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ABSTRACT

In a dynamic environment, cooperation between organizations and scientific institutions is
gaining more and more importance. This cooperation is reflected in solving complex problems
that arise in modern industrial systemssich as increasing the effectiveness of production
processes, improving the performance and-weihg of workers, increasing job satisfaction,
preventing injuries at work and improving the health of workers. The aim of this cooperation is
to find innovatve and specialized solutions in critical areas such as ergonomics, safety and
health at work, organization and economy.

The main goal of the dissertation is to improve the effectiveness of production processes
through the ergonomic optimization of induatriworkstations where workers perform
repetitive, monotonous assembly activities. Through an empirical case study and practical tests,
it was investigated how ergonomic optimization and improvement of working conditions can
contribute to improving safetyncreasing productivity and operator satisfaction.

Advanced experimental research in the field of physical ergonomics, organizational ergonomics
and neuroergonomics was carried out in the dissert&iqrerimental research was conducted

on an assembly workstation in two scenaritvaditional (norergonomic) and ergonomiche

case study represents an integrative multimodal framework for the simultaneous monitoring of
the operator's physical and cogret load using advanced methods of electro
psychophysiology, tracking of eye movements and analysis of the operator's body position
through digital modeling.

A multivariate analysis of the results of monitoring physical and mental workload, monitoring
bodyand eye movements, productivity and defects showed that there is a significant correlation
between all parameters. By combining the results of research obtained by applying these
advanced technologies, the contribution of ergonomic optimization to theverpent of work
processes, which is of essential importance for modern industrial systems, was thoroughly
examined.

The results of the conducted research aim to provide practical guidelines for designing work
spaces in the industrial sector, as well asdaotribute to a wider understanding of the
importance of ergonomics in the optimization of industrial processes. The contribution of the
dissertation is reflected in the quantification of physical and mental workload and determination
of when physical fajue occurs, a drop in attention and concentration of operators in order to
increase productivity and reduce defects at assembly workstations.

Keywords: safety and health at work, effectiveness of production processes, ergonomic
optimization, assembly wkstation, golden zone
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dLt©O) jd tihj <Ok diydfO¢dH fMisf] dpdygdiReidsO2 0 G4z)ls tsftpl
LOC? Zyd dzd 0@ daf@ Ytfstsdzl ' j dets HO t5B O9? @ W tSedsndd) &
2O wOHds® MisOddyd, tdd Mk 21, 2% tOHdSE otj
GjLEzdsdteOds MHBOS G Gddid " ffestsdj <0 0 LO 27,509
Okls tstc d Rdsl@fsiJCBtraker 2002) Md3OtcO & HO MmMj dzO 9 j <
iCfilBdls jlsd O ‘09?0 COHO ©OHdIJYd SBOO? 0 ' OCL
sOCE' j, tt@OfBlistgd Hiske), NE0OEI OLOdd &O LHEOs Mo j
HEeslsicO' dzsd ©BO9? OO OCIkdodssimisd b Mlsts* j<jd o

{BO8” 0] O0OCIdodtsiisd & ffiplytf tsgezjuds” ff tsdpgy & I d
COHO MOt LORIjoO tSH OHAECO HO yYifmlsts dL o 51
ojddSdds fteiHBIISdBO, ddzd SOHO " j flstcjBdes HO
cOHddyd BO o j<k &seBdddzdshmls d ZO&T J dO&ish oeHDOEZ] ¢
sCts tcOHdzj MIsOdedyd. # Htoke] MbsteOdzi, MiHJ<d f¢
fsmzsod bSCd3 HEYjE HfjtedsHO otjd3jdz®@ d CtsH
Cdzstesdz f sCtcjlsO kS k2.

V dzdlsjtOlkzted M CO GMase ted Y OUOEHiIs dzOH L d
CshlsOdzgdr st B3I <O O d Hwkzedm HtotsW j MdsdOdzdzd -
dz0o tsH j : ftoed d3j 20 Mmd dz , dzj j e sdesBME 5 HeY OF j &
fidrsmMtsyd” Odzdzd W OSCItted, WwWdLduséts d ¢ fisdzfd yst
JieotsdtsddMCd kMmMdzsed k Ct° ddBO tcOaraygid) dH tsB @d > O &9
Shikdard Garbie, 2011;Bevan 2015 Bernardd Htkzce)d., dBBM4d O ¢ & Mk
Ozksddithd HE©kzced, 1999) o fsCOLOZO HO " § tc |
CoRRf sdzj dzZlsOBO " HARSC BBt dZ@g dzgf € © L -Ots hdsGEhpisdGRdz0 ¢
fstcj &3 <O° O

dEzlststc (Ble@asilO 201 6)H Of fiflsl] yf sdz0o > O E<d Yt Isc
WOCIstste todL dS¢ @3 t<GizbdzO OO C § StesjGBt< Q,0 MiskzHd " §
M csdOiddgBardd Htolkzc Hanssdrf 0 4 fclzc d, 2000) Mk f8COL G
LedzsBtsodd@3d® d ttkzCOBO Yoo jLOdd MO BBOSO? ¢ jd3 -
Ch IsOdzd - fstej &5 <O O His&OWzl yjkz ¢ safdnzts )0 wdal]
Odzstesf sd3j Isted " MEddz COOCIsjtedMisdE OBO twWOHAEO (
sCtsdzdded. vOCts' |, StcOHdydtsdzOdzdzj tOHdzj MiIsOdzd Y4
HJ dzte O, CoBRf sdzgj dzlsd sSOCts HO M twPrdafigfd s b5t
H 59 s HYdtc Bitts] M d dslg@®RdEdF O d MdiZOC j ¢ 0 MMt datsmisd dL

dlsEHd " O ¢ t° OLEisisDepyds srotg2dXfif1) B O ddzO Mmd dMmy
fodzcy 0" O Isj dzO tOHddSCO Cts5° (d sBOO” 0 'k ftesdlL
RMstcO)y do Ok L'Q WdB0 HO dHjdsdWdSE" ] d JodHjdalsd
ssCsd3 tsBOO? OO tlOL d&ZdJydlilsdn OCIsdo desiis (. ] &zO o
JZzdBdddd MO 2 dWdLdsdsh Cdr oty 0 0 Isjd&z0 E
Bdh d<Ldsety sOdzdr ftstej &3 <O O.

AdLdusd.dL 8d Ode] , fimdrtsmsyd Odzded d ddzH do
fejmMerdzz dzsck & s -O60ls6ddd nisDERiHEsn&a0)d < dzt



OC M EOLEO HO @B KOG <dgiste] Bj <0 | bk ojddlt"
fMsyd Odddu @OS jswEgoughd Hikzed, 2012) Mk k¢ OLOd
fMdRsmsyd Odded & WA ldstOt@ Nd tsBds" dj < dats

lejedjHisd ddlsj cOlkeddi dLoBEO LdGoyss ? j d
dilsicOy do OUS 5 (Ol PieAxjjd®Q S OSs BJ Mj J d
dzj J te ¢ 5 dzIf§fLidss0 §d MY teyd dfEABBYISO d@fprO § S @O KO O
flscOdzj, ®Ok] BEs® ©OHEBOO * | Giod &OhEiRog cdd {
Lot j° O s dzls Oxddzdzds o @S lxfcp o0ty ) lsis dzls O dzdzs ¢ L OB ts O

ltesdLotsHdzd ydS dzzmd dzO0 ®HBOH dgd di3 B OG dzdOy @REALZJ di
Hy Zso d 30 d SCodi3f tsdzj dz2lsOdzO d o ydr des mM< &z0f ©° §
ftesdLotsH Mk d@GOdzd "kt &ty ftoskzLrtesCtseo Olsd f O
ttydzse MOMISOo? OF O Ctsdf tsdzj dz2lsd d HJ dztste @y d 6O H dzc
fcsdz0o? 0" & odhj ~"d?OHO kO E btk t©OHd M
Ctsdzyd dzls tc Oy dFiskerld H0OHI )z. (s Ot fsmMdziHdyoO, (e j <O
ZO t©OHEZ d H&OLd HB MdBOT j ¢ 0 { tctedrdls drotcdatshyls d
2014).¢ ZIstsRagby Htokzecd, 2019) IOCB' j dMmduyuk HO ¢ tsc
Esdyd dO 03k d Mftsmsedshls tOMikz' do O ©. v daj
sMisOdzz B Iz H dzdn dg@fdzj ‘HO dEOEddajcdzlstcOyd " § d § O3 ¢ §

40O s <O jd&3 LORLYBO] €w@H@zdF,] LPOAIS@CP &3] dzls
(Hockey 1997)1 © d3j dzls Odzdes tsfflsjtcj<j®j klsduykz Mmdzsy j dash
M s dy Stddd] (BESO, sfme jlIs? j°j, Isj &3 j e Olszte
(Ctsedzdlsdodzi MM desMmisd disBOY des Wd Iy Yisfddsd €, HIOE
mMstej i, dOELsHfddBfBO@tczed, 1989) d2O0 S tcdzdIlsd o dats
Bited EBEdukz S$tdduyddd fshdzd Stk " J ddtfn tSH S
dmS zig®e €&J ¢ ¢ zGfasd Htickzed, 2011) Mk dmMlstcOy do Odzd
gL Mfs? Oh ¢ je Bl 0 Ebdukz d&O SCscddlsdoe dzts
C(sedzdlsdo dzO MO © EZIsdyk dzO f oW stedsOdzmj t6OHded €

v BBO9? O 0O Bdlstsdzdrn, tdzOo? 0" E<dn dC
d SCotdssfdjHsdzOLd Hts § OHO { Ofits 'j ERidizlsOsials jc dzlsLicEDL
(Bergmand Htelzcdsaizozjs)fndzc;Hq’u SSEO HsdOLd HE M
tcOHdZd €O d 0 j<O"0O HJWJjCOLO O k& dzgjSddz Mk
Hs<d HB fsotcjHE@odeB ts@islg tcj sgs&:glzo[lﬂtsatsm(mfuscﬁts d3d dzl
HiclzGe d, 201 Fipnsgarddz s stef ¢ o , 2008) Mk ¢ 0OL Odzd
sflsjtej<jj] dagj cOldodes Eklsdyk dOF If tGecei$ lsdodzdztsf)ls .
2016) Emdzi H 34 dzls Odzdzy HdQicd ° Hdzs MiilsddO ¢ t§g O Odzd SO ¢
ftosHECIsdo detsisd . Falck dcRasdnquisbz 1292 @ ) ( ° J ZC OL Odzts
Csedzgdlsdoded LORIsjod k Stsdi3BddzOyd d MO tOHded iz s
HJtoj Slsdets HBBeaBBH] HEB s O ctjh OCO.

