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Fig.3  Structure block diagram of engine thermodynamics model
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Fuel control law of small size turbofan engine
SU Zhigang® , ZHANG Lingxiao, DENG Tian

( Sino-European Institute of Aviation Engineering, Civil Aviation University of China, Tianjin 300300, China)

Abstract: Focusing on the fuel control law of the small size turbofan engine DGEN380, a steady and
transient component-level mathematical model was developed and simulated on MATLAB platform with analytic
method. A special tool was used for modeling the rotating parts in order to get the components characteristics
and draw the maps which can show the current operating point/line. In the steady model simulation process,
the Newton-Raphson method and genetic algorithm were evaluated and compared for solving the working equa-
tions of the engine. The basic model was modified to overcome the limitations of simulation in the genetic algo-
rithm. The Euler method was used to calculate the differential term for the transient model simulation. Based
on the model, the fuel control law was studied, and the altitude characteristic was described as an example.
The experimental results show that the Newton-Raphson method has high accuracy and speed,while the genetic
algorithm has better adaptability with the model modification. The simulation results of the model and the con-
trol law fit the test data and theory well, as the error is maintained below 3% .

Key words: turbofan engine; fuel control law; component-level model; component characteristics; New-

ton-Raphson method ; genetic algorithm
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0 S i A BT K T SATT M A S 481 4% 3 B i
RUHY SAT )5 B B8 T — € #Y HE Al

1 SAT [a]jd i, TR k B9 SAT | 7€ [7]
MR A k-SAT M8, 24 k=3 B}, k-SAT [ 825
—AEEW] T NP SR gk £ D
SAT [a] @ 1) NP 58 4 P Fh 15 B T 2 mi UM

XEHS: 1001-5965(2016)12-2563-09

DRGSR R BT VF £ 4 A 1 Ak ) BB HR R NP
554 i) L, T4 33 2 20 1t A ] B % 4k g SAT
SEIR] A, 8K J5 B R BUA B9 SAT ) T Hok sk
i AR LU SR % I ) RS O A B YT, SAT
i) R0 1) 2 3-SAT (i) BBUATS % 2 5 2k o g —
A 5

FEREHL k-SAT [ RS , T4 AN 50 M 5748 714
BN B9 P AE o (U PR 20 5085 ) & — A>T B A 45
e O L O N ES A EIPAS: WO R B8
SR B 48 2 s e . BR B R, X T
U5 SE L R B S E R N B T RE T I o
(A T3 R, A7 76 A I B, (B) Y a <
a, (k) B, LT AT B BEAIL k-SAT 52 1) 45 2 7T i 2t
(¥, 124 o« > o, (k) B, JLF 574 1 BEHL k-SAT 52

WS EE: 2015-12-24; HAHHE: 2016-03-25; ML 4 ERATiE : 2016-04-13 15,37

W 2& H AR b 3k www. enki. net/kems/detail /11.2625. V. 20160413. 1537.007. html

BEE&WMB: IR AAFRFHEAE (61262006, 61463044, 61462001 ) 5 5 JH 45 H KN FIELRIT SR 0 H (JZ220142001) 5 53 M 48 R T BS
34 (LH20147636, LKQS201313) ; ¥4 55 B % i 2% e A2 % BHF 35 H (QNSY2011QN10, 2014ZCSX13)

= BIWAEE . Tel. . 0851-83627649 E-mail: dyxu@ gzu. edu. cn

SIR%=: Aak, Fdx, PAF, & FRENENG,s)-SAT BHRAMEFAL[I] HEMEMKAFFHR, 2016, 42 (12):
2563-2571. ZHOUJ C,XUD Y, LU Y J, et al. Strictly regular random (3 ,s)-SAT model and its phase transition phenomenon
[J]. Journal of Beijing University of Aeronautics and Astronautics , 2016 , 42 (12 ) : 2563- 2571 (in Chinese ).


Administrator
全文下载

www.cnki.net/kcms/detail/11.2625.V.20160413.1537.007.html

2564 | R [ N N S < 4

A fi S 4R
NEEEE

2016 4

BIFRSEA AT A o X Fh B R B AR N BE ML k-SAT
[i1) & {4 AHZZ ( phase transition) 3L, 75 &b, NIE 3k
FRERTE I 25 Im FE L o, (F) AP , 28 3
O3 AR T 1 AR G SAE A o, (B BRI, A
Gt IR AR A, B TR AL A-SAT A XY
fiff 2 TR) 4 53 ik FRC A/ 22 30/ 1Y e B A, L3 S i 4
e Z VA .53 B8 FE B R BE RN AR AR RN
VREEAS LT R T R T e B X A iR 4R AR R
FEAS AL R A8 IR A 2Dtk AR T (R T LA AR 5
— AR T R AR IR . PR, FE I BHE A
o, (k) BHE, JLF- T4 (17 k-SAT 3K figt 5k #R R B
TR ZEWTERE, B AE S R T S H R A £-SAT [a) @
e AT R 8 A5 4% B (Survey Propagation, SP) 53
BT AR R, (k) BT Y k-SAT 524 B,
AR SRRk, I, BF5E k-SAT [a) 8 i A1 28 31 4
AUA B T i — 25 B g NP 58 4 [R]85 f) M fif A<
J5 AT B T AT A R SAT SR iR
Bk, SR, B E-SAT (8] 5 A A ) KH 28 A5 )
SR AR

YHIT, AR SAT [n] 8 AH A2 Pk 5t i Bt 5 07 T, AX
HIGE 2-SAT') E-NAESAT'"  Regular 2-SAT'" |
Regular NAE-SAT" "' ) 2 k-XORSAT'"™ 25 JI, fj H.
AR Bk L 25 M R SAT [a) BB AG H  AH A8
Mertens %" 52 F] 45 31 4 B0 o 1) — B 5 A XoF Bk
SRS, TR BE AL A-SAT [n] B AT 35 fE A I S A
(k) =2"In2 - (In2+1)/2 +0,(1), 7EILIERE
|, Coja-Oghlan""*’ 55 Ding 45" 3 i T 4% Bl k-SAT
[ii) 0 P A (R SR 2 A IRE I T2 & R SR o, (K) 1)
WA, B o, (k) ~2"In 2 = (In2+1)/2 +0,(1) ,3X
ek 16 1 mmJLFw & .

