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Abstract

This study aimed to analyze the causes of ergonomic problems in a wooden pallet repair workstation and
to propose guidelines for improving working conditions. Based on statistical data from a company’s infirmary in
2023, it was found that 25% of all service users had musculoskeletal, joint, and bone related problems, of which
16% were employees from the pallet repair section. The study applied two ergonomic risk assessment tools
including the NIOSH Lifting Equation and the Rapid Upper Limb Assessment (RULA), with a focus on risk
assessment in pallet repair workstations. The findings revealed that lifting pallets from different height levels
resulted in a Composite Lifting Index (CLI) of 4.09, indicating a high-risk level. Consequently, the number of
stacked pallets was reduced from 10 to 5, and a height-adjustable lift table was installed. These modifications led
to a decrease in the CLI to 1.95, and the individual Lifting Index (LI) for the first to fourth pallets dropped to 1.42.

In addition, the use of nail guns was found to be prolonged handling of a heavy tool and from the assessment by
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RULA, it was found to have a score of 6, indicating an urgent need for corrective action. To address this problem,
a lifting aid for the nail gun was installed, resulting in a reduction in the RULA score to 3, reflecting a significant
reduction in musculoskeletal stress. The results of these improvements clearly demonstrate the effectiveness of

ergonomic workstation design in mitigating physical risks to workers.

Keywords: Ergonomic risk, NIOSH Lifting Equation, Lifting Index, Rapid Upper Limb Assessment
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AnseinazUszdiulanauanslu Figure 2 [6]

Musculoskeletal Pain Assessment During or After Work Over the Past 6 bonths

Please rate the severity of pain or discomfort experienced in each body region using the following numeric
scale:

Score/Meaning

0 = No pain or discomfort at all

1 = Mild discomfort, able to continue working without rest

2 = Moderate discomfort, requires occasional rest

3 = Severe

omfort, rest or posture change does not relieve pain

4 = Very severe discomfort, requires medical attention

Left Body Region Right
Body Region | Score Body Region | Score
1. Neck 1 Meck
2 Shoulder E 1 mack 2. Shoulder
2 shovider ¥ J‘ T
3. Upper Back : I a3 Upper Back 3. Upper Back
4. Lower Back i 4= suspeAm | g | ower Back
cibou —s@ 1
5. Upper Arm £ [ S 5. Upper Arm
[ RR A L e el e TR il
6. Elbow | 6. Elbow

B wistriand W,

7. Forearm 7. Forearm

o bipa/Thigh

8. Wrist/Hand

8. Wrist/Hand
9. Hips/Thigh g 9. Hips/Thigh
10. Knee W [l o 10. Knee
11. Calf Gl g 11. Calf
12, Foot 12 Foot
During the past 7 days, have you experienced any pain or discomfort in the listed body parts?
One O ves, please indicate the pain score

Figure 1 Survey questionnaire on musculoskeletal

fatigue and pain symptoms

Collection of ergonomic data

Survey and record actual working

conditions

Data analysis and risk factor identification

| -

Summarizing results, proposing solutions

and following up on results

Figure 2 Procedural steps for job analysis and

ergonomic evaluation
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Pallet Repair table

Figure 3 The process of preparing pallets for transfer

to the repair waiting zone
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Lift down

10

\

Pallet Repair table

Lift up

N

Pallet Repair table

Figure 4 Lifting the pallet onto the repair table

3) SunounisouWILAN

wiinaugesmanazdeddigunsalifindlunis
vha1u 1wy Yumey 1des vidensyiady mudnvazainy
emevesnan Ine “Yudaney” 1ugunsaliifinigly

v

Nunndign wazidugunsalifiuminuniiage dsuanslu

Figure 5
Weight Maximum usage
No. Equipment Equipment picture Usage
(ke) (times/pallet)
Used for shooting nails
1 Air nail gun a5 to fasten each part of 33

the pallet together.

Used for sawing and
Electric
cutting nails in
2 | reciprocating 28 28
damaged pallet
saw

positions.

Use to hammer nails

6
& when the nail head

3 Hammer 0.8

protrudes beyond the

surface of the wood.

Used for prying wood

4 Crowbar 1.6 to create space for 28

sawing.

