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A Study on the Injury Assessment of Helicopter's Crew with Multi Point
Restraint System under Drop Impact

Jung-Hyun Lee and Young-Shin Lee
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Abstract

In this paper, a method of modeling seat belts on crew seat during dynamic seat testing was studied.

The body segments of the occupant were modeled with joints.
Three types of seat belt restraint systems were investigated. The

stiffnesses, dampings, and frictions.

The joints consisted with various

analysis for on the injury assessment of helicopter's crew under drop impact was conducted. The
effectiveness of the seat belt system for crashworthiness and safety was evaluated. As the results of
impact analysis, head, neck and spine of the crew can be easily damaged in the vertical direction more
than the longitudinal direction. Based on the verified model, behavior of human body was studied with
three-point restraint systems. The displacement and injury level of the 12-point restraint system was the

smallest.
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Table 1 Dynamic test parameters for military rotary
-wing aircraft (MIL-S-58095)"”

Test condition and seat orientation

Test 1: Test 2:
Downward, Forward Forward and Lateral
and Lateral Loads Loads
§ DUMMY INERTIA
LOAD
Z z

DUMMY

300 INERTIA
T >X 7 - LOAD
Pitch Roll Yaw Pitch Roll Yaw
-30 10 0 0 0 -30
Test pulse required
Parameter Limits Parameter Limits
t0 sec 0.000 t0 sec 0.000
tl  sec 0.061 t2  sec 0.100
GTest 1 48 GTest 2 30
@ GTeﬂl """
E G 1est2
Z |

1

L
t G262 t,
Time (sec)

Al A S (Test 1)
A 9 SWEF etTol Sl AEjelA FAEk
S 7

afx AAstA A7) 7 FAEEA 4
o 5

5 3] 5
A Ao et AE WIS v A¥EY A
HA] A (Test 1) A2 A (pitch angle)
30 °, 7= EE5"ZNroll angle)
(yaw angle)= 0 ° 2A] AW 9 SWgo g 7%
o1zl el A FAEFo R stFo] 4
glojar, F WA Al (Test 2)> A2 A (pitch

rlo
=
o
)
o
N
N

angle)> 0 °, 7k= EE5HZH(roll angle)> 0 °, #
3 ZH(yaw angle)= -30 °© =4 7o wg HE
o] 90w J]golW e Lo ol

2gal Agol.

Table 2 Human tolerance limits to acceleration'®

Dlrectlon. of Occupa}nt S | Tolerance
Accelerative Inertial Level Remark
Force Response ceve

Headward(+Gz) | Eyeballs Down | 25 G

Tailward(-Gz) | Eyeballs Up | 15 G |0.10 second
Lateral Right(+Gy) | Eyeballs Left | 20 G
Lateral Left(-Gy) | Eyeballs Right| 20 G
Back to Chest(+Gx) | Sternum ward | 45 G
Chest to Back(-Gx) | Spine ward 45 G

duration of

crash pulse
(full restraint)

Headward Direction of

(+Gy) Accelerative force

Back to chest
(sternumward)

(+G)

Vertical
Headward — Eyeballs down
Tailward — Eyeballs up

Lateral right
(+Gy)

Transverse
Lateral right — Eyeballs left
Lateral left — Eyeballs right
Back to chest — Eyeballs in
N Chest to back - Eyeballs out
Lateral left
(-Gy)

Chest to back
(spineward) Note:

(-G The accelerative force on the
Tailward Body acts in the same direction
(-G) As the arrows.

Fig. 3 NATO designated directions of accelerative

forces on body(lg)
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—-—--: axial compressive force
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Fig. 4 Injury assessment curves for fore and aft shear

forces, axial neck tension and compression

loading of Hybrid I-type adult dummies'
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Table 3 Injury assessment reference values for
Hybrid I-type adult dummies'®

Head/neck interface Small [Midsize| Large
Injury assessment criteria | female | male | male
Flexion bending moment(N-m)| 104 190 258
Extension bending moment(N'm)| 31 57 78

Table 4 Recommended lumbar tolerance levels™”

Occupant Size Lumbar Load Tolerance
(percentile) (kN)

5 %tile Female 5.7

50 %tile Female 7.2

50 %tile Male 9.2

95 %tile Male 11.3

Headrest Maximum Mass :
851b (38.5 kg)
- Excludes

fire extinguisher

Back cushion

If
Lumbar pad k :
RH frame (T \'\ !

RH gas spring

Shoulderstraps

423 Lap straps

Crotch stiap

Fire Sitting cushion

- r"/l_w/_/»

Harness reel

RH rear locking operating lever

plunger housing |

Seat vertical
adjustment
o;gel ating lever LH front

Attachment sli pf‘ellzz/' -

M7 " RH front attachment

slipper

Fig. 5 Specification of S-92 armoured seat"”
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Fig. 6 Suggested method of applying floor warping

for static test of seat™

Headrest

Back scat cushion | L Headrest deform & stiffness
1
Seat,
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& stiffness Spherical joint

Seat,
Longitudinal deflection
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= ¥~ Under seat cushion

Fig. 7 Crew seat with 6 degree of freedoms
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Table 5 Stiffness coefficient of crew seat design

with static test requirements(ls)

Vertical(z) Lateral(y) |Longitudinal(x)
limit limit limit
Direc- | Comp- Tension Comp- Tension Comp- Tension
tion |ression ression ression

Linear
stiffness| 145.66|400.90(218.50(218.50/261.81|765.75
(N/m)

Segments : 10 EA
Spherical joints : 13 EA !

z

Fig. 8 Components of restraint system



Fig. 9 Analytical model with seat, crew model and

restraint system
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Fig. 10 Boundary condition of crew-seat system
with 5-point restraint system
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Fig. 11 Load direction of the crew seat with test 1
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Table 6 Acceleration of each part of the
crew body

Configuration

Bod Test 1 Test 2
ody
X: 680G X: 244G
Y : -328 G Y : -264 G
Head Z:-123G|  Z:-290G

Mag. : 794 G| Mag. : 431 G

X:-176 G X: 156G
Y:-45G Y: 518G
Z:-313 G Z: 396G
Mag. : 505 G| Mag. : 532 G

Upper Torso

X: 48G X: 216G
Y: -702G Y:-301G
Z:-429 G Z: 85G
Mag. : 824 G| Mag. : 548 G

Central Torso

X: -714G X: 141G
Y: 274 G Y : -409 G
Z:-368G Z: 271G
Mag. : 391 G| Mag. : 418 G

Lower Torso

80

Acceleration (G)

Head Upper Torso  Central Torso  Lower Torso

Fig. 14 Acceleration of each part with 5-point

restraint system
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Fig. 19 HIC value of test 1 and test 2 for three
restraint systems
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