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Research on the Changes of Key Technical
Characteristics of Elite-Weightlifters’ Level
Adjustment: Taking SHI Zhiyong’s 69/73 kg
Snatch as a Case

MRS, ZE®, A8E, BXME BRAR
DAN Linfei, LI Jianshe’, SHI Zhiyong, YAN lJiaxiang, GU Yaodong

W OE. A A EREFEEFNEE T Okg B LIAE T3 kg B IEH R T AR, A
KREMKEFRFEZ R LRARA AT E A ARBRARLE . 7k RABGHUE S
B0 2016—2020 4 B % B & K LRI H % , i iF SIMI°Motion 7.50 xF AR # 47 = 4
BHFMAT R R FELRABAG, 1) G LY AR SEIEIGIET 17.10%, 5EIEIGE
H AT ¥ m 3% @RS KA 0 R A B )R, B B SRR AR A A T R AE A LA R ILRE A
T )AL E AR 2 RE Fy AR AT AR A S m AT B SRR BUEARE KT 0.10 mis,
B RRELZETN, &% Feomsht—F LA =E ., 3) FRXYT A4 5%
R A LR T 7.67°, A hEJE Bk 49 7 MO RAT BAR R A ARG KAk, AT BARC T
SUFE B A PTRER, TR S MR AT RO B R B KL 5) R AR B IR Y TR
Aast AL A S &R H(DP)H £ (P<0.05) , BLAAIRE S R AR R B 2RI, Sk &
% HAEEREA GG T AR BN T F e sh AR R B, T BRI Ak AR A B
B, ISR AR AR

KR ORIE LI BR LR A A F

Abstract: Objective: Taking elite-Weightlifter SHI Zhiyong’s snatch technique changed from 69 kg
to 73 kg as an example so as to provide a technical reference for Chinese elite weightlifters to in-
crease their level coping with the new Paris Olympics regulations. Methods: Cameras was used
for fixed-point and fixed-focus shooting at SHI Zhiyong major competition sites during 2016 to
2020, and three-dimensional kinematics analysis was performed on the videos through SIMI®
Motion 7.50. Results: After SHI Zhiyong moved up the weight class, 1) in the preparation position,
the relative stance distance increased by 17.10%. And the wider stance distance will increase the
support area and reduce the final height of the barbell. At the same time, the low breech position
is beneficial to exert the strength of the hip and knee extensor muscles. 2) Barbell space-time pa-
rameters: The velocity of the barbell continue to increase in the two pulling processes and the
maximum velocity of barbell is 0.10 m/s higher than before. Based on the prediction of the maxi-
mum vertical height of the barbell, SHI Zhiyong’s snatch performance has further room to rise.
3) Lower limb joint parameters, knee flexion angle was reduced by 7.67°, small and rapid knee is
the key to get better force effect. 4) Stability parameters: The distance between two centers in-
creased, it may be related to the technique of turning the wrist and raising the elbow. 5) Coordi-
nation parameters, the relative phase angle variation coefficient DP of hip-knee and knee-ankle
were smaller than before after level rising (P<<0.05), which indicating that the quality of snatch
skills was significantly improved. Conclusions: After level rising, SHI Zhiyong widened the rel-
ative standing distance, reduced knee flexion back range, stability of lower limb inter-articular
movements was higher and the quality of snatch skills was significantly improved.

Keywords: Paris Olympics; snatch; level rising, biomechanics
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HE PRI REZMIHEZ —, 1896 41 i Hig
S S A IER LR/, R RE ML SGMR AT .
TE v [ 26 H BN R ST IS 49 88 T U SRR - DR B —
A TR T8I e 4% (BRZN T, 2018) 0 20 42 80 4F
R, B 38 T 4R R AR 5 = 4R ) R DB ER
SR )% T BN 28 R R AE AT TR AT (R AR
S, 1981 EfE 5, 1984) . H, Rigsh 2S5k
A2 Aok 0 5 v, T DAAE L3R B R R AR L IR
TN TR AR SR . e T IREE, R E A B4
UL TR HET I ERTE N, IRV ARAL R O BT
T o 00 T N A O ¢ R i A AR AR 4 K 0 4R T AT
B bR R HR R 3 B B AR R B ARAT 42 [
TEBE B 5 “HEV AR R T BB R T 22 EA SR DL IR N
RT3 AL 55, 2008 210, 1998) . JMAEA
IR L% Sy R e, TR T E-ILA-E S R
400} B A S i A P ) 5 TRk AT 51N 34 4 48 X5 A 1 Ccontinu-
ous relative phase , CRP) 1 4y V¥4 4 42 UL PRI X 30 E 4 il 1)
2 B SR PG OO S 45, 20125 Davis et al., 2019; Ro-

