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# # 5471065221 : MAJOR INDUSTRIAL ENGINEERING
KEYWORDS : SPEED AND ACCURACY TRADE OFF / WORKING PERFORMANCE /
INDEX OF DIFFICULTY / WELDING / FITTS' LAW
KANOK MOKMUED : A STUDY OF WORKING PERFORMANCE OF SHIELD
METAL ARC WELDING. ADVISOR : PHAIROAT LADAVICHITKUL, Ph.D., 112 pp.

Commonly, work evaluating in Industrial Engineering uses working time as a
primary indicator. However, the skilled or professional work which have a variety of
difficulty level, may applied Fitts’ law concept to evaluate work as call as Fitts’
performance. It also can use for work planning. A metal arc welding is a kind of skill
work. In this study, there were 3 posture factors and 2 welding joint factors. Which were
used to create 6 level of Index of Difficulty (ID). Four experience welders were recruited
voluntary as the subject.

In order to evaluate the work performance of shield metal arc welding, subjects
were order to work with maximum speed within the acceptable quality level. For the
results, movement time (MT) was used to create relationship with ID. The target was to
maximize total coefficient of determinant of the performance line from 4 subjects.
However, ID of metal arc welding are qualitative data. So establish ID is to define ID
scale. Two methods were proposed to define ID. One was created from average MT and
another one was created from Optimization.

Establish Index of Difficulty of shield metal arc welding is useful for performance

evaluation. It can apply for production planning, work assignment, wage estimate and

skill training.
Department :___Industrial Engineering ... . Student’s Signature_____________ .
Field of Study :_Industrial Engineering . . Advisor's Signature
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Wann1smangan v ldAaae MT LL@&ZQ’J‘HLT_IENLUuﬂJﬁﬁlﬁ‘gﬁuLﬂ@ﬂuLLﬂ@ﬂ

4 o dl 4 vy Y 1 o dl 1 ng dl 1
pxdaniuunlunismeassiazdaslifidasauneaauyinnsdandenduaun by
. . < Xy r A e A ey
HIUNUFIATUNIN B9 MT 2893iueuit ldeinunusinninaw uanslugeanuuudne e nduls
AR R399 4.1 Wuda Bnaaay A Heruauduwanun llinwnudinmuniwenign tned
AU 6w Anily 10 1efifus rasTuanuinuewmeaay, gnadau B Hawanuilinig
naEiALININAIWIL 2 T Aoy 3 wefidusl resiusunauemaasy, §naasy C §
2 1 v 4 1
T9nu N lnwnusiaunInawou 3 du Andlu 5 wlefifus 299TuuNRULINAdeL
¥ alaal A [ I8 o a’l a | -3 g Qsj P
uwazEmaaay D HEusui liinwnusinnnInawu 5 3w Andu 8 wefidus 199Tueun
FILLANNAFAL AuanlugLN 4.1
wazulemNgUuuiNnu (Type of work) ALAsyddndaudueiun ladenunmst
ALUNINABTUSIUTNUNA W41 HB  winru 2.5 wedfidiud, VT winiu 2.08 wlasfidusd, FB

Wiy 0.83 wlefiiue waz FT winfiu 1.25 wlafifius aenanslugild 4.2



Andrutuanunliiuinusinuninse i uinuemaga
100%
90%
80%
70%
60%
50%
40%
30%
20%
’ 10% 29 5% 8%
10% o
0% - — I ||
A Y D
HnagaL
a o 1 Qg/ d’ [ o 1 Qy dl
2‘]]‘1/] 4.1 mmumu\‘muﬂumummm@mmwmmu\i’mmmum\mmmu
AnAUTUIN LN RN T AN N AR TN WIHA
40.00%
35.00%
30.00%
25.00%
20.00%
15.00%
10.00%
5.00% 2.50% 2.08% 0.83% 1.25%
' 0.00%  0.00%
0.00% N | -
HB VT HT VB FB FT
guuuuau

519 4.2 AndauTueun LN UsiA LN AT TUIIMNATBIUA AT L ULILINY
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4 ]