Figure 5 List of tools and equipment required for

wooden pallet repair operations
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4.5
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AM = Asymmetry Multiplier = 1-0.0032A
FM = Frequency Multiplier (§1984011a1519970 NIOSH)

CM = Coupling Multiplier (8198a01AMAINNTIUTNG)
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v
oo ' =2

AZUUY RULA @nving (Final score) @ailAsus 1 89 7

wazanunsanlals dauandly Table 1

Table 1 RULA score interpretation

RULA score Risk level
1-2 Low
3-4 Medium
5-6 High
7 Very high

3. NANT5IWUAZDAUTIINANITIVY

3.1. NAN1SIY

mﬂmiﬁﬂmuazLﬁmamm%@yjaiuﬁuﬁﬂﬁﬁﬁmu
339 wuhtureuiineliidatymidunisemansluaanil
Nudounnanliifie 2 Funaundn Woud Jumeunisen
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asUnanseeideyaiifeadasld fil

1) nan1sUsziuensdiosd mieuinvemineu
gaunanls

2) wan1susziiulaeldannis NIOSH Lifting
Equation dwsunisenwikanls

3) nan1sUsziuaudssinuniseamansves

Jununslitudanylngds RULA

3.1.1. nan1sUsziliuemsilesdviauan
vantnnugaunanld

9nHan13d1119810151 08 mIo A
Bumassruunszgnuagnduiielungumiinaudon
wianlll Inegedeteyavnuuuasvainlugie 7 u
wagnendsanninidnauldufifaudodendu

FEEELINT 6 WHOU WU USINeINsilagduInige
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3 uAuwsNhuYIe 7 Ju lown ndsdiuans wyudiuans
LavYeila YIROAAABINUNANITASTIVLUTIINEILTY
YR 6 e Nfsmmueinistuusnanduuiediy

fanandly Table 2

Table 2 Body parts with body discomfort after working
for 7 days and 6 months

Samples with body discomfort

Body
after working (%)
region
7 days 6 months
Lower back 27 67.6
Forearm 10.8 32.4
Wrist/Hand 8.1 324

lethdeyauduuneinisilesdmioainy
dutmeaninauseuniiantiia 2 fuvessnanie
laud drudrenazaiuen Inefiansaanseauay
JuULIUBeIn1sudseandu 5 sziu wud MuwIves
sumefioniseglusedu 5 Fadmduseduifauguuse
gauazslasunsnsansnulaeunmd laun usumas
s wvuduan uaylva luvasiidudisvessanie
wuonseglusediu 4 Gamunefafennisanunnide
neannualliainisamedanls tnenuuinluuiim

yasdua1sarauAeIi sauansly Table 3

Table 3 Score indicating level of body discomfort

reported by pallet repair workers

Body Score
Region Left Right
Lower back a4 5
Forearm 4 5
Shoulder 4 5

= al a a v d"
NKANMTUTIUNBUANURAUNFYDINAIULLB

v
o v

7I9EDIATUIBITNNY WU NSIEIUANA LTIV 19NNY
flavuuuannnindudng 66.67% Jeapandesiudnune
Yo uiidesofenisidssmesuuuaziievindundn
Tumssnwanuagldgunsaling 4 egsioiiles denali
\Annseanusauazndeulmludnuasrimed 1 Ui

flananNINNIIAILGe [12] fauansly Figure 6
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Left shoulder: 2.7%
Severe pain that persists
despite rest
2. Shoulder

Lower left back: 2.7%
Severe pain that persists

despite res 6. Elbow

4. Lower Back

8. Wrist/Hand —2

[

i
10. Knee =¥
1L G e

Right shoulder: 2.7%
Pain severe enough to

require medical

Lower right back: 8.1%
Pain severe enough to

3. Upper Back [EIIERN T e

5. Upper Arm

7. Forearm
Right lower arm: 5.4%

Pain severe enough to

require medical attention

11. Calf

I cocrienced fatigue or pain severe enough t0 require medical attention

[ Experienced fatigue or severe pain that did not improve with rest

Figure 6 Body parts with reported discomfort in pallet repair workers

NHANTIATIENLUUFDUAINS IAUNISANN
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aunsatunRsuieEenlgIs N sUsEIiuANULE S