manazzi et al., 2015) .

(] e 28 1K 0T 2024 4F (A2 BLIE 2 %6 F 00 H 10 20 1E AT
T HUHT S E R IR 14 00 46 k2 10 AR L 3K i R
% A L im ) R A S AN HEAT 7K SR 00 1 I B L T AR 5
TR SR ES S NAPASPNIUE TSR0 E8 DN
iz GOE R EORRAT R R, R R R IR R S BUs
2y 53 UL PR PR 3L 2R AT 4 B )T B AT T RE T R
WEPARAZA . A8 B LUR R4/ 2016 4F HLZ
WIEEM2020 F R M BRIz 2 M IE R EE , LK &
H1 69 kg 2 44 K 5 73 kg 4, £E A A 1A 5 B 2 ) L i K B
B, R E T B AR AT 2GR R E G X
AR B GO R AT S BT SR AT A s M s
W, BE T 9 A N U 72 57 200 0 BARAIL 35 3R B R 3
£, OO AR TS B8 B BB RBEEAR S % .

1 MRMFS5H*
L1 #rRstg

DT 2 AN 440 Jof 2 % ) ) AR 28 1R B 1 S iF T &
2016—2020 4F 43 51l LA 69 kg ¢ F1 73 kg 2% 2 3& {1 {5 5
F1FIR.
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Table 1 Participation Information of SHI Zhiyong from 2016 to 2020
Yo R 4 AR Yo FE B 4] 1 SR BRI F kg RAIFmGkg ST R TR RS kg
L ERTHRARE 2016-04 Wi 68.8 157 158(54%)
A EREHRIFR 2017-04 HririTl 68.9 160 159(F7 i)
EEESS R Py 2018-04 ARG 68.8 163 157(:% 5 #:)
DRSS E Py S 2019-04 Wiz ok 72.7 165 156(&A427%)
HRAEHARR 2019-09 AEERIE 72.7 165 154(FA27%)
A EFREHIFR 2020-10 AT AL 72.8 164 151(A27%)
1.2 BRI A7 Uity J g ST N AR
1.2.1 &R EEHRGE
£ 2016—2020 4 b [H 5 HAE KRB, R 2 & pr
FAGHL(SONY , H A 43 5] [ 7E T2 5 & 7 77 19 22 45 il [ﬂl ﬂ]]
2145° 75 b2 GRAENIBE B 28 & 02 15 m, 7EKF
] 38 i 26 5 A A 3 6 Sl 2 18] 1 € £ 20 90°, 3 H 40 % N
925 W/, [F 25 R4 56 M8 I IR B R B 1E o 30T L TSk M
SR PEAK. = 4 b7 5 AE 28 5 L 963 Hh 308 47 = 4k 2% [ 48 b e =T
FRE s bR T J5 I #0 H 0 R A AR R AR LA R AR PR S 4
BWAEAMAL(E D, ’//' X

122 Z 4 FBmATE

X A SIMI-Motion7.50 (SIMI Reality Motion Systems
GmbH , £ [¥ ) = 4E iz Bl i b 52 G 0f AL AR 47 Ab B2, A BT 14
RAEHA N 50 Hz, 12 F W40 09 6 Hz FA 1K 388 318 i 3of Jid
O BOHR REAT P AL 3 {3 F DLT th S Ak (1 2) . =
YEAA R F X BN HT S5 J7 17, Y RO 22 DT 1A, Z 5O I B
Tile BASL 1T A KRB AARE Bk EHE AR
T e A g e A A A T e A R T A AR FAT %