1 o GRIststeigrgg®dEklund  1995), Isted kSO " jJ 9j<0O ¢
fts" Qo] HJWJECOBO ftoeddzd i sd3 BBOO? O ©® L OHOISOCO
LOHOYd i3O. 1 totsté O HodmBP OO (&SR JL o' j ¢ O d3tsdzls Oy dzd
ftso j <000 Mmj MO { 5o j =B tgjitztshfndstsly j¢dssyldsiiz] flzlstdOL di ts
Cts"J bteijBO dqLotehdlsd dqdzd ESCtsdzdits BsdlsOy O L Oals
cOH@&J v dzdlsj Olskzted MJ dsyJ HECEKL]Z olf dtrdcy dzCRidiAs Iz
dL i3jdzjltf so t5? dzd & defz @ eizfs shlsjdiScj ‘Bz Cff 5o j <Odzj Eyj Mmls
Gtoj " AlYe®] (H oz (HabibJO HBszcd, 2C@k3 )Y St QEBMISO & kM
dzj 3Ot Of O OH O ¢ tsdzyj dzls tc Oy dic QjH, edgjlsdals O dzdzts ¢ L O d3ts te
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[ sdzls Oy dzy OSIsdodesisd My MBOLKLO & WdL dysd
Bsdslssdzddd d w©WOHd]yd ddn &O yjh<j B0’ 0" E B
ZteO' jdzdd3. t OHded yd ¢ t5° dffdzj=ipCo o7 & HaizlsHotsjdzizO CdisOgHe  distssir
OCIsdodzsmisd, d&BO & BOds MdzcBtH] Fteddzd S sd3 tSH OE
HO HEtdERj ®H dz BO" E fteddzd S & H O (Bdbgadfftc @ toliz cfigts §f
97) , O s "jJ HO”J] ftojLOdztMelingG detfigCS oz 1 OM ¢
ststdiflsend Httkzedhikz 20 OPfideed s? Mlsoes dhmf JlsOded € O
@y dzj tc Ow dais i) B jlsdffCs @BABrysond Htclzc dQswaki@ 1 dtclzc d ,
015) LOHBaB? Mot ohtztbdRBRY OY Qs gy giz. Ok |
ockermard liImakunnas2010;Bockermary limakunnas2009)dg Jj tcc sdzs i3S d EMmdztse

Htseo jMisd daf sOH sty <PE DO tOHdzd ¢ O. 1 0 tMdas:
¢?kydsd HO fomiss d fsbtjsO LO fs8B°"05 jdk
HEmisted " MC g ®Ctdayjisdg. “J o0y desmisd HO 5o O tol
d BO jwoodsdnNidd feddQi@dBOseL Qo Oipdss gl it g
qazdé¢ sz HdL O dzdtc O O OHdSE Stk 0 E Ct° j
ZsO) i ESCOL E' & fifls teQoj] odaiyCdegdy o attzncddNeuman@f0 O ;

e} 2002) .

"4t dwiSClsdoedesmisd ffjite s dfi oisdaadi~  SYtd
O¢j, 0O0dOdJLE d JjdadBddddmO® | Jjtctds
9?0 E<dr, dBodslktddr O0CIdo dtsfisd
59 tGJHO ZO t©OHE d tOLddr W jmd
sfls W OC Iststcd d3@3JB off L<CfiE0s Gedad ~dzCffiydsta)jdeg jC
z fsdiis<bkz OdzeS jIsO, iffMmjtdigmsed j d
13)0kIsBhofd difglddlz 2001) E oj<dded Ml
dzj tc ﬂfg@isujad:ststeo Bdhd<O, O B jCIsdo daj
Gsds Bes & M dsOdd§ O.

tco Oydodzgj] BB H] Mj BOLJdELO & dO § tsMdOls
desfisd. [fMmjweoOydsdy &jbssHj My MfsesH
LOHOIOS @,L odptizd ¢ ) tOHdedr OSCIsdodetsMmisd Mmded BO o d H |
BZOC ZOH dzgs OdzOdzd L O & CtejiIsd d Basndatdp2@B8)d Is j dzC
“d dreth jdzO ftetsyj dzO LOBLO BIMNd<O ftoddzdC tsd
Odz0zdL b {5CEEBOL OEmBY &agddr OreEdEd2qll) kyj
Mk ©WOHddyd C¢t°d Mk tBO8? Odzd dBtsdzls Oy dzd OCIsdeo
1 sMdzOstcOded Mz d HJjLO? degs OdgOdzd L qtcOdzed tsCtojIsd
OHddr OCIdodasfisd.d (HQ & djls Qdsodis fidO HfdisS AgjCapis 5 f S
COo¢ts Bd My dzq’d3cfdzc{fr]Odzo[ dzj j e sdesdBZ3MEd tsCtejlsd
)
]

TN ©

I&qqg,'_ﬁ_a I\J&-G—H
@
N

© O
= 7
w(‘.’)
&

L
7%
&
g
VLEQ

T3 TI3IIT T
@

ANg-o @G- T
g o N

o= QO

(Rogéd HEkc(d, 2oo Nk fded B8Odzd My sOdedTj o qH ¢
ssStd dLot' j° O)kf wtas)’ daudafifdzfif@d odhj (sCtjlko
BjcOdodts EZlduj d&zO §Oy° k.

sO ftojHdsMIsd ftedd3j dgj BoOj dgjIstsH dzOo SH J
ddzodzd " MC O EdzOEOT ©. sOts cdzOodzd dzj HsMIsOIsyd t
Jftcj ydL desfls d tHawtHerhef sigBI©IsdzO Clist af. ] tHdshd
sdzOLd Hts fsBB?h OO0 fJjWstedgEOdimd SOHO | ©OH
tcOlsd BH MsttOdzy dMisteOy do OYO.

[ jbtsH] ftesyjdzgj tedLdC O dzO twOHdtsdz d3j Miskz My
Mdz3O¢ J ¢ 0 ddghdedzts § tstc Neguman@f OH t{z ¢ d , 2002). JoJ4

ojddClE ftwddj dzz k£ tfuldO dhndnkz (luodzts @ity o didgsptad 1 6 ;
Hankiewicz2016;Arghavanif Htelzed, 2014) Mk ftodd3j ¢ jdaj d3j Ist

11



edLdSCO ftoddzd S sd3 SOOHYO B MEBHEZIEO I & MdBOT § ¢ O
Bdh d €dety s Odzed » tstcj dijakabriedd . H hlzdsds,tcd2 @1 4) Mk MY tot
J te Bdets B3MS Iz OdztazﬁdsLOIzichc{ts@gidzbfL(ﬁ]lsOdzc{ulz LO BOO?
fd wd® O dz0 @O ddzmS s fGtoj Muyd LOHGERIsE] | oisydzs Ok
d MisOe?” OB 60 d&O YoHAEseckz LO Mjyd *4d LEBOYO. 1 C
HdMS d ftsMisOe? O 6O dzO dL dzOL dzz § sL dyd k. 10O
S d d3d Is ts i QlzdRdmpidl Wpper Limb AssessmédRit/LA).

tvf ¢ JtjHMISO? O " jHMAZE BH dO ydlsdttOdsd  dn
ftotsyj dege Jteesdesd3mMC tsc  to d Vighdis@ de® Iz @vcdredh@eldi) Mis d d3
Corlett, 1993). [900° OdkzOl CttsL BtLEkz jtoedtsdizMt kz
f sz O° L] O &S dzj s - sH dzsMils dijfsg e F C BRPBET
gL dztsy J dzsflsd tdL d ¢ &2¢ tsHis @dsd O o fj istlgfdzjjjes@Ztstcy OF O I
fcsdz0o? O 0 ftsCtejlsO d Mddzy MmJ otehd dzO tOHdetsd3 ©
&ZO ttk¢C] d LeodztSestSa] ¢ wLYPLOgSLO ostcOls ®BstcO k f
CsdzOyded toj L zdebi®Ed wWizisdsdd 2Z2014) Mk MmMfttse j dzd
Eyd Moso Odzs 15 t©WOHACO. 1 MmMisztcOdzdzO OdzOdzdL O
d34 lst{l-u@izlaacﬂzd Entire Body AssessmdRiEBA. tdLikdzsOlsd MmMlskzud § MM
9J<ddzO t©OHAzd ¢ O tsBIf) g "tc@ SEARIEFfrES gt g zOz Isj &zO d Mmlis
fslstejBO LO ERZots' jT BB ftesd3zj dzOts BOtgdB ff sfgj BhHedzOC d

