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Ergonomic Studies of Arm Shapes and Sleeves :
Arm length depending on Arm movements
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Abstract

In our previous work using a motion analyzer and 3-dimensional sonic digitizer,
the arm shapes for 23 women in their early twenties were classified into three
characteristic types. In order to design sleeves, suitable for arm movements for the
three characteristic arm shapes, a relationship between arm length variation and
shoulder/elbow angles has been investigated for four cases of arm movements
(flexion, extension. adduction and abduction). Each arm movement can be
characterized by the changes in shoulder angle and the changes in elbow angle at
the maximal shoulder angle. In all the four cases of arm movements, the changes of
shoulder length and cap height are largest at the maximal shoulder angle. These
changes were little affected by changes in elbow angle. The changes in the lower
arm length and the difference between cap height and upper arm length are the
largest at the maximal elbow angle of the maximal shoulder angle. There is a
linear relationship between cap height and shoulder angle during arm movements:
thus, in designing sleeves the cap height can be determined from the regression of
cap height vs. shoulder angle,
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Hepd R oj7ldo], Znjitde], ety
o], Agtdolg Wzle] WY HAXE A&}
Aot HHA2e] ¥igo] B WL (E 59

SRS
Yli= A0+ B1X1l —— (4 1)
Y21 = B0 + B2 X2 ——- (4 2)
Y1i, Y2i : B&E4GR99 o))

B0 : N\EAANE (%2912l Qo]
1, B2 : iRgle B3 WeolMe) A%
X1 : oARA 52 W 2 (SA)

X2 © WEA B4 P AT (EA)

glel Holx AEE EAUY OBzt
=9 B84 BAAES Wl e 4x Yy
8 olze], avhidel, Heetydel, Ag
Aole] Wzel g ANANL (E 6)l vE
Wlet.

3-3. 349 4%

(B T, (E 8)& o7delst B Ho|Wis}
A N F-HF Arpolrt,

(B 7), (E 8)° vehd vheh Zo] A4
AL A, B, C BE AAHe A
o $ fee Aoz vEyde}

AA®E XA FHA AHE AWER of
AZolE M1, M2, M3, M4Eatel A 424



B13E, HIN, 19994 A7 fes dade] B A T8 Az¢w) 105

B 5 HojA3t 3 Ao Ha

Fo18 G, M2, M3, MA)
SRAEOMY Y0l (10|, 20443,
Ha y@tieol, Bego)

sgma | OIENS Y=

? BEX 539 BEAE
Yli= g0+ 81 X1
Y2i = g0 + B2 X2

Y1i, ¥2i @ E4U 4084 o))

B0 : JIERM MY i HO|

B1, B2 : ¥ S5 YHANY A4
X1 oMaE 5 4y 4T (5A)

X2 © WEX ¥ WY 4= (EA)