FUNNTUFNERNS Pauandlu Table 4

Table 4 Comparison of task characteristics and ergonomic risk assessment tools

Pallet lifting task

Pallet repair task (Nail gun use)

ltem
Parts involved Entire body
Injured body parts Lower back

Assessment tool used

Rationale for tool selection

evaluating manual

NIOSH Lifting Equation
Appropriate for

lifting activities

Upper limbs

Lower arm (forearms)

RULA

Suitable for assessing postures
involving low-level upper limb

exertion

2) wan1susziliulagldaunns NIOSH Lifting
Equation @1wsunisanwatanls

nnsUssiiuanudsalagldaunis NIOSH
dwsunuiifinatanisna (Multiple task) wuin Adsinas
BNWUUTI (CL) 9nmsenwiianlsl $mau 10 $u Jensdeu
ﬁ'uiuizé’u&nm@ﬁl,mnﬁi’mﬁu fA1 CLI windu 4.09 9n
ogfluseiunnuidssgennundninasives NIOSH daszyin
wineAa CL fidunnda 1 avdiednfiauidsiiens
ﬂ'a‘lﬁﬁmé"umws@iaiwuné’mﬁaLLasmz@ﬂ LaTAITIATU
nsfiasanUuUsnsruIunsiauiionuasn iy

TunsufuRanu dauandlu Figure 7
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AM5UTTEUNUEALUULAYT (Single task) 917
ANSAIUIMNAINTTINTTA (Lifting Index, LI) Wwans1867
WellATEnszRuANIIFewaINSENTULARE SEAUAINES

a 1 1 v a o o
VoINNan Han1sUsEliunuI anedl L luyneiwmiad
ANNT 1.0 FednegluszAuanuidssgauazaisiasy
n3Usulse lnglameznuanainui 1 Neglusdunis
81987 A1 LI genigawiniu 2.02 Turueinandisuy
10 Feoglusuniauugn A1 LI 93098911 Av 1.90
| o o o = i o = a
daunanadud 5 - 6 Feeglusunusianans e Ll
eudian agfl 1.42-1.43 uansliiiuinfisziumnudes

3 zi P =~ a o o oA o .
uaﬁﬂ/la;ﬂLN@LU?EJULWEJUWUWWLLWU\T@U ﬂ\?LLﬁﬁ\'ﬂ,u Figure 8
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NIOSH Lifting Equation (Multi Task)

STEP 1 : Measure and record task variable data

Object Weight " H D A F Duratio
No. Task
L (Avg) L (Max)| (em) | (cm) | (cm) | (degs) @ (lift/mi n
1 Pallet 10 = 22,50 | 2250 | 153.80 = 28.00  40.70 | 0.00 0.50 8.00 Fair
2 Pallet 9 22.50 22.50 | 138.20 28.00 27.30 | 0.00 0.50 8.00 Fair
3 Pallet 8 22.50 2250 | 122.60 28.00 11.70 | 0.00 0.50 8.00 Fair
4 Pallet 7 22,50 | 2250 | 107.00 | 28.00 3.90 | 0.00 0.50 8.00 Fair
5 Pallet 6 2250 | 2250 | 9140 28.00 6 19.50 | 0.00 0.50 8.00 Fair
6 Pallet 5 22.50 22.50 75.80 28.00 35.10 | 0.00 0.50 8.00 Fair
7 Pallet 4 22.50 22.50 60.20 28.00 50.70 | 0.00 0.50 8.00 Fair
8 Pallet 3 22.50 22.50 44.60 28.00 66.30 | 0.00 0.50 8.00 Fair
9 Pallet 2 22.50 22.50 29.00 28.00 81.90 | 0.00 0.50 8.00 Fair
10 Pallet 1 22.50 22.50 13.40 28.00 97.50 | 0.00 0.50 8.00 Fair
STEP 2 : Compute multipliers and FIRWL, STRWL, FILI and STLI for Each Task
FILI STU Reordered F
No.| Task IC | W | HM | DM | AM | M FIRWL x FM | STRWL
(=L/FIRWL) | (=L/STRWL) | task no. | (lift/min)
1| Pallet 1| 2300| 082| 08| 087 1.00 095| 1378| 081| 11.16| 163 202 1 050
2 | Pallet10 | 23.00 | 076 | 089 093 1.00 100 | 1459 | 081 11.82| 154 1.90 2 050
3| Pallet 22300 | 086 | 089 | 087 | 100 | 095| 1471| 081 | 11.92| 153 1.89 3 0.50
4| Pallet 3[23.00 | 091 | 089 | 089 | 1.00 | 095| 1574| 081 | 1275| 143 1.76 4 0.50
5| Pallet 92300 | 081 | 089 | 098 | 1.00 | 100 | 1639| 081 | 1328| 137 1.69 5 0.50
6 | Pallet 42300 | 096 | 089 | 091 | 1.00 | 095| 1694| 081 | 1372| 133 1.64 6 050
7| Pallet 82300 | 086 | 089 | 100 | 100 | 100 | 17.60| 081 | 14.26| 1.28 1.58 7 0.50
8 | Pallet 7[23.00 | 090 | 089 | 100 | 100 | 100 | 1856| 081 | 1504 | 1.21 1.50 8 0.50
9 | Pallet 5[23.00 | 100 | 089 | 095| 100 | 1.00 | 1943| 081 | 1573| 1.16 1.43 9 0.50
10| Pallet 62300 | 095 | 089 | 100 | 1.00 | 100 | 19.53| 081 | 1582 115 1.42 10 0.50
CLI=  STLI, |+AFILl |+ AFILl;| +AFILl, | + AFILIs | + AFILlg | + AFILI, | + AFILIg |+ AFILlg | +AFILlg
Cli= 202| 015 | 015 | 016 | 048 | 020 | 023 | 027 | 032 0.41 4.09 ‘

