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MET prediction model of muscle fatigue in drilling with

simulated overhand position

ZHAO Chuan, LIU Siqi, ZHAO Xiaoyi
(School of Mechanical and Electrical Engineering, Qingdao University, (Qingdao Shandong 266071, China)

Abstract: In order to evaluate the development of muscle fatigue during drilling operations in the hand-
over-head posture, a simulated drilling test was conducted to measure the maximum voluntary contraction
(MVC) of muscles before the test, the maximum residual muscle strength ( MRF) after the test, the
degree of strength output attenuation (AF) , and ratings of perceived exertion (RPE) of wrists, elbows,
and shoulders. MET was recorded. By setting different combinations of three operating surfaces ( front,
side, and bottom) and three operating heights as experimental variables, the effects of different operating
methods on muscle fatigue during drilling operations under hand head posture were compared.
Subsequently, the effects of three operating surfaces (front, side, and bottom) and three operating heights
on MET, MRF, AF, as well as RPE of wrist, elbow, and shoulder were analyzed. Research has shown
that using frontal manipulation and reducing arm lift height can effectively alleviate muscle fatigue.
Different operating surfaces significantly affect MET, MRF, and AF, as well as RPE of the wrist, elbow,
and shoulder. Different operating heights significantly affect MET, MRF, and RPE of the elbow. MET
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prediction model established in this article can reflect the muscle fatigue status of personnel during drilling

operations in the hand-head posture.

Keywords: overhand work; drilling operation;

prediction model

0 3| &

AL PA 92 57 1 Ry 2805 40Ul 1% o B 50 N
2, A A AR RE K-, b2 12 3 AR A
N TAERCRFE L R, 255 & TAEF LA
BB 9 9 ( Work-related Musculoskeletal Disorders,
WMSDs) . Fadd kAl Jm 3 52 M | o 300 4 A i 22
P78, Tz MR IR G LB 55
WFFERE AR I T 7E T3 S BT AR, i 5 B T
TERETIRIACE , BN IFIF51 % WMSDs™

WA T AR WU 9% 55 =206 TRt 72
H LA 35 B A R AR, TR B 260 5 5 4y
Hr 1 L & ( surface Electromyogrphy, sEMG) , B
FTREIRBLAE BN ST E2EL AL 55 1
s MACTUKIEWICZ 255 &1 X 4T FLAE M A 5 5
XUTF b 28 L B A A Rl Ml T ( QT ToUTE ) | e 5
SEMG BIF5E T HMLPA % 97 4R 25 ; CHOPP 2511 i I 2%
T LA PN T 10 A EIBILN TR E AR S £
&4 P EAS AR (M. -15.0,15,30°) DL K
SR WA N QN AN T N TN B
WF5E4s A WL 78 Sk T T AR T B9 9% 95 72 & ; ANTON
UG T Tl R ST =AML Sk WURE =
SKWUEEA Rl A LI B R | v iR G iR s ) A
A ) 4 e v R 4 UL P 3 8, i R 0 R AT o
Vb = fi JURI A — Sk LA JL PR 8 55 I S8 ik 2>, 5
T ASEIE A O 8 B TAE, PLs b 8 &5 7)
DL EAIRSE AT B TIRA T Tt SR A L 9 55
KB AR Z R sEMG J7 k43 AT L AUAT: 55 3
S AR R PR AR,

FUR, X Tk S L 55 L K WMSDs 197 42
[ N AR 32 % WA 7 vk it an B il
FE ) A AR B K A7 5 [E] ( Maximum Endurance
Time , MET) 73 5T 1AMV 23T # S T SR
FHL AR B MET B 42 1 , ZHANG Zhanwu
SEUGE R EAT AR AS S A ) IR S T
SN T MET BUALRL . GARG 4@ i AN
[V 23R SE T S5 9 55 T O, I 1 1A 7
MET TR, MANENICA'™! $1 7 T A0 15
MET AR Y AN [ 32X 6 28 34 Jr o 107 14 9 57 3oz

muscle fatigue ;

maximum endurance time ( MET) ;

ANEL, RLE MET S8 - GE 7 28 BUAR [] 4 4l
TN, Hik, A MET ABURE T8 F
PSR S o TR N 5 T3 SRR LA
F7IH L, FE A AU S AL, Taod S AT Bl ALt DU
R TEVE N FR A MET AR M i A9 A K il 2 4
i1 (Maximum Voluntary Contractions, MVC) X AEl
e B KR4 HIL ST ( Maximum Residual Force, MRF)
77 b S )8R B (AF = MVC-MRF) |, I i s/
W B (T8 IR R ) B9 RPE S 5518, 7
Bt 3 PR T (IR TE ORI ) A 3 R A R
(H, .H, H,)%F MET MRF AF I RPE By5200 , I3k
TR R A S T S AL Y MET B0 75 7, DU
IRBIFEAL WMSDs KU ) FL Y

