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Experimental Research on Vertical Water Entry of

Helicopter Typical Components
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Abstract:In order to investigate the water entry mechanism of typical components of helicopter and pro-
vide measured data to simulation modeling and verification, we carry out a series of research on vertical
water entry tests of the helicopter typical components with different construction. Test design method
and its process are presented, and test results are analyzed. It is shown that the structural elastic effect
is obvious and the effect of air cushion cannot be neglected. There is a significant difference between the
two effects on the peak pressure at different speeds.
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Loads transferred to structural
beams of fuselage subfloor

[N

(a) Hard ground(rigid surface)

Loads transferred to skin panels as
structural beams are too stiff

[\

(b) Water (highly deformable)
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Fig. 1 Impact load transfer on different surfaces
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Tab.1 Test projects and list of test pieces
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Fig. 2 Installation of test article
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(a) =0.304 s

(b) =0.307 s

(c) =0.311s (d)=0.313 s

() =0.315s
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i
Fig. 9 Process of water entry of target with 100 kg and

5 m/s
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Fig. 10 Photos of test article after test

2 BREHDH

X 1 B H5CHE R AT AL B L AR 0 a6 ) o K R A
JiE L a3 R B R 350, 300 Hz. 15 3
UE e TN T JE 5 2k L R ) DL R AR 2R L 201
b7/ N T 5 AN N - A< S DA o i 2 o
Kl 11~13 FiR

M 25 AT LU AN R 5 7K T 3 2
e 7 A0 AR B AR s 5 — B AE il K )R 5 ms 24
I8 B R SR i o 3 O AR . R B
1k 5 B R & K LR AHAT .

AN TR 3 7K BE TR Y el £ I T4 7 22 5 IR
BRI ZY 2R 10 ms, @ 30 A 7 ms, Xf I 9 2o 48 06 {4
Grah 14, 2g M 25g, T VAR 3 5 87 kPa Al

25 kPa, b A2 W H U 43 531 K 900.e F1 2 3004e » A
AR WEAE AR R BB Y 5 A2 8 BE, S5 M R K
A5 5K A BT

bt —o-2mls
—-5m/s

Acceleration / g

| i i BORO RO
N ONPNRDSNE N O BN
T
I

|
N

030 031 032 033 034 035

t/s

LT AN TR B m o B X bl 2k

Fig. 11  Comparison curves of acceleration
at different velocities
96
90
84t
781
127
661
S 60[
& sar
P
s B
i
& 24t
181
121
el
3
0.30 0.31 0.32 0.33 0.34 0.35
t/s
Bl 12 O[] BE R Y 6 L il 4k (P5)
Fig. 12 Comparison curves of pressure at

different velocities(P5)

Strain /ué
o0
S
S

¥ J
0.30 0.31 0.32 0.33 0.34 0.35
t/'s

K13 O[] BE R A i AR X LG il 2k (ST
Fig. 13 Comparison curves of strain at differ-

ent velocities(ST1)

A 3 Xk EE AT LA A B i o WA (L R 220 450 T e 2 et
A3 VAR (L I 220 5 S5 29 5 ms» P Ol s
ANZE A (4 322 B B2 i o DA g it 46T LA S
T SRR I g K e VR P ) B A 3
WK HEAS T 5 ms e A A5 6 fEL IR 220 A i S 2

5 ms,



Hel

WRacte , 45 1 THHL S BT 1 2 A KR T Y 191

N T BT FEAN [7) g TR ) 254 6 5 K 3 28 5 i
T2 HC 0 i Ak B BRATAS [ 4 5 g R Y o
JE I g W O X L AN 14 ~17 7R .

18F —0—-201

Acceleration / g

_6?304 0.3I06 0.3IOS 0.3.10 0.?;12 05‘314 0.3I16
t/s

Bl 14 FHKEEEEN 2 m/s, 7 [) A4 2 1) Jon 3 13 5 4800 L

Fig. 14 Comparison curves of acceleration with differ-

ent configurations at 2 m/s

—_— NN W
wm O W O
T T T 1

(%
T

Acceleration/ g
)

_5.

_10 L I n 1 1 Il
0304 0.306 0308 0.310 0.312 0.314 0.316
t/s
15 FHOKHPE R 5 m/s, A6 i B A A0 B2 i 2% 1
Fig. 15 Comparison curves of acceleration with differ-

ent configurations at 5 m/s

357 —0—-201

Pressure/kPa
=

_10 L
0.312 0.320 0.328 0.336
t/s

B 16 FHKHEEER 2 m/s, AR T 7% L
Fig. 16

0.344 0.352

Comparison curves of pressure with different

configurations at 2 m/s

MIEN 14,15 Fal DL S A A B R A ) 4
TR 1 9 3 7K 03 o A Al B o 4 » A
fih 7 3] ek 8 0 (L P i) i AR — 5, 0K ok I ok U (L
13g~16g, i I Ny 24 ~27g Z [, A 7] g 70 e
(22BN o 3% S PR Oy e 3 A T

