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Abstract

Sri Lankan tyre manufacturing industries are a source of employment for many
workers. The incentive production manufacturing system is operating in these
industries, and inherited operating systems were used in the present to achieve the
outcome. The workers in tyre manufacturing industries associate with job-relevant
activities such as material unloading, rubber milling, bead making, calandering, tyre
building, curing, and tyre inspection. Semi-automated machines and considerable
manual operations have been involved in the manufacturing process, and therefore
workers expose to risk of musculoskeletal disorders (MSDs). As a result of awkward
posture, health risks are generated and muscles, nerves, tendons, and body structures
are affected from that. This research study aimed to determine the prevalence of MSD
and assess the ergonomic risk level of workers in the tyre manufacturing industry.
Also, introduced the factors that can be used to reduce the risk level relevant to
individual operations. In this research, a questionnaire survey was carried out to
identify the ergonomic risk factors among workers in the tyre manufacturing
industries. The Nordic Musculoskeletal Questionnaire (NMQ) was used in 16
activities covering 3349 workers in 10 different tyre manufacturing plants. Their tasks
were also further observed. The survey also captured the discomfort of their body
parts according to their job tasks. The Rapid Entire Body Assessment (REBA)
analysis tool was used to analyse awkward postures. NMQ results demonstrate that
the lower back, upper back, neck, and shoulders were at higher risk of MSD than other
body regions. REBA scores behaved between seven and twelve. This analysis
showed that job activities need to be restructured to be comfortable and safe for

workers.

Key words: Musculoskeletal disorders (MSDs), NMQ, REBA (rapid entire body

assessment), Tyre manufacturing



Table of Contents

DECIAIALION: ...t i
ACKNOWIEAGMENTS ... .ot rs iv
ADSTFACT ... s v
I TS o) o U] TSP iX
LISE OF TADIES......eoeiee e X
1O INTRODUCTION ...ttt ettt st 1
1.1 BACKGIOUNT ..ottt bbbt 1
1.2 ErgonomiC PriNCIPIES......coviiiiiiiiiieesie et 2
1.3 Identification of ProbIEmS ... 15
1.4 AIM aNd ODJECTIVES .....oovviiiiiitiitisieeieeee e 16
1.5 SUMIMEIY ..ot nne s 16
20 LITERATURE REVIEW ... 17
P20 I = o o o o 0T SO TS 17
2.2 Understanding the Burden of Musculoskeletal Conditions...............ccccceeuveane. 18
2.3 POSEUIE ANAIYSIS ...eeiiiiieciiecie ettt 20
2.3.1 AWKWAIA POSTUIES......ccviiiieirieiecie sttt ste et sre e ans 20
2.3.2 EXIIEME POSTUIES ... .eeeiiiie ettt sttt e s e e e bneeanee s 21
2.3.3 NEULIAl POSLUIES ... .oeveeiecticcieeie ettt sre e 23
2.3.4 STALIC POSTUIES ...ttt 24
2.3.5 Why awkward postures lead t0 MSDS...........ccocviiiiieiinen e 24

2.4 WWOIK ODSEIVALIONS ..ottt 24
2.4.1 PLIBEL checklist and appliCation ...........ccocviiiriniiniene e 25
2.4.2 Work role functioning questionnaire (WRFQ) .......cccoceviiiiiniininiiienn 26
2.4.3 Nordic musculoskeletal questionnaire (NMQ). .....cccooeririiiiiniiniiien 26

Vi



2.5 The Standardized Nordic QUESLIONNAITE.........cccueevveeiiie e 27

2.5.1 Advantages Of NIMQ ......ocveiieiiiiiiiie e 27
2.5.2 Limitations of the NIMQ PrOCESS.......cccvevueieerieeieiierie e see e sie e sie e 27
2.6 Industrial Applications of the Nordic Questionnaire............cccccevevvvieeivernene. 28
2.6.1 NMQ - Manufacturing iNAUSEIIES ........cc.ooeiiiiiieieieee e 29
2.6.2 NMQ-Food products-related manufacturing industry ............cc.cceeveevennne. 29
2.6.3 NMQ Study related to the mechanical INdustry ...........c.ccocvvniniiiiniennenn 29
2.6.4 NMQ Study for the metal iINdUSEIY...........coooeiiiiiiiee e 30
2.7 REBA- Rapid Entire Body ASSESSMENT........coiiiiiieieienienie s 30
2.7.1 Background and development of REBA...........cooiiiiiiiiee 31
2.7.2 Comparison of assessSmMent t00IS .........cccevveiiiie i 31
2.7.3 REBA uses and appliCationS ..........ccovveieiienecie e 32
2.7.3.1 REBA applications for the fishery industry ...........ccccovveiviiieiicieeien, 33
2.7.3.2 REBA applications for the tyre industry ..........ccccovveveiieeie e 34
2.8 RULA (Rapid Upper Limb Assessment) Method - Ergonomics Analysis......34
2.8.1 Level of MSD riskS (RULA)......coiieece e 34
2.8.2 Advantages and disadvantages of rapid upper limb assessment............... 35
2.8.3 RULA employee assessment WOrkSheet ...........cccocevvevviienvennsee e 36
3.0 METHODOLOGY ...ttt st neennee s 37
3.1 Questionnaire Survey Method ..........ccocoiiiiiiiiiii e 38
3.1.1 Nordic musculoskeletal QUESTIONNAITE ...........ccoveieiiiiiiieeeeeee 38
3.1.2 Nordic musculoskeletal questionnaire (NMQ) material ............ccceovenee. 38
3.1.3 NMQ method and data colleCtion ...........ccocevveveiie i 40
3.2 REBA ANAIYSIS ...ttt 41
3.2.1 Data sheet 0Of REBA 1001 .........cccoiiiiiiiiiiiiccc e 41