Figure 7 NIOSH Lifting Equation (Multiple task) evaluation results: Pre-improvement for wooden pallet lifting task

Parameters of the Pallet No.

NIOSH Lifting Equation 10 9 8 7 6 5 4 3 2 1

Object Weight (Kg) 2250 2250 2250 2250 2250 2250 22.50 22.50 22.50 22.50

V (cm) 153.80 138.20 122.60 107.00 91.40 75.80 60.20 44.60 29.00 13.40
VM 076 081 086 090 095 100 096 091 086 0.82
H (cm) 2800 2800 2800 28.00 28.00 28.00 28.00 28.00 28.00 28.00
HM 089 089 089 089 089 089 089 089 089 0.89
D (cm) 4070 2730 1170 390 19.50 35.10 50.70 66.30 81.90 97.50
DM 093 098 100 100 100 095 091 0.89 087 0.87
A (degs) 000 000 000 000 000 000 000 0.00 000 0.00
AM 100 100 100 100 100 100 1.00 1.00 1.00 1.00
F (ft/min) 050 050 050 050 050 050 050 050 050 0.50
M 081 081 081 081 081 081 081 081 081 081
C Fair Fair Fair Fair Fair Fair Fair Fair Fair Fair
M 100 100 100 100 1.00 100 095 095 095 095
RWL(Kg) 1182 1328 1426 1504 1582 1573 1372 1275 11.92 11.16
u [190| 169 158 150 142 143 164 176 189 |2.02|

Figure 8 NIOSH Lifting Equation (Single task) evaluation results: Pre-improvement for wooden pallet lifting task
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PNMTIATILINTRBSV0saUN1S NIOSH
Lifting Equation W71 ArszEn1sIAdeuTluLLIA (D)
wazAsTEriuMune (V) [uiulsddiidmans
nswdsuulasasan L Tnsdrsaosiunumiluntsiiia
vioanmuidssvasnisening et nnsUssfiusesy
mmgwaqwnawﬁu@ 10 §u wudsziviivasafodian
Tunsen fe sumisiiszezeneglusyfuienszana 75
wuAns dsaenndosiunianadud 5 lasilan
msfinesiisdesdei mmqwmﬁuﬁqﬁ%mﬂﬁaﬂ
(V) = 75.8 lwuflng AFIQAILUIAT (VM) = 1 5388013
\doufiluuuafis (D) = 35.1 lwuflang AfIgNTzEENS
(DM) = 0.95 fatfuszduaugeiiunzauiigalunisen