[ 6 dlsOdzdets stsH j dzd tD@italj hunialz mafelindHM)ctEzBs ¢ 2 < 09 O
cOLots” odtlsbkzj dzdzdrn ftoslslsdfseoO COC B Md ft
otoj B deMS 3  jtedsH Ez. | O AgipddicCatiaDdndagHunaghn kaflel,© dzO Is d
Jack, Ramsui sdzOfz uSiadnds pdsO w ts dndz G@rtn|260%, Halvéndy2012;

Chang d Wang 2007; Sanched.ite d GarciaGarcia, 2012;Kurillo d Hkzecdmiz 201 2)
fteddsj CJded 31 MdBzdzOYdts&iE] BQOY] {f s@stf ® Q] &z dzO
O¢ Is d o dete@ladfigdat@difoy @ OC ' jRajesh]Brimdh2d16;Binooshd Hetdlz

2017 Bruzzone2004 Mk fJtedd3j dzeddzd HdGE lsOdzdets dBsH j dzd s OF
ftetsyjdzd jteetdsdhidns tdL dSs O.

L  dzZO U ipdstls Oy d 8 O Y ¢ JQifz Istes@irdsood dviigadelli, 2009, Longo d
Mirabelli, 2009) ‘4 Jd Hdeo @ daiz x fidEhHedsd 7] <JEOdzd yoO f sdfBEts<
BsHjdzdeO® j d Mddkkzdegagscd. HEeksgtced 28069 Mz f toj H
BsdzlsOydzay dzdded " j] L O ftesdLeasHEZ Gty Oyod CtstedMm
Okzls ts Bity, 2013) BBtsH j dzd e OF d Mmdd&zdzoyd nmOtcte € kg dsd
jeetsdtsdnNSdr OdZzOdZdL O ftojHMisOe? O & dBs<Odz OdzOL
mMdMmisj 30 L ©® difdzkc@yiPs Ohaffic© 2007) ' j dMlsOC dzzls &
HdedlsOdkzdegdn * EHMEdR dBsHjdZO k yd?kz O0dzOdzdL qteOF
tcOH dgd{Mls j BO ? ZHdBO sy j MBOT dlsd otjddj ©OL OB  C

[ dzd StesdRBdtscateOVNd © " jJ dO fsfkdzOttdd d OdOls
1 Odstste B d<O k2 o jdzd Ct5° B tedEnokad Puehatealz@DO8B] " d < dal
bzlststcd(Shai@H Gitecze), MRS @O [ [ KBjSBSHO ftokzy O o
OdzOdzd L d ftesd3j dzO ¢elz lsaDwvid fc 22 0d9ds)d <'Oj ik ¢ i3 H dzd &5 OE
fesyjdz Bdh d<dzai OCkdodzsMmisd. du k kD ttafsB@E s 6 OO ¢t
Hiclze d, 1995) “d ESOLOdMs HO Mk ftwsdkjdj &z O
JqdzH (S Ol tste Mistc jUpo.d A Ahr@ddAde@ 2P 23) ‘j feO<j*
Mstej MO ftojCts jdzj CtesdiddtscteOWd j d jdzj SlstetsC OteH

U tOHE (LOjeksdstHc z 6 d j7 € DA D4PS w0 L Odesmis dL 3§ ' k&

2 f1 MdedzOdzz IstcOf j L dzd n d3q’ho[@u®q’ dH ®WHd dff,yS &2 @R
Bjteddzd L Odistc oi3d Y ) @ lOBdEPEEdEd Mise O ? O O OCIsd o
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fOCto0° 0 k£ bte® Ok BH ' jHISE MDE do CLs@fSo? diztsufrpiste
Edtste, Bdse E Bdhd<ddBO &O @l OEWEHiedte @ dgizdid{d30
2002) Mk Mittse jdd dMisteOydoOf j fLO<j* O RBJh d<d
EmlsOdzsoa ddzd HO  j HBsh dzs Hisdzd ywWhkst®atibassend s tc O  «
Hteked, 1995) Mk Mfttss jdd &OBttOltsted Mk Mk
tcjdzH S0 j<0O° 0 LOKSEO ISMaDfdEnctE]Z0®)Bdh df< @ toh §j dz@®
PftstejHdZO OdzO0dzdL O Y dLduSte LOBSEO ftodddSsd I
LOS? Eyjdes j HO EZCtddSt ‘jJ LOHOLOS § i dj fmd

fls EXr]" o tots@ js $3andelin1993 ftcO<j dzO® “j OCIsd o dats
(] ®BjIBHBSR st dqLeot' j ¢ O LHOHEESOR O
B ezt & ZzOBtOLtsted MCdd&3 EMdzsce d 3O k£ Ist
COLOdzd 89 i<0O° ] OBRBfddlskzHi d MBO® jJ Wtd
L Iz dzly @lds{dg Qizj f HfBte s Y j dzju  LtcGERitAr @ 2d9d0n8d)< Of. te f d3j © §
dqdzmC O jdzj StcsBIsctcO¥Vd O L O ftesyjdkz tdL
kf's8@igz tw©O@flkk  Hked ftc@&P&Ydzd ¢ tsotch d
stesdBd 56 tcOW L @d3tsue®d 4Bt y 3 @R ' < Mis 20O ) dfd Ok d

3@ MmiHBofHmE ke lzc Halimg oA BEce), M2 OfltdO< j dzgj { to
dBBdh d < dats OCIsdo desflsd ftoj Cts  sotch ddzmC j 4 dz
ZzOo > O z<dr L OHOIOSCO.

I sfibts” § it ydd BEddkic6 & $HpQeddiffacd Mz d
ftesyd dzz W d L dStufers(dDe udgs e ®9 § 1) . dtcj HT O Wty Cojdzy
&ZOkzydzd s tcOHBBoadBO RIS COts € kyodz § OO Is Ots
Luca 1984;Knafltzd Htebkzc d, 1 9Bhbngpanjad ztss&cd, (2013) COots
fOLtOoiibtey dhisdylz MmtejH® & W ©FSdsKiddg@ndGendlle d3j Hd " C
2001) ZO 90y dzd "4 COLOCIjtedmisd S J t 14 MmMdc dzO dzC
d3q’hq’<dzJ OCIsdodzsisd 90ttdtc® bk L Oo d MdatsiAislsid " ®©H 2«
¢
)

SBNF-ISIIT TG
7 O/RTFON-L
>

N C

5°jk ©OHAd]S CBOKOD] OFfsYeoiEhbdyd j LSOLE' ]
csosH? dotsfmisd HEy DBGucales®dd s o zOC 0dzO (

dlsstcd Bas@ajiadd De Luca 1985) Mk kfmlsOdgsoe ddzd HO
CROEO fsoj<000 HEBOE Mfsdntdoic@ dddasd |y Y €IC o j
sStaftd@ (MHtkzcd, 2009) 50 j<O0dz® &Bdh d<dz® OCIs( :
st Mz fsojLOdd MO o j<Odtsds OB edlszhsd [ J
o) MmistOdzj, MAEOT ¢ J ¢hY d YL ZOg B¢ & diips di
bhsds (f1 d k6O Jjd Edzjoats & (f41 Mmfjcls
f MOl EkMfsteOs O & BieL ddzj Hfresd sHEHo ds,his
ud ' 6 OmFaadMesini 2008) j § =000 dgs dHiazs fj
sErj [f1 Mdc@OFO &dhd<0 &zj O d bwofjL da
dds ©OLots jdi5 d BOdd¥ jMsOyd tSd5 ZdBsto

d

&d Bt MskHd O fMj YsCkfdwos dhstetj d
Zd B30 d fHteO<j j Plumehdsgnmdid ddsleki MBO20) .( v
Ols Iz tc dztSdhleifdrid o txtddAz ¢ (d 2008) “d EZCOL Odzts  dzC
Ldzd s BJh d<0O bt qLoats' j°0O0 SCsc@fbbodets |
(Snook 1985) WtsCkfp LteOHdYydsdOdzdztse { toddis®dfdds “ |
ftednoOls?>doj bkiydds bkijttilkO fedidSsdk fsHdL OF O
Bz S itsHdzdn Stdisftsdy dzlsd §ted YjBe Mj L Odgj KOk b
COHBod®BO C°d Mj YsCkMdeo k &O Sscddlsde dkz jt
g jcCisd ¢t o jle@Css d ullz a0 f KaswWowmdkjd®tlEnj (

(73
&
©
=t o
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ltejodmMse CO d fYtoj dedL OF teddHo@s| ¢ 0gg) dglOdsdddatipts
ZO fjteWstedzsOdzinj. wlssc O, BH fMmMjBdy o0y desfilsd
d mls dnglls $Wickensd McCarley, 2008) ftesyj dzO d3j dzls Ozdztse s
(07O NN [ (-1 fteszyOe Odzd n sji BO Bk tBAEZOMISd | tcc tdets
34 dzls O dzdzd ~ d ¢scdzdlsdo ded oMy j OO0 GHEBBOGO' k&
COtOCIsjtedh j fiprasurgntat2q08)dzts ils (

wzB  jClsdodzj BjlssH L O { toista)q Higed ASSEAdzddHHe j d@ e
sflsitei<j® 0O L GASDEA&sKkLdad(ngedBABA-TLX) d IjrnddS O MmEks
ftosyj dzay BGlsjBubjeotiyezcWor k1 oad SWAT)sNASA ment
BjiBHO MOBOfidAsY, dajif sjtej<j® 0 EC?Eyk j hjmls {t
Wdrduysd LORIsjoad, otej B3 dzM¢d HtedlsdmMOC, ZzOof ste,
fsHMSC Ok, tojLbdksOld Mmj Ctej<k BH 0 (9jtskO da
ftesyj HEZtcO fdzH jteff M@o@C | Of BEiE&O @], yJ Msts My
fsHOYd LBtSE &OSt<,j ftesyjdj J S if OwOBate dzj Odz
2006). uvjrmrnddSO Mk jSCIsdodszi ffttsyjdai tOHsGE 1
otej i3 deMCd JtodlsdmMOC, Md3j dzls Odzdzd dzOf tste d Mliste