IR AL IR
EH1 BENNHEEREE

Figure 1. Schematic Diagram of Camera Site Setup
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25



P E AR S RHE 2023 4 (5598 55 7

I KAE I MERR R R 1 ~-1[ A1) (2D ],
_ 2x[6,—min(0,)] _ 1

= : (D
' max (6,) — min (6;)
;
1 max (o) @
A7
-
< @ X
¥
B2 ZHEHNNERLRRTEE
Figure 2. Schematic Diagram of the Cartesian Coordinate

System for 3D Motion Analysis
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bR #E 22 FTon (MESD) o R FHAMSLREA ¢ 15 56 5% 2 A 2453
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R 43 2 A 45 K 2 I 28 4 R 2 i AR B Y
(&= %, 20200, WA A SR P LR IE 3 ¥ S
AT B OR1T f1 BE AR Ak, [ P9 41 25 2 2 0 58 B 1 I 26 ) AR
Ry Hya~6 MBS AEN R (IR %, 2019; £&
2, 2011; RJEAE 5, 2017; Nagao et al., 2019), N{ET
BTN EE S B o ) ) R B, 25 A A AN NHR R A AT
FOHG A B E R 53 9 6 AN B B (L 3) - MIL AR 3 B2 B B
(Bl 3a—b) M2 5] BEHEE2 B B (1 3b—c) M3 i i K J1
B (B 3c—d) M4 ETHB B (B 3d—e) \MS il B 4%
B B (B 3e— ) Fl M6 #2454 58 UM B (B 3f—~g) .
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Characteristic Screen of Each Stage of The Snatch Action

Figure 3.
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(1 T 6 25 3402 T IR 26 (9 R 42 (IHAR TR 45, 2019) . A
WF 93 % AR X 92 BE K AR oF 3l BE E 5 05 vk CH X 9 R =
17 B 8 K FE X 100% , H8 % 3 B =3 PR+ N i KR X
100%) , H15 47 69 kg ¢ IR 1¥)AH X 48 BE 2 60.24%  AH X i B
N 56.70%, 73 kg 2% B 111 40 X6 42 B5 R 61.32% - AR i ik B
26

N 73.80%. AT R, 73 kg I A B KE o4 B 4
1.08% (2D . 4 B4 56 45 F) T FRAR AR 4% P 75 18 04 1 de ¢
TS, L 4 B TR B O ) PRAR , (ELHE E 1) R B X
122l O3 [ LB ) 4Rt R . AR TR ER, 73 kg
0T AT R X 3t P A0 B Dy B I K 3 B A B 17.10%
Sl ) 8 00K AR AR L ST P AR I B AT R v B U LT
PR B 5l EOBUI R BRI S THT B K, AEL I 5 £ 3
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Table 2 SHI Zhiyong 69 kg and 73 kg Weight Class Prepare Posture Parameters

A /kg J#$E/cm 35¥E/cm “HSTIEH/em  JRFA/()  BXTAE/(C) MR AE/(°) BRXNAL/(°)
69 100.60 46.10 5.70 51.40 40.46 47.68 98.00
73 102.40 60.00 5.30 47.02 31.50 4538 80.04

E LRSS AATCEARETCE KRGS ERAAA TS LR, RRAES T CERE BT ANRETERFEIEAE,

B <90° A AKTHH A, >90° A HR 17 A .

