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Industrial Engineering & Quality Control (316362) EE%'QFI AT of rferdt ﬁ,\?‘? (316362)

gfe 1.
wiie for ufsear siftraifet
(Plant and Process Engineering)

fawg ARl (Course Outcome):
(COD): feaear uftfRudia ufsar uae (Process Sheet) ddlR 0L, (Prepare the process sheet in given

situation.)

e freasit (Theory Learning Outcomes):

TLO 1.1: ¥IgC s gcs THa 0L, (List site selection factors.)

TLO 1.2: Wic WA3MT3ed UHR @Ieul. (Draw types of plant layout.)

TLO 1.3: 3T YUITeiAT YbRia! GEEL P, (Compare types of production systems.)

TLO 1.4: SMIGH T ATGauara] Ugd! WP B, (Explain methods for improving productivity.)

TLO 1.5: faqiean ych st SRR e TaR RO, (Prepare operation sheet for given component)
TLO 1.6: 3 SA-ITTT TR IO Heg<d ¥ BRI, (Explain need and importance of line balancing)

1.1 Wi R 30T A3 (Plant location and layout):

JANTHL Wied ™I ST A3M13T TR Qv TS B0 Sfcdd HeaTe 3d, HRUT ATeR Sguf
I Ulhdd ! FaTaH Sfdaiqd 3d. Wi dhRH TN HREM $& RITGT BRG] § 33901, TR
Wi A3 TUNS HREITAT 3HTd TRAH, IUBU] 01 YfALT HRM UbR TSN & FHiHd ool a1
a6 TS T FHHt gidl, STG des ardd! 10T THUT HIAEHdT 9 STl dTal.

1.1.1 93¢ M9 wgwa:

PIVATG! Wiie fhdl SR RITYHT HRAMT ARG Aged! (s HR01 g1 3idd Hadra 3T Sdadre=
RO 0 A Sl Thel HREHT TETE f3H10 SUREHIR JdTdl gekids gadul 3did Holu,
Wi 30T WS, 3R, AT Pl Age s e Wicsdl YUl dRi®TEd SASaun (AT g1,
HAId. AR Rasad Wge 3 WS Id. GaYYH, dHeedl JTard] Igo dummﬁﬁr@ﬁiﬁ?f S
qEqd W9 HHI gIdl T HRWTATAT &S RaaT Hesdl. Iarexond, Wid IeNT JguT diesr 3for
ARG QoI WU Sfaes R 6l SITdTd, Saijes ST gTaresuitar Wd S g,

IRIGT, 17 FigeaR die, Troft S1foT Se JiREAT Hewradl Sare-idn faya-i qrasl fiesdl, o
ARMRT SO IcATG UfehdaaT Srafed SRS AR ST, o1 AL HH! JHTod fdhar sfaye=ia
R TR TG ged S0l T dledl. se MM SR YA 8! Uh Hgdrdl 9cdh
3Te. A ST AP AR AT AT Tgol U 1. R He50l qas e fdhdl i
e SARTaE I1d AT SN SMIGATd [add goard! adT died 30T Hol Wt aledl.

qTeqh ST TSVl YfauT wige Fasid Ag@md! YfHehT Sulddid. T, Yed, §aX fdhal fanmde
it gvg IuASAl S el AT digd® gad gid S dOR ATd deRId ddd) Ui,
SSTRTH SIaida! faddd Hgward! 31Tg. STNT AEH I S1aes SRI [GaR0T ovTH 814, 8 Wd )
TEa MO A FHTT dTed. TUT HRBMT STIRTIRH QU G SRR IdTE aredd e Hell Ug Yhd
IO Ty ATQUATE RIRIAT 3.

HiaETdia foaRm defl, RBRT 4R, HRYGa!, TaiaRuia gRRRU 3o Argedl JRigadr g
ST Ar3e Fas PRAMT [IaRTd 9UaTRE 9ed 3HTed. 3Hd I BRI f[abRid daen e &ard
DHRE FHRUI U BT, HRUN 3R fSBTN 3™, TR JiaeT SMfor il HIGRIR 3Sos fHesdrd.
R Fagad! Age IR BB, JIRd SdTGhd], HHI T 0T Erdbra a1 A ad,
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JoId Aree o Frfa sreus, e Jawar oftr Hefieweht InT e guarmdd uRom & wha.
IS Trse Fae gt A Tid siegeF, a e onftr el esiea s Fa uifga.

1.1.2 ATge FaSiar ufkoma SR ges:
1. Pl ATATd SUSSUdr — Wic Hel QAT ddiedT Siae SRTal, Saes dlgdd @d B grdl Mfo1
oI QRA3T e,

2. ol QRasT - Tt ST IaTe ufshdan JReSt SHrtarat gan Sfdr faymard de, gu fbar
AR Soll TN MALH 3R,

3. UTUgTEl YRAST - IdTeH, Madhul, Taesdl S0 TR RSS! I Y= JHrormd groft
TP 3.

4. HSR IUASHAT - SR U7 PRI YoR Saad] GRIRTT droid! Tl Hgol Suas 3rad.

5. qIEqP AT TS VTSI FlAUT — T, Ycd, &Y foba1 fdHdes gieargR divTelt Sireufl S dea
AT 3101 TUR AT a8 A gid.

6. STSIRTEAT TqBI®h — UEHIA SIas AN IR0 Side 8ld, deqd Td HHT Jgar AT et
JUR.

7. I SATIOT SR - wWicHrdt QRRIT STHiH drerdt fhadid Suesy s/l o1 Hidsrdie faearmardt
I ST ST,

8. WRPRI YRl - 3IeM, FRudad, garTe! 3T senfie fFom § Ige Madiar A uuqa

T,

9. ygiavuity ufRfRUd - gamm, gy o fam ofdr R, Yy arare Aufife o<l urg gRa
AT deh mifga.

10. THGTT ATIOT JAYT - HHar=uTe! FHar, e, Fmerd 3fiT av Fayd Ffaer Suas ey dl
femTum Iugddar argd.

1.1.3 Wi QTS USR

A. UfaT A3I3T (Process Layout)

B. TG WHT3T (Product Layout)

C. fAfga wmF dsise (Fixed Position Layout)
D. @?{IK*IT 33T (Cellular Layout)

E. GOford d3ise (Combination Layout)

A. ufehar da3mae (Process Layout):

UfehaT ASHTIC, ST haRd A3M13T 3! WUIdTd, 8T 3T Wi A3 3MTg SATHEd JHT- YR
TR FHROT=AT HRI SO SUSHRUMT AT HRAIAR [AUNTHE Teag ol SId. Sarexond, ¥4 fgfe
T=iA FSfeRT faumTa, Ta oy A= oy faumTd Sfor Sar AR e I6fdd fqumTiaes Sact Sam. g1
W33 TA: i UiedRH fdhdl dd UiedRM YR JTNTH aTuRe Sidr, {5 Iare= &4t gamomd
&l ST 311 T SATGANITS! ST DH SHTURR A TavTes ST,
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Stores Inspection Assembly
Office Grinding Welding Painting
Shipping Lathe Drilling Milling

Fig. 1.1: Ufsha1 @3MM3¢ (Process Layout)
Lgurs

i. AafIPar: Ufdhar de3e ddfasd s Idre Uichdd fdhdr Idre-re fSas-1e) sad ord a<l
TIGAT THIUI| YA (reconfiguration) HRUIM! TRS USd TGl

ii. faRrftewvor: Tdw fqumT waren Al ufshdd & aRal, e AMfeHTol 3w R BRI 10T
HTA&H 16 BId.

iii. HHY YAqU[: SAR AT Ja-id 1 FHRId IRHI AU HH SRId, HRUT AR A HRAIR
TTCdG el SITdTd.

die:

i. IR gTaTe il IATEAHT THT Uishadd guT Uishdde gaddl d 3T T died! aud argst
SISV ST Dl d1Gd.

ii. SIfee SFRTET (Scheduling): fAUTTHE T T YdTgTd HARITIH HRUI HAIUN 3R¥d, S fadia

B T,
iii. ST STRI=N TRT: Ufeh i W Sauamara Ufhan dsiSeHel S ASledTar ol SR STaRgddT 3d.

SUGNT:
1. TR =ive: fefei, fafei, < afare #=ie e srafgaR funTae Teag s SiTdTd, SarHes

fafae UH R B8 graTesa Sdrd.

2. SUTE: TRI-3, TATaTol, Jor! 3Ta! f[aUTT BTl UHRITIR Hisad ST, $707 TaTeTI8R 5%,

3. GOl 9 TTUTA HRINMST: a5 [hdl IUDRU AT GKINTS! AP 3Hcied] UhITaR T
faUrTI ga=an faumTd gaaet Sirdra.

4. W9 WS gHeH: BiHR, qieq fhar HicHss IAGA TR AT fafdy HHM dTaTe
Yfchdie STl 3.

5. fiife v Burs onfr MR fafay ufshar e UeRIAER fAUmTiae Tedg sl STdr.

B. TG @3NS (Product Layout):

I AATIT, AT AT A3fT3e [har et Al A3m3e 3! WUIdTd, 8T 3T Wi A33e
3T SH AR 310 ISRV IATG IR HRUGMNS! AT e IR HHM At
SIArd. a1 A3MScH UiehdT UhT BRAMdd SIHAd (sequence) TR UISHl Sid, WU IdIG THI
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WIFGET Yild WIAR ¥ad Yo Wbd Agd. 8 dHE¥C JOId: TERN DA SdleAr fdal
THHGRSHT IATG-d HISAT THTUM (mass production)wmmmﬁlﬁ.

Materials and componen

amws/\/\/ 5

Subassembly

H feeder line
Inspection 6w 7

stohon Oven
B &

@?f@ﬂ

Storage and
shipping

Storage

Fig. 1.2: Ia@1g @3m3e (Product Layout)
(Source: https://solutionbuggy.blogspot.com/2017/03/everything-you-need-to-know-about.html)

TIe:

i. 3 IATGAHAT: IATGATT A3MTIC T WaTg (continuous flow) T HRUIHIST TR Haidl e
JATGH 9c5 HHT BIdl 30T IdTG-1&HdT dTed.

ii. HH HeRTd gSfehT: IdTe sl AR Yo Wbhd SedM HeRad el TR HHt 8.

iii. TTTehIhRUT: TG UlehaT 31fdds SO G-RIgRiA BId ST URIEUN § SGd HR0l AU Bld.

dre:

i. AafIHadl 3HTG: STl ST dad eI g1 A313¢ g dgardl dd HTel.

ii. TR TdaU[ ST faRIY IUHROT Sf01 RIS TS ST S &g A,

iii. AR 3facifeg: ThT A=A fYurs ey Yquf Idre A Uiy Wb,

IUIIT:

A d I - HR, AICRIAIGS HTOT SR T st drs—y.

STl Na JTG - HiaTsd, dleg], BIex MMl SR IUSRU IcTe.

0 I — X0, g9, 3107 IroaTeat STee e umaTe <l ars .

PIUS I — DHIUS, T AT YT HSAT THIUMERTA TG,

31 Ui INT - e B8, Sh_l IdTe S0 HRTd IdTe.

A ST SR ST - Caaey, T ST W ad! IdTe- aid Jdd SdTeH.

S T

C. FRR NfTE A3M3T (Fixed Position Layout):

FRR-UIRIRA T13e 7T 3/ Wic W33 3g SaHE Idled Th! ol fRR 3ad Srd 3for &
I SRis [haT FUHH HRUARITST ARTUIRT Fd AT, TTeH, A=A 30T SRR 1 A 30T
SITdTd. BT A3M3C HiadT, ST fdval gafduarg H3T0T 3= IATGIAT! 3fd Iugdd 3.
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DRILL
WELD SHEAR
|
JOB
GRIND T ] ASSEMBLY
PAINT

Fig 1.3: fﬁm%u’lﬁmﬁanaa (Fixed Position Layout)
BRI

i. AT SIS T STgTol, famm, SR TiReaT HiddT avdedl SIS THRITS! 81 AT3C Jaid Sugad
3.

ii. HH A RTW BefeitT: IdTe RR g Il safquard TR S Usd.

iii. ST AR TG Ueh] [ShTull St SIUBTHIGIRI G D o 9ad fhdl e HIIRHA
ol Bl Ad.

dre:

i. Sifed I9-9Y: U Halfed SR 34 fohar 0T TTeie TH-<UT B0 TS 3_d.
ii. STt 3rSguT: SIR3HTdT T fFmtor 819 wrahd 3nfoT STHe TSI Sfpriadr I3 Whd.
iii, ST e STIRIH AT T fEHIUN STUTa AT W dradl.

ST

STeTotaieult — SgTSt Sl fohaT RIUATSHS TR Felt ST,
faamfAfid - form FRuL TefAa deft SITdTa.

ARG SDHTH — e 30T AR STUBTHRID! SATUTS STl
TS TAATHUT - HIS TafsH, SRR ST S a3,

Ud 9 HIGAT TR — BT SR IaRd WUl Sied Pl S,

AR

D. ﬁﬂ?ﬁ A3TIC (Cellular Layout):

TR ASMT3C 8T 3T Wie 3T 3T el AR i srfdia I fhar Idrg-an
UHRIER (product families) AT YT TTedg dhedl ST, Td® T [T YH R GHMH ST
fohaT URT TR HRUAMTS! FSE dhaidl SRl A1 WSMSTHL TG ASM3T ST UfehaT A3HT3C algiat
GRS UhA g dld. Bl AI3T dAdfd IdTe (flexible manufacturing) TMOT T ST HST
YHTOMER JTORET ST,
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—» M —» M D » L —» L M r—» M
A
v v
M L Cell2 D
-~
Cell 1 Flooispace available for marketing
v
L L A e G 4—‘ D
3 ‘
L A L L M |—» D
F 3
l Cell3
v o !
Receiving and " A | G led G
shipping

Fig. 1.4: GGax @43M3¢ (Cellular Layout)
(Source: https://www.whatissixsigma.net/cellular-manufacturing/)

BTG

AT BT UM e Ue: Ui SarH el A gTaard SH! SRied™ AT gefoiTdT @d 3170 arT STuTRT
dc ST g,

DIl SUTGATAT TROTIR Yed Ygoyul geidd] fdhdl 5T HiSdT (reconfigure) AdTd.

HYHTET: IR AHTITHS HHARI T ¢ U HTH HRATd, ST HIHTERI HISdD dt HTGHT dTad ST
T UTdedt SR g

dre:

IR FATISH: T AR A3 TR HRUGNST FodTdiell Guie (AT T faeiwor $H1d ST,
AR / G-RIgiT: Hlgl HRIH Ao YeqH e G-g1 dardl ATl RN ddud died.

SUTRT:
. SHICHETSd UIey Jdre- — 35 Uy, feR urdy 3. sHquame! ARiA Te.
. AR — A UHRAT Aidhe a5d Th 3ad HRu.

1
2

3. ¢ 301 S U el — UM UHRAT Jeed1 Haid IdrgH.

4, TG 99 3G ey — o7 Tt IdTG THM UichdT THTRIS Hrdrd.

E. BT A3M3C (Combination Layout):

PHIIRA 33T, ST SIS ASMTIC 35! FUIATd, BT 3T Wi A3 3Tg SaHed i fdar
3HfYP AT PR (S B IdTGH A3, UfhdT ASHTIT, eR 33 fhar FRR-TIfIRHA d3m3e)
Thd IR SIdTd. 3™ ASMKET T IYNTHE IR o o fafay ypRe Iare fhar fafdy R

SR AT 30T UhTd UhRAT A3 o BRIGHI STdTeb0! YR .
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—— Line Layout

Process Layout
Raw Material
Finished Products

__’® \‘(D_b
—_—
Fig. 1.5: SIR-=M @3¢ (Combination Layout)
(Source: https://www.ques10.com/p/68854/explain-a-typical-combination-layout-and-also-dr-1/)

tb'l'ﬂ%:

. garaH IYANT / 1T S99 9T iy UeRT dAsike Ted B IdIGHdT dieadl Ad AT
ii. TTafeIhdT: BT A3MIeHL UlhaT A3l dafdrar 3for Idred d3mIed sriemar o= JHdd
G ST,

iii. 3B T YR WSMIC IATGTAT TRSTHE § IdTGAT YHRIA GBIV IGlT FgoTd0l JSq
U3, Y.

e
i. Sifcarar: fafay dem3e UhR Thd dedrges fS1g 3o sigassiauf ufsar sfed gld.
ii. JoRIaT SMIIHAT: YU IR ASMT3C TR HRUAHIST IRY HarS 3107 a1l STaRaedhdT 3R,

IUURT:

1. SARIH UM - LS8 I AIGAT THTUNGR SdTG SO T 9] HReHIGS TGl A8

CER
2. iR IdTG - XSS TS AR AATIT, TR HEcH B a3 Uichar AT faumT.

1.1.4 WiC A3l fEemga aw

Wi deMdcd TA 3P o AIxees, ARiH, qifigd for ufshar gi<t qald ara Aisol ded

IATG iehal YRS, fHPHRIaRR Sf0T JRI&T HRO1. THh I TS HRAA TS0 HH HRd, ITGH

T gead! HTIOT GaEur Y B,

Y Wic A3M3C [SSS- HRUANIS! JIAld dwid U bl Sid:

1. 9d gCHTd THATHRU - A]E®, AR, Wi 30T T Jau aidm Jdferd Mol ThEd aTR gl
3{Y T3HT3C 3.

2. PHEME RS YdTE - FHedl A1, 3Hfae TIR Id1e- S TR A1d dfdl gTaard IRes 9 dobRlG A
A, AT 9501 TTeaTa.

3. HUId HH ACRIA TSI - BIATBUR, YA SfaR SHIMOT SHTIRIS gIerard BH! Hed 966 d W aad
C]]

4. ST URUMAGRS IR — 3Tgdt d SH gl SN SIS aruRelt Sirdl, 7| fahdT SR 3Ued 81
.
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5. Adfeddl - HIdl SdTG dad, T URUN fdbdl SdTg I 6 d AR dSScHe dad ol
U TS,

6. IRE&M STIOT TRIIfAET — HIFTRIAT GRIEATTST, A7 IGUATE, UHTRT SFGRIT 10T SRMGRT HIE
CIGICRUREICH

7. qddgon 3foT =T - TRAA Sftr SR Aislt 3Rt srTdt @ FRteror, qurTon Sfftr gEHTe gay
GE

8. TAIUPId S9d — A3MScdl IHRTT Wi AT AT ErefepTel= ATy UMY SrTa,

9. Yid! faaRIITE TRT - YId HIBTd Aot ARiA fdhar faurT sevaradt & @ Aiguii avde S,

10. U8 JHIYM — HHI Gaid, I ol IdTa dBaR TIR B AGHIAT U YUl HRUA A8
HGd BRI,

1.2 3dlgd YoTTel (Production Systems)

UGl T [RIGUM TN SdTG—o 1 daR a¥q, [hdT Ya—A TUIaR Hd. a1 HaieH, dge,

1.2.1 ST YUITEld UHR (Types of Production Systems)
A. SITq GTSa-H

B. 9 UTSaRM

C. 1Y (fdva Trell) UTSaRH

D. HicY3 T HieaRM

A. STq YTSaRM:

g1 I YUTAHE Il e [aR TSITIR WUl TR Pl SIdId. YA Sia aiesl
3y sifgcfia srqearges qusitaar faieH, fegmga onftr 3= IV SR HTHIR HTIRTE ST,
IR STOMRT TRAT A YR ST SR, S [afde ThRam IR Jgoaul ol
AT, TG ded A SRIA! MO Ui e Tdg! SR Sl HRUT IATGATd YHIO HH! 3R, S

UTSaRA AAd ddfe g T e+t feaiedn faRy raxusdid Ula- I8 B Xdhd.

{ Customer Order H Design & Planning HGeneral-purpose MachnesH Finished Product ]

Fig. 1.6: 9fq Usa=M

BTc: UTed el TROIR ST fafqede Ml eedaeRd! gfau fed. SHERFAT Ul S
T §Ivaes 31t Iy firesdl. 51 UulTelt eidfeds Mg 31for 7ot fdhar foRi e ~aIaR qRiTTd ol
qd.

I ITGTA W SIRd 3! HIRUT FHTUN T 3. YUl HRUaTe! 3 96 ArTar M0 HrHTe Sga-
(scheduling) S Bld. I DI SR HIHR HTIRIS SIS HoR! W dTadl.
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JUIANT: ST WISARM TH IaT6R0T WU SeToraiofl, I ST, GOkl HIARNST, HcH Bi-daR Sl
¢ TS BUS.

B. 99 WISaR RI%H (Batch Production System)

Sad ITe Yol FeTaR, HRAF GT Ye S0 Ui e Yald §d adR ot offd. g1 Jomell Je9d
THUNERIA SMTCATS! TY 318, ford ANTOR R W3t A9 U0T UehTd {Texust JRd 3Rd. ARi &1e!
TN faRISidd (specialized) S0 HT81 THIONE ATHATI ATORTAT (general-purpose) ST, SGATHT HIBIA
TRiA RepTwr Mg A IrTa! A s SHfOr ST a=ad 3.

[ Setup ] [ Process ] [ Inspection ]—> Finished Batch
[ Setup (change) ] [ Process ] [ Inspection ]—» Finished Batch

Fig. 1.7: 949 WisaRM Riew

BRC: 84 WeRMAd i UeaRM qa-d ARl aiuR $ifee JHEo gidl. ufd g ud &l
SIS Bl UMl ST fhraaRik 3. g1 Jumel g fdbat searc ArTofird! arg $iig Rl SdG
SITIR FHEISIT Pl STS, [bd. AT T [Afderd fHesd il BTl THTUT HF®I6RUl (standardization)
BCASIGH

dlc: 99 Igadr BRI 3101 TR R AgdId. AN (IS SI0T ST R0 B3I 30T d5ET3,
3. 3-TAR ST TIR AT WIS aral ANTGl, SIS Fagexidl W algdl.

SWINT: § WHRIA: o, cieaara! vt S, aaranT st 1= gce o &1 e, 7ca 9
Slecy TUR HRUGMNTS! IR S,

C. U Uls M Riew (Mass Production System)

O UISaRM dTaRdll ST SiegT HISAT THTUIG HH®Igd (standardized) SdTGATE! HTIRIHAT 3.
1A SR AR SMTGAM! ded ITIRE! ST, SATHe IdIe- TRUMAR ARy A=A ST sfR=r-aae
4¢ Wb, HIR FYRUYU GARIGTH DHRUMRY BT Hard, S0 a=ii= fafRry sifRe-aardl fEgmg s
ST, B YUl S1eid I e+ THH Golte IcTE dR . J& @&l HiddT TN e HH! wdid

PHRUATAR 3.
Station A H Station B H Station C H Station D H Station E

Fig. 1.8: AT Uisa= Riked (Mass Production System)

Raw Material — — Finished Goods
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Bc: gHewal Gdid Uc gid BRI JHTUTAT 3RIRIRETT (economies of scale) WIAGT 84T, SdTG QU AT
g HriemdA g 3T UfthaT AFSIHd RIS TUIET THH 8. SRR ST TR w4l
3T BRI T e BXITdd BTH BT,

dIe: ARMR, A= 3o sRise Ars-~aHed TR Tdau[d QU SR SRTd. TOT A0 3118 30T e
ST e ool Bl Ad ATe!. AddeA TRIGUTHS HIFTRIAT Held] 343, Adhdl. AsTHE HIUTR!

JUTNT: SIS SN, T AT HeRd hF SdTeH, Wasut, YThoivex d aiivT AR ARE! UTgd a%.
AN YIS dF aTue- dOR Hal SiTard.

D. I 3l YOIt (Continuous Production System)

T I AN WSHRMIRET 38, T S Aiadl JHIUMGR H dxd. A1 YUmaqe Icde-
3AE ITeld, YIURUI: 24 T GRAS, 0T I 3dd WIdTerd (highly automated) SUBRUTHYA Fdld
4e WD d. B UUICH! 3= ST aTuRel STd o QU HIdT YHIUIG SHTaRFh ST 107 Ufchan wWd:d
Tad d1e Xgd. Sdre- fegmg Figa srad for g=i= srdd fa=itfiad (highly specialized) SRIAT.

Gw material feed »Continuous stage1 »Continuous stage 2 »Storage/dispath

Figure 1.9: 91 SdTgA YuITe! (Continuous Production System)

TTIC: Hdd SdTG- YUITEHED Ufd gie T atd HHT Sl 301 SUHRUNET HHIS aTiR J13d bl ol
TUTaT gdd FH 8.

die: ARFRY S1flT wiie Ye3aurdl sfdd Hidt Higdd aaud JTaRad 3RId. YUITH Ha10T 3Tg TO1 ScTa
SIS ool Seadl Id ATel. Uishddid TET= YT fSors Sedry g0l IdTe A8 Yig Xdhd, SHes
TS IH9H 813 .

IUANT: § Ueiferad Roramsiel, Rie wie, Wd Se, IMAHS HRAM, BTG HH01 SN, TR HREH
31271 fEanToft AR Sid fS7e ST Iad drevl IR e

1.3 SdTIqPdl (Productivity)

JdTGHdl BUN IdTed Ufdhdd diRaed SeH=m 399 30 TR daedl 9% d Jaia
3Ty T UIRR. STeHd AYRUYY TbiHd 33eYes Ul 394l fbar Usfid s7qes usid
313G DHIATARI Tl He HioTal! Sird.

IATGH & AU e 3Tg 1 TATGT ek BT fohud Hragma- ol . o § S1=11 X
GRUYIIT oe hd! ST &M T ST fdhal G¥1 9% g YdT (313¢Ye) TR HRll, Fgdl ariRAe

SIYCHHN (ASR, HISad, Sl fohal 3R TuTeH) JHIUIIR AT Jedidh ol Sildl.
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1.3.1 SATGH A U (Measurement of Productivity)

A. Labour Productivity (ASRTH SeTG®dN): 3 Uld g ToR $YC (341 Ufd SR fdvar ufd )
JATGATd THIUT GRIAd. TS HIRTRIT BHIAEHdl Hedd ST TaRITIATAT da, TRIET § Uiedrg Ao
VAT Hed B,

Output (units or value)

Labour Productivity = -
Y~ Labour input (man hours or no. of workers)

JETERUL: SR 5 BIRIAT 10 ARId 500 GfACH TR ddl, R

500

Labour Productivity = z—— = 10 gy ufd ar™

B. Material Productivity (qTfgcd SdTg®dd1): & Uld e Hfigd arue daR cedl 3cycd Jar
GG, SR IT AR Alfgd IATGHT HH B,

Output (units or value)

Material Productivity = — -
Y~ Material input (quantity or cost)

JGTEXUT: SR 200 favel! Sl AT 800 JfHcH TaR T, R
800
Material Productivity = 200~ 4 gﬁw ufd fobal Tfg

C. Capital Productivity (HiSad SdTgad): § Ufd e Hisad @R, SHR, UHT) IToe- JaR e
3{T3CYC aRIqd. I AU dHad Uy g ARIR IiTel lRAbs od 3HTRd &I ATel § dHood.

Output (value)

Capital Productivity = — .
apital Frocuctivity Capital input (Value of investment)

JaIERU: SR %2,50,000 Higdd TddU[eh 25,00,000 fHciid! IdTG- TR FTell, TR
500000

=2
250000

Capital Productivity =

D. Total Productivity (TPUT ScUTGDh): %ﬂém (AR + g + Higdd + Sl + feiged)

Total Output (value)
Total Input (value)

Total Productivity =

JalgRUL:
Total Output = %10,00,000
Total Input = (ASR 32,00,000 + AT 25,00,000 + HISAd 21,00,000 + 3@ReqY 21,00,000) = ¥9,00,000

1000000

= Total Productivity = 500000 = 1.11
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1.3.2 SAUTGH AT URTATAT UGl (Methods of Improving Productivity)

JaTasdl e faer nftr Wefasdard! wew@rd . fada FergeraR faRva: S
IUTEH A GURUIIS! 3Heb fIRY Ugclt fIoid e, a1 dafan AR de™ Srine! fdr Hiear sgrig
I Fd fEHTlt el ST, Wbl Wicht U Hew@rd! SdIGhdl GURUAME Ugd fadl 31T,

1. FISI®T (Jidoka): FTSIHT BUN "AMAT WRING SiCHRA." a1 yuneae) A=A gy fdhar sigare
GBI d MUY YiFdld. HIHRATG! IdTad a3 didauaran HR far Sl SR d $lel I
gTgard.

grges a1l ITe e STuaTdTy Jget Sdld. Saeund, TRICTl haeioH e SR G Uifge, TR
d S BIS (Andon cord) WA T UG D dTd, ST d THT Aedai ofd -Tg!,

oS gRfgd oH=d ot

o QN U §IUR Al
. Y YA TR UIgIEUIR ATgid.

2. TEY®T (Heijunka): 839PT TUNS SAIGAT o fdhal THAIA BRI ThT IdTeATd Hial G
JATGT HRUANTSH, 89! JdTG deH, fAfSd dagaR gERad.

e IR, SR Tieh AT HIFRIFS e TRIREAT TR FRIAR0T Bld. 8 SdTG UHR HT0r
0T Hferd e @Iaiie ST qTed hct:

o TS TIZH HH B0
o  UIEHIA GATUIIR Sldg fddie

3. BISS (Kaizen): HTS FUM! "ad GURUN." § T Yhed-aR SYUTRG 31Tg &1 BIedl, Facigul gURoT
<A afkre):
o Td HHAR], AT FGRITIATIR d HETRITIT e gidTd.
. PRORS YD HRIGH, TR 0T FHareyd gid.
3GV, HTHIR de qrAqUaTIT3! ATeH JAHarRyd ® Ydhdld fdhal SaaRITI 3fgard Jora
JURE Thd.