BRSO fsyjdz <t O©@dEc o ©F I8 If "Odsts ds IsfipO B B@O d
COyj @O ftej ‘j Cttedh<jd® k o90OLHEh dasds MOBB O
Btots' ded d3 tkoz@Mmilsded&z@ d ( 20 14)dMmY{dolsfghimitigpfis St sty dzd o
Cscddlsdodese Blsjj<jc0 dO MSOdd sH 1 ( EOds
ljHdesfls o j o) lstH i Ml ls O] Gz flasidsjO oh jls s O H dzt
b MoOCtd tej delsCk, O dzgj RSO k2 HIOS Y€ O tdzd O

o j Mmke jCldedz d&jlbtsHj Mj dO yjh<j feddj*
O dzagj k2 Motz dsHdW d<¢ OydPatgzi df tsHfiddass” dj, < d2R0 15 dzts 9s@O
0O Iz Is fRaiisuramand Rizzq 2006 Parasuraman2003 toj L ZdzlsOIlsd HtsB d ° j dao
sodn RBjSBSHO Mk dzj f kL HOdGOSt) jtoj iy &z Od OF jo d
LORljoa O ftej SdHO' ] BBOO? OO tOHdddr OCIsdo detsfls
e jSlkdodsdn d35jlssHO tOL od  jUasc dykls datp@f jHtdwsdisj ozt
dzj z tots j tc c(BalemdPdrasraman 20 L8 O0at pdjdezrd e © fmj Mmiks "
B sHS)f dzj WAL dsdsh Cdd & tej® dB30 § @hmadd] EZto] ' C
Lindblom 2014).

1 d 2tetsj eetsdzsdzd *° O “d f sMmls ©dzO J H
tc Oy d éSarterd83@e;2003. v dtsoad J otej d3y Wts
OdzOdzd L d dzj Ztetsdztsh € d n SHEBaBIO (
Jtsdte@yq&dQIszlsOdzdzB stflsj tcj
jteetsdesd3d " d d " EHWMOEBo W OC pBEBOHIMNE] o <jc
MOotej d3d dzO Isj mdzsdzsed O dzOBy <4 Mmod odi<j ¢
Is
G

Odz tsH G 0O
Ckm dad 2tets
My dlsOdzd € C
<jJ%J “J "JiHOdz BH

Odzdzse Bfflsjtej<j® 0O dzO § j oW tstcd3Odzfm Yourid H 5B tots |
g, 2015).

IMmMdrsWdLdsdesh ) dGoBSH L SRl @GO JE | ¢ 6 dz
B3 SBOS? OFT O OCIsq’adztsTimrim{elqlz H 5 7 @ dRitasBrangas | dSJ dzlz
) d ftwindSyd k2 d&j disOdzdtse tsflsjtej<d® O
Odzdzts ¢ 8 P Is eRrasydmad Rizzg 2006;Ayazd Dehais 2 019) .
Tgjs@deasuraman 2003) HtojHdzsMmisd fMmMdaWdL d
j € Yy
dz

{ 9]

s OF

tsdztsh €

stso O MEtedo jdzedr SCtSedzdlsdodzedr g OCyd O ¢
sd3M¢ d~ HBdJ dzO.

[ 1 Cd “JHdO tH d2O0° yjh<j Cstdh<jdedr d3j Ist

cOHd2d SO d (tetsyj dzlz d3J jdalsdo dmtasts(Ants@eidgficigStciz’c@., 201
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Brouwerd Htlze dVMi j Vit z ¢ dCharles@ Nix¥en, 2019)° §{H j delsd 6d € s O
ojLlz dLdgdbdpo detsa tSfflsjtej<j* 0O d ftesk) gd & M
OkzIlsgtr a me r d Parasur aman, 2007; Par asur ama
dzj tetsj o sdatsdsMC ] Bjtej L OtcPis &y § dzlZtedDds ¥ui2)19) o dzts ¢
“d q’LatGthzo UtsBG]dsidz@O%m-ﬁals@tdzmzus@squ slsCkyo® 0 f

Msznd  d ¢t' & MnByrfipf Bdesyntzy ©O&B6&)d " (d L{tsddsh dtsd
BjteO oy ' jddhls idig jdats O'dzdzsvingdz Iststslfec f, 1995) Mk
ftoj Hdzsfisd fdpidlsBiprigs) B 2Odzj OCIsdodesfisd dzO tOHd
LORIjoa O & ojddilz Ctdyj dzstcOyd & wOHd2d O (SOt
ERsckz<0o 0 tkzLHOkkz f(totsyj dkz d&j dzlsOdBdeghini dst Isj toj
Hickze d, 2014) . [00 K&BjlsHO {sOEMNO f{ftoy o0 l§dz0dzid

Bj HisMsOLS | Mke  jCkdodkdr: ®BjksHO (SOt hists Mk d

lejdkj MOMO0s? 050 d HjWjClkd Mk kOSK' j &jlst
Sfljtej<j® 0. lj<j otejdj HBsdsOyj d&s3j kSOLOk]
Hick cgOdElls EStddSt il Pp@REEEO ZO&EBEKBS OH LY j ot &
‘ f5CO0LBBY R Pdis] BO° j &j s Odzdzts ¢ OY 5160, zZ bt
| ¢ dzg B0 d dzdzts i lskfC QL b GOHIEHIDS Y | dz o j < j B G dz

©O<jSjd BI"d<O d2O@ ddyk ksCsdk $BOs? OF O
sdzj dzlsd sy j Mj LOS? Eydlsd HO d Mk tOH da
' d &34 dels Odzfetet3ls sYdsj G4 Mmis"jlr.0¢ j t6OL dzdr  dB3d
p0Olkd &0 (' OokO LSO d daj L OHBSo 5° Mls

j dzls O dzdzts tsl]’lsc;te4<4¢4 Md dBsyd dHjdsdWdS s Ok
j 4 i O0Syd-’ sCO "J o9jtdBO YwetHdZO Isj - dzd !
<4 dzj Bjtej LO OB G @iac | €Sl jtagiC<tg s tsyd " L
0°¢ 0, Wsleld o0 ¢ jsteL ddz20 Ctej SO O Byd " Iz, g
dztsfils d IstcO ©OE Ig g odatyd SiderO¢ OO &I P. Mk EMmlsOdetso
stejfIsO O sC0O0 MBO® L' MO j§ ) jL<@flsjGls cBIdg)(
dzO dzf O . [ 4 ' "glsdu® Mmoo jdaBmisy MO 59 j < Oda
tcjLEZdzsOls tsBO9? OFY O L OH OWISo8d SCHstg @ @ @OF B s818tslzdz® O
(Castor, 2003) Ctstej dzOyd 0 dLd3j ' & BteLddzj Istej flsO°
Okzlstste dMmilsdyj H OO HHsyaO O MdizA s ojOtN O f tso j < Odzd
tcjLizdzlsOl fttdSfikzf? OO0 fsHOIOCO dL hdJtesStse o dH
fsoj <090 MO LORjoddBO LO §O0B<jjdB d ttj Octso OF

1 smMiBdzO O30 E sCoadtelz RdHEMmMIted  j 5.0 f sf
d sissBERdg @IS AtsC 2nArfplEifH H'tczed, | 208 ) dzO s ilsd
tcOMf stej ' o Ok d wjHBMdZzZjHE OCIsde dzsfisd disdzls O
dzj cOIsdodzj bklsdyoO'j ©OHMdBSE BCtEz) ] 0 dO ?EkHJ
BOSC Md i3d L d 6O JHsEyfenlingddp H tclz 6;dFernaddzl 31 P 950 L O dzd O
COH s Sty j ¢ O Ik eipHdHEss g O L fid®Ole] 3@ s to d dzd Is
f4twhseodnd d dhbbsset] & dzs MBOT disd Sljtej<j ]
SHdsMO tJows@Rd Hd-sotse twWOHMRSE Stk ] 0 tMmiss Ots
dWdeomdzsmisd d ftesHESCIsdodzsflsd, © MO Htkzej Mist
(Battinid Htkzed, 2020) .

U HOdZOMN ¢ jJ otejd3di, Ek ftesdLoeasHddd Mdmlsj 3d O
LORIsj a0 f(jtsffotgficjdBed@®)® O ¢ j Jteetsdesdzd  d. [ tc G t5dzts o
ZOEZSCO ddzlsjcoctedh j L dzO° O dL tOL ddydlsdrs HdMydty dzd
OdzZlstetsf sdzscd " O d didéndis Qmaise  flizte 5y STtz o @ Cu@s dic O H d

@
A
q
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ClsO jt6¢ tsdzHiOSs SosOyjdets jlz fjslsid jz seL dte § ted dzc
j¢0O Mk WdLduS O, Stcddlsdedd d tttcOddL Oyd
Mfe0 dO0 fLO0<j ] (Bdsy0 0 Isj k0, (sStkjlso ¢
C H dzOf)ls OdzC O dsAiggecO * i fpsdjhdgio< df H sz ¢ d -
i flsd .