FE— ML BEAIL 3-SAT (] B v, S48 A AR S0
Mo, EYIE BT R, o K 3.520",
FEL N 4506, Mézard &5 HM o, HYH K
4.267, HAFAE B o, =3. 921, 3K a <o, HIIX
B h 5 i SAT X, 1M «, < a <o, B X IR HN
M SAT [X 3, .

M figp DXl g M S S ) AN RR Bz N T
25 Rl NP 5% 4 (] 1A 55 0% 1 e DU, 38 5 2 1 2
U B B 6] pR &Y (one-way function ) 45 % T AH
K, R E A X AT R B CSP b X
fif S T KA ST o 65 23 T R R 24 1)
VR AT SR Ay A B R DR A i
AR R B RS B A AR s RB ALY S RD B
fift U T 25 L CSP B AL ) 7 FLIC A o ), 2L k)
I TR CSPUSAT il i K P 4 1] 781 i) X fie
S

AN, 7E SAT [ 85 i BF 3¢ of, BF 5% 3 % 3 i@
i o 2 22 R R TR K RE AR T B K4
LA BR A, DA T 75 ) 55 Foft 00 000 235 4 1) SAT () B3,
TAEf B NP S e i 28 3K 12 rp SAT [R]85 1) AF
FOH R Bk WFREI T AT K N kY k-SAT [
H5, Tovey ™ 42 H 4718 IT Hy B UK B2 FL Y SAT H|
SE IR ; Dubois' ™ $2 (9 B A F A A r AR
SCF LA ITCE L I s W, s-SAT (1] 555 17
T8 75 R O AR A R P R /N AR T A 5 I
FURRVE W AR 7 — > 3-SAT [i] 1 22 35 X i i) 1 24
458 TR G B 4 U LI 3-SAT [ B ; 4
54, Boufkhad %> 42 i f¥y i HL IE W k-SAT [7]
BB TR e T

TEBE ML IE ) 3-SAT [a] 15 4 A1 A8 1 5 7 T,
Boufkhad %“”éﬁ‘aﬂﬂ)ﬁTFﬁMEM 3-SAT [a]
AT 2 B I R 5 o, B T 2,46 ~3.78 Z[a], B]
LA AE S AE 5T BEAL 3-SAT [l f50AR 45 £ ¥ 22 ),
L, AR X T — B 3 2T BE AL 3-SAT 52451, bt
HLIE D 3-SAT 5247 5 #fi 3 2 o L 4h, Rathi %57
L — B 07 % 0 - 9 9 7 30 1 T B AL 1 )
le-SAT ) £ AT 3 J2 i S A A58 ey, B0 b 5L R B, P
2'In2 = (k+1)In2/2 -1<q, <2'In2,

A SCHE S FE R AL IE W] 3-SAT [A] 8 i) — >+~
I B —— P2 % BE AL IE U (3 ,5) -SAT [, 45 ™=
WEBEHLIE T (3 ,5) -SAT i) 55 0 52 451 7 e A 750 ——
SRR LA, FFAIE B ™ 4% B HLIE U (3, 5) -SAT [a] il
FE s > 11 IS 5 A 2O AL 3 S Y, SC G 4% R R
B P BE L IE U (3, 5) -SAT 52081 (¥ AR A% s 4 T
s=1140, H % s = 11 i, SRR 8 i 7= A= #9 Bil L
S| U AE S 5, o =4 267 b [5) B4 f) 4 59 B #L
3-SAT 524 5 0 R A, 9k, 7 SC T 2 HH 9 SRR
TR RE A E2 A 5 Mok 75 s = 11 Ab Y BEHL 3-SAT
S p

1 EHEEHLEN(3,s)-SAT 55

1.1 EAXEHR

Bdwy a0y, xRS N A RS ST 4R
BT R NEIE x, AR E v, —
TH) CREETASCFRHTI(L VGV VL),
—~ CNF( Conjunctive Normal Form ) 2y =, F &%
TAFABEEW(C, NC, N NCy) o —A k-
CNF A2 N Aot M A KRG k1
TRIM R CNF A5, @ E — 4 CNF A=K F,
SAT [} RS : J& WAFAE —ZHAETC { w2,y | 1)
WRAR, (575 2250 F g 5, Hor B-CNF 2 200 4 5E
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) K Ky k-SAT [ 8, — > IE W) 3-SAT [] i
JE—MHA NAZETC, M A A IF 0l 2 R BR
1Y 3-CNF 23 2 A0 2 0] B> ) I KBS A
3T AR T A B s Ik, HIE f
SCFE T B U B OO 4

EX T JUREIEN(3,s)-SAT [a] &

JERETEN](3,5) -SAT [a] @2 1 W] 3-SAT [a] &
B EX R A KT, BTG H 3 AR
AT s(se Z7 ) R HHIE 1 5C
FHMBLZHME1 R,

— RS BEPLIE I (3 ,5) -SAT A& 45 B2
H MBI A AR IE I (3 ,5) -SAT 2420 E g By — 4>
R G A5 S o S R S 4 o e
Pl Horp, 1 e s — 0 el AR T AR A, S5 —
B ) B A . 38 H R S0 B R SR R R AR T Y
R EAE Sk R 4] 35 50, 458 T «, 757 4]
C, HiE B, W S iE 45 «, 5 C,, 75 W5t H g
N« 5 Co Hln, M IEN (3,4)-SAT X
F=(=x,Vax,Va,) N(7 2, Va, V=) A, V
=00, Voag) A (g Voo, Voo ) ISR OB T B R
FYBCEN Z B, EH:Co= (=~ 2, Vaox, V),
C,=(~x, Vx,Voux,),C, =(x, Vo, Vx,),
C,=(x, Vo,V xy), HENZITTHIFH 4 K,
A SCFRI I 2 ).