4. 55 BISUPITUT (5S Housekeeping): 5S § HTIRIS HTAIOTd HRUGTH AEEING Tgd 38, S U
U T 3T d:

1. T (Seiri — Sort): AT I BTG,
2. ﬁg?ﬁ:f (Seiton — Set in order): qreq GWFBTW'%WW S .
3. Y (Seiso — Shine): RIS FaAfPd AT .
4. @3&7\3 (Seiketsu — Standardize): ETWCFI% 3T TS faferd &,
5. W (Shitsuke — Sustain): A ura HRuaT RRG fasd .
55 RIE, HIAe U SRl HRIRIG TR HRd, HAId dredd AT araT Sor HH 6.
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5. &I HT&U (Muda Elimination / Waste Reduction): T&T T8UIS! aTT cial ST, ST ATd UhRd
3T 3T

ST FeTe (3Mfee Icare o)

BIESESHAl

3FTAS ATEqH

39 g GRIaaH

Til& des

SR SATIRIS gIerard

3T UfhaT (MIRTH AU SR HTH)

B I SR} MY} Sleeury Iared ufssar ifie sriem, W HH! g Sdg 8id.

6. TIPp1-di (Poka-Yoke / Error Proofing): UbT-Tlbs 3%'01@[ _?Eﬁ Ufdee®." IdTed Bt 6\Id> ED]
RIS 7. ST, AR = 3RdTd o gebrd U fiesadid fohar fomd =1 TR f$3me ool
AT ®F U Bad AR R S9drd. g% el avl aiid Ai@a! Sifd 3f0T &Y e oi1d ATgid. ares
STCATE TUTaRTT dTGd 30T qurolt &g &t gidl.

7. YHUT Sdlgh S@UTA (TPM - Total Productive Maintenance): TPM B SUBRUIAT IcTGH AT
CASIRSIG]
g afeTse:
o HURCR Wa: AR daHTe FRievara.
. fours, @M uie 9 3w HHi BT
. SR I U, I QI Y fyurs.
TPM TRIT 3™ dTGad, RIEMAAT YURd, T g% Td HHT B,

8. SI¥E-81-¢TSH (JIT — Just-In-Time): JIT TUN Had 3ARTH dd IAIG B0, o 81 Sicgl IIH
ARTUER TR &l S,
tIv"I'CI%:

HHI 30l I YI3au T
FHHI TS °3H

9GO U8 ANTUGIER Siere Ufag
3 TUIGTT @ BRIGH

9. PDCA 9% d (Plan-Do-Check-Act): PDCA &l Hdd JURUM ufehar G{I%:
e Plan: AT 350l § GYRUM YIS -0l
e Do: IS A8 YHTUNT SHTd SATOTol
e Check: TRUITY o0l g faRayoT 30t
o Act IR SRIIRT GYRUN A S-d01, ST A IroiT §-au]
B Ied gad 61 & ed, ST e JUROT T gid.

10. Qi ufsear fAa=or (SPC - Statistical Process Control): SPC e Wfﬂﬂ Eﬂ?:;, %@‘J‘Iﬂ qd
UfehaT &dr faRayuT JIRE! QiRAD I Tre aTaRal Srdrd. arges:

o Uishdd S&d MYul

o E dGd 3101 ST Teild BRSS!
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o QY fmior goargdt guRTeHS uT Hor
IYNHE IF-T[UTacd IdTe AT HRUGRITST SPC HIGAT THTUMAR dTaRe SiTdl.

11. BTH 3TTT (Work Study): HTI 37004 g1 HH! YdaU[dId IdTGHdl JURUIRITS! a7 T 31T,
&m@uwm(u@w "D HRUGTA] Ugaid RId fa2duur s Srigmdd YR

H@Iaﬁmw%ﬁ

e UG AL (Method Study): HTH HY Bl oTd ITd [IRAT T YR, IaTexond, g &Y
G fhaT TTe JEal.

« ®M AT (Work Measurement): WEUTWW'IBCT gIford des i3 oy, GEI'IH%WI%[ AT
J BTAEHT HieTdl Ad,
B T SFGRIS HIH HH! Hd, 9 Ardad, Td DHH! Bl 30T 3TITYC TG,

1.4.1 "fshan iAo g (Importance of Process Engineering)

1. Gd FHH HRUT (Cost Reduction): Tishan it A oftr sifismesear wraceiR Ufssan, A e
AT, 30T HRi&H TR Hag IdTe- Td HHT B, SHaA® ¢, G:BH1H (rework) SIT0T SHoi T SITor
eI SiTd. IGTeRUNT, TETE AN BRI N A=A HRUgTUGST BIRETTER TR Bl W 30T
dc GIg! SreId GBI,

2. T[UTadT GAT3d B0 (Quality Assurance): HTFd Ufshal, TG J1eH, 3101 qUIIUT Ugdl dTue Iadrg
TR AR (tolerances) N TR dell SITATd. AT IATEAT T[UIGRIT ATAAYU] T8, UTgdh JHIL

3. I d)lqr&lﬂ dIUR (Efficient Utilization of Resources): J:I'Qﬁ? HT%FJ HIHdD, WWHT%FT
JATd. IR TSI G- SR fdhdT ! aTiR €Tedd SiTd, drT SITOIRT i 6! gid, 3101 e

Y dTad.
4. It §9d (Time Saving): FASTT Ui repeated setups HH! BIATd, STGRID Gl CTdedl

STdTd A0 I UdTg YReSId gidl. e SATGTdl ded HH! gial AT JISRId IdTa Sde YRl
YdTd.

5. HH®IHRUT (Standardization): AT® HRIUGT (SOPs) IR T[UIadT ST iR ThaR@agon
Ydl. HIHBTOINE T GHAVTSIDHRUT heldl SHedTed HIHTR UiRIE T Bid.

6. 3dTadhdl die (Improved Productivity): FHriem ﬁ'm\_rFITﬂ% T=fiear SMfor SR fAfehg des st
. A A ufsran, R 3T e aTRe™ Jesy 3 SMfdr graresuht 3 it g Sf1fdr Sare
ared.

7. dafadbdr (Flexibility): I f&gmg fdhar anmofidid 9gd sMwal Adra. ddafad ufdar aisr
ST YUt YUITel! GgT fS S - -l agT dad HRUl [ Bid, SIS dc6 arddl 31T @dal dH! gl
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1.4.2 Ufehar S USd (Procedure of Process Planning)

[ Study of Product Design

|

—~

Selection of Raw Material

|

[ Selection of Manufacturing

Processes

!

Selection of Machine Tools ]

!

Selection of Tools, Jigs,
and Fixtures

!

Determining Sequence of
Operations

l

Calculation of Machining
Time
!

Preparation of Operation
Sheet / Route Sheet

~

Fig. 1.10: WfshaT it Usd (Procedure of Process Planning)

1. Ufoh a1 T 11 (Study of Product Design): ST I, X1, HISHTY, STaR-A4 (tolerances),
gEHNT QAT ST ITORed e el T@Id 3R Hal offdl. Xa-T IHeled Jewara diRedi,
HIATHS TR ATt fHesd 3fdT Idre- ufshan @ WA= Hag gwifad gid.

2. %ol Aid fHas (Selection of Raw Material): WH’I’%@JW (@ﬂ 3@%&? l—c1llr%\cch), W&y R:IJ_S’
e, o) 3nfor iR Mase o). fAds € arde, ufshar-&mdT, W, Iucrsudr 3for STl areR snemia
3, TGS T[UIGT ATIOT SrferRuT gt me gial.

3. Id1eA Ufhd=l as (Selection of Manufacturing Processes): dzdl HICTTedT 3ifdH IdTeATd Faiaikd

4. W;@ﬁﬁﬁﬂg (Selection of Machine Tools): TS MURRATS ! B0 HRIH ITuRE SR (Q'ITCTW
fdar cNC) B BRMAA ST, Segehdl, &HdT, Tl STOT IUAKIAT ST U3+ I JMH Maeery Idrg 9o
HH! g ST HRAYATE FUTRA.

5.¢H, et 3for fhaeert=h fRas (Selection of Tools, Jigs and Fixtures): HicT ey, Rﬂ‘\ﬂ, oozt arfor
TSI Y= SIehdl S0 TARIGTEH (repeatability) SIS Fagd! Sdrd. arg fAasige goT HH!
gIdTd, TGl dled STOT YR JUR.

6. SHTORRTAT HH B0l (Determining Sequence of Operations): gefa, ¢ dad 30T Y3y des HH
PHROGTATS] SO Alfhdh 8 BRIATT SITcll. I SHHM HTTAD CIAR-UY SHATIOT GEYTT T[ura g
HIIETAT ATEd ST g Bt Bid,
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7. FRNFRT ges=dt o (Calculation of Machining Time): P WIS, Big, S 3 Fe, A PRI
30T e 31T da AT SR TRAFT 9 Tieret ST, 3w Sfarege [egfeil, Td Aol ST dica-ad
(bottelnecks)\’rhmwm Had Eﬁ?f

8. GTW/Q“_C' Yftet aart (Preparation of Operation / Route Sheet): II'QﬂT-T o, ﬁﬁlﬁﬁ R aas
3107 SITURCIHTS! Ty ATl Ao,

1.4.3 UfohaT fAaieTaR Uf¥UTH HUMR e (Factors Affecting Process Planning)

a. HITTET TR STOT TPl (Size and Shape of Part): HRTIE! a1 30T 3THR HAHT UlchaT d HH
SRfaard. IeTeruny, WM TR HRATT dHeedl AT UHTR, HTHR T 3HTRTH HH 3(AUaR THIE TS,
b. di®g 3HTGRIhdl (Strength Characteristics): HITAR JUR S (sl-l-\{lch, Er{-lls(d, QTVW PHIUE Ufeear
ORI} § BRIATd, SO HTIRId dldhe g Tahal,

c. 3{TGLIH JHIUT (Quantity Required): STGAT THIUN planning dR HI3T UG Tdhd. AIGAT THTUMRITS!
FATYROT AR R FHH! FHIUIG fhaT HigaT U W AR Sa=aed 3Ry XehdTd.

d. 3fehar IO YYUIT TUIET (Accuracy and Surface Quality): 3TaRTD Sflehdl d FHIGI=AT SHTYR TRH
g gfshar fAgsdl 9.

e. [agA™ IUSHRUIET SUGNT (Utilization of Existing Equipment): U] TR g e SRdld SRd
TR HedTy e &HdT HHt gid SHf0T Tdi- Jdaufeh HHT ANTd.

f. AIES B (Skill of Manpower): BRI IR Uiehal s fadgd 3/, Soide
DA G HHT Bidld.

g. faRW 3@ (Delivery Date): HH dasH IuA ATeH-ARI TRTd! AFTATd, TR SRd d6q TS
3O quRiieidrR planning HXdl qd.

1.4.4 Ufspar fFAsHTdS TuveE e enfor =< =fie

TR =fie & Ufshar Raieaeid Ueh $idid Hewid gedias 3ig. 1 ey TEIGl 9cdh TR
S 3T Fe Tl STaT, T8 Tdd IR YUl HRUGMTS! ARTORT A 4o JIREAT difAd 18T T4g
HAHl AN, § UMe AR ANeRi® UM HIH Hd 0T AT HIH 3dH, STde AT Hried
UG- HROANY HGd HRd. SHRIE Wed Uiad ded SdGHd THAR@UUN ST Add I¥dl Id.
IR, MUE TR HRAMT <+, T, TS ofor JEfé aiaRe siftR==re hHaR dfgd! a1
SiteAd fdadt 3.

¢ Xic TERET 9ThH IdGA DHRAMT DD fAUFTIGH fdvar IHEY Uarg HR1an 31Tg,
it ARfHHOT qrRaad. TR Leymrr <t e tndied fdhar o qusiia 3 Al g HIm Hiorn
fAUMTIA g Pivran faurTes S, HIvr BRiHaR Ufhar IR 317g, 311fo1 Udd cwar fddl dos
ARTOATT ST 318, T ARl oo, foam G- I IdTe [AUNTHER ST HaTg JReid Saul STfor
I QST HRO1 8T 3R, IaTerony, TEIeT Uedh el | fQURTIT e+ faurmas, fayd g detie
fqUrTe e, e IR faura, aHaR quryofiaed sl Riadt st fqUTTa Sid—aTe! et &c
YfteHsd gxigarel 3R,
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' ™ - N
OPERATION SHEET ROUTE SHEET
Op. i i Speeds Op. i
No. Operation Machine and Fecads No. Department/Machine Time
: 1000 RPM i i
1 Turning Lathe 0.2 mm/rev 1 Raw Material Store 2 mins
2 Drilling Drilling g?gg";'r‘gv 2 Turning 5 mins
indi indi 30 m/s 3 Heat Treatment 30 mins
3 Grinding G;\l’?‘gg}g 0 0 ndos
a Inspection | Inspection o Grinding 10 mins
5 Inspection 5 mins
6 Assembly 10 mins
-~ J

Fig. 1.11: forar fAaieHmaR afvonmg seom gee

1.5 TS ST

qTS ST WU Siaa AT Hd Jhe - S dIey 3R UG B0l &1 TP
LYAR Sa@oad A YHIUNT HTH RTd. Il BT I WU TG Uihdd Hoal 38yes HHfu
8IS 0d, SR fhal T Reb@ a3 73d S1fYr Hifgd 9 I Jad 9 YRedld Yo TRebd grald.
T A8 ST ITTGAIIS! ARTUN=AT T4 IRl HH U0, Tdd SIS ANTURT 9
SISOt SIfYT HaR ot B fafae Teee T 3 aTet! &1 U4 T RHaRId UG 0T HIHTEl de Ja fade! 9qH
MBI, D HTE HIHRIBS JU B A0 Dleldbe Hlord HIY 90 =7 YRR eeddrd, St THUl
JATEH Tl HHT B 10T AR W dread.

qTS ST I1ed HTedTaR I AT HSYS (Sica-ad) g aldrd, Rl d& &t gidl
SHTIOT 1 T TG UhT T RHTEH Yo TRATId AIaci Yalgd Agdrd. Tl YT T o, A8
ST U "B OR’F G SR AU, e Jdd SR fdhal AR RO TR g,
JATEH FRR T ATl ATOT SiaaH ATg T UG 0T HIAEHAT d HTICYC dTed. 5] Y ed-T [a=Nd: T ST
TEaTE 318 f7Y HidT Y10 STGH ol STd—3aTgRuNy, HIeRISHT, Sadc-ad fdhdl BRI STl
TIR HRUGTAT IURNA—DHRU TETT ThT WIHRIT Bl facag! Yquf a—=ar Saedhdar gk
B YD,

1.5.1 TS AN HE

qTS ST IYRTHT 3 HRIG BIdTd, Of STGTH ITcit, TOTaRT AT1OT BRI IRGUIRITS
T 3MARIS TR, ARG Al AR FAIT Dhl ST BIUAR! Th L YU ARAAST HSUST 3
TET A1 e HHR-TRIT Tad d 9HdId s fHesd. e Afepg 9@ &t giar Sl Sdie siag
T gof 2. Yorafyd 9 Iqford o™ Ydieie AeRiel SHaRad @9 codl, ifaled srrRi
TSI 1 TG ST Td ATl Fardd YN gidl. ST Ufshad °Ts fdhal gaigl = eardd
IdIfed a&ga Ul cdtd A iTel Igd. THUME, A8 dal-T § IdIG-rd d&d dosd 3T
DRI Y1 PRUIMIS SHAd Hew@d Y g,
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Exercise:

Nk D=

A e

N

AN e

b=

f—

TLO 1.1 - List site selection factors

List six important factors influencing site selection.

Explain the importance of locating a plant near raw material sources.

Identify the most suitable site for a cement plant: (a) near coal mines, (b) near a large city,
(c) near iron ore deposits. Justify your choice.

TLO 1.2 — Draw types of plant layout

List the five common types of plant layouts.

State two features of a product layout.

Summarize the applications of process layout.

Identify which layout is most suitable for an automobile assembly line and justify.
Choose the correct layout for a hospital and justify your choice.

State the advantages and disadvantages of cellular layout.

Construct a neat diagram showing the process layout for a machine shop.

TLO 1.3 — Compare types of production systems

List four types of production systems.

State two applications of batch production.

Summarize the characteristics of job production.

Ilustrate mass production with one industry example.

Classify the following industries into job, batch, mass, or continuous production and justify your
answer: Shipbuilding, Bakery, Automobile, and Petroleum refinery.

Select the suitable production system for mobile phone manufacturing and justify.

Differentiate between job production and batch production.

. Compare mass production and continuous production systems in terms of cost, flexibility, and

investment.
TLO 1.4 — Explain methods for improving productivity

List any four Japanese techniques for improving productivity.

Explain the importance of Kaizen in productivity improvement.

[lustrate the 5S steps with examples.

Design a productivity improvement plan for a small workshop using 5S and Kaizen.
Propose a poka-yoke mechanism for avoiding assembly mistakes in an automobile plant.

TLO 1.5 — Prepare operation sheet for given component

List the typical contents included in an operation sheet.

State two differences between an operation sheet and a route sheet.

[Nustrate with a diagram how an operation sheet guides operators.

Construct a simple operation sheet for a shaft involving facing, turning, and grinding operations.

TLO 1.6 — Explain need and importance of line balancing

. List the key objectives of line balancing in assembly operations.

Summarize the effect of bottlenecks on an unbalanced production line.

. Explain the importance of line balancing for industries.
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gfe 2
BT 3T
(Work Study)

fowg fAreo=ht (Course Outcome):

CO2- IMTG Ulohdid HRIeHdd! B 3eqg dFiar aTaR HRul, (Apply work study techniques for
optimizing manufacturing processes.)

ved et (Theory Learning Outcomes):

TLO 2.1: 3 et new Wy H0. (Explain importance of industrial engineering)

TLO 2.2: ST 3700, HRAUGT &I 30T 95 37eT il RS HRO1. (Define work study, method
study, time study.)

TLO 2.3: BT AT, HTRITG 3eaa ST 95 &I aTdl IEB TG BRI, (State the objectives of
work study, method study, time study.)

TLO 2.4: WRfeeTT forgiar s THa B, (State meaning of therblig symbols.)

TLO 2.5: f&eiedn Uishaard! Higuit darien a1 e Yeidd FhRal &W‘ﬂ TIR 0L, (Prepare a relevant
type of chart for given process using recording techniques.)

TLO 2.6: fGae srafardt s dos<it Mot SRl (Calculate standard time for a given activity.)

2.1 Wm— (Industrial Engineering)

TifAe! SN § ST ATAaUaRITS! ST oo A0 HRUGRITET IR Hayd SareHiaR sfaded sRidd—
AT oY, T, Yisdd STfO1 dedl Hiel. T I TaRITYH 1 U= el Sild, ATl ¢ aRomg
YfHehT Sl 8 WRaTg 3107 T il 9Tk e BrivdTe ) fa=esur &xd, TeTar HRigH araR
gAfd dHRd 301 IdTe 9 JaT Uishaiadia 3ysqy HHl Hd. d-ATeHl AWM (time-motion study),
PIERIECIR] (process mapping) 3O o Ut (lean methods) TR TIeH ThHd B, i
D IATGHT aTeaudral, B T HH! HIUTE AT Wefdd doRUST [Chrs; SR Hfyd
FHRUGTE TId HraTd.

2.1.1 TS

e it gt ol st Tmar airg off @ie, TEft, IR0 3N1f0T Surt gid THAd Yoard
TehelH, GURUM HTFOr UfasTo giean=it siferd aire. a1 wurmeiay fAesum gikomg fafRiy &0, Ureld HRol
ST Heich-1 01 ArTe! eI SIfRMd 7K, e Sfor AT fasmdia o=y 99 9 SiRrey,
q4d YIRS faeyor Sifol dh e dwdien aTuR HRdrd.

2.1.2 §sicaa sioafardt IR
— AT PTAEH THAIBIUL: SSReTd ST A e, T3, I, Hifedr for fag ara
%WW@HW S SR SR SR BRI 0T URUTHSRGdT el BRI Fed

- fafay e=idia auwia fART®Ror: IdTeH, aede, a1 I AT aiaruia yunenasdie Jariden

— Pprderar fAderie JUROM: T ﬁﬁlﬁfﬂaﬁ'ﬂ (lean manufacturing), R AT (six sigma) 0T Ufehan
(process reengineering) TARITRTHT AATET ATIR B IMTGATT I0TaT, BRI JRET S0 THUT

IATEH A YR,

— RITYT ATOT W Y HROE: SSRCTT ST SN SUSTT HH HRUATd, BT T geaudrd ST

JTeH fdhal HRIUGRA TTaR YR T HRdl WY UGd! WHRUAT Had B

- WufP TERUSHd gEadr: il R Seadr ok HETod, Jifdd W ST seifas

e Ui SUaTTS! SRIHT S d B0 Hewrd! YT Seadrd.
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(b) 1 TATd U HRUTNTS! TG UGl f[AhRid HRol

2.1.4 $sReaa s wrie:
eficaa fomaftr § srfemydr, Remar ofor IdTewmdr drequarare! fafdy shenfiie forareamimes
AR S, T T HRIAT G 32:

— wierar 3T SR P a: SdIe d SRS Hald HRIEH UGl HagT HRYAE JaAY HIUl
30T 3T HHT HRUI,
%%WWW:WWWWWWW@HWWH

— gfaen ARTEsT fAae: HRUAE RIS JgTaT AT At grarastlt St Grat arre! I3 § Iudol
PG TR fEHToR Saur,

— PRIGadardl IaTe YA SR WREUN 01 ARG R TG YT drTa! R
IReTiE Iareq siftgitsietedr faw i #o.

- g fAaFur yomelt: Idred Wa AR 9 HaRIUT HRUgGS vunel famiid HRu, o dRiar
nfferesear wrdem daq.

- 3= 31O wrivexRA™ yHIdrdieRor: & sramd, Wd onfir HHeRt FriveRFRTS! deHTR
(benchmarks) RITT e A ST ITRGII@ JURUI.

— At Gegice hHad: TR AIhm<ea Y], SEEar 1 Jodf aid Jedid- HRUFRIe! Jome!
TIR U T SHATT 0TI,
_wmzmmmmwmwmw
T .

2.2 BT AHFTT (Work Study)

URHTET: "SI 3T 8T U FauIdR0 I3 318, Sff fa=Ivd: 'Ugd 3eqa9’ (Method Study) 30T ‘&
HIUT' (Work Measurement) IT T THIOR HRd, S AFarA S 94 ﬁqur GRI&f0T ol SiTdl
HTIOT HRIGHAIR TRUMH SO Td Gehia Raas quraull s Hed gid, S Hrafd YR
MY d DRl AT

2.2.1 ST AFTR! RS (Need for Work Study)
B ST § PIUATG! TRATS! SHAALID 31Tg, HRUI A HIeHdd dre, FHufg ufthdd gurom snfor
T =07 Qe I, At Rcdag UG Uihard JaHiaRor exd I SureFT dried R JEiEd
B, AT - BRI YEITUHT0r 3R
1. ¥pUT IATEHId dle (Enhances Overall Productivity)
BT ST HRVATRKIS BT 35d B JUROT aad.

- SIS BTl 1T fAdd g Hed B SHfUH SIaie g YRS a-ddl.

- A, SRl 31T wifgdTer ried 9Tk e 31YC dieduard] TR 7 USdT Mg aredd.
2. H'I'I%?ﬁ'l]:uf 31O FebeTd fvla Suarg deq (Facilitates Informed and Rational Decision-Making)

- BT g Rdag S deanenia Ugd ddaTd Aol snuR 3.

- B P ST ST fARayur UeH &vd, SaTS 3ieTST TUT dufdad Jdug HH! giard.

- RIS GAgTd Jedieh-] SR JoTTd WihaioR [y 3q Iehdrd 0T Jarad ARl Fag

R dId.
3. fayTaT8 FriveR AH® RITGT (Establishes Reliable Performance Standards)
- BT T 4, YH AU SATGANIS! 3gH HHD UGH P
- B OMb IdTEH AN, IBTUAS TUR B0 A0 TTHIST dIey TRTST SATaRIdDh ST,
- g B AR grey YR SR S HHAR! HRAUGRHTE aed-E Jedih- HRUdN Aed HRd.
4. TR ATVT 319 W FediPps aredard (Leads to Immediate and Tangible Cost Savings)
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- B 3B AU THUM 1O SR ATIRT &7 IUS ), S dRd GURTHD IUN HRdl AdTd.
- ad g1 I, Wit TR YT Soif AR g g A,
5. HRITGT SATIOT mﬁqﬁmfﬁ JYURUIT (Improves Work Methods and Ergonomics)
- B 3egg Hrafe GAREH ded B IS RIS, JRIA T Hred sdd.
- B YHaT 31 gETId HH HROMAT WIHITHD Ugdidl TR P, SIS BRI FHTHM 107
ST JTed.
6. Add JURUI STfOT AaH =TT uTfdar (Supports Continuous Improvement and Innovation)
- B 9dd i 10T GHRUN HRUGT Tpal! UiedTRd bR,
- R I, SERTd ARTOR fdhar Yare Ifesiadiel a1 dadb b 81 b,
7. faurmiadie guag Holdd Pd (Strengthens Coordination Between Departments)
- g fqumrinedia 3P TeHia wxa, aXa Fus ST HTHEN GARIGH! Bl B

2.2.2 B Y- ufspar (Work Study Procedure)

1. SELECT
Job or process to be studied

:

2. RECORD
All the details concerning job using
various recording techniques

!

3. EXAMINE
Recorded facts critically by asking questions
like who, what. when, why

!

4. DEVELOP
Most economical method

.

5. MEASURE
The amount of work involved and set
standard time to do that job

.

6. DEFINE
New method and standard time

s

7. INSTALL
The new method as a standard practice

.

8. MAINTAIN
New method as agreed standards

Fig.2.1 S 3reqa= uferar

2.3 UGd 3G (Method Study)
2.3.1 URHTYT: "Ugd 3eqT- UM B HRUTTAT fAgd 3107 URdTfad Ugdid Rdeg Y&+ AT 7R

TIef0T, TGRS T, Hried ST W dHl HRUMT UGl fAdmRId d AR Bl Jdrd.”

2.3.2 UGd STl 3fes:

UGd 3T § DI HTITA] Uh Hewddl ged 3T, of B & dhdl Sld AT faeiwor STfOr YR ATaR
ww,mwmmmmm&m R 3o IdTCe S-aur. T 3fED Yty

1. STAUTHAT TOT AU FAH B! (Streamline Work Processes and Procedures)
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EMW&WWWWWW@WWWWW
- g Tdrdiean fepdie A Biguit s iHT GEWTul 10T ST ST g §dd.
ITes BTl A HH gl S GHife S g HHT gidrd.
2. amiww 3Tfor FaraTeite Higoft YURY (Optimize Workplace and Facility Layout)
- B 1A, IS0 AT BRI A T A Jedided B,
e TS BTerEd B B, Job araral MY BRIvETe GURa.
- U HRIRNGST fdhal HRQTAT GRIGAT 0T FaRAI T TG,
3. TIfgcd BTl 3MTfOT TR Yhdl HHT HUI (Minimize Material Handling and Operator
Fatigue)
- P HHIRIG YR B 0T HRIRIMTE a1 URe Iae0l, arg= 0t fdhar araor aft
TR HH! el ST,
IS HIRTRIGT R AT01 Bt gral 3fOT rigrman g,
- e W Tiearg dd 31fOT TRTRHeS S0 gaTad i HiehT B B,
4. SHTYTET TR TG STRd aTuR '\‘Iﬁﬁﬁ P (Maximize Utilization of Resources)
UGd AT Jiigd, T 3N1for Asaesrar gHTa! aTaR HfEd Hd.
® ATy QRT AR fdvar S1fd AR eTesd, S Adferd wravdrg At gidr.
A WTd §9d gld 30T SATG-&H dTad.
5. JTGTd RCEI STIOT ATa ﬁiﬂ?’lﬁ (Enhance Product Quality and Consistency)
- DO SRITG SATEAIA 9Gd BT BHRATd 30T THARE! Ura J-13d BT,
® SdTe Uishdd Sredhdl M1fOT fayramgdr fesrad dad.
- QUG Usdiges QY 31701 §51 H1H HRUTRT TR HH! gidl.
6. ARTAAYTP i HUT H0r AT WI?I?IT \EIEI'R'I?I (Reduce Health Hazards and Improve
Safety)
U 30 UdbIarde fohdl SRIRIAM UGt e i1 ATiaelt YRI&d uafg gaad.
8 SRS IR T0d S B S SRIIGRN B aTdTaRuT AT HRd.
- AT ST HH! BIATd SO JREM AT urer Ferd.
7. Fdd YR STIOT AaH AT WA Ut (Support Continuous Improvement and Innovation)
R SAUGT Frafid QRIaee Si1fo GeRUT HRUAr Hieifed Hd.
TR A4 T fdbal Saeran SRICH TR TqPY I U3 Y.
® Tadheg1 HTTOT Tithd THRNISaUd Tt MRS [ RId Hd.