PUAN AU 75.8 LEURLLAT

3) wan1sUsziiuafudeeduniseanans
vostunaunslitiuansylanas RULA

MnFanan1suuRnuveminausmneng
tuiinamuagiflevaninauuifnues ievun
Uszifiuanudssdnunisemanslaeldisnisusziiu
RULA WUt Azuuumsuseiiiuegiissiu 6 Ssnnaunaseii
munineglussduarndesgs dadu Tamsldsuns
wilelasiSniiedesdunisiinaiuinun@dessuy

nailawaznszgn T1azdaNan1TUTIY Aauandly

Figure 9
Step Body Part Evaluated Assessment Score
1 Upper arm 2
2 Lower arm 2
3 Wrist 2
a Wrist twist 2
5 Group A score 3
6 Muscle use in arm or hand 1
7 Force or load on arm or hand 2
8 Final score for arm and wrist 6
9 Neck 2
10 Trunk 2
11 Legs 1
12 Group B score 2
13 Muscle use in legs or feet 1
14 Force or load on legs or feet 2
15 Final score for legs and feet 5
16 Final RULA Score 6
| Risk Level High Risk |

Figure 9 Results of the RULA ergonomic assessment

for nail gun operation task: Pre-improvement
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3.2.1. msUiuugeaaiienludunsunisen
WILAN

nsifiuArANgsIniudwhundsen (V)
dmumnandrdud 1 fa 4 Fuduseiuiifinnaudeags
danaliimnszoznisindouiluuuafia (D) anas uazAd
AMIzEzINg (DM) Windu vinlsadaidnigen (L) anaq
otadidedAny egdlafiniy wuamienisuuugeill
ansailUldRunandduil 6 9 10 16 1llesann
dumisveananagluszfuanugsiiiudadidnves
TRzenitanunsaususeduld aunsouanimeaziBonnans
wWasuasesinsilinesfiferies fauandly Figure 10

v
Pallet No. VM DM
(cm) (cm)

10 15380 0.76 40,70 0.93

Height Adjustrent Feasibility (crm)

Helght adjustment not possible
13820 081 27.30 098 Helght adjustment not possible
12260 086 1170 100 Height adjustment not possible
107.00  0.90 390 1.00 {t
9140 095 19.50 1.00

7580 1.00 3510 0.95

Height adjustment not possible
Height adjustment not possible

Mo adjustment needed as ¥M = 1.00

T A N R

6020 096 5070 091 15.60
4460 091 6630  0.89 31.20
2900 086 8190 087 46.80
13.40 082 9750 087 62.40

Figure 10 Height adjustment to improve V value
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1) anTUIUNUANAINAL 10 §U inFaiiies
5 §u Tagdanandduil 6-10 ean9INNsEUILNNS
ilesaneglusziuanugeiitiunindimanzauniy
wanseAans (75.8 wuduns) wasliaunsauiussau
18 fauandlu Figure 11

2) Wlfzenususedtu (Table i) tlevaeannis
Audseninu iR nuegraivsednsam [14], [15] lay
Amunseauaugevedddzlieyluseduideiiunian
afuil 5 (75.8 wufimns) dedien VM wirfy 1.00 A
ndnnsemans wuamsieaelianmnisenegludasd
Uaenereszuunduiilonasnszgn waranusnanmm

Fugsianisuiaduannnisyinaulussezeniliogtel

—

o

HedAty awwanslu Figure 12

- Lifting position
Travel Distance (D)

Lifting position - T

Vertical Location(V)

Figure 11 Adjustment of the number of stacked

pallets per lift to only 5 units

Pallet No. v VM ° DM Height Adjustment Feasibility (cm)
(cm) (cm)
5 7580 100 3510 0.95 No adjustment needed as VM = 1.00
4 60.20 096 50.70 0.91 15.60
3 4460 091 66.30 0.89 31.20
2 29.00 0.86 81.90 0.87 4680
1 1340 082 97.50 0.87 62.40

Figure 12 Height adjustment to improve V value

via an adjustable lift table

TRzenUsuseau (Table lift) Minunlglunng
USuugsanfaufiniugatusif 20.5 iwufimng 9l
A1u1saUsUaneININSEIURIna1Ile dsnaliAsEeEnIs

