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Abstract

Laser-cut steel part often produces scrap cassia under the workpiece, and assembly welding will cause the workpiece
to be poorly assembled, causing the workpiece to be weak. It is necessary to have a surface polishing process to remove
scrap before welding and assembly. Therefore, this research aims to improve the design and performance of a drum
sander. One of our main goals was to make the sander more ergonomic for the users, reduce processing time and worker
fatigue, and be economically worthwhile. As a result, our drum sander can reduce the processing time from the
conventional belt sander by 84.62%. In addition, we have evaluated the principles of ergonomics by using the Rapid

Upper Limp Assessment. The evaluation score is 2, which means the process is acceptable. Moreover, the economic
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assessment section found that the production cost per unit was 0.046 THB, and the payback period was approximately

0.55 years.
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RULA Employee Assessment Worksheet

: . Scores
A. Arm and Wrist Analysis WristScore B. Neck, Trunk and Leg Analysis
Step 1: Locate Upper Arm Position: Table A o T Step 9: Locate Neck Position:
Pz T i — o 5 e
+1 4 ORI U IPT s Wrist Wrise Wrss Wrist) +1 (T 43 C.

fis o i ‘_I,. =] ,;]_ 50 Upper Lower Twist Twist Twist Twist .f\ \J “.' eETEc——
il TN , Jaemd Sy Arm | bm it hooa I-'- i
flt ‘.,q.n.ﬁ.r Filss : 1 2 ) bl Wl
W AR Yo T 1 Step a.d,m

o™ A 45t 1 2 I reck s twisted: +1

Step 1 Adjiss = I neck is side bending: +1

1 ahoulder is raiac: o1 y Step 10: Locate Trunk Position:

W upper arm i abducted: +1 &

Il arm i supportsd or person i keaning: -1 res——— 2 2 A o p — +d s
Step 2: Locate Lower Arm Position: :1' h] (I' Q p ) e /”_/,_J \
(Y a () # _—wl7— 1 B '\- 1 h | l)( =

). ]
% (€ Tl 3 11 VI f
o : Y Gy ) 3 Shep 104 AdjUSE..
) oler s If truirik is twisted: +1
& | ( "l } T 4 2 IF truardk; is side bending: +1 e
. e - iy 4] LoWEr AT Score 3 Step 11: Trunk Score
5I.=D2.| - 1 IF legs and faet are supparted; 1
: Adjust_ i
I sither arm is working across midline or out to side of body: Add +1 5 2 lLAgtts e
Step 3: Locate Wrist Position: | it 3 fech Fubhe It Tromk Passmb e Leg score
i . Fi i et
e el ::-E’ My sl & B2
— -._-¢.1 L 3
Steg 3a: Adjust 4 el i
IFwarist i bent frarm midline: Add +1 Table C
Step 4: Wrist Twist: 1 3 r
1 arist (s taisted i mid-range: 1 . . = L 48,8
IWwurist is a1 oF pear endof range: $3 T WSLSEEM S Scone 2 : : & ncrssnaazsss
Step 5: Look-up Posture Score in Table A: 3 3 Step 12- Look-up Posture Score in Table B:
¥ Wrisc/ Arm 4 3 3 Lising walijes from steps 911 above,
Using values from steps 1-4 sbove, locate scare in s . i ke St el
Tabile A Score = h - Fostre B Score
Step &: Add Muscle Use Score Poshue ol & 4 45 Step 13: Add Muscle Use Score
If poature mainly SLatc fi.e. held>10 minutes), F 5 5 6 Il pesture mainly static fie. held=10 minutes),
Or if action repeated ocowrs 4% per minute: +1 B 5 5.6 7 O if setion repeated bt X per minute: +1
Musche Use Soorn
S‘I'tep 7 Add For_:efLu_ad Score Misscle Lo SCoM0 gcing | final scone From Table C) Step 14: Add qu:e.fouad Score
IFioad < 4.4 Iba (intermittent]: +0 2 I oad < 4.4 B (intermittent). +0

