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Unit 1: Introduction
Course Outcome (CO)

e Understand the concept of measurements in engineering.

Unit -1: INTRODUCTION:

Meaning and scope of metrology in field of engineering. standards and types of
measurements (Line and Wave length, Primary, Secondary and Tertiary measurement
concept only). Limits, Fits and Tolerances. Interchangeability, precision.
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1- 9= (Introduction):

31T &I JaT iGN hifcd (industrial revolution) & JT &1 TR ST6T Teh 3 Siereear
aﬁ@'a?mﬂaﬂﬁﬂ-ﬁ(consumers)@'mﬁ@?%aﬁwmmﬁﬁ
e A o oY gefYr g8 aur sae wruwry 3egen & fasra o gam ¥l et & -
ALY JHAF § AR o7 FHAlA T 3YHFAT SR R ST S T 379 g5 7 g3 &1 g4l
g5 & 2 3ce & ALY yfaeaT & oA fGar § R Sae gad 3eaen & o 9w
3cqte, Y VT (quality) ST T@AT T 3HA AR GUR AT 3T g a7 g1 R
qUTEdT & R 3cdig T Ul (productivity) B AR I@eAT R Seureer e
Aheldl 1 Teh Hgeaqul HRUT §| ‘AR U AGT I [AwT g7 586 a1d T Sl
car ¢ 5 fordlt 3careeT usha (manufacturing process) H TpT @ UTAAT d 3cHTGehd p=
THET §AT T@T ST TheT &

gA Sed & 6 Tl 3cure T quaar SR W & T 3cuie w1 Hafad detor
(inspection) 3TaeTe gidT ¢ oo ford fafied geR & &9 F9t a A gfhanst & r
AT fhaT STaT 81 3cure & faffie urarel (parameters) 1 fARI&T0T e & o [affies
YR & HAGA T HT IUAT HAT SAAT §1 Red AW JA T AT Gihansit &1 g
A TAT 38 91d & GAY &4 @ a1 for AT 3curg &1 Aed g 1 9¢ I
foh SR A 3aHr TAhT T HideT g S| T & 39 o1 1 df &1 3@ afgy s
foeTor ufohar & 3mavgenar @ ¥ FHT 7 @ fSHA T Scdieehal W ikl TG
a3l dfer 3curgehdr &1 WUT HFEY 3cUG Hed ¥ § 3Hd: AOA & S & Fadidsd &9
d 3chEn # 39T fRar ST @ § 39 A fade A Amafadi(Metrology) FEd &1 AT
fFaeT 3cuel & [Affiesr grarell & AAT0T & 39IRT R S arel A9 I3 @ AT
afhan3il & T gAra A HgI Al gl ¥ el # HRRA gelifeRRt i fafdesr
AT FAT T 3YIANRT T YSdT & d: AT /YT H7 AT Tcdd 8T & SolllaR &
o 3Tl grar g1

1.1 #ATafaehr &1 37 (Meaning of Metrology):

AT BT etr Y AT AT § W SolfaRaT & s 3 ‘que & A EhR
forar SITar §1 31a: AN SlfaaRer &1 ag Qv & 5ad)eaia AT fr ATe
1Sl )standard units), AT TFT TAT AT ITHATIT T eI fohar S1ar g1 "
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1-2 ATGfAHY FHT FAAT (Scope of Metrology):

3 aeh IRALT & deolel & HIUATY HAioiehl Sl HRIEH 8 o7 &1 31 TaREY AT & -
QY 3T Fs &3 3TH giEATId Far ar §1 31T AfAd & HRIET & [ea &av
#Aooda o wEa § e dEed [wo fm oamr ow

(1) faToT (inspection):

T 3 # 3curead 93 YATT (mass production) I fRIT JTAT § 39H Tl 3cUIG I
AT ol He7q gl gicT g1 37c: Ioradm fAg=or (quality control) & for 3cuie & Teh &3
g (ot) & o 3cue o Sd € 3R 3ot faffieet AGs & & fadeor @ odreor
forar Smar g1 fdetor & g8 fafer @ifgdhrm aor =T (statistical quality control)
Fhgellcl g1 38 HTARFd FHI &I dud & T AT (gauge) @ Jelfl (comparator) T

w2er T SraTr gl

(2) 3cUTeed W T fAA=9T )control of manufacturing process):

ATl TRl SculesT Yshd &I AUTET dl 0T F Wl # FGRIAT Jeld el gl S8
o @if&ashrg a[or oo & fAcidl &1 39T faar Srar g1 g@d 3icdeta frdr a3 e
A5 § WfETHT ATYCST (statistical standards) & 3TUR W F& 3cde I fod| S g
37 faffiesT umaret & e & wieq A & 3TYR W 37e19T) 376l el dTe-control
chart) IR &% fod Sid €1 grarel & 9Rade gl W #efleT & 9o A fohar e gl
s YhR 31T 3curer & $Y fAI=or fRar S gehar g1