Q’Lﬂm‘qwM@‘uL%uﬁ@u%umumﬂﬂhummeﬁ@mmw AunseieliTua Uity
NUTTARNIN 11 MT ﬂ?i"lﬁmLmuﬁ?;ummauﬁiﬂsimmmﬁ'ﬁ@mmw wansluTasTuLLELs
Tnduliiaare9m199T 4.2 Hludasgl WL RILATL 10 T

feannnsidendesdun inliriean MT LL@m'quLfimLuummgml,ﬂﬁﬂwmm
Fauamalumaed 4.1 uaz 4.2 fil

gnaaay A Tugiunenu VB Aadn MT wasuuilasannitia 93.30 3wt lu
85.90 Aunl Taefidawileuunnnsgiuanasan 13.63 undt i 3.87 3und uazgLluuy
9 FT Anade MT wasuutlasanniia 113.80 3wt 1y 106.30 3unfl Tneddamaaou
NIMTFIUAARIAIN 11.93 TP 1Tl 4.30 FuT

finaaey B Tugtuune FB Aada MT wasuulasainiin 102,70 Gundt iy
96.60 Aun7t TneRdwiilecinmnsgiuanasain 12.74 3undt iflu 5.38 Gundi

finaaeu C lugtuune HB Aade MT wanuuilasanniin 86.80 3wl iy
80.40 37l Tnefidaudeaunnnggiuanasann 11.78 3unfl ifu 4.20 3und

finaaeu D lugtuution HB Aeds MT wasuuilasanniin 88.44 Sundl iy
84.20 A7 Tnafidawilsatuninsgiuanasann 825 A iy 3.77 3undt waggtluuy
SWVT A MT wasuwasanitia 92.70 3wl i 90.70 3undt Inefdawdeay

HINTIIUAARIANN 7.04 1% 101 3.86 TWN



A919% 4.1 Al lunse@aui (MT) 1esfidnsaunnaaunaunis@andueulug

= = =
na i lunndenusasiuany

(e Fun9)

1 2 | 3| 4| 5|6 | 7| 8] 910 e sD 3
HB | 87 | 84 | 85 | 80 | 82 | 73 | 75 | 77 | 80 | 81 | 8040 | 443
VT | 77 | 87 | 88 | 8 | 106 | 83 | 118 [ 112 | 89 | 87 | 9330 | 13.63
<
2 |HT| 9 | 84 |102| 99 | 97 | 86 | 87 | 84 | 82 | 85 | 8960 | 7.14
& 93.26
S |vB |8t |8 |91 |87 |8 |8 | 8 | 84|87 | 84| 8610 | 3.00
AZF
FB | 94 | 101|107 | 94 | 94 | 99 | 90 | 96 | 97 | 95 | 9640 | 4.99
FT | 113 | 120 | 105 | 99 | 107 | 107 | 108 | 138 | 112 | 129 | 113.80 | 11.93
HB | 84 | 77 | 84 | 78 | 90 | 80 | 80 | 80 | 91 | 87 | 8310 | 4.93
VT | 80 | 76 | 80 | 82 | 82 | 84 | 84 | 83 | 97 | 95 | 8430 | 6.62
m
o |HT |82 | 91 | 82| 8 |8 | 79 | 78| 78|79 ]| 81 | 8210 | 418
@
= 90.51
S |vB|102| 92 | 94|89 |101| 93| 8 | 8 | 78 | 89 | 9070 | 7.60
AZF
FB | 101 | 103 | 97 | 94 | 127 | 123 | 89 | 93 | 95 | 105 | 10270 | 12.74
FT | 102 | 96 | 110 | 106 | 92 | 96 | 97 | 100 | 104 | 99 | 100.20 | 5.39
HB | 77 | 110 | 81 | 82 | 98 [ 101 | 82 | 82 | 75 | 80 | 86.80 | 11.78
VT | 82 | 80 | 79 | 75 | 84 | 76 | 81 | 79 | 79 | 86 | 80.10 | 3.35
&)
o |HT | 82 |82 | 93| 93| 94 | 84 | 87 | 85 | 84 | 84 | 8680 | 4.73
@
© 90.16
S |vB| 8 |101| 95 |84 |103| 82 | 8 | 78 | 82 | 85 | 87.90 | 8.85
AZF
FB | 100 | 95 | 94 | 94 | 97 | 97 | 99 | 97 | 103 | 100 | 9760 | 2.91
FT | 102 | 104 | 107 | 106 | 105 | 103 | 102 | 94 | 105 | 90 | 101.80 | 5.49
HB | 80 | 80 | 79 | 95 | 87 | 85 | 88 | 99 103 | 88 | 8844 | 825
VT | 88 | 94 | 92 | 102 | 94 | 89 | 107 | 84 | 90 | 87 | 9270 | 7.04
=)
o |HT | 9 | 103| 98 | 95 | 94 | 95 | 102 | 96 | 98 | 100 | 97.70 | 3.09
A= 96.89
S |vB| 95 |101| 99 | 97 | 95 | 91 | 95 | 97 | 94 | 94 | 9580 | 2.82
A
FB | 100 | 101 | 110 | 108 | 110 | 95 | 100 | 103 | 98 | 101 | 10260 | 5.13
FT | 94 | 108 | 101 | 107 | 111 | 103 | 108 | 100 | 103 | 106 | 104.10 | 4.95