B 6. SOl A YXNYUE L0)HY HHY4Y

#s | &% A B C oA
M1 1 Y=11.79-0.097X1 Y=12.32-0.062X1 Y=12,15+0.055X1 ¥Y=12.10-0.066X1
Y= 6.65+0.009x2 ‘| Y= 9.01+0.006X2 Y= 9.21+0.005X2 Y= 8.59+0.006X2
M2 | Y=11.79-0.040X1 Y=12.32-0.034X1 Y=12.15+0.037X1 ¥=12.10-0.037X1
o Y= 8.42-0.007X2 Y= 9.50-0.009x2 Y= 9.08-0.008x2 Y= 9.02-0.008X2
#Ol | M3 | Y=11.79-0.039X1 Y=12.32-0.035X1 Y=12.15-0.038X1 Y=12.10-0.037X1
Y= 4.58+0.003x2 Y= 5.80+0.001x2 Y= 5.24+0.000X2 Y= 5.22+0.001X2
M4 | Y=11.79-0.046X1 Y=12.31-0.034X1 Y=12.15-+0.034X1 Y=12.10-0.037X1
Y= 9.87+0.001X2 Y=10.90+0.001X2 Y=10.73+0.000X2 Y=10.57+0.001X2
M1 1 Y=11.35-0.004X1 ¥Y=10.07-0.004X1 Y=11.00-0.003X1 Y=10.87-0.003X1
Y=11.12+0.000X2 Y= 9.01+0.000X2 ¥Y=10.81+0.001X2 Y=10,67+0.000X2
M2 | Y=11,35-0.018X1 Y=10.06-0.020X1 ¥=11.00-0.016X1 Y=10.87-0.017X1
Bl Fus Y= 9.64+0.001X2 Y= 8.16+0.000X2 Y= 9.50+0.001X2 Y= 9.24+0.001X2
#ol | M3 | Y=11.34-0.013X1 Y=10.07-0.013X1 Y=11.00-0.013X1 Y=10.87~0.013X1
Y= 9,02-0.000X2 Y= 7.53+0.000X2 Y= 8.57+0.001X2 Y= 8.44+0.001X2
M4 | Y=11.34-0.004X1 Y=10.06-0.009X1 Y=11.01-0.003X1 Y=10.87-0.005X1
Y=11.15+0.000X2 Y= 9.70-0.000X2 ¥=10.84+0.000X2 Y=10.66+0.000X2
M1 | Y=21.24+0.039X1 Y=22.37+0.027X1 ¥=21,76+0.034X1 ¥=21.78+0.033X1
Y=22.54+0.020X2 Y=23.05+0.021X2 Y=22.83+0.021X2 ¥=22.81+0.021X2
Net M2 | Y=21.24+0.005X1 Y=22.36-0.004X1 Y=21.77-0.000X1 Y=21.78+0.000X1
) Y=21.06+0.021X2 Y=21.25+0.023X2 ¥=21.05+0.022X2 Y=21.10+0.022X2
20| M3 | Y=21,24+0.018X1 Y=22.36+0.007X1 Y=21.77+0.009X1 Y=21.78+0.010X1
Y=23.76+0.025%2 Y=22.89+0.024X2 Y=22.74+0.023X2 Y=23.00+0.024X2
M4 | Y=21.24-0.007X1 Y=22.36-0.007X1 ¥=21.77-0.030X1 Y=21.78-0.020X1
Y=20.23+0.023X2 Y=21.35+0.023X2 Y=19.84+0.022X2 Y=20.26+0.022X2
M1 [ ¥Y=21.20+0.010X1 Y=21.74+0.008X1 Y=22.62+0.012X1 Y=22.11+0.011X1
Y¥=21.10+0,019X2 Y=21.57+0.020X2 Y=22.59+0.020X2 Y=22.03+0.020X2
M2 1 Y=21.204+0.007X1 Y=21.75-0.000X1 ¥=22,62+0.001X1 ¥=22.11+0.002X1
Ha Y=21.26+0.020X2 Y=21.08+0.020X2 Y=22.14+0.020X2 Y=21.71+0.020X2
#ol | M3 | Y=21.20+0.004X1 Y=21.75+0.002X1 Y=22.61+0.002X1 Y=22.11+0.002X1
Y=21.27+0.023X2 Y=21.39+0.023X2 Y=22.28+0.023%X2 Y=21,86+0.020X2
M4 | Y=21.20-0.008X1 Y=21.75-0.028X1 Y=22.62-0.021X1 ¥Y=22.11-0.020X1
Y=20.16+0.022X2 ¥=19.93+0.022X2 Y=21.04+0.022X2 Y=20.60+0.022X2




106 z 73 o K AT G
B 7. IIBE BEA SHAC FAY 2N
sl A B c BH
g5 2%y 2 3 B
E% Aa Fat }“:‘i Fat }“?_ Fét El-’r— Fat
M1 0.99 | 1992.90+~ | 0.97 814.40++ | 0.99 | 9142.26++ | 0.7 249,17+
o7 M2 0.90 350.93+= | 0.98 | 2254.42++ | 0.97 | 3609.14»+ | 0.89 1473.34+%+
0| M3 093 | 1025.65+~ | 0.96 | 2171.46++ | 0.97 | 6864.12++ | 0.94 5600.93+
M4 0.95 340.61++ | 0,93 220.92+«+ | 0.96 | 1075.67= | 0.1 196.45+
M1 0.14 3.38 0.16 3.86 0.27 19,94 %+ 0.01 1.40
AT| A0l M2 0.88 287.55+x | 0.95 806.88++ | 0.84 520.12%+ 0.43 132.07%+
e M3 0.89 583.65++ | 0.82 328.31=x | 0.81 818.69+~ | 0.60 502.73x»
M4 0.60 24.66++ | 0.89 143.50++ | 0.22 12.35+« | Q.01 1.36
pren M1 0.94 322.16++ | 0.88 156.28++ | 0.98 | 2791.73++ | 0.75 293.25%
a s M2 0.42 26.18+» | 0.48 34.56*+ | 0.00 012 0.00 0.02
ﬂa M3 0.94 | 1153.67++ | 0.54 85.52+« | 0.66 357.88+x | 0.64 599 .51 %x
M4 0.81 68.77++ | 0.83 81.35%« | 0.96 | 1204.81x+ | 0.22 23.10%+
M1 0.51 21.18*+ | 0.45 16.53*+ | 0.85 321.79+« | 0.06 7.22%%
Ha M2 0.26 13.18++ | 0.01 0.61+~ | 0.08 8.13*» 0.01 2.61
0| M3 015 13.02++ | 0.08 7.03x= | 0.10 21.23%+ 0.04 14.94x»
M4 0.41 11.37++ | 0.98 | 1306.66++ | 0.92 496.58+* 0.18 17. 47 %*
P=<0.01 : **