L M IEN (3,4) -SAT 230 F i XUE N — 3B E R m
Fig.1 Biregular bigraph representation of strictly
regular (3,4)-SAT formula F

1.2 PBEHL k-SAT FyHETME

R ) BRI I 7 A S0 I 45 A R B, A G T
Rl AL TR 77 AR 1 L 86 NP 5¢ 4 ) J5 52 4] v, £
AR AT B S8 e, (515 25 B B S 1) AR
TCRBL BRI  AFAE A A E A w” e >p’
BF, JUAF Bl A7 00 S 401 40 2 JC A A, TS e <™ B
JUT- B A 1 52 10 8 2 A ik 1), 3K b B 2 B Bk Oy A
G e FAE A ™ BEFR AR AR S A, S
S5 HA I 2 [n] Hb d5 E A 1 S A A A T
AHAS 25 BAE I A DX

TERENL k-SAT [a) @ rpr, 2 A2 ST R N— oo [,
X F 25 AR JCHLBE N AT A K b, Bl AL %k B
—A k-SAT A F, H o] i /& B2 Pr(F is SAT)

JET AT o BT BRE, ST BT R M 5
FE—A WA 5« (k) 2% a <o, (k) B, LT BT
A5 BEHL k-SAT S5 #52 AT 3k 2 09, T 24 o > a, (k)
i, LT A B k-SAT 52051 45 S AR 1T i 2 1
HIEA LA

limPr( F is SAT) =

N— o

1 a < o, (k)
{O a > a,(k)
JAENATE w AR (D) X TAE R k=2
B ST R, SR T AE K AR A 1 I S o, ()
Jiin, G R E RS T, BARE s TARR
(A0S R, 30 (1) ALFE k=27 i 5 T ™
B IE], 7E b R85 RIS, 153 T o (k) W #T I
{1 DR B R R A LA A B0 45 A
BEHL k-SAT 5 [n) {8, 51 40 7™ & BE AL 1E W (3, 5) -
SAT [n] 82 LA 7 LY o

2 FERRBEHLIEN (3,s)-SAT ST F=
g kil

38 AT BEHL 3-SAT [] 551 (14 52 f51) 7= A A 76
JEAE LI B S BT 2°C MK E R 3 Y
TR BENLE L M = aN A~ 0] BEF 40, M K B —
ANBEHL 3-SAT 24050, T mF AT 44 7™ 4% Bl AL 1 0]
(3,5)-SAT [A] @ 1y S 5] 7 A= B A ——SRR B AY
AL AR JU AR N ORIAE JC IR s 2 A5
B, 76 SRR BER ™= AL i) 4] v AN FAIE A3 A
AR SCF, A2 JU R A 4 B s Tk L IE £ 3
FHIE r ZE2MZE IR, AXER I, 76 4% BE
HLIEW (3, s)-SAT [a] 3 52 5 v, A8 o S 4 N 2
3 WU, T B M G R Ns/3 A, B ) 2%
ol a=M/N =s/3, % r, £ CFIEH K
B, TR CE M BRI B, R 45 i SRR AR
B ™R BEALIE I (3, 5) -SAT [ 280 52 451) 1) LA

Stepl ¥ ;=0,C=0,

Step 2 X EEAAEIC «,,ie (1,2,-4,N)

Step 2.1  #5s HHBLWE r, =1, =5/2;

Step 2.2 s WA, FERERHE r,y = [5/2]
Bor,=Ls2]+1,HEr,=s-r,;

Step 2.3 L ry AN IESCFRYEE DL o, D HUSC
TR ICE TaF AT,

Step 3 M\ A HASTIC ] M Bl AL 356 B 3 AN SO
I P N

Step 3.1 27 €, €y, €, % N (1475 7€ 5N AH [F]
(AT — a7 a)) B €, €, , €, AN [a] I
MRECHWEADSTA C. (k=12 )P (R

(1)
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SEEE ) E C =€,V VL, IR C Z RO B A AR SRR (o) ™ f SR T 35 o

PLE By 5 o2 € g

Step 3.2 HIKE €, ,€,, €10 A v 3R (9]
Step 3

Step 3.3 EHA=A{L,, 0,01, j=]+1,

Step 4 %5 j < Ns/3 3% [6] Step 3, 7 W4t C
I R4 HE

3 PERBEHLIEN (3,s)-SAT |4+
TR

AR 45— Wi R 7 3k A= i e R T I AR
F4 3 S AL R, IR B ™ A% BE ML IE I (3, 5) -SAT
] AR A2 Y B 5

L Z I — AR T B M
E(Z) Wi — B IrEA
Pr(Z >0) < E(Z) (2)

HNFAR TR BEHLIEN (3,5) -SAT 245X
F ol i A Ak 980 IR A th 2K (2) A

Pr(F is SAT) =Pr(N'>0) < E(N) (3)

T F PR E IR o (0,0, ,0,)
AR RFM ARIR o (2, 0y, 0 R A F;
CBERRFMARR o (1,1, D WHREAX F,

1 SRR 558U ) 2B pHIL 80, X A2 TG 4R {xy oy, oo
xy b A AT AT 48 IR, RE B R — A AT R i 1 A
FREAAF A, H AT Pr(A) =Pr(B)ir. BT
N A~ 78 J6 1 B A 4R TR B A 20 A, BT DL &
X3 A
Pr(F is SAT) < E(N) =2"Pr(A) =2"Pr(B)
(4)
1) W — > ™ 4% Bl AL
2B ik
BANFHHEDSAH 1 AIEXT

THIE o (1,1,
EN(3,5)-SAT A0 F R Pr(B),
PR P AT
4 £ R R A

])()—ZCx—3x+3x +x (5)

1 SRR AU i) 7 A= LI R0, H I 7= AR i 24 =X
HPIE S SRR B S I S B Ns/2 A i
THiA M=Ns/3 D1hh g raiEbafl
AN IE SCF A LR R p ()™ B
p()" =x"(3 +3x +25)" (6)