wnnewg - suudnenaaduls uveunlddunasiaunin ldiinisdesdes
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= = & A 2 LA -
AN9199 4.2 1A I lun19Aaaun (l\/IT)mmnmmeu\‘ﬂwﬁ@wmummemmm‘w

= = = o = o
na I lunsde ARSTUINTUNUINIUATIEUTRLR

(1ag ; 39)

1 2| 34|56 | 7] 8] 9]H10 X so| X
HB | 87 | 84 | 85 | 80 | 82 | 73 | 75 | 77 | 80 | 81 | 8040 | 443
VT | 77 | 87 | 88 | 86 | 84 | 83 | 91 | 87 | 89 | 87 | 8590 | 3.87
<
o | HT| 90 | 84 |102| 99 | 97 | 86 | 87 | 84 | 82 | 85 | 8960 | 7.14
= 90.33
S |vB| 9 |8 |91 |87 |83 |8 |8 |84 |87 |84 8700 |262
Az
FB | 94 | 101 | 107 | 94 | 99 | 90 | 96 | 97 | 91 | 95 | 9640 | 4.99
FT | 113 | 102 | 105 | 99 | 107 | 107 | 108 | 107 | 112 | 103 | 106.30 | 4.30
HB | 84 | 77 | 84 | 78 | 90 | 80 | 80 | 80 | o1 | 87 | 8310 | 4.93
VT | 80 | 76 | 80 | 82 | 82 | 84 | 84 | 83 | 97 | 95 | 8430 | 6.62
om
o |HT | 82| 91 | 82|85 |86 | 79| 78| 78| 79| 8 | s210 |48
& 89.50
S |vB|102| 92| 94 |89 |101| 93 |8 |8 |78 |8 [ 970 |7.60
A
FB | 101 | 103 | 97 | 94 | 99 | 90 | 89 | 93 | 95 | 105 | 9660 | 5.38
FT | 102 | 96 | 110 | 106 | 92 | 96 | 97 | 100 | 104 | 99 | 10020 | 5.39
HB | 77 | 78 | 81 | 82 | 90 | 77 | 82 | 82 | 75 | 80 | 8040 | 420
VT | 82 | 80 | 79 | 75 | 84 | 76 | 81 | 79 | 79 | 86 | 80.10 | 3.35
&)
o | HT | 82 | 82| 93| 93| 94 | 84 | 87 | 85 | 84 | 84 | 8680 | 4.73
< 89.10
S |vB| 89 |101| 95 | 84 | 103| 82 | 80 | 78 | 82 | 85 | 8790 | 885
A
FB | 100 | 95 | 94 | 94 | 97 | 97 | 99 | 97 | 103 | 100 | 97.60 | 2.91
FT | 102 | 104 | 107 | 106 | 105 | 103 | 102 | 94 | 105 | 90 | 101.80 | 5.49
HB | 80 | 80 | 79 | 82 | 87 | 85 | 88 | 89 | 84 | 88 | 8420 | 3.77
VT | 88 | 94 | 92 | 97 | 94 | 89 | 92 | 84 | 90 | 87 | 9070 | 3.86
a)
o | HT | 96 | 103 | 98 | 95 | 94 | 95 | 102 | 96 | 98 | 100 | 9770 | 3.09
& 95.85
S |vB| 95 |101| 99 | 97 | 95 | 91 | 95 | 97 | 94 | 94 | 9580 | 282
AZF
FB | 100 | 101 | 110 | 108 | 110 | 95 | 100 | 103 | 98 | 101 | 10260 | 5.13
FT | 94 | 108 | 101 | 107 | 111 | 103 | 108 | 100 | 103 | 106 | 104.10 | 4.95