[teeOdzdL Oydesdz® jteetsdesddd  © fmj BOod wflsdddL
ftodzOects' O 0O¢ ] W©WOHdAdAr &iMO §slstcjBOBO tOHdzd €
fsBts”h OO0 BjLBjHsMIsd d LHCOYJ O©dzjdz0] tcdOs dats dzdn’ t
Mso OO & tsflsdBOdzddr EMdzse © ttOHO d e j <O O f{
stsedzdlsdodzO jtoetsdasdzsd " a Mmj WsCkmMdcO® dzO dMmlsteOy d
OCIsdodzsmisd dzO tOHds®B i Miskz MO § &L jdgjdzdipy IsAECOWidd
Elsduyk &0 SCtcddlsdodis MisOT ] w©WOHddCO d ¢OCB Cfs
tojLtsdaso O j d tej OCyd j tocOHeddi XX Tstinlg @ iz  diz® ¢ iz g ¥
ZOZzydzd &3 tcOHtsoadBBO Mj MisOea?> O dzO ddzlsj cMe®tajd " & W c
2016)h sts BSRsEkZ<Oo O Mo jsBlzroOlsded d ftedmlskzy kzdOf"
jU¥deomdsimisd ttOHddC 0.

10 Ld2OyoO dzgd ' d MlsOdzH OteHd dL B dZzZOMIsd | tec sdzs
d B0 0] fdz0o? 0" z<drmr OSIkdodetsMisdf tciglyyj dz® S O
MisOIsdys dr tcOH dzdErgotfoimidstual@atiod of tgtidagodking postudesiSO
11226: 2000/ Cor 1:- §2e00yg ,dz0 [ EdsOdzH AE JE@ 6 OH dzd
Ergonomicsevaluation of static working postupedJNE-EN 10054 + A 1 : 2009 1jLBY
BOh d-2@ L dyscJd ¢ J oW sHodi® dzyy BWHBEO szt 0" O IIsj d&zO
BONM d dzi Safgtylad dzachinery human physical performancepart 4: evaluation of
working petures and movements in relation to machipely NE-EN 10055:2007,
ldLBjHAEMNE 3@V @O j oW sHejd3O d&n:] tPilwgj 2O tedL dC O
OCIsdodzsisd tkCtso OF O dzO Safdtynds Mashinerthtenjal ghysidaly d * d (
performance part 5: risk assessment for repetitive handling at high frequency

[eeadsdNS] f(ijtmMfjClksdoj Mk josdkkzdeod

W =FO0O
g g

my d
Ctolz
¢ L
due d
s 0zg

ftod dzOets' O O¢ | yYyso jCO Hkzedd Jjdsdljlsddkzo Lk ¢
Ctsedzd Isd o dzd n aghlsq’dzO tcOH dzd @O d YP? Z usBEOH J € &
Jteesdtsdsd ©, S0 M Ctdzyj destedh j dzO d3j dzls O dzdzj
SBKGOHO dJdWtsted3Oyd O d wOfmMkz' o O] kL dBO ftod
fsmMo j<j O CtscdzdlIlsd o dzd d3 fnﬁisfntssdzisblsdadjomq 3OO di
Csedzgdlsdodes Bflsjtcj<j®d d ftsoj<O0dzO jWdEOmMdesmlis.

1 OCtsdzMC O tojekdzOIsdo O L o] B &OMISd §tsHMi <

4SO

JesdsdizmME 56 Of ftoddzd € sd3 f tc OttgjkSshwld O O 3
2011) . 1 0 90y detsMis Clisdzifdg®DC G- 2 §f 56 dzef ¢ Q@ toff tcd dzd € |
cOHdtse Sty 0 £ ¢ Jjd3 Mi 380} 9" ZCPstzOEZ® @
ZOkz ydpds tc Oy d © Oy < Gouryted H tsigedz ¢ d ,NeurBa@r0d0 ; Htclz 6 d , 200:
R®BY dzj &3 dzlsOyd ™ 0 jJjteetsdsdMidn (odd@diRo gd zjud’
MO J 0 L sy jdsMisd ¥YOlkstedBZO ttdLdSO d B
fted 30tcdzy tHhsMHds OCIsdeo dtsMmisd WsStkMdOdz dzO W «
' § Mmj ¥WesikMdeo & dO0 BdnOdAG ko KOddddyi o
j @2z Otcdzj SHsMds &Gjtej EMjtejdjy 0O tOHddSE ¢
t]’Lstsd3q’ Btsdz;fr]lsq’ gddzd e j <0dzO Islsl]’lstedztsfr]ls dacC
d Ottded ¢°'d EC¢C?Eyk B Bjtty ttjrOBdddlsOyd: j
Nd ded &3 fd a3t sBHRY 3Odzdze M fisdzsdsi <O O EZBteLts otO

(O«

16



L 9j<jd3 Blets' &z HWiEbwEdy o @y WaendEIOE Da
Sengupta1996;Das 1987; Qutubuddind Htekzc dd Mi2@CldadzIsd Mk §tsL disdoe
ftodag) e sdBB3HEd dzyd§f O § tod dzdelOsidgzisked LS "ndedts O “dgd " f dz
tcOH dzts e 5T tof ¥ O6EzH 16 92#1210:20108 j dzj WHAQIL O * dzd tc ©¢ © tc OH
mMdMmlsj BO EMmMtej HMtej ' Jdedrn d2O0 yYyse j $O My BedziHO [k
mMdMmlsy BO t©OHO kL dhistset] d3j dets 5B K’Bte@onAE]JC OB dfC

MBO® J 0 dzgj eOsdodedrn JWJjSCCOdsGH@BAE LHICOO? ] d BJLB

R Mis tc Oy dNeuBapdfDyl, 201QImadg 1990) dMmisdyk HO f ted d3j
fteddydf © Bsyi EdOftjHdlsd BjLBjHASMIS d LHOE
MO j 2 OCSYdH jE@z0ts®H z f ds o ffotp 8D foda] s dz0 dzdzperrde tsdzj Mls
Hiczad,) Mzl A4sOCts' j i WdskiOdz@® dzff tc HOdzs d&3M S dn  § tod dzyd
COH BB MOk YyOBO HBfteddshd MBOS jSE fsotejHO d
1 toj 3O OESsasjmdddsGitdzed, 2022) tBO98? 0O ] OCIsdo datsl
Hstf tod desd MdB3OT j ¢ K sthts'O@a]j dfdshted) <dsletss ©° ©. 1 tsf)j B dat
B Mss BkH] JteddzOers' jdes dqdzHdo JHEZOZAIB Odlstetsty
ltj 30 WdLdbsdased d, g {tshisBcd BdOO0 ddj disd W d
fiMdrdySdds COtOCIsjtedmisds ORO.

R Mlis tc Oy dren@phregddAdams 2000,Russelld H tec iz ¢ dCimin@dM Gsz,2069)
ftoj HdzOY Iz c1tc;(z‘tsdztsd3fr]gc{ tcjHdL O° dz Istc OH d Yy tstezDridrizd -
O Iz Is gHeidnan d Wick 1992)° ZCOLOdts dz20 fssLdlsdedzsy JjWjCls
fr]LsOdztlft{J,slsL@kOVa2014) “d HALO ddtOdzO tOHddEz s 0Odzd
B3 dzls Oy § d ftojHEsyddzO Md3j teded yJ LO s jCIstse
ELdBO" 2<d E ®wBLdtt 9 0Otd OmzaBmistitcy idsd fzp €Ot
LOf sfdzj dzgd = dIsH. Ad? He@an@ezArglldnod fRibz®@dglss@d 15)
HdJL O dzdtcO¢ j detseoj t©OHAzi MsOddyy S0 " J fted
BINd<dese ER@RtscOd® " j EttO' j d20 dz2O0 st {j Kisk zifOksd
fsCOLOdzd HO Mk t©WOHddyd bkt tBO? OO0 O0CId
qLdzsy jdd odMitd ddetskz sSfljtej<j 0 k tOd] dd B30

dzlsskEbdgrad Htezed, 2008) Mk dMfdlsde Odzd jWJCls
Cts' ' tlO@a2d@'dz sOCIsdo detsfisd E MjHj<jdB fszsy 0
24 dMydkOddS O Cts°d Mk MmjHjdd dO fMisOdHOteH dzts
sBO0” Odzd twWOHdAzj OSIdodetsMmisd dzO@ twOHdes® flsOdedyd
fsCOLOdzd HO fiske] deGmEsts’cdzzjsWj W0 § sHjMdots’ tcOH dzt

V SCodickz HWIMBcRYEHgEBOP wLOBO( 2017a d 2017
HO " jJ o jtdB30 9a0y3dzts HO Mmj tsmMjedzO 030 ffteddzd ¢
fsmMojlsd JjteotsdtdhCdd OMfjSisddkdd. 1 0 e O dOydoc
o tcj d3j dLets' J* O O0OCIkdodessmisd o jdi3EY-E k& Gdpdir tcd
ftstej &3 <O O.

tls OdzHIMGABE5L Orlsj 8 © EC? Zyde OF § odhj OfMmMfjcOlO
tcOHdzdrn d&3j MIsO o OwB®ie tzf ts A3ty detg A J QOtGOISJtGCffI’]ISCfQJ
Bsckz<dsmls CtojlsOf O. ltoddzdSCsds ftes” JCsmBdB®YO tcC
Hso 5? dzes tcOH dese fosMisstc® L O BBO8? OF J dBisdzls Oy da
fszsy O O IsjdzO d dret' j¢j jtesdtsdhtdr {tCtjl
fsdzsy O B0 Isj &0 d BhEsck<0o OF | &OC SO 63pEdMisk

2016).