A PNt a | X = o '
LARDUN LIRS (D) $AZAIAIIUFIAINNUNIAILAUILN
V) inswdsundasainarfinal’ Ingainaisusediv

i o o o a i 1 Aa a
WU FEAUNTYNVDINNAVIAMUN 4 EJQI“LJ‘U’NWJF]’J’IJJLGEN

a

Ananilaisuiuaisudunigladeininvesninuadliy

q U

TwazideansUsziiiu dsuandlu Figure 13

Pallet No. v M ° DM Required Height Adjustment (cm)
{em) {em)
5 96.50 094 1450 100 Height adjustment not possible
4 80.90 0938 3010 0.97  No height adjustment as VM value is close to 1.00
3 6530 097 4570 092 15.60
2 4870 092 6130 089 3120
1 34.10 088 76.90 088 46 80

Figure 13 Height adjustment to improve V value

via an adjustable lift table for pallet handling

211n1591809n15USUsERUTRzen NUID

ANUNTOALAITTELANNNUDIAIWAUIEN (V) VBINWAY

° =

anaun 1-3 Wlanlnaldgananaidui 4 danatv

AFIAMLUIAY (VM) Liudulng 1.00 Fadadusesiu

u

AMULEBAAIAIUNS NIOSH uananni favivanssey

o

NMSLAABUNLWIAT (D) wazn1senisenlsegsitdedAgy

fauanslu Figure 14 wag Figure 15

Lifting position - Travel Distance (D) Lifting position
— —
Vertical Location(V)

| |

- Lifting position

Travel Distance (D)

Lifting position -

o

Vertical Location(V)

all

Fallet levels 1 3 vill be at
the same level as pallet 4
V=809 cm, D=30.1 cm

Figure 14 Height level of pallet placement on the
adjustable lift table

Pallet No. Before After

V (erm) VM D(cm) DM V (cm) VM D (cm) DM
10 153.80 0.76 40.70 0.93
9 138.20 0.81 2730 098
8 122.60 0.86 11.70 1.00
7 107.00 0.90 3.90 1.00
6 91.40 0.95 19.50 1.00
5 75.80 1.00 35.10 0.95 96.50 0.94 1450 1.00
4 60.20 096 50.70 091 80.90 0.98 30.10 097
3 44.60 091 66.30 0.89 80.90 0.98 30.10 0.97
2 29.00 0.86 81.90 0.87 80.90 0.98 30.10 0.97
1

13.40 082 97.50 0.87 80.90 0.98 30.10 0.97

Figure 15 Risk level comparison based on Vertical
Multiplier (VM) and Distance Multiplier (DM) values

before and after improvement
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dleuseidfiulneldaunis NIOSH (Multiple Tudmreansussfiuauenuuuies (Single
task) ndan1sUsuUeanian wud Ardvinisenuuy task) ndan1suTuUTaanilan wudnAdeiinisen (L)
593 (CLI) TA1anasan 4.09 wdeifiss 1.95 Fauanad YN NaNa1Fui 1-4 amaaﬂ"msli’mﬁmﬁagﬁxwiw
msassziuAnudesIngasneglutiasnsngonuld 1.64-2.02 wdeified 1.42 wirdunnaumnis dekansly
wnuAinaeives NIOSH fauandlilu Figure 16 Figure 17

NIOSH Lifting Equation (Multi Task)

STEP 1 : Measure and record task variable data

Object Weight Vv H D A F Duration
No.| Task C
L (Avg) |L (Max) | (cm) | (cm) | (cm) |(degs) | (lift/min| (Hrs)

1 | Pallet 5| 2250 | 2250 | 96.50 | 28.00 | 14.50 | 0.00 0.50 8.00 | Fair

2 | Pallet4 | 2250 | 2250 | 80.90 | 28.00| 30.10 | 0.00 0.50 8.00 | Fair

3 | Pallet 3 | 2250 | 2250 | 80.90| 28.00| 30.10 | 0.00 0.50 8.00 | Fair

4 | Pallet2 | 2250 | 2250 | 80.90 | 28.00 | 30.10 | 0.00 0.50 8.00 | Fair

5 | Pallet 1| 2250 | 2250 | 80.90 | 28.00 | 30.10 | 0.00 0.50 8.00 | Fair

STEP 2 : Compute multipliers and FIRWL, STRWL, FILI and STLI for Each Task

FILI STU Reordered F
No.| Task LC VM HM DM AM CM | FIRWL x FM [STRWL
(=L/FIRWL) | (=L/STRWL) | task no. | (lift/min)