IMioad 4.4 to 22 Ibs. |
Ifhead 4.4 to 22 b
Ifmore than 23 iw or

rmitien): +1
lic o repeated). +2

repested or shocks: +3 Farce / Load Score

il load 44 1o 22 Ibs. {intermitent): +1
thange may be nesded

IF lnad 4.4 10 22 Ibs. {static or repeated): +2
hange scan

I mare than 22 i of repested of shocks: +3 FiEt Bl e

¥ = investigate and implemert change

Step & Find Row in Table C
Aabed walues fromm steps 5-7 to obtain

Wirist and Arm Score. Find row in Table € Mirist B i SCo0S

Step 15: Find Column in Table C
Add values Irom steps 12-14 1o abtain
Neck, Trunk and Leg Seare. Find Column in Table © 40 Tk Leg Scors

RULA 50008

Ul 11 wuudssidiusanedinuuegasiass RULA i : [10]
rounazudanisldiaiostatusmuduu Tasnis
Uszifiuaggnuuasendu 2 ngu Useneusie
nguil 1 (Part A) dmdunisiiasigsias szl
ALY UAIUUU (Upper arm) LyuaIuans (Lower
arm) mstadeulmvesdeile (Wrist) waznsuyudoile
(Wrist twist)

NauN 2 (Part B) dmsunsiiasieiuasyseiiiunis

azlamzuwuuUsyluludliuvag Part A

wasulnvesdiudine (Neck) 8187 (Trunk) wazn
(Legs) Haamsdne avldmvuuulsvifivludiuves Part B
wdntutasuuuUszfiuie Part A uay Part B
UATLIUMAIATLUUUTZIEU RULA (Part C) lnegn1519
wuuUszidiusemeduuuegasinsuansusui 11
15U 5ELHUNINIINITYN9UAI8TD RULA 989
FUitRnuneunislfirsesdunuy (dieseadnnseany
NIWAWNIUTON (A1) Iumsﬁﬁ’m%umu) Fausduneus

o

PNPUINUDDNINLATDIFALALYDS TATUINY WAZENTUITY

dmnanifiewdsuduingnsruiunadoutszneu 4
wansUszIduseAs RULA neumsldiaiesduuuy nau
7i 1 (Part A) flnzuuudszifiunisiadoulmivasuay
duuu (Upper arm) AUy +2 Waudiuans (Lower
arm) fazuun +2 n1sedsulwivesdeiio (Wrist) &
AZUUY +4 Lagn13viyudeile (Wrist twist) dazuuy +2
Faduarldaruuulssifivludiuves Part A winfu 4
nandluguil 12

drunsUszidiunguil 2 (Part B) flazuuudseidiums
waeulmivesdiudine (Neck) fazuuy +3 a1
(Trunk) dAzLul +3 Lazv1 (Legs) edoetng Savuuy
12 fafuazldnzuunyssidivludinue Part B Wiy 5
nandluguil 13
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Scores
A. Arm and Wrist Analysis e
Sbep1 Locate I..Ippel Arm Position: Table A = - z
L +2 { | Upper Wrist Wrist Wrist Wrist
4 —f"—"' ROWSE rivist Twist Twst Ti
ol \ r ] l"’" Arm | Aem e e
|' ?’ | | ( \
> L \ +3 (| +4

1
Step la Ad,usl
If shoulder is raiged: +1
I upper &rm i abducted: +1 +2
1F arem s supported or person & leaning: -1 [romonmar e 2
Shep 2: Locate Lower Arm Position:

