from - (mmus mﬁmt)) to + @ (plus mflruty)
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 However for all practical purposes we can consider normal -
curveas extending only 3¢ valuestotheleftand 3o valuesto p
the right of the mean (X £ 39 ). '
3. The most commonly quoted limits in connection with the
curve are as follows. .

M . T «hcr vz.n' )
b-68252d 1}
a5. 4ef ——f |

: ]

C—9971%

ld'

Fig.14.1 Normal Curve

Specification li'mit.s_ | Percent of total Area
' " Within specified limits.

*

XztO . | 6826

- limits.

X+20 ] 9546 .
X t 30 _ | 9973

Uses of N.D. curve in quality control : ]
- 1. When meausred sizes of parts are plotted agamst frequency of their occurance and if §
the frequency distribution curve apprommates to N.D. curve it means that practically

. no assignable causes of variation are present. ' : 1

2. Itis usefulin process capability study to find out whether the process is capable of |
‘meeting the specified tolerances or not.

3. The area under the curve between two hm:ts represents the total percent of pro ducnen_'f._
that will fall within these limits. >

4. Ttis useful to calculate the expected propomon or observanons that will be less 1han orl;-

- equal to specified value X - :

5. - Tt also helps to calculate the expected proportlon of observatlons that will be beyond a3

" specified value X.

6. When we select 3o limits, we are'99, 73% sure that the observations wnll lle within ]

these limits.

Q.6. What is the interpretation of three standard devmtmn" g
Ans : Theoretically the hormal distribution curve extends from. + o to - ®. However fe :
all practical purposes we can “consider normal curve as e\lendmg only3c valuesto the lefig

and 3o values to the r:ght of the mean.
When we select 3 c limits, we are 99 73% sure that the observatlons will l1e wuhm thes
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0.7. Name and descr lbe the various ways of graphmal representat:on of frequency
distribution, . -
Ans ; The frequancy distribution can be represemed graphlcally by the followmg ways -
1. Frequency Histogram,
2. Frequency polygon
- 3. Bar chart.
4. Ogivecurve
a. Less than ogive curve.
b. More than ogive curve. : '

1. Frequency Histogram : Fig.14.2 shown a frequency hrstogram In this graph the
sides of the column represents the upper and lower cell boundries and hights are propomonal '
to the frequencies of occurances within the cells. In drawing a histogram it is. assumed that_-
the frequency is centred at the mid value of the class or cell.

The simplicity of construction and mterpretatlon ofthe .
‘histogram makes it an effective tool in the elimentry analysis-
- of the data. A random sample is selected from the lot under
consideration and measurements are made for selected quality
~ characteristic. When there is 2 large amount of highly variable
data then it may be grouped in to cells, the class limits and
cell boundries are decided and the frequéncy histogramis.
T R 5 3 7535 . plotted. Asa general rule, at least 50 measurements should
F:g.14 2. - . betaken to provide sufficient data to reveal the basic -
Frequency Hnstogram ' -pattern of variation within the Iot ' _

2. Frequency Polygon : It consists of a series of straight lines j joining points which are
plotted at cell mid points with a height proportional to the frequency. The advantage of frequency
polygon is that frequency polvgons of several distributions may be plotted on the same
axis,thereby makmg certain companson posmble Fig.14.3 shown afrequency polygon

_.-----;_;__-;.-ﬂ

| =

I
e vt o i e e

3 - - _

1 20 R

oY _ '20. .

@: 2 _ n 16

g : - g Sn

& ; 28 .
¢ g I !

0 g 20 30 £0 50 60 70 80 30 B _ O‘JTo P0) 30._m'_5q,s'_oioaa |
Fig. 14.3 Frequeny polygon ' Fig. 14.4 Bar chart

3. Barchart: A frequencv bar is a graphical representation of the frequency distribution
in which the bars are cemered at the mid pomt of the cells. The heights of the bars are
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4. Ogive Curve nges are. used to plot cumulanve frequencies of values less than of

L greater than the respective cell boundries. Less than ogive curve
) p : : isa graph between upper class boundary and the less than cumulativg >
_ é i ':' : ‘frequency. It is an “s’ shaped curve which gives a cumulatiyel
. .l . frequency of a variable less than a given value of the variable. §
g._ "’zs-zas‘ o tsim In more than ogive curve the cumulative frequency is plotte -

BIAHETER © against the lower class boundry. Itis an inverted “s’ curve whicl
. Fig. 14.5 Ogive curve givesa cumulauve frequency of lhe varxable more than a gWe L |
value of the varrable . :

- Q.8. Drfferentlate between Drscrete Data and contmuos Data. g

L b, Chssrl‘y the followmg data as to whethene they are drs‘crcte or continuos. §
Ans: : ' : 1

L Weekly number of accid e__nte ina gn’ren' plant,

2. "Tensile strength of cotton yarn in Kg/em2

3. Monthly. number of machines rejected.

4. Daily employment

5

. Diaméters of metal cylinder.
6. Cracks in sheet by spot welding.
Discrete Data ¢ In analyzing v anabrhry 1t is essentral 1o drstmgursh two types of daia
"1. Discrere data.
2. Continuous data. _ . o
The data that arise from. counting is dtscrete The drscrete data is obtairied by attributel
lnspecnon The discrete data can take certain integr value. For e\amples a sample of 254
. casting taken from.a lot may contain o 1 ,or2 2 defectlves there can not be a fractren defecme
“such as’ 2% defectives. : - ' : g
Continuous Data Commuous data rel‘ers to data that can potentra!ly take on any value?
within a given range. This means that within that range there is no inherent restriction on the§
~ values that may be taken. Continuous data is obtained by variable inspection. 1
b. 1. Weekly number ofaccidenis in a given plant-Discrect.
_ Tensile strength of cofton yarn in kg/cm?-continuos
Monthly number of machmes reiccted- Drs-,.retc
Dar]yFrunloyment Drscrete
Diameter of metal "y.mder continueus
Cracks on sheet by spot welding- Dlscrete

Q.9. Define the terms.
1. Grouped !‘requecv drstnbutmn
2. Universe or population. : . -
Ans : 1. Grouped frequecy dlstributmn : Grouped frequency drsturbtlon of a set. of
obsetvation is an arrangement which shoivs the frequency of occurances of the values of the

o s W
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: vanables in ordered classes. The interval along the scale of measurement of each ordered
F classistermedas acell The frequency for any cell is the number of observations in that cell.
2. Universe or population : The iniverse c¢an be thought of as a common source from
" which the total collection of units is obtained. The terms universe, population and parent
~ distribution has the same meaning. Statistical methods are based on the concept of a distribution
 of an exceedingly large number of observations, termed as an infinite universe or population.

PRQBLEBIS & SOLUT I ON

1. . Five ""thermostahe controls are tosted to determme the. “on” temperature. The
- 'measired values' are 344°, 338°, 342°, 335°, and 336“,. These, \falues contitue
o ;'the first sub group for certam control chart.
"'Calculate the anﬂunetlc mean, range, standard dev:catmn and zvanance of t!us
-subgroup. Cre -

 Solution :  Avitmeti meanX < 344 +.338° +302 + 335.+ 336 -

:'5

_ 1,693_ | =-___3390 _
Arrangmg in ascending order the values are .
© 335°,336° 342° and 344° .
- Median = Central value = 338° _
Range = Largest value - smallest value

. 344. 335 9°

Standard deviaﬁon: ' (X- - 55)2
' n

I (335 - 339)° + (336 - 339)% +. (338 --;339)':2 (342 - 339)2 + (344 - 339)2

[+ +1+9 +_-25' | ] J—— 34“10 |
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.. 14,2 For the f olliﬁwing data c:_:.ﬂ éulat'e.'the Arithmetic mean and standard deviation?

Cell mid points ~ Cellboundries Frequency

3. . | 35 -} 8

-390 3815 10

395 -} . 32s | 15

400 0} 3975 . Y

05 - . | - 4025 i .8

o 407.5 C '
Solutmn :- For convenience the data may be mbulatedasfollowes . -
Cell boundnes Cellmid | N Frequency _

L X £ &% | = &2
38253875 | 38% | 8 . ] 3880 | 143225 | 1185800
13875-3925 | 390 .| 10§ 390 .} 152100 | 1521000 -
30253975 | 395 | 15 - | 25 | 1se025. | 2340395 -
39754025 | 400 | -17- - 6800 '} 160000 2720000
4025-4075 | 405 | 8 3240 | 164025 | 1312200

Totl | . |zr=ss -2&=_22§45 }:&2-;_'9079375'.-

1) Anthcmctlc meanX = Efk 22943 = 395.60
n - 38
'2_)_Standard deviation = 4)- - %2
R ' n _
--9079375 .
AL tes 395602 -
‘J 55 1090 e
= 156540 - 156449536 '
= 440 58 = 637 '

| Second method (shift of nnum method) :
“Standard deviation can be calculated easily by short cut calculatlons as under
Accordmg to th's method, :

2.fd

n .

X=X+

" Where K is gissurhed origin, preferably the central value of X series.
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d=X-K .
| and_c.___\/zfd _(zfq)
. n - _n

Ii_l fhis:probl em let._K'-= 375

The data can be tabulated as follows for convenience.

1 Cell and points x Fr_equéncyf d=X-K,_(K=_395)- I £ B fd2 )
395 8§ | a0 -80 800
3 | 10 | . 5 50 250
395 1 0 0. S0
400 17 - S 88 425
405 8 40 -80 800
| n=xf=58 | = $fd=35 ' Td2=2275
Arithemetic mean X = znf_d.
| 35
= 395 + 222 = 395,
| S e
N e : - ) 2 - T
- Standard deviation =J 2.1 = - (Z_fd)
. |15 o9
'V 58 58

H

38. 864 6 2340

14.3, One hundred steel pins with the speciﬁcauon of 10-!-0 015 10 ?0—0.010 dzameter :

-were obtained and the data was recorded follows v

Diainmm No.ofpins - _dl-a-l_n mm '_ nq.of pins.
10.60-10.65 | = 05 10.75-10.80 | 35
10.65-10.70 0 10.80-10.85 17
10.70-10.75 30 10.85-1090° |- 03~

[

Find the Arithmetic mezm and standard deviation,

any.

Solution : The data can be tabula_ted as foilows for co\femence'. ) :.

2, Interpreat 1he results on the basm of Normal dlstnbunon and suggest the changes if




nid | |

nidpoints X ‘| frequency /' | d=%-K(K=10775) | - fd- | = fd2

10.625 05 -150 - -0.750 01125

10.675 10 -0:100 -1.00 0.100

10.725 30 -0:050 -15 0.075 -

10.775 35 0.0000 0000 |  0.000

10.825 7 40050 .} 085 | 00425

10.875 RN - I 40300  loeso | 030 B
--".-_n=f.1_00 | Zfd 2.100 | zfd2 03600

Anthmeuc meanX K + Efd __10.-775 %"i‘égo

’ :.gvlﬁ ThE _I

Fig.14.5
ency- DiStributio’n

(8}

107740021 e
10754 .

n .n,

J 0360 (202 -

Y 100 - 100
~ 3climisonnormal curve . ‘
=3x0.056=0.168 |
S =X£30=10754£0.168

=005 §

Therefore maximum dimension that can be produced by usiff

this process

=10.754 ¥ 0,168 = 10,586 mm.
The specifacation limits are 10.70+0.015 = 10 ?15
~and 10.70-0. 010 =10.640

_ Therefore the process is not within specification limits '

Fo!lowmo are the readmgs of 30 barsin a sample mth specrﬁcatwn SOmm : 8

503

501 493

500 499 ' 5_0.0 503 _50.1
— —san _ &AN_ _ £00 408 - SO0

0501 's02 M
oo =0 B R
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1. Frequency Distribution Table =
e Tabulation - |.~Frequency
B 498 . o o2
499 . _ B . 2
50.00 - L R (1
sor | Mmoo | 15
50.2 | HH il _. 8
503 . o I 4
. 504 . e . - ) . _ p
50.5 . il R
2. Frequcncy polygram and d:stnbutwn curve : | '
' i) Anthcmencmeanx = zfm
- 492 x 24499 x 8+50 x 10+50.1 x 154503 x 4+50.5 x 3
= 50.092 |

FIU 14.6 Frequerﬁ:y po!yg'wn
for calculanng stadard deviation the data may be tabulated as follows.
| Fig.3.6 frequency polygaon :

‘| Diameter mimx1 . Frequency (Xi-X)_' O X-X)2 fi(Xx --‘ﬁ_)z'
49.8 2 - -0.292 - 0.08526 01705 |
499 . 8 C-0.192 .0 0.03696 0.2949
S0 0 10 -0.092 - 0.00846 - 0.0846
501 - 15 - +0.108 000064 . 0.0096
o502 8 +0,208 00166 0.0933
5030 T 4 0208 0.0416 - 01664
04 _ . T S L.
505 3 40408 - 016646 . - 0.4994
- ' ' Sfi(xi- X - 13187




Y

f n
_ |.1.3187
50

= 0.1624

~ Second Method s

“Mectrology & Quality Controlfl |

" frequency |

) AMX=k+ 22
. - - n

50

_[ze | Gep

- - on

R S A e EA
¥ s 50. .