UNNIUG :

o ‘ﬂld % Y @ z o dl 1
uuuanssnTaduls Wuduinunasainnindandas
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4.2 NMSNMUUANIATIFIULRIATUAINENN (Index of Difficulty ; ID)

n1AaadlunIsAaeunlngnN13asAUNNNTEUINaRILMULITR4 Fitts  wanINaLTy

nanf WMlunsedaeui GaRnTuamINsaiinaNenn (Index of Difficulty ; ID) PANNINTW

Inenvualiuny y Wwnat il lunnmmineiun (MT) wazunu x Ae AriiAanuenn (ID) nanis

o o o v [~ 9 dlel o a ' d‘ o £ 4

naaeuansANANNusIasdaya ludunsanianndulugluuurespdineans a1
dl [~ ] I le =l o o dld ]

wnu x Mfunmsaau ID aglugiuuurasaannisny Bevanduanneunaaaadeliln

dl o v v o [ '8 1 o al
2 Wetideyannaieans A udNiugsEndne MT AU 1D adunsaufFaumsuanssnue
anaMNduIausazyAnals A mieuiasil N19IRaNIInULIBNENAGR LA LW AATEY

Fitts' law Huazfaanildauduiusuas MT 7 1D wanailindunss uplilasann ID 194

b

A

~ A o &) = &) o a
uaanlanzniivunlunimageuidusiudsvianilie Midudeyaidinmunin
o 2 on My o =l - ) = o o o o
(Qualitative) el 1FHN99RFELAZINEUNIATIAY A9fasENITiNdaya MT 2a9vnAL
M N A NANNRSae9 MT AU 1D 1udunse Inan1snaaed Trail AMLALINIRAT

ID B9 LHUUINNNITAMUANARTT 1D 2 31Ul A9il

4.2.1 MetMUANIASIEIY ID ANANRA MT 1asgvngay

1. wAnadn MT uwazgluunauandveaatmnan udaeedsuanniaslyl
unn andayalunnsedl 438 HB SAniade MT Arfigaia 82.05 3wl uay FT fidiads
MT qeiignie 103.10 3und

2. MNARNNIBIAAAY MT gﬂl,mmmﬁ@fg@"ﬁ SURAML ANAanad 4.3 lunediil
NaFALeAE MT Fufuann HB dugtuuueuusn AuaseAnadewintu 0, HB fu VT
fuasinaAade MT Winfu 85.25 - 82.03 = 3.22 Auil, VT fiu HT AuaseAade MT
Wi 3.80 AunFl, HT 1 VB Suasinadiade MT winfu 1.30 3undl, VB fu FB fuasiig
AnaAE MT Winiu 7.95 317l uas FB U FT Suasnerais MT winfu 4.80 3und

3. thuasnzesdiade MT inldlunstuunsn 1D Tuansluansd 4.3 pedund
A1 1D (NAFILLNU X) ‘lﬁmﬂ'ﬁ'gmmmm HB GuduAn 1D 7 1.00 msneifluauiidaaay MT
ﬁ@ﬂ;fizgm AntuiNauAAn ID pasgtunnudnll Taesdidn 1D Tugtuuianunauntin s
U wasneAaae MT Avnldaands 2 1w VT A1 1D = 1.00 + 3.22 = 422 uaz HT RA
ID = 4.22 + 3.80 = 8.02 WArAN ID 184 VB, FB WAy FT winfu 9.32, 17.28 LAy 22.08

ANNANAL
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AN9199 4.3 HANNINUUANIAINELY 1D AnNALeae MT

guuuuay ALQAE MT NARNIALRAE MT A1 ID (N1RFILLNU X)
(Aun) sluuuunaumidn | ID = ID AAUREI + WA MT
HB 82.03 0 1.00
VT 85.25 3.22 1.00 + 3.22 = 4.22
HT 89.05 3.80 4,22 +3.80 = 8.02
VB 90.35 1.30 8.02 + 1.30 = 9.32
FB 98.30 7.95 9.32+7.95=17.28
FT 103.10 4.80 17.28 + 4.80 = 22.08

4. A1 D ﬁ'ﬁmummgmmmm HB, VT, HT, VB, FB, ua FT aInmsii 4.3
SeflAuiniu 1.00, 4.22, 8.02, 9.32, 17.28 uaz 22.08 AuAWL WiluresuuIun x
sl,umim’fwLLmuqﬁmmwﬁ'memmﬁuﬁuﬁﬁu MT lugtuuuannisnanesidudunss
HATINAT RY UBIENAGALNNAUGIAR c-i“umm‘l,ugﬂﬁ 4.3 UWAzaINAT R® g44AAINNITIN