) i Odz dzO0C &ZOMOS *j dzO sBO? OF k OCIsdo dasflsd

HO fj Jdaddidddhlz ddd BdddBdLdeo &z (eow@bd JL :
(Yytco jdz20 L sdzO) . Jot 903d d LO ffssCtjlsy E yklso
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Yoo jdets® L pdeddzj 5OPRtsHdzs “J] HO M) BBO8? O j 0OCI(
ZO KOCHd BOdds 15 §sdOs? 0° 0 d&O MOk otkj ki O d
HOdzO. v BCodtelk Y kIsdmr LtdO yd? ' etOdzdyd © 4
‘jHdsE MOLO Juf fEDS G WsHISEGH dicOH dzse o toj d3j dzO.
¢ d&zO' j d2Of tefif@zy & i d 30 . 54 ftjHMlsO0e? O thhkselk L
st OdzdL Oyd  j, ydfmss<j d MisOdHOLHL OYyd | t©OH
4 BiLBjHA J d ftekzy® 6 Phded disc & < dztsfiplsidz ¢ ks Po dz
OCIkde dzsflsd.

1ts' jHddzd Okltted MBOILLO 2 HO yjMmlsj §totsdzi dz
OCldodessmisd £ SsdB3Bdd2OyYd " d MiHvHd<de d Mists’ j<jog@
dzj dzO G s HMiztkdgted H(tczc d, 200 Ik uYfitddelj ity dtRaiz
2004) fsCOLOEZO "j] HO ttOHddyd BBOS® O k2 OCIdo d

fsH]Jh OO 0 odimddsay E M j<jd@d fsdzcy 0 ' & dL d&3j'
GWzOo dzd dzj HsMISOISOS o j<ddzai MO 0@z " §FtcBBOQ Istc
fdtedsH (GO J fHn fdjishidag W@z WO EkZuyjMmselz & k M

1 toj dg&ndrick 2001) HSBtO Jjtetsdtsdkd © ° j HSB &
BjdjWdlsO E oadHE MBO®T j* 0O bteshCse0O® d §foB?hOFf
JoeslzgBMftcddzydf © ftejHMlsOaddzo je 1ty Oodets tSHJ?
] Oh d dZ&E s s dz

[teebdtsdBMC O flsddsdL Oyd 0 fmJ dfMmisdyd COts ¢

J W @hdesmisd d JAVQH dsddRe disfEiflat dzloply dasgerd] EKlund 1995)
M ECOLOdd d&zO ftojLOdtsmls dqLBI' & jtecBHasHE] ) d
(Axelsson2000;ErdincdVayvay 2008) ftodd3j dzO JtetsdtsdimMSdna 1 to
Hdtej Clsdes Elsdyd O MABOC j°J HIJWIJCOIBO d e j<Of
ltojedzj Hisd3 dzdIsj cOlskztey] L OSC? Eyjdes " jJ HO Mk o
cOHdzd &3 MIsOdzd yodz0 st Is diclgHL AgfoCOmZEO CfjjdgW tsactezOdsmij d
CoOdzdlIsj Is Baadn 2AsDUIA] (H tc iz ¢ JAXelsDP2ADCD. ¢ z Is =de@H S50 O
(RiveraRodriguezd HtclzGe d, 2014) dmisdyz HO COCts Bd
fsBts?hOts CoOdzdlsjls ftetsdL @ sH O, SH o dIsOdzdzj “d
tcOH dzsgPo? O &z tOH dzgj OCIsdo desmisd BLEHJ HdL O° dzd
f tod dzyd f d dzOwWalddrdz IsHstislz{c Jieirad 0 B B Iz ¢ PLZuh2rif1 21ilczcd, 201
M Odz0dzdL JteOdzd EZIsdyoO* HJL O dzO tcOH dktdsé Iz d3dfiffilels ©
M ese j dzd(Al Qih&witstc i tolz 6 d 2014) “d ket jdats HO
JesdtsdiiimMcdr OMYJjCOKO dd4dtsihlk C g o daisdnlsufj." <1 tc Hfr
otej 3 dzO  BIstej BdzsSE L O d3sdzls Oy O Astidigfbintlz) &ZBd 69 H j
BB toj dets otcj iz dBBdelsOy ] E ftesdLotsHdts® Cohi3f Oded * d
RdzHisdzj L  d. wlskzHd Sd o tcjtdi)k®d fks SRR e ¥ QP w® s
L OHOIsOC 0.

¢ zZlststeack d Rosenqvist 201 2) mk
OCIsdodesmisd E tCoadtelz WdL dyc¢
fsmMisd<d ftsLrdlksdoOdz JW¥WJSCOk d&&O Co0ddlsj istsdal @ dzO dzd
(Hamrold Htelze qhund OHldzZec d, 2011) Mk L OSC? zyddzd HO d
dL BBd&OMIsd WdLrduyS¢i d SteeOdzdL Oydtdzj | e dzsdzd
dsO tssLdlsdoaOdz Esdyo0” dO Co0dzdlsjls fwtsdL oasHO.

EflsOdzso ddzd HO )
i d BLcOddL Ooydsdz

5e (k' j¢ ) 0wtz d B BAFOJu fedz.0 dzd L s Setm)d, -(3udf tpls dIsd  ( ° f da.
Seison, 4u-t¢ Is OdzH Otc H d LSeike®s B - [(H taHdg. o ts fSlEtsuke” § dz.
https://www.pshfes.org/resources/Documents/ROI%20Cost%20Calculator/Ergonomics_cost_benefit_case_stud

y_collection.pdf
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(Yeowd Sen 2006) B8COLOdts "jJ HO Mk BB hO°jdq
BOdzkz j dzdzd » OCIsdo detsfisd MBOJ 3@ tc H Y K ¢zIE Bléd &3 MO B4
M tse j dzd(Ba@MdilsfRaelf, 2011) dO Hej dzdded 4 L O MmE dzC
dzddzd " d dOddz' feddzOcts’ jdz jwetsdsdNSdd f§toddydy
EMmlsOdztse ? jdzs " j HO Mmj dzO dzseo s’ Bsdzls Oy dzts® dzd ded
MO bttOHdYJd sdOdzdztsdz dzd dzd * s d3. S ON N S zO dztseo 5°
Besdzls Oy § d o doOa@le @Gd Sf csHEZC IS

¢ 2 Is ts ¥epw d(Sen2003; Erdinc d Vayvay 2008) MdzOIstc®" & HO (
JoetsdtsdBEME O i"hj* 0 ditelkz L dzOyo dzts ftsL dlsdodzts ks
v MEHnd  d ¢ s0kIs Hodzidfc cotg2Z@HY3) S OKOdEzdIsj IsH O
WddzOdzdetse ffecsdLotSHO e j<OB L O 2%, © HO " j
fsBts?”h OO0 WdLdysSd Jjtoetsdsdid  j

f sfdzj H lgan otdatgfgjo sSH® O d Jteotsdesddd O ftedo
9 tsH dzd ~do€ Sankif O dede z@ BEtti 2 OH 1Sz &;dAnton&kig 2006. v

© O i@ fiyfls tetB@Dzdusdsy ¢ oDds TresviDad SraodatiER006;Kester 2013;
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HS fMJCOEBE® d fOHO Cdzyj dzlstcOyd J, hlsts diBts

T €00 dZCfISJIS WddzOdzdetse ftesdLoBBHO E o jdzdSts’ djt
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CcOHdydkBO St°'d tSBO? O E Httkze] OSIdo dzsfmisd.

1 o) 30 Ok Bamsurag@niarfd H tclz ¢ d PunnéttGf1Vegman 2004)

2O yd " <d - igGddgs B3i <0 d St d Mk YsejLOdd MO
tOHdzdr OSIkdodzsfmisd Mk MdHesdr €Oty Oddse Iskd

38



Ctsdn dzdlsd . o
d' Odzdzd dzj 6o ¢
dz

i d ZHiesd S Ot Odzdats ¢ sz dzj d&zO dzO )l
4 H te

90" dzj tco , fs° 0o’k
Is t &
Lo

BdzOC k6 EsL s OD@Y Odetzg b |

i MdBflssdwd Ot hMists

]
z
d "Oyd. 10" yih<d ELtsS

Edsfls b §thlsd

ON@TZFH

s' j°) ftdOe? 0 k<dr Ctjb@dpiEsy o jfcdfplad. 2

vddHddzdlsdf "~ J kZfOdzO ddzd dJdlsOyd O bkjildej,
MO CsMisdBO. Jot MSOT ] dOMO j EMdiH (i sflsjt
hlss HtsotsHd HB BBXEO d tMjlk?detmisd ¢t L ORo O
sB dZOMIsdBO C Ot hiss Mk P HEE&ZzdPSC bt d § s dzH  dedidisc
fsH de@Asg eSS § HACGdIsO-a] @ Hzf @ @bzt o dets tsBtS? ¢ § |
ojJLE " E LO dOIjttOdzdd jfdSsdzinddz mrkd3j ekmMO. [90O°
ol ydzy ftedsfljtej<jdasisd JCMlsjda semCdnmn &AM <
Cowf 2MO. sdBflssdzsd ¢ Eyk & BtSdZ d fdzOB sMls I
setcOdzd Yo 0 MmMyftsmMsedesMmls dqret' j 0 fCtjlkO C°
f sHdZOSIsd Y4 .