(3) Rff= Fad ATl FT AYA (measurement of surface parameters):

ferdll 3raaa (component) & Taf#esT STETell (parameters) SR T (taper), TR (gear), ¥
TS (screw thread), Hag @&TdT (surface rough- ness), IMIFT (roundness) 31T & HGeT
UTSRAT T AT ARG & 39l I ST g

(4) AT AT FT HfAAWT T He[RaTOr (calibration and maintenance of measuring
instruments):

HIYT AT I G&TAT 3Teh AT Toh Tl @A & ol 3Tl W@ WG el 3HTaeTeh-
i & T 3[ReTor ed 1 A1Y & A 1 BT JUAT FAR @A & T 3eTenr 3T
Ty A yonfedt garT e R arar § SR SfowersT (calibration) FEd €
3T Gl FF AT AT & 3T 31T &
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aefs 3ot @1 @¥@a (alignment of machine tools):

el AN GaRT T I Jeure T AU HMA SR BT FUrAAr TUT 3T A
gTEr & H@E WEA W AW A g1 3T F&men A R #le eR &
TEATI(installation) T IR@TelsT (operation) & THT 38+ [Affed 3GTal T TXGsT TLETOT
(alignment test) FIAT 3TITH BIT gl 3TH Ad9d #AMT §5 (machine bed), a3(spindle)
37T Fr Sira Fr ST B

1-3 ATGfA F 36827 (Objects of Metrology):

AAfARr #T HeT 3caT frdr A ghd 1 A T HA oEd J 3¥E ¥ AEF
TOTET TUT JAUTHAT TeleT T &1 $8h HTaReFT A & Feaaiai@d 31T 36827 8-

(1) fREY 3cure T STg & o AT FaT AT TS JAT 3AHT 3YIIRNAT AT HLAT|

(2) F9eT fAfRAt 1 ATRIEIOT HET, TE FE R HTUT F FAGYA 3cqeA F qd
giAfRed fovar S =g

(3) 3USlsY HUSAT &I YA T GETAqaeh 3UAeT e AUET0T dEId & A |

(4) |IfEIRT U1 AIF0T (statistical quality control) ST fafEAT &r 3UANET e &I
3agal AT GEAT H FHA AT dAT 3dh AFAT W gl dlel IT Hl FHA FLAT |

(5) T faRfAT 3curel 1 f3oTseT T 38T JATa b 3cUleed Yshd AT 3Tcst AT
HHTUAT T Feeheldl JATcT |

(6) AU TAT &1 TS FARTT WA & O AGST T HT AT AT W Hfaere-
(calibration) s3]
(7) AT FFaT AT FT gl QioTeTT|

(8) TohEY Tshd I GEIAT3IT &I ATT aeh 37dAd o 3cUiGed Pl 3ThT AT (tolerance) &

I @)

(9) dreror & ford 3Tl S (gauges) T AETOT Y (inspection fixtures) &t
IESIEGREEARETGIH
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1.4 A9« (Measurement):

forell @ & faf@iesT grarell (parameters) & AT olel T YTshdT S AYT Fgdl &1 Ui
TeeTar & 37T 37T TF W Fohdl § I AU -t ehihd Teh a& o ford 3refer-
fehell 3rarre TRI(unknown parameter) %1 =T Jcomparison) 9a fieRer #Hretent
(standards) & @Y &I AT &l

A T MaIFHAT (Requirement of Measurement):

ST & 3MYfeh SNfaRer o1 # v 3curg 1 [HHA0T e ared &% e deg &
3e: gfaeae’ & Told gds fAHATAr )manufacture) 39a 3cU1g T [UTEHT SY @A F
oy ToRaR JarEd § fo|e [ 3cuie T AU 37c3d 3Tade giar & 3R =& & 4Oy
AT YoTelr I JdT, gatdr d faa@eigar 8 9 I@T 3ads @il gl

A9 Hr AFAT (Classes of Measurement):

fondlt 37aTTcT R T AG HEId: ar fafedt & fhar SiTam & — Uegel a1 3vcgel | Jogef
fafer & fonely TR o1 AT A &1 9 IR ATt & Jofer Feh dred fowar ST g,
o foh UAA(scale) & oIS &7 ATYS | 39cgaT fafer & 3idetd forelt TfRr &1 #Ager e
g T X AT & Y&TuT (observations) T FUARA Flh ThaT hicsies JATT 9T ger
STl §, S dM9ATT Hl TATHET WX 39H IR FT ol as & AT fhar Jar g1 gdAHRe &
3EEI0T & TOse ¥ T Fgl A (URY) #7 dhael Ueh IR FUcROT & @ &1 (FFars #)
WOT fheq 3ol Sifeer A JH & Toh AT & fod IR & v @ 31 IR i
ST g1 5T FTd=AvT(translation) & 3MYR 9T ATYS #I foe=T A0 & Sier =T §:

(1) & Soft A9 (Primary Measurement)
(2) gfadr Aol AYA (Secondary Measurement)
(3) I Auf AT (Tertiary Measurement)