H A, B, C 2% Zo| #Wae] Bake] 90%o]
4o ARsn gom adadols MISH
4 A, BEE ALY 2= EJolN Hoist
A e E ggste oldME M2
404 0L AAY ZE SHA A, B,
C¥Y =% o5 vehter Aol
HE A B, CoH7 RE BRA flabi)
L

gaA oBaAe glold "ag A4 &
2R AHE Aol slotm weEt
FA% 2%eld MIEIA 2vjazdels 23
No) AFASI A e AL B4 ©
& Zo| Wstwgol uj$ AA Vehty] fEd
RAos Aggd

BEA ¥R 2 2PN PR ARE 4
HER Anjd dole) EAL RE EzdA
A. B, CHEl % w9 ¥ Aoz vyt

o aag avfidde] FPAAMe BEA
Bzt A Aozt Ad gvl WEd
EA BATHL FARE 4 fle AR
LHERstTE,

dastidolel Addoly BEE FAA
A, B. CBH =¥ ZAAF7 1 FrAAdA
uehte ng AujAdAAl FAFeHTel 9] 2
LA¢e FEA T 23¢d As-E nd)
€ o] B A2 veiith

4. 90 3 HE
Ae EoM F2o| EHA &
EE AvjdAE 7] st A BRI
A dAshe Aoldgtg Anje¥ed H83)

AR 7128 E AFsk] st o] Foizn

H
=

=
=
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B 8. WEXME ZEA HNHS FHYAD

FAA dolRsE Y] HE A F
&g 4% (flextion), HF2#H(extension),
tE3(adduction), wHP2F A (abduction) 2.
2 AR89y g o7Aad $44 @
EX #d 39 PR o|FATY F3F
A Aopdizle 298 JRVAS AARHO
2 ArE A=,

AERY AFAA vehd Aoz F o
Aol 2ujat Aol ABEL gEa A
A 2% 6.84cm, 2.40cm7} i3 &
¥zt velton Aejil ol BEA #AH
59 AL AY B4 @ ALE JEhy
o}, AdgstRdelst Aol ¥EFA ©wH
o] ZREJYELE W ZF  2.78em,
2.71lcm7} F7tet e oA Aols} 4A 4
ol T2 Wi ol¥ Axch FFzte W3
o o8] o @& Was}t vhebg.

A WY wE 2d 4z AR dole

ey A B c b |
3--}
o £x #3 Fat a3 Fit &3 Fat 23 Fit
A% A 4 A4 A%
M1 0.43 35.88+« | 0.20 18.04++ {0.88 1 499.62++ | 0.05 12.64%*
ofm M2 0.27 17,19+ | 0.91 468.87++ | 0.54 | 142.30++ | 0.3 98.30%»
2ol M3 0.01 0.46 0.00 0.28 0.00 015 |0.00 0.71
M4 0.01 0.65 0.01 0.74 0.01 1.24  10.00 1.29
M1 0.00 0.28 0.00 0.07 0.04 598 |o0.00 0.60
AW AZ0| M2 0.01 0.60 0.16 8.92=+ | 0.01 1.48 |0.00 1.13
M3 0.00 0.10 0.00 0.07 0.00 0.96 |0.00 0.32
M4 0.01 0.73 0.00 0.12 0.00 0.18 | 0.00 0.06
Ne M1 0.80| 184.76+« | 0.81 200.36++ | 0.91] 1199.55+« | 0.81 921,20
3 M2 0.69 102.77++ | 0.98| 3030.45+« |0.89 | 964.84++ | 0.84 | 1127.32#«
20| M3 0.66 92.64»+ | 0.55 56.23++ | 0.60| 178.99++ | 0.51 224,87+
M4 0.92| 582.25+» [0.89| 395.13x« ]0.84| 637.01++ |0.55| 267.16%»
M1 0.77 156.69++ | 0.78 168.49++ [ 0.94] 2117.60+* | 0.46 | 18596+«
He M2 0.73] 128.11xx [0.97| 211600+« | 0.67 | 24505++ [ 053] 242.62%»
#0| M3 0.33 22.90++ | 0.53 52.34++ | 0.51 125.70++. 1 0.39 140.75%»
M4 0.72 124.06+% | 0.88| 356.69+ |0.89| 095.25++ |0.62| 350.22r»
P=<0.01 : **

12 dgaARen F2A AadjdAdqM &
i o] My FAZd % HAHE A
43l BgE Aoz vy,

oy F3e mE &ujila ojAFclY
A5 AR LvjeYel sl oEE A3}
slo] Az LEFL AYstn AFPer
A a2 BFdE FHE o] go29 47
A% & 5 YA
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