Vil



322 REBA MELNOU ..o 44

3.2.3 Ergonomic risk screening SOftWare ...........cccocvevviveieese s 47

4.0 DATA COLLECTION PROCEDURES ........ccocoiiieeeece e 49
4.1 Tyre Manufacturing PrOCESS ........c.civerueiieiierie e seesiesee e esie e et sree e 49
4.2 NMQ Data Collection of Manufacturing ProCess.........cccocevvreeriveneneeseennenn. 49
4.2.1 NMQ of the raw material storage cell ... 49
4.2.2 NMQ of compound mixing Cell ..........ccoocvviiiiiiiiiieee e 51
4.2.3 Bead-making cell Operations...........ccoceviiiiiiiniieieie e 55
4.2.4 Semi finish goods (SFG) storage Cell..........coovviiiiiiniee 57
4.2.5 Layer calander Cell ..o 59
4.2.5 Green tyre building Cell...........cooooviieiieiice e 60
4.2.6 TYIE CUIMNQG PrOCESS ...vveiveereereesteeiteatesteesteessesteestessaesseessesssesseessesseesseessennes 63
4.2.7 Tyre inspection process/ final QC Cell .........coevviiiiiiiiiie e 64

5.0 DATA ANALYSIS AND RESULTS ..o 65
5.1 NMQ Data ANaIYSIS.......ccveiuiiiiiiieiiieie ettt sre e ane 65
5.2 Analysis of the Preferred Hand.............ccccoveieiiciiiie e 66
5.3 REBA ANAIYSIS......cciiiieiiieite ettt 67
5.4 Comparison of REBA Results and NMQ Survey Results..........cccccevevvenenne. 70
5.5 ReCOMMENUEA ACLIONS ..ottt 70
6.0 CONCLUSIONS ... .ot et 74
6.1 KEY FININGS .. eiiiiiiiieiteite ittt 74
6.2 LIMITATIONS ...t bbbt 75
6.3 FULUIE WOTK ...t 75
RETEIENCES ...ttt 77

viii



List of Figures

Figure 2-1: Awkward postures of upper body parts............cooeeiiiiiiniineennnn. 22
Figure 2-2: Applications of the nordic questionnaire by categories of knowledge....28
Figure 2-3: Unloading the fishashore.................ooooi i 33
Figure 2-4: RULA employee WOrkSheet...........c.oviveiiiiiiiiiieeee 36
Figure 3-1: Sample survey Worksheet............ooiiiiiiiiiiiiii i 40
Figure 3-2: REBA datarelevantto trunk, neck &leg ...............coooiiiiiiiinl. 42
Figure 3-3: The posture action of the old care worker....................coooiiiin.. 46
Figure 3-4: REBA score chart.............oooiiiiiiiiiiii e 47
Figure 3-5: Ergonomic risk screening software.............ccoveviiiniieiiiiiinennnn.. 48
Figure 4-1: (a) Forklift operation (b) Stock-taking process..............ccvvvenvevennn.. 50
Figure 4-2: Rubber mixing process line............o.ouviiiiriiiiiiiiiiiieeiiaaeenn, 51
Figure 4-3: (a) Mixer operation process, (b) Rubber mill operation process........... 52
Figure 4-4: (a) Batch-off feeding process, (b) Final batch unloading process......... 53
Figure 4-5: Bead-making maching...............ccoeeiiiiiiiiiiiiiiiiiiiiieeeieeen 55
Figure 4-6: (a) Bead-making process, (b) Apex apply process............ccoevevennn.. 55
Figure 4-7: (a) Material loading /unloading, (b) Bias cutter operation.................. 57
Figure 4-8: Rubber layer calandering operation...............c.oeovveiuiininnanennnnn.. 59
Figure 4-9: Pocket manufacturing operation..............ccooevuieeiiiniirineanneneannnn. 60
Figure 4-10: Tyre building machine operation.................cooeuiuiuiniiienineninn.. 61
Figure 4-11: Thread rolling ProCeSS. .......vovinie it 62
FIQUIe 4-12: TYre CUIING PrOCESS. . ... untntetenentateneetanet et eneeeneeeeaaneeenenenss 63
Figure 4-13: Tyre inSPeCction PrOCESS. . ... .euturerenteereneeeneneaeaneeaeeneneiieenenenss 64
Figure 5-1: Calander winding ProCESS ........oveviuiiririiet e e e, 66
Figure 5-2: Ergonomic risk SCreening...........ooviuiiieiriiie e, 68



