The Services and Resear ches of
Sport Biomechanics Unit
for Elite Sports



Biomechanicsis the study of internal and external force that effect on
human movement.

Method

Kinematics: Description of movements in time and space.
e.g. Displacement, Speed, Acceleration, Angle of the segments,
Angle velocity etc.

Kinetics: Causes of the movement.
e.g. Force, Power, Momentum between body and surrounding
Ground Cycling Oar Salling boat etc






Biomechanics Unit Service Reports

1992-1997 1998-2004
Athletic 24 40
Triathlon 1 42

Cycling 1 16
Swimming 4 16
Wushu 1 9

Table tennis 0 10
Fencing 0 7

Badminton 3 4
Tennis il 3
Windsurfing 0 1
Rowing 2 2
Squash 4 2

Tenpin Bowling 2 it
Gymnastic 2 0
Total 45 153

Mean/year Olyear 25.5/year




The presentation providesideas for coacheson
biomechanics services and hope that they can more
effectively use of biomechanics servicesto solve
problemsin training and competition.
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P<0.01

P 0.3474* 0.0575
vl 0.7813* 0.6362*
FLPH 0.5422* 0.0575
FK' EiS 0.5945* 0.1760
% & 0.8736*

EysEr 2 0.6781*

+ E! 0.9580*
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THE STUDY ON THE VELOCITY
FLUCTUATION OF THE TRACK CYCLING
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N=122 km/h

1.54+ 0.32 2.76+ 0.53 -1.56+ 0.41 -2.78+ 0.61

1.49+ 0.41 2.60+ 0.55 -1.50+ 0.44 -2.59+ 0.59

0.93+ 0.37* 1.91+ 0.53* -0.92+ 0.38* -1.91+ 0.53*
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N=106

P
(W/km/h) (W/km/h)
6.92+ 1.06 Sporehe ILIke 0.000
8.04+ 0.85 7.02+ 0.62 0.000
6.29+ 1.24 6.10+ 1.09 0.007
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The diagram explanation of kinematic parameter in baton exchange of
the 4X100m relay
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The diagram explanation of kinematic parameter in baton exchange of
the 4X100m relay



9.90 9.40 9.19

S1 20.70 18.90 19.12
S2 29.40 27.10 26.66

2.80 2.54 2.72

d 1.60 1.65 1.65
9.76 9.66 9.80




4 100 4X100

98 4 10.45+10.50+10.80+10.96 =42.71
41.40
42.71-41.40=1.31

01 11 10.39+10.50+10.80+10.81 =42.5
G
42.5-39.95=2.55



4 42.71-42.5=0.21
2.55-1.31=1.24

0.21+1.24=1.45 =41.40-39.95

0.21/1.45=14.5%

1.24/1.45=85.5%



COUNTRY TIME DIFFERENT BETWEEN THE TIME SCORED
AT THE RELAY RACE AND THE TOTAL OF
INDIVIDUAL BEST RESULT

USA 38.19" LG
USSR 38.50" 2.10"
FRG 8988 224k
CSSR 38.82" 1.88"
GDR 38.90" 1.60”
POL S{eHOE ST
HK SoEch 2.55"




3. Rowing

*Therelationship between foot reaction
force and pulling tension on ergometer.

*What isthe major power come from

* Foot reaction force pattern.



Video



*Therelationship between foot reaction
and for ce:

The optimal technigueisthat the foot reaction peak isclosed to
the pulling for ce peak.




A- Linear displacement

¢ Tension

=Foot rx
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Time (1/200s)

Foot reaction involves knee and trunk movements.




B -Linear displacement

¢ Tension

600 700 800 900 1000 1100 1200 1300 =Foot rx

Displacement (mm)

—
o
S

800 |

I Time (1/200s)

Single foot reaction force from knee movement.
There is adistance between foot reaction and pulling force peaks.



Displacement (mm)

C - Linear displacement ¢ Tension

=Foot rx
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Time (1/200s)

The foot reaction peak is closed to the pulling force peak.




*What isthe major power source

Arm Leg Trunk



A - Angular velocity

r elbow
300 X r hip
1900
200
[ ]

_ 100 1 700 r knee
(D)
> N O
N | 500 —&— Power
c O 1 150 250 0
= 3 -100
>~ 1 300
< -200

300 1 100

Power

-400

-100

Time (1/7200s)

The power output mainly comes from knee and hip joints.