(1) 9g&| Aoft AT (Primary Measurement):

ST AT & d TFY P PR FT FATAOT FgT T & aUT Ig WY & gceT vefor
q forr Sra &, 9uH Aol A wgard g1 S8 fohdy AT dAT (standard scale) & 37T
CIFSTS T Jolell &hdatl, T &l SW Y AT HT A ol 30 JUH Ao AT &
3CIEI0T g1 Hc: Ig AT YeIurhdr (observer) &I AMfSAT (nerves) & &AM & gfd
NECONICT)] W fasic LA el

Page 5 Faculty: Mayur Dev
+91-7983018600; mdev.vit@gmail.com




.

s VISION INSTITUTE OF TECHNOLOGY, Subject: Metrology
= AT ALIGARH

Unit 1: Introduction
(2) gfaeirr Aoft AT9=T (Secondary Measurement):

S AT A 98707 &I Fdd Tk IR Fed0T g, iadra Aol AT swgeldl g1 3a%
3T S9 R TR T AT NS T 6T 8T § a9 39 UMY T TA’0T o aTs &
frar Smar & @ R $foees dAWI(calibrated scale) X Ue form Smar gl
dI9HAE Td & & HGe Gfadia Ao AT & YHE 3aR0T g YHE # ORI N
AT & fa 37cafs ddcaelier gar § JUT daHEd 3R gl W UR Fr oFErs H
gRade 8T g1 37d: YATHY & Fod H T URT dI9AT H gl arel IRadel & gr &
TFES h IRAdd & ¥ H gUar § o8 dga & Rfegd (graduated) Ffoses da=T
(calibrated scale) W 9gT ST &1 38 UfshaT & T & THs™T 977 B

SHT YR gl AT o o 7 I3 &1 9967 fRar Srar § 38 g9 &Y (pressure gauge)
Fed &1 Tg TT a9 F TdeeT A g1 AT & FIh (pointer) HY Tl & ATETA & Ml §
S g sl W 9 YA W YT Srar gl

3) QEFRT Aoft ATYS (Tertiary Measurement):

fordt TR & v & ol Ay 3@ T A @ IR FEReT fRar Srar @ ar g g
Aol AT Hgelrcl &1 30 A0 & Iicfeta faega TR (electric tachometer) & Irg#IeY
(pyrometer) IT yHE gl fdega Tdelicr A dive & afd & Hded T TESTH
(transducer) GaRT dlecsl (voltage) # dgall SATAT g1 3H UHR YYA Tl H fd,
drecat # aRafda & Sy § 9T dieest dlecHieX (voltmeter) SaRT aFaTg H IRadel &
9 # gefia X fGar Sar g1 31a: diecs &I dlecHIY GaRT oFals H JGolell gfadd
®ATROT § foI8 9aTeh @rl g Hdeet & &9 & Ug forr Srar 81 g Aot & Aer

T & uefdt fomar = g1
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dFa1$ & AS (Standard of Length):

FRAMAT & FaF I} FA Iaug & (e grmrel A A
TSIl (Th 3T A g@ll W1 & & T gl) T FEAr S gl g
3: TFETS & Al B HETRAT H GAAT F GAF oA A I
forar| oFaTg & o et ATl o1 39T fohar ST

(1) HIEX (Metre)
(3) ARETEET ATH (Wavelength Standard)
(2) IS (Yard)

(1) Hex (Metre):

Hifcwr Jomell & oFEs @ ATS Al g O RIS Yielersy HieX (International
Prototype meter) @gd &l 39 e YR & IR™G Far ST @har -
"0°C AYAT AT WHAT dFAVSAY & W cofeaw-0f3am @y urg (Slfeed 90%
SUTSTH 10%) & B3 & =ggol 3MeT W &l & 16mm W@ & g 1 gff T #Hlex
AT §1" FHR Fel ofFe1s 102 mm gicl 81 O # o3 &1 ey Fe fews =i g
IRFT QR IR F5 FIe F [AFT o9 8-

(i) 38 e UT S Ted (rigidity) 378 8l &,

f——16mm —

T =z 3 (Neutral Axis)

q
9% e (Calibrated Surface)
16 mm

|

(ii) <o colfeTH-Safsas @ erg 9gd Hgall gl § 37 Tg Fe fAdegFr (economy)
UeTeT e &,
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(iii) ST T 7T 31T T QU oFa1S AR HT AT Fehell F

(2) a1$ (Yard):

g fafeer gomelr &1 W A& (line standard) & 5 s#iR&er &\ I8 (Imperial
Standard Yard) 8% gl ST 81 g Teh a7 S IIOEY HIC HT 38" ofFal HIA (Bronze)
At R I RoesF A R §l 39 BeEf &
g & g @ gl 36" 8T 1 3o el # " eurg & ar 9ot ol (gold plug) &@Y @ £
3T ToldT & IWX ar afas dur di9 FeateR e W " F FAd W6 g gl
$H YR 62°F W al 0T TofaT WX {@ifehe I@I3HT o &I &1 gl Ueh Hleleh IS dgellall
g1 30 AT & AT A7 §1 3T AlAR & TAT 3T JRd H g1 FAT AT ¢