= 40,0264 - 0.000064 "

= 0.16228

14,5, You have collected the following data from micrometer measurements in milil§
-meters of a sample selected form a large lot of machined parts and have formed

frequency tally sheet of the data as follows:- -

" Diametermm d=X-K fd S 72
498 - . 2 .03 .06 - 018
. 499 8 S oz T 16 . 032
500" 10 =01 S -LO 010
s01 - 15 00 086 000
50.2 8 401 +0.8 - 0.08
50.3 -4 - 402 8 016
565 3 +0.4 +12 0.48 -
n=50 %d=04  TfI2=1.32-
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. Measuremems

Tally

‘Measurements

Tally

2570

© 25.60

25.50

2540

2530
2520 0

| a 25.10

oo 2500

e
Hit
s

W 249
| 2480
.

24.80

ol
i

L Compute the average and standard devxatlon of the sample
. ii.” Given aspecification 25+0.5mm . . -

Interpreat the fesults on the basis of normal curve _
. Solution: For convesnience the data may be’ tabulated as follows

Measurements

{requency.
- §

d=X;-X

d

e fdzg ’ . g

' 498
499
500

25700

: 25.60r

125400
2530
25.20
25.10
25.00
2490
2480
2470

8

- k=2520

03
-0.2

S0

040

e 0200000
TRV 19 L) S

- 0.00

-0.10

-0.20

-0.30 .

-0.40 |

-0‘50 -

DG
1.6 e
5 5 R
-0.50 - 7
“aL 0500
w30
LA .

a0
- 0:00
-0,60
-0.80°
-1.20 -
0.40
-0.50

VN A 1.
© 00 T
025 -
C.032 .
.. 045
028
PERT 5 3 A
20:00.
0.06
-0.16
-0.36
- 016
0.25

- LetK=2520

Sfd=1.80

TidZ=2.40

- = 2520 .+

li

W

- 1.30

25,20 + 0,036
25236

(=)

n

.lzmz
"
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|'§

- (L80)2

50 .

- now3 g = = (}.648

r——

| X2%-236. l

t

———a—— A

Fig. 14.7 Normal
Distribution.

e e e ni N U -

-

is not within specification limits.

= J0.048 - 0.0012967 .

= /6046704 -

= 0.216

. But the upper and lower specr{' cation lzmlts are 25 50 and 24, SOmm Therefore the process ;'_ ] . ;:

- The process is not capable of meeting the tolerance the suggested remedy is 10 reduce the
.dlspersson or mcrea'ee that tolerances and maintain the centering of the process ' -'

Solutlorl Now- Tx -2
N
CIX Ly
100 | .
Sx =4,000
~ Corrected TX willbe = 4,000 - 50 + 40
= 3,990
~ and Correct X = 3.9%0
100
| =_~-39-.90- -
Tx: | 2 ' szz \2
o = =2 (X 51 = =32 C (4002
J N (X} o N (40) -

" Maximum d;menswn 1hat can be produced by lhe process,
X = 25236+3x0.216= x+3cr '
= 25884mm - |
Mmmum dimension 1hat can be produced =% - 3o‘
25.236-3x. 216 S
24588 mm .

. 14.6. The mean and standard dev ratlon Ofd sample of 100-observations was calulated
“as 40 and 5.1 respectively, While comparing with the original data it was found |
lhat by mistake a figure of 40 was miscopied- as 50 for one observat:on.

- . Calculate the correct mean and standard devmtion.
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2 :
= - 1600

) -
(1500 + 2601)x100 =¥x?

. Corrected ZX = (50)2 + (40)

\{16170__(3990)2

= V5=

7. A machine shop producess steel ‘pins. The welght of 100 pins were checked
_ after machmmg and Jata was recored as follows, ' :

= 162601 :

Correct o =

 Widthinmm _Frequency © Widthinmm | * frequency
L. .9.50-9.51 - 6 9.58-9.59 2
9.52-9.53 2 9.63-9.61 8
. 9.54-955 20 9.62-9.63 6
9.56-9.57 k7 9.64-9.65 44

2. Find the arithmetic mean and standard deviation. -
b. Plot the [requency h:stoaram .
¢. Plotthe ogive curves.’

1. Less than ogive curve.

ii. More than ogive curve.
The data may be tabulated as follows for convenience
W_idlh inmm  allmidpoints  frequency d=x-k £ fd?
9.50-9.51 -9.505 6 -0.60 -0.36 0.0216
9.52-9.53 9.525 2 0.040 -0.08 0.0032
9.54-9.55 9.545 20 -0.020 -040 0.0080
9.56-9.57 " 9.565 32 - 0.000 - 0,00 0.0000
9.58-9.59 .9.585 22 +0.020 044 0.0088
9.60 -9.61 9.603 8 +0.040 0.32 0.0128
9.62-9.63 9625 6 +0.060 0.36 0.0216
9.64 - 9.65 9.645 4 +0,080 . 032 0.0256

Tfd = 0.60 T2 = 0.1016




oy

5

'cn
6

9‘525 -

9;555 .

' 9545
s

D Il'lllf.lﬂﬂn R

Fng4 8 Freqwency Histogram. . - - B
For plottmg i‘requency h:stogmm the dnta nyay be tabulated as. i )

) i_'“MctIﬁ)lqu:_& Qt_ia_lity-Comrnl"- i !

Io 1015

V T00-

= 0. 00098

= 0.0310 .

= 9565 + —
100

060 = 9571

\\’1d1h in mm

Class boundnes

,,,,,

S

Ceﬂml
pmnw s

'. with léss~-__ -
class upper

" Noorpns |
~with more than - ]
Tower class |

' 9.50-9.51
9.56-9.57

9.62-9.36

: 9.52-9.53-
9.54-9.55 .

| 9.58-9.59
9.60‘9.61 o

9.64-9.65

- 9.535-9.555

©9.555-9.575
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_Q 10 Def’ ine “Centrol chart” state the ob jectives of control charts t‘or varlables ( x,
Rand ¢ Charts).

- Ans. :Defination: A control chart isa graphlcal representanon of the collected information.

The mfpnnatlon may pertainto a measured quallty charactenstlc (Iength d:ameter th:ckness‘ '

‘etc.) or' a judged quality characteristics! " :' T _ s
In other words control chartis a devnces o R
_; Which specifices state of‘stanstrcal c0ntrol IR R L
a devrce for attammg staustlcal control. S
g '4 a device'to judge w hether'a state of statistical control has attamed
-ObJectwes of X;Rand ¢ Charts: :
: X andReor X'and o Charts are’ used[ in combmatlon for the contro! process
X chart shows the centring of the process i.e. it shows lhe variationin the average of
 the samples. ' :

R chart shows the umformnty or consxstency of the process ie it shows vanatnons in

the ranges of the samples. :
o chart shows 1he vanauon of. the process

' 2. ,‘The contrel charts are used to determme whether a gwen process can meet the exlstmg
.- specificetions without a fundamental change in production process,
.3, Tosecure information fo be used in: es!abhshmg or changing productlon procedures
To secure information when it i necessary to widen the tolerances. -
“To secure information to be used i estabhshmg or changmg mspectxon procedure or
-acceptance. procedure or both . - : -
6. To provide a ‘basis for currentdecisions on aceeptance or rejecuon of manufactured or
- purchased parts. - . - RS R It NI T U
To ensure product quality level, _ SR T
Control charts builds up the reputanon ofthe orgamzanon through customers sanst‘act:on.

w

W go=

\\henloleavetheprocessalone S S EE A e

HEFEE I AT

Q 11. What do you understand by “stat:shcal control of produtmn process”"

Ans : From 2 batch of prodcuts.-manufachired by a certain productlon ‘process. Some of the |

products are selected at random. Yheir qualrty characteristics say (ienglh -diameter, thlekness
 sic) are measured and classified according to'actual dimensions, 7 h bisnal

If we tabulate theso dlmensmns m ‘order ofs:ze‘ (in asendmg or dosandlﬁg’ord’er) an&givo '

the frequoncies with which each size occurs; we havea frequency dlstnbutwn

“f the distribution of observation follows a normial curve, then itis assumed that: the variations
are due to chance causes and no assignable causes of error are present. The condition which
produced these variations are said to be inder control and it is ¢concluded that the process is

under satistical control. On the other hand if the dlstnbuuorr doag pot follow a normal curve

“To deterntine when to hunt for causes of vanatlon and take acuon to correct them and -
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Il :
l“ llh ,th: - thenitis ‘concluded that one or more asmgnablo causes of error are present and the process is'§
s lm ~ notinstatistical control. _ ' - o _ _
| 3 - Qul2, Describe the method of contructmg X and R charts and cxplam how thesef

chavts helps in determmmg Iack of control.
' Ans The various steps in contructing ¥ and R charts are as follows ;.
'1. Calculate the average X and range R for each subgroup 1
‘A good number of samples of i ltems manufactured are collected at random at different]
intervals of time and their quahty charactersucs (d:ameter thchness we:ght etc) are '

‘measured. :
. For each sample; average value and rangeis calculated for example ifa sample contams
__ --.ﬁve items whose dlmensmn are X, X X » X, X ceeeiaaens theD ' : -

B .'_'The sample Averagex X "' F Xy + X3+ X4t XS o

' Range Largest value - smallest value
- 2. Calculate the grand average X and average range ii
The grand average X is the average of averages.
- Itisobtained by dividing the sum of % X values By the number of samples (subgroups)

ie X = Z—I;{- where N = Number of samples
Smularly R-= ZR

o

Ca!culanon af3 s:gma Iim:ts on. control chart for x':
The control limits are given by the relation

'Upperoontrol- li_mit X = §+ WX .

Lower eontrol lim-it X § 3055

N Where ‘axX Standard devnanon of the averages = A—
Where n=sample size

o' = Standard der:anon of the universe and

'@ = Rfdy where d, is factor which depends on g sample sizo.
To shorten the calculanons following formules may be used.

UCLR = X + A2R ----'---(z) or,
LCI.X * X - AIU
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1

or -

LCLX = X - A’ --=---=(3) -
LCLX = X7 + Ag® =ennn-- @)

CLCLX = X + Ac’

Calculate 3 sugma control kimits for R chart for R chart :
‘ UCLR D4 RorDyo’

UCLR Dj Rorch .

The values of the various factors A, A, A, D,D,D,D, are based on normal dlst'lbutlon )
nd can be found from standard tables for a pamcular sample size.

5. Plot the §¥ and R Chart : While plottmg X chart the central fine on the ¥ X chart
houtd be drawn as a solid horizontral line at x . The upper and lower control limits for X
hart should be drawn as dotted horizontal lines at the computed values.

Slmnlarly, for R Chart the central lme will mdlcate R and the control hmlts are shown by
stted horizontal lines. .
Then plot the averages of the sub~groups iny ‘Chart in the order collected and the ranges
R chart. The R chart is plotted below the ' chart. Points outside the control llmlts arg

licated with cross on' ¥ chart and by circle on R ‘chart.

6. Drawmg preliminary conclusions from control charts : Lack of control is

icated by points falling outside the control limits on either X or R chart. When all the

ats fafl inside the control limits it means that the process is in control. ¥t really means for all
rtical purposes it acts as if no assignable causes of variation are present However, 1 out

5 points or 2 out of 100 points can be tolerated and the process is said to be in control.

larly arun o!‘ seven consecutive pomts on 1he side of central line mdlcates lack of control.

}. Whatis \ ariability?

Differentiate between 'Chance causes and 'Assngnable eauses of varlatton .
giving suitable examp!es. :
: Variability : In nature two extremely similar thmgs are difficult to obtain. Thrs facis _
good for production process also. No production processes can produce all items of
cts exactly alike. The production process consists of combination of men, materials and
ne. Each of these slements has some mherent or natural vanahon as well as some un-
! variations due to assignable causes.
example, suppose drilling operation is to be performed on castings. The first source of
on is the material itself (some castings may be harder than the otheres, some of them
ve internal defects) if the operations are done on & mass production by pumber of
t on differont machines, the second source of variation is the machines. Tha conditlons

iines may differ. The third source of variation, man,is the most vanable of themall .

iav be diflerneces in skill, experience of the workers doing. thasaer =277
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" The same person may act in dnfi‘erent ways in different psychological condmons and adds ]
- to variability in the quality characterstics of the product. : -
. There are two kinds of variations in a production processes that causes vanabllxty in the '
“quality characterstics of the produet. These are; : '
1. Variations due to chance causes.
2, Variations due to as_s_lgngple causes. .

‘Variations due to chance causes Variations due to :is's'igii';_lble causes
(Random variatmn) VRN B S

l These are due to the mherent Qr _'"_.