1 FILEZBTHRAEWIKEIE T

1.1 #HiXERER

JURE TG 16 44 fHEFR H JC LA B85 8 i 55 1k
KRR B, IrA g 7E I R AT 1 2 8 (IR
ZH5RER) IFEL A G T8 S TR, [, Pl
FERIHT 24 h WICRIZNiE 3h, 938 A FF 4R
W (19.13+0.89) %, B &~ (177.5+5.978) cm,
RN (71.19+11.75) kg, B & 5 & 48 Bk
(22.59+3.3) kg/m*, KK (24.75+5.31) cm,
THEHKN (26.5+2.22)cm, JEE N (143.75 =
6.64) cm, RIGTRFELEFFAE (19.6+1.48)°C, X
T BEARFRTE 78. 60%+6. 10%
1.2 REEE

1) TR, F S B EIEER (0~ 100 kg)
[F 7 BB R EE P i F RIRAE b, I 3 400 5 AR
THEAL, Horh | e A% It S 38 i v iy it 7 22
A, IS SO Bff 1 Si 4 T B8 O B8l = A TR
HL, it 5% MVC Fl MRF #di

2) Bl Fad S BT LR E, B — TR
514 300 mmx 120 mmx20 mm 4 A4 S HE 70 L T,
ARAE Y IE T A O R TR AR SR AN [R5 4R T8 (2 T U
I JRTHD , B EAE A O A BHARR 10 mm 1Y
fL, FHR 1B F A5 8% A 181 2 7E 3 i S AR
Pk REGER ETR AT, LADC B AR, S



hoE e B o o

- 240 - China  Safety

Science

343
20244F

Journal

ZLRSE R 1500 mmx1 000 mmx2 800 mm, Lk K H Al
THER B kg) G058 RN B i
I ARBT R T B R,

3) FWETF G, SR W 57973 (Ratings
of Perceived Exertion, RPE)ll i, Borg CR-10 5%,
L3 W EBRMTE

BAXHBH T CHF) EHCRES (1 kg) 1K T,
XUt 7 4 T FE AT AR, B R AL A 3 R AR
CIET U ST ) LK 3 MR & (H, H, Hy)
M 3 bR TR 3 AR AR R AN [R5 C BE AT
9 Fi/INKE:, HUCR BO I B, L3 1, 3 FhigAE
(RN I WD N (=9 AR TN g S E IS i
T/ TR 2 BRI B SR R
i TR DO RRRKF I it 900, I 5 DA i
B AR IE A I S B H, 5 SR 5 Bl T e Sk o
SR A L, T R R S TR JBE P U ) ek DA T
F R AHRIEA O Hy s iR A H, = H +
0. 4x(Hy=H, ) ARICT-H i B2 2 (R =2 1) B v
H, , AR 3 Rk e 2, i 2 fros

x1 AEBEASAEEESENRKEHEF
Table 1 Sorting of experiments with different

operating surfaces and heights
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Table 2 Repeated measurements ANOVA of MET, MRF, AF with different operating surface and height

N MET MRF AF
N
df F p df F p df F p
TR — — — — — — — — —
PR 2 95. 84 0. 00 2 135.37 0. 00 2 135. 37 0. 00
e & 2 4.08 0.02 2 3.84 0.03 2 2.75 0.05
BN — — — — — — — — —
BV SR E S 4 1.41 0.25 4 10. 12 0.00 4 3.75 0. 03

TEdf AR F N IR GE o p N BEE RS
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Table 3 Comparison of p among MET, MRF, AF on

different operating surfaces and operating heights

yopy | TEHS TGS |5 B
WE | ReE | @ | H, | H, | H,

MET | 0.000 | 0.000 | 0.479 | 0.231 | 0.998 | 0.058

MRF | 0.070 | 0.000 | 0.000 | 0.000 | 0.001 | 0.004

AF 0.001 | 0.000 | 0.009 | 0.078 | 0.000 | 0.441
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1.79) N); IE [ MET & K F Ml MET ((1.40=
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Table 4 Mean values of MET, MRF and AF for

different operating surfaces and heights
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Fig.5 Pairwise comparison results of MET, MRF,
AF on different operating surfaces and heights

i MET MRF AF

S, 3.97(%1.81) | 10.08(£3.47) | 2.61(x1.05)
S, 1.40(£0.55) | 6.52(£1.16) | 0.86(£0.28)
S, 1.60(0.60) | 12.10(=2.88) | 2.91(%1.79)
H, 2.59(+1.71) | 9.69(%3.28) | 1.82(%1.37)
H, 2.28(+1.68) | 8.72(2.76) | 1.72(%1.38)
H, 2.10(+1.49) | 10.30(£4.27) | 1.70(+1.48)
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HyH, 5 H, WL T HFAERE 2R (p<0.05)
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Table 5 MET, MRF, AF Pearson correlation analysis

(%3), HP H, 4 MRF {8 (10.30+4.27)N KF i ESE: MET MRF AF
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H, 5 H, B R e 505 5 (p<0.05) S, MRP | PORAHIRIE | -0.056 | 1 ] 0.200"
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Fig. 6 Pairwise comparison results of RPE ( wrist, elbow, shoulder) on different operating surfaces and heights
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Table 6 Repeated measurements ANOVA of RPE ( Wrist, elbow, shoulder) with different operating surface and height