2" —
L (at 62°F)

&
<~

BT

o1

o B vy —»| ' Bn i -
0.10 = ="
|®
.
- &
W A5 o L,//

(3) aFreed AAF (Wavelength Standard):

AFaTS F YT AR HeT dUT U8 & {1 ARG HideAs Ig & & gTohl arars
dIAE & @ aRafdd gl @ §1 56 HROT A9 i gfkar 7 i e aRenor @
3O gl I FHTGAT 6 ST 1 HeT: TFaTS & Teh U Hleloh I HTGRIhl T 3eerd
forar a/ar o fRelr o sraer # 3URaEdAT | sOe o TRt ueauityr geerer
(monochromatic light) T TRITEET FI TFas & HAAH & FT H TIIPR Il G ol AT
|

HR g AT & 3eased sZU (International Bureau of Weights and Measures) & @ 1990
H fhceld-86 (Krypton-86) & AARENT fAfRIorT i qiorded # aFa1§ & AWS & T A
HR a1 59 ITER frceiar-86 & aArel RfFTor (orange radiation) #r 1650763-73
AR A T TE AT F OWE G Bl NS H T AGE  GeAdcuread
(reproducible) BT § ST 108 H 1 89T &I YEUAT H AT ST gl SH Aleleh T AT
T IS TG ALl ISl ¢ Sidich Hifdieh FTa®T dlel AleTehl (HIeX T ITS) & IHedd iard
TGAT 95T g
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awreey AAF & o1 (Advantages of Wavelength Standard):

(1) 3TeT FHIfdH TAET o gl o HRUT Ig ATAGRUT & JATell ofd dd (temperature), &1d
(pressure), 3T&dT (humidity) 3ca1fe & 3aRafdd ET §,

(2) 3% FIRIT HSROT HiT 1T AET Bl &,

(3) 3Heh O &=l @ Teol (wear and tear) ST #F FEI §IdT o,

(4) I§ YeTecdIeaAIT (reproducible) 1T &,

(5) I Ueh U & g TUH deh G & o ST ST Hehell &,

(6) Tg T AT TIAIRMT3T (standard laboratories) & I 3T & 3Ucletl T ol

AT & A® (Standard of Measurement):

TR Wiy Hiex g SFNRIST AT TS FT 3YANT Fasdl & 3T AT &
faRor & o fovar Srar 1 57 ATRT T 3T AT AT Ufshar F J&7 Far s
Tl §l 3d: AT T A & & & F T & o AR gvR & AT &
AT fRar Srar § Sieg 39Afarar & sfteaor & fAeafai@d ar A0t & §ier ST dehdr
%’.

(1) srufA® ATH (Primary Standard)

(2) gfade AAF (Secondary Standard)
(3) Jcireh AlAH (Tertiary Standard)

(4) FTIPRT ATH (Working Standard)

(1) wgfA+ AF (Primary Standard):

Tg A AlTH § Slee 3cdd Oy aRfEufa 7 daurehqdess w@r Jrdar 81 gt 391

AT AT Gisham & A1 fhar Siar § 31U Solehl HRAAT gidciideh Aleleh iy S
g1 I AR USel W Sfdciiash HeTehi T Jolell FHeT HleTehl & &I STl g1 #Hex, I18
3N gUA AF F ISR |

(2) gfad® A (Secondary Standard):
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qg HATh A Al (TIH Aldh) T 1T Tl 3R W (B3, v, oarg) FATT
g €1 SoTh FAT-HAT W A AR & Jelell & o1l ¢l I F1g I § ar 38 o
X forar Srar g1 gfadie AT s TUEN W W S1d § 9T 31aeqhdl 95 W I
HITh! T Tolell o8 T STl &1 TUH Hieleh & GHESAIET &1 Slel T eidaid Hlelsh &1
3TANRTH A ST B

(3) gdF AWSF (Tertiary Standard):
Ig ATAh, AT T AT & Ugel HATh g Tolog DIAATAT T HTeh YRR H 3T
PP AR & ¥ TEH  (reference) & ¥ 3w FAr Sar g

(4) FRHMY ATF (Working Standard):

Ig 3T el ATl ¥ Aed-Sleld §a S § W {ed HF WA & ol Sog
AT I35 N uIq § AR FIAT §1 SAT FHT 3YANT ATTTAHT FAWTRITST (metrology
laboratory) & 3T STAT T