TE MRS 46 2 bl b, WU B4R B 102 1 N 48 AT
Y 2E [l 14 (Musser et al., 2014) , fa LB &N T A8 51y
KBS GRS (REE %, 2021 . 73 kg B A
KT R A0 A7 4 69 kg 3 I 4.38°, UK AU B i — 2
N T RN R IR R0 BE B, 45 B I R R R BE R
RN T S AR LR VIR L B R S 5 (CE
A 7R 45, 2009) o B ORTT A L A AR R BOR o b
(8 A, — MROPR O & L B AL . L1 = IR B2 B
SR A LB ) R B AT A 2 R TR, R
1B >90° Bl Ay iy B AL, OG5 A T <<90° BRI AR A £ir (45
YA, 20100 0 A7 7E 2 A G 5 R R AR 8 AL 1 5 1A 4%
B, 73 kg oIS I R IEORTT M BETE /AN (R 2D 0 AR T) 2
FRE SR, B/ 0 TR M 5% 7Y A BE T 78 43 B K A LA UL
PO B, Xt R LA 2 5 3244 R 0 5 g R ol o &
&, 2019),
32 AR R F R

M1 i B I S5 4 R B B, A5 7E 2 /S 221 1 ML Y B

FE Bt 35) 6 ik A T A b T AR e B I 50% . 32 69 kg
9%, 73 kg SN AT (AT B T B S G K 0.14 m/s, AT 4% TE B
o E U AR 48 K 0.64 m/s* (K 3) . HEIR 73 kg B A1)
M1 W BE AT REAFLE K 73 FE ) o) 80, AHIX F5 25 4 F i B
R NIRRT . BRI N, RF B3R
PR I R R BUFAE 2 P AL A2 12 3 % S HUR AR, AT
o Tk B E M1L~M3 i BEN RF2E BT R A R R A UF
PECRERS &, 2019) . T 69 kg 2451, 73 kg 2L A (1)
AL 4% 3 B0 E M2 i BRSG  17 1.7 /s, R 5 AL 4% 9 HLOH
FEAR AR R AR SR i Bh R B . AR B Sh R A
A4S, 69 kg LIS [ IEE T 28 4 023.22 W, 73 kg 2
IS [ VB T 2204 4 190.05 W, BE K 1) U (i T 2R 13 W R 7 3%
TR CESH 4, 2011) . BAR 69 kg I 7 HIFL
TN U A LG 73 kg SR OR, {ELFE B B B AR W
HE A (B 4) . M2 B, 73 kg 20 A AT 44 BT 3Rk K
X FE 7 KT 69 kg 2, 31X W] BE & 5 M3 B B AT 2 g
i3 B 1 S LR A

®3 FAEBH6 kg RT3 kg BITRIEHNESHF
Table 3 SHI Zhiyong 69 kg and 73 kg Weight Class Barbell Kinematic Parameters

EX 5 /kg Ml M2 M3 M4 M5 M6
FrLERt /s 69 0.54 0.12 0.14 0.24 0.16 0.36
73 0.50 0.08 0.14 0.26 0.10 0.34
b A5 E/m 69 52.75 67.45 96.15 121.35 115.65 104.65
73 52.45 70.55 95.45 126.35 122.05 112.05
Argh i H ik JE/(m-s™) 69 1.24 1.22 1.82 0.00 -0.79 0.00
73 1.38 1.55 1.92 0.00 -0.61 0.00
Argh e H ik %/ (m-s?) 69 3.76 -0.66 4.28 -9.68 4.17 0.00
73 4.40 1.49 3.19 -9.97 3.22 0.00

EAAE S B e R A F A, ERRAR S L, AR RS T

1E M4 [ B, 73 kg 4 I A 80 AH 8 14 b T P B A
69 kg 2% I 380 4% , AT 44 4 3t BE 2538 11 5.70 em, $871, 73 kg
SR IR A 1) FEL B M X AL 4 R 400 R SR A o A R AL
B T B S A RO AT 0 3 1 o P8 W {E = AT 0 3 L o &2
WS+ B 131 X 100% ) A2 5% W 2% B ) %6 1) LR 32 (X1 T
% A&, 2019) A G0 bR E S A AT B 3 B R A 4y
BN 72.66% F1 75.66% , 1515 70% LA b o TE R BR P28 & &