2.3.3 UGd AT Uiehar:

UGd I BTG [ARA0T § GUROM HRUANIS ! TgT Tudid! TRfAd Uiehdr aioRd. Uddh ol &1
SPTIEHAT SNSGUATHIST 10T GUTRT UGl ST SOOI Hgwaral SRl

i. fFras 9 U UTuT (Select and Define)

1 T SIS a1 31Rft S, Ufehar fdsar foran fRase S, fas &ar snfdfe e, i Janid
30T Gt Ueh (SN 1 SR YehdT fhdl SHIY) fdaRd dda Sidid. Thal &M Hasd @,
U 3P WY 3R UIfgol—3al. ad HH! HRUl, urad JYRYY, YR dTeau! fdhar Jameia
Omfﬁ&? qTIR 01, WY GRUIINE ST Sramre disd il Suged ddd.

ii (Record)

HH FasuHaR, Y= SRS FAawR Al MesT bt Siid. ITd B! SIhHfORT, aruRed
1Y d IUHRUI, ARTUIRT de3, gleraraid 3feR, 30T STHIRIAT dhaidi! fobdT Iiam THIGRT S/l & Aifgd!
TTE, a@aﬁﬁmmmmﬂmaﬁ Bl Fig géld fazevoumardt snurRyd Afgdt WA
iii. 7R TRY&IUT (Critically Examine)

g1 T G Ugdid Gad A=Wl doel Sld. SW1H UGdal aR S Y gehlaR Uy faarad
SITATd: Why — ® BT &1 &l Sld? What — ®T9 6 SITd? Where — 6 & Slld? When — 5T &dl SITd?
Who — 10T @Rd? How — B9 Bl ofd. § THR tteror srafdia siarermdn, smmawad foar s siersrar

c o
I

[l

Maharashtra State Board of Technical Education 22



Industrial Engineering & Quality Control (316362) EE%'QFI AT of rferdt ﬁ,\?‘? (316362)

UGl SUS HRUAN Had HRd. YD quRNArar Uy fdaReames Sy fftie Are, JRIEM Sfor srigm
T fde Ria sugreT Jiear FHfor SR,

iv. AP (Develop)

YR T AT d6] TR, AT diAbesedl JAF Med B, MAbesedl BHCRIR 3ed @],
STOT ATE EVHHIGT WIBRTE SHTed BT 8 AU S, TRATad Hed-T TS AT SHTordT Iditd &1 §
AU Hd Ul Sffd. TG UGd! (Hag- TaRITO-NHR A16R all offd. A TR qaR HRO! fdhal
Uil argull 9ot gier SHTaRl SR,

v. AUl (Install)
wmmm@wawammwmw@w@ﬁwmwm
SXAVASIDHRUT SR HRU 10T do5d GAHTUA HRUle! HIIRID 3. TMHes Fd Tl A ThR
Wwﬁy@ﬁ

vi. FRIfdA®R0T (Maintain)
mqu@mmmmmmmwmm el fFafid Ater,
Josldos] U, 3101 BRI G SHU 3T DHRU Al FHIART 3. AR dTIR AglH YR
DRI 0T gl Urei YT PR Hewrd 3, WW&W%@WWW@W
RO St FHfT g,

Select [Work to be analysed]

Record [All facts relating to the
existing method]

Examine [The recorded facts
critically but impartially]

Develop [Most economical
method]
M
Install [New method as standard
practice]
Y
Maintain [The new method]

Fig 2.2 USd AT UfshAdT ileh et

2.3.4 U5d SIS $H FasaHT farTd dad SumR gew:

Ugd GURUIMTAS! i) fdvar ufhar fAaesdr 3Md gce faaRTd 901 3avde 3 d. § U !
URUMHGREG T 10T SUGIAdT SRadrd. A B Hasearges [a=eiwor 31fl YURON glg! riqul 9 sHagrd
(GG

(i) enfde f=mR

UGd AT YD AR TP Tedh Agard! YT Joladid. A HRUTET Wd GHTE sadier
qed I 3118 Il W R0 § TR IV 3d. o1 e SR Siegersd, aRdR fadd fhar 3=
BT T 3! AT YRGS A7 HRUT 3. SargRuny, Fafiid desue SRd des areron=ar J=ii- fdar
WicH BRI 3 . AMEYHTY, JYUl SdTe Uihde g HRUMT 38y Fufur Hom=a ufes,
55 30T & SIRd ANTUNAT YARTGRIT fohd, S1T0T STRd H{Saes ARTO=aT ishaT 31 ds e HIgT He<ara
ST, IR TS TAE SR JHIUITG ®hU ol GIagad avd, FHT0T HRUM= Wisha, ST SR a
[ 1d BTadTd SRIcTel! [AHT Iien JHTa=T gIdl. a1 &FiaR A&l disd bedr Aol JHTUd T aad SAToT

Jdchdd dIe 8IS b,
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GUECACEIN

Usd TS B FasdHT difid SR HATaRad SR, 37eqg HRUM=AT Fadia Uishad 3ffor
fo=an Qi TReli TEid I Ul 3aAH 3Rd, SUhe 3dd ARyl 0T iguf fRIpRE <ar
Afq. et difie SIxreur SaTdid S Fasery Sifid TQie sfaest T TiTe Juwra FRIsR0
FRAT U, S HTATH FAA ORI Sad, STd JHTTd $6U At giol, faar sfarda $1d Adige
HHIRIGST dRAR dHRI Add AT difAd TRIGAHANS! I HRUT 3d1d. I1 G fagdH
q@’?ﬂ?ﬂﬂﬁ?%:g@?ﬂﬂ T AUl AT qieetedl A JURUN B GR HRdl AdTd.

(iii) AT

Td LT HI-dl g faderd Hewar SrdTd, HRU SRIUGHId BIUIdTe! dad B HRUMdT TadiaR
S FadAl oRIY HE YdHald. A JUYRUT SV S Hasdrl AFdl aRumy faarTd 8o
TGS 3. ST HHYS SR JRITRD dT07 fdbal Yawar HHfur g, Sraerdrar didhT SiRd SIRTdl, SAfor
DRI I SRR BId RN HHAT W= et Uifeol. a1 THRIiaR T8 disd dedd HrAedd JURd,
H&?EWWW,??W&WWW—@WWW&WWW

2.4 UGd AT Hig HRUATN a3

2.4.1 af¥=a:

Usd A O SrivGdaad 94 Seid ad TF ST JATOM W dTd Aigau! TR Sid.
B e faRYoTTa! STURYd 3 30T URaTfad JUROT GRRA! 3341 3M8d &1 § g4 d Adxal gad
FHROGTITS| IR ST Y@ e TR fad e

1. ITEH (Charts)

AT ST ufgrAme Rt ST, 3% onft RER T axfvaraTel e S, 2 S uiear
I DT 3101 GYROM HIUYTAT AT SIS B Gl AT MR UhR 3o d:

(a) TR T 91 (Operation Process Chart):

TG TR AT fdar aT ol HRAMT ST SHuRR=y 107 qURyodT eRiadr. erRivare Sk
[EEREE KT

(b) T NS 91 (Flow Process Chart):

U forar— 3T, Frcrmvﬂ, aTEP, facia SNfoT Trequ—aiar THGR S iU TURNAAR €9 UaH
B, TYUT Ufch A SfepTdamd SHIeeguar Had PRl

(c) -3 MAF A& (Two-Handed Process):

BT BIHINTA! aToRaT S, ?ﬂr_fﬁ gIai geraTelt WUl Aigadl. YARTde glerarciid fa=elsor oy
WIHITHG RO HROIN Hed Bl

(d) Afeeua sifeef@dt ard (Multiple Activity Chart):

3P HIR fdvar i1 fhaida T 31 e SUge]. 9g-d! bl 9g-3F Uleiaid (Mshd aed
30T TH-9g JEY (R UHI <Tehall.

2. GiTq’_cﬂﬁl'% (Diagrams)

AT B TXT WIeH 3Med Sl dRISERIS Hifdd graard M SRRGST gRiadId. ST HRigH aTaR
3TIOT greraTelie A faRafid Srua™ Hed Hdrd.

(a) AT STIATH (Flow Diagram):

e fhdl SR RRESITR SR Yde AR aRidd]. 3aaS Jar S0l SRRISATcd
BTG SHIBGUIY Hed B,

(b) & ST (String Diagram):

B Tl STITHAT 31 3@ UHR 3116, S Whd RRISAER gIadNd oF HRUIMS! GRT aTaRal
STl AT 3R HISIdT Ad SIT0T Sfferes grerarail SiRRad Bl .

3. SHeiey 3TfOT AIST (Templets and Models)
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SIAey ST Ao § ek, A1eH fhar srieama Hifde fdhar Whaar snuila ufagd! sradTd. ue
WWWWWWWWW.WWWWW
TR WGE T Tl 31T Fifd ardTaRuna agrddr Jumr 3.

4. ST AT (Photographic Aids) (ATIHIHIRM WT3T)

RIS IR TS RS SRHATHS dA e ST 3o T =T fdhar fefe s erdd SiTard. § fostor tha-
-1 (frame-by-frame) fa=Ad del ST, ST G&H SHTIOT SIBRIEH GTararel Sieedl Jard, ST Teel
Semma foua AEid. 3 9 faRivd: S/l Mo Saedl HIEMTS! MO SHoRe=r ydmdl &l
BRGNS UG B,

5. ATt dF (Graphic Techniques)

e Taiidl YA gTerareid A1 3101 95 SNATIUATITST dhal SiTell, faRIvd: geadferd HHHe.

(a) TP d T® (Cycle Graph):

AT HITIER (ST P! BTd TohdT ATeH) TR Fd SIS SITdl, 30T 61 Ge dral JF ¢ bl Sffdl.
ST 3MBR 10T PrRig T aiad).

(b) I IS UTH (Chrono Cycle Graph):

G UHARET, GUT G T AU YebT= HIdrg, Sl dod! difgdt Siedl. glerardrdid ITdl, 99
30T i fA=ed HRUA Hed B!, S GRIG b GURUIMTS! IUgerd 3.

2.4.2 ufspar ardw:

UfehdT I1cH § UGd Seag-THed auRd UM THTE €= W1eF 3MTed, o Ufshaneta fopail srgssauom onfor
a1 GRIGATd. § ITCH 3N, T bl el Terd R [ aTd SR -hdId, S B fdhal HRITarg &l
YR HRUGTH] et Tgouul 3fiesdl Adrd.

7 areqy uishaadta e fafRiyuur gxiad SdTd @rar Ufehar 91c Turard. g1 91 Udd fhal—ord &t
SRR (operation), qurgoR (inspection), dIg (transport), fada (delay) S IUESICEIL] (storage) —I1
SHHM USdTd &l hHA YHIUG fergian 9k de Aigddl. § Alitbbdl =AUl fa=edses 3M1for ki
HRAYATE THTd ToRd THIUIR Had HRd, S YA <t THR URTEor 0l 9id Bid.

UfehaT ATl AR Sifed Uishard YaHiaxur dxdl 1T YuTeliag fa=as- Had &l Squf ufthar e
WU GRIGITHeS ASYD, ST glardTal fdhdl bl shiH 3Ricied] fhdl Tgoiqul 3fesadl Jdrd.
B YA HRIVATe 51 9T HRUINITS! A 3d, S Sdlehdl dieadl Id, $Ueqd HHT ol
It 3fOT UHUT e URaT A4, Raw, Uikt Iy 7 fAurTHdia qera Yare e eUE S
BRI, o BTG I TG 10T AHIRS JHST FHT0T HRTd.

2.4.3 uforar Are foeg:

T THFI: YA FI-giel TR S GRIda SiTdTd, of HTfedl 3ifere Ty 310 sried- e HrRuard
Tgd HRA. B fog T Uohd WUH B RN, SaTde TH ed Jay gid ST uihddia qusitard
I IO HRT . UfehaT ATCTH THRI: IR SIUIRT g Wy o 318 d:

a. UfepaT: TR (operation)

frg: @de)

SHTTRR 0TS 3fRfT DI o STt I = UTd W §ad fohal YR ISq U, 1 Searmed Wifdew
fhar IS Ui deaul, e Seul fdhdT diga crhul, ARG 99 a1 HRO1 fdhar drfgcden
W?wwm.mamqmwmmﬁmmmw
Ja1evur: fihran, fefei, fafd arRdt gifie wm; ImrafAe ufdfear g ufear; afeET, sfi, S
IR Sreuft Ul SMfor g gTares et Iaer, dis o, Ryt Ffda o,

b. WfehaT: TURTOR (inspection)

foree: |:| (@)

ool U e a¥q. e R geaie R, Suieed ot gaufia o, v faar et
HASIIHR 38 BT 8 M BT I5d. 1A IeTa MG YNl FETd 3He BT 5 quru AT

Maharashtra State Board of Technical Education 25



Industrial Engineering & Quality Control (316362) EE%'QFI AT of rferdt ﬁ,\?‘? (316362)

DHRUGMIST ST EIvgerd IcdTe Yelel St Ufehdd SR IRGUATHIST STa=deh 3.
TG YehTH YFHRTE TF AUIUR, U1 Hifgedrd THT0T qurgul, 3Mf0T HISTHY 6ed 1aRsh
c. UfhdT: QT8 (transport)

: (9TUM)
ClIRELED I hal FIRBHY I, Fiie fdhal AT THT [SHIugH a1 fE&H1on gTerdrd.
&1 oh a1 HRIUATE ATe] SAUARITST SHATIOT SHTIRIS HHTE ARY TEHTUT I HRUIRIS! SHTTRAD 3.
JETERU: I HcT AU s AU gaau], W1 TRS SHHYT dhadaR 01, TR HRT TR0
TQUTTIT T[ora qURIOiRITST g,
d. uferar: fadd (delay)

frs: (D 3THR)

faci U T} avq, S fdhar saekit Uidae! el ST, S 3féd S SrwH oy fdhar ufer
fafor g, 3 Tme, WWWWWWWWW

HqRex Ffepa sryw, w1t s udda o3 aTRTd o,

e. UfhdT: ATEqUT (storage)

fre: \/ (S@de &

134Ul WU TEIG! 9], e fohal Idte Sifdpa fasbiult gaul, ford ot JRIGuur daeft S Sfor
3P YA fdhal BigA TIHUATINT IWRI&T 3d. I JRigadr, SRS (traceability) STfOT
HiqwTdie aTR fhar Urequiardt aart gy gia.

ICTERU: AT MG QR 3901, Ufehar gal e A1at (AT faqmed wrequy, fdhar TR IdeA Memma
qraquiiaTadt aul.

. AiohaT: ITURI 98 dIg® (Operation cum Transportation)

ﬁ%:@@ﬁwaw

JHTIRTM I deqd UM TdTa! 9 Uh! [ShTumg gu=ar [3a1oft gaadi Sid SRIATHT ATaR fdhar fdar
fohar dett ofTd. B TH A fohal HTIATE Ay HRd ST ST Uil 9 HHI B

JGIERU: o H-aRAR §AdAM aXGAT W ¢Ul, decar YA HRAMT gcahidl e quroll &rul, fdhar
T ferd fihfeli ArgaR e ST SR STeediHT AUl S¥aul,

g. ufehar: Ul U8 STRRE (Inspection cum Operation)

e (O (@R ad)

JUTUTt TE TIRR TSl TETGT I UiehaT R ST &Td aed! UraT, THT0T fdhdT Sfgehadra! durial!
SITd. B THAd Ugd HRVATe JaH HRd 30T STRRM GHEd diRd USdresult JHfEd o

JCTER0!: UMaSgdd g¥ HRAMI I ol qUIul, dTeedl Hid SR S U Ryt quraul, fdar ges
T3 HIAM T GV U,

2.4.4 Uispar I¢d UHR
1. 3T3cdIg ufspar a1 forar T ufsear @rd (Outline Process Chart or Operation Process

Chart)

- mmmaﬁWWwﬁﬁﬁwmmmﬁmg@m&@rw
"IIQdQ'1Q"LII ST, H(tlch el cW[d] Frtrsﬂaqé‘cn Up Ul Udle dHWIUYI Had Eﬁﬁ

- I IIEHE ad g THI gl aTuR Fdl STTa: U SITORRHarat ST Ues aurauiarst. g s
UfehaT T2 WIS GETAY0r g=faur Y .

- yul UfshaT Tx0 WU GRIGUATTS!, THUT I MA&Ul 9 GIauasia~ul HRUGMITS!, ST fafay
fopiear TRER HaY WY 9 YATAUU! GRIqUarTa! g1 a1e 3Ugad 3l

- HIUATE! Uithdd AR fARAT0T HRUGRAST BT A1 ATHRIC: GiaT < 3Rl < Sifiis qard
I SATIOT SNIATAATS! UTT TR .
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e ufafAferc wal, SAfr 3T Yo7 ATeR St o 31T quryolie srwmafeT gfgdrd.
- UAS ford Siféra quie @ fpde ufafAftica s e Isteat s forfee S, T ud®
TR H ITAd 38 § dddR 3es@dl Ud.

E.g. Changing refill of a ball point pen
Q. Prepare an outline process chart to change refill of a ball point pen

Task : Change refill of a ball point pen
Chart begins : Remove the cap of pen
Chart ends : Remove the cap of pen
Charted by : Ms. P. Q. R.

Date of charting : DD/MMYY

Remove the cap of pen
Unscrew the nack
$ Remove the ald refill
@ Put on the new refill

9 Screw the neck

[1] Check if the ball pen writes

Summary
Put the cap of pen Symbol| Frequency

O &
0 1

Fig. 2.3 STeige -1 RRfrd seavardt smaearg ufshar ard

2. T R |9 (Flow Process Chart)

- T ORI I1E § U UMthahdl WTeH TR Sf ScdTe fdhal redT YTl S SrshHfvidd a0 &,
S fquTT, faHmToRTa fdra YUl HRETITGT STTd 3. § 91 JHIOIG gl arR S Uishareia
Ud% e Aigad.

- B 91¢ YdIERN 3% $HH SXIUINISY, Td gel hHM Alequardt Infor ufhash Wefta 3R

- BT JTICAR TR T fadTd UhR TR, TR AICHE dhaes AR ST qurgond!
fo ATIRE STTdTd, TR Tl WY AcAY) UTa USRS fhaiar THTaRT SRy SRR, oo,

- T TIR BRI e g UerHas T Wil &1 A Saat Sdrd o1 sam forar ggdrd. 8 fo
I} YT ATIREH ST at ST, Sit Ufshaam UaTg GRidd.

- Tl O 9Te e dhgfdgar SuTid o UeRAe Fiffed od ST
(a) TIE UHR (Material Type)— HTeTAT gTerATe @ SIS UK H&fdd geT Aigad!.
(b) FI™ UHR (Man Type) — HTHIRM dbaied fohardt Aig .
(c) SUBUT UHR (Equipment Type)— UihdT G T fdhd1 SUBRUIAT AR 3T bl STl §
igaa.
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a. gifecd YR Tl R 91

HifeaT=it Yeftd & gew gsdra, I Aig Aified UHR Tal Ty dredR e ofld.

E.g. Machining of the component

Q. Prepare a flow process chart (material type) for machining of a component.

Task : Machining of the component

Chart begins . Component lying in the store

Chart ends : Machined component lying in the stare
Charted by : Mr. L. M. N.

Date of charting : DD/MMMYY

Component lying in the store
Tor machine

Loaded on machine
Machining of component

To inspection

Waiting for inspecior

Inspect component

To store

Placed in rack

Machined compeonent lying in the store

Summary

Symbol| Freguency

O 4
—=> 2
O 1
v 2
) 1

Fig. 2.4 Tered gifae® ufsear @ik ardl anfee ver vl maw ard

b. AT PR Tl TH T

A ol fohaid! g T8 UHR Gl YR drcar el offd

E.g. Writing a letter.

Q. Prepare a flow process chart (man type) for writing a letter.
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¢. YDV PR Tl AT I1

Task : Writing a letter

Chart begins : Typist goes to officers cabin
Chart ends : Typist puts letter in "out tray”
Charted by : Mr. AL A A

Date of charting : DD/MMYY

1 — > Toofficers cabin

Take dictation

To his own seat

Prepare for typing

Types letter

Check for mistakes

Place im file for signature

To officers cabin

Places file for signature
During checking & signature

Back to own seat

Type envelope

Summary
Put letter in envelope Symbol|Frequency
O 8
Keep letter in "out tray” :lr: 4
O 1
D 1

Fig.2.4 U7 fiRvarand} aq= yoR vl e aré

T YhRAT Tl TR TIHed SUSRUNAT fohai i el Sd

E.g. Machining of a Component

Q. Prepare a flow process chart (equipment type) for machining of component.
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Task : Machining of component

Chart begins : Machine waiting for workpiece
Chart ends : Unloading of workpiece
Charted by : Mr. B. B. B.

Date of charting : DD/MMMYY

Machlne waiting for workpiece

Workp:en:e loaded
. Check machine/workpiece setting

Start machine

% Stop machine
®

Unloading of workpiece

Summary
Symbol | Frequency

@] 4
O 1
B 1

Fig.2.5 el ifA® Ufhaardl UV UHR Tl Wi 91

3. § 3@3’ A 91 (Two- Handed Process Chart)

T-598 U 91 § U faRiy STeraTel Sieaa TTe 3178, o SHTIRe=T qlva! gIdiea—fdhar sirrear—
fohaill Hia O gEdTierd HrHTd faReIul HRUIMTST 1o SiTd.

® dIC SfUBIaH, TARIGT ST Hrafardt [aRivd: Iuged 33d, o &t SR, qureoft fdsar
Tapfof, ford dHrierdr o w99 Hg<ard SR,

TTE TF 3T WU T 3c: Udh ST g0 AT10T T SSTedT gIATTa.

gIdi deiell U fohdT HhHT AAigacit SiTd, 30T ThTd desl FIom=AT fobar THRRIHAR S SidTd.
B T STl gTadTaiie WY T a1 HRUAN Had Hd, Sarqes sk 9, 3F1axad glerara
fohar ST SR 3 HRdT Ad.

fafay uemrR= fohaid ufdfAfia sxoarrdt vaTiord fergien aroR da SiTd), S &1 SRR, a8,
facie ofor eRe Sau,

g ATCaT 3NN B R 30T Rieds HRAR@SH! a1 JURE HhdTd, TIHTH gURe
I dTd, SO HIERTRIAT e BRIEH UG URIEUN ¢35 [T

E%rqﬁr%ﬁ T 30T FHFAC ATEaun=aT Jae JHUH ¢d, ST Ydhdl HHT gl S0 SdTadhdl
THUME, T-3SS TRIY A1¢ § gXaIiend B JURUINIS! WfawR ffteror snfor faemyde g
T3t Uh YHTA! TIE 3G,

E.g. Sharpening the pencil

Q. Prepare a two handed process chart for a task of sharpening the pencil with appropriate

process chart symbols.
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Task : Sharpening the pencil
Chart begins : Both hands free before sharpening
Chart ends : Both hands free after sharpening
Charted by : Mr. K. K.M.
Date of Charting : MM/DDYY
Left Hand Right Hand
Description | Symbol Symbol Description
Towards sharpner |1 1 * Towards pendcil
Pick Sharpner o Pick pencil
towards centre 2 2<_ 1 |Towards centre
Hold sharpner 1 e Put pencil in
sharpner
(3) Rotate pencil
e Remove pencil Summary
fram sharpner
Symbol| Frequency
Check tip of
pencil R.H.| L.H.
Towards table 3 E) 30— > | Towards table O S
O 1
Put sharpner Put pencil on
on table © table =>| 3| 3
AV 1

Fig. 2.6 3f_yaroT YR HRvgrdl g-33s WA ard

4. Afeeue Sifqef@d) aré (Multiple Activity Chart)

Hfceud sifdefgd a1¢ § U gIaard S1eqg WIeH 38, of A ashld Tl Sryaedn fafay
geh e H-aard faeivor 31O YURUM HRUARIST aToRa STd—IMHT=Id: HIETR 01 33,

g1 AICHE UHTT deve] UeTar UhIUel 31 Uedhi=an fhai Hig Pl ofid, Sarges & fean
HqUT HTHTAT I BRI IRER Faftid 3ed 8 T W UTd FHold.

BT A1 SR ST dAt=an fAfSra 3 siied Uequame!, TETal Siiuvex HrigHa- fdbdl 93
B Udhdl § BRauame!, 3l dHaew sced St fhdl SR AT 3ed o
BRATIITS! faRIvd: UG .

AL 3F TS U T, ST YA fAfRY Tehrd! (¥ &t HTHR fdrar Iueson
fgad daid! 3R,

P BIC eHAL AU FHa I1d, AT UdS IcHNTS! ARUIRT 96 Lrgaral JerdM
TSI STl

R 1 fordT deseT UeTaRr Wie dhed SITdTd, St I IR & 81+ AYU ®1d Ieh AT desudid 3.
g1 AcAY Had oF fd dIRdl Sdid—Ud SR dlg $&edrd GRIquarTel ST gER
AP —S SaTchdd fATAvr HRUgrRTdt § e WY gur gHTd s-ddrd.

1 T 3NN B YA HAYATE 8T 91 & Jhdld, B HR Idfed He YT,
31T 3 T T SRciedT Hrafraed UHuT erferdr GURs JdhdTd.

f”/
//
Working Idle

Fig 2.7 ufeeua Sffeef@d ardusd aruwelt wimoms o
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E.g. Machining of the component

Q. Prepare a multiple activity chart for machining of a component.

Task : Machining of a component

Chart begins : Component lying near machine
Chart ends : Machined part lying in tray
Charted by : Mr. A. A. A.

Charting date : MM/DD/YY

Cycle time Operator Machine
Description T S Description T S
0
0.15 Load the component | 0.15 / / // Idle 0.15
0.20 Check the component | 0.05 / Idle 0.05
0.25 Switch ON 0.05 Idle 0.05
1.85 Idle 1.60 Machining of 1.60
componen"[ /
‘autocycle
1.90 Idle 0.05 Idle 0.05
1.95 Collect the component | 0.05 // Idle 0.05
2.00 Put component in tray | 0.05 / 0.05
Summary

Subject | Cycle time (mins) | Time worked per cycle (min) | % utilization

Operator 500 0.35 17.5%
Machine ' 1.60 80%

2.4.5 Ul STAUTH (Flow Diagram)

A SAUH § WHAJIR daR dhad €4 R o8, of Sriaam i avddl—qerd: TR S
e I—BTeaTd ¢F HRUAMNTA! aTuRa S,

? P fhal HRBATAT HoledTaR A 10T T BT YHR T g THOIUa Had HRl.
1 SAUTHAL AT, Ib S, WCIRel Xad], durult dhaidl ST IR Hewrel gedmid
08 R T AR GRIgad! 3.

1 RTESATER HIHTR 30T FTigATT gTeraral YNGR aRifded] SidTd, SHTTOT dTavTed] ThRa
BICATe! SNBQUIRTS! T HIFST AR O3, DHd—I RN, e UGN Th T S0
HTHTR BTSS! GORT 1.

? T UIYF SFaRg®S UdN, el fdg ot demse wriemdd URUM @wuara et
HBEUIRITST dd STYe 3.
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T SAUM TR SRUANIS! T SRS THAJaR HRIGS] HTedl ANl AR 99 A& fd
JUHRU SIOT it R GRIATdT AR, e, STraTeii YN ¢ Hr1eaTd, ST e =1 aRiquarnat
0T 3107 S GRIGUATTS ShHidh AToRT SITdTd. Udd YHRAT gIerareile! aaies I aroRedr™
ST TG0} 31T fazayur 30 W Bl

THUE, Tl SRETH SHRIVATE JURUINIS!, YRl 96 Sl HRUANS! ST Sienfiies s
WIS Ya-d GURUN HRUGTS! SATaRIH TG,

v —
C
Vi——— @] |@——06
A B D E

Fig. 2.8 I Wl ST

2.4.6 fénmm(smng Diagram)
T ST § TP Tt SR AEH 3Te, of THIOd RIESIGR IR fdar axqan fafqy
FRIRF grerarciar Trar SuaraTd} arRa S,
Tl SIHAT god, S dRaR fdhdl aridn giadrel aRiaudrd $H gedrd, T Sum™
FHARHHLT JRIGT! 810K AT GRaquard fa=vd: THTdT 3.
? T US, T e! P dhaR HRIRIBRIT YA SRRIST Hig- daR dhd Sl
AR, T, T, HI3AU] & iR fafay SRR O draedT STard.
HIR fohdT I ddaia W&rﬂﬂfmw?ﬁﬁ (G gHs)) CIRGIRSIGH
&1 NI UfeedT RIMTIRET Jgc R STl ST, HTHET TSPId Uaeiedl S1h HI‘IIjHN
gt"@f TR, G5 Al AieHed Saed] SRR dielt oo e UHUT YA 3R Hislal

8 Ugd graEiE =T A T fARAvr UeH #Rd, SUe 3FARgS UM, b
RIS fdraT HRIVATE YaH HRugred eft sfiawdr Adrd.
&1 s/um 7 SRrasT Ao, wrivarg U sfr AHd! wrivmRa snarme faRivd: Sugad
3xard, f5rd grerareiid T IATGHAAT! HgwdTd S,

Stores

Fig 2.9 99 &1 srmy

2.4.7 €& d1E (Travel Chart)
- ¢gd dIc Bl Udh dadT] WUl UGd 38, Sif faRIy eramatia SR, Irsf fdvar Iueund!
fafay wrfemmea g Aiqquarard! sfir fazayr HRugrRTSt aruRe S,
3{f IuGard Bl
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- BTEE IHRIG: T HIS e W uTd HTeR dl offd, f7d Ul Siies onifor Wiy fafy sriwmmeh

- IICHY AT ST DA WA I HIOATHd U faRkeb! I Hlea! offd, St Ircam &
Pl yFTHE fAURTd—HRUN T HRARIMEET Ak SRIRIMER gTadid gid -Tgl, BU ot
reae SId ATaY.

- WeAHd UdS HW THT HRIRMEGE gu-a1 HRIRIMER g gTerareid Uidi-ieied dxal, ST
T BT AT ARARATS! Calt HTRY aTaRa SITdTd.