1 | Pallet 5 | 23.00 0.94 0.89 1.00 | 100 1.00 | 19.21 | 0.81 | 15.56 117 145 1 0.50
2 | Pallet4 | 23.00 0.98 0.89 097 | 1.00 1.00 | 19.56 | 0.81 | 15.84 115 1.42 2 0.50
3 | Pallet 3 | 23.00 0.98 0.89 097 1.00 100 | 1956 | 0.81 | 1584 115 142 3 0.50
4 | Pallet 2 | 23.00 0.98 0.89 097 | 1.00 1.00 | 19.56 | 0.81 | 15.84 115 142 4 0.50
5 [ Pallet 1 | 23.00 0.98 0.89 097 | 1.00 1.00 | 19.56 | 0.81 | 15.84 115 1.42 5 0.50

CLI = STL, |+ AFILL, [+ AFILI; |+ AFILI, [+ AFILIg

CLl = 145 | 0.11 0.11 0.13 015 | 1.95 ‘

Figure 16 NIOSH Lifting Equation (Multiple task) evaluation results: Post-improvement for wooden pallet lifting task

Parameters of the Pallet No.

NIOSH Lifting Equation 5 q 3 2 1

Object Weight (Kg) 22.50 22.50 22.50 22.50 22.50

V (cm) 96.50 80.90 80.90 80.90 80.90
VM 0.94 0.98 0.98 0.98 0.98

H (cm) 28.00 28.00 28.00 28.00 28.00
HM 0.89 0.89 0.89 0.89 0.89

D (cm) 14.50 30.10 30.10 30.10 30.10
DM 1.00 0.97 0.97 0.97 0.97

A (degs) 0.00 0.00 0.00 0.00 0.00
AM 1.00 1.00 1.00 1.00 1.00

F (lift/min) 0.50 0.50 0.50 0.50 0.50
FM 0.81 0.81 0.81 0.81 0.81

C Fair Fair Fair Fair Fair
CcM 1.00 1.00 1.00 1.00 1.00
RWL(Kg) 15.56 15.84 15.84 15.84 15.84

Figure 17 NIOSH Lifting Equation (Single task) evaluation results: Post-improvement for wooden pallet lifting task
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& s Pallet v VM D DM Risk Level Meaning
nsUsulgeziuuun 2 e -
WUINTINSUSUUS ,ﬁﬁ‘] UNg Lg ana1vsu 10 15380 076 4070 093 High Most difficult lifting height
: 9 13820 081 2730 098 High Most difficult lifting height
NALNUNIS I LAz nUSUSEAU AY8199991ANAaNIS 8 12260 086 1170 100 Medium Lifting height with ergonomic risk
- o . \ o 7 107.00 090 3.90 1.00 Medium Lifting height with ergonomic risk
ULl UNUBNLUULAYA (Slngte task) ﬂ@uﬂqiﬂiﬂﬂiﬂ [3 9140 095 1950 100  Medium Lifting height with ergonomic risk
WUl ’]éﬁj‘ﬁ A158n (L) 7099 and ﬁUﬁ 48 o Eﬂu%ﬁﬁlﬂ 5 7580 100 3510 095 Low  Most favorable (comfortable) lifting height
v 4 6020 096 5070 091  Medum Lifting height with ergonomic risk
ﬂ’ﬁﬁJLﬁﬂx‘iﬁ@ﬂﬁﬂﬂ’MﬂaN N LL?IWQEL‘LJ Figure 18 ﬁwﬁaga 3 0460 091 6630 089  Medium Lifting helght with ergonomic risk
v 2 2 2900 086 8190 087 Medium Lifting height with ergonomic risk
(ﬂﬂﬂa']'JNWSLSUL‘UULLU'W]’NIUﬂ'ﬁ@@ﬂLL'U'Uﬂ’]‘JIJ‘J'U“U?Q U 1 1340 082 9750 100 High Most difficult lifting height

1) aATIIUNUANIIN 10 S Wide 5 U Lo
. . o o d a4 .o 2 Figure 18 Risk levels based on VM and DM values
FANILANAIAUN 9-10 LWORANLABITEAUAINUAIN
e o for each pallet before improvement
noliAnAINIA9E

