Journal of the Society of Korea Industrial and Systems Engineering
Vol, 28, No. 3, pp.75~ ', September 2005.

Roix2Ao Bt 2 AXC HZ S4 24«
oVYE - 1HE

Fobrlshil 41917 5k

An Analysis of Fatigue Characteristics of
Upper limbs by Task Conditions Change

Sang Do Lee - ng Hoon Sim
Dept. of Industrial Management Engineering, Dong-A University

To investigate the fatigue characteristic of upper limbs, this study analyzed RMS(root mean square) and MPF(mean
power frequency) value between initial and terminal stages of each experiment condition. And the effect of intermittent en-
durance time was evaluated using the Borg's CR10 value that was measured for the parts of upper limb. According to the
results of ANOVA on RMS value, there were significant difference on the %MVC about push, pull, and down force
exertion. Particularly the ANOVA of up force exertion was significant difference on shoulder flexion, elbow flexion and
rest time as well as %MVC. The results of ANOVA for MPF value were significant difference on the %MVC in regard
of the push and up force exertion. In case of up force exertion, MPF value tended to shift low frequency at all of the
experiment conditions. According to the analysis of duty cycle, RMS value considerably increased over 50% duty cycle
and as the %MVC increased, the duty cycle affected the increase of RMS value. MPF value for up and down force ex-
ertion decreased at 33%, 50% and 67% duty cycle for all of %MVC. Borg CR10 value of hand and forearm were below
the 3-point to the 40% of endurance time at 30%MVC and to the 20% of endurance time at 50%MVC with the ex-
ception of up force exertion. But Borg CR10 values of upper arm and shoulder at up force exertion were more than
3-point to the 20% of endurance time at 30%MVC and in the start point of endurance time at 50%MVC.
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<Table 1> Experimental variables and levels.

Variables

Levels of variables

1. force exertion type :

sh(ps)*, puli(pl), up(up), down(do)

. %MVC :

%, 30%, 50%MVC

. shoulder flexion(SHF) :

)°, 60°,

90°

Independent Variables

. shoulder abduction/adduction(SHA) :

’(natural), 30°(add), -30°(abd),

. elbow flexion(EF) :

', 30°, 60°

. work time(WT) :

)sec. 20sec. 30sec.

~) [N ] W N

. rest time(RT) : 0%,

100%, 200%WT

Dependent Variables L.

RMS value, 2. MPF value, 3. Borg's CR10 value

* Abbreviation
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<Table 2> The Electrode attachment points

Body part

Muscles

Forearm

Flexor carpi radialis (FCR)**, Extensor carpi ulnaris(ECU)

Upperarm & Shoulder

Biceps brchii(BB), Triceps brachii(TB), Anterior, Middle, & Posterior deltoideus(AD, MD, PD)

Chest & back

Middle & upper trapezius(MT, UT) Pectoralis major(PM)

** Abbreviation
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<Table 3> The relative muscle recruitment degree by

force exertion type

force exertion
type | push pull up down
muscle

FCR 10% 22% 9% 10%
ECU 29% 15% 12% 17%

BB 8% 8% 15% 3%
TB 8% 6% 2% 20%
PM 9% 12% 5% 14%

AD 10% 7% 14% 6%

MD 10% 4% 11% 5%
PD 5% 7% 6% 15%

uT 6% 6% 13% 4%
MT 5% 13% 3% 6%

kP __
EP + FP
DC = duty cycle

EP = length of force exertion period
EP = length of rest period
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<Figure 1> Mean RMS amplitude change rate of ECU by
push force exertion

<Table 4> ANOVA for the RMS change rate of ECU by
push force exertion

Source SS DF MS F-Value | P-Value
%MVC 446.79 2 223.39 5.61 0.016*
SHF 54.46 2 2723 0.68 0.521
SHA 20.23 2 10.12 0.25 0.779
EF . 25.55 2 12,77 0.32 0.731
WT 65.19 2 32.60 0.82 0.461
RT 28.74 2 14.37 0.36 0.703
Error 557.32 14 39.81
Total 1198.29 26
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<Figure 2> Mean RMS increasement of ECU by duty
cycle and %MVC
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<Figure 3> Mean RMS amplitude change rate of FCR by
pull force exertion
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<Table 5> ANOVA for the RMS change rate of FCR by
pull force exertion

Source SS OF MS F-Value | P-Value
%MVC 2607.95 2 1303.98 15.09 0.0003**
SHF 87.85 2 43.92 0.51 0.6121
SHA 78.53 2 3927 0.45 0.6438
EF 14.08 2 7.04 0.08 0.9222
WT 184.39 2 92.19 1.07 0.3704
RT 285.57 2 142.78 1.65 0.2268
Error 1209.54 14 86.40

Total 4467.90 26
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<Figure 4> Mean BMS increasement of FRC by duty cycle
and %MVC
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<Figure 5> Mean BMS amplitude change rate of BB by
up force exertion
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<Table 6> ANOVA for the BMS change rate of BB by up
force exertion

Source sSS DF MS F-Value | P-Value

%MVC 6322.99 2 3161.49 36.16 0.001**
SHF 1570.50 2 785.25 8.98 0.003**
SHA 227.11 2 113.55 1.30 0.303
EF 876.37 2 438.18 5.01 0.022*
WT 47521 2 237.60 2.72 0.101
RT 1061.57 2 530.78 6.07 0.011*
Error 1224.08 14 87.43

Total 11757.82 26
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<Figure 7> Mean RMS amplitude change rate of TB by
down force exertion
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<Table 7> ANOVA for the RMS change rate of TB by
down force exertion