A R AKX M A TR B B A
2, DU F A SRR B R A A p () R R
FEmirp IR g =[x ] p ()"
A f(x) =p(x)/x=3 +3x +x°, 4 M =Ns/3
A=A = [ TG0 M (7)

IR SCHR [ 34 ] FP O& T AR A R K0 T T

IR R B0 B R (T) P d BME

BIEE 1Y A f(x) =f, +fix +fon + - H R
— MR S, 70,/ #0 H f,=00i=2) B4 il sk 5L,
JESCAf(x) F1of(2) Ry f(x) B2 DMEMER T, B
Af(x) =xf" (%) /f(x) ,8f(x) =Af"(x) /%, RIKX v,
n—o H y/n ZXME[a,b](0<a<b) I HHEL,
EX p A o® MR A (p) = y/m, 00 =
p’8f(p) % p >0,

y 0 S(p)”

(2] {f(x) E"apyvi?ﬁi

EIE 1 #Fs> 11,0 SRR R fF A= i 1 7™
R BEHL I (3, 5) -SAT 5 ] & 5 ME R A AT i
B

ERE i f(x) =3 +3x+4",y=M"2,np=M,

(1 +0(1)) (8)

HElH# 1A
B 3x + 2x° _ 1
Af() T3 43x +4> 2 (9)
C3(1 +x)(3 +x)
6f(x)_x(3 +3x +x°)° (10)
M (7)) FX(8) A
M2 f(P)
A=[" ()" =—2 2 ——(1 + 0(1))
o_p‘/[/z\/i
(11)
BT A& BEAILIE I (3 ,5) -SAT A T A IE

SCF RS A ST B HES B A (Ns/2) L A, B

S ARBCH(Ns) D A0 o (1,1, 1) i 22—
ABEALA S FRIHE R R
Pr(B) = (Ns/2<)le()1\'/s/2) N (12)

— TR — A REHL 2 AT A2 B9 A% B9 %L
N, a0 (4) A (12)

_an (Ns/2) 1(Ns/2) 1
E(N) =2 (o) 1

o) (13)

i Stirling APl
limN1= V2Nwe "NY(1 + O(1/N)) (14)
M = (13) Fn(14)

W(;V;) - )"

v e

L E(N) B lim In(E(A0) ) /N 1

lim In(E(N)) (1 —5)In2 + sln f(p) _ sln p
N— o N 3 6

(15)

E(N) =2"

(I+0(1))
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M (9) M p= (/5 -1)/2,0 f(p) =5 +3,
H=(10) %1 of (p) = (15 +95)/(2 +2J5) . 5
I i o’ =p’8f(p) o =3V5/2,

LW g(s) = limn(E(N)) /N A

_ K ERICILS
g(s)=(1 -s5)ln2 + 31n(ﬁ+3) - 61n >

(16)

J5 -1

2

0,061 1, g'(s) <0 &l g(s) KT s HH A%
W, LR g (11) ~0.0212 >0,(12)~
-0.0399<0, Ak, M s e Z” Y s > 11 HF,
E(N) <0, %545t (3) %1, SRR BT B A 1 19 7% s
BEHLIE I (3 ,5) -SAT 55 6 2 25 45 A 1 oS24

e

W ' (s) = —1n 2 +%ln(ﬁ +3) —%m

4 LI

A 3 A S5 W 5% A B AL E U (3, 5) -SAT
[ R %) AH AR i, I L A0SR il 32 ) 8 7E A 78 3 A 1Y
S 5 SR g ¥ AT BEML 3-SAT [ 55 A K AR A5 b 1y 52
X B, DL B SRR A5 BT A4) 3t 4 6 AR 7 5 Ab 1Y
3-SAT S b 35 5T BE AL 3-SAT A5% 78 4 1 1) AH A% £
Aab ) S A1) T M A

A1 F SAT [a] 8 (% B 78 05 25 50F IR K B 5 3% F
VA2 (9 550k 1 32 47 I 8] A % U0 ¢ &, Chvatal Fil
Szemerédi' ™' T ZE W] T BE ML k-SAT [6] B AE k=3
I ELAT 5 K20 i A 5009 25 5E B, B L T H 45 0 A
AESK R BEAIL 3-SAT [a] {5 v (14 B[] FF 4 222 48 £h0
Koo BEA, TS miR i SAT [a] 80 55 4 1Y 58 &
B30 DPLLE" R H e sk R AR ZChaff ™ 352 56 F
25 5, R, 7E 9256 vh 3% B ZChaff 535 %
SRARIX 2 FPBEML 3-SAT S, F DA b A3 2 st
151 1) SR fire o

1) S X A% BEALIE I (3 ,5) -SAT [A] &, 1% X
AEITCHBL N 4351128 60,90, -+, 210, #5745 50 H LK
s T, 8, - 15, JF ) SRR AR AL 4 > A5
TR FR 4 A4S s 77 A2 100 ASBEHLSZ 4] (3L 6 x
9 x 100~ 5E 411 ) o 4R J5 K H] ZChaff 53k 11 5 4% A2
TCRLEL N (9 9 x 100 >S4, [ B3 5 T oK A B4
S AF) Y 32 AT B[R] AR 9 R AE AL, R 1 A TR
[F] 28 TTRLBE T, s AN [) B B 4 100 /> il AL 55 451)
R AR S BB, 2 B TR A]AR o6 R
BER s AN [\ A B 5 A~ Bl B SE ) 19 7 2 5K i
i (8]

1 ZBLETHMET,AE s BH5 100 4 =5 BEHLE N
(3,s)-SAT L sh 7] i B Y L6 2 8L
Table 1 Total number of satisfied instances for
each s in every 100 strictly regular random (3,s)-SAT

instances with different-sized variables

s 7 8 9 10 11 12 13 14 15

N =60 100 100 100 84 43
N =90 100 100 100 94 33
N=120 100 100 100 95 30
N=150 100 100 100 100 17
N=180 100 100 100 100 14
N =210 100 100 100 100 13