RPE
Eie T TN JA

df F P daf F P 4 F P

R — — — — — — — — —
e 4.45 0.01 3.58 0.03 3.12 0.04
R 0.46 0. 64 3.30 0.04 0.99 0.46

BEH — — — — — — — — —
PR S PR 4 1.14 0.34 4 2.14 0.08 4 0.09 0.98

®7 RPE(FHE.FH.B)EAFBREASHRESEp LK

Table 7 Comparison of p in RPE ( wrist, elbow, shoulder) across different operating surfaces and operating heights

A T 17 5 0 T 5 1 10015 ) H 5 H, H, 4 H, H, 5 H,

T 0.726 0.731 0.169 0.672 0. 699 0. 993

FIh 0.762 0.213 0. 759 0.478 0. 003 0. 554
A 0. 867 0.263 0. 444 1. 000 0.819 0. 859
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2.2 MET Fim#&#y MET =k X exp(f X ¢) (1)
MET B0 — 30 2 LA 670 5 1 £ g 2 0000 MET =k X (/*) (2)

RLf(f =MERAAT/MVC) Ry 52 i JIL PR 57 1Y) o
WET %t f 1 MET 504 9F 17 41 56 & 5040 b
( Correlation Coefficient, CORR) ,Z5 & .f 5 MET
BEFAL (p<0.05) , Pearson 13 REH-0.55,
A Y MET B8 22 85 DL B0k 80 e ek 0T 20k
HEUS I B

Ak NI SF A, 1/ minge HHE AL,
(1) A (2) FEATRECE R, T LT A=
InMET =1Ink + f X ¢ (3)
InMET = Ink + Inf X ¢ (4)
BB IUAK(3) (K (4) , it —Inktk
mIH 54T, 1145 MET ) RIHJ7fE, W3R 8,

£8 FiIkMEd MET M3 572

Table 8 MET regression equation for overhead work

PREUE 2 9 75 PE R R p MET #5245
: _ _ B p<0.001; _ ~
R FHMEE | y = 5.482 - 10.043x 0. 61 X: p = 0,000 MET = 6.693 x exp( - 10.043 xf)  (5)
TR y = 4.369% 0.29 p<0.001 MET = exp(4.369 x f) (6)
. B BFE . p<0.001; ~ ow
T AHEE |y = 0.154 - 1.087x 0.31 X: p = 0.000 MET = 0.201 x f (7)
TokE y =-0.297x 0.73 p<0. 001 MET = f %7 (8)
Ty ARAS G v AR5 X iy
HTHAZE MET 5 742 & f hRERMEL,  [HEZEOmE, A0,
8 X (6) IIHeREL, M AR (7)) Mk MAD:ii Ca bl (9)
ERBUNT 0.5(R*<0.5) ,f X MET F)ff B A B 45 n =
P S N L YR E n _
fﬁ,ﬁt,ﬁﬁmi‘t(? M (8) Ay Frad Sk B H R B fL RD =12( a-b j X 100% (10)
Yl i MET TR n = a

OSIF T A T A Y S B | e S 34 o X e 22
( Mean Absolute Deviation, MAD ) #1 #H X {m 22
(Relative Deviation, RD) Ft4¢ MET #9552 bR {E -5 T

A o HIMEAE ;b N TE ;0 HFEA S,
2(5) = (8) i MAD F1 RD fE W55 9,

R9 XHMURESESIA MET &2 H MAD K RD
Table 9 In this paper, the prediction model and the MAD and RD of some existing MET models are established

inil MAD/ min RD/ %
— K (5) MET = 6.693 x exp( — 10. 043 x f) 0.66 (0.38) 29.65(11.24)
— x(8) MET = f %27 0.68(0.43) 32.27(13.54)
J £z 7]
BT hr AR AT iﬁgﬁ;w MET = 38.093 x exp( — 3. 87609 x f) 16. 80(2. 10) 72.51(5.95)
H & 24
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TR R MANENICA™" MET = 16.609 9 X exp( — 4.5 X f) 5.10(1.10) 37.64(9.76)
! AVIN Zgl1e] MET = 29.078 X exp( — 5.48 x f) 10.39( 1. 89) 63.48(11.68)
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Table 10 Comparison of actual and predicted MET

values at different operating surfaces and heights

using formula(5)and (8)

NN By MAD/min RD/%
S, 1.17(0.53) 37.32(7.23)
S, 0.45(0.24) 25.95(9.50)

205 S, 0.35(0.21) 25.69(13.23)
H, 0.75(0.47) 30.55(6.34)
H, 0.58(0.26) 29.78(7.29)
H, 0.63(0.38) 28.46(9.21)
S, 0.76(0.33) 21.85(8.13)
S, 0.46(0.21) 32.18(19. 40)

(8) S, 0.43(0.28) 32.32(11.21)
H, 0.73(0.39) 36.84(6.85)
H, 0.53(0. 18) 27.75(11. 44)
H, 0.40(0.27) 21.79(9.35)
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