3remehe (Calibration):

fRell SRS a7 §3 3cUIGA dheg A A YPR & AN IF, AT T AT Yoo
39T A org St g1 fREY 3a¥a (component) @ IOTIAT 38F S (size) W AR
FA g1 A R 3ragg & A A AFEAIdr g IUdar 38E A9 & frd 3uer
# oa I Rffed Ao 39 scarfe W AR &Y &, 37T §HI-9HY W AN 357 g
ST (gauges) AT AT FHI FTT ARA| STk AT FHIRRTT H TACIHT FRIBRT HATADT
& HIY AYT AT T Sl T Jelell SN ST &1 Il AGT J47 A1 601 A HIg qfeE 915 =40
ar 38 Alc a o ST g1 39 & ST (calibration) gd &1 36AEN & FHIIAET &
faffieer A9ar I3 & UG 7T Hearer 1 Ag, 3 A T 6 Al W hicsie Far Srar
g1 a8 Yy 379T9 & GISe dUT AT YUTell I ARGTAITT Jar o &

A9 fRar wFat) Ageaqor IRANE (Important Definitions about

Measurement):

(1) 3re9dH ATT (Least Count):

HAYST fohar # fohdll ATYT IF GaRT AT ST Hehel dTel s3I A HIS HI HoTdH A FHgd
g1 AgHIAC & o Tg AT 0.01 mm AT 0.001 mm TAT afeizR iR & forr 0.1mm,
0.05 mm T 0.02 mm §T &1 37TeT el STl AT (Dial Vernier) T 3TATIT SELT &1 T
¢ fower & sreuas A= 0-01 mm gier &

(2) I (Range):
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frelt ATIeT I7 @RI AT ST Aol aTelr ATUSRAH AT FT WA Hgd 6| ASHIHAC &
o g AT 0-25mm, 25-50mm 31 giar & e afaar Sfoow & o 0-150mm, 0—
200mm AT 0-300 mm 37 g &1

(3) T TR (Scale Spacing):

fred AT I & TFd W A 3HeoA [AHSIEl (adjacent divisions) & #AET Hr gl A
Thel TR Fgd &1 IMVFR A9 T & QN /T 7 Tha WRIT v T T &,
U AT FAT & Tho &I WT Tha (linear scale) F8d &1 39% AWIT 3NET Tha
(non-linear scale) arel AMGST JAT & Thod TIRGIT H HAWKE IRIdT gar gl

(4) fdrefafadt (Repeatability):

frel A9 IF &1 gg 9707, TS SRUT Iig fRET 3/ada (component) & fohdT Teh YrTer
(single parameter) &I Teh & fo1aTeh gaRT Hewt-ffeed AT IR AT AT TAUT F&T0T
FATIAT gred g, A fafadr swgerd 81 388 araraRor 3fg & A IF 9T 93 drel
JHTT T 37T fohar STar &

(5) fisgRfafadt (Reproducibility):

e AT gfshar & afe fREY 3/aa (component) & fRET T 9rATel (single parameter)
H Th & AT IT § Aeed-ed 08Tl ary AT S J2ar 98707 & FATIAT 9red g,
3¢ # T A 9t 38 HEIIAT A IWN US IR ¥FWE (R & R Study) F@l ST &
Ioisgafafod sgardr g1 58 fhar garT 3 & faffiesr et (inspectors) & #ATIe
ohierel T oleTl &I SITel B

(6) gEfRaT (Sensitivity):

fREl AT I & Fa& (pointer) & [aTATTT & AT ([HoFle ) T2r I7 & 37 9w
& AET HIA & U HT AT HT AT Hed 81 37cT: AU I H Thel T[T a2
eUTH Al T eIl I I GG gl ¢l Thdl I & 31Tt Gamgr il 1 31y
3ahT ganfear &1 3nifes AT 31U g g

(7) aredfas AT (True Value):
AT IT & GaRT fohdl ITdTel I +AT9T 3T AT dFdd H JEdfas Al & fashe dr giar
€ Wed dEdidsh Al HT AU FHI g Bl &

(8) TUTdAT (Accuracy):

frey A9t I garT AT I AT A aredfad AT ¥ Aewear s garddr Fga & TAs
AT & U JIEAids AT glal § W AT I AT JUT ddiaes AT # 3T 376 g
g1 0@ AT yishar # fAegAE A & HROT gIAT &1 AT AT H e TUT A IF
T T TH-GE & GeHAEI T
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(9) g&AAT (Precision):
frdt ATYeT IF arT FAE IRTEITAAT 7 fordt AT & A9 = (i A A AT
I GEAT Fad ol g8 HY § fF wh AT & et Ay ¥ reproducibility, ATGeT I
I FEAT Fgerchl gl

(Limits of Size):

Rl 3raga i AT 3HH BoSA F TE AT AR @il § o Fad fSAEeR dF & gl
g @ HA AT (Basic Size) Fod &1 Ak 3cUlasT YA H Hel AT WITd HLAT AT T80
gidr g, 8l e 3raga & A9 & &F AABT & Mg Gar srar & Fed & 399q
FT 3cUTEsT AT ¥ & Tl 37d: fFEY 37aTd & ASeT & 3Fd g AT & AT HT HAd
Fed g1 I8 ARRdA AT P 3Td WA (maximum limit) TAT FIH wgeAdH AT Dl
A AT (minimum limit) Fgad &1 =T & &g (hole) T 2o (shaft) & o TaAR Rl
TR

