2006 ,11(1) :75779
Journd of China Agriculturd Universty

( , 100083)

, Kane
Runge- Kutta

TB 18; Q66 10074333 (2006) 01-0075°05 A

Dynamics smuation of the human body backward fall

Chai Xiaping, Jiao Qunying
(College of Science, China Agricutural University , Beijing 100083, China)

Abstract In order to simulate the backward fall of human body to the ground after aforce impact on the body from for-
ward, a dynamics model of human body with three rigid bodies which were symmetry by sagittal plane was developed.
The function of muscle,ligament and tendon were simplified as the force moment on the joint. Using Kane method to es-
tablish the dynamical equation. Using self-adapted Runge- Kutta method to obtain the numerical solution. The results
brought to light the relationship between angular velocity o thigh or angular velocity o thin and kinematics parameters.
The parameters include the time from impact to fall, the angle of trunk and floor and impulse of ground. It has been
shown that the larger angular speed is, the shorter time during stand tofall. Mechanical research of pelvis can be car-
ried out by using the impulse of ground. The result was useful for protection of human pelvis.
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1
Table 1 Cross sectiona area and muscle force of mgor muscles
i
1 cm? 47.34 47. 68 22.38 120. 67 46.5 4.6 66. 1 10.9
I'N 4268.17 4298.83 2017.8 10879.61 4192.44 414.74 5959.58 982.74
/'N 3293.92 3317.57 1557.2 8396.22 3235.47 320.07 4599.24  758.42
9.2 kgl cm?, 7.1 kg/ cml 4]
2.2 X ,9 3 X
[15], Kane
16
Fg= Ac[ ax? +cexivi] x1>0 (16]
Fg=0 x1=0 D K?+Kk""=0 r=1,2,3
: (2)
T Ac , 2.0; x4 ( 0. =u
)i vi ;a bc de - k(0 r ,
: 21l K i U
5 (2) 9 :ei Ui Mi(i:12
. 3, M , B u
Table 2 The parameters used for ground reaction modds of
two pars of shoes with different le hardness of
shoes
a b [« d e
1.0x10° 1.56 2.0x10* 0.73 1.0 '
1.0x10° 1.38 2.0x10* 0.75 1.0 '
3 9, Uj ( i=12
xi(i=1 2 3) 3) F
) Xi Xo Bi(i=1223) )
( 3) 0 1 X 1e 2
, 0,0, 0; 0.9
2.2 0.87rad'; ,
X [18] ’
0,
[17]
0,(00) b 500 N, ,
XoOoYo— ; X101y1 X202y2 x303y3—B1 Bz B3 '
;919293—)( B; B, B3 ) )
3 1
3) [19]

FHg.3 Loca ooordinates sysem, tota coordinates sysem
and generalized coordinates of human body

[£0; - 107 = z m; (Si) 3
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Table 3  Kinematics parametersfor different angular peedsof thin or thigh ,while human body was compacted at prophase-swig
I (rad/ g / (rad/ 9
( =-25rad9 ( =1.5rad/ 9

0.6 1.0 1.4 1.8 2.2 -0.4 -0.8 -1.2 -1.6 -2.0

t's 0.0506 0.0499 0.0494 0.0486 0.0481 0.0516 0.0512 0.0508 0.0504 0.0497

S/ (N9 4.9544 5.1159 4.9668 4.9761 4.9898 4.3140 4.4639 4.4630 4.5424 4.6573

Mo (N-m) - 576.31 - 576.42 - 576.90 - 576.10 - 576.88 - 577.46 - 577.09 - 576.37 - 575.84 - 576.71
Ma/ (N-m) - 328.75 - 329.87 - 330.77 -328.20 - 331.40 - 350.29 - 345.39 - 340.25 - 335.13 - 335.67
B4/ rad 2. 606 2.590 2. 600 2. 605 2.589 2.510 2.535 2.547 2. 567 2.557
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Fig.4 Backward fal of human body ,
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Table 4 Kinematics parametersfor different angular eedsof thin or thigh ,while human body was compacted at deceeration

! (rad/ 9 ! (rad/ 9
( =2.5rad/ 9 ( =1.5rad/ 9

0.2 0.8 1.4 1.6 2.0 0.4 0.8 1.2 1.6 2.0

t/'s 0.0575 0.0564 0.0550 0.0545 0.0538 0.0527 0.0531 0.0536 0.0540 0.0545

S/ (N-9 3.3977 3.4090 3.4584 3.4857 3.5123 3.9936 3.8782 3.8282 3.6597 3.6208
Mo (N-m) - 576.71 - 577.41 - 577.91 - 577.29 - 577.70 - 576.55 - 576.85 - 576.73 - 576.72 - 576.54
Ma/ (N-m) - 374.76 - 374.75 - 375.39 - 372.45 - 379.066 - 354.42 - 358.90 - 361.40 - 365.31 - 367.54

05/ rad 2. 396 2.395 2.391 2.411 2. 369 2.490 2.468 2. 467 2.441 2.441
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