:'_' _1*Theseare unnaturallvanations m'the N
: elements ofproductmn. o

producnon (Men matenals and

" machines) _ o

2, These yariations are dtfﬁcult 10 trace, . I.2. Th
They are due to seme inherent charac-

- teristic of 1he process or machine, . .. e

3 The chance factors effect each -

component ina separate manner ',

;- they may cancel each others effect
I -_.4‘; Example. .a_lit_tlg pl:aya- bﬁtwt?eh_nu_t
and screw.at random lead
lash error' and may. cause_change in.
dlmensmns )

Q 14, What is meant by process capab;hty" How w;ll you determine ]
. process capablhty study helps in achlevmg desnred

3 called as natural tolerence 2 - -
 While determmmg process capahlhty itis necessa:y to minimizé the eﬂ‘ect of factors su
as un-natural material variation, process adjustment ete. and trained operators shotild be allowed
to. perform the work A number of samples are taken over a penod of tlme ‘I'he proce
capablllly is donie in the followmg manner. : - = '
1. Calculate the average X and range R of eath sample -
2. Calculate the grand average X and average range R . Th:s measures the cemrmg o
the proces::. o : 4
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Ca]culate the process capab:lny 6ot= 6. ( Rfd,] where dyisa factor for apa:ucular
sample size.
process cap abxlny study helps for. achlevmg the desired: quahty in; the followmg manner.
I~ Ithelps to find out whether the process is capable of meeting the specified limits or.not.
2 To discover why a process capable-is failing to meet the specifications.
" When a controlled process must meet two specification limits, upper specifiaction limit
| lower specification limit. the possiblé relationship between. process capabllny and the
cification limits:may;be grouped in three classes-as.described below.: R '
L. (Ymax-Xmm) > 6 o he. sp ecified tolerance is greater. than natural tolerance :
Where Xmax = Upper spemfatlons lmut ‘
- Xmin=Lower specifation limit. . e
. Thefrequency curvesa,b,cand d shows vanous posmons
... inwhich the process may be gentred. - Co
. Conclusion & With-any positions; prectlcally ali the
sl T products manufactured will meet spec:fatnons as long
FEAEZLEES 0 asthe process stays in control. -
Flgl49 P B Ty

‘90 e
Do e
a0 .
Lid

04 .
.
203
ao : R
LT T

v'éfwmm-m '

. Xmax - Xmin o R I T IUCEEA
LI the ratio | T is conmderably Iarge_frequency of control chart

- :2:—3, '?::!‘.-""-'-:'.:"'f",_ R

~ may be reduced.
' o 2 {x max -min) <6y Canclusion:In this =

case defective partsmll always be there therefore, B
) "'the remedy will be, " '

Increase thie tolerance : .
u. Reduce dlspersmn b}( malong fund amental’
 changiés mthe productron melhods machmes
- wsedete.
S T Buﬂ'er nnd sort ot the defnctwn, ifitissco
CFgl10 T  nomical than making thefundamental changes._
w It is still important to maintain centring of the process. : .

Angy,

_-3.'(Xmax Xmln)==65' :
Conclusion : v
i Wis necessary to maintain centnng of the process.
VA yme 1. 1fis advisable to mcreasetolerencc :fthey are
.0 tighter than is really necessary,
iii. Reduce dispersion ifit is economical.
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Q.15, State the :mportance of process (machine) capability study in solvmg quahty
probiems. 1
Ans @ The information obtamed from process capablhty is of great importance in solvmg quahty |
problems‘as follows : 3
- L - The design enginer, knowing the capablllty of the process and the avarlable equ:pment
has more rational basis while selecting the specifications. - ]
2. The planning enginner, can assign the jobs with more nght tolerances to the most |
capable machines and that with wider tolerance to the less precise machines. k
~ 3. The too! designer can spot the places where toolmg 1mprovements must be made to § |
" maintain the process capability, . : : :
4. 'The capability information helps the foremen 1o decrde which machme may requ1re 5
overhaul, :
5." The machine set up man learns wh:ch machme rcqun'es the most attentlon to set up
- and which one needs only normal care. :
6. The machine operator and mspector can decide whlch machmes needs closest watch : 1

-in‘production. - o : .
7. -While purchasing it provides a means to compare actual performance of equlpment

- withthe manufactures claims. :

Q.16. Define process capablhry mathemancally For a part:cu!ar process stand'u d
deviation is 0 5 with speclf' ied tolerances T, -T,=2.
Ans :.
i  Whatis the process capablhty in thls case? .
ii. If process capability is less than T, - T, comment about the process
Mathematically process capability can he defined as, process capability = 6 o’
Where g* = standard deviation of the populat:on from wh:ch samples are taken for

3 measurement of qual:ty characterstie, -

_ | T ' i When ¢ 0 5, process capability = 65’ = 6x0 5=3 units.
S i "~ and specn[’ ed tolerence =2 umts |
Fig. 1490

6 a1l . . :
-t In this case (T,-T,) < 6 ” process capability is greater than
specified. lolerenco Therefore defective parts wnll always be
- - . there.
Fig.f4.12 i In this case (T, -T,) 6¢°




Therefore the process is capable of meeting the specified
tolerences. capability 6 * is less than one -half of the tolerence
_ T consider reducing the tolerence secondly 100% inspection is not
Fig. 14.13 necessary and a sampling prodedure should be used. .

Q.17. Study the figure given above and answer the following? :
i. State the tendency of this process. Is the process under control 2 ? Give reasons.
ii. What are the poss:blc causes of varlanans.

: : Ans : :
———— ppec cone 6t 1. The consecutive points on n the chart above tend o
C :'m;“. e . - move fromzlower control limit to upper control limit.
" .- Thereis arising trend: Since the change is taking
- - Lawer wnirdl it place slowly and though all the points are lying within
o © control'limits, after some time it is Jikely that the pro
W e cess may go out of conirol if proper care is not taken.
Fig, 14.14. ' 2 It indicates that some assignable causes may be

present, such as change in tool'setting. Therefore lhe tool must be set e\actly at the normal.
It may also be caused due to tool wear.

- 'Q.18. Study the given fi gure bclow and answer the followm
- Name the figure. What mformatlon is obtamed

WL L e %
: — rau . from the above figurel? :
; OQ v+ n ii, ‘What is the trend of the readings indicated as(+)?
= L O g Jume iii. Compare the trends of readmgs mdlcated by(\)
%y -'x * - - and(o)withrespectto (+)
@ o.0 -6 .~ - iv. Whatisthe important use ofthemfurmatwn
(0 ' oblamed above‘7
Ausi

- 1. The fig. shows Xchart. The averages of various samples are plotted on the X chart.
- Thevarious poirits (+) (6)..(x) indicates various trends. B
2. The reading (+) indicates rising trend. The consecutive points tend to move steadxly
towards upper contro! limit and the progess is going steadily out of conlrol as the last
point goes above upper control limit. '
' 3. The points indicated by (x) shows chance patiern ofvanatzons Most of the points are
near the centre live X no points are beyond the control limits. The process is in.contral.
The points indicated by {(a) shows that there is an erratic change and the process may go
. out of control. It means some assignable causes of varnaucm arg present



Metrology &'eQuzilily_ Contro! |

mm.,‘._ The (+) points mdlcates rising trend.The process is gomo steadlly out of control.Some | A
“ "% . assignable causes of error may be present ' : '
5 “‘l.: -+ Q.19. Outline the theory underlymg contrul charts for
e 4 ~ 1 Fraction defective. - RS
- fi. Defgcts - SRRt - -
‘Ans ¢ Control chart for fractwn del‘ectwe (P chart) It s ca]led as p chart Fracnon
 defective may be defined as the ratio of the number of defective: articles iri any inspection to§
the total number of articles actua!ly lnspected. Fracnon _defectwe is, always qxpressed as.
“decimal fraction, .
P-Chart may be applied to quallty characterlsncs that ca,n_
attributes, e. . dlmenszons checked by Go and No-Go gauges. '
' For P chart. -

Thc central line, P_

_ 'Nﬁmﬁc_i' of dcfcctivc articles ) o
'I'__otsil_."nu:il_l:b,_et.bf articles inspn:c_ted-"-r s e

- The control llmllS forPchart are R
Uppercontrol it UCLP P 4 3 JM
i m

Lower @ntrql-liﬁit LCLP =. ? - " -—-—

PLII pose of P chart : E B
Because of the lower mspecuon and mamtenance costs of i3 chaﬂs they usualfyha\'e il G
greater area of econom:cal apphcatlons 1han the control charts for variable, |
A control chart for fractlon defectwe may have any ofie of the fol!owmg purpose. ]
1. To discover the average pr0porat10n of defetwe artlcles subrmtted fori mspectlon ove . g%
- aperiod of time, ' | B
2. Inasamplingi mspectlon of large lots of nurcha.sed amcles

‘3. To bring to attention of mana gement any changes in average quahty level

4

5

. To discover, identify and correct causes of bad quallty
. -Ttprovides the management with useful record ol‘ qualuy hmory

Control Chart for defects (C chart)

C chart apphes to the number of the det‘ects m 8 subgroup of constanfsnze. {3 15; alsn
attribute chart. : T ':3
' Tha central lme, = Numbcr ofdcf‘ccts
~ Total numbcr of subgroups

_-'Upper Contro!_LimitC, UCLC C + JJ—

Lower control limit €, L_CLC c JJ—
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f control.Some *

‘chart. Fraction

iy ingpection to
ys expressed as

cerved only as'

¥ usialiy hive s

purposs.

inspection; over:

level. ’

slze It i:s\-.also an}

' A p;-)licat'i'ons : Control chart for defects “C” chart and “U’ chart has much more restricted

field of usefulness as compared to X and R charts and P charts. The examples, of typlcal

 applications of C chart are:

1. Number of surface defecls in an ai rcraﬁ win g : ,
2. ‘Number of surface defects observed ina galvan91ed sheetor a pamted or enarneled .
- surfaces. S - ' : : '
Number of small holes in glass bottles
" Number of imperfections observed in a cloth of unit area. -
Number of foose soldered connections. S : _
_Num'oer of defects such as blew holes cracks und ercuts eto ina castlng orwelded
piece. ' ' : . .
7. Total number of defacls in complea. assernbhes such as radro receiving sets sewmg '
e machms etc C chart techmques helps to keep the number of defects to-minimum.

- NI

Q 20, D:l‘l‘erentlate between del’ects and defect:ves. What do you mean by “U’ Chart,
- how does it differ from “C’ Chart"

Ans : Difference between dcfects and defectives : An ttem is sard to be defectwe if' it

fails to conform 1o the specifiactions in any of the characteristics. Each characteristic that

does not meet the specifications is a defect. Anvitem is defective if it contains at least one

defect For example, lf a casting contains undesirable hard spats blow holes, cracks etc. the

'castmg is defective and the hard spots blow holes, cracks etc whlch makes the casting
. uefectlve are the defects. - : .

" U Chart.::C chart apphes to number of def‘ects in a2 subgroup of constant size however

" when the subgroup size varies from sample to sample U chartis used: U chartis control chart

for number of defects perunitina samaple of units, .

Numberofdcfectsin'asunple R ;—_v-_-.'. _'
numbcrofumts inasample o o

W omer-womti =

The ﬁmnual as for control on U chart am,

UC[_- =u+3 ]’*-'
LCL=ﬁ'-'3ﬁ_ :
. n

and the control tine U = —;— _as explained above
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]“Mh| Q. 21. leferentlate between varlable charts and Attr:bute charts?
.  Ans : S
~ Va _ri"able _Ch arts A‘ttribute Charts
- 1. Examples - X R Chart L. p.np,c, uchaits. 5
2 Typeofdatarequired variables - 2. Attribute data (judged values of qualny Li
data (Measured values of quallty - charatenstlcs obtamed by usmg GoNOGo (R
- charac teristics)  gauges. - ]
3. Field of Application; controlof =~ 3." Control of proportlon of defectives or
individual quality characteristics * .. number of defects in a subgroup of
size or number of defect perunit. - conmsfant
4. Advantages: a. Provides maximum 4. a. Data reqmred are oﬁen already :
* utilization of mfonnanon available - ‘available form mspec‘n on records.
from data. ' h b _Easﬂy understood by all personssinceit 18
b Provxdes detailed mformatlon on - - ismore sumpleascompareto “X,Rend R
 process average and variationfor - Charts. | -
control of individual dimension. ..~ ¢. It provxdes overaII plcture of quahty
_ : _ _ _ . d They mvolve less cost and tlme
5. Disadvantages : a. They arenot. = a. Theydo not provide detailed
- easily understood unless trainingis = information for control of mdn idual
provided. - - o ' ~ characteristic. '
b. Can cause confusion between b. Theydonot recognize dlfferent degree _ .
control limits and specification limits. of defectiveness (Weightage of defect). {f§
c. " Can not be used with go-no- s.o : o ' : ' oy
type gauge inspections.
- d They involve more time for -
measuring, calculation and p]otting’ .

