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Abstract;  This study analyzes the muscular fatigue characteristics of mine emergency rescue personnel
during pull-down dynamometer training, aiming to provide scientific support for enhancing the safety and

efficiency of mine emergency rescue training. Forty team members from the Datong National Mine
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Emergency Rescue Team were selected as participants. sEMG technology was used to record changes in
muscle activation, muscle contribution rates, root mean square ( RMS) amplitude, and MF under
standardized pull-down dynamometer training conditions. The results indicate that the triceps and
latissimus dorsi are the primary force-generating muscles, while the erector spinae plays a critical role in
movement restoration and trunk stabilization. As the number of repetitions increases, the triceps brachii
begins to appear fatigue in the second half of training. To maintain the training, the latissimus dorsi and
erector spinae show enhanced compensatory activation, and the lower segment of the erector spinae exhibits
a higher activation level while showing significant fatigue characteristics. This compensation pattern driven
by triceps fatigue is the key inducement for increased lumbar load and elevated injury risk in rescue

personnel. It is suggested that the strength endurance of triceps brachii and the stability control and anti-

fatigue ability of core muscles should be strengthened in training.

Keywords . mine rescue personnel;

electromyography (sEMG) ;

0 3| &

WL R N G SRR 2 4 R 7 ) d e — 3 B
2, JR U O R N R0 A= A 5 0 7 22 4
FAE L AR, T ROR A ORI E M SRR A
SR IAL T R IR AR AR A | X 5 E0pD
P ARG R AT ACH] 55 8 IR VR BE
T 07 M B R S 2k e

W SR T T LN 2R TR R IR S
T i, VR T R, T 20 tHad 7S AR A
T 2021 AR AR FIE A 0 (BT LB BA
PRAEAL TS LRI ) 5 HA o« S R B 25 A% 1) o 2L
TE R RhE N B 7R R B R] P S IR AE TR
e, 4/ g R B, B LR A B i R
b A5 S e R 50% , B H IR O AR 7 )
BHER, R B8 W 7R 24T E
o TR RS ) A% I 2R S BOm B b o, Gk
29. 1% , HIER SR AR T2 52 32 s, 30
AT a1 Rt A GV 1Y T AT 25 R AE
ZRET IR AR5 040 (BB XS T HiAS ) 485X
— SV ZRIT H A AL B 58 8 55, ez Xl
YR A ) 3 2 R E S BRI IR AR

ST RIS AN Rt e K ELAR R TR E T
i, mxiws LA S A 598 55 BIL T AR B R GE o0 i, 78
T /E M X LA F 8 % B ( Work-related
Musculoskeletal Disorders, WMSDs ) fiff 5 45i3e{, , 2 i AL
i, (surface Electromyography, sEMG) £ R & 15 3]
Z HRA BRI, e it dR st
AT IR E B PO A B 5 2 A U
Z A TR T A U255 58 5 1 e 9% 57
PRSP R

pull-down dynamometer;

muscle fatigue; surface

median frequency ( MF)

BT, EH LI IR A RO 4 78
MTEAL T RLAS S AU % R 2R SEMG (575,
6 3 P AR T, s T RS 2 IR A UL P
PO S 57 AL RRAE , LUy s A B 0 A
-5 2 e R R YA 2001 e Dl R B

1 THREAFRESHES T

1.1 THKEAH[RWIET

1) #d 5iXE ., AR T AR SIED
Bl =3k LA A 4 % ( Median Frequency , MF) 1Y) 2%
5, M G * Power 3. 1. 9. 7 8T, Giitsr
Wi R R R i 220 Wik, EE S
BT P 0 B s R O SCHR A . I 3 KR
a=0.05 KNS (1-B) = 0.80, % W& f =
0.20, LR ER, B/ MEART N 36 N, NHME
WFFE AR T 109% 114 4 32 B 9 A/ s8Rk
LN ZA LU 2R K IRIBA 40 44 BA D S F
FENGE MRHEARFRILE 1, WARHERTE. DR
2 2~9 AR N RLR BRI 2R 50 ; @ T L A5 I
P EEKFARE QI 6 N H N ICH A KI5 1)
JEE, BRI R 20—k B T BiAs S as il
A% @RI HT 48 h AR AT RIZLG 3, U5
I, A B T Al IR T AR |, 4 e
i [F

K G 1L 2 B 5 i AR R 1 s, ik
iR TCE sSEMG 2405 2 65 sl 3R AR HLF 2R
SEWHE T Hik 12 R Y sSEMG (55 50U E S,

2) ML, B s A 3R 45 4 R A A
EIRTZA NI o N TR ok | E2 0 RN S IS E e T RY €4
TR, R g I3 e RS e



hoE e B o e

- 240 - China  Safety

Science

H36%:
20264F

Journal

F1 HREARBR

Table 1 Basic information of participants

INZPN 3 i 4 B H/m ENGTN=v4 YRR /a BMI/ (kg * m™)
40 30.35+2. 80 1.75+0.04 76.32+6. 08 6.26+2. 14 25.00+1. 89
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Fig.1 sEMG acquisition module installation
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Fig.3 Muscle activation patterns across different

phases of a single movement cycle
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Fig.5 Changes in RMS values of muscles across different phases
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