- ey, SR TETET TR WXRM 6 % WM 3 TR UK IBT AT 3Rd, IR TH 6 30T 3fes 3
7Y SadId 1 HUATd Urd <ot HIdY eldhal SdTd.

- 2 ==Y 3T FH® WY IRAR BIUT YA AT Sl ded od, SPried dsse
Ixad 3T SFTaRTSD BTaaTe HH! HRugTdl Jeft Therd,

- IR AefT3e Ao, TS dTey T HRivaTs JURUN M I6d Bid.

- IereRuny, SR T SRR T 3Rd, R d9R SI0IRT ¢ d dIc 81 6x6 YIS 3R, Sl Tdd

Movement from -

1 2 3 4 5 ]

1 I 1

2 I Il 4

3 Ll Ml i1

Movement i 4
to

) 5 [ 3

] ] 2

2 3 3 3 6 5 | Total

Fig 2.10 IIUT ¢ AT

2.4.8 YR (Therbligs)

ydiferd g U JUIell 3R St TWIG HA dxaFT g1on=al Jayd gleramid [aRayu exuame!
faeTrd FHRuaTa Sl o, faRiva: SHiefie Sftr HrivwEar daufd.

- e BTG “Gilbreth” AT ATATAT 3dCT HH 3Tg, S AR TS d 3Igd b ST farfera sy

- TPHUT 18 AT Yaery 3RIAMd, of Udd HaHd gradrard UidHiid HRad—o &1 g,
YohgUl, gefqul fdvar Higul.

- g1 gAYd gTadrdl AIRF SR O RGNS dIRed] SIIdld, Sl 381 3Aaxadh
gTeraTel BH! Heee] BIIEHAT ATGaUT SR,

- U ysforTan Al fug, W ST SieR @ie fadn ), e AR fa=eyur HRaMT Aig 9ot
3107 A H0Y I B,

- TERT S a1 Jayd gk U witear siftrid onftr favave swrfda sierdemdr
315 R ATd, UHdl HH! Hee JHdld T HRIATE GARTHT B SdTadhdl dieq, Jdbdrd.
YSfer § 95 9 gIeraTd 311, AHd! HIIRIRe HedichH, 3M1foT uikiermr uferimed faviva: Iuged
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3T, o) Sreqava SO RIS Sidd Hew@rd! 3.

Therblig Color Symbolilco n| Therbling Color Symbaolflcon

Lse Purple U

Search Black

Find Gray |Disassemble| Violet Light

Burnt

Select Light Gray Orange

Inspect

Grasp Lake red

Carmine

Haold Gold Ocher Release

Pre-Position Sky Blue a

ol (| ¢|P[> 16|01

Load Red
Transport G Unavoidable Yellow
Loaded reen Delay Ocher
Transport ) Avoidable Lemaon
Empty Olive Grean Delay Yellow LD
Position Blue Plan Brown %
Violet Rest for
Assemble HID N overcoming Orange ?_L
eavy fatigue
Fig. 2.11 Yafers

2.4.9 SIMO qTI¢

SIMO d1¢ (Simultaneous Motion Cycle Chart) gT HATIeh! A TS H aTuRe! SOt TUh fay
e Ugd 31Tg.

B Usd TR SRATGIH IRRTEAT fafae YT dheied =i @gT ST Side graaraid [aRasor
PHRUFIHTS TR el S,

SIMO TTE fewId favauHTaR snenia s, o7 Teb fdhar sifties SifoRexa gTerdral Xbls der
? Ydfer AR UehTd dBTUFdIaR Higd SdId, Saies UhTd des! gium=l fehaie! qfawaR Snard
CIGIRGIS

Td® TRRTAT HETET (S Pt §1d, I, 15, Slh) W WY faar S, 3o arcqe § |
HRIASHId U fdhal W0l HY gladTd HRdTd § aRiad S,

B T A% TR Tl TR 91 d ATaeh]-TR 0 3118, S Sreydl, H-ad 30 HraRRdr
fazaor HRUaRISt 1fdd ger quRiid e o,

SIMO dTEH 3T T AT ATTRISH ScIed] HrATaTe! fA=Nd: IUgead SRdTd—ord dI s
TR, JARTRIS e i fdhal = srdemadt sienfiies wm.

? T1C SNARE 31T HTIUG T8T -1 3 hdTd, Yahdl Bl B YdhdTd, SHITRID graane!
W HE YhdTd 0T THUT IdATGhdl YRS Kb,
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Cperation C i Film Mo, e
Part drawing Mo, .. Chart Na. :..............
Method PP . Present/Proposed  Date .
Operation Mo. R . Charted by © ..............
Wink counter | Left hand ) ) Time in ) Right hand
reading description Therblings Time 200im Time Therblings description
Fig. 2.12 AT SIMO d1¢

2.5 &4 HIIT (Work Measurement)
H A9 8 U o 3Mg Sl U SRFRM, S)1dd JHI T 301 JHIfid SriuGdgaR &M

HRAMT TG HTH YUl HRUGRITS! ANTURT 965 T3 HRUARITS! aTuRa it

2.5.1 ST AU 3fES:

a.

PRSI fAzawor He faeamm usd U= Ardt 99 St Hwor
q YT HAYATET AR TRIEU B HAdd BRI, SHa%ad gradrdr SAfor
FAH HROT AT it AUt < fifes BTl Hieang 301 § IRY 3.

Friem Hratardt smazras iRt fAfia ot snfor yarforg ot
YHTONGRUMS &8 Araeaygul 3fr 9y uRkfRydiaed uR usara. amed gafan sriugd! FAfda
H0I, T A0 IR0 A1 fEanpToft Saul, SM1ftT Td BRI THH HRAT G0 JiT FHIGR
B, TS dgd HH gral MO 3= goifel SdTe Wraa fiesd.

T s, SRR SfoT 9| g aruR fAeifa sor

dc5 30T BTN SNANITER GRAT i JATeHTET aruR faedt THTdT g1 38 § JHewd. e
HHT AT IiTel dRal Ad, I T HIETR JiET TR fdar ifdarR eresdn dat, for Idra
&N 3 Sarsl ol dl,

PTIGHAAT TP THITOTT R T3 Hvor S1for Iraor
§ HIUGS U HIFTRIAT GHR T dhoied FARIGOMER SemRa Srdrd for ufkiefor, v a
PGB! deH fdg BUH IRy Sdr.

g agw-a7 gt fAfia sz

B AR TEIET SRR HRIEHIT S18T = T fabdlt T3 §TdTes bl § 3adl Ud. el
AT HIAIH 9 (cycle time), BRI HIRIe TTdes! 30T SR Tdid g faaR e o),
SOERe HIAT Fge Il A5 0T A G I graide! MIShd d HH Bl I3,
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f. IATEAT G e S1foT ATz S¥qut
RS0 el g I gof g

g. O YIeqT8 qeiT aaR 60t
THIO HRIVERATGR SHTUTRT W8 AT STHTRIAT U SaTgdhal IRGuarNTe! fdhdT amga
3B HTH HIUITTST UG HRd. T TRTe 1 Tad S1f0T Sefty amed uReRfe ey fAmfor o,
BRI OROM a 31foT 3D e SrifRydia Trer S adie arht @t 3.

h. 99 @ad Sriem fa=or dqut
TS HIATITS! fabelt des AT & TS ddeties ST ST & fiesadl dd 30T YRS
JURI BT IATd. AT TRTS SIGTSToAD TR Bl Ad, WdTd Gedid HRdl Ad S0 TH T i
=01 IRIT A, UG 41 W9 Idie- d ST S PRI I gl

2.5.2 HTA ATAT (Time Study)
HRAT: “HIA LTI § B AGARN T oF Mg, o ARy uRkfXdiner urR ysum=n fafy srfer
YehIgT3! ANTUIRT 95 ATOT SR TGauaraTat aTuRe Sird, SMfoT &1 Hifgdie fawayur e o Afda

2.5.3 BTd AHATTARN Ufhar

(i) 3o AievarTet o fasut

3 BT TSI TTGR 3= BT 3T A el Has HRamT SdTeId 3rsYesT fRHfur Hum=r ufssan,
JRAR BIUMAT HTH, STRA JHIUN T Pal SIUIR ST, SR S ded raaa o, fhar war faurma
JaR B Yof HRUTRTST NEReRH ANTGl 31 gehidl f[qaR ol § Moy d@ gy S
URUMSH RS YR Hduarrd! Ted HRdrd.

(i) PTIUST yHIforg Heor

dc5 HeIoaTga, ST TR TOT THIOMT UG- dhal SiTd 3MTg ATe W HRUl ATTRAD 3G, HIAUGRHTAT
AT 3T 8 aTuRed] SToN=aT UG <aT MIaciar SHTaq 3Rd. BRI S HRugrE! Fard it
3M1OT Brferm Ugd Ridbacd TiRS, Stiee snarareR= faymare aikumg fiies i,

(iii) PTHIR fasor

HIA OIS TSl HIFTR HRIA, AT T FRR HRieHTaT 3RTal. I Aigdadl d gl
IRdaare 3Mfor grex e wfafAfia o), S AHeg WA B SROM=T T SR BT
T 3.

(iv) Tu=fte Aigan

Tt SNfOT THUT HRIGRRUCT afar THIART ST, I1 gedhidl 3Egd g d@ NS dgH UM &xd
3TIOT UfawTCet fa=elo T 9 YUROM IrTdT Suged 3.

(v) ®1] et faHror
gt BT TR ST BTTeSa Aciiel S=1 Uewh e faUTTd Ufgel. U e Hratal Udb wWds U GRiad],
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S Ul e B de HietdT Adl. § faUTe S ATy ST s fdhar fade siiewuary
Ted Hd.

(vi) PTaTad} AieTor

XIard aUe YAd YehTdl 9 HISoigad Aol § HRAMT HITRE! BRI GuTd Jedidh BT 30T
TARTEI0T UoepTaR ST TaReUTd i al. § YT RIS dhaied] dobd RN S HTHe 7Tt GRIGUATITS! Had
CaGH

(vii) FYerur a5 FuiaR 9TH=I 33 d B0
HTHIR A5 THIOG T B HRd 181, WIH FRIEUN Bl 9 AR dad (Normal Time) FAidRd
HROT SHTTRID 3. AT 95 OIS U HIERTRI SfUTET Tef= BRI gUl HRUATRITS! ARTOIRT BIaATael. §

(viii) fagieht T A~ Y= faaR SR,

Had THRI 9@ A 96 SIGUATNTS! QAT A9, fasid, ydhar, dafade TR for sifard fadis armat
fAREd 3ETH (allowance) ST MARH 3. B AHASHH HIFIR Tad S B b ATg! AT
WU e GTd SHIfOT AR daTe! U 3RauaTy Had Shrdld.

(ix) P ATFS A5 TUFT HROI
A<, YIS YCHTTS! AHII 5 SHTTOT AN S1ATS: - U e Hrrdt HHd 93 (standard time) TOHT
FXI. Bt TPV d I JHIOG SETAS YUl HRUATITS! ST SRTd T for, d@Iu=d 3xaur Sifor

FHTRITERA b Ul IS FUH aTuRal i,
Select [the task to be timed]
Standardise [the method of working]
Select [the operator to be studied]
Record [necessary details of the

job and conditions of work]

s

Break [the task into elements]
Measure [the duration of each element]
Extend [observed time into normal time]
Assess [relaxation and other
l allowances]
Calculate [Standard time of the job]
Fig. 2.13 BT 3qq=-T=! Ufshar
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2.5.4 BT I TR

(i) Srey=1 fAator wwum=ar ufssar

P M ITe UichaadTa =1 o= 3l Uequamrra! 31 YURUITS! faRIsd: Sugdd 3l
1Y wrfvare Haifed emdr fdhar srerierdr aie Herad!. sl Tde gehTd] ArRTuRT 96 faRatd
H&A AT fade g AHdId, S dreyd G5l H& Adhdld M1 YUT (throughput) JURUIETS!
FHTIUGH GREH H& HdTd. TS IATE I8 Ader I S 31for 9 ufhained wrfvare Rt
Bidl.

(ii) ST WHTUTT BTdTH Pl SITuTR ST

1 A YT 91 TaAT YHIUT arTdl, 3R11 f3hTofl BIet Sieqd= SH1a=ad gTadial gl e Sl
DHTIRRART GURUT B HTa! Y@ UTGR BRIGHAT Dl IS Yhdl B! BRI, AT G
3M1OT IATEHdT AUl YA Srivg! fasmRid FHrar AdTd. § yHuyH A faRiva: g
37dt, o AT FHrderdr U IcTET=T TUaTar 0T Teiiar TR .

(iii) ST PP A A PRI

1 Uik STl Srarad HieT ), 3= 3@t 9 snary s fafdy gehiie 9 &
fqafea grar ol Aifed Uam oxal. e FMfswsa Hremad, simred HH S THiaR Ufthar sxuara g
fieEdT Jdrd. =M & BT el HIHH! TARa] He UHUl ST 96 HH! dxdl Adl HToT

dBIYABT! Sl GYRT Ad.

(iv) ST AT iiegRersHar aaq e dnT

1 faymTiae Ide IS qul HRUTRITS! aRAR SfiegResAdT aliR Hall Siidl, 7= f@m1uft 9 snamg
FHeHd &b HRUME! 3iesd Yeauaré! Hew@rd! s Solad). ae HaeITadHHl el
RIS, ATE® aicy fhar TRl aR 9 3] 1 § Hedid- HRdl dd. 3 I Hifgdr=
STYR HRIVATE AT Bl Udll, SHT@ReTSHRIA e HH! Bl Id 1T FHafHd SrHHB ST desdd
AT UTde! IRGdT Id—ATHS YT Fard =07 IO SRR HedTor GURd.

2.5.5 BT AT SUH0
(i) TS 37HYT TS (Time Study Board)

Stop watch

2 O\

Time record
sheet

Fig. 2.14 ®Td AT 9IS

P AT 16 § HRIRSSA FRIE0 3D AT HRIEH UG- AIGauarTe! aruRe SR Th Sugad
Y 3718, § YHI: WAgSHT YSTaR R Bl SITd AT A Xeruard d Hid S0 Hi GRISauor
YR SAVIITS! SIS IS ST, § Sl FRIGHIAT Ul gTd K ldard araddl dsd ST ga=t
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BT Mo forfgan At 3= YR IR gEUF UGH &-d. § SUSRUI A=A B araraRund FRigrbran
fafay erfemTe Tgouor fihar asa SRt T &4, I/ Jage FRigdTar cad fdval Sav STyRT !
TR A TSl A& IO ST gl Ad.

(ii) PTeT eI It (Time Study Forms)

Time study form

Date . Description

Time Study Engineer - Ma. of Cycles

Product : Standard Time ¢

Operation : Found :

Descrip- Observe

o p Time Average | Rating qumal Allowance Sta_ndan:l
(Stop watch time ime Time time
Recording)

1123|415

Fig. 2.15 AT &1 AT BiH

DA AL BIR g FRIEO TGRS aToRe SR YEI| ST U 3R7d. a1 Biae] r=ia:
YT 14, U A1, BRI g, FRIg a1 SR Hefdd qu=iid SRIdTd. aidT Thay Wy Sal
AHeTd GETAdT Jad! AT BRSO FRIGO YR UishaT JaH Hal. § B dw, e Afor
feTquaT STaeuur Aigadr Adia SR UGdH fSg Had SR, Iie Hiawrdia dg 7 fazayomemadt
SUGEd BRI, Jd-3od Ta-Hes Sl STT0T Tl IR SiTd, St HIAYGR HIHdb I8 HRUTRTST SAToT
PRIUG GURTINIS! 3dd Hew@m= 3.

(iii) UFRTE (Pencils)

DI eI el Aigauarrdt Ui aTiR0 A ddl ST HRUT AT Fgouul goid dHRdl Add.
FHrARSd Ude FRigmiear qesar Al @ St guRTe ArTdId fdhar Wy HR1er anTard. Ui
IR el freq g fafedt Iard ofor Bid WRie gid ATel. wHa: H fdhar 2+ Je= afRicdt
IR SITdTd, HRUT AT SR, WF I TR HRATd, 1 il S SRdrd o1 9gel fied Ameia. ar
IUgad 3.

(iv) TIuarg (Stop Watch)

WCIIaTd § HTd g qaid Hewrd USRI 318, o fafRIy S gewmi dHIemaeh Sgeuo Hsuarmat
IR S, fafdy veRit®!, e o sreramme! faviva: fems" saa SRma fifie weruara
Faifere AR SiTd. T USATBTd GH Pl SAdTd—agH dlel 30 i eid Te hl guf Hral 301 4idT et
T e te B8 guf axal, Sme ude fAurT 0.01 ife saer srdn. & geR faummht @gm

HIATaeiea gIedare @0l AiGauar Had Hd. Ffd giF UHR U

o FRIAfeE LA (Cumulative Stopwatch): ST TA® TCHITS] 95 Tdld STHT Bl Il
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. TRIM-9% ¥IUard (Fly-back Stopwatch): S U KR @Rd YR I gidl, A
QRIS BIUMT UCohiTdl Sugerd 3.

Fig. 2.16 T A= WIudrd

T U0 FRISAT HrieHdd fazayur HRuamret onfdr fayre o AFe [fdd HRuaMdt
SIS 3R,

2.5.6 HTIAVGR Hedip (Performance Rating)

TRT: HRAYGRH Jidh- TgUN TER SHReadl Ude SRl qaql S T S HRom
SHToReaT ARG iRl S <ff THrSTd FHRuarE Uikt g,

FHTRICERH Jeidh-TIaR URUITH HRUMR gead:
(a) ATUREST HifeedTedT VAT g&d

Hed] AT AT ST o SR 9 HRgAHdaR ¢ URUM @’d. HH gold At
3IHd HHI B, I goire e HTIvaTe Jau HRa A1 Uad HH Ha), ST BT JuURd.

(b) TR T IUSHRI HTRIHAT IS0t

e g JATT R SO SRigmaan SRt sHadoauiar Hew@rdl THId 3Rd1. Sl fdeal e = cayTd
FHad IuHRl fads FHfo eard, RN 107 dreadrd foT A=A Uiatd Ue Hald. A8, e
SHUTA o], YRGR 30T HRIGH FTe BT JaH HRaTd 30T SHIRexa R § IdTgd TTdl IadT Id.

(c) PTG gga

BHId HRUTTAT Tgalld HIUATE! SGA—UTohdT GAaHT, 9d1- o, fhar seramad sriga—ITaRexa T d
IR TRUTH HF dhdl. AP BRIEH TGde AADHd 9 HH gl 0T Fedich YR, TR g
Tgage e fdhal Haemad U 1% HRiveR- HHT gid.

(d) PrdfRda sea
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YehTR], IRAIS, SfTaTSIal UTded], dTadT 3101 SRS &l & UaiaRulid gcd JTuReya R 4
THTUdER TR FHRATG. VRIS SRS Yhal, Ha grerard! ST gdhdd °Uc 5 Jdbd, oR AIC g
q WIS Hries HrUCRH g Irad JURd.

(e) TURSTEAT AT BRPH

DI, SIHT, TRING dgewa 0T Hraf sfieaw ameia dufdas Te HRIVERHT S0 98 AT,
3T HIT HTRER BT SIS T STHIV HRal, IR HH! SHI HIFTRTST HF I T W NI, Jafadad
TRT, et ST URFRUAR Jooqr Quardt emdr S6d Sriemdr 33dd.

2.5.7 3ATH - (Allowances)

NNTE SR, S Tatd Sriem T THTId SHrfugcd aTaRedn et a3 TEe SR Iqui
feag graam Sl B0 TeTd Re 3. JaiH UG UTe dbedldRe! AIFa! RRRTST S9fiie yhar
ST 3TTOT Ta {37 9 dafade TRSETS! A ANTal.

PHRIYGRA TS ST HRAFT <R 30T aRdadl IRGUArTe! Jayd fhar IR dosqe Sars- Sisul
TS 3. § AT IRIND, TR 30T HrvSART Fafid gewiar fGaR HRdrd T
DIUATE! HIHNTS! A 9 BRI HATaR D ST,

(a) fayidht s (Relaxation Allowance)
- oyl ST FTHIRAT IRING d AFRIG YHdl UEH HIGUIMNIS! fGdl STdl, S il

HIITHICII SHTTRIS 3.
BT 3AHg JaYd IHE SISl ST, Soidhe SR Uiean fagidiear dw1, dafade TRen
STOT A HTHS BT IR T ARG TRUTHORE WaRuaré 9 e d.
fagict SfATSH—rd YHIUT HTETAT [WRUIR AT Hd—oI bl HHTE! g, IRRE Ryt
(posture), 30T HRIURRUR.
fagiclt srame—a g UbRId aiffgrd e S fRIR (Fixed) 37101 I& (Variable).
RR s@arsaue TuIfay Sed: dufead TR S/@ATs=1: uroh f0), Ierag arRo sardhe!
SNTUIRT des. HTHII: YSNITST GeHd dosaaT 5% SHIf0r Aigeial 7% VHTONd faa Srdl. ey
YFHAT AT JHR HHCIEM T IV ol HRUTSHIS! fGam SiTdl, S [T Tayd
5T 4% 3.
T AT 1 IR ORI oda STal SicgT BRI STEGRN AId—or B HYRT THT],
SR SHTAT, fohaT Srfiids dTIHT. § AT SRIURIRI AT TR GHTAIT el ST,

(b) Y AHeITH T (Interference Allowance)

- Y TS A1 YRR AL 8Tl SiegT TEITal BTATR TebTUefT 3iferes A febar ufebar-ffad

BT gTdTesdl.
Sigl g fdbar 3ifeieh TRiH TebTa dedt &l AFTaTd, degl gion=u fadid fdhar fRfsphaages Idas
JobdT Sl AT AT gial ATl HRUTS 8T 31eleh-d .
BT AT TR e FFvaTete uRfRUATSt et 3Xaed S =13 vt @t sl Sfor
qg-HRM AR IRAJATG S{U&HT IRIUATY Hgd .

(¢) SMAFEaT 3@ (Contingency Allowance)
ST TS BT S auI=aT U faciaid! HRUTE S,
A ¢ S, {thawer FaTieH, fhal sRgHe J-SsR FrRe de T ier FHES B,

S faftrg SrRiamEr U A9 aX) S gSdTd.
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- B UCH HYY GATFHM BT U AgId, FULT =T SIS AT ey doveal 4%
(d) YRS @S- (Policy Allowance)

- YRUTES A% g1 U ORI YHRAT dleld SHale-4 g, Sl Faffduol ary s Srd e,

- BT AR TG dos] IR YRUIRN JSIuIRITS! el Siidl—oi &t dd- HRR fdhdl HIR

- B AR SEiRi ARk RN SHuFeRe Sad Wed gl WEl exd), faRiva:
JUdrard® TR

- B S WA 3T 3l 3NfY e HHd Iaye fhar Sieifie ey IR e
PHRUGMTS! YU TG aTuRaT SiTl.

2.6 AP do5d MUET (Calculation of Standard Time)
H-eh debd! UM HRUATHTST Wleitel A dToRel SiTdld -

1. Standard time = Normal time + Allowance

Normal time
observed time *

2. Rating = 100

Observed time x Rating
3. Normal time = 100

% All
4. Allowance=$ x Normal Time

Simple Numericals

1. If a worker takes 15 minutes as a standard time for a job in which total allowance is 20% of
normal time. If the rating of worker is 100%, find the actual time required by worker.

Ans:

Given: Standard time = 15 mins

Total allowance = 20%

Rating = 100%

To find: Observed time

Sol" :-We have,

. Observed time x Rating
Normal time = 100

Ob d ti
Normal time= D 100
100
Normal time=Observed time ..(D)
Again we have,

% All
Allowancezw x Normal time

20
.. Here, Allowance =100 * observed time ...(From Equation (1))
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.. Allowance =0.2 x (observed time) ...(2)
We know that,
Standard time =Normal time + Allowance
15=observed time + 0.2 (observed time) ...l (From Equation (1) and (2))

. 15=1.2 x (observed time)
15
. observed tlme—l.2

*. observed time=12.5 mins

2. A shop floor activity consists of three elements calculate the standard time for the activity. The
various allowances are given as percentage of normal time.

Elements A B C
Observed time (min) 1.251 1.2 | 2.85
Rating factor (%) 90 | 115 85
Relaxation allowances (%) | 12 | 13 8
Delay allowance (%) 3 6 5
Personal allowances (%) 8 6 4

Given: As in table
To find: Standard time
Sol™:
For element A,
Observed time x Rating

Normal time = 100
N 14 _1.25 x 0.90
ormal time ——1 00

Normal time=1.125 mins
Total % allowance =Sum of all allowances
=12+3+8
Total % allowance =23%

% Allowance x Normal time
Total allowance = 100

23 x 1.125
~ 100
Total allowance =0.258 mins
Standard time of element A =Normal time + Allowance
=1.125+0.258
. Standard time of element A = 1.383 mins
For element B

' Observed time x Rating
Normal time = 100

Normal time = 122115
ormal time = 100

Normal time = 1.38 mins
Total % allowance = sum of all allowances
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=13+6+6
Total % allowance =25%

% All N 11
Total % allowance = 0 OWanC(i (>)<0 ormal time

25 x1.38
~ 100
.. Total allowance =0.345 mins
Standard time of element B =Normal time + Allowance
=1.38 + 0.345
. Standard time of element B = 1.725 mins
For element C

. Observed time x Rating
Normal time = 100

Normal time = 2.85 x 85
100
Normal time = 2.422 mins
Total % allowance = Sum of all allowances
=8+5+4
Total % allowance =17%

% All
Total allowance =$ x Normal time

17 x 2.422
100

.. Total allowance = 0.411 mins

Standard time of element C = Normal time + Allowance
=2422+0.411

*. Standard time of element C = 2.833 mins

. Total standard time = Standard time of element A + Standard time of element B + Standard
time of element C

=1.383 + 1.725 + 2.833
.. Total Standard Time = 5.941 mins.
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Exercise:

TLO 2.1 Explain importance of industrial engineering.

1.
2.
3.

Define Industrial Engineering.
Explain importance/ need of industrial engineering
State the objectives of industrial engineering

TLO 2.2 Define work study, method study, time study.

1.

2.
3.
4

Define work study.

Define method study.
Define work measurement.
Define time study.

TLO 2.3 State the objectives of work study, method study, time study.

M e

State the objectives of work study.

Explain the procedure of method study.

Enlist the objectives of method study.

Explain the factors considered for selection of work for method study.
State the objectives of time study.

TLO 2.4 State meaning of therblig symbols.

1.
2.

Explain ‘therbligs’ in context of work study.
Sketch the symbol of following therbligs (i) Transport loaded (ii) Search (iii) Rest (iv) Assemble.

TLO 2.5 Prepare a relevant type of chart for given process using recording techniques.

AP e

Explain outline process chart.

Explain the symbols used in process chart.

Draw an outline process chart to change the SIM CARD of a mobile phone.

Outline flow process chart for checking diameter of 50 mm of shaft.

Construct a two handed process chart for an activity of replacing old refill from ball pen with
summary.

TLO 2.6 Calculate standard time for a given activity.

kv -

Enlist the equipment used in time study with their relevance.

Define performance rating.

Enlist the factors affecting performance rating.

Explain in brief the allowances to be considered while estimating the standard time.

A shop floor activity consists of three elements. Find the standard time for the activity. The
allowances are given as percentage of basic time

Elements | Observed time (min) | Rating | Allowance
I 1 100% 20%
11 2 110% 15%
III 3 120% 10%
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gfe 3
UCEIREREL
(Quality Control)

fowg fAreo=ht (Course Outcome):

CO3- IYNAA Ufhaied TG UMl qUNIUITST oral =0T | aaR &R0l (Apply
quality control tools for monitoring product quality in industrial processes.)

Ued et (Theory Learning Outcomes):

TLO 3.1: fafay NUEKI Heheud WPIHRT GUl. (Explain different quality concepts)

TLO 3.2: U=l Gard! 30T orac=a Jedrel Rl dHR01. (Define cost of quality and value of
quality.)

TLO 3.3: fddiedr THauTd uradT FEaor QreFidn aTiR He el SHd fARIHR0 SR (Solve
quality problems using quality control tools for a given problem.)

TLO 3.4: 7uia<i =07 STfor qurolt g edie W Wy B!, (Differentiate between quality control and
inspection.)

TLO 3.5: U] UHRIEAH TReh Y HRUI. (Differentiate between types of inspection.)

3.1 ScTe SATOT Haidt TUTdT- (Quality of Product and Services)

o gt FRR fohar I Hoedm1 T3, < U Tifa=iia onftr wmder Saed 3ig Sit SR, difie
WAER, SR YGRS UTgdhieal daadl SUEIR fasRid gid SId. 3 o "3 e
A S, o 3T STaaTa fdhal 31Ul 3% Xahd, HRUT AT 30T JaTHS HoHy Jdd JURd SR,
HTHICE:, “T[UTa B U T 3T fdhal Yaued) ArgehTear 3{Uefl, TRl fdhdl Swo 1= fasdl vrmrond et
3E § <RIIURT Ay, U, dTRGArT E¥GHIT fiad Sde- fdhar Jar arer Iy o
TUTTIU! Yefdl R, & TOTa GRIad.

3.1.1 JJorgr IR (Quallty Characterlstlcs)

RS "T[UTaT AfRreed Ut JareH fohar Janeha sfafifed furedd, St @ Idre fdhar Ya=ar o=
GElBIEECERRITRICTIN

3Te farar Jd=a1 TuraRT dfRrediar URUH SRR ged:;

1. AT (Suitability): AdSdd IdTe fdhar Ja1 g1 Are Uférd aroRRITS! TG ST,

AN (Reliability): ST SrAeH 10T Frdaqul SrRiUC 918, R Yaned fayrargar srard.
feBTH U (Durability): IETCATE IS THIHFGRS 31D, S TURTET 30T JUf dHe= Wb,
ffidmesedl BRI (Economical): 3MIGH d a1 gl fdhad areid srrdt 3ffor ammed PRIEK ]
Tog frera urfes.