Q.22, State the advantagca am: nmltatlom ol X and R cham (Verlable eharts)
Ans:

Advantegs : - - 1
1. It enables to determine w hether 2 process can meet the specificaling or to collact furthe
 information for establishing or changing the specifications. :
2. They suggest whether it is necessary to change the prod uction procedure process,

- machines etc. - :
3. Halso provides mformauon for chanyn‘s, tho mspecuon techniques or acceptanc
procedures. -
4. Ithelps to determine when to hunt for causes of variation and take action fo correci]
them and when to leave the process alone, :

T A —— e e s e 6 L .
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. It enables to take decisions regardmg acceptance or rej ectlon of manufactured or.
‘purchased product. : ' : '
. Ithelps to ensure product quality level,
7. Control charts in general builtup the reputatlon
3. X &Rchan prowdes detailed mformatlon on process average as weli as vanatlon
nitations : :
1. XandR charts ¢an be used only for quality characterst:cs that can be measured and
. expressedin numbers, However many quality characteristics can be- observed onlyas -
attributes. For example, while inspecting castings in addition o confonmty to dimensions, -
. itmay be necessary to inspect other quality characterstics such as ‘cracks, holes, swells,
hard sport etc. which singly or in combination may make the castings defective. _
2. X and R charts-can be used only for one individual characteristic at a time. (for each
quality characterstic seperate X and R charts are needed.) '
3, Itinvolves more cost and time for measuring, computing and plotting the charts
Therefore, for the sake of economy Xand R charts are plotted only for the most 1mportam
nd troublesome quallty characterlsncs : - :

3.23. Compare X and R chart with P chart. :
1_. P chart is an atiribute controf chart, i.e. for quality character!stms that can be classified
as either conforming or non—contormmg to the speciftactions. For examples, dimensions
_checked by GO, NO-GO gagues.: :
- characterstics that can be measured-and expressed in numbers
- 2. The cost of computing and charting may also be less since P chart can be apphed to
.. eny number of quality ¢haracterstics observed in article, ., .. . . .
But separate ~ X ‘and R charts are rquirgd for each meas ured quuhty charactersnc
~ which may be impraciicable and uneconomical.
- 3. The costof collecting the data on p chart is also less than the cost ofcollectmg the data -
- for Xand R chart for example, 10 or ¢ven more shafis might be inspected with gO-no-
- 80 gauges in the tima required to measure 4 singlo shafl diameter with a micrometer,
. Secondly P chart uses data already collected for othar purposes, .
4. P chartis bestsuited in cases as here inspection is carried aut with 3 vlew to classfymg
an article as acceptable or rejectable. - :
. Xand R charts are best suited for critical axummntion. |
$. P chart théugh discloses the presence of assignable cayse of vanauon, it is not as
. sensitive as X and R chart.
6 The sample size is generally larger for P chart than for ﬁand R chart The variations
in the smaple size influences the control lmnts much more in Xand R charts thanin P
chart. :
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||lh'::.: | S PROBLEMSAND SOLUTIONS

14.8. Control chatrs for x and R are mamtamed on the tensile strength for certq

yarn. The subgroup size is 5. The values of X and R are computed for eaf
subgroups,after 25 sub groups.

Solution ; -2 X =514.8 and IR = 120 compiute the values of 3 sngmahmxts for Rand R cha._ .'
and estimate the value of on the assumptnon that the processisin statlstxcal control,

i = X 5148 '
“’_- TN 25
— =R 120
. R_'- —_—— R —— 4 .80
‘ N 25
. X 48 -
30X =32 = 3 x 20636 _ 2,784
T - ,/g _

) UCLK = X + 3ch

=205+ 2. 743 23376 .-
LCLX

X -3 oX _
20592 - 2743
=17.808 -

I

FJr_R chart _
Centrat line R = 4.80
' ULR - by o
= 4.92 x 2.0636
D, ¢
 0 x 6
0 (Note that D,

-10.128
LCLR

i

Oup'too = 3)
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14.9. In an automatic filling, 175 gms of certain chemical is to be packed in certain
container. The permissible variation is & 5 gms. To investigate the capacity of

a process, samples of 5 each were drawn from 10 successnre batches, and data
were recorded as given below.

Batch 1 2. 3
MeanX 177 177
RangesR 3 5 3

176

4 5 6 1 "8 9 10
176 .174 177 175 176 176 174
8. 2 8 5 7 3 2

'Assummg the process to be within control,establish the capabxhty ofthe process and compare

it with the stipulated specnﬁcatlons :

Solution T

Forasamplesnzeofs dy = -

q.| p’:_|

= 2326

177 + 177 + 176 + 176 + 174 + 177 + 195 + 1‘?6 + 176 + 174

. A T N

X=— 10
= 1758 o | |
E = TR 3+5+34+48+2+8+5+5+7+3+2
N 710 N '
=46 | o
R 4.6 AQe CLIAK | |
@ = o= g = 19776 CSC CHAKRAVARTHI
2 Assistant Manager-QAQC
g% -“T- 19775 = 0.8%44 |

'UCI-X K +30X =

1758 +3 % 08844 »-178.4533

'Ucl.R X ui 57531(3:&08844“173!467

Process capability

= =6 x 19776

- II 8656

~ Now specified tolerance
= Xmax ~Xmip) = 10

In this case (Xmax "Xmln) <Hg
Therefore,defective products will a!ways
be there. '
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1. Ag(factor for XChart) =0.58

| 14 11 -A subgroup of 5 items each are taken from a mapufacturing process ata regul

: -Mctro'logy & Quality Contm

14.10. The followmg are the X and R values of 4 subgroups of & readmgs X = 10;
12.1, 0.8 and 105 R=1.1,1.3,0.9 and 0.8, ]

“The specification limits for the components are 10.7£0.2 !
Establish the control lirmtsi‘or X andRchart will the products ableto meents spec1ﬁcann
Given :. .

2. D4 (factor for R chart) =2.11
3. 'D3. (factor for R chart) 0 00-

Solutlon -
. E X

™~
102 + 12,1 + 108 + 105 -

Mn '.

b
I

'ER_ _ ~LI4+13409+08 |

T Z
= 1025 - B

- =

UCLX X + Az R
| _ 109 + 0.58 x 1.025
U 1L4945
._'LCLX{ X 3
= 109 - 0.58 x 1025 -

= 9.3055§
The upper specification limit=10.7 + 0. 2 10.90
- Lowerspecification limit =10.7.0.2=10.50 - : 3
Since the Jower control limit is tess than the lower speciﬁcauon imut some defectwe p s
will be produced the process isnot. able to meet the speclﬁcauons '

N

interyal. A certain qua!tty charactergtie i measured and X rad R valu}
computed after 25 subgroups it is found that ¥ x = 357.50 and LR = 8.8]

. Ifthe specficatlon limits are 14,40 + 0.40 and if the process is in slat:st;e
_contrgl what cencluslen can you draw ahoul the ablhty of the Process to produ
items within specnf’ ication? .

- (for subgroup of § items ¢y =2 326) N
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Solution ;

3o =X 35750 - 14300
N . 25 .
~ IR - 880 '
R = = = 0352
- N 25 7
=1025 ,
, . K _-0332 _
K ey ; 015133
o’ 0.15133 :
ox= —— : = 0.067678
¥5 Js . -

UCLX = X +3 0% = 14300 + 3 x 0.67678 =
"LCLX = X -3 X = 14300 - 3-x 0.06767% =

Now, Xm' = 1440 + 040 = 14.80
 Xmin' = 14.40 - 0.40 = 14.00
xm-xm~oso '_ |
o " Process capablhtyGr.:r =6 x 015133
= 0.90758

Conclusmn In this case (Xmax -Xmin) < 6o’

Koy
] Suggested remedy willbe
 Saiind T 1. Increase the tolerance if it does not affect the funcnomng.
::;'"“'_ - - ofthe product. : ‘
' _l . 2. Reduce dispersion . :
: o 400 '3, Suffer and sort out the defectives,

F:g.-14 16

'14.12, Control charts l‘or X is to be prepared i‘or acertain d:mensmn of component\
The subgroup sizeis 4 Al‘ter 20 subgroup it is found that ¥ X = 825,60 mm and
- 2R = 5.60mm. Compute the central line and the control limits for X chart

Take D3 = 2,059,

If the specﬂ"cat:ons are 41,0 + 0 40mm and the process is in contrul and is
normally dlstr:buted can it meet the specf‘ C"lthIl reqmrement" '

Su!utmn

X 83560 '
= = == - 4128
N 20 )

S|l

Central line = 41.28 ﬁm
IR 5,60

14.5030

14.0970.

Therefore defective parts w1ll aiways be there
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Central line = 4128 mm

= IR _ 580 _oogem ' B
20 20 - I
= 1.025
R 0.28
v B2 220 2 01359
TG 205

.3cx=.’ S
J; _ JZ
= 0.2038
X +30X

UCLX o
| 1428 +0.2038 = 414838

LCLYX = 1428 - - 02038
= 41.0762
- 39 =3x01359
= 04077mm
Now, xm 41 + 040 = 4140mm
Xmin = 41040 = 4060mm - '-: 14_-.'

The centnng of the process X 1S 41 .28, T_herefore, for thls process the dlmensxons c I' B

vary form 41.28 - 0.4047 = 40.8723 mmto
40.28 +.0.4047 = 41,6877 mm.

i S e - | |
| Sorcies o The process capab111ty= 6o’ =6x0.1359=0, 8154
SRR Ry £ '."-—""‘"'“' " Inthis case,( Xmax - Xmm) < 6g” Therefore, defecm
. S parts will always be there, morever centering is not properly
o |- i  done,ifthe centeringis doneproperlyﬂlenumber ofdefecuv o
(T eemmem—Rmaid0 - parts can be consaderably reduced. ]
Fig.14.17

-14.13. The design specifi cations I'or a component are 100 0.5 mm where the proces
report shows that process average is 99.9 mm and standard deviation is 0,18}
Do these figures call for any action by any one" -
Selution : Upper specification lmut,Xmax -
=100+0.5.
=100.5 mm
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-I;_o'sver‘speciﬁcation limit Xmin = 100-0.5

_ : . =995mm.
X =999and ¢* =018 (gwen)
Now ( Xmax - Xmin) _ :
- : = 100.5-99.5
_ = 1mm
35’ =3x0.18

= 054&60' =1, 08
For ﬂ'\ls process the dsmensmns can vary from.
99.90-0.54 = 99.36mmto,
9990+ 0,54. = 100.44mm
: E— Inthlscase(Xmax Xmin) < o’
———=~t0. 1005 Defective products will always be there. Itis therfore, o
' 1 necessary fo take action to reduce the number of defectives
‘produced. There is a little difference between the specification
limits and the process capability,hence it is suggested that
_ : the tolerance should be made slightly wider. The disign
' - xmins  engineering is authorised to modify the especifications, At -
oo dgg36 999 the same time from the above figure it is clear that the centring
' Fig.14.18 ' should be properly maintained by the process planner; .

—&_r’;séos

14.14. The followmg are the inspection resuits of 20 lots.of magnet: each:lot. having
750 magnets. Number of defective magnets in each lot are 43, 83, 70 85, 45,.
56,48, 67, 37, 52, 47, 57, 71, 53, 34, 29 and 30.

Calculate the average fraction defective and three s:gma control limits for p
chart, - '

Selution :

: T
Average fractlcm d efecnveﬁ - otal number of defectives.

Total number mspectcd

o 43+83+70+85+45+56+48+67+3?+52+4'7+50+47+5’?+51+71+53+34+29+30 o .
' 750x20 '

0.07067
arr - o PO

= 007067 + 0.000262
0.07083 |
0.07067 - 0.000262
= 0.07041 o

UCLP
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14.15,A manufacturer purchasés small bolts in cartons that usually contain sevg
_ thousand balts, Each shipment consists of number of cartons,as a part ol’
* acceptance prcedure for these bolts,400 bolts are selectd at random form €
carton and are subjected to visual inspection for certain defects. In a shupm
- of 10 cartons the respective percentages of defectives in the samples f¢
~ each carton are 0,0,0,5, 0.75,0, 2, 0.25, 0, 0, 25, and 1.25, Does the shlp |

of bolts appear to exhibit statistical control with respect to the qual
characterstlc examined in thls mspectxon. '

Total number of d_cfe.ctlve articles

Total number of articles inspected.

(0+0+os+o75+0+2+025+0+025+125) % o
- a00x10
= 0.005 _ R
I TR S
'-'-UCLP =P+ p_(__)_
D 0.005 {1 - 0.005
= 0.005 +3J ( ) — 0.015580
- | 40
e 5(1-7)
UCLP = 5 -3 L-l
0.005( 1 - 0,005
= 0.005" 3J 5( )
" 400

=-0.00558 0 (Since it is meaningless to have LCLP at - 0.0055 8) _

Ater comparing the readings with UCLP and LCLP it is found that reading number 6 id
x 1/100 = 0.02 falIs outside the upper control hmlt Hence the sh1pment does not exh '
statistical control.