110
100
90
80
701
60
50
40
30F
201
10 (
0 <

-10t

—20l . . .
0312 0.320 0.328 0.336
t/s

BT 5 KEE R 5 m/s AN [ A4 B i ) X HE
Fig. 17

Pressure/ kPa

0344 0352

Comparison curves of pressure with different

configurations at 5 m/s

20 b R AR R K ik K B R B R S B R X
B oTER T S IR R] o VR g G X2 3]
SR AR TR A A5 SRR PP VR T L oK R IR ) 3k 3] s g 04
{EL o PRI I X 06 {52 i) A PR . 3 e 0 0040 X LE AT
L A RE R R AR 202 A1 203 1 3 ARG (E RS R T
WA 201 F1 204, 1 42 J@ 10 AR 4 BT 206 WK FE A
MBI 205 . 150 W7 2o 25 0 {1 Fifi 2 12 59 474 14 T80 471 )
JEE HE KT K

MIE 16,17 7] DL [a] 3 B ) 0 B
Fay R AR Ak 455k B B . 203, 205 1 206 W {H B 5k F
A2 5 AEAIRE B R T Bk o e ) B A TR
BRIV /)N o T v O T — 2. PR O AR e
25 EON RS B TR e 32 A [ A B
F14) 3L 22 S D S 5 T 244 R A KO 25 A P S )
S 2 A HGEE AR B, Fe s A FH ]
FE(E & T — 3

3 HRIE

A S 3 of BT AL R ST A A 2 A K
WEFE A3 3 1 AN TR ¥ 28 1) Bl g w368 5 0l 1 445
RAEAT I3 0T LLAT 2598 P AR R 25 A A K
=N IS A 220 25 R o P AR s g
(ELHB o0 3 52 R 8 U (L P S i o oy T A SR
Jon i e (i F) e o 28 32 R [ 3 1 Y DY ] 2
2 DI i R g o AR I 45 0 5 X T A
S B S o TR A/ R A 0B O A T g fk e
IF] e 5 ol I 2 AR o T T ) D A Ak
AR FH B T 42 30T 4 25 %o s g WAL 1) 522 Wi £ 7 W]
BESR.

S %k

(1] P E R A . CCAR29R1-88 . Hf [H A A 25 M
A 29 ARLS] dbat. v E R A B R, 2002 24-
26.



192

Moa Mo M

PPN

n,

2,
¥

¥k 50 %

(2]

[3]

(4]

[5]

[6]

7]

(8]

Civil Aviation Administration of China. CCR29R1—
88: Chinese civil aviation regulations Parts 29[ S.
Beijing: Civil
2002.24-26.
FAA. AC 29-2C. Certification of transport category
rotorcraft [ S]. Washington: [s. n. |, 2014.
FK IR TR A K b R S IR S R
[J). 1845 vl . 2008,28(3) : 276-282.

WANG Yonghu, SHI Xiuhua.

Aviation Administration of China,

Review on research
and development of water-entry impact problem[]].
Explosion and Shock Waves, 2008,28(3) :276-282.
WORTHINGTON A M. Impact with a liquid sur-
face studied with aid of instantaneous photography
[J]. Philoso-phical Transactions of the Royal Society
of London, 1900,194A:175-199.

CHUANG S L. Expriments on flat bottom slamming
[J]. Journal of Ship Research,1966,10(1):10-27.
CHUANG S L. Expreiments on slamming of wedge-
shapes bodies [J]. Journal of Ship Research, 1967,11
(3):190-198.

VERHAGEN ] H G. The impaction of a flat plate on
a water surface[ J]. Journal of Ship Research, 1967,
11(4).211-223.

IV, 5 AR il A7 . R BT A bt A K B G [
AR NS BF T L), Kah 2o 5 ok e,
2003, 18(1):104-109.

SUN Hui, LU Zhihua, HE Yousheng. Experimental

research on the fluid-solid coupling response of two-

(9]

[10]

[11]

[12]

[13]

dimensional wedge in the water[ J]. Journal of Hy-
drodynamics, 2003, 18(1):104-109.

SHAH A. Water impact investigations for aircraft
ditching analysis| D]. Melbourne; RMIT University,
2010.

FRANCESCONI E, PITTOFRATI M , ANGHILE-
RI M. Water impact drop tests on metallic skin panels
and numerical simulations with ale and sph approa-
ches[ C]//XX Congresso Nazionale AIDAA-Milano,
Milano:[s. n. ],2009.

ANGHILERI M, CASTELLETTI L M L,
FRANCESCONI E. Water Impact: Experimental tests
and numerical simulations using meshless methods
[C] // 6th European LSDYNA Users’ Conference.
Gothenburg:[s. n. ],2007.

IR BRI B R . BT ILE KA R 5
LI 0. R AU 25 90 R K2 24, 2017, 49(2) 1 258-263.
WANG Zhengzhong, CHEN Lixia, SUO Qian, et al.
Test research on helicopter ditching load[J]. Transac-
tions of Nanjing University of Aeronautics and Astro-

nautics,2017,49(2) :258-263.

Hop M [T, b 22 38 K 24 22 4], 2005, 39 (5) . 670-
673.

CHEN Zhen, XIAO Xi. Simulation analysis of the
effect of air cushion on the impact of the flat bottom
structure[ J]. Journal of Shanghai Jiaotong Universi-

ty. 2005, 39(5):670-673.

(%R # 30 3)



Hel WRacte , 45 1 THHL S BT 1 2 A KR T Y 193