MT Enagaunnam dauandlugili 4.4

T ) F(A)=0.7321 R3(B) = 0.5348 R3(C) = 0.7084 R¥(D) = 0.6729

120

110

100

a0

80

70

HB T HT VB FB FT
i ! ] ! !
&0 LA O S B B S

T T T T T T T 1
Index of Dif'ficultyl_:'

1.00 4.22 8.02 9.32 28 22.08

519 4.3 nalanniannnesddunsnnIue 1D anAn R® 2845Nn88L 4 AU
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MT fuai)
120
y=x+81.025
R*=0.5032
110
100
30 3
50
70
HE T HT W Fg FT
i I i I | i
&0 | —
‘ ! P Index of Difficulty ' ‘
1.00 4,22 g.02 9.32 17.28 22.08

519 4.4 nelannisnnnasdadunsennivue 1D anAl R’

a kY dl o aa 1 dl o £
ANNNINANNIDADAUTIAUATNANNUANIAG D AINaUIARAY MT 9119
HATINAT R® 109ENAREUYNALAIEAA NAMWINGL 2,648 AILAPIANTINN 4.4 uaznaw
ANNINANDEITUAUANTINNINUANIATY ID M1 R° AN1a1nn19993 Movement Time
o P | o = - o = o
PN AAaLNNAY HAYINAL 0.603 Tilunimas ID 1ARaiUY A@INITNAFINNIATT 89
HB, VT, HT, VB, FB, Wax FT HAWwiniu 1.00, 4.22, 8.02, 9.32, 17.28 kA% 22.08 AMNATAL

pananalugly 4.4

A5 4.4 ANNINANBEIELAUATITINYIULA ID AMNATNATIN R® 2895NARDY 4 AL

HNARaY dun1snnnas R*
A y =1.119x+79.39 0.732
B y = 0.891x + 80.34 0.535
C y =1.107x + 77.67 0.708
D y =0.883x + 86.74 0.673
R EY 2.648
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4.2.2 TMRUANIASIAIU ID AILAEUAINANGA (Optimization)

a 3

n1sABANIRNEY ID M ldann1mnnesdadu HANATIN R® 109EMAGaLTY

4 puANgegn andaya MT auNea foeRsuiAnangns dgluuussi
Parameter:  guluuLNany | € (1,2,3,4,5,6)

EnAgaL J € (1,234)

aRbyiakie K € (1,23456,73809,10)

N=60 (IMUIUFUULLIIU X ANUIUENAFBU x ATUIUATILUNN9NNEN)
Decision variable :

X A8 Index of difficulty

ik

Objective function :

Diel Zl;lek xijk)(y

Yier Lkek (Xijk — ijk — Vi)

Maximize Z = Z S—s
- X k Xiik _
Jel JZiez Srek (e = T2 Tt Tner Oijie — 7)?

Subject to :
Xik = X414 Vier »Vrex
Xk = Xo1q Vier »Viex
Kok = X3 Vier » Viek
X4jk = X4M ViEI ’ vkEK
Xsik = Xs11 Vier» Viek
Kok = X611 Vier » Viek
Xijk Z 1 Vier rvje] »Vikek

2

' 1o

FA1R9RAVINTL 2.649 AiN1A1n ID

a 9

T9LAAINNIT Optimization 1 lHANATIHN R
POYLUULIUNY X AINAIAL AD HB agUBLNY x N1AT 1.00, VT Bguuuny x 1A1 4.78, HT
BYLUUNY X 1A1 9.25, VB agLuuN x N1A1 10.35, FB aguuiny x 1A 19.11 uay FT

BELUUNU x AN 24.29 Aauanslugn 4.5



MT FuTia)

120

110

100

80

80

70

60 g=|||i|

1.00 4,78

5191 4.5 naann1InnneLEUAUATINRIMUA 1D Aa8iRT Optimization

Index of Difficulty

9.2510.36

44

n13inuuA ID R8s Optimization Mnlinasan R® 1eennAulAgIqaati 2.649

TnadiAn R weusiazau Aa gnagail A JA7R® Wil 0.732, nadau B dA1 R® windu

0.527, Hnpaaayu C HA1 R winiu 0.707 wazgnegeu D HA1 R AL 0.682 Avuanalu

AN919% 4.5

AN9I9N 4.5 ANN1T0ANBEITNLAURINNIUUA 1D ARERT Optimization

HNAaaL duniTannas R*
A y =1.017x +79.26 0.732
B y = 0.804x + 80.27 0.527
C y = 1.005x + 77.56 0.707
D y = 0.808x + 86.58 0.682
FIN | 2,649
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ad . . . =2 ¥ o o all o Y1 2 d‘
WaZAINIE Optimization ’Niﬁ‘l’]’m’]?ﬂ’]ﬂuﬂﬂqﬁlﬁ‘ﬁ ID ANliHA R® Annannissas