T, 183 BB Qo 5 AT 8 1 B I AE () R A7 78 26
K £ :3=0.920x-0.295 , H1 b6 AT H1, A 78 AR BR P25 25 6 R AT
W 3 T VB AR BN 124 em R JEEAE 45, 2017) . AR B
W 73 kg A I (AT 44 T B v 3 0 2 o iz A IR
1B, R O TR A AR B2 B SR A AE BT 5 ) . R e AR
S 5 A6 BN Y B R DR 3R A 75 0 B DA B A I R AT
% [0l V& BE B ¥/ Tz 3 5t (XUAEIR &5, 2008) . 7EHE
27
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Bl FE(MS~M6) H , 69 kg I 1 (1 AT 4% 1 B 1] V& BH 25
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Figure 4. SHI Zhiyong 69 kg and 73 kg Weight Class Barbell Kinematics Parameters “Time-Varying Diagram”
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A R IR S 2 ORI FE R IR “ Bl R TR AR 8
R ITHY B w R LB SO B N [F) 3 AE (R AR R4,
2021) . M1 B BE, 69 kg 9 B AT FA 455 B8 B A 3 RS 4 il oAy
156.25 (°)/s. 250.75 (° /s, 74.83 (°)/s, 73kg % 5 %l ~
168.42 (°)/s.241.71 (°)/5.90.96 (°)/s , 15 Fy 3 P B T8
BROCHT MIRPE (R4 B BUh, EOGT  BE AT H O
WIS, W R I R 2 IR R T, AT Re R R I
HRNBES 551K IT, My T SO R ) 8 2
J& Al (Nagao et al., 2019). 7E M2 [ Bt rh , 69 kg 221 A7 [ 14
ST JE A BN 11.23°,73 kg 0N 3.56° (£ 4) . 73 kg i
P SR (R e A B LU DR A 0N 7.67° 5 J 0 ) R e FE 1 51 I
A A8 20 BT 8 b T I R v b B o R A7 AR 1 iR B 7E )
Sl E R 0 5 AR B R s . FE M3 B, TR IR UL
TR R B K T B AT 8 b T BA WA, TR A1
JSE DAAe 5 LBE 2 70 29 3 A LRE & 0 il CLELbR R 55
20210 BB, 69 kg ZIN A A L T L IR OC T A T 0
B35 79 409.16 (°)/5.459 (°)/5.323.73 (°)/s,73 kg 243 %
H413.80 (°)/5.504.62 (°)/5.374.18 (°)/s(F4). 2425
A PR AR 7 FBE 25 PR T 5 A T B L 5D, 3R R AR IR UL
S5 TR EZ , @SSR )&

7E M4 By BEAf L G2 50 B R O HCN B DL S R
e, L7512 3h 5 10 B Ak 250 T B 3 B 2K 1 5 g insk
FE , W IE S 3 B e e T BT A Ok EERAS (E AR
25,2009 . ZBY B, 69 kg SN A R I B OCTT AR
JE A 43 31 N —-588.25 (°)/s.-630.71 (°)/s.-380.71 (°)/s,
73 kg 43 1l N -588.38 (°)/s.-679.04 (°)/s.-462.23 (°)/s

28

(T4 TE2AGN B ORAT 1 A T8 e PR, T IR 56
5[] e A T F 18, W S R R Ok PR A B A
Lo AHEET 69 kg P 573 kg T A A0 A B DG 15 (1] e A 3ol
SR, Ui BA ) R S e MR A R R A T, R L
M B B8 0 Y47 e 0 R e R (IR S) o HEER SE LM BR
69 kg Z¢ BT A7 IR 5 I B OGN A BB 43 i) 9 37.28°.34.02°
84.21°,73 kg 4 4 W )9 42.68° . 35.31°.74.46° (£ 4) . 21
2R 35 B R R, X OR HIE A I SRR
FHE AR R U TR E B CRE 55, 2021).
3.4 IRF A E A S