ITgh JHTYT (Customer Satisfaction): ATgH T TR d (U gHTdIgor U;UTQWEIT grfgold.

Aieafdd MHY (Aesthetic Appeal): SATETY WY THYD T QU 3T,

TEUUT SUTIRGT (Versatility): SdTe fhdT a1 g1 3 B fdhdl STARTITST e ST,
gfafohd 9 (Responsiveness): TaT desdR HTMUT fdctd = e faell Teht drfgol.

Rl el

e

3.1.2 FFATHSD I[UIG™T (Quality of Design)
TRAT: TIATHD U] TS SATGH AEHTAT TR G UL T U Sxacall Sap P uraedl.
(i) TTATHD Wﬁm =TT (Scope of DeSIgn Quality)
I Weld Hgwdrd ged
_ R aTORTETS) A ST s
- 3o STANTNITEY SHTaRTe ARrediE ae—ord &t Hried], aATRUATE d GEHTd HugTd! T,
fCHTSUUT, STIHTd, fayTaTe dI, TSt SMfor g@orgun
- quitaaR difie aRreaid Ta—o @ YTdfasE Ui, SrRuERF A, Sfor uRemers

SThdl
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IV FRVCRAT g —IdTeA UTedhTa [ayTTe TdT areid! Wafd fiesre uifgst

(11) AT GI'IﬁT T gie AT (Design and Cost Relationship)
T AT IATG TAaR GRUMH HRd. U Td® TP geh—ory DI GRHTUN, TIaR-4 (tolerance),
YU =T RIS (surface finish), 3T Tdfas afkred—3 srfemdye snfife Mo guf HrugmrE!
DUV BT TR,
(iii) ‘/TIET:F Ffga %‘@Tﬁ:{ (Customer-Centric Approach)
IATG TN DHalag AEDHT FHIYM e Uligol. Ghed-urgd U Fitfdiudd ude Aol s
TRIAR TR ST,
(iv) TITIT TAITHS TUIawd Wdbd (Indicators of Good Design Quality)
I ATl feems deiel A SITd SiegT o:

~  d SIS TR YHTAT0 guf dvd

— I PRIEAr U 91y dhvd

- Wyl SgehTesTd fayrIEus B R

- GONI 9 ¢@HTA JAYTU Rl Ad

~ T OIS SO At SIHATIS aTRG SN d JHIYE od

3.1.2 TEATHS TUIGTAR TRV HRUMR °ged (Factors Affecting Quality of Design)

TTHD UIddaR URUITH HRUMR G- gcdh W yHTl 3gd:

(i) SOIRTATS ATEHI™ PR (Customer Types in the Market)

S °dT Ad.

(ii) -T®T ICEIK (Profit Considerations)

ARG VBT %I Sdd Tgwaral 3[dl. [afdy Ugd Teidl I 3 o fhal UhR
U B ] dTeadl Adl.

(iii) yafarufta ufefRud (Environmental Conditions)

TG o1 USRI aTuRa SUIR 318 T f3h10ret yaiarulig g garamrear uRfYdET foaR &R saxas
3Td, HRUT § Ueh Alfed a8 G TS ARICIIaR YHTE eTahard.

(@iv) ORIy IaTeT TRW (Special Product Requirements)

T JaTCT 31fee HoTaeht, UdhdT Ui R (fatigue resistance), ST RIS 30T fayraTgar Smaxg® 3,
dl IdreA 3ifid HICHR F%'Nﬂﬁﬂ? (tight tolerances) SIS el UIfgold, Sloide HRIGHAT d
feer U IR gig.

3.1.3 GE-R?lTaT'ﬁ 'ﬂ'UTaT-IT (Quallty of Conformance)
TET: " 30! Ur #sum TR HAd IATG QAT a1 afRreedl SATfT efeR=4 (tolerances) Tia

fop<lt THTOM UTe HRd § aRiad.”

- GI'-I\‘K'Q?IT T HR0) (Achlevmg Conformance)

3 TEdd Ul had JOdIaG Gﬂfﬁrﬁuﬁﬁdcum ichadesd U g3 dhdl. ST T

TEHTR 1A IO STl AT BRGNS GERT d AR AT 3Tg.

- faurta seEert (Departmental Responsibility)

w@g?ymwﬁwwmmmﬁmaax@ﬁwmw
Urtd

3.1.4 3JEUAT TUIGHAR TIROIH FOUMR 4P

JATG T HHB IR TR BIVMTS! Wielid gceh 3fdd Hgwrd adld:

(i) o=t WT T TUra~T (Quality of Incoming Raw Materials)

el I BRacied] AH® IR 30 TS TR, SUdhe fH IdTe U HRUGRH o3 ahdl.
(i) TR T AT SUDBRVNT ST (Precision of Machine Tools and Measuring Instruments)
3 AT FRTe R 3Rciell SUBRU! ATAAYUl TG UaTNITe ! TR ST,

(iii) g yiekar fas 9 e (Appropriate Process Selection and Control)
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iy Iare ufekar Aasor snfdr Tguf ufshd H3R Hg=ur 390t § Uewdedr 9 fayramgar gRfd #a.

(iv) TR PIR g YT (Operator Expertise and Motivation)

S, URIE 10T Urai-SI R SHUReR TG Al IRGUATd Hedld! HHPT Solddrd.

V) g Fl?ﬂmﬁ d {I6dUl (Proper Handling and Storage)
amaagaﬂawmwmmmmﬁawm&@,ﬁﬁmwam%
TTesdl Ugd.

(vi) THTAT AU G0N (Effective Feedback Mechanisms)
&ﬁ%&mﬁﬁmam#wwwmma&aguwmm&m

3.1.5 HRIYGRIATH! UIGHT (Quality of Performance)
SHTSAT: "HIAYCRI TUTea FUIS FciTa Uedél aTuRTd fufard aRIRYC fbedl gHTaian! Brf dd foba
a1 fobeit prigmaA el o § axfad.”
i) UTgP HHATUTH R ILEIER LI (Customer Satisfaction as a Measure)
IcTe fohar a1 HRiGHT, [ayrTedT ST UHUT SFHATeT E8H AT ean Sue fohd! Jammd guf fasar
Y TN THR YUl FHRd § e Bl offdl.
ii) 3U&T q;tﬁammav el Hisd (Focus on Meeting Expectations)
HTRITCR Turatal o Sex WUl Sifad arRe Al God ST FHTHT Te HRu.
iii) FYROM HIUGTL TR (Need for Corrective Action)
SR Iare fhar a1 Uredhiwan e guf exvarg SgaRft 3R, dR JURON HRugrE TR (AT gid, St
WU HIVATE] TTATAR 3y Wb
(a) TEAT W7 - AR o7 JoRitd T uRuIfd FHRor
(b) GIﬂF'JT‘ITE'CCIT JTG Sl SAITOT Hfeha fFHor geror
iv) X1 m TRIERAAY (Interdependence of Design and Conformance)

Wﬁ?ﬂ@ﬂ?ﬂa gChiaR AT AT
(a) Gﬁsamﬁ&raf‘eaaao‘rcfm SGUITUT SHTOT qURAS BRad
%)1)3?[%?[ T[UTAIT - Sit ST fdar dar gRyid 9+ THS IR TR bl et 378 It

v) STHUGE TUrawT § UTe® JHTYUT SATFO1 ITe T2 Hewara bdd 3
® T 30T STl 1 Glvel Y@= UhiAd URUMHG RS Ufdfdd 3.

3.1.6 UG 4T (Quality Assurance)

T[oraT gutET o (Meaning of Quality Assurance): "0 §HI (QA) TUIS! T0rarT YorTet 3fifd
0T YUITeieg AT anien Teh U I, ST Idle- fdal ¥daT Idd Mgy TRer gof
HRA 10T T H =T e guf Fa.”

—  TUraN GHINY ST WAIAY 3 T, fauraTedr ofor SriveRiT e e, gt sifor
ﬁ‘err\fﬂﬂ HRUGTATST AT UGl SATOT ST aata dToR el ST, QA UTE HTOT GG
faer Fafor BRa, HRT R Rig Fxa &1 TR s 3= TurasT JUaRT 9 3R,

—  TUTawI g fF G euHiued SHAgSTquit delt oird:

(a) TIAT <WT (Design Stage):
(b) SdUTg cWT (Manufacturing Stage):
JaTe Ufshar HoR e AfRreeaizl 3R ST 318 &1 § USdesd S
(©) 833[ frétegor ewr (Field Observation Stage):
IdTE Yge] IToRTeAT IR B B axd 8 e sved @l fayrgar s srfemar
CERIENISIGH
—  T[Urad g4 Th A O
T[UTEIT Y = IR IUTENT + =TT Uras + HRVGRIATH Joraw
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3.1.7 7[ora«dn G'Fﬂ%[ Hgd (Importance of Quality Assurance)

T[T G STGH @ YT Ueha=aT IR 31101 )ChTs; HRAUGRHNTST Sidd Hgard! YT Sorad. fod

HEw Widiie Jedigk T 6l Ud:
UTehidl ﬁ%{ﬂ’[ (Customer Confidence): T0Tddl R RERIREIE] <d Bl IdTe fdhar a1 i
30 ot R, S JHTY 31701 AT dred.

- yferddt fAYTaTEaT (Process Reliability): 81 Sidiid Ufsham RRR, TRIGRIAN 30T AdIgul GiRomy
UG & redTe @HET od.

~ IV ufadY (Defect Prevention): Ufohar o ST eardi=ar cwmer QW iaaudreR @ef dfad

~ W ST (Cost Efficiency): araT SITUMRT AW, 8T HIH 01 30T IR q1d HH B THUI
IATG d BT Td HH B,

- UTdlq 9 YHIUUA (Compliance and Certification): d G'FI?R'{T@H uradr EIRCIE RG] gdH
HRd, ST YA fHesaul i SRUST UagT W

— A& gfdHT (Organizational Reputation): TS Ul B'Lﬁ YUITelt U=t IfadT 11 STeRTd e
o} Jread.

3.1.8 urar gl Sfaifae erd (Activities Under Quality Assurance)

ﬂtpf TG B! STIHHIT T WA [haTdh Ty THId: Jdad STTard:
frteror 9 gt (Inspection and Testing): 3dTq X[ AR (design specification) 3for orgdn
HHBIIR 318 B! 6! § UUTdIgg dqUIHUilgR TSdleul,

- W%ﬂﬁ'uﬂ (Performance Testing): 3dlqd 3férd wrf oy foreht gHTduD o Fa g

i BRI,

—  wfsbar fAGA0T (Process Control): IdTG Uichdd fARt&01 9 =01 S Traed 31for fage Traul.

~  3Mgw g fayragar amaoft (Life and Reliability Testing): SUTGATH! [CHISTUN ST faymmed
PHIARI TUU.

- R]Tq ﬁ@ﬂ% &ﬁ%?.’ (Audits of Shop Practices): IMIG Ufhdid TRIGAID H& Rdaed]
HRUGA! d HHGID UIAH 8Id 318 1 AT6! § quTdur,

- "9 IUSRUY Ao (Control of Gauges, Tools, and Measuring Instruments): HU- d
%mmmwmmm(cahbrat@a%awaﬁ?ﬁe{@amﬁw

- PR d Y4:HH fa=awor (Rejection and Rework Analysis): Sl ATHRUAT HRU) Qﬁ%ﬁ
URTHS U G0, SO GH:HTH HH BT Jad.

~ YIe® abRid fa=awor (Analysis of Customer Complaints): YU § dhRIAl A Hd
OISR GHETeR 3iesd HROY 3NfoT HiawTdia erivee= gur:

—  TUrgTedT @aid faRAT (Analysis of Cost of Quality): quru e fparmaraian sife oo
Tedich HRO—ared Ufdelel, Yedter-T ST SOgRT e JHIfay SR,

3.2 UG 3R (Quality Economics)
%@WWWWW&WWWWWW ST IcTeAdT fayraredr gAfdd

3.2.1 UG W (Cost of Quality)

TUTET G (CoQ) UM TG fdhdl JdT UGl AHGIIAR daR HRUANITS! ANTON=T U0l i
Ui FHRa). I IV <Tes 0, ToTax Hedided HR01 30T Sdle AEHIudd TNgrauaryd d SRl
TR G g Ue YRUNED UGd 3118 Sit ST WTaid STatd Jedidh $HRoATd Had Hrd: HH! urawdl
gfaas, ST d i O qUIul, 3fdiid 9 §Tel Mgl gURol.
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Ul U0 W IR I USRIAS aifidd dbal oiTdr:

(a) Wi @ (Cost of Prevention): 3 T {[UIGIT AW GIUATYH CTBUITS] fdhdl g HUgITS! et

ST, § T Hichd W SRIATd SHATIOT JTHRI: JOTaT AaRATI YUITeti=aT 21, SIaAaSqult ffor

SHHTS oAt i SRy,

T Y& Uedh e

— Turgs e S e dioFT AR HRU, SR GRNYE, Sdied faer, FRigmr gk, enfor
foyraTEar e greTetn @

—  GEICTIHRUT @ HY3Hed, HriUsl, SO Ul AieRie TR Sxugr ad

—  yferar fArimror @ Jore AEE0T Uit SIHATd STUTvarTaT SO GaHTA HRUIRITS! dhatd adauldh

— ufreror W HHART R1er 3 HIRIgG RIS E G, SuidheH Uadl S Reddl d B dled

- aﬁuﬁw@:wmaﬁgmmﬁ{awmﬁwaﬁwmwm

(b) @?f (Cost of Appraisal)
1@% a7 faarume fafay cuiaR o TISTUarTd], TUrHuarTat Sfor Ateror Hrugre!
ﬁx‘:ﬂ?ﬂﬁ Wwam SRAAT HHFHITHR 3fed Irel Wl gld.
T BT UeH AT
- USATevi W JUTT i, Tihar Je e S TR SdraH e qureon
— TUTgET SHifSe WH: 3favid 9 SR SfifecgR uradT YulTele UTei quTior
- %@Hamm@:ﬁwawmwwmwwwam
(¢) 3t sroawr @ (Cost of Internal Failures)
? W IdTe fhar JaT MeHhiudd Ugauaiydl GIY e eiar aIdd. § W 3G fdhal JaT ufshaaeia
FHRieTdE HHRA Ulafes SRIdrd.
T BT UeH e
~  ®hY G RN Taaed [dhal TeRaed] Aiedde g IHaH
~ QAP T gEXil Gd: IATGA UhAaTIH GINad Ucdh Govd HRUIIS Al &g
~  YA-aURIolt 9 Y-aTeelt e gokdt Ha) e At Yodl qUIRIuaTTe! Aoy sifafed areon
- PP ABTIHAT WY: SFEAD B, ST 16T, [har WRa TH-aaHes GIuRT Td
(d) 9T&T Sqa= Eif(Cost of External Failures) _
§ 9 TG fdhal JaT AEHudd UlgraedaR QY SMeBaR gIdld. § T4 U JHIYM d 58 Ui
HIGT YR ¥ Kabdld.
Il G 9P AT
~ GO G AT @d: Rd ST SdT govd HRUl fdhal &1 Tl quaTiTa & I
~ g raT W AR Siavd ol IdTe- gl fdhaT T IeT GUaTITe el ad
—  WRarar 9 fveta @k AeRa fdhar IRd ANade SdrgAd garesun, duriult § agdd Id

3.2.2 ﬁora—rﬁ T (Value of Quality)
TUIad G T 0TS] AT AT 3 od Golrd IcTe- fdhal TaT g fAaduR Td (tangible) ST &rﬂj

(intangible) ®IC.3= UGl Hacd Ulgdh JHIYM dleddd Y lel, TR AII™ dle, hI HT0r
dd@TelA fewra g eig! Hewyqul arTe od.

— gl rRSAT =M BT Ad: "IATGHI THTA 0T 0T SURRINSHT AT Ul @ uRT A
fobaT SIU&s TRaral.”

- © Y fafdy WUId Uebe Bld—oid i STSIRTcIe 3% arey), WitgH fbwd fiesaul, o @< &t
B0, 3M1fOT 58 U R,

(a) TUTAISAT Y™ Ue® (Components of Quality Value)

TRt HE S e UHe UIe g

(i) TAdta siafifed HeT (Value Inherent in Design)

I 3fayd 3RciedT oraT JrRreedi=1 "I 3! TUrdTd. AL WTeid Juredfar JHTa ghar:

— ST REHIA
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~ fyyrardar onfdr srfueR T Trad

- JiealdAd Hyur

—  3fgaTecd d GHIddd Y

—  RI&aan for aTRuETT gaHar

(ii) Glﬂ'\’?qa?ﬁ?[ Sfafdifea HT (Value Inherent in Conformance)

e T afkrecai=h fobct THIUNG Sy 3ffe 3 axlad. S SfEudl & YIS HRd ST Ide

SOETHATS BT FHd, mwm&nﬁrwﬁmm

(b) TUTaTEAT euTd eITdh (Assessment of Quality Value)

wa%%r THU I AIeid U AhdigR Jedidh+ Hdl Ad:
IATGHdl d1¢ (Increased Productivity): HTIEH UlchaT 30T HH! STS-CIgHHS 3G dled AT
el e AR Bl

~  %pY q [A:HH WAld Ue (Reduction in Scrap and Rework Costs): ®H! QI¥Hes arT STUIRT AT
anfor W?ﬂ Td Bl gl

— fasid a1 (Growth in Sales Volume): 3 UGN 3% UTEH ATHT HRd, Saes ATl Sfor
JTOR AR gl

~ de yfawr 9 uie® fay™ (Enhanced Brand Reputation and Customer Goodwill): W{Uf
ToraRTT fayTT FHfor e, s Aoted o ST iedeTei Tree Say At .

- I fRRAr 9 FHER srefay (Organizational Stability and Employee Confidence):
ToTa-dhisd BRI ARG RIGA, AIh<T FHTET 0T IR read.

3.2.3 TE-ET EUﬁ%% 3= (Economics of Quality of Design)
TN YT UIERIT (Optimum Quality of Design) IS UTGRT Td SATIOT AT U Yoo g efia
S e T B

~ 3 SEJH ¥R RTINS TEId SR TA&0T STa=ID 3.

—  qaeuTeHH, ARy Tumad RISt Sufad fasst, duTe Tt Tter, Sl SR Ul aRReT
TP FIReITUT & Sl

— YT TOTaNdT Uil TRST g 3fUeT YUl HRUMRT ST, 31 Sdie &g HH! 3 ] aIeauar
Hed BRUIRT ST,

- SfRE WU JuraT GUR, gur rafd e are F Hd.

—  Fig 3.1 A0 a1 U= T 9 Jed avdia d6e a=fad 3R,

il 2 3

Malue of
quality

Costofl
quality |

Costin Rs.

! PEI:'fEC-[iOI:II
Cuality of design
Fig 3.1 Ya-r=aT1 Turawd Srfmme

— IR X1 ure fag 1 o foig 2 udd gURE offd, degT W9 A A dred! 311 Jed B A dTacl.

~ HRUB> A, IS & YURT Heaa A1y oo 3101 snffaresedr BaeRiR 3.

— 1, fig 2 7% fdg 3 Td JURUN HRA GegdTe (D) & Wadie (C) Ue HHT 3Rd, Toreid D < C.
~  TU, fdg 3 § T3t IPAH TUTeRTT TR &R,
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- ?ﬁmﬁﬁquﬁq@rﬁm#@; 3ITOT AT TRTAT @R T[UIaTl YRUN SHidbesel sipriad

3.3 Yura<n IBLELEINE] (Quality Control Tools)

TUIaT A0 WA WU TG G UichdT gt Uadl YUTelies UGdq FRIgon, favawor sqfor
JYRUITHTS! aTuRel SR SATIRGeh d BId. 1 HIe- TR QY WUy, Heb HRUN JHG Hugry
STIOT IATEAI S T e avar Agd dald. Sl 0T UaRiT (trends) TR WREUT Wl B ol T8
fofamferan emara, aram SuRT ATet HH HRdTd S Aedh FHIUH dTeadrd. [y, fhmrarik efor
WYHD IdTG TIR HIUGA Aol TRoges UG a0 Qe SaRadhdl dled Mg, IS ol
T AUl JUROT S0T THTE 0T HaRATINITS T Sdd Hgward! 3.

(i) 9 =fe (Check Sheets)

I e g1 Sl TUeaGUUl A GquaTTa! TR drarel! SR il SdTd. 51 [afRIY gl aRaRdT aRIdd
FHraadid TauarITe! SUGad BRdld. 8 UGd uadl gHId 3iifse, Uihal gRIaad- SflT HRiuGd S
<1 TSt Ueh JaTTd, fhwraasiR Sfor aragiRe Iurd ad. il I Wit SredTges ot aroRur Sfor
HEST0 Y 3 d. 81 U YARTGT SI0M=AT ST 3Ie3d HRugTd YU 3¥ci o, Wiciar ol 99
Eﬂ?wmmmfﬁﬂ&w Fig 3. Nsﬁaeaﬁaqrevﬂaﬁamamwwaﬁwgﬂfmﬁ

Name of the operator - Date -
Location - Section -
Defect Types No of occurrences Total
Mon | Tue Wed Thu Fri
Bottles broken | I 1 5
Cap loose I | 3
Missing label | 1lI ] | 6
Dirt |1 I I |5
Wrong order 1] | I 6
Damage while | I I I 6
packaging
Total 8 5 7 5 6 31
Fig 3.2 9MHT=I ¢aif 99 XMie
@\_:Fq : 7 Quality Tools - The Check Sheet - QC Training Services, Inc)
(ii) feHIMH (Histogram)
70
&0
> 50
£40
5’ 30
w20
10
1
o3 8 8 8 & I 8
o o o (=] = (=] (=]
— — — [ ] (] oy (5 )
Design specification

Fig 3.3 9= fgwem
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fECIUTH Ul IR 9T (&Y 3Tl Sl IcTeA fdhdT Ufhamed Se faaRur 3T sad aid €9 WU
gfafAfeid dxdl. I ISR S8 dhaar fIxeiud ufthar iReard! Sel TS Juarg HIfor gydigoy
ORI IUGad T4 W1eH 33, Fig 3.3 U Hioteiedr dRreaiar smamid feweum a=fad sime.

(iii) T¥e! fARSAYUT (Pareto Analysis)

SRIqATd 30T AR UHUT Tl G (cumulative total) GRIAd. ITd GBI BRI WU Faid Agw@d 9ch
SURRIT FHRUL. Toral UM, TRl fA=ay HG: 9aifde dRaR Se®UR Y UHR fdhar
e e AT deR) WEU0) Giaa. Fig 3.4 Hel SIS U THaR URe! a1 axfad o

Industrial Engineering & Quality Control (316362)

500 100
450 90
400 80 &
# [
EESD 70 E
< 300 B0 5
'Ezﬁu 50 o
=
< 200 403
=
150 30 g
100 20 ©
a0 10
1 R
0l ® @ = =
5§ §. 29 28 5%
2% 72 Tg§g 855 %
T [S E =
Em = = %m =
=
&8 E &
"_
Types of defects ——=

Fig 3.4 W¥el faxayor

(iv) PRUT G afomg Gﬂ@ﬂﬁ (Cause-and-Effect Diagram)

SfRIPTar 3l (Ishikawa Diagram) / fhIE 31l (Fishbone Diagram) fafRy ged= sRuUA
AHTRABRUN HRd, TS fAfde TG HROMAT Teh e IRERYEY TafRYqUul WieR Hdl Adl. Y
HRUT § FeaTd U AId GRIad, ST TgHT THTedT T BRUMNTS! T JuifAed Teds dd ofd

Measurements

Materials

Personnel

-Calibration
-Microscopes
- Inspectors

-Alloys
~Lubricants
-Suppliers

-Shifts
-Trainings
-Skills

= Dafects

- Humidity
-Temperature

-Angle
-Engager
-Brake

-Blade wear
-Speed

Environment

Methods

Machines

Fig 3.5 ATHT=I $ROT § URUMT 3Tt
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v) Thex Glﬁﬁﬁ (Scatter Diagram)
TheR 3MFa Bl GIF IRHATUIAE (two dimensions) ST GRIAd, SN aIH AAM (variables) T fdhar
ey WY BIdd.
Bl 3l Yt YHRIHD, THRIED, fddl L (null) 318 BT 3 QU Had Hd.
o THRIAD TgU§Y (Positive Correlation):Scl UGt WA Sl g aRAT Iodldhs SIldl.
o TIHRIAD TgUaY (Negative Correlation): STT Ugxil I SlAIh g4 WA ISdIdh S S,
o I IEHSY (Null Correlation): Sci fag Sifaffiquur fogRee S IdTd, S HI0MdTe] WY AaY
faerd =g,

Y Y] Y

O C O 0
O O
O O O
O O O 0O

O O O

O O o "

Positive correlation | X Megative corralation | X Mo correlation X

Fig. 3.6 T Whex 3ATHal

(vi) waTg 3t (Flow Chart)
TATg 3MTdhall ot Uishdd =0 Wy ariad, SarHed fagial aTiR ded e, 3999, o $ftr er3eycy eraad Srara.

BT 3T WYl Ufehar TS YU TIOT THRT S dudTd! JIadl Scedl YR $fiad HRuaY Had $d. Fig

3.7 A U TH-GR UaTg 3l a=iad 38
Csartd
Documentation

L
B Step1_|~——

Documentation @ Mo

Yes

Documentation Step 2

Fig. 3.7 AT UdTg TPt

(vii) FIRIOT 31Tt (Control Charts)

A0 3t a1 AR MUTRG W% Sdrd, Saiar SUART Ufhal RRAT (process stability) FALt&or
HRUGTATS! el ST, AT RIS HERT (central line) I 9 @ WTerd (+4=101 74Tl (upper and
lower control limits) GRIGCH ST, HLTT ST J1 HATGIRT JeT Bt Ufehar FARumaret! 3T &1 GURTHD
SUTTAIST Ta=AH TR § 3Iad . Fig 3.8 HH Th HAGR (U0 3Gl GRIGa 31
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MNumber of cocureances
./ >
L]
o
[}
in)

Sample number

Fig. 3.8 AT fod=or 3t

3.4?‘|'CI'H'Uﬁ(Inspection)
SRSAT: "TUHUT U YA FTd A Rduiar SMemd Sdre- Ufshae fafay cwaiar Wfed, Sdre- fdrar

34.1 o T LIS (Inspection as a Part of Quality Control
Y y

TG AU Bl U ATUe SIf0T Wiehd U 3MTg, SaTal SeR1 SdIe- d Ufdhdl d-13d Hraemar
31T fasyragar T TR YT 3901 8T 1R,

Y IATEATAN ¥d CHATR Haayul e, Geaid i YRS SUGAISHT gidl FH1as]
3.

1 AU A id, TURION g1 T dfad fohal SRET g, gedh fhal qaR ST duURE &Iy fdear
USRI Tclel [dae i@ Sidld.

ToTa R0 § adHH 9 HiTwITdid SdTed o Hefid $Td, R qUTuit GeId: I foal
YT SMTGATAT H3cycd el .

TR0 g TP dduise TUH BT Hd, SAGR SdIed Jeid Uishdd SITuaTgdl fdhal Agadhiudd
UIgIauaTga & Ul USdresd Sl

QY UCh AR JHSGedHed qUrgUlt SSRId ApY g SIUATIREA Ufddy HRd, e
T FHIYT T 58 Tl R I8,

Juraolt Ufsradic GUROT HRUGTITS! HieddT= Y o ST Tura gHidia Fofaufssaar sneR
ad.

A Jurqult 8 Tadd foram T Squf oraT fFa=ur yomeitar sifaqTsa 3fiT srara<ad U 81Tg,
off Tyl fayrTg SnfdT S= el STen QRauareaT IEPTaT §TaHR drad,

3.4.2 duroft 31T IureT fAd=r aidia e
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; (Parameters) TURIUT (Inspection) [UTGT fAA0T (Quality Control)
qUTolt Bt T[ura (=AU T | TuraT fRTA0r 81 AU Hhed1 S
1 EﬂFﬁ(Scope) T a2 it Tl T T o
Jurgolt § e TFGHER | o FEan g v driveRH
2 % (Function) JTG U § TR0 vl | FRIE0 Hed T faaeq sesa™
Tt Teifdrd e FURUT HRugRT Fefid 3
3 3T (Objective) Ul <iTedt U See | orel o & Mop¥ Seie JR
! Py IUEAIRH 37 BRI | 8IS 3 Fre @il 3
4 d% (Timing) JATGAHR = gid IATGAYd! 9 SATGANIEd I Bid
5 CISR L] 43 | fafay g1 Iueol, ok SfoT | Fifkeenst, =107 3iapdl, ura 3iffse,
(Techniques Used) | dUNCH aTq= dHait ofrdl UfehaT &HdT 31 SATe] aToRe SITdTd
. ECIEER] &I RSB SaEGR] | SR B UMl YAbrEl SaEeR]
(Responsibility) A 3

3.4.3 AUTHUIR TEfferur (Classification of Inspection)
qurgolt g1 urar gHldid (Quality Assurance) Udh Hgward! fohdl 318 St Sare ufehd=ar fafdy cwiar
Bl SITd, SUIhE IdTGA 3deied] HHGBIRI I Igalal.
JUrUiE YR W WTeeuHTor 3R :

— ool AT qurft (Raw Material Inspection)

—  Yfebar qurgft (Process Inspection)

~ Sifaw qurgf (Final Inspection)

1Y g T qUrolt (Tool and Gauge Inspection)

WWWWWWﬁWWWWWWWW
(i) T HTel LIS L (Raw Material Inspection)
T Incoming Inspection 3RIg! UITd. T TUATd Ui, 37efae qui favar quf reldt sl AT SdTa <od
STUgTYE! qure S,
o1 Uit RasTeRT=AT fdhTult fdvar Ut HRum=N HRWTIT ol SIS, Qb
TR I WU Ao SIoad T8 3T 3raxges dfkreeaizh o=y 31g areht W o,
QIS Yy Aadx @G PR GI9gad gcdh Il Uishdd TRl dRd ATgld, S Jeid
T 9, W 30T 4 .
(i) wfsrar TUTrIolt (Process Inspection)
YTl In-Process Inspection 3 TUIAT. Bt auryofl T IaTe UishAax dheit Siid, faRIvd: ST Tarar
YcPh UPT SHIRRHY G- S S,
Bl aurgul AR 3HTaReR fdbar Wda quiadr Atedbin g bl ST, e,
I U G X fadan dadhe Nesw@u, Suidhe o Jaid SRR-de SiTs, .
Tegdl:

~ TRMISR qamyft (Floor Inspection): STG ¥JBTAR o Pt ol

~  $aldpd quUNUl (Centralized Inspection): T diTed fEenToft ST et qURIC SITdTd.

