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Abstract

When designing workplaces or arranging controls on panel, devices and controls
should be placed within the reach of operator's arm or foot to guarantee effective
performances. Most of the existing research on the reach volume were based on
measurements of a few subject’'s arm reach, and limited to Caucosian and
Chinese populations. Furthermore, reach volume considering foot or trunk motion
have not been investigated. Range of human joint motion and that of two degrees
of freedom motion are needed to generote reach volume analytically using the
sweeping algorithm. However, range of two degrees of freedom motion has not
been measured up fo now. Therefore, range of two degrees of freedom motion
was measured in this research, where 47 college students were paricipated
voluntarily as subjects. The results showed that the motion of one joint can be
limited by the motion of another metion, that is to say, the shouider flexion was
decreased significantly when the shoulder was adducted or abducted. Second,
new approximate algorithms generating reach velumes were suggested, in which
range of two degrees of freedom motion was used as input data. Depending
upon the body segment included such os trunk, arm and leg, three types of
reach volume were provided, in which the human body was modeled as a multi-
link system based on the robot kinematics and the sweeping method was
. employed. Reach velume generated analytically in this study showed stotistically
| reasonable results when compared with that obtained from direct measurement.
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Z7 A F ey, & | ME3 reach volumeg-
Mgt olg A 3 ") o] if &
o ] e FH Ao Wt F 594
2| A1g 3] A Aol s FefjAt of AL
714 hip ¥3 9] lateral bending 22 &
PP 7R wHE sk, 3o E ole] S
v FHOE HAH P v FYE 7@t
= B59 o3 F2ha7A A -
olX =L ni2dA HZ Wol FAAUE HE
=3, AR ABE oY Ad F2PH
H7kA] HEEgi) ojake] dyE|EL e
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A==t £ HAZ7 reach volumeS LeRA A
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Step 1 Initialize posture

Step 2

Step 3

Step 4

Step 5

Step 6

Step 7

; hip flexion = -75°
hip adduction = 8£.1° (98.9° for
left body)
hip rotation = (°
shoulder rotation = 0°
shoulder adduction-abduction =
0*°
shoulder flexion = 90°
elbow flexion = 0°
wrist flexion = 0°
Flex elbow joint backward until
angle of ¢lbow flexion reaches limit
of range of elbow joint
Flex hip joint forward until angle of
hip flexion reaches limit of range of
hip joint
If hip abduction = limit of range of
hip abduction then hip flexion =
-75°
hip abduction = hip abduction + 5°
(hip abduction = hip abduction -
5° for left body) and goto step 2
Flex shoulder joint forward until
angle of shoulder flexion reaches
limit of range of shoulder joint
If shoulder abduction =< limit of
range of shoulder abduction then
shoulder flexion = 105°
shoulder abduction = shoulder abduc-
tion - 10°
(shoulder abduction = shoulder
abduction + 10° for left body} and
goto step 3
End
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3.3 Type Il reach volume

Type Il reach volumeX Type 13 o] o}
7N BEE WA, JHAA PEA olAg) 2
o AAE FHEY FAAA 3 A
. 44 FPe WA Be g2 2 we
ARl BEXE AUz B8 5z F
PP, ohAl B8 ] utom niEd @
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Th 7R ol7f9) .o Aol BE o))<}
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AAE reach volume-2 29 6o el Qo)

K-
L=
E
g

it

Step 1 Initialize posture
; shoulder flexion = 105°
shoulder rotation = 90°
shoulder adduction = 104.9° (75.1°
for left body)
elbow flexion = 0°

wrist flexion = 0°

Step 2 Flex elbow joint backward unil
angle of elbow flexion reaches limit
of range of elbow joint

Step 3 Flex shoulder joint forward until
angle of shoulder flexion reaches
limit of range of shoulder joint

Step 4 If shoulder abduction =< limit of
range of shoulder abduction then
shoulder flexion = 105°

shoulder abduction = shoulder abduc-

tion + 5°
(shoulder abduction = shoulder
abduction - 5° for left body) and
goto step 2

Step 5 End
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Type HI reach volumeS FEA7} 2jz}e]
S motg 4 gl el ot o
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Step 1 Initialize posture
; hip flexion = -25°
hip rotation = 90°
hip adduction- = -101.2° (78.8°
for left leg)
knee rotation = 180°
knee flexion = 180°
arkle flexion = 0°
Step 2 Flex hip joint downward until angle
of hip flexion reaches seat pan
Step 3 Flex knee joint backward until angle
of knee flexion reaches limit of
range of hip joint
Step 4 If hip abduction = limit of range of
hip abduction then hip flexion =
-25°
hip abduction = hip abduction + 5°
(hip abduction = hip abduction -

5° for left leg) and goto step 2
Step 5 End
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