284 Movement Time 2899nAu Guilud R 1hen WlA1gean Telinana T R gegn
a

WinU 0.603 UATHNIATIUN X AUWANFINAIN TTHATIN R® TBIENAAALTIN 4 AUNAIEIGA

a Q

waneAagin 4.6 TnadigluuunisAuanssil

Parameter :  guuuLaNu | € (1,2,3,4,5,6)
s J € (1,23,..40)
n =240 (3IMIUIUWLILI X f%mquﬂ%ﬂumiﬁﬁ%’])
Decision variable :
X, A8 Index of difficulty

1

Objective function

01 By — HEEIL Ty 5y

Maximize Z =

\/ZiEI Yveplay— MV Yier nje)ij — ¥)?

Subject to :
Xn = Xy Vje]
Xy = Xy Viej
ij = Xy VjE]
Xy = Xy Vies
ij = X VjE]
Xeg = X Vies

X, =1 Vier Ve
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MT[ﬁuﬂ?l:I v=1.0328x+B80.799
R*=0.603
120
110 -
100
90 A W
B0 ~
7a
He VT HT vEB FB
’ | P | |
&0 1 T T G T T T T T T T T T T T T T T T T 1
i | i | Index of Difficulty | |
1.00 4.33 3.26 9.24 16.94 21.50

o

3UN 4.6 nalaNN1IANeELTUAUATTNMUA ID faeRs Optimization A1nAN R?

u

a 9 dlo aq o . o 2
ANNIMNANNITDADNDEILTUAUANNNINUANIAG ID AIN2D Optimization NI

1o

HATINAT R 109ENARUYNALAIEAA NAMWINGL 2,649 AILARIANTINN 4.6 uazNIw
ANNNINANDEITILAUAINNMUANIATY 1D NN THAN R® Ana1nnn939 Movement Time
¥ a 1 o a 1 o 1 v a o dl
WIENARBLINNAL WAL 0.603 W97 1D uansineiu usanIndipesiv uaziie
141D anusaziuuaienInanssnuraesdneadsy G9liAn R® aasusasaulndipeaiu
! 1 ¥
51919 2 35 Tnediaenldad Optimization NAKATINAT R® 1995NAAGLYN 4 AUGI4A

Aauanalugi 4.7

MT (3u)
120

110

100

=]

B

70

’ | | | |
&0 i T T T EI T T T Ii || T T T T T T T

| ! i Index of Difficulty
1.00 4,78 9,25 10.36 19.11

519 4.7 17931 1D NN MUAFLEAE Optimization
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4.3 N1 UFaUNgUITNITANUUANIAST ID

o A

ANNITAUUANIATY ID AL83EUIALRAY MT fiu 38 Optimization 191 l¥kasu

aa

%G HARINNITNIVUANIAIIURITINARGT

R® §A1894

k1l qQ

FANATIN R N1nALALNAY Aa 2.648

1
a %

WAz 2.649 11697 1D NHANA8Ts EuFuaINgluuuey HB IanuuaAINing 1D winiu
A2 1.00 uAd1m3u 5 gUluuneunwaeinIng 1D wans1eiu Inafas Optimization Azdl
1179 1D MRNTIUNINNGY Auanalumnged 4.6 usetnelafiniu aaeds inasoue R’

> P VR a0 X 3 = ax o
UNHNARDL 4 AUNINARENNY T9anneRaaiiaaninnms ID NN1AINag Optimization

pagLln 4.8

AN9I9N 4.6 WFauieunNImAg ID 351393 arIALeas MT AUAT Optimization

HIF91 D LULNU X R2 FARRN
HB VT HT VB FB FT
ABUALRAE MT 1.00 4.22 8.02 9.32 17.28 | 22.08 2.648
Bh Optimization 1.00 478 9.25 10.36 19.11 24.29 2.649
MT (3u)
120
110
1040
o0
80
70
HE VT "I‘T VB FB FT
E:I i T T T il T T T IE Ii T T T T T T T T I: T T T T T I T 1
| ! ! Index of Difficulty
1.00 4.78 9,25 10.35 19,11 24,29