2) TAVLAUIIN LA NNALNUA AU B H UT]

1-3 WipENTEAUNTIINaN Iz au lnenaAseay V

o o o I , o Vertical Location(V) _— Travel Distance (D)
YDINUANEUN 4 uay 7-8 Waglutrsnnudesuiunan S — T B
wagnnanardun 5 Iegluseduanuidsn deandluy I R e B m |

Y }V 1 j—l I
Figure 19 Al TR K
WadrdayaurUseiliusigauns NIOSH e
o v I ] - 1 |
(Multiple Task) #84n015U3UUTIRNIUUUINIFULUUN 2

nudAainIsenkuusIN (CLI) anasain 4.09 mde ettt totrt
2.16 sauanslu Figure 20 -

Tun1sUsziliuauenuuLied (Single task)

wiansuiuuse idndudessufiumsusefiug Wewin
| & = o ' = =
AAIUFIINANUDIAWNUIEN (V) BAZIZEENITATIUN
Tuuulfs (D) SIAUTIIAUNUANAIANUT 4-8 VBINDUATT Figure 19 Simulation of V and D values when

Uuuse Fafienduiinisen L) ogflurae 1.42-1.64 placing pallets on a pallet platform

NIOSH Lifting Equation (Multi Task)

STEP 1 : Measure and record task variable data

Object Weight \ H D A F Duration
No. Task C
L (Avg) L (Max)| (cm) | (cm) | (em) |(degs)|(lift/min| (Hrs)

1 Pallet 8 | 22.50 | 22.50 | 122.60 | 28.00 | 11.70 | 0.00 0.50 8.00 Fair

2 Pallet 7 | 22.50 | 22.50 | 107.00 | 28.00 | 3.90 | 0.00 0.50 8.00 Fair

3 Pallet 6 | 22.50 | 22.50 91.40 | 28.00 | 19.50 | 0.00 0.50 8.00 Fair

4 Pallet 5 | 22.50 | 22.50 | 75.80 | 28.00 | 35.10 | 0.00 0.50 8.00 Fair

5 Pallet 4 | 22.50 | 22.50 | 60.20 | 28.00 | 50.70 | 0.00 0.50 8.00 Fair

STEP 2: Compute multipliers and FIRWL, STRWL, FILI and STLI for Each Task

Fil sTU Reordered F
No.| Task Lc M HM DM AM ™ FIRWL x FM | STRWL
(=L/FIRWL) | (=L/STRWL) | task no. | (lift/min)

1| Palletd | 2300 [ 0.96 0.89 091 ( 1.00 095 | 16.94 081 1372 133 164 1 0.50
2| Pallets | 2300 o086| 089| 100| 1.00 100 1760 o081 1426 1.28 1.58 2 0.50
3| Pallet? | 2300 090| 08| 100| 1.00 100 | 1856 | 081 1504 121 1.50 3 050
4 | Pallet5 | 23.00 [ 1.00 0.89 095 [ 1.00 1.00 | 19.43 081 1573 116 143 4 0.50
5| Palleté |2300 | 095| 089 | 100 | 100 100 | 1953 o081 | 1582 115 142 5 0.50

Cl=  STLI, |+AFILL, [+ AFIL, |+ AFILI, | + AFILI

Ccu= 164 ‘ 0.13 012 0.13 0.15 216 I

Figure 20 NIOSH Lifting Equation (Multiple task) evaluation results: Post-improvement for wooden pallet on a platform
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Figure 21 Configuration of a nail gun lifting aid

installation for the wooden pallet repair station

Figure 22 Demonstration of nail gun use with lifting

assist device (after improvement)
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Body Part Evaluated Assessment Score

1 Upper arm 2
2 Lower arm 1
3 Wrist 1
4 Wrist twist 1
5 Group A score 2
6 Muscle use in arm or hand 1
7 Force or load on arm or hand 0
8 Final score for arm and wrist 3
9 MNeck 2
10 Trunk 2
1 Legs 1
12 Group B score 2
13 Muscle use in legs or feet 1
14 Force or load on legs or feet 0
15 Final score for legs and feet 3
16 Final RULA Score 3

Risk Level Medium Risk

Figure 23 Results of the RULA ergonomic assessment

for nail gun operation task: Post-improvement
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