AT (Tolerance):

fordl 3raga & AT & 3Tg WA (maximum limit) JAT & FAT (minimum limit) 7 33
FAT BoSeR &l wR § dUT AT N 3zd WAT AT [T AT & FR F DHACK Fad
gl

HATTAT HT HROT (Reason of Tolerance):

Al fF 31T T SRR & Alfoled § a7 39l 1000 U&7 FT 3caed e gl O
T A 15.000mm g1 Jfe 3Tl Ig §drr 3= g foh @l R/t &1 g 15.000mm &
gl AT, 39 39 39 ufa W AR Ao AR & & a1g 319 I8 9&er fon asfr
e 15.000mm a8 $r 7L a7 TRl & FS AT 15.000mm F BET dA7 Fo T s89
i AT I Tl SEHT HET HRUT T§ § b TRl Iculee UshA (manufacturing
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=) _i® VISION INSTITUTE OF TECHNOLOGY, Subject: Metrology
= AT ALIGARH

Unit 1: Introduction
process) @I eIl dTel B¢ (constituents) TGN 18T 8l &1 ST Tl Hl 3o (4 M) &
AT § AT ST &1 I8 4AM e 9aR & &

(1) AT (Man):
ST FFEY AMA Tl arel ATod (operator AT worker) & LM TE AHA T Hiver
(skil) & &1 3Fd H  FA  IUE A IOMEA YHAT AT g

(2) efisT (Machine):
g0 JdeTd 7, Tod ST 3T g1 dfk AT &1 gAsF I (part) 37 AT 3cqmee
WA ¥ & & T B, A WEqU AN e g FE AT g

(3) HARTS (Material):

gaH 3 AN TF Tgas arel Fed AT (raw material) & ¥l I Foar A o A
3clee WhH W ol F JMT §, A 3HH HAAT A Ieure N IO HERT
FeATIacT il

(4) A9 (Method):

0% HdId ALMNT & Torer Hr A, 3ragg & aser & 7T o AT (setting) T 3aza
Hr AT gfshar scaife 3 §, 3R I8 ¥9 3TReX (operator) & Hivrer (skill) W TR
FATE| 3T YK g4 ¢@d § & U & AT & IR 37999 9T 9l w3l off g 787 &1

H: fardll AT AT W AR (tolerance) ST FSaeeR & o 3maeds® g &l

HAFaT f RAAT (Methods of Tolerance):

AT e e 1 & fafear gafea &
(1) Th-urfRges HHAFAR (Unilateral Tolerance)
(2) gfa-urfiRaer HATX (Bilateral Tolerance)

(1) TH-uTidgs HATAT (Unilateral Tolerance):

58 AT & 378K 3r9gd & fRar AT S WA (limits) 384 HAT AT (basic size) &
T TH & 3 & Sl g1 A 6 el Ho AT 15 mm @ 3T @A 15-015 mm @
et @er 15.005 mm & =t § ar-

WA (Tolerance) = 3= THAT - e drar
=15-015-15-005
=0.010mm

(2) gfa-uriRgsh HAT=AY (Bilateral Tolerance):
5 Taf¥ & 3EER AT & HAR (limits) 3R HT AT & Gl 30T & S g1 AT
fordl 3raga &1 HT AT 15 mm gl I 3HHT 3T AT 15-008 mm AT foieT HAT 14-
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Unit 1: Introduction

990mm gr ar -

Fl AAl-R = Iod WAT - e
= 15-008-14-990
= 0-018 mm [Jg AT TGd HellcHD il g ]
3= WA = 3= WAT - HA AT
=15-008-15-000
= +0-008mm [Jg AT Ted UeAlcHAS gidTl gl]
T dAFaR = A @@ - 79 J@19
= 14-990-15-000
=0-010mm [Jg HTel Hed HUMcHS gidl ¢ 1]
faffesT ghR & eAee & Fedl & IWad AR JUTTerdl T HTALThdTHR FATaT

foram Sar &1

goifagRar & gAler @ arer e weat 9 (Fit Related Terms used in Engineering)

(1) AFe (Shaft)
QTFe T dTcad HET STgLT Mol <A A &6 AT aiar gl fhar sy sl AT (outside
dimension) & eATFe Fgd &1 @ VT H |

Q -
-
N
S

(2) % (Hole):
&g &I dcIY 3799 & NdRS AT & GrI-gry fmdr off adr A9 a1 &g Fga gl
¢y =7

O
o
|

e e

Dim. 6.5
(Shaft)

Dia. 8.0
(Hole)

.1 Dim. 8.0
 (Hole)

K

(3) 3=a g« (Upper Deviation):

el eifre a1 g &1 3=a T AT (maximum acceptable limit) TAT HT AT &
ASANOIAT 3R FT 3T [aaadd Fgd &1 T§ AT UAlcHS 37UAT FHOMcHS & hdT gl
@ T 1-71
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Unit 1: Introduction