sO  jHDOe dsfir W OSCItstcO ttdLdSC O L O€ Oyl @etlz® ¢
mMdMmlsj B3O, Ek ddlsjttOlskzted Mmj dzOo tsH dzJWq’Lq’tsdztsth’
tc OH dzts Algkdpdailes] ( H tc z ¢ ;dPetread@ BeBacin 2017). BUs j dzyd * Odzded W OC
edLdCO L O ¢ ©OolzOdiRr diktsitdss] d3j <O © d Htwkzednm L H
cOHddCO EC?Eyk B tdkO? 0" <O CttilOf 0O, Mils Ols c
fteJ HABBI SO, o Sd3) tcOdz dzOf ste, C OB d dL ddsyz dzsfmls
MCdzOf O° j/ fs0jLdo O j Csdi3f sdzj dzls d d Hy &zt O Y
fsdztsy Gs jddfsted kL GHtoy O Pz GOaB Iy tm@asd HEZY Jj 6 4
otej A3y dRO. Mdzdf e A ted € OL Oded dzj WdtsL dsdztsh € d ff sdztsy
LOEZLd®BO " & It &IBZOBdadd ° OF ©d aztzts s d .

2D j WL JEGRESS O d Isj k0 Cs'j ©OHddyd LOkL
B dls Oy dzgd 7 OC Isd o dats iy sAPlimA 4 el B0FIEB S L t©OHO:

[BO9? 0] ftsmMzso O Lk jtoc tsdes i3y de@s fzjs GH jHCEoy Q ISk
fJticdsHO otcjodii GzZ@zlsdePd HEZG stesydzed d3 (Bjerig®@d fls o j dac
Hagga 200Q Khand Hte2080. 1 tots® dfdinlsde@®@z WO ys d tOHtsea d Mt
HZeSlsts®@ OB O j] ORBIHmgagHisds sy O & HtsoasHd HI
tc OH dzqdllaghatd H tc20B0Y

RLoB' j° Bsdslssdzdr d fsdz0e?® 0" E<drn Ctejls
2Oy ste sjlsdoa O, BIJhd<O dd djtcOa 0O dO "OLOBO d L
BdN d<O d HBSHOIdts fftse j <Olq s Ode - G i(HBussPINE) SO OO (
2004; Bjoringa d Hagga, 2000;Schneidery H tc z ¢ dBevarR2016)0¢; Iz Is tennettd
Htcze dl1991) “J Mftsejts dMlstcOYdoO¢ j E ftsctdzz |

39



ftceO<jj (tmMskztcOdzddr d BB ~O0dzdysSdms tdLdS<O
dLd3d ' 2 MOl ydztse L o €O @ I jSU@old O diff? diktslags] d3d < O

40 HEkzcj MmisBe@atr] , 1 DB Ofs dzO CBtj ZOyd k& ¢
Bdh d <ds8 Is Odzd fstej &3 <O © d BO9? O 0O BsdBlstst
OCIsdo dzsMmisdz dsiPEtdsO i s AEliEyast 2 016 )z2C O @@ f 5° 0o Iz
ftotsW | MdtsdzOdzdzed » tSBB?- B0 @dzd f HE SR B <@sO d BB
cOHdd ¢ O CEt°'d B©BBO? 0Ok L OBSKdz], f st B® k<]
(Ghasemkhanid H©RWE " j Mftesejts Mskud & MzEyod © €0
Bdh € sh sOdzdn M BT B 2§ EO Clzd j tOHf dz2O Bisd
Okzlssdise d dzMC s° ddzH 2 Mis ™ d3d M gEEsD dijc s tgDa3dzdsO HA
ZLtetsC ddzo OdzdHdls,i sBBAS jOHAN J flastsH H{OIsd o dzsmed d
9 <dded BtecOdzedL Oyd" O

1 O diyd ‘2. tedS OL Odzs SBO0? OF | OCIdodesiisd Lk
kS Ed HEYj¢ o) djdnNise §jdsHO bkfdiH UYUJjEO HE
d k& dj' dKo.

g dzd € @1 OB’ O@OFIgdo dzsmisd bk dzj J tcc 5 &4z LLigiGs f s dzts ) C
https://www.progressiveautomations.com/blogs/follaow-ergonomieworkstationsbenefit
packingandassemblylines)

ssCtsd3 dAQ odsOElE | dzdzed »,  sdgQo0? O E<dn, ftojydL dz
d ottOls wWOHAd]SO Mk dOcdkzlsd ®wOftejH ISSSCtd HEZY ]G
fszsy O° Isj d&zO dL OL de O Ghédessakgramz @O duv ORjS ' djd3
tcOHdzd yd tMi<OZ v tely drfody tsH ji@gist dg@ BZ6 | Z@OC Istso d 3O,
d "NOCOBO dqdzd BB ZOMIsd BO tsOhssotsfo ¢fire zHs jdf dABHBBNSID j) dz(@.
d Htokzed, 1995) Mk Mftse jdzd Hej MmMkkzud j d &l
Bsdzls O dzgi OF€ Is d opdgsdrfitdts ‘&z d@imldAadipstc d * d 3 Odzd dzts  dzgO ¢
sy <Odzs BBzt j bk WO dzd BO, O 14% Btsdkztse | & tk

1ty B0 Misknd '™ d OBk @edpdarviiitfotete) j BJ7r % tcOH dzd € O ¢
dz® O H dpdsd® dzd Ly dzids sz @ry zts g dzO B s dzBasjdztde jo &0 ldddz CAD
I stejH OSbklsdtse BtsdkzO, tOHddyd thMj<0O0'k d =~ ttsdzdn
Bsyd k2 dzi SddB3 MdlskzOyd ORBO f{ totskzL RBusketRiseceuxis tc © ° dzlz
2002; WalkerBone d Cooper 2005).s O¢ s dzO k Is sRifquelaure 2016), Ists € 5 d3
fcsfz 0000 Efdlsded S O, t©WOHddyd Mk fted Oeaddzd BTt
Is § &zO, ¢ kyk E<d otOls, telzC j, zOCIstso j / f BH &zOE
oteh jdz2O 2O MECOdzd tsH 0 Hts 10, Htd yYyjdBz o4 0 L
Btsdz ddzd dzj ZzOGBBH dztsfls, HSE " 10 ECOLdeOdzs HO

40


https://www.progressiveautomations.com/blogs/how-to/how-ergonomic-workstations-benefit-packing-and-assembly-lines
https://www.progressiveautomations.com/blogs/how-to/how-ergonomic-workstations-benefit-packing-and-assembly-lines

tfdLEdzlsOIsd MmMlsknud J € tsNied Mk tcd deiise 2 iz @ EozAsdsds d H (
f o o Odzjdgid\dd atsts Is O dzd ~ fstej @3 <O O dO 9 ji<0O Ik 9
hOyd/ L ¢ zoe@dzj(dB %4)4 6, 7%) d dzj' dd3sO ( 33, 6 %) .

v MEHnd " d CS6° EZTewgriqWinpycts2 P IPEz ks Odzso ? | dats
Bs dzs Is s dzd - fsdz0o? O° < dn OCIsdo dzsmi€dsh Idf Qatsdz to s
fste] BBy <O° O. oPllststc dzOoatsHd HO CdlsddzzdtcOdzts { tscC
dLoetsHd HO®O HBt yYjbdddqdisipd B8O difteydsthd3 fif bl Iz bizie  } .
SHicY O O ] MIsOldyusédrmn By O O Isj ZO HBOBH] HTIS
d Lcdpgktss@uprrefod Hckzcd, 2021) Mk YtOlsddzd tOH
dodztsmisd dz0O Bdzls Oy dzs’™ IsteOyd bk Obklstsdgygs d dzi¢
Hddzd EldyO' ©OHASE otj d3j dzO0 dzO UquEmBSB
el B Isj s0O. UMBO@BS?J@B “d HO HEcetlstcO'  dzts
fr]Iscf HS Md30° j datsc W mdEE ydf usalz©dazas@© i) 3@ CPHE Qs Q ds(

mOmme@m W@quHq sBO9” O O 0OCIsdo dzsfilsd
ud e OH dzd = dLtcCBHdAls Of Do jfixkO dad J3 (o dBRBtY @A{d3  d3q M «
OLO@d Mz W OoClkstsdgd] de@ L LO< dim MffEj &3j <O° O ¢ ts

OB j @OB®B] &3] <O dig d LI P G tsde@ tc O (CEOHE 2089) &Y Is &5 A3
] HOo flsotg jofif < A OC ssted tdL d o d &1 Is s &3q

s § dzh d dzd Is d fi 16 Cod3j tedets st [ IS, f) dz@sais i
fcdz00? O <d  ScEteOded Uj dzO
O] dz0, k],

(fdSsdHddzdisdil sdz0e? O E<d t 1tz & &zOCIsk,
zO ¢ Ols) fsHdL O jJ Is] to MisdmO¢
sddzHtesdz COtef () sdz@o® O° 2<d t 1 sdz, Iklstecdzlz dzts
sz dzg dzO d LeizsBtso O, f hoyd d f§tcfy
H ity As jjdzO
1 EtemdIsdfm ltiedlsdmMOS dz0 1 1 sdz 2 ttOd3j dzlz
ftesHlizy j des Mls( sfmic B¢t
Hitey OF §
De Quervainovltsdze? 0 k<d t 1tz d Blsts¢,
f OdzyoO, kotlsOf Ctei sO° §
dddzHtcsd3 IsctcOCulsOIsdyYsSts Htey( 1 sdz B otOIE
dL dzOL O ftedlsdmMOC wdC j Elstcdzz dzs s [
Mk ftmisOs ? j dz/
tcOdzd dzO Ists€ 53
fijtdtsHO ot d3]

[dh d<Cdsh sOdzgd fstej d&3j <O ' d Mk " jHOdz BSH ¢ dzOe d
MO § dad l]’thSHIzCIsq’adztsfr]lsq’ cOHddCO. [900 ctkzf O
ojdzdSdds Btes jd&3 dLcEkB? jdedr tcO@ dz d$3{d3H€fdzO.dzlﬁ)u(]$t
WddzOdzelmd " MCdd3 ckBdyddBO Cts° j] e OdzdL Oyd " stef j
stctsh Ctso O EMmdzjH dzj yj* " © d Htekzedmr ©dHEBO O q’ISHtQhS
tc O H dz€drepd Gallwey, 2002).