= Lowwer Arm Score
T Add 41

‘x
+
- +* :
u.
L IR TV Y S P S S P R ¥R Ny

Step 2a Adjust_
If sither arm is working scress midline ar sut to side of body: Add +1 3
- . i 7 7T
Step 3: Locate Wrist Position: T e = =17
e ;—:;?’ —3 Mo & B8 s
it _\'S'Hf y A 3 3 3 3
Step a: Adjust a3 o \ Trunk, Leg
I wirist is bent from midline: Add +1 Taple C i 2348567%
Step 4: Wrist Twist: +2 +4 Bl 7 2 3 3.4.5 5
I wrist i twisted in mid-range: +1 - - R U i
IFowrist is &t or near end of range; «3 T TSt Soare Wost Seeae : S el3 i : :
333 4 45
Step 5: Look-up Posture Score in Table A: » = =
Using values frarm steps 1-4 sbove, locate score in 4 i - BREIE LB
Table A Score 5 4 4 4§ ik
Foswre Score A : 57 7
Step 6: Add Muscle Use Score o 4 4|5 6 6,7 7
If posture mainly static {i.e. held>10 minutes), 556 6 777
O if action repeated oceurs 4% per minute: +1 o B 5 36 7 7 7
Step 7: Add Force/Load Score Muscle Use 5000 o | fing) scoe fram Table O]
Ifioad < 4.4 s, (intermittent). +0 i .
1-2 = scceptable posture
I icad 4.4 16 22 Ibg. fintermittent]: +1 :
i ioad 4.4 16 22 Ibs. {static or repeated]: +2 0 E: 4 :”’“'" "“"‘!5“'“"3:"9’ S b nesiel
It more than 22 i, or repested of shocks: +3 Fonce Lond foore |20 TR RGME AT, ARG S008
7 = investigate and implement change
Step B: Find Row in Table C
Add values from steps 5-7 to obtain 4 5

‘Wrist and Arm Score. Find row in Table €.
Wirist & Arm Score IR A o

JUN 12 azuuuUszidlusieds RULA Tudived Part A uay C

B. Neck, Trunk and Leg Analysis
Sbep 9: Locate Meck Poslrlnn
+3

o 2% e
i l:. *2 lr- 13/-\; S_{ Mock Score
{ P [' AR

]
Step 94 Adjust .

I neck is twisted: +1

If neck is side bending: =1

Step 10: Locate Trunk Position:

""C‘} *2 r
. Ml? | j /;

If trurik is twisted: +1
IF trink i3 Side bendwmg: +1

S‘Izp 11: . Trunk Score
If logs and Fael ars suppsrtad: o1
il noe +2 +2
T Trunk Pasture Seor
p:;}:. ke B :. :;l“.-;u - Leg scara
cegre F LeEn leg Legs leg Lem
37 A R T B ([ A
1 1238488 & & ?
3 33 i A 548
3 3% i@! LES kAR At
4 sa e T TT e
s 7irir[riTeiEa 58 E
L) E'FE B F R ERH %9 908
Step 12: Look-up Posture Score in Table B:
Using values from steps 9-11 abave, 5

bodate seore i Table B

Step 13: Add Muscle Use Score
If poature mainky static (e, held=10 minuteg), O
Or if sction repeated oocues 4% per minute: 41

Step 14: Add Force/Load Score

W laad < 4.4 M (intacmittents +0

IF load 4.4 to 22 |bs. (intermiment]: +1 0

If load 4.4 40 22 |ba_ {static ar repeated): +2

If more than 22 [bs. or repeated or shocke: +3  Fare fLoad scone

Step 15: Find Column in Table C
Mdd values from steps 12-14 wa obtain 5
Neck, Trunk snd Leg Seore. Aind Columm in Table € 400, Tk Leg Scov

Poshre B Score

Muscie Use Score

Ul 13 AzuuuUsziiufes RULA Tudiuves Part B

lodrAzuuuUseiiune Part A uag Part B 11
AIMMAIATLULUSEEY RULA (Part O) dswandlugy

7l 12 fiwan15Useifiuegil 5 azuuy Jenunefeaud
Uitasududgminiediuniseaiand deadonis
U1aUlUEILAN9 20951911891NNNTYINU LAz dINa
Mlusgansamlunisiiauanas lnedansuiain
fuftRnuBurhauluimeilsignies Snitaufufen
Fostusaniedatununieutuioniosdntuauid
hwiindszann 1 Alanfulimaeaailunisrha

drunanziuun1sUTzdiun1seA1ansAI835 RULA
vosffufoRnundsnisliiatosdntususuiuy Sawans
Uszifiuseds RULA ngudl 1 (Part A) flguuudssiiiy
nstadeulmvesuvudiuuy (Upper am) fiazuui +2
wuudas (Lower arm) flAguun +1 nMsiadeulives
Toilo (Wrist) HAzuuy +1 uazn1snyudaile (Wrist
twist) Tezuuu +1 feduarldnzuuutssduludiuves
Part A Wity 2 uandlugud 14