14.16.In a factory produc:ng spam plugs the number of defectwes found in mspecn
of 20 lots of 100 each, is given below : - - -

‘LotNo No.of - Lotno No.of LotNo No.of
. defectives - . . defectives defectlves :
1 5 8 3 15 3
2 10 -9 3 16 4
3 121w 5 17 5
4 8 11 -4 18 - 8

5 6 12 7 19 6
6- 4 13 8 20 10
7 6 14 2 K
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construct appropriate control chart and state whether the process is under control
Solution :

Averagc fraction defective P = Tc?tal number off:lefecnvc
- _ : Total number of inspected. -
0 :
= 12_ = (.06
20x 1.0
o (1-®
UCLP = P +3 B { _- )
L ' . n :
: : 30.06(1 - 0.
= 0.006 .+3J (1_ %)
100

= 0.06 + 3(0.037) = 01311
T UCLP = 0.06 -3 0.0237 = - 0011 = o
Fig.14.19 p chart ' ( ) ' (say)
(Since frachon defective can not be negatwe for constructm g the chart the data may be tabulated
as follows: : ) _
Lot No. - Fraction' Lot'No - Fraction =~ Lo_t No 'Frac'tipn

1 0.05 8 0.03 16 0.04
2 0.10 9 0.03 17 - 0.05
'3 0.12 10 o005 18 0.08
4 008 . It 604 - . 19 0.06
5 0.06 - 12 007 . 20 . 010
6 004 134 008 '
7 006 . 14 0,02 _ - :
) 18 0.03 .
(4.17.The following table shows the number of defects observed in 25 similar castings,
Casting No.of  Casting. No,of Casing . =~ No.of
No _ defects - ‘No. ~ defects . No defects
1 7 10 12 19 10
2 14 1 v 20 8
3 14 d20 15 21 9
4 1’ 13 8 2 It
5 g - 14 24 px! 7
6 M 15 14 24 %
7 g 16 9. 25 8
8 1 17 9 '
9 20 18 o
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i Find C _ _
ii. Compute trial control limits. _ S
iii. 'What value “C’ can you suggest for subsequem penod ellmlnatmg observatlons lymg

beyound control hrmts

~Seolu tmn : _
' Total n_umbar- of defects
Number of subgroups.

317 .

25
= 1268

c+3VC
12.68 +3 V1268
12.68 + 10.6827
_' o = 23, 3627 |

| UeLE = C- - 3~f_

= 12.68 - 106827
19973

. Reading for casting number 24 i.e. 26 goes above the upper control llmlt eliminating the
same we have. :

Cc =

UCLC

W

o o 37 '-:26
24
= 12125

UCLP =C° +3J

12.125 +3 412 125
12.125 + 10.4463
= 22.57 say 23 |

Now all the readings are within the control limits Therefore suggested value of “C’ for

~subsequent period _
' = new ¢ = 12. 125
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- 14,18, ‘The cloth produced by the ABC manu!‘acturerwas inspected 100 square meters
s taken as unit, The followmg defects per unit was recorded . -

: . | _ _ Unit
IOOSq.mqlethlen_gth' 11 2 3 4 5 6 7
" No.of defectsineachunit { ¢~ 3 2 - 1 4 5 3

State : : '
L. Whether data obtained during inspection is thhm control ?
2. What type of action is warranted by the management?
Solutlon Since number of defects per unit is given, U chart should be used

.ﬁ' Total numba.r of dcfccts

_ Nurnber_ of Units - -

0 +3+2+1+4+5+3 _ 18
T T
C=25714 R

UCLuI = ﬁ+3 JE

C = 25714 +3 =

25714 + 18182
4.3896

1l

= 25714 - 18]82

=, 7532 -
i Ttisclear fromthe observations that no pomt goes beyound the control lnmts
ii.” The management shold take care to maintain the averdge number of defects per unit
- i.e.
- Q.24. What do you mean by Acceptance Samplmg" How does it help in Qua.hty Contml ?

Ans : Acceptance sampling is the process of evaluating a proportion of the products materials ’

in a lot for the purpose of accepting or rejecting. the lot on the basis of conformmg Or non
conforming to quality specifications, :

Sampling is an act of drawing the samples fromalot on the random basis. Samplmg depends |

- upon statlstlcal probability therefore samples must be selected from all sides and
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different,depths of the container containing the lot of component parts, so that every part has '_:

an equal chance of being selected. Selecting a sample in such a way that each i item in a lot has X

equal chance of being selected is called random sampling. Since a judgement about the lot is . §
~ to be made on the basis of only a sample it is very important that a sample truely represents
the universe from which it is drawn, : -
This requires that the sample size be large enough and the samplmg procedure such as to
avmd bias. . .

. Acceptance sampling is more practical, quick and economical method to control the quality

of the purchased as well as manufactured items. Since instead of inspecting all the items the : :
decision for accetance or rejection is taken only on the bais of sample. Therefore, this method
has got number of advantages as compared to 100% inspection (for advantages limitation of §
Acceptana sampling refer next question) The most important advantage of acceptance sampling E
is that it exerts more effective pressure on quality improvements, since, the re_]ectzon of entire
. lot-on the basis of sample brings much stronger pressure on qua.hty lmprovement than the §
rejection of mdmdual articles. : E

Q.25, State the advantages & l:m:tatlons of samplmg mspectlon as comp1red to 100% '
inspection. : B
Sampling inspection is more practical, quick and economical method of taking decision 5
regarding acceptance or rejection of the purchased or manufaetured items. The advantages
of sampling inspection are: : : . ]
1. The items which are subjeced to destructive test must be mSpected by sampling §
. inspection only.
2. Thecostandtime requlred for sampling mspect10n is quxte less as compared to 100%
~ inspection. |
- Problem of inspection fatigue which occur‘s_in 100% inspection is elimihated.
Less inspection staff is necassary.
Less damage to products because only few items are handled durmg lnspecnon
The problem of monotony and inspector error introduced by 100% inspection is minimized. |
The lotis dlSposed offin shorter perlod so that scheduling and delivary dates are '_: '
inproved. : B
8. The most important advantage of samphng mspectlon is that it exerts more effective
" pressure on quality improvement. Since entire lot may be rejected only on the basisof §
sample. :
Limitations : o o C , B
1. Insampling inspection, since only a part is inspected the sample may'not represent the "
~ exact picture obtaining in the lot, hence there is likely hood or nsk of mang wrong §
decisions about the lot.
2. The costs of rejected lots will be passed on by the producer on the consumer,

:-Js':\s-n'.:»:»
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3. ThlS method may not be suntable for takmg decnsxon on acceptance or rejectzon of very
costly and important item, .

4. Itisnecessary to use randomsampling, select proper sample size and accepatance -

number for accurate results

Q.26, Name the factors on which the success of acceptance samplmg depends.
-Ans : The sucess of a sampling scheme depends on the fol!owmg factors.
.2 Randomness of samples. : -
b.” Sample size ' ’
- €.- Quality characterstic to be studled
. d. Acceptance criteria
- e. Lotsize,

- Q.27.What is meant by 0.C.curve? Sketch neatly the ideal and actual 0 C curve,
' ~How O, C. curves are useful i in ‘selecting acceptance level?

-The operating charactensnc curve is a graph of fraction defective (or percent defective)in -

a lot against the probability of accepance. For any fraction defective P’in a submitted lot the
Q.C.curve shows the probability Pa that such a lot will be accepted by the samplmg plan. -
The shape of the O.C. curve depends upon the following parametcrs '
N =Lot size from which the sam ples are drawn : :
n = Sample size
C = Acceptance number _ '
By changing the parameters N, n, and C different sampling plans are obtained, for different
plans the O.C.curve will differ. Figure below shows the actual and ideal O.C. curves
~ When the acceptance plan is designed, it calls for designing a plan whose OC curve will

pass throu gh two stipulated points agreed upon by the consumer and producer. The first of

these-is the acceptable quality level (AQL) representing the maximum proporatlon of defecnves
which the consumer finds d ef'mately acceptable . : :

FObc e = e =
) V. Producér’s
’ 1 risk
SYSIUEL W S .
£ ;
t .
o
= E .
= L Accegiance
s : _./ Linge |
a . )
‘g Gobjecliwnable ’ . =
& |olSiy | Inditterent. NQughly region_ .
‘ - Regiga | Ouolily region - Consumer's l
" - Fish ) _ )
Q 0L . 1TFD 10 {0.01 i. 2 3 & % 6 7
’ Propor lon ot delectwes ] T— ] 160 o
- DC-eueve o : . eat OC curva

Fig.1420 - Fig.14.21 -
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_ The second is the Lot Tolerance percent defectwe (LTPD) whlch represents the proportion
~ of defectives which the consumer finds definitely unacceptable.”
Accordm gly, an OC curve can be divided mto the reglons as shown mﬁgure

"Acceptable Quahty Region.
2 Indiference Quality Region.

3, Objectionable Quality Region. : :

The first region represnts the lots whlch are acceptable to the coustomer (acceptance

level) : - : :

A R A0

Q.28. Draw a neat sketch of an OC curve. show the d:fferent regmns and expalm the
meaning of the terms : - :
AQL |
2. LTPD.
3.-LQL.

-
L= ]

———

Objectionoble

" — Proba Biiitjf of acceplance

Accebt—": . . ot :
Q?,Bifi, Indifferent X@_‘-’_‘;@Y_L@E{E‘_‘_ —
- |Region Quelity region : Consumers -
_ —— _ risk
o AaL . U0FD - ~t0

...-.-.'-P'roportio'n of defectives {P)—w

_ Flg. 14.22 D¢ curve -
1, A.QL.: AQL mean “Acceptable Quality Level” It represents the maximum
. proportion of defectives which the consumer {°nds definitely acceptable. _

AQL can also be defined as the maximum percent defect that for the purpose of samplmg _
inspection can be considered satisfactory as a-process average. '

It is the fraction defective that can be tolerated without any serious effect upon further
processmg or on customer relatlons As AQL is an acceptable quality level the probablhty of
acceptance for an AQL lot should be high. In fact producers safe point is termed as AQL.

L.T.P.D. : LTPD means Lot Tolerance percent Defective. It is the definition of
unsatisfactory quality. It represents the proportion of defectives which the consumer finds
definitely unacceptable. As RQL is an unsatisfactory quality level; the probability of acceptance
for an RQL lot should be low. 'I‘he probablhty of accepting a lot at RQL represents consumers
risk.- ch
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IQL It means “Indlfference Quahty level”. Thisisa quahty level some what between the

'AQL and RQL. It is frequently defined as the quahty level havmg a probabllﬂy of acceptance
0f0.50 fora gwen samplmg plan, .

Q.29) Explam the following terms ;-

i Producers’ Risk ~ . Consumers® Risk
iii. IA-O.Q- I . o . . ° iV. AiOthL . . :
Ans: - | o

i. Producer”s Risk: If the quality is good still from the samp]ing plan some lots are
rejected, the producer has to suffer, The producer’s risk is the probability of rejecting a good

ot which otherwise would have been accepted. So the producer should be protected agamst

the rejection of relatively better products.
- The producer can decrease his risk by prodqug products ata better qualny level than the

| _spec1fied AQL dependmg on other economical conditions.

. Consumer’s risk : If the quality is bad still from the samplmg p]an some lots aretobe .

.accepted the consumer will suffer. Consumers risk is the ‘probability of defective lots being

accepted which otherwise would have been rejeeted Saying that Pa 0.10 = 2.5 means that
the consumer does not want a worse quality containing more than 2.5% defectives ahd he
would at the most accept 10% of the lots containing 2.5% defectives.

# ADQ : AOQ means “Average Outgoint Quality” It represents the average percent
defectwe in the outgoing products after inspection, including all accepted lot as a result of
sampling mspectlon and all rejected lots whlch are sub_]ected to 100% mspectwn and
rectification.

So for a given fraction defective, the lot accepted asa resuit of f rst samplmg inspection

vill have a fraction defective P’ the rejected lots are 100% inspected and rectified (defective o

rticles replaced by non defectives)y will contain all the nondefecnve produets Therefore the .
LOQ wﬂl be ]ess than “P’. It is represented by the equauon '

A0Q = PaP’ (N-' “) |
.I B n n

Where Pa= Probability.ofaceeptance,
' N Lotsize
. n = Sample size,
If the sample size is much less as compared to lot size then AOQ Pap
v, AOQL:: It means Average Qutgoing Quahty Limit” for any given sample size and '
‘eptance number there is a maximum value of AOQ beyond ‘which the average fractxon

Bctive passed forward will not rise, no matter how bad the quality of the Iots when they
ive at mspectlon '

— e wm e w w . I T R S T, 3 : - =

Wy - —_——-— =
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. Q.30. State the 1mportant characteristics of O. C curve.

L.

2.