(==l e = -]
(=l e = -]
[=i =l el = -]
S O O o o O

F2 BLTRUET,AE s BF5 100 4 = B IE N
(3,5)-SAT £ fp & S 6 B 5 2 5K fi& B )
Table 2 Average solution time for each s in every 100

strictly regular random (3,s)-SAT instances with

different-sized variables s

s 9 10 11 12 13
N=60 0.0024 0.0315 0.0292 0.0286 0.0176
N=90 0.0045 0.2067 0.4384 0.1673 0.1079
N =120 0.0088 2.4937 4.8541 1.4364 0.5951

N=150 0.0450 10.9437 109.4090 15.2676  5.4547
N =180 0.0904 124.5869 1760.3780 219.2434 30.0708
N =210 0.1506 747.5473 57679.6000 4080.9870 485.3580

M1 AT LA, A ST N =60 H 45748
JCHBLREL s = 12 B, 76 BT A3 Bl BLAE B 7™ H Bl
PLIEWI (3, 5) -SAT S5 v, 35 5% & B0 ] il J2 1Y 5
B, X 5@ 1 R,

PEAh 2S5 SRR N =60 H 45748 o0 H BB
s<9 W, 7E T A BE ML A B ™ A% BEHLIE D (3, 5) -
SAT SE A v 4B o % B Rl & S, o FLAE s =
10 1, B 25 A8 ST RUAE N 38 K, Bl AL A= 1 7™ 46
TEN(3,10) -SAT 52 f5i) v ml 3 2 52 4] 1) 4 B 3%
Wi 2, H Y ou R NIk E) 150 LS, r A 1Y
FERE BEHL™ M IE I (3, 10) -SAT 52 {5 4P J2& ] il 12
B MAE s = 11 BF, 5286 & 90, BEA A ATl 2 1Y
SEA5), A AT S

L, S5 vl DAE ), YA ST RLRE N R
B, K BEALIE DN (3, 5) -SAT [ RRAE s > 11 B, Jir
A BE B A= B S 5] 0 2 v AR 56N AT R A 1T >
s <11 BF, BT A% BEAILIE W (3, ) -SAT [a] 4R &
o MR 2R T il A 1, B A B AL OE U (3, s) -SAT i)
R R B ARAS S AL T s =11 4b,

B2 25 0 T A [R) A8 o8 RS T 7™ A% B AL 1F )
(3,5) -SAT S 46 AN [) 42 o0 B BT, Hn] o
SRR . AT LU, BE A A JCHRE V1 3% 7 1
K, (3,10) -SAT S 5] 7 i A% hy 4= 35 0T 8 12, 17 24
ABICHLEE N =60 ), (3,12)-SAT 5 i 42 & 242 K
ST A B A B AL IE ) (3, s) -SAT [ 5 ) 4
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WA A S F s =11 &b,

10 s = 11 Ab SR A AN S 4] 18 1 25 5K At s 1] Sy
to R 2, Y R AR N < 120 B, B = 7R A
A s = 11 b 7™ A% BEALIE ] (3, 5) -SAT SE 3],
LA S ) F- 2R vl LLAE 58 N S8 B, T 24
N =150 Bf,t =109. 4090 s, N =180 H},: =
1760. 3780 s, i £ ] B0 B0 AR 119 3 — 20 15 K, 3K f
s = L1AE BN ST A6 1) 1 249 5K ik BF [ A 3 B3, >4
N =210 B}, 5K M s = 11 Kb 54> 5245 1 - 35 5K i s
] & 253k 57 679.6000 s,

B34 TR L AR N =150,180,210 B,
s 43 AHL 9,10, -+ 13 B4 100 A Bl B S 5] 4% 55
B B R g iRl ATRAE N, Y s<9 Fl s =
13 1, A% BEALIE ) (3, ) -SAT [in) 5 S 451 AH X 44
SR o oy —J7E, K 3 IR LU SR A A
BEMLIED (3 ,s) -SAT [n] R S5 {5] 4 ¥ BE 5 5K fige 35 2
BE L 3-SAT [r] S f5] (9 15 JF 28 ML, A 22 R i e A
i) Easy-Hard-Easy” £ 20, H 78 A 48 55045 ) X 35k
1) S A5 R X6 TR A A5 A O DX S S T R i
(R L NS

2) Eb X E B S BEAL 3-SAT [a]#, 4 51 1
Bas e AR N A 60,90, -, 270, XF F 4] 48 oG
Ho, & RHA HhEHa,,, =2, 2 KAa=0.05H

P2 O[] A8 T RS T 1 M AL IE U 2 =X A A2
Fig.2 Phase transition for strictly regular random formulas

with different-sized variables

B3 RIRZS TTALRL T ™4 BEALIE I (3 ,5) -SAT
S5 F) - 249 3R figk B 1]
Fig.3  Average solution time for strictly regular random

(3,s)-SAT instances with different-sized variables

g =6, 585 R B SJBENL 3-SAT S 45 7= A= A 7Y
XA ) 22 JC AR B B o, & 2R R 100 A Bl AL
S, SEg AR AT SR H] ZChaff 5509 % g A AR
JCRLBE T Y 100 (v, — @y, ) /Ac = 8 000 4> 52 4
(H11 8 x 8000 A~ 5 1) ) A7 3K A , I 10 5 3K il g
A S8 32 A R[] R0 AT i R AR O

BT a<3.95 B, 48 K ZE AR AL 3-SAT 5
151 5 2 TT 3 R, T o > 4. 55 I 446 K 22 50 1) 52 )
HB AT LY, R, 7R 3 g il 1R ) AR
JCHBL T ,a B 3.95 ~4.55 4 100 4> Bl AL S 4]
TR R Y SE I S S Ah AR TR N< 120
B, B AL 3-SAT 52481 75 AH AR A3 3 5 5 oK i, BT
DIFERR 4t Hgh il T2 oM NV B 150,180, -,
270 H a=4.267 T 4 100 /> FfHL 3-SAT 52 4] tf
T A S A - 221K i B ]

