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Study on the Protective Method for Pregnant Occupant
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Abstract: Based on the analysis of abdominal anatomy of pregnant female and injury mechanism of fetus,
protective system for pregnant passengers was investigated, an enwrapped pregnant safety belt with leg belt
was presented. Pregnant occupant model and safety belt model were developed by using the pregnant model
with gestational age of 30-weeks validated, pregnant passenger with enwrapped pregnant safety belt and
without enwrapped pregnant safety belt simulations at different frontal impact speed were conducted. Ac-
cording to the results, enwrapped pregnant safety belt combined with the traditional 3-pt belt can protect the
mother effectively, at the same time, relative motion of uterus was reduced, and then the strain at UPI and the
possibility of placental abruption were decreased significantly, the fetus was better protected.
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Figure 1. Anatomy of pregnant abdomen
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Figure 2. Uterine position
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Table 1. Definition of contact pair for pregnant model
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2 [EEEA ERRK CONTACT.FORCE_CHAR
3 TE Jig iy CONTACT.FORCE_CHAR
4 Bk Jig iy CONTACT.FORCE_CHAR
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6 FE iy CONTACT.FORCE_CHAR
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Figure 3. Frontal view of enwrapped pregnant safety belt
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Figure 4. Lateral view of enwrapped pregnant safety belt
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Figure S. Pregnant model without enwrapped pregnant safety belt
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Figure 6. Pregnant model with enwrapped pregnant safety belt
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Table 2. Matrix of simulations
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Figure 7. Strain of uterine wall at speed of 20km/h
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Figure 8. Strain of uterine wall at speed of 30km/h
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Figure 9. Strain of uterine wall at speed of 40km/h
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Figure 10. Strain of uterine wall at speed of S0km/h
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Figure 11. Kinetic status during 30kph impact at 52ms
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Figure 12. Kinetic status during 40kph impact at 47ms
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Figure 13. Kinetic status during S0kph impact at 52ms
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Table 3. Injury parameters of pregnant dummy

R3. FARARGSH

EFS  WKNAE  HIC36  VC(m/s) M EZiE (mm)
fiH— 40.06% 19.6 0.12 31.25
i 32.4% 18.66 0.09 25.71
iE= 54.34% 78.2 0.23 36.8
fiE Y 41.8% 64.2 0.186 34.14
i 65.12% 287.54 0.33 43.32
IR 44.74% 201.83 0.26 412
fix+t 68.6% 39442 0.447 54.28
i)\ 52.03% 296.71  0.417 52.14

HZ3EFE AT 40, A — 2R WA T, ZE sk 18
HICHH . VCAHE AR 4 AL AEAWTH . (H 2
BB H I /N T R E CMVDR294 FIEEVC L  (HIC

<1000, K5 R FRE AR VC < 1m/s, 38 1K 45 &=
<75mm) .
6 it

L P Eear Bl R, AT T R U A i e A
7 (K2 A BN B SEA 45 2 B0 {E L A i ] 2 a4
LS ol 5 P S B N v i 2 el W e o p AP e
A e A A RE A I IR AP I DR AR, (3
fegt = piaa i AN REXT IR LR R, TR 2K
Z A AR IR, IR THs = ma e
OO Z A PR o

w1 H AT ST A B O3 I VAN B AE A AL AT
B, HOE T B AR SCERBSORERS o iy U b
230 JA AR A U 2 gAY, AR S P e v ) R B a4
Yot 2z A R 28001 3R BRI PR P R A S R (1 FLRE )
ANTEIPRZE R SR L AN T PR o 5 3T 6 P 28 A A 2R e
I RAT AL .

107

References (Z%3C#k)

(1

[2]

[3]

(4]

(3]

(6]

(7]
(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

The eleventh global meeting agenda of overall planning during
2006-2015, W.H.O, 2006.
2006-2015 45+ TAE BRI TR U0 ik PR
21, 2006.

Snyder RG, Snow CC, Crosby WM, Hanson P, Fineg J, Chan-
dler R. Impact injury to the pregnant female and fetus in lap belt
restraint. Proceedings of the 10th International Stapp Car Crash
Conference,1966,249:259

Crosby WM, Snyder RG, Snow CC, Hanson PG. Impact injuries
in pregnancy. American Journal of Obstetrics and Gynecology,
1968,101(1), 100

King Al, Crosby WM, Stout LC, et al. Effects of Lap Belt
and Three-Point Restraints on Pregnant Baboons Subjected to
Deceleration[J]// Society of Automotive Engineers 710850. De-
troit: Stapp Car Crash Journal, 1971, 15: 68-83.

Rupp JD, Schneider LW, Klinich KD, et al. (2001). Design,
Development and testing of a new pregnant abdomen for the
Hybrid III small female crash test dummy.UMTRI-2001-07
Moorcroft, D.M., Duma, S.M., Stitzel, J.D. Duma G.G. 2003a.
“Computational Model of the Pregnant Occupant: Predicting the
Risk of Injury in Automobile Crashes.” American Journal of
Obstetrics and Gynecology, 189, No. 2: 540-544

B.S.Acar, A.M.Weekes. Pregnant Driver Seating Position.
ICrash 2006, Athens Greece, July 2006

Cao Libo, Ge Anna, Su Jiali, et al. Modeling and Application of
a Pregnant 5th Percentile Female Occupant[C]//2007 Digital
Human Modeling for Design and Engineering Conference, ak-
land University, Rochester. USA: Washington, SAE,
2007:01-2492

Yasuki Motozawa .Masahito Hitosugi. An experimental analysis
of the abdominal pressure of the pregnant occupants during
automotive collision using AF5 pregnant dummy. Department of
Legal Medicine, Dokkyo Medical University School of Medicine
Japan.2007:07-0094

Liao Qinping. Obstetrics and Gynecology[M].Beijing: Peking
University Medical Press, 2004

B AR IMLAE R dERUR% B2 AL, 2004
Fried AM. Distribution of the bulk of the normal placenta.
Reviewand classification of 800 cases by ultrasonography [J].
American Journal of Obstetrics and Gynecology, 1978, 132(6):
675-680

Kissinger DP, Rozycki GS, Morris JA, et al. Trauma in preg-
nancy-Predicting pregnancy outcome. Archives of Surgery, 1991,
126, 1079-1086

Pearlman MD, Tintinalli JE, Lorenz RP. Blunt trauma during
pregnancy [J]. New England Journal of Medicine, 1990, 323, 23:
1613-1690
Manoogian, SJ, McNally, C, Calloway, B.R Duma, S.M. 2007b.
“Methodology for Dynamic Biaxial Tension Testing of Pregnant
Uterine Tissue Biomedical Sciences Instrumentation 43

Cao Libo, Xiao Kaiyan, Xiao Huiqing. Study on the protection
performance of a new kind of safety belt for pregnant occupant
[J]. China Mechanical Engineering, 2010vol, 21(15): 1879-
1884.
LWL HITHE, BT B A A e &l i ORI R AT T
[7. FEPBE TR, 2010vol, 21(15): 1879-1884.





