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Fuzzy Comprehensive Evaluation of Helicopter Flight Risk under Icing Conditions

TANG Yang-gang, ZHANG Hui, WU Jing-tao
(Aircraft Strength Research Institute of China, Xi'an 710065, China)

ABSTRACT: The work aims to improve the flying safety of helicopter under icing conditions and evaluate the flight risks. A
flight risk evaluation method was established based on the fuzzy comprehensive evaluation method, which took the effects of
icing weather conditions, anti-icing/de-icing system status and pilot experience level into consideration. Based on the icing
strength, the 4-level flight risk classification method was established. The weight of each factor was determined by analytic hi-
erarchy process. Then, the normal distribution membership function was used to establish the evaluation matrix. The weighted

average method was used to the weight set and the evaluation matrix. The evaluation result vector was processed to classify the

final flight risk. The method was reasonable and feasible.
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Fig.1 Normal distribution membership function
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Tab.1 Range of risk levels
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Tab.2 Parameters of membership function
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b GRS
PN TC R BAT TR 1 o
PIATCER LR, T e H R
PINTCR M, i T JE & W] e 2
PINTUR ML, R TS & R 2
PIASTCER HLH, T LS 7 i o
Ferrs bR AR F W i e )
LIRS j DICRIEE
W ay, WA jATEGH | AEENE
BAEAE N a=1/a;.

N O 9 W W=

4,6, 8

2%

AW=7,. W (11)
T Ao A IR A B 5 KAFAEAR s WA Ao
Xof I AR T, A wy BN B G 2 A L .
T PR RS, FHEmE W BBE N A ST
P HNBAE A R —BOEER R Amax 5 & B35
IR AR — B I W s bR, — B AR CT TR
N WS
Ao —k
O_TCT' (12)
CI {HM/N, FA—BEL, 2 N2, A
W26 9 Al — S0 199 25 120 3 L 2o 5 | AT 357 B AL — 2
YESE bR RI SEATHE
CI
@:E- (13)
K. CR —BELA; CIh—348h5; RI
F B REAL—BOPEFE AR
RIPBUE AT DIl i A A5 8], W& 4,

x4 FHEIN—-BUEER
Tab.4 Average random consistency indexes
H PR B 2 n 1 2 3 4 5
RIMH 0.00 0.00 0.58 090 1.12

M CR<0.1 B, DA\ B B 1) — SR 2R 1Y
WHIN, W aEMZZHR RN ELE., 4 CR=0.1
BF, FIWTRE P — St 22, TR el ISR I, EOH
AT — B 5
142 NETELER

BRI N R A =AY G50k Bh/BRvK
ARG AT R BRI G5 VKA IR 25 UK R SE Atk
ASTR] B 45 UK S K 23 S EUEE vIGHE R | vOIE 4547 IR B 1Y)
Z5 ., MB/BRUK RG] DURIE B TP — & B 45 vk
FRAFTE N %4 RAT, X TS KA T R AT XU
B PTEAG B A 2 A2, DR & DK A5 1 S5 B /BR 0K &R
GURZSRISE, PR 1. KITRAH EER W T
AT E5 VRGN /R VK R G TARIRS DL CATIR S

(AT, ELES DK %A BT /55 UK 3 G2 B RS AT X
W BRI /), DRI s oK 2% PE RIT /BR UK R GEAR %)
AT RAY PR EE Ry 2, 1935 — 2 PR R AW
Ay

112
112
1/2 1/2 1

ST RE B A P S5 KRR A XS L 4 SRR ALE )
W 2 T 5

Amax=3, W=(0.4 0.4 0.2) (15)

AT —BUERS, —BEdE bR CI=0, U BAI W
FEREAF A 2 A AT i — S, REE i W AT
DIME RS — 2 R A

GEUKAEAE L Bi/BRUK R GEARAS TN AT D14 56 th 2
ZRFREMBL, At EEITACE . 45K R
Uy HIREE 0. wiwe F1 duvo = DF IR, BF5E%R
By, IR X5 VKK B2 e B K, wiwe 1 dvvo IK
Z U R IR . wiwe AT dyyp B S BT, AR AR
H 2, wiwe Ml dyyp FISEEZ, FREEEN 1, 1521EA]
(BT RE I AL
1 2 2
1/72 1 1
1/2 1 1

TR % A\ ) 55 KRR AE AL A FTOXT I AR ARRAIE 0] £

Jma=3, W=(0.5 0.25 025) (17)

AT —BHER S, —Eds bR CI=0, W2 —2
PEEIR, Wy iTAE 5 UK 557 R R AL E 2E .

Bi/BRVKRGORE U B oy wowes BT
B, NPT R /BRIK RS, H T ARRE i hnE et a)
BT EARSE [) SR 4 i), EL i B st (8] 5 0 AR 0] B4 91 13
Z RN HBEPIRES S EH AU @t 2 R B IR A
WREER LWC e[a] g 7 B /BR oK R Gk FHE . A
B O, wiwer TEVEAR B /BR VK R Ge RS0 ©AT XU (152
i Fof A ) 25 T L A L, b IR S K R T B3R AR
HH:

W=(0.5 0.5) (18)

CATRAREN Us AT R, BRI
B R] ¢ RN AT RN Lo RAT B3R B[R] AR B
T RAT R RIS vk e RE T R S AL ERE T, T RAT
BRI B e T AT O BT LES vk S e ARk Y
FIWrEE J), ENEFRGEZEHAL, Pk e X m
DN HEMER

W5=(0.5 0.5) (19)

1.5 ARE*®
SRS 24 1 A 4 W ORI A R R HEAT
GRGEE, WM RIZE SRR S R B, WA

A= (14)

A = (16)




F¥178% £l

BRI . S5 KT BTHL AT KU B 25 5 Pl - 83 -

IRTEA R R P E R | 32 R R AR 58

o T RGBT X AT KRR, SO

R A2 38 oR EAT  az 5, 1D
B=W-R=(b.b,,.,b,) (20)

Kh: b, =D wir (=110
i=l1

WEAEE R B R VL IOBIEE | RG4S
S B EA T AT L 2 th— I 1 KU S 2, SR
BOPH %t B EFFAREE . AT Mk L A VT f e

v SRR b R AL, S v, (BT B (E A D P
fhEsa, R

n n
c:E@WQ¥ﬂFL2,M,m 1)
J= J=

2 BNt

SR b S 37 B RURS: EAS BE R X ELTHBLIE R 5
BB 25 AF TR B RAT XU S5 AT 1A

x5 HITREHEMER
Tab.5 Influencing factors of flight risk
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