(4) ¥t f@=esT (Lower Deviation):

frer eifre ar g &1 fArT THRI AT (minimum acceptable limit) IAT Hel AT &
AT 3R F @ Tt Fead &1 Ig AT A UTcHS 37UaT KOMcHS 8l Tohd
¥ AT 171

(5) &< (Allowance):

Rt eifre 3R g $r TdFsar (assembly) FT YFR 3% Tad (corresponding) TS W
T8I & 1 3 efre @ &g & Hord A1Sel H1 AT & T dgelldl ¢l B & TR
eIl &-

(i) 3tffrewasdr g (Maximum Allowance):

frel Bg & 3RFdA T 38& I AFe F ~FIdA e g & AURIA TS &
HAR & 3fWSIA T FEd &1 SHHN AT UsdlcHS HUAT KUNcHS aledl ThR Hl &1 Hevell
gl ed T 171

(i) ¥gAdH F< (Minimum Allowance):
O & ~gAan d5et g e F HUFTA TS F IR A ~IAHA T Fgd &1 SHHA
AT 3 UeTicHs 3UaT RUMCHS & HhaTl g

ms:m&mmwﬁzﬁmimmtmmam%mmi-

e : 21.0+002t . np 40,002
210 Rz : 21 0%

T AT Sty
iR 21.000 21.021
foz 20.982 21.002

aﬁmnqz = MW—WW
= 21-002 -21-000
= 0-002 mm

T = e B - ity gifee
= 20-982 -21-021
= ~0:039 mm
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s

S [+

HEE 3 2 3| 8
3l ol 2 S gl &
x| | & = S w =| =
ol I =] = = O w| W
=* " ] =
% JIIIIT 2l 5] S

T f H y ZERO LINE

y
T TR, T 3 (BASIC S1ZE)
SHAFT
HQLE
(6) 339t ¥3F (Indian Standard):

$Teae ¥58 (1S-919) SNTAANGT & Hedl 7 YANT gl arell U FAgeaqul GEdaot ¢ fordeh
el g T e & R T A AT & O 25 e & fagee g7 §1 ofre & o
Sog IS & BIC IER T Bg & O 3T & 93 38R garT veitia fhar arar g

e & ¥ - a, b, ¢, d, e f, g h s j,k mn prstuVXy, z za zb ze
&g & ¥ - ABCDEFG,HIJs,JKMNPR,STUV,XY,Z ZA, ZB, ZC
o faRead fFdl 3@ a18er & 25 YR & AToe AT By W 18 YR i WA
(Tolerance) & ST Tehel § =g ITOL, ITO, ITL, IT2 ¥ 1T16 EaRT Yefd aa &1 dATaR
FT ghpR fRdT 3raTa & TUrdar (accuracy) @ 3cdled WA (manufacturing process) T
frRoT Xar g1 AHATAR o7 3 TSIdar Sier g1, JAriar 3d=r g 3if8e gl

e (Fit):

fohegl &I 31a9d &I ATIH H THFTA Pd G 3Th GIld ST o HALT ST 7T 9Ied giar
¢ 38 fhc @gd 8 Y 3ra¥al & Agsr & WA W AR war g1 3rfq afe &g &
ATSST ATFC & TTSST A 37T § df e F SremasT (looseness) WM 3R s9F AT Ife
&g &1 Tse eite & Bl ¢ o fhe & FAE (tightness) QM| 3T HROT e T diT

A # gafichel fohar Irm &

(1) 31gehrer fhe (Clearance Fit)
(2) ster e (Interference Fit)
(3) Rad=T fhe (Transition Fit)
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(1) 3ras1er e (Clearance Fit):
SH YR & fihe & AfFe T Bg & T5ar 39 AABT & MaR B g2 g & a5
T oTFe & HISeT ¥ 9T 8lar &1 58 3 g § & ®g g dive & Avg @ner afy
giar & 3R fwe, g & ALY & Wohdl & I1 g 8 HeveTl B

(2) srem %€ (Interference Fit)

ST YR & fhe & g &7 959 G ATFe & ool U Sler giar &l sHar 3T Jg & &
&g T AP & ALY P TATUET T 6l gldl § JAT ATFe o g H e FT & o
gl T 3TITehdT il gl

(3) Rad=T e (Transition Fit):

39 YR & fhe & g &1 3T A8aT (maximum size) ATFe & He ABST & §37 8T &,
37T 3ahIer fihe 81T § U7 g &1 & A8 (minimum size) ATFe & 3T TGS &

BIeT gl &, 3T arer e g §1 36 @@ & fhe &1 @ H1-ga (key and key-groove) &
ALY W A fAed

............................

