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Numerical Simulation of Helicopter Blade Bullet
Penetration in Maneuvering State

Lin Changliang, Zhu Yuefa, Hu Wengang
(AVIC Harbin Aircraft Industry Group Co. , Ltd. , Harbin 150066, China)

Abstract: The study on the impact damage of helicopter rotor blade under maneuvering condition is of important
significance. Based on the rotor blade of a certain type of machine, a numerical simulation method of projectile
attack on the rotor blade under the condition of maneuvering is introduced. The full-scale finite element model of
a certain rotor blade is adopted to perform the projectile attack numerical simulation. The impact of tension,
wave moment force and swing moment force on projectile attack are considered ahead. The profile characteris-
tics of the rotor blade are calculated by using the Fortran program and VABS software. The load analysis model
of elastic blade structure is established, and the CAMRIDII software is used to calculate the blade load in the
state of mobility. On this basis, NASTRAN software is used to conduct the transient analysis on the full-size fi-
nite element model of the blade, and the pre-stress state of the blade under load is gained. The DYTRAN soft-
ware is used to simulate the damage caused by the blade bullet penetration based on the adaptive contact meth-
od. The results show that the damage degree of the blade is non-linear with the impact velocity, the surrounding
structure beside the bulleting point will also be damaged when the projectile hits. The stiffness matching be-
tween the structural parts should be considered in the design of the anti-hit impeller to achieve the best impact
energy absorption effect and the minimum damage area.
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#1 MeEd
Table 1 Material property

L4 E/MPa  E,/MPa AR WA/ MPa

ANEW 210 000 — 0.33 1080

IS A 18 000 18 000 0.25 180
&l 23 000 23 000 0.25 345

i i 7 34 220 34 220 0.31 800

1.2 FHEHHEITE

P T AR 1 2 i 3 2y 2 o A i LA L H TR T
BT A L K Bl g S R R B R
SR e 2 W g )T 7 ) /AR R ISR
S0 S5 ) TR PR SO L R A S AR e 2 1
RUBEAL

ARIAH A Fortran i 5 2 F, & T Euler-Ber-
noulli Z2HEY Fl Viasov 1 BE G2 F 50, X 2% 0t
AN TRk A7 A v ) TR AT A BR T A% Jal 4y, dn & 2~
Kl 3 Frm , P VABS #{4:, X 3 3 44 25 1 1)
IR R RN o

X

7 I

P2 SR ARER Y A BRI M S

Fig. 2 Finite element mesh of blade root
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Fig. 3 Finite element mesh of blade segment
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Fig. 4 Blade load calculation process
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Fig. 6 Blade swing/shimmy moment
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Table 2 The calculated value is compared with the

experimental value

ok / FIRHE/ (m s )
B B/ %
(m=-s™h) HEE W
300 160. 7 178.0 9.72
380 283.7 257.8 10. 05
420 369. 8 347.2 6.51
554 530.0 506. 1 4,72
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