Q. 31. Drfferentlate between Accceptance!Rojectlon ‘and AcceptancelRectltlcatlon

“Ans : Acceptamce /Rejection ¢ scheme In th:s scheme of acceptance samplmg The lots§
are subjected to sampling inspection. If the lot contains more than “C” defectives it is rejected
otherwise it is accepted. The Average Outgoing Qulity will be'equal to or more than the giveny
fraction defectives. In acceptance rejection scheme O. C curve is used to dlscnmmate between - 8
good lots and bad lots. : : -
_ Acceptance!Rectxﬁcatlon schemes are spec: ally approprlate where lots are produced in}
streams as in mass production. The lots are subjected to sampling inspection and if it contains§
“C* defectives are less then it is accepted. If the lot contains more than C defectives it is

The operating characteristic curve of an acceptance sampllng plan shows the abllzty 0 ; '
the plan to distinguish between good lots and bad lots.’ : =
With the fixed value of acceptance number and sample size the 0.C.curves for dlﬁ‘eren

“values of N are not appreciably different. It shows that it is the absolute size of 1he
sa.mple that is more important than its relative size compared to the size of the lot. -

1-op o I
5 S . o
< . _
' :ov = N
dn vz os N
g o8 c,? - 305 I RN
305’. n_:z.%o—__ 'E-.' \I\-\
_-O.c" Nr |- S :0.4 . 7‘5%\\\ .
& 03 _-—_-L Nz e 307 . - ==-‘150"?""""" '
o n:g%}/ o . . ERGE 05101015253035
2 01 _¢; - i . - a .
02 & 6 § 1012 14 .
' Fig'14 23 Comparison of O.c. Fig.14.24 percent Defective (100p).

" curve for four sampling plan.

With a fixed value of N and C a n, larger the value ofn, the better is the dlscnmmanon
between good lots and bad lots.

With a fixed value of acceptance'number andna N the larger the n the. steeper the

- s]ope of 0.C. curve and better ability to discriminate between good lots and bad lots. & Pt
 The larger the sample size and acceptance number the steeper the slope of OC curve - ]

fig.14.24 shows that the larger sample size which protects the consumer against ';;

~ the acceptance of relatively bad lots also gives better protectlon to the pro ducer
~against rejection of relatively good tots. :

scheme. .

sul
be

arf|
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hows the ability olf_ :

curves for different
bsolnte size of the:
2 size of the lot, -

ve (100_p)

e discrimination<§

, the steeper the!
sts and bad lots. 5
ipe of OC curve'!
sumer against - §
he producer |

fReCtitication :_':'
pling. The lots

'es it is rejected -
: than the given

“f"‘“_e hetween -3:. . Ans . Single samlingplan: When the decision on acceptance or rejecnon of the lot is made
on the basis of only one:sample: Thesamplmg plan is called as single sampltng plan

¢ produced in §
\d if it contains -
lefectives itis |

subjected to 100% inspection and defective articles are either replaced or corrected (rectified)
before it is passed forward.

So, fora given fraction defectwes the lot accepted asa result of first sampling inspection
will have a fraction defective P’ the rejected lots are subjected to 100% inspection and defectwe
amcles are replaced or corrected therefore the AOQ w1ll be less than P’

- AOQ = Pa. P(N “) '.

n .

-

Where p = Probability of acceptance
P = fraction defective, '
N = Lotsize
n = Sample size
If the sample size is much less as compared to lot size then AOQ pap’ -
'For acceptance rectification scheme the curve of AOQ plotted against P is used.

" Q 32.Discuss the interests of the consumer and producer in the se!ectlon of

sampling plans. :
Ans : Since, the ideal sampling plan which wrll satisfy both'the consumer and producer s not
possible, some compromise has {o be made and they have to tolerate certain risk.
At first imperession, it appears that the producer and consumer have completely opposite
v1ewpomts towards the selection of sampling plans(i.e. their interests are conflicting). But

- more critical consideration will show that there is a continuing relatlonshlp between the -
_producer and the consumer,

SubstannaI rejection.of good products in the effort to exclude bad products is not necessarily
inthe interest of tonsumer. The consumer is interesed in quality, he is also interested in cost.
Inthe long run the costs.incident to the rejection of good products tend to be passed on by the

producer to the.consumer: Secondly; any good product that he rejects s not available for his -
immediate use: - -

Therefore; them'odtlcer and- consumer should select acceptance plan which will sattsfy |

“both of them and thiy. must be: ready to-tolerate: certam risk.

Q.33., Explain’ single:sampling plan. and douhle samplmg plan w:th respect to their
respective acceptanceecnteﬂa._

In a single sampling plan there are three parameters:
N = Lot size from which the samples are drawn.
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n = Sample snze

C = acceptance number (1 g. maxn'num number of allowable defectives)-

If the samplmg planis,N= 50 .

n=6
, . C=2 f

It means take a sample of 6 items from a lot of 50, if the sample contams more than 2
defectives rejcet the lot otherwise accept the lot. i

The single sampling plan.cah be represented diagrametically as follows -

Parameters : N

Inspect a sample of n items
n - _

G

N

"

If number of defectives _

W

Doés not execeed “C’ Exceeds “C
Accept the lot. ' Reject the lot
Smgle Samplmg plan

‘Double samplmg plan In a double sampling plan the decmon on acceptance or rejectlon of My

the lot is based on two samples. The lot may be accepted at once if the first sample is good § of
- enoughor rejected at once if the first sample is bad enough. If the first sarnple is neither good
enough nor bad enough, the decxsnon on acceptance or rejection is based on the basis of ﬁrst
and second sample combmed :

Parameters n= number artlcles in the sample. - :
.c,= acceptnce number for the fi rst'sample i.e. maximum number of
defectives that will permit the acceptance of thelot on the basis of the
first sample. _ : '
n,= number of articles in the second sample
n,+ n2 = number of articles in the two samples combined.
C,= acceptarice number for the first and second sample combmed

|
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Inspect n, pieces
ctives) - T
“If the number of defectives'
: v o
e contains more than 2§ - ' y _ o '
' _ §| - Doesnotexeceed C, ~ | _ 1 - | - ExceedsC,
llows: kI 4 ' _ ' o T
S - . Accept the lot- - | Take second sample .. Reject the lot
- - § ofn2pieces ‘ '
¥
If rio.of defectives in the first
and seécond sample combined- —
ie in(n +n) L l
" Exceeds“C || Dosenot exceed C, - - .. .| - ExceedsC,
v - 4} Acceptthe lot o . ‘Reject the lot
Reject the lot 1 - S hn ‘ '
' Double Sampling plan -

B Q 34, Describe brreﬂy Multrpfe Samplmg plan,

‘ptance or rejectson of; Multiple sampling plan : The phrase multiple sampling is used when three or morg samples o

: first sample is good Jofastated stze are permitted and when the decision on accepmce or rejection must be reached
ample is neither good _after stated number of samples.

d on the _bas:s of first - 4 A muliiple sampling procedure can be represented ina tabular form as follows
; Sample - Sample. - - combined samples _ _
| No | - Size b Size Ac_c'_eptahce_ " Rejection |
ximum number of }j-  First. Coong n C R
t on the basis of the Jj © Second - n, nt+n, C, L,
L X Third n, o ontagthn, C, A
- Forth n, n+n+n+n, G LA
Fiﬁh_ n, - n1+ n,¥nhn+n, C5 A

combined. - '
o : A first sample of n is drawn. The lot is accepted if there are no more than C, defectwes,
Jthe lot-is rejected if 1here are more than r, defectives otherwise a second sample of n, is

Jdrawn. The lot is accepted if there are no more than C, defectives in the combined sampl_e of _

fam

S, A T Y SR W
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n +n, The lot is rejected if there are more than r, defectives in the combined sample of \
. +n The procedure is continued in accordance w1lh the above table dependmg on the numh

of samples : : "
Multiple sampling plan gives better prOtectlon to doubtfull lots. But they usually requx

" higher adminstrative costs and higher caliber inspection personnel may be necessary f
- guarantee proper use of the plans. secondly the indecision is continued. for alonger perlod

Q.35, Compare Smgle, Double and Mult:ple samplmg plans.

o Co_mﬁared with regards to all the four aspects double sar_npling_p'_lan’is best. Where the cos
- of inspection is high, We choose multiple sampling plans. If the decision is taken on 'singl’
sampling plan the lot has not to wait, but in multiple sample plan the indecision is continued fof
a long period and lot has to wait, therefore more storage space is necessary to store the 1tem
until the decision is taken. : :

A - T e

N R [T I T [P

et et Vit s 1oy B

Featire. _ - Single . Double . Mu_ltiple:
. e ‘sampling -samplig - . sampling |
_ plan. -~ plan. -~ plan
1. Average number of  Generally . In between Lowest
piecesinspected perlot  Largest = single and
_ . . 7+ multipleplans
-2. Acceptability to producer. - Psychologically  Mostacceptable ~ Less acceptable B
' T poor;itgives  (Givesasecond)  sinceindecision ;
only one chance chancetd ~ is continued fora}
~ ofpassingthe  “doubtfullots . -longerperlod 3
lot(Riskof - . o . . i
goodlotsbeing -~ - ' '
rejected). . -
3. Cost of Administration Lowest In between ~  Largest -
- ' ' single and '
_ _ multiple )
4. Information available . Largest - Inbetween  Least i
“about prevallmg quahty g . singleand .

let
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sombined sample of

pending on the numbe Q.36 Explam the term product reliability ? How it is calculated ?

Ans. A productis an assembly of a number of parts or components. The components may- .
be connected similar or dissimilar. The components may be connected in series or in parallel,
or-it may be a mixed system, where the components are connected in series as well as_
parallel. :

iut they usually .requir.:.
| may be necessary {;

ecision 1s contmued 1ah

o OO © O

d for 2 longer p _erlod_..% 1. Components connected in series : Ifthe components of an assembly are connected . )
" J  inseries the failure of any part causes the failure of the asembly Or a system.
Multiple: - - In this type of system the reliability of the assembly is g1ven by the product of the reliabilities : é
sampling . _ § oftheindividual components. |
plan Suppose a system (product) con51sts of three mechanical devices, A, B. and C that operate' ' gt
Lowest -} inseries in such a way that a failure in any one device casuesa failure in the system. _ '
' . Assume that, the prabibility that A will operate without failure for 100 hoursis estimated -~ .
" tobé 0.45 and that of B and C are 0.90 and 0.80, respectively. If the failurés in A, B, and _ j
_ 4 Care completely independent the probability that the system will operate thhout failurefor
Less acceptable §. 100 hours should be estimated to be L S . ?|
i. _since indecision E . . i (0 95) x (0. 90) % (0 80) = 0 634 . '. | - . S . o b
is continued for a. The::fore, in general :f the system consxsts of nparts, =~ . - -} ' '
‘longerperlod 5 B _ . . |' '
_ o Components in series -
~ Largest E
) D Rehatbllxty of the system
Least Nk B I Rs(t) =R, (t) x IH(‘) R;,(Q X eeeins x R ()
1 2 Components conne_c'ted in parallel : When the components are connected in parallel,
B let : ' ' ' . ' il
is best. Where the co \ _ : _ _ : 5
sion is taken on sings S . B . A Eé|
' h

R | _ R . -_Components in parallel
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ey g, = probability of failure ofthe i cc-mponent
. p= 1- q = probability of successful operatlon -

|m o “Then, probab1l_1tyqffaglureofthesystemlsgnver_;by_ o | o -

i Reliability of the system,

R, = 1-{t) | .
=1-(1- P) ( 1_--P2) (1-P) ...Q -P)

consists of two parts 1 and 2 connected in parallel Slmxlariy, device Beonsists of two parts
3 and 4 connected in parallel. o

F
A

A

()
~

The Reliability of the device A

R(t)-l Q- P)(l P)
 The rehabxllty ofthe device B,

And the reliability of the system | : ' _ | .

CRM=R, xR® - S

e System (Product) Reliability o o
(1-Q-py(1- I’)][1 (1- P)(l -Py1

F()=¢q, x G x 3% e x Q. A |
' ' ' : B ' - & canbe
&  doesn

-~ the foll

- 3. Mixed System Flgure shows two devxces Aand B connected in series. Dewce A‘ :

' perf‘oj

i ma&‘%

R,®=1-(1-) (1-B) 1

Ans. i
betwec

reliabil

M]
i)
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acted in series. Device A

ce Beonsists of two parts.

[ Statistical Quatity Control ( eYch P——

Q.37 Explain the terms : '

i) MTEF  ii) MTTR
in connected with refiability.

Ans. i) MTBF (Mean Time Between Failures) : MTBF is the mean (or average) time
between successive failures of the product. This definition assumeg that the product in question

“can be repaired and placed back in operation after each failure. An increase in an MTBF
. does not result in proportional increase in reliability (the probabnhty of survival). Ift =1 hour,
- the following table shows the mean time between failures requu‘ed in order to obtain various

reliabilities.