M T AR BEALIE I (3 ,5) -SAT A 20 7 4] 248
TG a=s/3  F 18 2 s 6 Y ) A8 G L ok
FOR, B L5 BT A B BLAE B X ) BE L
3-SATSL A 1y K fife 25 5 453 7 an &1 4 B os (4 B AL
3-SAT 5™ kg BEHLIE W] (3,5)-SAT [A] 2 i AH 22
BN, IEW XA us., 7T LLE 1, M
X — M 3-SATIR) &R, f™ 4% BE AL TE 0] (3 ,5) -SAT

R3 J[ETHAKRT,BERMIEE 100 NS FEY 3-SAT 4] Fal 7% 2 1 L6 5 8

Table 3 Total number of satisfied instances near phase transition point in every 100 uniform

random 3-SAT instances with different-sized variables

o 3.95 4.05 4.15 4.20 4.25 4.30 4.35 4.45 4.55
N =60 91 84 68 67 62 55 42 35 19
N =90 94 89 72 61 61 45 40 35 8
N =120 94 90 74 64 61 40 37 21 6
N =150 95 91 78 64 57 52 46 18 8
N =180 100 91 76 64 48 44 33 19 5
N =210 100 93 81 70 50 47 30 12 0
N =240 99 99 78 73 50 35 25 12 2
N =270 100 98 88 69 61 48 23 13 0
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x4 BTTHET,a=4.267 FE 100 5B
3-SAT S fp & SL I B9 T 2 3K A B 1)
Table 4 Average solution time for o =4. 267 in every
100 uniform random 3-SAT instances

with different-sized variables

N 150 180 210 240 270
- 145K
q:ﬁkﬁﬁ 1.3417 8.2935 76.8590 361.5434 2548.4350
6] /s

B4 AN[EZZ TR ST BEAL 3-SAT 52 il A1 7™ 4% Bl AL
IEM (3, 5) -SAT 524 i AR S
Fig.4 Phase transitions for uniform random 3-SAT instances
and strictly regular random (3,s)-SAT instances with

different-sized variables

[Fa) S0 1 A A8 AT B S P BT RS I, gl 2 0, T A
BEALIE U (3, ) -SAT (7] 85 55 3] Bt — M 1) 2 5 Bt AL
3-SAT [ 5 52 5] B il 2 o

W AR 2 MR 4 R RUBER A6 AH AR A5
s = LLA A 7™ 6 B AL IE ) (3,5 ) -SAT 178 4 A5 55
a=4. 267 4k (¥ ST BE ML 3-SAT 1 52 ] # 3F ¥ 5K
gt s E), T LA Y, FEAR JCRLBE NV = 150 B, SR fif
AHAR 83s = 11 Zb A ™A% BE ML IE ] (3,s) -SAT [a] 8
S ST E] ¢, = 109. 4090 s, T 3K A [7] RILAS 1)
5T BEHL 3-SAT [a) B SE AL T 2 1, =1.3417s,4
N=180,t, =1760.378 05,1, =8.2935s, 4 N =
210 A1, =57 679.6000s,1, =76.859 0 s, 4% 3
Hby, B SR A AR N = 270 BB RE AR A5 AL 59 35 )
BEML 3-SAT [5] S5, HEP- X SR fige 16k 1] 0, o AAY
R 2548.4350 s, 3X A>T 349 5K gk B[] 2 3 0 /N TR
it FLASE N XA 210 (1 2 B AILIE ) (3 ,5) -SAT 52
B (4 - B R g st ) o DR G 7R T IR S MRk
SRR A% BEAILAE DU (3, ) -SAT [n] 85 552 451 2 37 HE R
fiff— B 19 X5 ) B AL 3-SAT ] 851 552 43 s

5%

RICHIET —Fh RS BEHLIE T (3, 5) -SAT [i]
B, 9 4 th T % 1B 09 9 7 2k B ——SRR

BRAY

1) UEBH T /™ 4% BE ML IE W (3, s) -SAT [n] &1 A]
R A B R RIS A TR N AR H s >
11 B, & BEALIE U (3, 5) -SAT 24 X2 @ AR
A il 21 o

2) SLEGZEHLE W] SRR LI I 77 AR I 7 A% bl
BLIER (3, 5)-SAT [n] #5461 () #H A8 3547 F s =
11 4k,

3) JERSBEHLIE N (3,5)-SAT S {5 76 A7 728 A5
s= 1140, FEAEARZAS &5 o =4. 267 kb [R]H0 A (14 15 2
BEHL 3-SAT S 51 0 sk F 3K figt o
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Strictly regular random (3,s)-SAT model and its phase
transition phenomenon
ZHOU Jincheng'*, XU Daoyun" ", LU Youjun', DAI Cunkuan'

(1. College of Computer Science and Technology, Guizhou University, Guiyang 550025, China;

2. School of Mathematics and Statistics, Qiannan Normal University for Nationalities, Duyun 558000, China)

Abstract: We study the restricted occurrence times for variables and literatures in 3-SAT problem. In
particular, we propose a strictly regular random (3,s)-SAT problem and its instances generating model—SRR
model. Using the first moment method and the asymptotic approximation technique to the expansion coefficient
in generating function, we derive an upper bound of the phase transformation point for the strictly regular ran-
dom (3,s)-SAT problem, i.e., when the variable size N is large enough and the variable occurrence times s
is greater than 11, the strictly regular random (3,s)-SAT instances are unsatisfied with high probability. Fur-
thermore, for the random instances generated by model SRR with different variable size, our experimental re-
sults show that when N is greater than 60 and s is greater than 11, all the (3,s)-SAT instances are unsatis-
fied, and when N is greater than 150 and s is less than 11, all the (3,s)-SAT instances are satisfied. Thus,
the phase transition point of the strictly regular random (3,s)-SAT instances is located at s =11 (i. e. , the ra-
tio of clauses to variables is 11/3). We also observe that the strictly regular random (3,s)-SAT instances at
the location s =11 are much more difficult to solve than the uniform random 3-SAT instances around its phase
transition point, which is about 4.267 (the ratio of clauses to variables). Therefore, it is quite easy to gener-
ate hard random 3-SAT instances by our SRR model at the location where s is 11.