B - Angular velocity

Angular vel
(deg/s)

Time (1/200s)

X r hip
* r knee

—s—k+h

—o—Power

Power

The peak of hip and knee happens at the same time.
The power is the biggest.




C - Angular velocity x r hip
500 r knee
900
400 ——k+h
300 700
©_ —¢—Power
s 200 500
Pao] (@>)
— 2 100
=N 300
b= 0 » _ GLJ
1 1150 1200 12% PN e 2 =

Time (1/200s)

The peak of hip and knee is dlightly apart.
The power is medium.




D - Angular velocity
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400
300 / N\
200 1//,!4§\‘\‘

=»n

52 I ‘_ /\

= ot A .\!!f|. 2 po

g -10& e 1300 1400 1500 i T s
-200 J
-300

Time (1/200s)

X r hip

* r knee
——k+h
—o—Power
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Great distance between peak of hip and knee.

The power isthe smallest.




*Style of the Foot reaction



Single peak. Reaction force from L and R are almost the same
In time but not magnitude.



Reaction force from L and R are amost the same in
magnitude but not time.




Double peak. Reaction force from L and R are amost the
same in magnitude and time.



Lee-

Single peak. Reaction force from L and R are
almost the same in magnitude and time.




4. Triathlon

* Swimming(qualification)
Cycling(cooperation)
Running(decision)

*Swimming and Running interaction

*Cycling power control training

* Smoothness of Pedaling



Asian Championship

Men elite 2000 2001 2002
Place Running Running Running
it 31144 1 3532 1 3241 1
2 32.15 2 36:21 3 32:58 2
3 33:21 4 BEISERN? CSiSiee
4 3348 5 3701 4 34:13 4
5 SEPID) -2 37.04 5 3432 5




Asian Championship

Women elite 2000 2001 2002
1 36:02 1 40:31 1 38:32
2 36:24 3 41:12 2 39:35
3 38:05 4 42:04 3 40:38
4 38:05 4 43:29 4 41:22
5 36:08 2 43:43 5 42:14




World Championship 2004

Swim +

Rank No Name - T1 Bike + T2 Run Total Diff.
Nathan NZ (2) (10) (1) 1:56:

1 8 RICHMOND L 19:52 1:03:29 33:13 33
us 4) (8) (2) 1:56:

2 2 Joe UMPHENOUR A 19:56 1:03:26 33:18 40 +0:07
us (6) (6) (3) 1:56:

3 4 Victor PLATA A 20:01 1:03:21 33:28 48 +0:16
A 3) (9) 4) 1:57:

4 15 David DELLOW us 19:54 1:03:27 33:42 02 +0:29
usS (15) (1) (5) 1:57:

5) 6 Mark FRETTA A 20:19 1:03:07 33:46 11 +0:38

Running isso important in triathlon

Suggestion training and talent




Running (step length)

Alltet kes —— SEep Length

360

340 ﬂmﬁ U23 Men
E 320 4 fétdqnekl\lleq—
300 A LA S

:__"é, A A \ Junior Girl

5 ;ﬁg }M T‘)‘A“ JI—EHEWWM

g 240 A ‘ : ﬂﬁvﬁvﬂxﬂﬂ 2
220 §

P AN A P QP g D P
S N T S S N S N U s DO VO N N
Speed (m A)

L ength was very important for the running speed.



Running step frequency)

Al triathietes ——Frequency
190
» 180 Hite Women
5 M
Q' 170 A
H .
& g0 | HiteMen U23 Men £\ fﬂ
Pe
150 ) AJA‘ M Ly
S 140 M
- Jdunior Girl
H 130 |V|en
120 L e e e e e e e e e e e e e e e b e e e e e e e e P e e e L e L P e
G G NS S A L A
(bo b‘o b‘o b‘o (bo . (b (bo b‘o (bo (bo
Speed(m/S)

Frequency was not asimportant aslength for running speed,
Especially in elite group.



10km Running in Asian Championship 2003

L ocation Name Speed Frequency Step Length

1km Sapunov 4.53 1.47 3.08
Danidd 453 1.47 3.08
4km Sapunov 4.74 1.53 3.10
Danidd 4.77 1.56 3.05
6km Sapunov 4.65 1.50 3.10
Danidd 4.47 1.50 2.98
Okm Sapunov 4.56 1.52 3.01

Daniel 4.27 1.522.82

Daniel reduced his step length in the second half of 10K running.
The running step length was more important than the step frequency.