51l%1 4.8 11M91 ID NNMUAFLEAE Optimization
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4.4 n9dFauNaUsEiI19Ng INAILRAY MT NU NSINANTTOUSATNLWIAAUDY
Fitts’ law

% aal o dl a . o W v dl
AINN19451938N13IAANTIDULNUTANANNUUIAATDY Fitts” law 70 THlANT NN
wansivanssnurrasnaaauidudunss Aswandluglyn 4.9 deuansisainnanaiea
Movement Time Aauanslugili 4.10 AuansianizaAtedsneimaganluusazgluuuey
Tnerlailduansannumnuduiusiusendnagiuuueu i lilianunsndimazianssaus 16
NIWANIINUANNIINNANITUIGAAATTUINANITOULIDILNAADL NAINI9D
il dssTamilunsfiansannisneunaneeny uazuanliiunauun dulunismieun
[ 1 = 1 o I | dl o %3 s
FTAUANEINANT] WATUAATINAIAN LD I ATHiAd N Nanunsatinld 14 sy le o

Iivanaguuuy

MT (Fu1)
mo

Subj D
" -

== SubjA

100

P
Sub

SubjB

90 4

80

70
HB VT HT vB FB FT
i v [y H i
60 | H

1.00 a4.78 9.25 10.36 13.11 24.29

Index of Difficulty

519 4.9 naansInuTEMAaeL A, B, C WAz D MNUIIAR Fitts’ law

MT (Funii)
120.00
110.00
A SubjA
100.00 - L
. + + | W subjB
90.00 & :
. & H ’ ® SubjC
80.00 T ° L | #subjD
70.00
£0.00 T T . T T .
HB T HT VB FB FT
sUULULR T

51l91 4.10 ANLaAY Movement Time 124uARZEMAASL WLRAMNIULLLNY



49

4.5 nsidsauiguilaag A uin NI NuAT AN

o A

ATUAINEIN NNIUARIN YINTEN uar THATaEse Aauandlugli 4.10 wudn HB

'
1o

ag/lufunie ID Nd1ege Aa 1.00 ardudaldae VT, HT, VB dAwiniy 4.78, 9.25 uaz

=

10.36 AINAIAL Uaz FB U FT agludiumida ID ARAMNEINNINAga AnaAIumiis ID 7
° o ' =2 o ~ \ \ ~ = o
ANUUAAINGNY RINNTLTELNEUTINNIDILAALIUULLLNIBNEUANNLAN AT NG
. 4 A
FANITLARDUN
al 1 1 dl dj | 1 U £ v
Wrauneuvinn1ereesenie ugdn 411 was A Gadunindiasuntinaesy
neaaL wudn Auneaearia s luvinsu (radnil F) angenan aaumdeiialua lunisausy

PiN9eL BRI UARANY V LaTARANY H MMNAIA1U F9n178090 A LAL NI LIUaa N LTl

v
a ]

unisnaenlmaeanszgnaudau Clavicle Uaz Humerus 91N1988Na1NAFLATTANYN

19z 30 84AN AUANG TIULANFANNANNTINFILASANTEAL NUAUNBBNLNENLANTIAL LAY
¥ 1 % v 1
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3. AFIARANVTULAAIAININTILNU X 1iT89 (D2:D7)
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7 VB
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11 ----------------------------------------
12 HE 1 i H 87 84 77 80
13 VT 1 : 77 80 82 88
14 HT 1 90 82 82 96
15 FB 1 94 101 100 100:
16 FT 1 113 102 102 94
17 VB 1 90 102 89 95
18 HB 2 84 77 78 80
19 VT 2 87 76 80 94
20 HT 2 84 91 82 103
21 FB 2 101 103 95 101
22 FT 2 102 96 104 108
23 VB 2 88 92 101 101
24 HB 3 85 84 81 79
25 VT 3 88 80 79 92
26 HT 3 102 82 93 98
27 FB 3 107 97 94 110
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A A oA Iy
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Yl = data2 - Microsoft Excel
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=0 LY n (B awmdpusn E & - =, ek ] s ér_j arfj J #3  [Data Analy:
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1 du~ ey o - =2 wilanmiauio: s 7 fum Dunedanl fithfuaon gndssvesioya~ doya wuyWhatdf~ | nau~ Janan~ too
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- @ £
B c [ D E s SG bl A F 17| ) K L M N [5) P Q R[S
HB 1.00!
VT 4.33) 7
HT 9.26) -
F8 16.94
FT 21.50]
VB 9.24]