Source SS OF MS F-Value | P-Value
%MVC | 4385.65 2 2192.83 7.11 0.006**
SHF 691.76 2 345.88 1.22 0.326
SHA 158.09 2 79.04 0.28 0.762
EF 283.54 2 141.77 0.50 0.618
WT 12.44 2 6.22 0.02 0.978
RT 743.18 2 371.59 1.31 0.302
Error 3982.93 14 284.50

Total 10257.58 26
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<Figure 9> Mean MPF change rate of ECU by push force
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<Table 8> ANOVA of MPF change rate of ECU by push
force exertion.
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<Figure 11> Mean MPF change rate of FCR by pull force
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<Figure 12> Mean MPF increase/decrease of FCR by
duty cycle and %MVC
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<Figure 13> Mean MPF change rate of BB by up force
exertion
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<Table 9> ANOVA of MPF change rate of BB by up
force exertion.

Source SS DF MS F-value | P-value

%MVC 0.15 2 0.07 0.13 0.875
SHF 5.99 2 2.99 5.46 0.018*
SHA 4.90 2 245 4.47 0.031*
EF 1.21 2 0.61 1.1 0.358
WT 1.24 2 0.62 1.13 0.350
RT 3.03 2 1.52 2.76 0.097
Error 7.68 14 0.55

Total 2421 26
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<Figure 14> Mean MPF increase/decrease of BB by duty
cycle and %MVC
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<Figure 16> Mean MPF increase/decrease of TB by
cycle and %MVC
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<Table 10> Mean endurance time by force exertion Aol dste] }""! ’ G A
types(sec.) 2 *—7}6}% Ao viehdrh ey wpel g H3 ¥
ol 25§59 Aolg Molx ekgkov], ol
Push Pull Up Down %MVC7} Ish_n)dl o% up B WFH dyer= e 29
mean 552.65 586.39 45791 542,65 o] wlg} 1A BHTA A AL gitew 9
sd. 116.16 3541 152.28 112.58 vhEle), A A KW F2 A ZHRT) =4 upg A28
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<Table 11> The discomfort of body parts by force exertion Aol AT BREVE Frhehs 2o viehulrt
types. Figure. 17 ~ Figure 202 +x]t&lo] Alzke] #AE
of ¥t & whE A7k 30%MVC w2 Ay B9lw E
taskl  push pull up down . N
bod Um el wskE RoFa gdvh &3 deke] e
part mean| s.d. m%ean s.d. [mean| s.d. |mean| s.d. pushs} pullo] 4] upst downe] 3 wrg] el wla] Ayl
hand | 2436 | 1.293 | 274011 1.093 | 2.350 | 0.863 | 1.861 | 0.673}  m o @ wo By Boli glow, WE 3 Wy o
forearm { 2.508 [ 1.33912.067 | 1.080 | 3.051 | 1.056 | 1.587 | 0.766 E}}oﬁ L‘}*%’]-O-'} {f/]-,’dg A]Z\E-Q] 40%7!}&] Borg’s CR10 &
upper arm | 2.861 | 1472 [2.540 | 1288 [3.968 | 1.150 | 2.691°| 1.226 | o] 3% o]db& vjehujar iy whidl Adeks) ojrje] A
shoulder [3.095 (1638 12.259|0.941|3.957|1.022]2379|1.218] %= up2l ¥ w3 dalola] Al Al o)A HE 3] 7}
<Table 12> ANOVA results for body part by force exertion type and factors
body part hand forearm
factor push pull up down push pull up down
%MVC 10%<20%<30%** | 10%<20%<30%** | 10%<20%<30%** | 10%<20%<30%** | 10%<20%<30%** | 10%<20%<30%** |10%<20%<30%** | 10%<20%<30%**
SHF(deg.) 60°<30°<90°* ns ns ns 30°<60°<90°** 90°<60°<30°** ns ns
SHA(deg.) ns# ns ns ns ns 0°<30°<-30°%* ns ns
EF(deg.) ns ns ns 0°<30°<60°** 0°<30°<60°** 0°<60°<90°** ns ns
WT(sec.) 10°<20°<30°%* 10°<20°<30°* ns 10°<20°<30°%* 10°<20°<30°%* 10°<20°<30°%* ns 10<20<30**
RT(%) 200%<100%<50%** [ 200%<100%<50%** ns 200%<100%<50%* |200%<100%<50%**{ 200%<100%<50%** ns ns
body part upper arm shoulder
factor push pull up down push pull up down
%MVC 10%<20%<30%** {10%<20%<30%** {10%<20%<30%** | 10%<20%<30%** | 10%<20%<30%** | 10%<20%<30%** |10%<20%<30%** | 10%<20%<30%**
SHF 30°<60°<90°** 90°<60°<30°** ns ns 30°<60°<90°** ns 30°<60°<90°** | 30°<60°<90°*
SHA ns 30°<0°<-30°** ns ns n§ 0<30<-30* ns ns
EF 0°<30°<60°** 0°<30°<60°%* ns 0°<60°<30°* 0°<30°<60°** ns ns ns
WT 10°<20°<30°%* 10°<20°<30°* ns 10°<20°<30°** ns ns ns 10°<20°<30°**
RT 200%<100%<50%** | 200%<100%<50%** ns 200%<100%<50%** | 200%<100%<50%* [ 200%<100%<50%* ns 200%<100%<50%*
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<Figure 21> Mean Borg‘'s CR10 value for hand by time
percent of endurance time at 50%MVC
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<Figure 22> Mean Borg's CR10 value for forearm by time

percent of endurance time at 50%MVC.
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