—  UYH Y<H qURIUT (First Piece Inspection): 3cdTa FRIte=aT o aTdlal dhaiel! dquro,

~ gl g qunoft (Last Piece Inspection): Sdlgd TRt Qact draient quTo.
s ST SaHed Trad 3T fayrarear g 2.
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(iiii) 3ffaT TURIUR (Final Inspection)

3ifcr Juraolt 81 TR SdTe Aedids UIequargal dbal oird.

B ool Yosfoi favar feeda faumTeiaes &l S, ST Hhad GIYgad 3dTG-d UTgHhiudd g,
Bl JUTHUN TG 3 30T IdTe dBTUFShTd SYBT 3UId Tel.

3ifcr ool 8 IcdTeH uraTT S UTed THTH [CHIuaral Racd! ddtisc BUH 1 o,

(iv) |18 T TS TUTHUT (Tool and Gauge Inspection)

B TURTOR ITEAT aToRedT ST e, for, fhaRert anfor Ao ate st 9 RydaR FHfgd s
B AU g1 A qUIUT H&Td dhall SiTd, Ford Sieeh AISTHIIIITST SHavdd SUdR0l SUdsy Sl
e TUS! Jd HIO J1EA T IATe Jerad J1e- oraced Je-=idd Hafed Ted A T Sl
IR JUIGUTT fIYTETEaT a1 e SRp AR T SGUHS, JIe- 9 I JUruRt € TRUT orax
A fChauarra! gayd YHHT Serdd.

3.5 'ﬂ'UﬁT'lTﬁ'QEI'UT e / wdaers aih H&ﬁﬂ (Role of Quality Control Inspector / Supervisor)
Tura g Alere Idte UM f[ehauarndt Sifor Urged FH1u HTEd SrugTd! gt
YT Folradl.

- i SEEeR! RASIGRIGG JUMAT dheedl HdTe S0 Agdhichs UTEIUIRIS! dUR 3racied]
TR St Faflid quryofl HRUGURE I Bid.

— O 3gaed uradr e uiRl ey Tced Aifgd fdhdl SdreiT g AThRAd.

—  JTGHATAT TRl quig0) SH Suare! fFiess difyer Yars, sfbics ST afkrearar siam
HdId.

~ d SdTG GRHATU, BRI 10T a1 AHHIRIT SFRUdT qURIdd.

— Uit ST, d Uishdd URUM HRUATTST YT gdld, SaTes Tura TRumy URdTd.

~ quUiiR fAeTd Syt Hicdul, 3gaTd dUR BRI T ST Hidt 3901 8 il SeTegRt
3.

~  d IdTEA AT Ura]-Haftid Heaiar AFGRH Hrdld, Sae Syl ST SRR W]
fmfor Bi.

~ R3], IR IEJUNT PIVATG! U JHd @Rd FARIHR0 6301 51 il SaragRy
3, STes ITG fshdT PRSI Mg 10T Araerygul 3fr3eye fAiad.
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Exercise:

TLO 3.1. Explain different quality concepts.

1.

© =N bk W

Define quality.

Enlist various quality characteristics of products and services.
Mention the instrument used for measuring brake power.
Explain quality of design.

Enlist the factors affecting quality of design.

Enlist the factors controlling quality of conformance.

Explain quality of performance.

Explain quality assurance with its significance.

TLO 3.2. Define cost of quality and value of quality.

1.

Nk

Define cost of quality.

Define value of quality.

Explain the categories of cost of quality.

Enlist various criteria that asses value of quality.

Explain the meaning of optimum quality of design with the help of graph.

TLO 3.3. Solve quality problems using quality control tools for a given problem.

1.
2.
3.
4

5.

Explain the purpose of a check sheet in quality assurance during data collection.

Describe the structure and function of a histogram in visualizing process variation.

Explain how a Pareto chart helps prioritize defect sources in a manufacturing process.
[lustrate the use of a cause-and-effect diagram by identifying major categories of variation
in a production defect.

Explain scatter diagram with neat sketch.

TLO 3.4. Differentiate between quality control and inspection.

1.
2.
3.

Define inspection.

Justify the statement — “inspection is a part of quality control”

Differentiate between inspection and quality control on the basis of- a. Scope, b. Function, c,
Objective, d. Time, e. Techniques used, f. Responsibility.

TLO 3.5. Differentiate between types of inspection.

1.
2.

3.

List the types of inspection.

Explain how process inspection helps prevent defective components from progressing
through production
Describe the role of tool and gauge inspection in maintaining accuracy during manufacturing.

Differential between incoming inspection and final inspection on the basis of- a. Stage of
inspection, b. Purpose, c. Location, d. Focus area.
Explain the role of quality inspector.
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gfe 4
gifgre g forar fAd=ror

(Statistical Quality Control)

fowg fAreo=ht (Course Outcome)

CO4- gifeT® g NUEKII ERELGEICICICNCEST B E R GRS ER KU (Determine process Capability
using Statistical Quality Control techniques.)

ved et (Theory Learning Outcomes):

TLO 4.1: SQC d TPIHUN 7 3101 AT Hewd FITUL. (Explain SQC and its importance.)

TLO 4.2: Id (Variables) 3for gmﬁ:?rq Sal (Attribute Data) g B 0L, (Differentiate variables
and attribute data.)

TLO 4.3: 9d 301 ‘IUmWIBKT IBRELI Gﬂ@'ﬁ (Control Charts) PG, (Draw control charts for
variables and attributes.)

TLO 4.4: facican Iare ufdd= & (Process Capability) fAfgd Ho. (Determine process capability
of a given manufacturing process.)

TLO 4.5: fafay yer=an THAT i (Sampling Plan) ¥J¥ &0, (Explain different types of sampling
plan.)

4.1 gifeTstg MCEI B (Statistical Quality Control — SQC)
TEAT: "FiRkFDHIY Turadl A0 (SQC) WU IdreA fdhar Jaieh uradn fewquamdl, Adfa
FHROGTITS! HTOT YUROITTS T HiRAD! UgciaT AR 8.

4.1.1 GifSreTa urawr Ao 3fEP (Objectives of SQC)

- e fdhar Jaid urawr fewaut, fifa ot 3nfor GUROT: Jadgyl @ = gelte ura

~ Jufeae fAvfadasht yumlasg ede were: sagfer sruia Fofamast Ser-smefa
faeer T o fayraTdar argant,

~ P ST YHad g Aieult AT HR0T: T g FRiEr 3 Yeicd HRUaRITS! 3gHh
iR el o,

—  Hoford Serd fazayur SRo: Turaxd YHTidd HROM= Uasil, T ST foaa siewaul.

- gURTHS AR IureET Weao: e sxaden FateuRy faae oRifdd s
CACHIRCACICRE SIS

412mmﬁ'ﬂﬁmmmeneﬁts of SQC)
mvﬁmmwmehwwmmﬁﬁ
- HI(‘IG‘ILCLUI Sl {[UldT] QI(‘HQ’H \FII(‘I.
~ PR IATGAT™ THT0T HH! gid, SIS drT SITUIRT AT 9 ¥y HH! gIdl.
~  JRAqdId] § 91 BIVIRY A [AHRId HRUg™ Aed gidl.
~ Uit gefira @< Bt g,
— eIl Ay 9 JHIYM dled.
- TS, At § wifgdrer drie aTiR giar.
_ T[urg RO ugdiaEd iftie STReadT @ Jed FAufr g1,

4.2 99 3{Tfor '{[UTﬁTﬂ'q HIY (Variable and Attribute Measurement)
ieHD I AUTGR G UhRa el fHosd!:
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~ gd3al (Variable Data)
—  TUIARIY 3T (Attribute Data)

4.2.1 99 HIY fhar 9« Se1 (Variable Measurement or Variable Data)

T AU WIS IcdTe fdhar Jatean Uer afreedie aRHTUIEHD (quantitative) WREUTT Sl Hha d Aiguit
HRU. HIRAPI T[ural =0T (SQC) U AT bRl HIUA vl T[UTad] RTINS Hgwdra! YfHent
Fad. I Fad IGAUIRT ST (Continuous Data) 3R, ST 3QUNd WqEUTdG! odad Bl A, IS
SISt (B HAL), 5. 8 e Wad guiid A9 fadedn Jufid Siug! 4o 9% bard. A Jora
TSI 9&d faaed Siasauamrd! df Sugad 3Xdid. Id Sl diR & Jfd g Turad favdvd
Uqi (180T S RahdTd, Hlohddia fauiTa 3iesxg Revard 30T 3 S GURTAD SURGAISHI 6
AT, B UGd TuIadl FEumret iftves ufedhd d URHATuTHS efPeH od, SIS Idie d 941 Uishdd
HTIAYU! RN e B,

4.2.2 'lIUTﬁ'ﬁW A1 fdbar EUTﬁ"ﬂ'q ST (Attribute Measurement or Attribute Data)

TUIfARIY AU & I fdhal Yaid OMEHS (Qualitative) i Hd. AT g URHTY fdvar Jed
AioTel SfTd ATgl, TR IdigA 3xadedl HHuRl & 35 &I A8 8 duRId Sid. Tgoeid 9% 3%y
(Conforming) fopar U Tttt (Non-Conforming) 3RIT Frtaed fqumTet SId. 81 et favaa (Discrete)
WU 3Rl ST AgHT Yuiierd iqae SIdl. Sarevuny - avgad aegdl el HIoll, ay fiaau),
IdTG- "ANTe fdar "arge” WU TUHRUT HR0L, 3. UIMARIY ST Gl digdl fdhal dgard dusiiaar
WY TrRAqd Tel: 1 Had TUrax dfeTsed SURYT 318 &1 ATg! & aRiadl.ad HIY-TaeT HH S SRIal
T, TuIfaRIy Ao fafid qorol, sa geaie- Sifor e sifseadia Fufaufhaard sied guyTdt axal.
dl 3FEUar FRI&T HRUgTE Ufdhar Tt Hrdl OT [A=Ivd: Hisdr JATnd Sdie- gid SRiciedn f&aToft
Sefg Auruiidt Suged a3l

4.2.3 dqd (Variations)
DU ITed fdhar it ufohda IdTeae 9ad SAREH SRIATd, HRUT GIF a¥ T4 IRBAT TR
HRO YA SRR 8. § 9ad UihddId de-3dRIges A gidid S i aF Td UeRAE
FifferRur el S

a. Sfdfied dgard Ad (Inherent Sources of Variation)

b. Oy sqad |id (Assignable Sources of Variation)

(a) GI?I'ﬁ'%H godi™ Hid (Inherent Sources of Variation)

3fafifed eaie Wd, ST Chance Causes fddl Random Errors 3/ 88! TUM, § Igfife anfor smferd
TG-3dR 3Med o U Wlhdd USdld. § dad Y& 3did, MU Halul 3RId 1T FiRksgetd
FRIGONRIAE sMdar A& I AEId. d Y&d Uchiges BIdid, S &1 JAId gdd! U, dIdIaRuld
AIEFTS dad, Ao i g&ea fauTd, 3. 9aae SRRIdde! & dad S Agdid STT guiur g3
Al A ATeId. T TRUTH JHIG: T8 3R], TR d Iurdrg! fRR dfhddid Jaud "noise” TR
HAId. & Sd Arefad® (random) 30T SFUMET Sredges (A R0 HAT01 a0 omeitan
3fdffgd URT A ST,

(b) sy e | (Assignable Sources of Variation)
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s Jedie Hid WU 3 RO ST Sisadl ddrd, YT Adrd T YR AdTd. TG0, 31 dgdid
T J1d 3 30T d Chance Causes U&T HIGAT THIUG SRIATG. 8 Sad Uiohdd Qi fdhal Sadl GRidard
31O TUTRIOR foba fa=eIWUMgR Wge Siasdm Add.
ﬁﬁmmﬁmw
T R (IaT. S, o)

- HIRYT TRE (3. DI Traed], Tqe)

e faedt (3ar. g, 7=

— PRI 98 (IaT. YHIRT, AGHTH)

— AR DHGA I DT (341 Ieb Il AT, HISHTY)

TUIA-SIRRe & T 3THTT
%wﬁﬁwmﬁwmﬁw@wﬁaﬁ%uﬁﬁﬂaﬁmﬁﬁwwﬁww
HAId. Thal BT, 3 dad g Rl IdId, SrHes Ulchar fRRd1 g1 fiesd 3o Icrg oran
JUR.

4.3 Ao m (Control Charts)
SRSAT: "1 3Tt TGS HisTered T[ura dfRreedi=h Yasferd Hifed! Mftherd Taveurd gRifqum s,
STt Ufehaid 9ad oRacied Tg-Riadl HATGURd Seidl fada SeQuarTe! aTaRa oid."

4.3.1 g@igTa a0 Glﬁﬁﬂ (Control Chart for Variables)
S NISICARRELI &W‘ﬂﬂ‘f‘f{ Tad 9d Sl (Variable Data) AT 3.
o AP IR ST fAI=0T 31t TUre:
— X 3l (Mean Chart)

- R &w (Range Chart)
— o 3l (Standard Deviation Chart)

1. X 31fO1 R 31t (X and R Chart)

X 30T R MGl AT aifod aTORedT STO=AT =0T 3Tt 3HTed, ST Ufshdd! AaciaT (Consistency) SHTTOT
%ﬁ?&{ (Centering) doslde! FRIEN HRUGN Had HRdrd. Al 3{Tpail gfehde fRRAT (Process Stability)
OeEd HiegdE Hifgdt Sard Sfor Turaan feewauarardt Ge-=iiedr (Tolerance) THIAING fdrar faxgd
RO TR Bt 318 7 S=Iadrd. Sad SNe@uard Il UHTEdge, 31 31l QiRkeTd g ishar fAd=m
(Statistical Process Control — SPC) Ted A aruRed] ST Qe R,

X 3TfOT R 3TH<l HTEUATH! Usd (Procedure for Plotting X and R Chart)

TR | : TS SUETET ORIRT X 31for 4uft R Frer
— IS AN TR ged (X)) 3fOr 907 (R) FTe0! 3axad 6.
~ Iy, i STt SR AiSTdet URATY X, Xa, Xs, Xa TOT Xs 3, OR:
X+ X+ X+ Xy + Xs
5
R =Highest value — Smallest value

X =

T 11 : THUT TRIRY (Grand Average) X JATOT ERTERT Uit R ®1aT
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— 4 SWeid X 3Tl R Yoo fHesTeaR, |IeayATo] 0T 6

IRRY 11 : X et 3 Rrn 30) waler w1er
~ g1 Twrd 9! fAEE0 Jafer (UCL) SHIfor el fa=or Jfer (LCL) dTed Sl
~  UCL 37 LCL ®Teuarma! fafay g smea:

UCLg =X +30x and LCI x = X —30%

S
GX:’\/;I
ﬁfﬁ, G'ngz

forar

UCLg=X +A,R  and LCLg =X —A,R
A, 9 G HF® dadT dad oiTd.

far
UCLy =X +Ac MM LCLg = X ~Ac

>
Rl 522

IR IV : R 3Mpdrardt fFAasr water srer
~ g1 eumd R T8I UCL 3TfOr LCL PTe et ST

UCLg=D,R 3Tfor LCLg=D;R

far
UCLg =D,o’ 301  LCLz=D; ¢’
D,, D,, D; 30T D, d e A& dadTd Uad SiTd.

UIART V : X 31071 R 3Tl Tl

— X APHNTS! YT Teh 319 3{TSdl HERWI (Central Line) X &R,
— R It T Wie! A0 7@ier (UCL $1foT LCL) STSaT ded YN gRadl.
— I IRRRT G HHM Wi Hl.

— R ATHTe! UUH U 319 3TSdl ERH Reradl.
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— AR I 9 WrerE A aaiel Sreen e YT grad.
— I 9UR HHM Wie B

IRt VI : T st s wrer
~ SR 94 foig e meieie sradia o ufehar fEsumaTett (In Control) 318 3R HIFT SiTdl.
_ R g frEur qafiamek 19 @R ufshar RO0mEER (Out of Control) 318 3 A S,
_ I, SR 35 Yot 1 fobar 100 et 2 foig TRAfGETER 0 a8 o WIGRA 1S Adhd AT Ufsha
[BRENIREISIICIE R RIS AN

4.3.1 TUIARIVTATS fAA=0T 3TFelt (Control Chart for Attributes)

TUITARINIRATST fHA=0r 3fidpet faRIvd: TUIfARIY ST (Attribute Data) fARI&0T SO TR el ST,
UGS ST WU U HIfgel, S8 bl G JUTRIC 3MTQ 1 ATE1. T 3MTeheil HISTHITER SR I
B | (Counts) fhar arffe=or (Classifications) dTax SMYTRT AT, JHR YHhR=A ‘IUT%@W IBUELI
&ﬂﬁ o p m (Proportion Chart), np W (Number of Defectives Chart), C \’rﬂTcﬁ (Count of
Defects Chart) Jidl FHTART BIdl.P 3Tl 30T np STl AT GINgdd a¥d THT0T fobar dvea e
RO IR SITdTd Ires Ufshdd! THUT T[urax Urde! duredl dd. @R C 3Tl bl gchld 3dh
Y 3R AT =GR, U Tew arvie Ter e HRuamNTet aToRe Sid. a1 Sghd! Toran
fdFua el YHGT Jellddid HRUT & UiaRY-TURa Seddid Udell (Trends) 301 dad

(Variations) 316U Had HRald.

1. p-&lﬁﬂ'ﬁ PHTSUATH! UGd (Procedure for Plotting p-Chart)
p-&lﬁﬂ'ﬁ (Fraction Defectives Chart) @Teiidl TR CAENIRSIGH
U I: T SUWICTHTST duTaaedT U TRST ATOT Grergad YRTIH |t Higdl.

U 11: TP IWCTITS! gIuie UHIVT (p) FTeT:

___ Number of defectives in subgroup ~ np
P~ Number of parts inspected in subgroup ~ n

TR 111: TRTEL SN YHI0T (p ) PIeT:

_ Total number of defectives during a period
P~ Total number inspected during period

— _ 2np
p_zn

U 1V: fRT301 HAieT (Control Limits) HTET:

pU-p

UCL,=p +3 a0

pU-p

3ffor LCL,~p -3 "

UGS V: p 3THd! PIET:
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—  UYH G (Central Line) BUA (p )GRId.
— R UCL 3701 LCL 3TSa1 gedh XNi=il GRad.
~ QW p G $HHM WIC B,

st VI: e #rer:
- 4 fig feaur maiemed sRdta R ufehar Aot o1

2. np-\’rﬂq’_cﬁ PTEUAT U (Procedure for Plotting np-Chart)

np-GI'IWﬁ (Number of Defectives Chart) GINI| TR Hled! S

TR 1: TP SWICRITS qUTHaedT HRTRI T SMfor Sreged YRT! T3 Higa.
TR 11: ERIIRY S WHIVT (p ) PIeT:

p=2Xnp
=>n
IR 111: fr=ror gafer erer:

&Wﬁ[LCL(np)—np -3\np(-p)

TR IV: np-3TFHdl BIaT:

—  UYY HERYT (Central Line) TUH (np ) GRAdL.

~ R UCL 371 LCL 3TSa ged Xui-il GRadl.

~  IYICHd QIWgdd U (np) SHHM Wic .
st v: feed Prer:

— d fag feaur maiemed sRdta aR ufehan FREomaTedt sire.

3. C-3{TF<l HTEUaTH! Ugd (Procedure for Plotting C-Chart)
C-3MTFdt (Number of Defects Chart) WTeiTdl UI-IER HTadl S
U I: YA IUCTHTST durbeied] YT TReAT 1101 Gy TReAm i,
URRY 11: IRTEN Sidt 6@ (C ) Flet:
— Number of defects in all samples
Total number of samples

U 111 fArdsrr gatfer wrer:

UCLe=C +3\/ C

M LCLe=C +3\/ C
U IV: C-3MFd! Blet:

o UYH HERWT (Central Line) TUH (C ) GRadl,

e SR UCL 30T LCL 3{TS&T e Wi graal.

o A G SAT (C) HHM Wic B,
Y v: fareed srer:
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- 4 fig Feau maiemed sRdta o) ufehar FEomaTedt siTe.
~ fog mafameR sradiar oR wfshan FAE=omeReR o,

4.3.1 fa=0r TP diala ISTERUMTHS HBATHSD Y (Sample Numericals on Control Charts)

1. 10 Samples of size 5 have been collected with following observations.

Sr. No. X R

1. 2.011 0.011
2. 2.008 0.017
3. 2.001 0.009
4. 2.003 0.026
5. 1.998 0.27

6. 1.995 0.21

7. 1.997 0.014
8. 1.997 0.017
0. 2.002 0.023
10. 2.003 0.015

Given: A2=0.577,D3=0, Ds=2.114.
Draw the appropriate control chart and explain whether the process is in statistical control or
not.

Ans: Here, N =10

v _ X
X =7
X = 2.011+2.008+2.001 +2.003 + 1.998 + 1.995 + 1.997 + 1.997 + 2.002 + 2.003
X = 20.015
~20.015
X =70
X = 2.0015
= _ LR
And R = N
YR = 0.011+0.017 +0.009 + 0.026 + 0.27 +0.21 + 0.014 + 0.023 + 0.015 + 0.017
YR = 0.612
= _ 0.612
R ="
R = 0.0612

- Control limits for X chart -
UCLX = X + A, R =2.0015+0.577 x 0.0612
UCL X = 2.0368

And, LCL ¢ =X —A; R =2.0015 - 0.577 x 0.0612

LCLg = 1.9662
- Control limits of R-chart -

UCLg = D4R =2.114x0.0612

Maharashtra State Board of Technical Education 66



Industrial Engineering & Quality Control (316362) 3_51%11?[ AT of rferdt ﬁ,\?‘? (316362)
UCLgr = 0.1293

And, LCLg=D3 R =0x0.0612

LCLR =0
R chart
0.16
0.14 +
o2 — - —~-~T ~——\—— = — - — UCL =0.1293
0.10+
qé'J’ 0.08 4 R =0.0612
£ 0.06 4+
0.04 4
0.02+4
1 } } } } i } } 1 LCL=0
1 2 3 4 5 6 7 8 9 10
Sample Number ——
- Actual chart-
X  Chart -
————————————————————————————————————————————————————————————— UCL =2.0368
203t
T 2.021
22017 O<g o o0 B
% 2.00 o == OO mnOamO X=2.0015
r 1.991
198 1
L LCL=1.9662
1 2 3 4 5 6 7 8 9 10
Sample Number ——

Conclusion: For X chart process is in control and for R chart process is not in control.

2. In a manufacturing process, the number of defectives found in the inspection of 15 lots of 400
items each are given below:
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Lot No. No. of defectives Lot No. No. of defectives

1 2 9 18
2 5 10 8
3 0 11 6
4 14 12 0
5 3 13 3
6 0 14 0
7 1 15 6
8 0

(i)Determine the trial control limits of np chart and state whether the process is in control.
(ii)Calculate the new value of mean fraction defective if some obvious points outside control
limits are eliminated. Also, calculate the corresponding upper and lower control limits and
examine whether the process is still in control or not.
- Ans: Total number of defectives
YXnp = 2+5+0+14+3+0+1+0+18+8+6+0+3+0+6
Znp =66
5. Total number of items inspected.
Xn = 400 x 15=6000
- - Fraction defective:

__ xnp
b = >n
_ 66
P = 6000
p = 0.011
And, np =400 x 0.011
np = 44

- Control limits,

UCL@wp) = 0p +3\/ np(1-p) =4.4+3~/44(1-0.011)

UCL,,=10.658

And LCL@p=np -3\ np(-p)
LCL(np) = —1.858
6. As defectives are not negative, we will take

LCL(np) =90
- Actual chart
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np chart

181
161

14T
12+
____________ —— = = == — = UCL=10.658
10T
B__
6T -
@np:d..d

a4
24
0 —t —t—— 8= LCL=0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

- Lot number —

Defectives

- Now, for lot 4 and lot 9 the points lie outside control limits.
7. By eliminating these two points we get,
Xnp = 66— (14+18)=34
And, X¥n =13 x400=5200

~ _Znp_ 34
And, p _Zn_5200_0'0065

And, np =400 x 0.0065 =2.6153

And, UCL@y=np +3\ np(l-p)

= 2.6153 +3+/2.6153 (1 - 0.0065)
UCL(np) = 7.4510

And LCL@p=np -3\ np(-p)
= 2.6153 —3~/2.6153 (1 —0.0065)
LCLup = —2.2204
8. As defectives are not negative we will take,
LCL(np) =90
Again, plotting the chart we get.
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UCL )y =7.4510

np=2.6153

Defectives —=

LCL =0

1 2 3 5 6 T 8 10 11 12 13 14 15
Lot number —=

Here, lot number 10 is out of control limit.

Therefore, process is not in control.

3. Following are the inspection results of castings for a shift. Draw appropriate control charts
and write your conclusions.

Time (Hrs) Number of defective castings Castings inspected
7 am — 8 am 8 300
8 am—9 am 7 350

9 am— 10 am 9 400

10 am—11 am 6 400

I1 am— 12 pm 4 350

12 pm - 01 pm 5 375

01 pm —02 pm 4 350

02 pm — 03 pm 6 320

- Ans: For the given data p chart has to be drawn
Total defectives
Snp = 8+7+9+6+4+5+4+6
znp =49
Total number of items inspected.
n = 300+ 350 +400 + 400 + 350 + 375 + 350 + 320
Zn = 2845

- Fraction defective

np
P= "n

For 1% lot,
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8
P = 30 = 0-0266
For 2™ |ot,
P2 = 3507 %
For 3" lot,
9
P3 = 200" 0.0225
For 4™ lot,
6
Ps = 790=0-015
For 5" lot,
4
Ps = 359=0.0114
For 6 lot,
5
Ps = 373 =0.0133
For 7™ lot,
4
pr = 359=0.0114
And for 8" lot,
6
Ps = 3,0=0.0187
- Average fraction defective
- _ Znp _ 49
P~ 50 T 2845
p = 0.0172

Average number of items inspected,
Total number of items inspected 2845

n =

Number of lots 8
n = 355.625
- Control limits
- /E (1-p) B 0.0172 (1 -0.0172)
UCL, = 0.0378

- p(1-p) 0.0172 (1 - 0.0172)
LCL, = p-37\/7 20-0172‘3\/ 355.625

LCL, = -0.0034
As fraction defective cannot be negative, we will take,

LCL, = 0
Actual chart
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P chart

oco40¢ UCL=0.0378
0.036 +

0.032 +
0.028 +
0.024
0.020 ~
0.016 1
0.012 ~
0.008 1
0.004 -

'®

P=0.0172

i

Fraction Defectives —

Lot number —

Conclusion: As all points lie within control limits, process is in control.

4. The following table gives the numbers of missing rivets noted at aircraft final inspection.

Airoplane Number of missing Airoplane Number of missing
No. rivets number rivets
1 8 14 25
2 16 15 15
3 14 16 9
4 19 17 9
5 11 18 14
6 15 19 11
7 8 20 9
8 11 21 10
9 21 22 22
10 12 23 7
11 23 24 28
12 16 25 9

13 9

Find C. Compute trial control limits and plot control chart for C. What values of C’ would you
suggest for the subsequent period?
- Ans: Total number of defects,

Total number of defects=8+16+14+19+11+15+8+11+21+12+23+16+9+25+15+
9+9+14+11+9+10+22+7+28+9

Total number of defects = 351
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Total number of defects 351
Total number of samples 25

E:

c = 14.04
- Control limits

UCL, = ¢+31 ¢ =14.04+3/14.04
UCL. = 25.28
LCL. = 2.799

Actual chart

C Chart

-------------------------- UCL = 25.28

T

= R R B
B oo M R O B OB
IIII:tI

Number of defects —

P B N B PN [N N T T [N T T T N T T | =27
: : X - — L~ LcL=2799

Aeroplano Mumber —

- Conclusion: For aeroplane No. 24 points lies outside control limit, so process is not in control.
- To find ¢'-
To find ¢’ we will eliminate the point that is out of control.