A B c D

6 x y y y ¥ 5

Max i L -3
=

2.6499 0.7327] 053731 0,70711 0.
1 87] 84 77 80
4.32933 77 80 82 £s
8.26285 90 82 82 96|
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9. Set Target cell : TAIUBINATIN R° D11 mnde 6

10. Equal to : Max (ANgagn)

11. By changing cells : D2:D7 Aud® 3 Uaz 6 (AWHUNIAIILNY X)
12. Subject to the constraints : D1:D7>1 (ID ‘er?TfJ >1)

13. nALN Solve

Solver Parameters
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11
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15. aZlFAuniseannngwnu x 28931uU19we 6 gluuy watinlda¥iensaw

anssnue Insaunsnilaausoaainesludesssnans WA Heandn uamsunu x Nurann

ANLaAE NaunNiInNALn Solve

HB 1.00
VT 4.54
HT 8.72
FB 17.94
FT 22.78
VB 9.75
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Resquare  --->1|0.60323| 0.60323|i
i11.00082 87|1
11.1.9239 7711
1[3.01155 S0li
1[5.65914 94/
1(7.03302 113}
1[3.38365 %0y
i[1.00082 84|}
11 1.9239 87|}
113.01155 841
115.65914 101]!
117.03302 102|1
113.38365 ggl1
1{1.00082 8s/1
1] 1.9239 88|
i[3.01155 102]}
'5.65914 107]}
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'[3.38365 o1f}
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VT

HT

VB

FB

FT

UIHARN BazAIMLALTUNIRI7 11N X (ATLde9sTTiANenn)

Taan 19t FaRANNENN BNFAWA 1.00

Anaeing

IR NN ﬁﬂLﬂ?ﬂlﬂﬂﬂx‘l‘Vgﬂﬂu AN NIATILN X
HB 82.03 1.00
VT 85.25 VT -HB = 3.22 1.00 + 3.22 = 4.22
HT 89.05 HT - VT = 3.80 4.22 +3.80= 8.02
VB 90.35 VB - HT =1.30 8.02 +1.30 = 9.32
FB 98.30 FB-VB =7.95 9.32+7.95=17.28
FT 103.10 FT -FB=4.80 17.28 4.80 = 22.08
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' ' Index of Difficulty !
1.00 4.22 8.02 0.32 17.28 22.08
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HE 1.00 &4 Ikl 73 &0
HB 1.00 85 & 81 f)
VT 4322 Ikl &0 a2 &3
T 422 87| T&| 80 24
VT 4322 &3 &0 79 a2
HT 8.02 S0 - 82 &2 o6
HT &.02 &4 ™ a2 103
HT 8.02 | 102 22 83| 98
VB §32 a0 102 &9 a5
VB 832 &8 g2 1| 1
VB 932 91 aq a5 a9
FB 17.28 84 101 100 100
FB 728 | 101 103 e[ 11
FB 17.26 | 107 g7 24 110
FT 2208 | 113 102 102 )
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FT 2208 | 108 110 ovf 1M
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9.anda 8 azlfdununiduaasusazinagay anuniagadusiag

120
100 P
[ ]|
80 - 0
A C
B0 * D
=0.8944x + 86.27
' RZ=05521 — daEu [D]
=1 2053+ 77617
40 A2z u.?:J?s — dEdu (C)
=11768x+ 78577
70 ! R*=0.7152 lﬁdlﬁ“ [B]
¥=10913x+ 81783 —— (FaLdU (A)
R*=0.7113
0 T T T T 1
- 5.00 10.00 15.00 20.00 25.00
o a6 v %
10. Yiuguuuununvuanaaniziduuus i
MT (Aunii)
120
110 Subj D
Subj C
100 Subj B
Subj A
90
80
70
HB VT HT VB FB FT
1 1 1 1 1 1
EU I T T Ii T T T i T i T T T T T T T T I; T T T T II T 1
1.00 4.22 8.02 9.32 17.28 22.08
Index of Difficulty
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MT (Gunii)

120

Subj D

110

Subj C

100

Subj B
Subj A

90

80

70

HBE VT HT VB =13 FT
60 ; T T I; T i l; T T T T T T IE T T IE T 1
1.00 4.22 8.02 9.32 17.28 22.08
Index of Difficulty
{nagau ANNITOADDE b IP =1/b
A y = 1.09x + 81.79 1.09 0.91
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