Scores
A. Arm and Wrist Analysis T ———
Sbep1 Locate I..Ippel Arm Position: Table A = 5 =
G | ] Wrist Wrist Wrist Wrist
h ,l ] ROWSE Tzt Twist Twmt Twist
| Asme l__’-, Arm | Afm
r "‘"""Cr)’ | ( Y S T
I RS a ({a B 2222333
! 1 2 221212 313{3]3
Slep‘a.ld]ml N > 33333 4 4
If shoulder is raied: +1 - s
if wpper arm i abducted: +1 +2 i Qi 3| Bpdo 4l a
If arm is supparted or person & leaning: -1 g i ks 2 2 31313 51444
Step Z: Locate Lower Arm Position: B 2 4 44 4.4 55
o3 Il 3 3 44 4455
() w :;. +2 E] B 3 4 44 4/ 255
,'<_!"- . 3 4 4 4/ 4 455 5
Nl l‘!_;'___ i +1 | s 4 44 455 5
e | Cj 3 B i 4 44 455 s
\-I \ \ Sl g4y Lower A Score Bl ¢ 4 45 556 6
5555566 7
Step 2a: Adjust » ) ; T e T
If sither arm is working scress midline ar sut to side of body: Add +1 3 5 . 7 !
Step 3: Locate Wrist Position: M i1 - SRS IREEARAEAL
» Lo 7 7 77 788 o
E}» 1 addar| 6 B s 3 5 8 89 9 9
;:;?)3‘3‘*‘ ¢ - HOUCEICD
Step 3a: Adjust_ ¥ i Trusk Senr
i1 warist is bt fram midline: Add +1 Tabie C ‘“- ; 5 ;‘:L?a =
Step 4: Wrist Twist: +1 +1 1 2 3 3 4.5 3
i1 wrist is bwisted in mid-range: +1 N y - Ch
wrist is at or near end of range +3 0 WSt SEArE WSt Score : :Qi : = E :
Step 5: Look-up Posture Score in Table A: = = S
Using values fromm steps 1-0 abows, locate scare in 2 PRI 3 23 4 5.6 6
Table A Sofe 5 4 4 4 567 7
Posu 5 A a & -
Step 6: Add Muscle Use Score e §l4 4|5 6 677
If posture mainly static {i.e. held>10 minutes), 556 6 777
Or if action repeated oeeurs X per minute: +1 0 B 5 558 77,7 7
Step 7: Add Force/Load Score Muscie Use Scoem
Nload < 4.4 i, (intermittent}: +0 1"_:':')‘&:?:;,’::;:&“ e c)
iFioad 4.4 to 22 Ihs. intermittent): +1 :
i toael 4.4 1. 22 1. {statie ar repaated]: +2 0 E--‘l S furthes ﬂve\k!glllul‘,fhnr@e may be needed
If mare then 22 ihs. or repeated or shorks: +3 Foroe 7 Lond Scone |0 T IS ACERMIA, Chkings 00H
7 = snvestigate and implement change
Step B: Find Row in Table C
Add values frorm steps 5-7 o obtain 2 2

‘Wrist and Arm Score. Find row in Table €.
Wirist & Arm Score IR A o

JUN 14 azuuuUszidiugngds RULA Tudived Part A uay C

drunsUszidiunguil 2 (Part B) fiazuuudseidiums
waoulnivesdiudine (Neck) fazuuu +2 8167
(Trunk) SAzuun +1 uazan (Legs) Tadasdng flazuuu
11 soiuerldezuuulsaifivludiuwes Part B wittu 2
wandluguil 15
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B. Neck, Trunk and Leg Analysis
Sbgp 9: Locate Meck Positi_nn'.

Ty T i o e +2
+1 £ _:I #2 ({4 +3 } 4 Y
2 RV /o9 Mook Scece

(g & =n 4 N7

R R Wy

Steg Qa: Adjust...