.. Now, eliminating for aeroplane no. 24, (as defects are 28)
— _ Remaining defects 351 —28 323
¢ ~ Remaininglots 24 24

13.4583

c

Control limits

UCL, = ¢ +31\/ ¢ =13.4583 +3+/13.4583
UCL, = 24.4639
LCL, = ¢ -3\ ¢ =13.4583 -3/ 13.4583
LCL, = 2.4526

In this case also we find that for aeroplane no. 14, there are 25 defects which is over control limit.

So, eliminating for aeroplane no. 14. (as defects are 25)

— _ Remaining defects 323 —25 298
¢ = Remaininglots 23 23

¢ = 12.9565

Control limits

UCL, = ¢ +3\ ¢ =12.9565+3+/12.9565
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UCL, = 23.7550
LCL, = ¢ -3\ ¢ =12.9565-3+/12.9565
LCL, = 2.1579

For remaining lots, all points lie within control limits.

¢ = ¢ =12.9565

4.4 T i & (Process Capability of Machines)

RE: "NfehaT &l Ul ARIY AN fFHM TR (Minimum Spread) SAAe fededn Ufshddia

99.7% HISTATIET FHTa gl

~ yfohan &mdT, SaTel A9fie elaR=d (Natural Tolerance) 3ig! UM, & fRR uRfydia areom=m
yfsrddia Siaffed sga=iadar (Inherent Variability) g=iad.

— O IS WREUTd 60° - dd bl SiTd, 1Y o’ TeUrS! Ufeh a1 A fdaa (Standard Deviation).

~ g1 oM SUférd IdteTar Aquf TR Ty gidl, U Witk TRRRIAR (X) +30’ Adicd
TBUN T4 (99.7%) Sl fag IdTd.

~ Tifoha &l GIRT IR WS UfehdT a1 ITeATd AT dRd St Sxaciedn qgRied
TG IdTd.

— b &I 3% (Process Capability Study) ST & Gedidh HRUAMY G&H HRdl B Ulehdr a1
TR fhaud MY 31Tg, TSI IR IHIE T8T- R TR ford! SdTe- Idrd.

~ g1 31T Ufshd=d TRIRIE SfeR= §8 (Tolerance Band) A TRE (Alignment) I, SIS
PIUIde! dad (Shift) fdar faae (Drift) Sie@ar Adrd.

—  gIREm, 3 G{WI{-I]HJO\O Yeh-d-Ucdh ded (Piece-to-Piece Variation) 3@l Idrd 30T Tae
Ufch e da-TaR SATUTRT aRddare! Tg-RiTed! Haiel H3d Hal ddid, HTam [ARIvdR 9.

4.4.1 G wfehar grar (Process Capability of Machines)
URR] I 3add! elaR—d (Specified Tolerance) ®lel. (USL — LSL)
f5Y,  USL = a3 fafRmyar qafar (Upper Specification Limit)
LSL = Trad! fafRrydr Tafar (Lower Specification Limit)
R 11: s T IRRRT (X) 311107 907t (R) Pler.
IRy 111: Uiehdd %b—;fég (Centering) EISISIRIG] Ul IR (Grand Average —X ) BTGl
R 1V: 301 7afal (Control Limits) HTaT 30T — X @ R 3t (Charts) WIC &1, TS dBTIR
TfhaT & e Sael FHOII.

R
UrIRT V: UishdT &HdT (Process Capability) 66" ®TeT, f51d, o7 = &

442 Cp 3for Cpk TUTAT (Cp and Cpk Calculations)
UfhaT & JUIRIR (Process Capability Ratio — Cp): Cp TgUTS! UfehaT & UM, Sf g=iad &1 faeied

qA:

USL - LSL
Cp= 60

o7,
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USL = a4t fafRnydr #afar (Upper Specification Limit)
LSL = @ra fafRydr #afar (Lower Specification Limit)
o = Ufehdd A fada (Standard Deviation of the Process)

Cp 11?11% 3rdf (Interpretation of Cp Values)

. Cp=1
— Bl HeIRierd = Ufshadt "ufife TgT=iterar.
- mmﬂwﬁ§=wmm%@a&n€&nﬁfwwn%w

3qcied] HATGHe Idrd.

° Cp<1
— 3Raad TgTRiear afie geiiaauer 3ve e,
—  Ufhdd Q¥ YHIUT dTg Rdbd 30T URTHD I HAD 3Med (Mishar JURTET fdar

fafRryar wafer arcarea).
e Cp>1

—  BRaddl ggARiedr e TgRiedue faxgd e, S Arddyu! Ut %  3Te.

ufehar &waT fGRI® (Process Capability Index — Cpk):Cpk TEUTS! UfohaT e FeRTi, S aRfad! &t
Ufsha TRRRT (Mean) fafRryar qafeieh fadt o sie.
qA:

A FZ—LSL USL-EE}
pk N 306 ° 3o

® 3 UfchaT i T8 b1 UehT STl Fhaiail 3MTe § STV Had hd.

ITERT 1:
USL =16 ; LSL = 4
X=10;0=2
o min{X—LSL USL—X}:min[10—4 16—10}
pk 3¢’ 3o 3x2’ 3x2
= min [1, 1]
Cox = 1

g 312 99.73% HFT BRaded el (Specified Tolerance) HEH YU YT 3Te.

ST 2:
USL =18 : LSL =0
X=10:0=2
— min{X—LSL USL—X}:min[IO—O 18—10}
Pk 3¢’ 3o 3x2° 3x2
— min [1.67, 1.33]
Cp = 1.33

g 312f 99.99% HFT 3R elaR=d (Specified Tolerance) HeH IV YT 3MTe.

Maharashtra State Board of Technical Education 75



geficaa EafT sfe w1ferd! #ele (316362)

Industrial Engineering & Quality Control (316362)

4.5 '\‘ﬁ'ﬁﬁ 14T fas (Acceptance Sampling)
RS "Wt AT (998 (Acceptance Sampling) 81 FIRHAD T oI FAAUET T Ugd 3Mg SaHS
I HqUf AleHyA UiafFf® -1 TURIQT SiTd) ST Arae YUl dic WIGRIAE &1 ATGRI
—  HISd YHUTER I HRUMAT SANTHE A TG qurufl R0 (STl 100% qurgoft
TEUTAT) T SR 3d, HRUT SdTGa! TReAT U HIdT 3R,
— 3= YUl qURTUTRITSt ARTOIRT e SATfOT 9es Sieid SR SR,
—  IRIEN, ®Tel qurol Ugdr S @1 faedad quraofl (Destructive Testing), dURIee SdTG- Y
HRATd, ST d fash Tt Suged 3.
— 7 SIS 100% Uit fidmesedr g 3 A,
- ﬁ’fﬁﬂ THAT fAae (Acceptance Sampling) 8 T AEEING Ugd 38 SaHed HCLUT FF\IJE'J:[%E[
fAae® g qUNS ST,
— A SMesaed GNgad axe Selae- Wyuf dic WHRIET St AIBREE aral Hurg g
Sl
— B Ugd 9de, 31t frmhrIaRiR SR quyolt HHaraiasid aror sHl $Hd.
— 99, qUNUTEREI BIUIRY Yehdl, THYRIYUI IO BTATS U IR JHdT HHT $Hd.
— Ui, Wiepd! T FaStan el qafar 3R,
— 8 ugd Iquf qurufier gand S quRiaar Jifedt ad HTfr goigor fafmazh sreuar g4l <
[ ATg!, SATS eIl TUTaT U gograT eiesT SR,
— g1 UGdrdl URUTHGRGAT Wdld gehiar Sfacied S
— g1 fAadidia arefededr (Randomness of Sampling)
— U STUIT=AT TUTaRT afreedid TRy
— dicdl 3THR (Batch Size)
- WPR Ay (Acceptance Criteria)
- Tii¥ram, foyTedr Sftl WA gRYd HRuaRe! dreeiyde Ao ST gaudeiaRul

3RS 3.

4.5.1 100% TUYTHORR AT (Comparison with 100% Inspection)

3. Wedt 99T fas
GRETOT (Parameter) ) (Acceptance | 00, qarroft (100% Inspection)

. Sampling)
GEIRUIE] TG o N

1 | wad AleHdid T qUNT ST, | Ui dic R00% TUTRIET ST,
(Scope of Inspection)

2 TR (TmMe | oty o Tl SR 9% AR
Requirement)

3 | @9 (Cost Involved) | HH! Td I, SR @ Al
qurgui Ypdl

4 , , AU Ymal HHT B, qurgult yemar fAafor g,
(Inspection Fatigue)
TIOEaME TR

5 | (Manpower FHH! TUMUT HHART AT SR AUt HHaR] AN,
Requirement)
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% | ofewror (Parameter) | | g Ei,' TGl S (Acceptance | |00 TUTRIUR (100% Inspection)
. Sampling)
TP et
6 | (Information IATGAEEd HH Alfgd! . SATGATSE S SId Hifg! fHed.
Obtained)
ISEIEE] g
. TEIUTSTRRT ffafkad IS 9 qxauasiiarur | sffaked fAAeH d qxduasiiaxul
(Planning & | HTaTD. ARG Ao,
Documentation)
Decision) ' '
CISEll gl | . o R o o
9 (Handling of Items) qEl BH! g U Bid. qE SR gTaTeB Ut Bidl.

4.5.2 BT AReeg T% (Operating Characteristics - OC Curve)

1.0
Producer's
........ risk

k]
(&)
| =
s
c
il
(=]
(1]
k=]
=
o
[=]
L
e
o - Objectionable

E '% quality regV

Eg

g 2z .

- E € .. Indifferent ___ Consumer's
= quality region risk
0 ACIL LTPD 1.0

Proportion of Defectives (p°)

Fig 4.1 ®1d dfkreeg as

—  OC dsh gl AT qUruiHed qroRe SRl AMfthehd e 3178, Sit AGA1 Aol URUMHG RSB
(Effectiveness of Sampling Plan) Jedidh+T HRUGTITS! dTARa! S,

~ g 9% QAleqtd qISd YHIT (Fraction Defective — p) ITaR MUTRT Yol dfc WeRuamT Tragd
(Probability of Acceptance — Pa) gxfad.

~ X-3fg: AleHid g THI (p)

—  Y-3{g: dic WIHRUYE! el (Pa)

_ B 9% IdIEH (Producers) 30T ATgH (Consumers) MEIEIF] Toradl e dic WieRu
fhar TR TS 3RTA Ui THSH YUaRI Had .
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4.5.3 3TERF OC 9% (Ideal OC Curve)

1.0

— Acceplance
Lare

(0.0 1 2 3 4 5 &
100 p —

Fig.4.2 3mexf oc 9%
_ e OC 9% Bl Uh Jgifas (Theoretical) Aigft 3me fo7a:
Id IS die (SATd &N < AQL 3dTd) 100% Yaa WHRA STdTd.
¥4 dTsc dic (SATd 1Y > LTPD ${¥dTd) 0% - AIbRd SiTdrd.
— B Pa =1 URA Pa = 0 Tdd fafRI¥ GV UMA@IaR 3[@M® SHT IdR (Vertical Drop) fead.
— Y& 34T ol S d U A9l TR Al IRAfdd FYAT AT (Sampling Plans) edidh dRUATRITS
HIHP (Benchmark) YU dTURd ST,

4.5.4 OC T5pTd UFYHTUT (Parameters of OC Curve)
1. STGHTET BT (Producer’s Risk — a)
— I UHR 13T (Type I Error) 31881 U
— NI UIGET dIC (AT Q1Y < AQL 3RHdId) Yobi- AThRaT SITugTl Hichr.
— IR IR 1% d 10% G 3T
~ HIoRE AT RIS AIGRe! SIS, T4d BUH IATGH TS HgaTd.
2. ATEHTET SPT (Consumer’s Risk — p)
— A UHR 11 I (Type 1 Error) 3G U,
—  JT%c TUiaxdl dic (Sa1d &Y > LTPD 3/dId) &+ WIe Rl STugrT 4T,
~ D UEGTAT SATGATIR WR&f0 Hquardt qurRiuiiaR Siadd STl TSl 3dd
HEI,
3. WPHRTE UG UTdBT (Acceptable Quality Level — AQL)
~ Tifch U RRRY WU WIHRTE A SIURT Gy HHId el
—  AQL dT TR 3R TG AISIGIS! Bl Sifcdl S Y < AQL 3RIAd dlc 3o YR WibRa
ST
—  JaIEU: SR AQL = 1% 3d, TR <1% aI¥ 3Rcid dic AHRId: WidRd ST,
4. i AgIRNadl THbar] gy (Lot Tolerance Percentage Defective — LTPD)
~  IEIHI HH SR G HHTA Tae.
— YTl Rejectable Quality Level (RQL) 38! WM.
— AT GISHT GIY > LTPD 3dd dlc 3 JRd- ATHRUANIS! TR el SiTdTd.
JGIERUL: SR LTPD = 6% 38d, TR >6% &Y 3dd dic bR Ulfgoid.
5. a'mﬂqgmamtrma"r(lndnfference Quality Level — IQL)
— 3= TuraT UTdt ford TR RUGT el AH Dbt 50% SR,
~ AQL 30T LTPD Ti<aT ex& 3.
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OC FohTdid de fog a=fad, 5 T JioHT dic WieRvaE! fhdl AGRuATE 9 IRl
g=faa.

6. TRTET FTER SATUMRY TUTGT (Average Outgoing Quality — AOQ)

O

O

TR SR STTUM=AT SATGTd A SRR G AT,

I Jy1fdy:

WeRad dle @IYNE p).

AIHRAA A (100% durEe 1O GUR).

JYRUT (Rectification) HTedTHes AOQ AgH! p U&T HHT fohal THM 3.
SfeTel Iare oAt Yetic SRUIRITS SUged.

7. wmﬂ qTe¥ SATUMRT UG HATeT (Average Outgoing Quality Limit —- AOQL)

faQrean AT TeaTe 819 SR HHA AOQ.
JURIOR T GURUT Ao ard arae R STeR Som Jorasr gxfad.
AOQL eIl Turaxt g (Quality Assurance) R FRUIRIS! U Hexarel FHewe 38,

4.6 <TG YIS (Sampling Plans)
1. YT AHAT LIEE]] (Single Sampling Plan)

Select a random sample
of n pieces

Inspect pieces for the
given quality characteristic

°c” or fewer " or more
defectives defectives
! ;
| Acceptthelot | | Rejectthelot |
Fig 4.3 THd THAT qrel-T

WWW?}IWW (Acceptance Sampling) Tefie gafa gt Snfor gaifie araret
SITOTRT U 31Tg.
1 dod 9q0f dic TSR &1 AIGRE ardl fuig thad UahT Tefwssuul Hasdedr Ta-arer
U fehTaTaR SR S,
Ufhaq e Hiaal dic (N) Y HR n ST TG HaSar Sral S1for & T aiogad aegat
TReAT AYeTc! ST,
R GIYged I G WIHR G-I (¢) D! [haT ATue HHt 3d, R Aquf die WieRar S,
IR, SR aISgad a¥c ST ATHRUT TReAT (1) Sadh! [dhdl TTUET SR 3RId, TR Ale AT IRa ST,
HIHRIT: ATHRU GJT 1= ¢ + 1 30 3ae §ild, D WHR A0 FHR Jird WY a1 8.
2 Ugd O, frmraasi SfiftT SiHard Survary gay sRiedes Sdre- g FAfifd eardta fFafta
TOTaRTT FEAUIRITS SUge S8,
1 Areidie TgE gRAm—

o N = dlcdl 3R (Lot Size)

o 1 ="M PR (Sample Size)

o ¢ = WHR B (Acceptance Number)

Maharashtra State Board of Technical Education 79



Industrial Engineering & Quality Control (316362) 3_51%11?[ AT of rferdt ﬁ,\?‘? (316362)

o r =THRU HJAT (Rejection Number)
femauame! HTeelgad dal UTige.

2. §%‘ﬁ 4T UIEE (Double Sampling Plan)

Select a random sample (n) from the lot

!

Inspect the pieccs for the given
quality characteristic(s)
!

More than c, but less than r, defectives

¢4 or fewer ry Or more
defectives 1 defectives
Select a second random sample (n,)

l

Inspect second sample for given quality characterisic (s)

:

Total up defectives in the two samples

—’I C, or less defectives | Irz or more defecliveslt—

Fig 4.4 gg<1 g1 TS
- g%ﬁ BLGl IS B WBR 4T (Acceptance Sampling) adid sifdew tlﬁ"% qurult Ugd 3iTg,
S Wquf dic WeR™ET Bt AIHRIET T Ho GF Sw e TGl HaraiaR Tad
3.
— g, e (N) HYA SHTHR ni SGeel Ufgell TEAT Sl Sl ST qurer .
- SR Qg akiE ST Ufdel WBR BT (i) 3! fhal ATUET HH 3, IR dic aRd
TIHRe STl
~ SR QY I W1 UfgeT AIBR WBAT (r1) ! fdhdl AT0ET SRd 3R{d, R dic gard
TUTHUR =1 T ATHRAT STell.
~ TRY R LNgad I BT ¢1 T 1, Tl S SR, AR GERT AT (3MHR n2) odaT STl
STIOT TUTHAT ST,
~ GG AL TR0l GINgad axqd! e Gl AP R AT (c2) 0T ATHRUN WA (r2) TR
GSRIEEIIGH
~ SR U SN a¥G GAT < ¢ 3R, IR Al WHRAT SITdll; STOISR > 12 3R, TR Al ATBRAT
S,
~ g IIoHT Uit gaa ST o sredear arHel Sqa Ted, SFaRad ABR HH B ST
Tura g9 fedhad dad.
— IO T URETo—
o N = dicdl PR (Lot Size)
o m HMn, = :l'EF:Iﬁ 3HTIPR (Sample Sizes)
o ¢, C2 = WIDR I (Acceptance Numbers)
o T, 2 = AATPRU] AT (Rejection Numbers)
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gt fas quraelt HRiemdr areauarTa! Sl SdTed d AGH qraid Ui HH! HRUANIS! HIBogdd
et UTfg.

3. dg-"4-1 UIEE| (Multiple Sampling Plan)

| Select a random sample (n,) from the lot
1

i ! }

¢4 or fewer Examine the piece for the given quality ry or fewer
¥ characteristics :
defectives defectives
I More than c, but less than r, defectives l
ISelect and examine a second sample of nzpiecesl
| Total up defectives in the two samples |
v ! v
¢ orless More than ¢, but less ry or less
defectives than r,, defectives defectives
I Select and examine a third sample of n,pieces I
I And so on through remaining samples |
I Inspect last (mth) samples of nm pieces |
| Total of the defectives in m samples |
I Cm, OF less defectives | tm or less defectives I

Fig 4.5 9§--THAT Qi1

- @—WW@WW(Acceptance Sampling) Tefte TTd JUTIl Ugd 31T, W?ﬁw
ATe WIHRIET & AIHRIET AT FUrg U SHf® SIehiie TE-aream FdbTaiar sTeTRad SR,

— B IS Jaa: godl AT Aol fawdR 3Mfe, Sit quraelt FHufaiaed siftre dafuesar sfor fiso
& .

— AT UYH U BIeT AT qURTAT SiTal SATIOT AT d aregad aRed Sear SeTid Jreaud!
Wﬁ%ﬁ\_ﬁlﬁ:
o dic WHRY
o dlc ATHRul
o fdvar gélad qURIUTRTST SHTURdT Ueh AT Yol

— S uferar eFe Twgimed 3T Weq, Siudd sifaw fufg Sdar Sid e

— Ud% T Wa:d WieR Ay (Acceptance Criteria) 30T AIHRUT Y (Rejection Criteria)
ST, T JURIUTT T SHATIOT ol sradhdT ai el e IRGUaTTe! HIdoigad daR dbad
ST,

- QWWWW(ASN—Average Sample Number)wmﬁww, ICEIGE
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— QTG T giRETor:
o N = dcdl HHR (Lot Size)
o Ny, Ny Ns... = TAP WA TG 3THR (Sample Sizes at Each Stage)
o Ci,C2C3... = WiHR @ (Acceptance Numbers)
o T, T2, I3... = ATHRU AT (Rejection Numbers)
—  §g-99AT dioFT faRiva: diear JEmmeR IdTed (High-Volume Production) HRUMAT IETHE
JUGA B3, Ford TURION RIS 30T effepT fa=0r Sicdd HgaTe 3.

4.7 TYAT UGl (Sampling Methods)

a) 1N grefB® AT USd (Simple Random Sampling)

el arefRe T Ugd 8 dicHyd T9AT asvard Jaid Jayd ST gemrdfaried dgd Sie. T
UGdid dicHd e geamidl s Siudre! FHH eddl 3id, SHes < 3Nf0T arefasdhdat
dicd 3 WA BRI SATaAD 35, Y&UTd Tl VAT =TT SHIhR YT HIST STl STf01
fa=ivd: disar vmondia Aifed fohar ARiHe UTdhT SRIdMT axa, YT TN WTeeT 9d RIFH
ST GHRY el TR, &) U foream qidyun Sy Fifyeta fasyrareames ure FriEod e
THTUTER aTuRel ST,

b) WOTeNa YT Usd (Systematic Sampling)

qUTciieg T Ud ot SATagIRe 101 Hriem Ugd 3ife, St dlcndid o Fafid fovar geuafyd
A AR (IL. U 5 fbaT 10a} 9¥) Yeld 9 s Srdrd. g Ugd 9 qrefwse Tg-1
T IREd =ar W,WWWWWWWWW(Pamm) BRI
Ugd foRiva: sRisd ArsA fdhar Tdd It Tomeiae) Iugad a3d, ford a%q gaHidd s varea
Bidrd.

c) fg-w g YT UGd (Two-Stage Sampling)

fg-wdg T ugd Hiowr dedrdl e oR, o Yol fhal deRAD fAURTAd Srdrd Sfor
TAGML 3P I . HaSaed UhoHed ¥d a% qurauaide—o d@dTs, 30T Wit 3Ry
Rehd—AGAT GF CUATd Uda STdl. dfigedl TTd, Udol (Tdfie gHcy) arefwsdhyul Hasd Sidrd.
gI=1 T, Masaedn YoholHY- adl Arefad® Hds Pt oild. 1 Ugd qUIuidl Tad HHT dxd
3TIOT ARG Wik 1T aerdT feshad, Sarge <t HisaT THTudie RoHey, die el a%q fdhal Uderzss
g el Sugad 3.

d) IR THAT I5d (Stratified Sampling)

WA T Ugdid g0l diec THM afRmediar snumd Iuee fhar TR fqurTar S, S &t
PR, YHR, T fdhdl IATG 99, TR TR AR T IYCIqH Aefasd T4 FRagd Srdrd. &t
JIITAT ﬁiﬂ?ﬁ. wRd THAT fa=Iva: SUgad 3 SiegT dic fawg (Heterogeneous) 3 STor
JITaTTeHT faHFTIHE Toracd! Urda! fdal Gy &R diaiTes SRy Ydhdrd.

e) 9Hg TYAT Uxd (Cluster Sampling)

T T U dleHdTa avq Aaiia e TgiAed faHmTeedr SRIdTd, S/ &1 1, diad fdhal d8a.
gl AreHed Wadd I Fasuamiash, HTe! Wig e dh YUl (Hasd SITdTd 30T & JHgiad 99 a%.
TR SITATd. & Ugd SUGE B oicg] ¥d dhe-R 38Ul fdhdl T51 Udh 0l Ja 9Id, S 1 Aasig
PIcH [T disar vHTudia UfdhTT. THg TgAT STaTesuia Td SHl xal MO degl WHTAT 33l gl
g 3fid UHIHM (Homogeneous) ST, T80 YA THEITE axda I[ural TRE 3.
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Exercise:
TLO 4.1 Explain SQC and its importance.
1. Define Statistical Quality Control.
List any four objectives of SQC.
Explain how SQC helps reduce rejection rates.
Enlist any four benefits of using SQC in production.
Explain why accurate data collection is important in SQC.

Nk

TLO 4.2 Differentiate variables and attribute data.
1. Define variable measurement with one example.
List any two characteristics of attribute data.
Differentiate between variable data and attribute data.
Enlist any four causes of inherent variation in manufacturing.

bk

List any four sources of assignable variation.

TLO 4.3: Draw control charts for variables and attributes.
1. Define a control chart in quality control.
2. List any two types of control charts for variables.

3. Inalot of 50 pieces, each subgroup is of 5 pieces and for 10 subgroups X and R values for the
length of pieces is as under.

Sr. No. X R
1. 2.12 0.03
2. 1.99 0.01
3. 1.80 0.02
4. 2.00 0.04
5. 1.99 0.02
6. 2.45 0.01
7. 1.85 0.05
8. 1.70 0.04
9. 1.98 0.06
10. 2.30 0.03

Given data: A, =0.577,D;=0,D,=2.11, d, =2.362

By using general formulae prepare X and R chart and write interpretation of chart.

4. In a manufacturing process, the number of defectives found in the inspection of 10 lots of 400
items each are given below:

Lot Number 1 2 3 4 5 6 7 8 9 10
Number of 2 0 14 3 1 18 6 0 3 6
Defectives

Determine the trial control limits of np chart and state whether the process is in control.
5. Following are the inspection results of soldered PCB boards for 6 days. Draw proper control
chart and conclude.
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Day 1 2 3 4 5 6
Number of PCB checked 20 25 22 20 25 24
Defects found 4 3 2 3 4 2

TLO 4.4: Determine process capability of a given manufacturing process.
1. Define process capability.

List the steps to calculate process capability of machines.

Explain the meaning of C, = 1 in process capability analysis.

State the formula used to calculate Cpx.

Nk

State the significance of 66’ in process capability study

TLO 4.5: Explain different types of sampling plan.

1. Define acceptance sampling in quality control.

2. Differentiate between acceptance sampling and 100% inspection on the basis of Scope of
Inspection, Time Requirement, Cost Involved, Inspection Fatigue, Manpower Requirement,
Information Obtained

3. Explain Operating Characteristic (OC) curve with neat sketch.

4. Explain single sapling plan.

5. Enlist the methods of sampling.
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e s
WurE g ufshar fterrenfor qurasr fFa=or

(Computer aided Process Planning and Quality Control)

fawg fAreu=it (Course Outcome):

CO5 - eI T0Ten- TR Torar (307 / quiolt g SATeARImdt a8 &R, (Choose relevant
computer aided quality control / inspection method for manufacturing.)

e frea=it (Theory Learning Outcomes):

TLO 5.1: U WeIAd vfehan fdiemra fafay TR Yeltes HR01 (List different types of computer
aided process planning)

TLO 5.2: STUHHIRAIT oA fH4=0d 90iF &RUI. (Describe computer aided quality control)

TLO 5.3: UG FAUMTST aToRe SR AUed 3R gfe ardl HRuL. (List quality control software)
TLO 5.4: SUHIeIAd qurgufie quiq o, (Describe computer- aided inspection)

TLO 5.5: URURS T[ura fAI=01 § Treh-3nemRa T[uras fAa=o1 Iih e R0l (Compare traditional
quality control and computer aided quality control)

TLO 5.6: CAQC (Computer-Aided Quality Control), Tt 3fed 3o IargArRl defdd Iarevur g
PIHRUT HIUL, (Explain CAQC, its objectives and relevant manufacturing example)

5.1 TTUre el ufssar fAdiee (Computer aided Process Planning)

5.1.1 gf¥=:
ufehar RS (Process Planning)
i) faoien ged™ (part) MG HRUGRIST HTTRTS rcied (i Ufshatar svH i &,
if) TR e S1for T el fAae oo,
iii) TR tRiffed= Fas e,
. UISHIId, Ulchar e Toret quf Sield SdTe (finished part ) TR HRUAITS! HTTRID
AURNAAR a1 TR SR Uik,
o URUR® Tgdged Ufshar e U SfRoRgR Teieesiar $nemiRd (manual) UG Pl
EIGH

TRufYe uferar fRrasm=it defia awwn (Problems Associated with Traditional Process
Planning)
i) TRUR S Hfordn fFRaeHRITdt 3ifeidh de S1fOT IS37d (expertise) 3MaRTdD 3. HIETGR UfehaT
3xaATd! AT Hqul e Ufshar Hie Sfir dawEns, gid.
if) ATTaTeaT UfehdT S i=il (planners) TR dHeied] UfshadT Ao GRIESEY fofarge At
TR 3R Yhdl. A UlehdT A IHRUET ST gl SO SATe-rd! JETC HHT Bidl.
iii) YA Y (optimum) TEHTT TSI SNB/O! HAI0T 3R, 3% T Ufehaidas! HIor gafd HHl
@i, STeie fobal HrigH 3rd 8 XUl B3I Bl

U - ufshar fdier (Computer Aided Process Planning )
o URURS Ufshar Aot Sefia ot gww sryd, Fofaemar sftr ufshar fFaeHde ab
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« CAPP & 3=l UUIST 3118 Sff WU/ AUCd3RET AR HE IMG GChHIS! Sazdds Hiohal
Gl WA d U= daR $d.

« CAPP gR TR Hoedl Uiohdr A UAd (Sheets) AHETd (rational), JHIT (consistent)
3for gafaw (optimum) 3HHdTd.

« CAPP ot UfehaT FaeHTdie H-g3e d Ay (judgmental) Tcd -8 gidTd.

« CAPP® Computer-Aided Design (CAD) 3{Tfor Computer-Aided Manufacturing (CAM)
JrAMHie T Hazad gal WU B B

5.1.2 CAPP 9t 3fg®:

Computer-Aided Process Planning (CAPP) o I IeT U SATGARITS! ANTON=AT Ufshan
ﬁuﬁmﬁwﬁwawwﬁ

o Uifoha, Fieq, AR SMf0T SHURM=AT shHTel Has wWdafed Bl

o SUGS IUHRYY, HIHR AT Wi Tial Farad arR gHRad Hul.

o AP e SO FATT UlchdT ToHITS! AT gXIad HH! HRUL.

o TS it Agth i quneTa $iftie YT Uh=iehRur U,

o YoM T 3M1fYT U U1 IUTGH des BT e IdTadhdl aledul.