Swimming optimal skill

eed Frequenc L ength

P eq y 0 L

1.15 0.50 230

1.20 0.53 226 Infact, the
swimming

1.55 0.69 225  gpeed can only

1.58 0.73 216  berasedby
Increasing

— 0.78 210  frequency and

1.68 0.81 507  reducing
length

1.71 0.89 1.92

1.83 0.94 1.95



| nteraction in swimming and running

* Swimming:
Weak interaction between body and surroundings.

Frequency IS more important.

*Running:
Strong interaction between body and surroundings.

Length is more important.



Cycling power control training

The power problem in the Asian Triathlon Championship
2004.

May 2004 Philippines



The average resistance and SD in different velodromes N

Nanjing ShenZhen Kun Ming HK Qinghuangdao Colorado Cali
(wood
surface)
leading 27.36 25.24 22.00 29.74 24 .37 22.28 23.18
+2.92 £ 3.40 + 3.52 + 4.77 + 1.61 +2.33 + 2.63
drafting 19.48 16.24 16.16 22.34

+3.94 £ 2.17 + 2.61 + 2.96

The drafting resistance in HK is same as leading resistance
iIn Kun Ming.



Comparing the power output from 2 X 10k training
In Kun Ming and ShenZhen

Place Velocity Power output
Kun Ming 47.22km/h 222.0watts
Shen Zhen 47.98km/h 321.3watts

The power output in Kun Mingwas 69.1% in ShenZhen’s
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Cycling Power Training ssmulated the power output
In the Athens course. A 3 min up hill power output was
350-400watts.

5X(3min/350w+1min/450w) interval in France
altitude(1800m).



Smoothness of Pedaling







Results (frequency=100rpm)

Subjects A B & D E

1S min Max 646 601 673 620 687
Min 587 544 52l 545 549
Ave 616 575 589 587 612
S L2 13.9 44.6 58t a2

4" min Max 651 579 659 622 685
Min 546 528 518 545 550
Ave 587 559 591 588 611
SO 223 15.1 38.6 16.8 43.3

The SD issmaller.

The smoothness of pedaling is greater.



Angulbrvebcity (degh)

Anglke vebcity vsangle at100rpm atlstm nute
0
720
70
¢
g <
. b4 ¢
626? by .: b4
L 2
$ 180
90 18(! 270 I360 450 540 630 720 810 900 990 1080 1170 (Down)
Left  Right  Angk (eg)

A A IV
down—down

L eft foot had greater power than right foot.



Angularvebcity (degk)

Angk vebcity vsangk at100mpm

C
N W
D O

(&

S b,

N
~N OO W O

N

N
a1r

D O DO DO D D

1
({e]
o

0 90 180 270 360 450 540 630 720 810 900 990 1080 1170
L eft Right Angk deg)

down down

Balance between left and right.
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1.54

0.78

0.91

1.65

0.96




3.29
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600
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R = 0.9950










A B A B

0.971 0.950 0.948 0.938 0.935 0.954 0.741 0.844
0.986 0.944 0.967 0.969 0.935 0.954 0.899 0.947
0.970 0.977 0.953 0.915 0.547 0.874 0.953 0.811
0.968 0.940 0.855 0.983 0.861 0.912 0.771 0.776
0.968 0.964 0.957 0.947 0.922 0.857 0.947 0.864
0.961 0.931 0.865 0.933 0.825 0.842 0.914 0.909
0.955 0.976 0.986 0.990 0.936 0.982 0.943 0.895
0.933 0.945 0.908 0.985 0.966 0.857 0.936 0.829
0.964 0.953 0.930 0.957 0.866 0.904 0.888 0.859
0.014 0.016 0.048 0.030 0.137 0.054 0.078 0.052

P<0.001






P<0.001
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1 2 3 4 5 6 7
4 -1 5 -1 4 -1 3 -2 -1 -2
-2 2 -1 3 3 -1 1 -1
-2 6 -2 8 -1 7 -2 4 -2 -2 -2
A 2 5 -2 1 2 it -1 -2
1 2 7t R 5
-2 4 12 -3 5 -2 7 -1 -1 -2
3 42 13 29
3 43 11 32
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Challenge

The biomechanics serviceis specific. Coachesare encouraged
to raise questions from your events.



Thetechnique of the athletes could be reflected by the

data collected from the competition.



*

| nstant feedback and “ chronic” feedback.



*

The understanding of data.



Thank you and Questions





















4 Windsurfing
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% Force change with time (Port)
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Tenpin Bowling

.




Tennis
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