MTIBF R

s - o8z
10 090
20 ... . 095
100 - 099

MTBEF is often used as the criterian for making important décisions affecting reliability.
_ii)) MTTR : Mean Time to Repanr It is the anthmetlc mean of the time requlred to
~ perform maintenance action. :
Total ‘maintenance time
Number of maintenance action -

M‘I‘fR—-

Mamtenance action rate () : Itisthe numencal value representing the number of

mamtenance action that can be carried out on a partlcular equipment per hour

r' |

Mathematically, Mean time to repair

n=

MTTR = M
: ZniAi
where, - - n. = number of sxmllar parts
A = failure rate ' -

tmi = predicted maintenance action time
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EXERCISE - ] 4 Yvi
_ . - - se
1. An mdustry produces springs of certain quallty The results of inspection of one of | 1 da
critical dimensions (length) i is givenin the followmg table. What mterpretatlons can § S
be derived regarding, : -
1. Its central tendency (process average)
.2, ‘Dispresion, 4
3. Suitability of the process 3
Dimension . Frequency
091 - 2
098 12
0.99 S L
1.00 20 g
.01 S A
1.02 18
1.02 S | - g
‘103 B (1 - o : g
104 6 o -
1.05 3 | N
2 Followmg are the readings of 50 barsina sample z '
Cell intervals Frequency E
Class limits ) _ o o . - E
25.30-2531 . . 2 " _ L :
25.32-2533 .8 ' | - 3
25.34-2535 . .18
25.36-2537 15
25.38.25.39 C6
25.40-25.41 - 1 :
a. -Draw the frequency polygon and frequancy histogram.
b Findthe Anthmatic mean and standard (eviation..

" 3. Compute the averge and the standard deviation of _thc followi_ngé distribution which- .
shows the result of distribution of the resistnace of 500 units of certain electrical product.

b

_ Resistance . Frequency - Resistance Frequency [
J 2729 2 4244 113 i
3.0-3.2 % 4.5-4.7 | ]
33-3.5 - 48 - 4.8-5.0 n :
3941 188 5153 4
39-41 138 S
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of inspection of one of
That interpretations can

ngs distribution which"
irtain electrical product. _

Frequel_lcy
13

1
2
4

e

Calculate: A, Arilhmet_ic mean

of subgroups = 20. If is given that

B. Standard diviation

y You‘havé collected ihe following data from micrometer heasurementsin miflimeters of a sample

selected from a large lot of machinery parts and hawe formeed 2 frequency tally sheetofthe

- data as follows.

 Measurement CTally 'Measurement o Tally
Soo2s70 o 2510 o w
250 Wm0 2490 SR
2540 . MK - . 2480 o ~
. 2530 . e 470 © - |
2520 0 o o o

Compute the average and standard c'iev’ia_tion of the samples Given a sﬁéciﬁgaﬁon of _25' +
0.5 mm interpreat the results én the basis of mormal distribution. - '

. Determine the control limits for X and R charts if 3 X =~375.50, 2R =9.90 Number

4,=0.18,D,=0.41 3nd D, = 1.59, d,=3.735. Also find
process capability. ST o S

~

6. Control chart for X and R are maintained on a certain dimensions of a manufactured par, |
' meausred in mm. the sub group size is 4. The value of X and R are computed for each.
‘subgroup. After 20 subgroups Z X =412.83 and Z R =3.39 Compute the values of 3

sigma limits for the X and R charts and estimate the valixe of o onthe assumption that the '

- process is in statistical control. S . _ i} o
. Inacapability study of a lathe used in turning a shaft to a diameter of 23. 75 + 0.10mma.

sample of 5 consecutive pieces was taken each day for five days. The diameters of these

shafts are as given below.

o lstday 2nd day © 3rd day.l o 4ti1.day- Sth day o .i
2380 2378 . o378 BB 37 o
2377 2376 - 2376 . .2370 - 2377 .

2379 2378 - - 377 137 23.74

2375 . 23719 2373 - . 2374 2372

2378 2380 2375 2376 2379

Construct X and R chart. State whether the machine is éapable of méeting the tolerance

ornot,

- Control 'ch_af_ts_ for ¥ and R are.maintained on the outside diameter of a bearing. The

subgroup size -i_s-.4,-'.the.,values”qf ‘X and R are computed for each subgroup, After 20

subgroups z'}? =43.275, ZR =0.286. The dimension specification of the producis

2,150 + 0.0ib.ﬁ_f the dimension fall above the specification limit rework is required; if -
below the specification limit, the bearing must be rejected, o




- 10 The._- followmg data gwes thenumber o'_f' iﬁissipg_ri\kqts nc;té:d_ at ancraﬂ .ﬁ_'ri'a.l; ihs'p_:ection._;:f .

.{ .

" Plane ~° missing plane - ‘missing _'-’-ph@n'e - missing’

. ) - . - '}
‘Metrology & Quality C_ontrol}

[ Statis

If the process is in statistical contro) and normally distributed, what can you concluds
regarding the ability to meet the specifications? can you make any suggestions?

¥ . The following table shows the averages and ranges of the spindle diameters in mms. for 20
subgroups of 5 items each For the first 10 samples set up an X chart and R chart to seel

if the proces continues under control both as to average and range. A!sq:-ﬁnd- process
capability. S L 5
(d2=2.326) o - S :
. X- - X - - R X- . R X R
45020 0375 45660 0475 4526 0.150
45950 0450 45680 0275 . 45650 0200 -
. 45480 0450  4s600° 0275 45.620 . " 70400
45320 . 0150 - 45020 - 0175 45480 . 0225
45280 0200 45320 0200 45380 0125 !
45580 0250~ . 45560 0425 45660 - 0350
45400 0475 45140 0.250 _ =

CAir . Noof AW Neof  -Air ° Noof

No. ~  rivets " No Cvivets . No - rivets'
R D (R R R o
I ‘B
¥ . 12 .16 '
P T S
n . 4 ' 25
k- I R T
n- 0 m 9 N
a- o 18 o= =

| IuRuBREs
RLRL LR

P3N SR V) PRENT Y

L FndE -
" 11. Compute control limits
~IH. Plot control chart. R o :
11, The following are the inspection resulis £ 20 lots of magnets each lot being of 750 magnets
" Number of defective magnetsin each lotare: - : _ - 'i

o i ] 1 g A o

i oy e ST Lt

1o i Al

oy 25

e Pt L 35 i e

48
g |
70
85 |
45
Cal

stat)
12. An
N Sanr
“No:
- No
Cot
futl
13.Fo
1T
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what can you conclude'; 4 3% 49 7
suggestions? 83 43 0 - 53
ameters in mms. for 20 70 67 47 £ S
art and R chart to see/ & - 37 5T 20
45 52 51 30

1ge. Also find process

X . R

526 0150 -
650 . 0200 - .
.620 *, " 10.400
.480 0225
1380 . 0125
5,660 0 0350

craﬂ final ihs'ﬁection._ :

Air:_ No.:ol' =
fane - missing

No - rivets® :
O
A 10

22 2.

B. .7

p 28

2 o

it being of 750 magnet:

Calculate the average fraction defective and three sigma control l:mnts forP chart and

state whether the process is in control,

S 12, Anl_nspecnon results of 10 typical samples, for e_stabhshmch_hart ar_e:- _
 SampleNo 12 3 4 5 6 71 8 9 10

No.ofdefective 10 12. 8 9 1 & 10 1 9 12

Nodnspected - 90 10 %0 100 130 100 8 110 110 8

_Computer trial control limits, plot P chart and estabhsh the va!ue ofp and control llrmts for

future production.

13, Following table refers to the average number of outlet leaks per radlator for 10 lots of 100
" radiators each.

Lot  No. ofleaks - Leéks per - Lot - Noof - Leaks per
No. (e - ~ radiator No leaks radiator
| | c S C
U= — - o U= —
1 15 0.15 6 5 005
2 17 0.17 1 4 014
-3 2z 012 8 11 - 011
4. 6 016 . 9 9 0.09
5

7 S 014 . 10 10 - 0,10

1. Compute control limits for U chart.

- 1L Establish {j, for future production. -
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Areas Under the Normal Carve

APPENDIX
TABLES
Table A

Proportmn of total area under ;
Curve from -to X.I-Xfo where is the standard dematlon of the umverse

X%’ 0.09 -

L}
-3‘.’5

-3.4
3.3
-3.2
-8.1
-3.0
a .
-29
-2.8

-217

2.6
-2.5
2.4
.28
2.2
-2.1
-20

-1.9
-1.8

7
-1.6
15
14
13
-12
-11
10

-0.8

- 0.7

-0.2

0.00017

0.00024

Q. 00035
0.00050
0.00071

© 0.00100
0.0014

10,0019
0.0026

0.0036 -
0.0048

'0.0064

0.0084
0.0110
0.0143
0.0188
0.0233

10,0204
. 0.0367 .
1 0.0455

0.0559
0.0681

'0.0823

0.0985

0.1170

0.1379

0.1611 ..

0.1867
0.2148
0.2451

0:2776
0.3121
© 0.3520-

0.3483

0.4859
0.4247.
04641

‘0.08.

0.00017

0.00025
0.00036

“0.00052

0.00074

0.00104
0.0014 .

0.0020
0.0027

'0.0087
'0.0049°

0.0066

< 0.0087.

0.0113

0.0146

0.0188

00239 .
0.0301
0.0375 -

0.0465
0.0571

10,0694

0.0838
0.1003
0.11%0
0.1401 .
0.1635

0.1894

0.2177
0.2483
0.2810
0.3156

-0.3857
0.4286
04681

0.07 .

0.00018

- 0.00026

0.00038
0.00054
0.00076
0.00107

-0.0015
0.0021

0.0028
0.0038
0.0051
0.0088

0.0089 .

0.0116
0.0150

. 0.0192

0.0244
0.0307

0.0384
0.0475
0.0582
0.0708
0.0853

© 0.1020
01210
0.1423
0:1660

0.1822
0.2207
0.2514
0.2843,

hAa2e2 -
0.3557

0.3557
0.4325 -

0.4721

0.00027 - 0.00028
. 0.00039 0. 00040

006 005
000019  0.00019

0.00056 0:00058
0.00079 . 0.00082
0.00111 0.00114
0.0015  0.0016
00022 ©0.0023
0.0029 00030
00039 00040
00052 . 0.0054
0.0069 - 0.0071
0.0081  0.0094
00119 00122
00154 _ 0.0158
00197 0.0202
0.0250 _ 0.0256
0.0314 0322

" 0.0392 0.401
. 0.0485  0.0495

0.0594  0.0606.

00731 0.0735 “0.0749

0.0869 . 0.0885
0.1038  0.1057
012380 0.1251
0.1446  0.1469,
01685 01711
01949 01977
0.2286  0.2266
0.2578  0.2546
0.2877 02912
03228 0.3264
0.3594  0.3632
0.3594¢  0.3682
0.4384 . .4404°
0.4761  0.4801.

004 003,
~0.00020  0.00021
T0.00029  0.00030
000042  0.00048
“0,00060 - 1.00062
0.00085  0,00087
:0,00118  0.00122
“p0016° 0017

00028 0.0023
“¢.0081  0.0032
 0.0041  0.0043

0.0055 ~0.0057 -

0.0078 - 0.0075
" 0.0096 - 0.009%

0.0125 00129
0.0162  0.0166.

00207 00212
‘Dioz62  0.0368 ©

0.0329 . _0.0336 -
_o._oo-zqg 0.0418

0.505  0.0516

0.0618  0.0630

00764

0.0801  0.0918
0.1075  0.1083
" paz7l 01282

03492 11515
. 01736 0.1762 .
02008 0.2033

0.2297  0.2327

02611 - 0.9643

0.29046  0.2981

0.8300 - '0.3336
.0:3669  0.8707
0.3668  0.3707 .

0.4443  0.4483

0.4840 . 04880

;. 0.02.

0.00022 -

" 30.00031

0.00045
0.00084

-0.00090-

0.00126.