AN

SR e
(Transition Fi

HHTY 5z
(Clearace F it)

(Interference Fit)

AHeadRaddadr (Interchangeability):

oTha & 3t oGy & fRdl sifeeel & 3cued e & o 3mawas [Affes
YAl HI TH & HFIA GART FAAT GHT Fgl g1 3Hd: 3 FRONT § Affeet srazat =
¢y & faffiet il A Pua R_ffe Mca@e gasal garT s r arar g 3R R 30
T TIH W AT hal JTar g1 3T: 39 9fhar 7 Ig 7@eds ¢ b foraY 3@aa &
fafeies ordE gaX 3aua & el off o & maeh & fhe g || 3a: fondr 3rdesen
ishar &1 g 10T, foide HROT & 3agal & e 9iéq veh-gay # 3Een & fhe &
e, 3=duRad=Iadr (Interchange- ability) FgaTdr g

g 9fshdr & AHeddrd 3ifasd 3riFsear (final assembly) ¥ aTel HTULEX & UCH & Tl
e T TARThT 8T Bl &1 el: FeaduRad=dar &l YW o Ig & T dga 3cureed
ghH I IfRIRIE FbFel dIR T I Fohdl ¢ a7 Rl 3@ad & B9 I« W a1 e
Sl W 3 TAT G 347 Y GO 37949 TG & o@mdT S Hehell ol
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el & fod gAR dfae Sliae & 3udier i R aeqd S el ded glost &

fordl 81 sl &l Sod AR @ e & STdm &, el ares & S B W §H a6
O frel o Fuel ganT AT S @G T ofem &d §1 <AfF frel raga Hr i
st &1 Furdar &1 Sy Affes AR # gt § 3T FE W & o
YA GART ATy I TIAT I TJUIAT &1 AT I@eAT HGTS BT gl Id: $H TR §H
cad § & FeauRadsiiadr & e T 3RiFael &1 &7 FAd | 3fts § 3ftw
3cTesT HH g

A9 HY ARAT (Errors of Measurements):

fRdT 3ra¥a & AMUT AT (measured value) JUT dRdde Al (actual value) & 37X T
A f IR FEd &1 dfF AT 9RAr F Fo AT 3@ad wW A §, 3T AT ]
AT Ig 9 fRam A § f6 A dr IRAT HA ¥ FA g Taa & Aftg 7w f
T T fIea@Aadr St 1 37a: fondr o &7 & Slifiax & AT ot a#7g I A
HHTGAT T e el DT G HAT Mg | AT HT AT AT FEgT: & qait # sier
g

(1) feofr FfeAr (Controllable Errors)
(2) @@faeh qfedr (Random Errors)

(1) f==vita Ffeat (Controllable Errors):

fordr ATeT somel T g AT, e afeAor T Waeen @ ffya frar S wsar g,
Aol IRAT Fgardr &1 38 YR H IRAT # IeTIT FF AN FA AT ST
Hehll g1 3T TN & g HROT & Fohl & TSl foioT 9@ &9 4 ¢

(a) aTATEROT gAY (Ambient Conditions):

Ry ATge gfshar & ardraRor T g3t & AT A Fr ST W THEG ISAT ©
e aIaEe &1 gHd e e gidar g1 AT RIS TR 9 ardaraxor Hr gemsit
& et A fFuiRa & = &

(i) 20°C AMIHATA

(i) 760mm Hg =T 9 <Td,

(iiiy 10mm Hg T arsq gTe| o7 & fohell Toh o =01 & o g1 & i T Favaenn «¢
S & R AT aRad $ g FdifUE g §

(b) Ffasers FReAT (Calibration Errors):
forely A9eT ufshar & I8 A a9 AfFAfad g Sl § 319 39T # o I Al I i
hersiereT Jfeqol clie & faar aram g1 3ereor & dR W Ife el afeiar Sfaw & sreg
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o g & aur 3He s o foar aran gr 3ryar Ieqel alie @ fhar T g o 3Ed
AT T Al FfeqoT gl

(c) ¥erseH &Id (Stylus Pressure):
gfg el AT ST drell HAg $ IRY ¥ G o g ddg S fawqer
(deformation) 8 HehclT &1 3d: SH YehR HIGT IAT AT JfqOT gham |

(d) Waga qfE (Response Error):

Sie fRdl "dgaT (sense) T FIAT Faeh (indicator) GART JeAAAT (elasticity) JuT avor
(friction) & HROT Ifeqot alir & & S & ar AT & aR&AT (magnitude) 1 Fureiar
HH g ST g1 N qE @ FdeA qiE Fed & |

(2) @A FfeAT (Random Errors):

$H YHR Hr qear el off gc FHhdl g1 Id: AP YAIAT HT HI ALl gl gl
geTeh 37eleh HNUT &I Hehdd & 3Hcl: GeTohl Teh-Ueh ahieh Wil X gT Y TTell HIHI: o3l
arel AT T gl dTel ST & HRUT HHT oAl gial gl Ig T(eAl ool HRON & der grar &
348 IAFAA FROT (Y, A Al Ta877a, A1), I8 FROT (Fh1er &I FA glel,
eafel &1 3R gIT, hFdel gcdlie) aUT JRYOT AU IT (AT IF H HAFe TR HT
3 ST, 3cae) 9 &9 J §

H: 3WeFd GAAF ARAT & TagR F JEYIA I SAdT YHIG Gifeghy fafeat
(statistical methods) gaRT AT & forar rar gl
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