IF neck id twisted: +1

If neck is side bending: =1

Step 10: Locate Trunk Pasition:

1 A ez A2 & +4 e,
(3 ? a 3
)i ) ke ’;’-/‘J |
&5 P 4 -

i o /"
{0 N 1P

Step 108 AdjuisE..,

If trunk is twisted: +1 +1
IF triirk i Side bending: +1 s
o
o 11 L Trunk Score
If legs and feel are supported: +1
if not +2 +1

R, Tatve B, Tronk Costure Seore
. 1

; ~--LIT Log Scoro
=TT . v ~ = %

e leg legs Legs leg Lems
sl n et

e 4 v 313

Using values from steps 3-11 abave, 2
logate seore in Table B

Step 13: Add Muscle Use Score
If posture mainly static (e, held=10 minutag), 0
O if sction repeated oours 4% per minute: 41

Step 14: Add ForcefLoad Score

I load < 4.4 i {intermittent) +0

IF load 4.4 1o 22 s, (intermitrsn): +1 O
IF load 4.4 1o 22 bs. {sEatic ar repeated): «2

I more than 22 lbd. or repeated or shocks: +3
Step 15: Find Column in Table C

Add values from steps 12-14 ba ablain 2

Meck, Trunk and Leg Score. Find Column in Table © g0y 7 Leg Scoeg

Foanee B Soore

Muscle Use Score

Fance / Load Score

Ul 15 AzuuuUsziiiudels RULA Tuduves Part B

WediazuuuUszifiuiia Part A uay Part B 111
AINAIATLUUUTELEY RULA (Part C) Asandlugy
7l 14 fuansusziiiueg 2 azuuy Jeaiiuldinzuuy
nsUszifiuresfu foRuitudusgiaunudsain
WasunnHuiedesdntusuduuuy Tnsfufohon
annsnanmsliimdnesuaulitosas osnnlides
pniadesntaduaumiioufunislfieiosianszany
NIIBUUULFL TAndadnuazyivemsihauiliinngd
fafledndusu 1lesanszezaugavedaioda

aukuvegluszAuideddudujufau wenand

AUfURMudEunsaUsuszaulisdnduauuuniedn
suwuulvinedls wedigliguiURuaiunsariaule

atarAINlurimneTignees

5. ayunauazdalauauuy
NYAAMNTTUNINANLATUTENDUTUAIULATOIANS
ddnanussautguineadunssuaunistaduaiuman

ndRINNsFameLawas dunszuiunsirundune

¥ fUFtRnuAnadesdn uazlivasnfelunns
UATRnu iWesnlunszuiumsiliniesdnnszaiu
nsrwaewIuInda () lunsdndueu daddwdnunn
wazffoRnudsiinistadusiuia 1,000 Susiotu
danavilviuszansnimlunisyiiuanas uazdaugddn
nszurunstazlineliinyaanislunisudn widy
nszurumsfisndudosd Kuuluenuiteddelding
poNUUUUAEIAIL AT SN TL NN MEINATS
dadnolalwed ieannanlunszuiunindn anadny
o uaztiinaudasadeliuiguiviau Tag
Uszgndldndnnisn1seenkuunaIunNIseAIanskay
\ATgANans
NATBINITODNUULLAT HAL AT TN TUIIMEn
Fuu Jeanunsnaniaatlunszuaung (Processing
Time) a1nLfinegdl 65 Jundl wdeiiles 10 Funit wie
anusoanatunsyuumsastineiosas 84.62
dvfumsdiesginisiiuasugaans ndeedn
Fusrudunuuiiduunisduiuaiuienuniogi
4,597.50 umsiad AsuyuNIsHERonIENITHEAIVINAY
0.086 VIMAaTY wazdszozinanlunsuyulszuin
0.55 1
AIUNITIATIEINAIUNTEANERTUAIN1TN5 LY
wieadntuaudunuy nednanisuszsidiunisemans
#E38 RULA agifl 2 azuun iewSsuifisunansuuuns
UsgifiumadiunisemanvesujiRnuituanifud
AzuuugT 5 Azuuy dudunamanmsigufoalides
ponussBniesdauuURNATihwings 1 Alandy uagll
Aeanuimsetinfanasniiallun1sinauy
dwsudelauaiuzuazauidelusuian 3789y
ymsAnuiitadslumsfndsaenugidedudiuves
mad-eenvenaiesinduau ieifinyszansainly
neviunasyi iU §oRnudanuagninifiuinniu
Tngligoseantminurulunisentunuduazesn
w3nadanasaiian Wunavilvazuuuussiiuniesi
nsermansegluseiu 1 azuuy Jedioidunuiufoau
fifgadmuduFsRany
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