. 00017
0.0024
0.0083

0.0044

p0059 . -
0.0078
 po102

0.0132

GO1T0

0217

00274

1,344 .
0.0427.
0.0526

" 6.0648

0.0778

0.0934 ~

01112

- 01814
-.1539

0.1788

0.2061

0.2358
i 2876

0.3015
0.374%. -

0.3745
04522

T o480

(14960

000"

0.01
. 0.00022 0.00023
0.00088 0.00034
- '0.00047 -0.00048
0.00066 0.00069
0.00094 0.00097 -
0.00181 0.00185 -
. 0.0018 .’ 0.0019 -
0.0025 0.0026
'0.0034 * 0.0035
- 0.0045 - 0.0047
0.0060  D.OUR2
0.0080:  0.0082
0.00104 0.0107
0.0136° 0.0139.
0.0174 00179
" 0.0222 00228
0.0281 ° 00287
0.0351 . 10859
| Q.0436 - 0.0446
0.0537. .0548
0.0655 - 0.0668
bogs 0.0808
0.0951 00968 ~
8:1181 - 0.1161
0,1335 - 0.1357
0.1562 ., 0.1587
L0184  0.1341
02090 02119
02388 02420
0.2700 - 02743
" 03050 3085
03400 . 0.3446
08783 03821
03728 03821
04562 04602

0.5000

=)

TR i e ST
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Appendigy
_ TABLE A | 3
Areas Under the Norrsal Curve- (Continued)
XX 0.0 001 002 003 004 005 006 007 008 009
00 05000 05040 05080 05120 0.5160 05199 U529 05209 05319 05358 |
+0.1 . 05398 0.5438  0.5478° 0.5517 0.5557 05526 0.5636 05675 0.5714 05758
+0.2 05793 05832 05871 0.5910 05948 05987 0.6026 - 0.6064 0.6130  0.6141
403 | 0.6179 0.6217 0.6255 0.6293 06331 0.6358 0.6406 0.6443 0.6480 0.6517
+0.4 06554 D.6591 0.6628 -0.6664 0.6700 0.6736 06772 N.6308 0.6844 . 0.6579
+05 06915 D.6950 0.6985. 0.7019 07054 07088 07123 07157 0.7190 0.7224 . |
+06. 07257 07291 07324 07357 07883 0.7422 07454 07480 - 07517 0.7540
+0.7 07586 07611 07642 07673 07704 07734 07764 07784 07823 07852 .
+08 07881 07910 07999 0.7967 . 0.7995 0.8023 0.8051 8079  0.8106 0.8133
409  DA153 D.2156 . D.8212 0.8238 0.8264 < 0.3280 0.8315 08340  0.8355 0.8389
420 05413 08438 08461 0.8485 0.8508 0.3531 08854 08577 0.8599 0.8621 :
4Ll 08648 0.8665 08686 0.8708 0.8720  0.8749 0.8770 03790 08810 0.8830 é
- +l2 0.8349  0.8869 0.8888 0.8907 _ 0,8925 0.8944 08962  0.8980 0.8997 10,8830 _
A8 . 0.9032 0.9049  0.9066 0.9082 0.9090 0.9115 08131 0.9147 0.9_1.62. 0.8177 \g
314 09192 0927 09222 09236  0.9251 0:9266 09279 '0.9292 09306 0.9330
415 6332 D935 09357 09370 '0.9382 09384 0.9408 0.9418 09420 09441 3
416 09452, 09463 09474 09484 09495 09505 09515 .0.9525 VU535 -0 9545
+17 09554 0.9564 09573 0.9582 09591 0.9509 ‘09608 09616 09625 - 0.9638
418 °. 09641 N.UR4Y 0.9656  0.9664 0.9BT1 0.9673 0.9686 D.IEYS 0969y 09705 -
+19 09713 09719 09726 09732 09738 05744 09750 0.9756. 05761 0.9767
+20° © 09773 0.0778 09783 05788 0.9793 0.5798 09503 09608 . 0.9812 0.9517 _
+21 | 09821 0.9826. 09850 09834 0.9838 = 00842 0.0846 09850 0.9854 09857
422 09861 0.9864 09868 0.9871 0.9875 ©0.9578 0.9881 0.9884 0.9887 09890 |
423 D9BY3  0.9896 0.9898 09901 0.0904 0.9506 0.9909 0.9911 0.9913  D.9916
+24 05918 09920 05922 0.9925 0.9927 09920 0931 09932 0.9934 09936 |
425 | 09938 09940 09941 0.9943 0.9945 09946 0.9948 0.9949 0.9951° 09952
426 09953 0.9955 09956 09957 09959 0.9960 09961 D0.9962 0.9963 0.9964
27 - 0.9965 09986 0.9967 0.9968 0.9968 0.9970 09971 0.9972 0.9973 09974 - |
+28 09974 05975 09976 09977 0.9977 0.9978 0.9979 09979 09980 - 0.9981
429 019951 0.9982 0.9983 0.9933 ' 0.9984 0.9984 0.9985 0.9985 0.9986 - (0.9086
+3.0 | 0.99865 0.99800 009874 0.99878 0.99882. 0.99889 099889 099893 0.99596 0.99900  ff
iz1 _---0.99903.0.999_06 0.'9'9510;'0.99913 0.99915 0.99918 0.99921 [)_.!}9924 _:i.ssszs 0.9992 %
532 0.09831 0.99934 0.99936 ©.99938 0.99940 0.99942 0.99944 0?99946 d’.999_43"' 0.99950 - ]
#3.3 - 0.99952 N.BYYSH N.H9955 0.99957  0.99958 199960 0.99961 0.99962 099964 0.99965 1§
134 0.99966 0.99967 (.99969 0.99970 0.99971 0.99972 099973 1.99974 G.HYYTR 0.99976 -
2o AW _:-'H}'wra_ ST f}‘l‘.i'T-‘-‘l Q) mm‘m (L9931 13 000AT 1} 99URS. () A9R ) L.. R

1
::'jl
i
3




Appendifl]- [ Metrology & Quality Control
- _ TABLE B
D S o _ . Factors Estimating ¢ from ROur ¢ _
R L . ) Number of. Factar far - Factor for : :
0.08 0.09 ‘B _ : : olservations | Estimate estimate ' ' l
} 05315 0.5358 _ - ‘ Lo suab -group . . rt.)_m\ . :
: - - n dR6" | e=0C/c f
0.5714  0.5753 ; 7 1.128 ; 05642 i
b 06130 " 06141 . 3 1.693 071236 ¥
| 0.6480 0.6517 1 0.059 07979 |
i 0.6844 0.6879° 5 2426 - | os407 |
0.7190° 0.7224 6 2534 - |- o0.8686 n
o : ' 7 2.704 08882
. - M
- 0.7517  0.7540 8 | 2.84% .- 0.9027
0.7823  0.7852 9 2970 - |- 09189 ?
9.8106 0.8133 10 '3.078 ; 0.9227
0.8355 0.8389 1 8.173 - - 0.9500 | _ :
0.8599  0.8821 12 3.258 : 0.9359° L _ ]
: o 13 3,326 08410 ' o
10.3810 0.8830 14 8.407 - 08453 - . ) ]
| 0.8997 0.8830 ‘ 18 Ba72 09450 .
0.9162. 0.8177 1 5658 | 099 : !
05306 . 0.93 17 3588 | 0é5m . _ |
A _1." 187 _3-640 09574 : : : '
0.8425 09441 19 3.689 09599 "
0.9625 - 0.9633 21 8778 - - | 09638 _ _
_ 0.9699 . '.0;9705'._ . 22 | 3818 . .0.9655_ ) - . . :
" 0.9761° 0.9767 . 23 3898 - 09670 -
ooaiz 0 _ . 24 6.895 '0.9684 - i
$ 09812 - 0.9817 25 |ses1 - | - osess |
0.9854  -0.9857 30 (4086 - 0.9748 .
09887 ' 0.9890 - 35 4.213 0.9784
1 0.9913 - 0.9916 40 4.322 ) '_0.9311-
09934 09936 45 4.415 . 09832
- . : 50 4498 0.9849 ;
0.9951 0.9952 ' ' |
: . 88 fasTa 0.9863
0.9983  0.9964 : : : . 80 4.639 - - 09874 .
0.9973 09974 - . - e 4.699 0.9834 - !
0.9980 - o.9981  f B 10 | 4788 09342 ° 3
0.99896 0.98900 80 4.854 0.9506
- i K 88 4.498 0.9912
1.99926 ' 0.99929 : 90 4.939 ’ $4.9916 -
099943 nogese . ] 95" 4978 09521
099964 099965  f 100 0035 0.9925
(0L99975 - 0.99976 - Estimate of 6’=R/d, or o‘/C_2 . : . -

L L [ATATA)5 0

These factors assume sampling from a normal universe




. Table C
Factors for Dé_termining from R the 3- Sigms control.
Limits for X and R Charts from R

_Number of Factor for Factor for R chart
observations | X Chart |Lower control fupper control | ' T
limit limit

n Aé D2 ’ 154 _ ]

2 1.88 0 03.27 N = ;
3 S0z o | 257 | | |

4 o073 |0 2.28 ' R R
5 0.58 0 211 o i
| & 0.48 0 {200 o
' 7. 0.42 o008 | 192
| 8 | o037 . 04| 186
Ij . 9 0.34 0187|182 I
'. 10 031 02 1.78 |
ﬂ 11 029 o2z | 114 B
!. 127 | o027 ¢ 028 | 172 |
! 13 025 | 031 | 169 N o

| 14 0.24 033 | ‘167 | I ¢

15 0.22 035 165 T
| 16 | o021 036 | 164 | o |
17 020 | 0.38 1.62
18 0.19 . 039 [ 161 - |

19 019 | - 040 1.60 o N ’

20 018 041 | 189 | | - -

* Upper Control limit forX = UCL = }_{ +'A2I_?.

Lower control limit for X = LCL ¢ = X- Azﬁ ' _ | ——

- (If aimed or standard value X is used rather than X as the central o

line on the control chart, X should be substmted for X in the precedmg formulas.) - l _ |

Upper Control Limit for R = UCLR = D ] I - chart,f

| Lower Control Limit for R = LCLR = DE_R 4 '

U o7 Al factors in Table C are based on the normal distribution. : B RS
! : ’ . _ : : 2 All fac
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Appendix |
' TABLE D
snirol. Factors for Determlmngﬁom the 3 sigma Control Limits for Xando Charts
Number of | Factor for Factngp f‘nrppha-ﬁ- '
observations | X Chart | Lower control | upper contrel
' limit limit
n A, - B, B,
2 3.76 Ta 0.27
3. 2.39 I 057 -
4 1.88 ) . 2.57
5 1.60 . .0 2.09
8- 1.41 0.03 1.87
7 .28 012 | 188 -
8 1.17 S 018 1.88°
9 109 . o 024 | ° 178
10 103 -} 028 1.72
1 - 097 0.32. 1.68
12 0.93 . 035 1.65
13 . D:8a . 038 1.62
14 1.85 L 04 1.59
15 . 0.82 T 0.43 1.57
16 1.79 ' 0.45 1.55
17 © 076 0.47 ‘1.53
.18 074 | 0.48 1.52
19 072} T 056 1.50
_ - 20 0.10 . 051 . 1.48
" : ' 21 0.68 . 062 1.48
: L 22 0,66 - 0.53 - 147
23 0.65 0.54 1.46
24 0,63 : C 055 | 145
. 25 0.62 ' 056 | 144 -
. _ 30 " 056 o 060 { 140
: : P 11 0.52 : 0.53 137
40 0.48 0.66, 1.34.,
_ 45 0.45 0.68 1.32
- 50 0.43 0.70 R
: o BE o041 ) - 071 | 129
g0 0.39 ‘072, 128
65 0.38 0.73 1.27
0 ~ | 037 .. 074 1.26
% 0.35 076 1.25 .
‘8e 034 0.75 124
. as . 033 - 077 123 ‘
- S . ap 03z 0.77 Co1.22 :
R _ - _ 95 | 031 _ 0.78 . 1.22
: ' 100 0.30 ' 079 | 131

Upper contro} limit for X UCL X = X +A S

Lower control lirnit for X = LCL X S Alc

(Tf aimed or standard value X is used rather than as ¥ the central line on the
chart, ¥ should be subsitued for X‘m the preeding formulas ). :

Upper Control limit fors = . UCL . = B, g

Lower Control Limit foro = LCL »= B o _
All factos in ;.‘uiﬁ' D are hused on the norma dJStrlbU.th"l

han X as‘tfhé central
receding formulas.) '
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TABLE E

Fagtors for Determlmng from the 3 sigma Control lexts for X'R and o Chart

UCL =D, .
Central hmep_ = -J:; .
'  LCLe =D,

. UCL#=B ;.'_
Central linez = -cﬁ;
- LCLz = B,

{({Ifmetardl: awarage is tobe used rather than standard or a1med ata average X should be
ssibstitusBFor X in the preceding formula) - :

“Number of Factor forf’ Factor for R chart Factor for R chart
.gbservations . X Chart | Lower _ upper Lower upper
—_— ' control _contro} control control
limit THmit himit Jimit
n A D, Ds B1 32
2 212 o 3.69 0 1.84
3 1.78 T o 4.36 o 1.86
4 " 1.50 -0 . 4790 a 1.81
5 1.94 0- 492 SR 1.76 . i
6 . 1.22 0. 5.08 0.03 i71
7 1.18 0.:20 5.20 0.10 1.87
8 "1.06 0.39 5.31 6.17 1.64
) " 1.00 0.55 5.39 0.22 1.61
10 0.95 1.70 - 5.47 0.26 1.58
11 90 081 0.53 0.80 1.56
12 87 0:92 5.59 0.35 1.54
‘18 . 6.83 1.03 5.65° 0.6 1.52
14 0.80 1.12 5.69 0.38 151
15 0.77 1.21 5.74 0.41 149
16 0.75 . 1.28 5.78 043 1.48.
17 0.73 1.36 5.82 0.42 147
18 0.71 148 - 5.86 © 046 1.45
19 . 069 149 - 5.89 0.48 1.44
20 0.67. . 1.55 5.92 0.49 1.43
25 0.60 - - : ' U85 1.39
30 ©ooss | - 0.69 1.36
35 0.51 0.62 1.3
40 0.47 0.65 1.31
45 042 - 0.67 1.30
50 039 .68 - 1.28
66 - 0.36 91 1.26
79 0.34 - 0.74 1.24
80 0.32 0.75 1.28
90 0.30 077 122 §
100 - .78 120 3
UCL X +A LCL X AG

T ke AL M YT DR RS RU