List of Tables

Table 1-1: Neutral POSTUIES. .....outiuietit ettt et e e e e eaaas 3
Table 1-2: EXCESSIVE fOICE. ...t e e 6
Table 1-3: Easily reach working posture...............oooviiiiiniiiiiiiiiiiiaeaeae, 7
Table 1-4: Proper working heights............ccooiiiiiiii e 8
Table 1-5: Unnecessary MOtIONS. .......uueeeeiretineetetent et ateeteteaeeeeeareaenennss 9
Table 1-6: Fatigue and static load behavior..................cooiiiiiiiiiii i, 10
Table 1-7: Pressure POINtS. ......o..iutiri ittt ettt et et ettt et 11
Table 1-8: Clearance for workingarea...............ooooeiiiiiiiiiiiiiiiii e 12
Table 1-9: Exercise and stretCh. ... 13
Table 1-10: Comfortable environment............c.ooeivueiiiiniie i, 14
Table 2-1: Neutral POSTUIES. ..o e 23
Table 2-2: Sample PLIBEL checklist .............coiiiiiiiiii e 25
Table 2-3: NMQ used application intheworld ..................coooiii, 29
Table 2-4: Level of MSD RiSK (RULA) ....oviniii e, 35
Table 3-1(2) : NMQ datasheet ...........ooiiriii i 39
Table 3-1(b) : NMQ datasheet .........c.oieiiiii e 39
Table 3-2: Table Aand load table ......... ..o, 42
Table 3-3: Table BOf REBA . ..., 43
Table 3-4: Coupling table...........oiiniii e 43
Table 3-5: Table Cand activity SCOre..........covviriii i 44
Table 4-1: NMQ- Fork lift operation.............coiiiiiiii e, 50
Table 4-2: NMQ- Stock taking operation..............cooveiiiiiiiiiiiiiiii e 51
Table 4-3: NMQ - MiXer Operating PrOCESS. ... ...voveuineerenie et et erieeeeneeenns 52
Table 4-4: NMQ — Rubber mill operating process...............cccccccvevieenvevinnnnn.....53
Table 4-5: NMQ - Batch off feeding process...........ccovveeiiiiiiiiiiiiii e, 54
Table 4-6: NMQ - Final batch unloading process...........cccooeiiiiiiiiiiiiiiinn. 54
Table 4-7: NMQ — Bead making ProCess. .......covivuiiriiii i 56
Table 4-8: NMQ — ApeX apply PrOCESS. .. ...veneee e 56
Table 4-9: NMQ — Material loading/ unloading and lifting machine operation........ 58
Table 4-10: NMQ — Bias cutter operation...............ocoiviiiiiiiiiiiiieeea, 58



Table 4-11: NMQ — Layer calander operation ................ccooviiiiiiiiiiiiiinannnnn, 59

Table 4-12: NMQ- Pocket manufacturing operation..................ccooeiviinn... 60
Table 4-13: NMQ- Tyre building proCess ..........cooviiiiiiiiiiieie e, 61
Table 4-14: NMQ- Thread rolling ProCess ..........oviriiiiiiiiiieieeeieeenaas 62
Table 4-15: NMQ — TYre CUMNG PrOCESS ....vuvineint ittt et e 63
Table 4-16: NMQ — Tyre inspection process /final QCcell .............................. 64
Table 5-1: Symptoms Workers percentage. ..........o.oovviiriiiiiiiiiiiieieieeanenn, 65
Table 5-2: REBA analysis activities /tasks..............coooviiiiiiiiiii i 66
Table 5-3: Preferred hand analysisdata...................coooiiiiiiiii i, 67
Table 5-4: REBA ACtion leVel..........oiiii e, 69
Table 5-5: REBA score 0f Operations. ...........cooviiiiiiiiiiieeieececeeean 69
Table 5-6: REBA and NMQ results COMPariSon. ..........c.oueveereeneirineeeeneanannns 70
Table 5-7: Recommended actions relevant torisk level..................ocooiiinen. . 71

Xi