5.1.3 CAPP d U&RR:
T HeTAd Uicha1-fAaIS uTelt (Computer-Aided Process Planning) d H%H UbR Y IeUHT0!

3MTed:
1. iue fdhar ﬁ'@\%ﬁ 0T IR Ufshar el Yurel! (Variant or Retrieval Computer-Aided

Process Planning System)
2. SRfceg IMures eI wfehdn s gormedt (Generative Computer-Aided Process Planning
System)

3. grafss ITure HeIfAd ufehdn i Jomelt (Hybrid Computer-Aided Process Planning
System)

1. %’R‘QE’ fhar ﬁﬁﬁ-‘ﬁ T H’E!T@H yfeear e 1;I'lTI'IFﬂ-(Variant or Retrieval Computer-

Aided Process Planning System)

o B UP IATUH- SR Ufehar TS (CAPP) WUMST T8, St YU i@ o< dwdiar SemRd
A UHRAT IS SUG RIS [aeH Ulthar dioriam 2y 93 I1d 3Tazad d 966
P T HRTTS! T UfehaT TioiHT daR Hd.
3IHAT ARGl AT WAL IG& B al Aai HITrT ATy TReIaR Jurid &l

e cAPP YUSIdI® e (Steps in Variant CAPP System)

RRIC CAPP UUSIHE WO16 Tl TR Sdla:

i. 4T BT 3for aeffemor (Part Coding and Classification): AR IKIE]] (Coding System)
IR e JHT AfRTSE SIS HITR (Parts) U HediHed (Part Families) aF{dpR0T 35 S,
ii. ST GWTT (Database Retrieval): Fd1 YT (Part) WG hedlaR, ATl ®iedl (Code) ATUR
S T YN HEIRIST (Part Family) AReR Ufhdm AISHT SCTaHYA (Master Process Plan
Database) HI-eb HichaT IS (Standard Process Plan) EFITJI‘fGT CLiRSIGH
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iii. JYRUM (Modification): 4T ufear Faee (Human Process Planner) 4 YT (Part)
fafdry TRSIJAR (Specific Requirements) Q:I'Qfl«_’[ HOO! HFS AroT (Retrieved Standard Plan)
HTfed PRl

iv. 3T3TYC (Output): TOTS! I IqE= T 3ifcrd UfehaT AISHT (Final Process Plan) TR &Rd.

2. \_-Fﬁﬁ%' II0Th WT@?[ ufsrar fAras= gomedt (Generative Computer-Aided Process

Planning System)

o B WA UHRH! HUMG! 318 STt Q\Tﬁm ST YT Ao (Pre-existing Plans) 3d&eT
9 1T A4 HFTHTST (New Part) STG UehdT AT (Manufacturing Process Plan)
[IAAfSATU! (Automatically) FEATHARET TIR HRdl.

o YU SdIGA Hadian e (Knowledge Base of Manufacturing Rules), GEZEUES]
(Logic), SARe™ (Algorithms) 3{foT ‘{&ﬁﬂ—@rﬂ‘mﬁﬁ | (Geometry-based Data) Il dTUR
FH& YR CAD AlSed fa2d W01 o5 SiTd IO U i Ufehar ST (Unique Process
Plan) fafor Fat o

S Rfes CAPP WUMeldid e (Steps in Generative CAPP System)

SFRICE CAPP UUTO e fafdy ool Wreteymm! 3ieq,

i. YT 3eT ?1Yc (Part Data Input):

JUITST YR CAD Aled add Jifigd (Material), gfHTor (Dimensions) 30T Tolerances

ii. af3reey o (Feature Recognition):

AP FifAD BT fehaiaR (Machining Operations) 3TYTRd Holes, W)'\IJW (Slots) 3TfOr PEE I
(Surfaces) JRIRT ITe afreed (Manufacturing Features) WHAGAUU S HUgrTS! d
T HROIITS! YIS A NNGRTT (Algorithms) IR HRd.

iii. fFofa adzmd (Decision Logic):

izEoe dRmeiar (Recognized Features) 3for SYd JMHATGR (Built-in Knowledge Base)
3T HoTTat fufg dehama, T Sfiftr fFa| oF] s sazad ufthar FiRad axd.

iv. Tfosar arern fAfEfdh (Process Plan Generation):

JunTe! FfawR 0T sffgata ufsbar aisr (Detailed and Unique Process Plan) ddRR P, L
fafRry giff@ieeo e (Machining Steps), 3TdTH qreE (Required Tools) 3T Hrafeht HHar
(Sequence of Operations) ITaT THIGRT 3R, SATGR U Hedl ATgATIRLT (Raw Material)

3ifaw FRUIAd (Finished Part) 70T ST,

3. grAfIs WU AeIArd uferar fAaie u’Uﬂ?ﬂ-(Hybrid Computer-Aided Process Planning
System)
BIAfSIe CAPP UUTTC 81 IcUTG &ITd aTuRel! SITUTRY YoITel! 31T, Sit Ufsharn fAaemardt |ikie
(Variant) 30T STRICE (Generative) T el et IR THBFIY TR B THIAD .
UM (Integrated Strategy) T® UGdTd BTG ATURe HIAEHT, Tarddhdl 0T SrgHadl
JIEuaTEl 3£ 3ad.
TTAfYS CAPP UUM®! WIaUeh! HIUIE! ThT UBR IHSTT TS TS, 2hd -
i. e felcferaT THTUTT UfehaT AT TR HRUGMS! Skfceg CAPP Ugdldl (Generative CAPP
Approach) AR HST STTdl ST IaRT qUziTe 1RUTGRITST ®RUE UGl (Variant Approach)
qTOR T ST,
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ii. AM® 3MYR UfehdT A1 GIUT BRUTRITS! GRUS CAPP UGN (Variant CAPP Approach)
TR BT STl 0T R ATHH RO HRUATS! SRfceg CAPP UGl (Generative CAPP
Approach) dIuR DT e,
iii. QT YT IfAreTaTdt /e UgdiEn (Variant Approach) dTiR HST ST, TR ﬂ?l'ﬂl’cﬂ?m YT
Afrearardt SFRfeeE CAPP U= (Generative CAPP Approach) GT0R 36T ST,

Table 5.1 @RUe, sRfew 3nfor srafss Twvre TerfAa uftrar fais vome! gixht-adRreTigaR

geHT (Comparison between Variant, Generative and Hybrid Computer-Aided Process Planning

System)
IR NI TUS-TgIfAd | TRfeE JTUS-9giad | grfas Surs-agiard
(Feature) wfehar fie= yomet wfear Ao yomet | wishar e onet
" (Variant CAPP) (Generative CAPP) (Hybrid CAPP)
O gchigral fasmaH JEE N @RUC (Variant) 30T
o Yd Tgd Ofchar AISHdT (Retrieval) =4 Idnltl . ddn'lad 5 SRICE (Generative)
(Core Method) |[TTUTGH &+ 3Ma=a® o ¥ X | JGadl ThHd aTaR Ho]
ST TR Ho! SId
SGO BHO AN EiGI]
UfchdT AT GvT
Inout Tdhic GIhRUT HRUGTITS! |[Iedhi afXrees) for (Retrieval) 30T Tag=fod
i€ (Input) EIRCIl g4c AHIagdh 3l |[Tolerances aTR®! Srard  |[fAfHcdt (Automation)
GG
AUIST! UTced! ! . N
LEPELA] (Low Automation) 3d |G- U] SR T (Moderat HEH
(Automation) |[Hd IBIUCICE (Judgment) (|(High Automation) 3 ( (,) era&emﬁ
A Automation)
[EELIEREEACICININ _—
prderAdr (Part Families) BTI&H, TRq ZTWJ&HW q(?e;%\igs) PHIA&HAT 30T Fatadal
(Efficiency)  |[@Fg TSI MYV dBWS5 | . ! ‘imﬁ i JHAG JTST Al
3 JdqT® Sflazad
. JUG TRt Tdd URRYAId galae |Gl Usdid B U
Flexibili (Templates) HATfGd TSI (Optimal Plan) TR |[dhedie afdandl e
(Flexibility) s ferpen o AT SR R RS IR o
Ui aT Tl UGS TIGO Standard) ST
ST (e wedE @[S e (Complex Parts) | O andard) ST
o . g (Unique) gohid
(Best For) RS (Similar Parts) Ucdh fdpar AT 3aI D e TG
3y o! M

5.1.4 CAPP d SUGRT (Applications of CAPP):
« CAPP g CAD 3701 CAM WuTe 9t Agwardr gal UM 1 $Rd. [$e-d Idre ufshdd

TR Hd (Manufacturing Process Plan) 30T Ufehan Srafaa-ia d Hae™ dad.
« CAPP St SR fAfRed, T 116 fAas, m2iF ¢ FMas snftr w=i= ot fAfRad exoard
EIERIRSREIRE AR

Maharashtra State Board of Technical Education

88




Industrial Engineering & Quality Control (316362) EE%'QFI AT of rferdt ﬁ,\?‘? (316362)

o CAPP TSR do5eR SHIHUTT UGH PR,

« OH®IHd 99 (Standardized Rules) 30T Ha1d ScIawdl dTIR dH- CAPP Ui AoHT aTd
J 3 3dd SIS F¢I HH! glard g uradl JUR.

« CAPP 1 TR JdTE Ufohdd dlfehap a0l (Production Rationalization) ®RUATT Hed dal 30T
UfehdT ATHIHRUMGR (Process Standardization) JHTAdT ATG .

o IS ufshar Wdafed erges CAPP IdTEH Tl diedd, Z¢ HHl HRd 311 g 9 72t
I 3PS DA S T HHT B,

« CAPP 91 IR 3icHICE SIS U, RIUY UH, SEAN-h TAFOIo 30T SehTHiS
IRATHD UCh AT (Automotive Body Panels, Aerospace Components, Electronic Enclosures,
Structural Elements) 3dTGATd DT STl

5.1.5 URURY® ufshar et efor CAPP gt gar:
(Comparison between Traditional Process Planning and CAPP)

Table 5.2 URUN® UfehdT i 3101 CAPP idt ga-T

afdrseg TR wfbr e . roAi i
(Feature) .. ] (Computer-Aided Process Planning
(Traditional Process Planning) _ CAPP)
3{IHT, F AT 0T (Judgment)  |[GTTed3R, fFofa o, sremfkew anfor

M' ‘3{ Et'hi' 'dE E'l giaR YR 1AM (Manual) &1 |9y AU Waafed Ufshar
(Methodology) SITOTRY Ui (Automated)
gl AT (ATISTh oS UichdT Aol |RIRTA S0 YHIO (Standardized)
(Consistency) AT (Inconsistent) Eﬁ@ ZHdId |[UfHaT TS daR @?ﬂﬁ
3maTS! HreTadh BT HH Hearde Uihar Ao Bt R q -
(Lead Time) SR des STl P o
STTRTD DI (Skill |[3TT HRTS AT SIHAT HHART HTRIB G HH! HIR TP,
Required) HARID PLIGIF B IICEE]

A A gy (Human Intervention) |[HTd! &y ol &I{-Ic'qlljog STl

APl (Accuracy) | sreare sl o S

CESICEIETAYI g TR ol Fc 2/ AU |[TUDRIGR TR Sl e 2NC D
(Documentation) J IV HAT0T 3 ZAhdld CEIERIPERGIG]
THATDHIT SR IUIH-TRIRAT Uue Niad U ||CAD 30T CAM UUe i aeie Agwardn
(Integration) B! B0l FEIRSYG! BT B
gpodm Ta fegmeA fhar damRl g |[Hd dasE Ulthan diei1 SrRrdad
(Adaptability) 0! Y 3R HR0I AU SRTA
@ (Cost) TR AISUT T HH! 3l S
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5.2 TIUTP FRTRA UG fA10T (Computer Aided Quality Control)
5.2.1 UREA (Introduction)

0T - TR TUTaT 8307 (Computer-Aided Quality Control — CAQC) Bl Teb Ui I[UTal SHTRATE
T U 3HTe, SUTHE 0T, YOy, Tadafed HISHIY IR0 ST Jged 3R T1eM Il aTiR He
TR HSeT gl Ul quro! SiTd, fARIE0T ool Sid, JedieT dves Sid 31101 Fifd ot . &t
U 31, JTTa 10T fazarTg Juraa Fuumare! fefoes qumult ufshar CAD/CAM JuleIed
THAd B

YL G YA Uchidl JHTART 3l ;

1) TV -TBTRAd TURIUI (Computer-Aided Inspection — CAI)

T UfohAAed ITGATE! o1 NS (Design Specifications) &l - JUTUR hot S, AR
K T (3D Scanning), CAD TATS® & 3T fafdy I g gt aruRedr SiTdd.

ii) ETUTH-T@TRAd aravft (Computer-Aided Testing — CAT)

1 UichAred ITGTH BIAGHAT ST feHTS U0 qUIIUARITS! TuT (Stress), TAGRUNY U
(Environmental Factors) 301 ScR AR 3{JPRUT (Simulation) LS

5.2.2 HITUT-HETAd TUraT RS0 (Computer-Aided Quality Control) SfED:

o BIAM Ho! AR TURIT HHT HIUT 3701 Ad! b1 HH! HRUL,

o aIdfod YUMS I BRI durguidt 3 dl (Accuracy), BEC I (Precision) 3{for
GRIGT&HdT (Repeatability) dTefdol.

o JTGATAI ‘JUldaa UE-ac [RIE0r (Real-Time Monitoring) 3for fAgEr (Control) ﬁﬁfﬁﬁ‘[
P,

o TUIIOR Ufeham &€ CAD/CAM 30T CNC Voo ied U Hd $HR01 g it sromadh Ha sl

o TS Aol IO QY 2NY (Defect Detection) UfdhdT Taddfod o,

. fSfSres quemn GEIUGSIRUT (Digital Quality Documentation) 3HTOT ARTIGT Aidl (Traceability
Records) diRR P,

o JUNUTET SRTURT 98 St e ITadhdl diaidul.

o  UAP SATGATE! U (100% Inspection) B FIRADIT TAT qUIRIOTE (Statistical
Sampling) TRSl R HRUI 30T MEHIUAd 1Y UigIauardr il (Defect Risk) HHT HR0.

5.2.3 WU -TETAd ToTadr IELENIERCIN (Types of Computer-Aided Quality Control):

1) 0T - TR TURIof} (Computer Aided Inspection — CAI):

fAftfa gewi<h ufummes ST dl JUIUITST Coordinate Measuring Machine (CMM), oW,
Uiy 31701 Wb JRRG! e aTiRS! ST,

i1) U - TiaArd arauft (Computer Aided Testing — CAT):

L G0 - drerofl ST (Computer-Controlled Test Rigs) AT0R & Tifd®
(Mechanical), ﬁ_cfg_d (Electrical), 3WI (Thermal) fohar yafarufig (Environmental) URRITS!
JATGA Whafed Aol ot ol

1i1) U - AT ToTadr IELEL (Computer Aided Statistical Quality Control
— CASQO):

UfchddIo deo MARAd HRUARITET SPC ddd, AT 93 (Sampling Techniques), UfohaT &Hdl
ST (Process Capability Studies) 3Tfor it g fazdwur (Statistical Analysis) IR ST,
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iV)WTW-WT@H ﬁiﬁ?ﬁﬁﬁ (Computer Aided Metrology):
3 AHITS! fSfoee IuaUl aTiRe! Srdrd ad CAD HiseqHeA A¢ URATuIdl ysdresult

EZACIA

V) Taaafod €29 Ul yunet (Automated Vision Inspection Systems):

Bﬁ-ﬁ@?ﬁ[ﬂ‘-—l B (High-Resolution Cameras), gfaar ufssar (Image Processing) 3for ?ﬁ'ﬁ[
Ej@ﬂ?ﬂ (Artificial Intelligence — Al) dTU=+ T (Cracks), T (Burrs), Y8HIT ay (Surface
Flaws) fdbar qaﬂ%ﬁ 33 FMYS! S,
Vi) iU -HeTiAd ufshar fasron (Computer Aided Process Control):

HTIqU TUTal RGUATITGT ATYHH, &6, T 10T Tool Condition AR I ATUE S Tede-
CEARRELI (Real-Time Monitoring) & Sl

5.2.4 TTUTH-FGTAd UTaT =0 SUART (Applications of Computer-Aided Quality Control

— CAQQ):

CMM 1 YT TifAd HRTRT GRS Jurgoft,

o TR fESH HUE TR Ho gEUNERIS GV MY,

SPC dadi=d] graM SdTe Ufhad fAtemr,

qUIGUT 3(gdTe &F@UIUWT‘IT AT fefore® qeaudsiiaRu (Digital Documentation).
3T ARG ITe-AH e TUraxd qureuid Wdae- (Mass Production).

IR T Ter Regd gioraiii.
-1t ScdTa- XN el qurotl guret,

5.2.5 URUR® Turar fra=ror for Seureag A Juraw fH=ror gist ga1-

(Comparison between Traditional Quality Control and Computer-Aided Quality Control)

Table 5.3 TRUR® TUrGwT [UTT i gaT-
HTUT%-TTRAd Jurar f=ror o frg
Ay (Feature) (Computer-Aided Quality Control — .. 1 .
CAQC) (Traditional Quality Control)
S Ao durIull SREA e 98] Udd  |[gTd™ qUIUlt ol STd d Wi
Insmection Method HTchId! YU JURION B! ST AT U TR STd (Manual,
(Inspection Method) (Automated, 100% Inspection) Sampling)
P I BRiGHAT  |RIAISAHS JUNUN oG d H(AD BT JUTRIUN dhedTdes Ufehar de d
(Speed and Efficiency)|[@TH&m BId 3107 wToT@eh wHt g B HIAEH 3R
(Afclufr'a' ﬂdaf' i T o] HH! e 3Ed, YAId d  |[EHadr gl 9 Fofaidie mreme
Consistency) SR Pl 3
[T ufhda e I gaTeRied SR HTEI: IATGAHTR o Ufshan
AT (ntegration) 7oA S RS S U Ol &
ST ST faze T nﬁwunwéaﬁufwa?haw&r-aaaﬁm?éa% Iaﬁi 'ajﬁ'ﬁllé e
(Data and Analysis) |[f02o90 &5 ST (Real-Time Analysis) Reporting) (Manua
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0T - AT ura =T o frd
afdrseg (Feature) (Computer-Aided Quality Control — .. ! .
(Traditional Quality Control)
CAQO)

RICERCIEERIC TTUTeh-RTIA U], HT0Teh- eI |[hOTR, AIFhIHICR TRIRE! I

(Tools and a0 9 AR @S ToTe! aTuRedT SITdTd [aToRe! SITORT HIe aioRe! Siard

Technology) (CAIL CAT, CMM, Machine Vision) (Calipers, Micrometers)

(Cost) SR 3170, TR SI9PTo I @ d HHl gl .

5.2.6 TUTGT %30T |t d3R (Quality Control Software):

TUra AT Wit d 3R g ora Aafid UiehdT TaRITUd (Management) 30T goH
(Streamlining) HRUARITS] ATURSG STUIR {SfSTe® THTEM (Digital Solution) 3Tg. ATHE SJUISA
(Compliance), W& (Audits), GIIUTSITHRUT (Documentation) 30T FHT fARTHRUT (Problem-
Solving) JRAREAT UfehdT THIfAE ST IdreH fRufia aH® (Standards) {Ufaﬁﬁ 3Ted I @
Dol S

MUCEI ford=or Aited 3R IerEvut (Examples of Quality Control Software):

1) HRCXY EIE-']?F (Master Control): ASICEAEE] (Document Control) 30T e fasra (Product
Development) TS IURT UG Pl

ii) PSS (Qualio): TG TGN HMHS (Quality Standards) JUf BT AT WET HRUIAN Aed HRd
T A-HBHY IR (Non-Conformance Management) 30T Srety fazoyur (Risk Analysis)
grATT afRrsed UaH .

i) A= fefores 33'\@3[ TedsR (Siemens Digital Industries Software): TUIGT AU
(Quality Management), 3ITUT& (Compliance) 3{foT WQW (Continuous Improvement)
YrETdt IURI YT R,

iv) SAP S/4HANA T[UTawT GRITIT (SAP S/4HANA Quality Management): THTUT S3RUT
YU U U 3R ora (e, =T Snfor fAteror sxoary Aed &l

v) RIgT PG FOT3S (Veeva Quality Cloud): TIUT TRITST TGN TGRITIT ARG
(Enterprise-Wide Quality Management Platform) 3Tg.

vi) SR[SR T UCUTSS UTa<T STaITa AT deR (AssurX Enterprise Quality Management
Software): SYNTATA! FAqHTARIS TOTgdT HGRITYA TUITS! (Comprehensive Quality Management
System) Uald G|

5.3 TR0 -TETRAT TURIUN (Computer Aided Inspection — CAI)

5.3.1 U= (Introduction):

0TG- TR duRIui (Computer-Aided Inspection — CAI) T80 AfHd gewie quroft HRuamrst
U7 - TR YUt (Computer-Based Systems), I (Sensors), ITFed 3R Aq1eH (Software Tools)
30T Tgafed IUBRU! (Automated Instruments) AT AR 819, CAI & CAD Hiswd 31T f$foies
AIoTe FIEYRN THAT B 3D, Toq 30T 3fdd TARIGRIIEH (Repeatable) Ul RARRad oxd.
& UMeT 8T S e qurull Ugdi=ar Fafar (Manual Inspection Limitations) G R 10T Ygef-ds
(Real-Time) ad S 0TIl Ysdlod oft (Quality Verification) TG P
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5.3.2 TTUTH-TETAd duUTHUIT SfE® (Objectives of Computer-Aided Inspection — CAI):

fAfHa sl 3 STOT G-RIgRiET TURITT (Repeatable Inspection) HRUL.

JATGATT T[OIGT SHTFOT GEITTaT URUI.

Ul SrigmdT SMIfor JeTeehdT drefdul,

BT JURUNaRIS Sfadiaa HHl HRO1 30T AHd! bl g HRUL.

Jurgufl ST CAD, CAM 30T CNC YIS EIed Tehfd v,

Ufehar FAUMITST (Process Control) UI&-des qUU SHURT (Real Time Feedback) UG
DR,

Toradn ST fefoies gxatasiiarur (Digital Documentation) 30T ARTaT (Traceability) G,
Y FAPR &ﬁw U (Waste Reduction) 3foT Q‘-—I?ﬁq (Rework) HHT BRI,

5.3.3 TIUIH-HBTRAd TURIUIE SUART (Applications of Computer-Aided Inspection — CAI):

CMM (Coordinate Measuring Machine) ai=- URHATMAS TSIl (Dimensional
Verification).

RERESEN (Laser Scanner) 30T YT Hdad (Optical Sensors) dluz=- YEHNIT TS
(Surface Measurement).

oo gumst (Vision Systems) dlU=- TudhRigd qureolt (Non-Contact Inspection).

LI (Impeller), [ CIER SV (Turbine Blades) 3{for ‘idl‘idnlﬂall PR (Intricate Castings)
YIRARAT ST ATHRIAT HFTH! qaryolt (Complex Contours Inspection).

I YR (Production Lines) Sicig AUIUITST Yd&f-des quryoft (Online Inspection).
f&fote® Aol AHedsR (Digital Metrology Software) aTae- CAD Hie® ST fAfHa Hrm=h

JoH.

5.3.4 URYUFY® qUTHlt (Traditional Inspection) 3MTfOT VIS -HRTRAT TURIUI (Computer-Aided

Inspection — CAI) il AT

Table 5.4 URUR® TURIUH (Traditional Inspection) 3TfOT JITUTH-TETIAT dUTHUT (Computer-

Aided Inspection — CAI) Tidl gaAT

URYUN® TURIUN (Traditional || HTUTE-HETRA AUTHUT (Computer-

e (Feature) Inspection) Aided Inspection — CAI)
HRITGA HISTHTY e g ok aToRe gTaM |[CMM, T6-1Y, T G haR aToe
(Methodology) (Manual) dUTOR LEREIRE (Automated) TISHYg
3@l (Accuracy)  |[BHI T, IR AT |[S 3], IR ISR W

ST (Consistency) :jl&lﬁmwa; Yehdl d gg ORIGTEH d aXgS; 24/7 T
T (Speed) JBWIS,; SATGATT 3SYSS AT ||HTT=™ oM Ufd a9 §SIR] geabidt

B Hard urgoft
faeaRemTan I IAES! 3ags; fid (I [aRe; WcdsR/ETSd3RgR Jgo
(Scalability) AIE d UfRIE0 Sazd%h qH a1 ad
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AR (Feature) RO qUIU (Traditional | HTUIS-HETAd quresft (Computer-

Inspection) Aided Inspection — CAI)

JUHIAT (Suitability) |[arjdiear YfEdael ara gt |[Sfce 9 Gad-3TbR gEUITSt arg

CAD/CAM @ CNC Yure it guf

UehAAIHRUT (Integration) |[CAD/CAM i ThATHRU ATg]! 5

ST IR (Data [ BRIGIUTRA Ale; TaRITAA d fSfoTes S greaul 9 Waddafod 38dls;
Management) IEER T oY fazowo

LCE] (Cost)

TR g HHT; ATew, Kaod,

A ST T ST TR AU SR, GradbloH Td Bt

Exercise:

TLO 5.1 List different types of computer-aided process planning

1.

kv

List different types of computer-aided process planning.

Explain steps in variant CAPP system.

Explain steps in generative CAPP system.

Enlist ways in the hybrid CAPP system for implementation

Compare variant CAPP system, generative CAPP system and hybrid CAPP system

TLO 5.2 Describe computer- aided quality control

1.

2.
3.
4.

Enlist objectives of computer aided quality control.

List types of computer aided quality control.

Write application of computer aided quality control.

Compare traditional quality control with computer aided quality control.

TLO 5.3 List quality control software

1.
2.

Explain use of quality control software
Enlist names of quality control software.

TLO 5.4 Describe computer- aided inspection

1.
2.
3.

Enlist objectives of computer aided inspection.
List applications of computer aided inspection.
Compare traditional inspection with computer aided inspection.

TLO 5.5 Compare traditional quality control and computer aided quality control

1.
2.
3.

List advantages and disadvantages of traditional quality control.
Enlist benefits and limitations of computer aided quality control.
Compare traditional quality control with computer aided quality control.

TLO 5.6 Explain CAQC, its objectives and relevant manufacturing example

1.
2.

List objectives of CAQC.
Enlist applications of CAQC.

Maharashtra State Board of Technical Education 94




Industrial Engineering & Quality Control (316362) 3_5@11?[ AT of rferdt ao_cfﬁ'? (316362)

Maharashtra State Board of Technical Education 95



Industrial Engineering & Quality Control (316362)

geficaa EafT sfe w1ferd! #ele (316362)

Bibliography:
Sr. No | Author Title Publisher with ISBN Number
Khanna, O.P. Industrial Eneineerin Dhanapat Rai Publications(P)
1 T rfem & | Ltd., New Delhi, (1980),
& ISBN-10: 818992835X
. Statistical Quality Dhanpat Rai and Sons, New
2 Mah M.
ahdjan Control Delhi, (2006) ISBN-10:
817700039X
. . . Khanna Publishers; Special
3 Jain R.K E Metrol ’
am figecting Hietrology Edition (1 January 2022); Khanna
Publishers ISBN-10
9788174091536 ISBN-13 978
8174091536
M. Groover Computer-Aided Design | Pearson Education; Ist edition (1
and Manufacturing January 2003); Pearson Education
4 ISBN-10, 8177584162. ISBN-13,
978 8174906700
P. N. Rao . McGraw Hill Education (1 July
Computer Aided 2017) ISBN-10 007463103 ,ISBN-
5 Manufacturing 13,978-0074631034
L C Jhamb ) lanni Everest Publishing House; 12th
Production Planning | g 4ition (1 January 2010) ISBN-10
6 and Control 8186314725 ,ISBN-13 978-
8186314722
T R Banga , S C Sharma . L Khanna Publication 1 January
Industrial Organization 2006 ISBN - 10 8174090789
7 and Engineering ISBN - 13 978-9174090782
Economics.

Learning websites:

Sr.No| Link / Portal

Description

1

https://youtu.be/6ZevuJICFBM?si=X5vCKOGAHSIU21m7

Process capability Cp, Cpk, Pp,
Ppk, analysis in MINITAB

https://www.youtube.com/watch?v=gJDYV2SmFeY

Introduction and concept of

2 productivity
https://www.youtube.com/watch?v=KNFZXNWY Vno

3 Work Study: Basic concept
https://www.youtube.com/watch?v=y6NKspIn2XE

4 Method Study: Recording

techniques

Maharashtra State Board of Technical Education

96




Industrial Engineering & Quality Control (316362) E_S%HFI AT of rferdt ﬁ,\?‘? (316362)

Sr.No| Link / Portal Description

http://digimat.in/nptel/courses/video/112107259/L01.html
5 Introduction: Fundamental

concepts of quality, inspection
and their role in manufacturing

https://www.youtube.com/watch?v=yYIVumq6sVM
6 Production planning and control

https://www.youtube.com/watch?v=gb3mvJ1gb9g
7 Statistical quality control (SQC)

https://hcmindonesia.wordpress.com/wp
8  |content/uploads/2012/1 2/introduction-to-work-study.pdf Introduction to work study:
Edited by George Kanawaty

Fourth (revised) edition

https://www.youtube.com/watch?v=oMEXLiANqMU
9 Computer aided quality control
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