Key words . strictly regular (3,s)-SAT problem; phase transition properties; computational complexity;

hard instances generation model; generating function
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Fig.2 Cumulative LLR and comparison of decision
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Receiver autonomous integrity monitoring based on particle swarm
optimization particle filter
WANG Ershen'* " | QU Pingping', PANG Tao', LAN Xiaoyu', CHEN Jiamei'

(1. School of Electronic and Information Engineering, Shenyang Aerospace University, Shenyang 110136, China;

2. Liaoning General Aviation Key Laboratory, Shenyang Aerospace University, Shenyang 110136, China)

Abstract. Receiver autonomous integrity monitoring ( RAIM ) is an inseparable part of aviation satellite
navigation receiver. Failures or faults due to malfunctions in the global navigation satellite system ( GNSS)
should be detected and isolated to keep the integrity of the GNSS intact. Because measurement noise does not
follow the Gaussian distribution perfectly, a fault detection and exclusion algorithm using the particle swarm
optimization particle filter( PSO-PF) was proposed. Failure detection was undertaken by checking the consis-
tency. Through the measured data, the proposed algorithm was compared with that based on PF. The results
show that under the condition of non-Gaussian measurement noise, the effectiveness of the proposed approach
is illustrated in a problem of global positioning system ( GPS) RAIM. Moreover, the performance of the pro-
posed algorithm is better than that based on PF. Meanwhile, the results are instructive for the study of the au-
tonomous integrity monitoring of BeiDou navigation satellite system ( BDS).

Key words: global positioning system ( GPS) ; receiver autonomous integrity monitoring ( RAIM) ; particle

filter (PF) ; fault detection; particle swarm optimization (PSO) ; BeiDou navigation satellite system (BDS)
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Dynamic bandwidth allocation mechanism with parallel and switching for
FC-AE-1553 network
WU Shaojun'** | ZHAO Guangheng', WANG Liqian’, ZHAN Yueying', WANG Jin’, WANG Hongxiang’

(1. Technology and Engineering Center for Space Utilization, Chinese Academy of Sciences, Beijing 100094, China;

2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. State Key Laboratory of Information

Photonics and Optical Communications, Beijing University of Posts and Telecommunications, Beijing 100876, China)
Abstract: In order to meet the requirement of space payload system and data transmission, the data busi-
ness type was divided into periodic business, burst business and strong timeliness business. After the charac-
teristics of the three kinds of business are analyzed, a scheme of dynamic bandwidth allocation( DBA) mecha-
nism with parallel and switching for FC-AE-1553 network was proposed. The burst business used the periodi-
cal and concurrent dynamic bandwidth allocations, the periodic business used the static bandwidth allocation,
and the strong timeliness business used the preemptive bandwidth allocation. An FC-AE-1553 network simula-
tion platform was set up in OPNET Modeler. The performance of the system was analyzed based on both theo-
retical analysis and simulation approaches. The results show that compared with traditional DBA solutions of
FC-AE-1553 network, the proposed mechanism increases the mean network throughput by over 10 times; FC-
AE-1553 network throughput increases from 2.8 Gb/s to 46 Gb/s at 32 nodes; the mean time-delay of burst

business decreases by one order of magnitude at 32 nodes.

Key words ; switching FC-AE-1553 network ; periodical and concurrent; dynamic allocation mechanism

throughput; time-delay
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Fig.1 Schematic diagram of initial parameterized shape
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Table 1 Main geometrical parameters of parametric modelling
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K2 PR TR A MMERAE(Ma =10.5,0 = -4°,8=2°)
Fig.2 Effectiveness verification of engineering algorithm

(Ma=10.5,0= —-4°,3=2°)
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Table 2 First-order sensitivity function
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Table 3 Rank of sensitive parameters on each factor
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Fig.3 Flowchart of fast optimization design method
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Fig.5 Comparison between initial and optimum shapes
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Table 4 Parameters of typical Mach number

H/km  Ma  To/K Py/(10°Pa) v_/107% Re_,/(10'm™")

33.02 5.16 290 6.70 2.43 1.97
38.21 8.17 435 33.28 4.16 1.64
41.72 10.60 596 95.90 5.69 1.43
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Fig.7 Schlieren pictures of initial and optimum shapes (Ma =8)
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Table 5 Aerodynamic characteristics before and

after optimization (Ma =8, a =8°)

HMIE C, Cy «
WG I 0.2862 1.5996 3.0515
RIS 0.1929 1.4340 3.5668
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Fig. 8 Lift and drag curves of initial and optimum shapes
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Hypersonic vehicle shape optimal design
based on overall performance
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Abstract: Aerodynamic configuration design and optimization are vital to overall design of aircraft. High-
er requirements of lift-drag ratio and control performance are put forward for near space vehicles. The lifting-
body shape of the wing-body combination has become the main design direction of the hypersonic vehicle due
to its internal loading and lift-drag characteristics. According to a class of universal symmetry lifting-body con-
figuration, the key geometry parameters of vehicle were extracted using interrelation analysis method. The
effect of geometry parameters on concerned overall performance was dug out. Aerodynamic shape optimization
platform was established based on CFD method. With several key overall performance constraints, high lift-
drag ratio shape was designed and optimized. The effectiveness of optimal design has been verified by wind
tunnel test, which will provide an effective technical means for rapid engineering aerodynamic shape design of
hypersonic vehicle.

Key words : hypersonic vehicle ;optimal design;overall performance ; wind tunnel test; numerical calcula-

tion
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Fig. 1 Three-dimensional schematic of semi-soft
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Fig.2 Layout of trunk shape and internal sensor of robot
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Fig.7 Simulation of trunk joint angle motion planning
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Soft robot system based on intelligent driver

SHI Zhenyun* , ZHU Qiancheng

(School of Mechanical Engineering and Automation, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: Soft robot, as a new type of flexible robot, is attracting more and more attention. How to build
emergency ability in unpredictable environments is the key research goal of soft robot technology. For this
problem , an intelligent driving-sensing based motion pattern and system component of semi-soft robot is pro-
posed, and on this basis, the mechanism design configuration of each motion module is designed and estab-
lished. By coupling the actuators with shape memory alloy drivers into a monolithic structure, dynamic model
and kinematics model of robot joints are constituted. According to the model, the key parameters for mecha-
nism design and driver design are determined. Robot shells are manufactured by high strength engineering
plastics, and soft enclosure and asymmetric pelma are realized by 3D printing. Two types of alloy wires are
fixed in the robot body, the radial basis function ( RBF) neural network and support function are used to con-
trol the robot, and forward motion is finally tested, which verifies correctness of the proposed robot system
model.