Rossi % (2007) #F 78 T £ 75 12 8 53 P04 o 72 b 9 AT 42
LB B, 43 3 R A E 0 7R SR T Y 12 B
(Kl 6). TEFADIRAT , et 10128 B Bz I % 2 1 BT AT
BB L E TIEsh. 5 R 6 S FLAT AT
RG0S HE LR ) BT 2 BRI S i R 2 )
BRI EIRIEEN ARG . 456 MR, SR AT
OIS BT N BB “S” A (Mastalerz et al., 2019; Na-
gao et al., 2020) . A #H @A77 N2 FE b 1) N AR 2 I
PRASERY S8 I f 3 FRAS ALY 1y e RV AETH I, B R R
Bl 6b [ U328 C A B S B 42 U IO AT 44 32 B 1L 7E (Lyons
etal., 2017; Musser et al., 2014) . A3 7E 2 2% 5 5 1 AL
B O BT 5B CBONERE , TR AR T AT E
QIESPUB AL B FEE MR, SO B JE AR %
R FRAF AR RO W B AT 8 O TR, B S R E 5] B
ERBIR S SR E (-7 HHRIAA S REH
I A AT 4% FHC B RS 2 3 0B AR IO LR T, SR T s
4857 P (Nagao et al., 2020) .
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Table 4 SHI Zhiyong 69 kg and 73 kg Weight Class Kinematic Parameters of Lower Extremity Joints

Aak A kg Ml M2 M3 M4 M5 M6

AT AIE/(°) 69 96.53 123.75 155.63 108.65 46.76 37.28

73 93.25 115.13 145.37 80.26 53.42 42.68

MRT ARE/N(C)s"] 69 156.25 120.69 409.16 -588.25 ~78.60 0.00
73 168.42 150.40 413.80 -588.38 -44.91 0.00

M % 8/ (°) 69 128.18 116.95 166.83 74.17 53.42 34.02

73 115.96 112.40 167.57 55.97 42.10 35.31

Mk ik R/ (°)-s7] 69 250.75 -110.27 459.92 -630.71 -53.42 0.00
73 241.71 -34.50 504.62 -679.04 -40.42 0.00

BRXAAE/(0) 69 110.33 97.25 134.61 89.70 86.44 84.21

73 97.20 92.02 130.39 76.95 79.03 74.46

XA ASE/[(°)sT] 69 74.83 ~120.08 323.73 -380.71 -9.41 0.00
73 90.96 -91.66 374.18 -462.23 -23.18 0.00
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Figure 5. SHI Zhiyong 69 kg and 73 kg Weight Class Lower Extremity Joint Angle Parameters “Time-Varying Diagram”

TECTH O PR B F 310 1Bl Hh , 69 kg 24 I A7 1) B 2 1 1]
$92220cm, 73 kg 25N 23.10ecm (K 5) . HHEFREW AL
7532 2l LN % 1 B AP i e KW 0 T BE B — AN i
20 em (XIJ°F 2, 2005 Liu et al., 2018) , 1fi f1 £ 2 D 51
F7 T 0 B B9 259 > 20 om, T3 B A7 7 P 0 7 I8 35 3 K )
R, 3 OX — 4 BT RE B B N B R DG, A AT B
BEAT /N T2 URBU I S B ST I A e 5 3 4l B 3 £
M5 2] o AT B OB 10 M B8 2 TR AT 42 B0 7E N
R&0 B, AR A 5 ) B RSFET . 69 kg ZLI A4 11

P #236 BE 4 3.70 em, 73 kg 244 3.80 em, 2 A3 1 i %
Bl <4 em(FE5). 69 kg Zihf 1 M5~M6 By BLHK T £
RN T7.72°,73 kg PN 14.97°(F 5) , A 25 E R 5 3K T Rif
60 P52 48 56 B 4 8% B A 5 i v, T ILRE 2 5 S0 HEAE
FHE K, A R F 52 T e 2 i R 1 AR e M (S 28, 20055
Lyons et al., 2017) o J& 2% 5 o 4%~ 5 460 5 AN % £ 35 355 UL
T PR, AT RE 2 5 BUORT 42 750 i 17 B A 800 Ji5 11 B 22
JEERL o Bt 0o 0 4 Tod 2 K T A5 AN A 1 e, S ST e
BRIV &=, BT R Ok B IS I R B 255 .
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Figure 6.

Movement Trajectory of the Barbell Center of Mass in the Sagittal Plane
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