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Simulation of Pyrotechnic Driving-locking Process of Aerocraft Door and
Swing Suppression Method after Locking

LIU Sai, YAO Yudi, LI Kecheng, KONG Wengqin, XU Fangzhou
(China Academy of Launch Vehicle Technology, Beijing, 100076)

Abstract: In order to study the locking-swing phenomenon and swing suppression method during the pyrotechnic driving-locking
process of aerocraft door, an explicit dynamic finite element simulation is conducted for an aircraft door opening-locking mechanism
driven by a pyrotechnic actuator. The pyrotechnic driving-locking process of the mechanism is simulated in stages and verified
compared with the pyrotechnic driving test. The locking-swing phenomenon and mechanism of the door are revealed, and swing
suppression method is proposed. The research shows that the simulation method is effective, reproducing the experimental locking-
swing phenomenon, and the swing angle is basically consistent with high-speed photography results. A single-freedom torsional
vibration model can be used to estimate the swing characteristics of the door. Increasing the stiffness of the actuator or supported
structure, or enhancing the door goose neck, has limited effect on swing suppression. Weakening the door goose neck, making it under
plastic deformation during door swing, can effectively suppress the swing angle, and meet the demand for pyrotechnic opening of the
door in emergency situations.
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0 31 & ALV RS AT SRR A T %, EAMAER S
BRAAES) CRAE) SR —Fhs PR, R SIS T R A AR - Y PO
RIyR b A= T S ER ARSI B, AR PR3N & K KA 3w KT — /R ahds, J& T i
L SRESEAT R A Y B W R e 67, B BIALBL S A B IR S P KR R 2 Y
S TS B AT S B R R fﬁ‘% IR0 B IS s VPR 4%, & LA T8
09 2 FF 5 2 AR 56 30 F 15 B . Zhao %5 ) R Wang S5 R R AR ) U DR AR UM Bl s A B A
S VRS T S R BN R E R UR AR I REMEJC OV E E, RS Bl AR R B KR
FRVEEAG BT . TE—MREOREN a0 (AL T RARSE ™ MR SR 1 SR A 3 I8 B8 A0 5 fH
JEF R ENESN 2R 55) RAEIL T, e —F  tHEIIEETI TR Sl AR O R, Lu g T

Wk H I 2024-07-15; 1&[E H I 2025-03-10



553 30

X FEEE TR URIT-BUE R 0 B S B SRS ) T ik 9

AN Wang 55 M it 1 — A s e R AT R RS
TEShas o (EXS 2L 5 T IR BCK AN B B IA AR Bh 4
WAL, Bl AT SR T T I 76 58 IR BRI < 3h
MEZHAT, 97 ORIEIL RN B SOk s 1 m] FEE,
AR 3 & 75 DR RF ORI S e e e 1k 07, i HL
e AR S, LA B A8 1L S5 AN T 8 G B A K
B RIEIRBI LR - H AT A 5% e SR 3 fa) Lz Fe 8
IEIR BB G BT T o an T AHILEE T T 45 75 1t 2
IR AR RU s o PR ek 2 K ik SN L
B, B AT SRR R, R R
P& RTACY WAL S -

AR SCERE XS I AT & L — FR AR B A% SR S Y
fE TR IT-BENUR, SRR A3 2 IR s ik,
XAE TIHLR IR R IT B AR AT O 5o, 5k
%ﬂw%ﬁkﬁ AL, Wil SEsiig,

Ao LB SRERLA . S Bk 1R S
ﬁﬁo

1 RIS RA-HIEIRE

BRATER BRI S BRSO T 1 R FT-8
MURE B ARSI R EZRE T, B
TESI 2R HEBN AR T TR TT, MR T BIAL )5 1E 3h2% N 3B kAL
FAIRE AR, AU IE o 56 30 3% 1 vy o 8% 5 &5 R L
B2, AeITRIF-Pib it R A A 13T FF £ B -k e ih 2%
WLE3, 02sfelTRIFBIMIFEBILE, BubEaITH
BKTRIBZN IR, AR TR BIAR R A B B R 118
BNVFH L% .

BT —
IAESh AR

E1  BSESRRERNAET IR F- S

Fig.1 Aircraft door opening-locking mechanism driven by a

pyrotechnic actuator
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Fig.2 High-speed photography results of the pyrotechnic driving
test
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Fig.3 Curve of the door swing angle
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Fig.4 Simplified model during the door opening stage
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Fig.5 Finite element model during the door opening stage
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Tab.l1 Material parameters

- W | RMERRE | JeE JIRAR PR/ | B A/
At (kgm™) | GPa AL MPa GPa
ECE 2700 70 0.3 410 0.3
oAl 7 800 210 0.3 — —
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Fig.6  Simplified model during the door locking stage
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Fig.7 Finite element model during the door locking stage
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Fig.8 Simulation result of the door swing angle
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Fig.10 Single-freedom torsional vibration model
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Fig.11 Door swing angle of increasing the equivalent spring

stiffness
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Fig.12 Designs of the door goose neck
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Fig.13 Door swing angle of different goose neck designs
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Fig.14 Equivalent plastic strain distribution of weakening the

door goose neck
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