1 if©e0o kO HL O dz tizGlrsdjic OMEL(O AP jd BB O S s f
d MO jdesdz fotQed szl <z a0 HbzHigy s &£ B2 e tc

41



(Warner, 1998) " j dzOsafjH jOoaty HEAH dsjOdE B s @B sdzj Misd  H
O j ¢ O fesH kS IsifplsasibpbsfKunma2 6 B % ¢ Oz dzd dz0 ud° j
HO 3dhifehdEOdzed e di3j <O d ftojHMSOs? O & 32% kG L
EPLtesCk' &2 40% ESkydsce CckeffBGS Gkhedd didst  ffds
sB? j ¢ dBO.

Jeddzd St qLot' j© O dsdsOy dzdn OF Is & & @&t f) ks dzd dzO
B3d " d Bahge(s2009 . v teOf j L dzd dYdSedteh d defy Codj dzfdkhdd < C5° d
BOXOL d dzj f SMtejHdes dMisH Sy j bk .qEadjods Hjj dats sd
fts sBkdSCk St5'd §SHMJj<O &O ¢ jtsdjlted MY dsse dd S
SH Mfs?Ohs ) dLesydd §slsd? Ooydy Cwomisd ( &0 ded
foh?> jdsoO (MejH'd HjB Cdudgd) d =E2Oydtstch §, dzH)fc]
stcOf j L dzd Mataf{iCaP< 2. 9)

aKpOMIIOH
TOpPH:H Tpame3Hi Mumuhn
)
CpeJIBbHU TPame3HH Mnmnhly‘ &
OB Tpane3HH MUmuhn € '
~ =3 /,
% /
9
\ XyMepyc

“E
JIonmaTuna

BN 2

oSN

g dzd C.Ou ROY J L ded (f t3d "z d ghifpis://wiy®.narayanahealth.org/blog/trapezius
muscleanatomyfunctionrdisorderandtreatmeny

I Bt d bOf jLrded dBBdhd< Mmj fHteslsjyy H BOLJ
MistcOdzO® o tcOIsdedr ftoh? jdetso O Hts OCtesBIdZO (9 ten
Ctej SO pOCBECJ. "4 LOHEYjJd LO P @] O §C
E MmMse®gzE ' d IstcOf jLdzd Bdh d< ftsyd®j k ctste’ jdg HJ
Mi HB dsfoOokdyj. [0 HJjB BIhd<O ' jJ BHGetatsttOC
hiss " jJ e Ooftighbde) L O MsOBddzdL Oyd & tgefidlz0 d
stcOf jLdzd B d< Mmj fFJteslsjyj BH HB'dr CGtlkzHddn
[Mdzso 2O EZdzsc O tsoatse BIhd<O ' j tslsded’ j ddsf olsd

AdLduyuSd, BttcOddL Oydsilzdsedt 6fdzP s iptsny dzO Q @rdzdzlz W |
d dzOMmls OdzS K tsiidsOdizd dets (BhEassony¢ @i tclzc ) , z OBER"S js,tc d
(Linton, 2000 Pincusd Htglz@d 02) Md30OIstc OGS thh ls @dzdn ztf ©3d ) df < <daB"
Efggﬂés?égﬁg -Hifefpd AspyTasf 5 W OC Iststed B3O fie@ L YO d k& d izt
W s te .

42



25t oY fmL {1 L f rRMY

IsHddsj VOB Eh Jasjr §éehdav sfkzls K towtstefsizRis Otc j -
fs?MEdd dtsoe ddOBO, uddkd "J f§smMsOedts Iidki?J L
fteszyOo OF j & tSHdZtSfI]G qL Bj ' & Jeo.d RIOC tf Resh iy s
HO Jtetsdesdzd ™ O dzd ° dso © dHj O, ‘“jt Mk Mmj k-
Ctsdzyd fIs wtstGd30dzdztsG dzig tolz @B @@ didzyff t Pdzlz HJL O° d
B MO d OdzOIO " jMmisj toj dzOIsdo dzts dbtple O td dfitg S HOdzts
ftod zOc ' O Odzqd OdzOlsJ d sCtsdzddkz C0O0¢t Bd fBtS? N
tcOLot" jd3 jtodtsdetsdzd COs dOE¢j, fsisOdzts * §
tsl]’lsq’dso[Ltsa(Dlsq’ dzOu d dz dz@ Cs°"d ?kEHd Sttedfmisj OdzOIs
HS L dz2OyO dese ftsBts”h OO0 ftesHEzCIsdo desmisd, BJj LB

JH SO dzse HBBO, ?*EHd Mk fttOsddzd tOL dzdydls
d fsyjbs®fmMgazB® 0 L O j.oousdas@Ied® HHEE I sdc O’ j o Miso |
tOL dzd ydlsdn tBd&OMEd- sk Olsts digdy § Yj eddzc d s,
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OCIsdo dzsfylsd bk ¥ tcBtiEsdgzdsst &z ds@,z0MBE3 ). 1} so j <0O° j
WosddsOdzdzsds B3NSk BSLEO ECOLE' ] d20 Ctcdzdlsdo dzj
©jh0o0°0 fsBdzj KO quBeE®EG ] d il GO P g GO tzs M C
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Cdpyj des s OGS g lssgl bmsOdssddkd HO o j<0Sj a
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BOG dzj Istsj dzyj ¥ O dzmagne®éhcgphalogaphtBGr., thsckz<0o O &
ftcO<BEBYHOdZ] OSIdodasiisd d &BOYdqwOS j Cts6dzdlsdo dzd
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dqueOdedds fteO<jjd&5 (1 MdEcdOkZzO Mmkze " j ¢ Ols
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VRULA Analysis (Manikin1) X ]
Side @ et O Right
Parameters Details
Posture _,j Upper Am: 4
O Static O Intermittent @ Repeated _,] Fotis 2
Repeat Frequency _ ;]Wrist: 2
O<4 e | wist st :m
] Posture A: 4
L Asm supposted/Pesson laning Muscle: T
L] Arms are working across midine Force/Load: 0
] Check balance Wrist and Arm: 5
- d Neck: 4
Load: |Tkg 5 ;l Trunk: 4
Score Leg: 1=
Final Score: 7 - L] Posture B: M
Investigate and change immediately Neck, Trunk and Leg: 8 Il
- Close I
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Side: @ Left O Right
Parameters Details
Posture ;‘I Upper Arm: -

O Static O Intermittent @ Repeated ;lromrm: im
Repeat Frequency dwnm 3Im
o) 9 o wrist Twist: 1.
Posture A: 5
[ Arm supported/Person leaning M '
uscle:
[J Arms are working across midline Force/Load: 0 mm
[ Check balance Wrist and Arm: 6N
= ;l Neck: 4
Load: | kg E ;’ Trunk: 5
Score Leg: .
Final Score: 7 = Posture B: T
Investigate and change diately Neck, Trunk and Leg: 8 Il
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RULA Analysis (Manikin2) X

Side: ) Left @ Right
Parameters Details
Posture ;‘ Upper Armx: 2.
O Static O Intermittent @ Repeated ;I Forearm: 1.
et Freque = 2
- | Wrist st 1.
Posture A: Il
(] Arm supported/Person leaning Muscle: '
(] Arms are working across midline Forcallosd 0mm
[ Check balance Wrist and Arm: 4
= Neck: 1.
Load: (ﬁ;—% 2| Trunke 2.
Score Leg: 1.
Final Score: 3 E Posture B: 2
Investigate further Neck, Trunk and Leg: 3
i Close | |
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RULA Analysis (Manikin1) X

Side: ) Loft @ Right
Parameters Details
Posture ;j Upper Arm: 2
O Static O Intermittent @ Repeated ;I Forearm: 2
Repeat Frequency ;jWnst .
19} o d Wrist Twist: 1.
e o ‘ Posture A: 3Im
support : sHo lemmg Muscle .
[ Arms are working across midline Force/Load: 0
[] Check balance Wrist and Arm: 4
‘ - | Neck: 1.
Load: ["Q—E _.j
Trunk: 1.
Score Leg: 1.
Final Score: 3 Posture B: 1.
Investigate further Neck, Trunk and Leg: 2 I
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Side ) Left @ Right
Parameters Details
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Investigate further
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