Key words: soft robot; crawling robot; dynamic analysis; kinematics analysis; shape memory alloy

Received: 2015-12-04; Accepted: 2016-03-11; Published online: 2016-04-15 16 .56
URL: www. cnki. net/kems/detail/11.2625. V.20160415. 1656.007. html
Foundation item: China Postdoctoral Science Foundation (2014M560872)

* Corresponding author. Tel. ; 010-82356641 E-mail: shichong1983623 @ hotmail. com



2016 4 12 H

> p
M EM K A 2 2R i D ccomber 2016
A2 K 121 Journal of Beijing University of Aeronautics and Astronautics U\I |52] Vol.42 No. 12

http ; // bhxb. buaa. edu. ¢n
DOI. 10.13700/j. bh. 1001-5965.2015. 0843

T 5 BT 3 | 0 18 25 BT S 30 45 1 80 22
Iﬁ (1. IH KR EATREERE, A 264005; 2. MK HLHERZE TR¥%BE, MG 264005)

i B AMBER IR BA AR N AL THREME R 2 E L33
FEHHAR, XEREFRRAWARLEEAR AU R, A TN ZRRALEZE2HHR
BT ESH A TEREAFN T EL2ANTRETARCTREL BB A AR T
ALHBEHTHRS S, 2MA LT 2ARHTHLIRARZAZRABNREHRL, T ERRT
DHEHTADDERBEPHE N R ENLE, ARERLN LA ANFTESE LGN
KEFFHNENE W I0% 24 HANEAHERA AR A AR TERID £4

jbuaa@ buaa. edu. cn

x ¥ .
hESES. V221.3
SERARIRAG . A

HAR S PR3 O A A R R 2 2R il —
FhH UL RAT RS IR B /AT, IR R
AT Tz SR A 2R g | e i 0 R e 25 B el
R TR B BT AT R R R
BESC T B0 B I8 e R E BT SR B9 AR OE W B
7 AT . AT 5 3 2 B R4S |
PTI98 1 REFE 15 B A M [l T A 3 R
A 4R 30 - 1 AR Bl R AR B B
LTt Ty 7, b b R AT
FORR R Z A o W A T — AT N, T2 AN (7]
52 i i 25 1 24940 3 1, AT R AL U E
“87 FIE A I 4 45 20 A R AR B
SCHR [ 14 ]38 5 A7F 5% A [R] 2 3 S 2R 3 3o B
AT B T, A BUR 2 B R HUB AR L
F14 s 23 <30 7 5 53 AR TG D 5 1) A7 DU AR LR AR R
PRI R B B — A Bt 6% ) o SCHkK
(15 JIwESE T R HUAT i 07 =g M1 <87 T 4A
BB B I R 4R IX 2 M
WA PR T ).

WA, MM, BEAT; A0 h; &

XEHS: 1001-5965(2016)12-2603-07

DL B T AE#R & X 1E F B e iy B R o
B Eh 1 g R A I R R, Rl
R U Rl I8 2 AE Ak IF 3 B 45
P 0 T S QB 2 %k B L RAT B A R0 Bh g R g
Ferm AR BRI W ? A SCHEE T O A 1Y 10 i A2
150 CAT IR B 411 3h (1942 204 08, DA B B 1R R
B BT 252 e ) iz P BME RS 8L Y 7 5 43 il
TR IE T B A Bl By = A (D 200 & i
W 328 J 411 3h 2o AR R 0 R T A O A Bl ad AR
05 s 2 A8 [R) — A~ T L, oA 2 80 5 2 56 5
AR, A SC FH Normal 3 7m 3X FlVIE B ) 09 8)
1 5 BERE ; IR B ST AR B 1 B (AR SCHh
Real /R XA ) 528047 R,

1 REmRS5HEZX

1.1 HERBERSH

SCHR[16-17 ] A BIF58 22 B, 330 165 1) 468 4% LA R 4
Bk i rp o B 4 728 I8 6 AR E  00 5E S R TRt
A 722 % 32 % 1) R A RN AR T o B Y S T A R R

WS B H: 2015-12-22; RAHHE: 2016-01-08; M £& H KR At iE : 2016-03-15 14.49
M 2& H RR #tiE . www. enki. net/kems/detail /11.2625. V. 20160315. 1449.010. html
HEEWA: ERAARF RS (11502228) ; ARG LT i FER 2= KRR ) 54 (BS20148W016)

= BIWLAEE ;. Tel. . 0535-6905138 E-mail: mouxiaolei@ ytu. edu. cn

SIA%NX: £mE,

W AR AR SRR R[] A A AR A F F AR, 2016, 42 (12) £ 2603- 2609.

MOU X L, XU N. Effect of wing-tip trajectory on aerodynamics of hovering true hoverfly [J . Journal of Beijing University of Aero-
nautics and Astronautics , 2016 , 42 (12 ) : 2603- 2609 (in Chinese ).


Administrator
全文下载

www.cnki.net/kcms/detail/11.2625.V.20160315.1449.010.html

2604 | R [ N N S < 4

A fi S 4R

2016 4

O WIS A B A SR AR AR A S TR B LS
BB R PR R T 3K ¢ (9 3% i
JE G R B AN o 55T S Ji 4 A% R FH SCRR [ 18 ] vh
A G T R T5 R SR A A 80, AR R R A% Sy O-H Y
ROAE o A RO AS - TN 1 Ca) B s, A% 1 T 4n
B 1(b) froR . 38 RA% 1 4E 500 100 x 99 x 130,
3 93 DA TR T R TR [ ) A R S TR 1) £
LJZ AR TR EE 2 0. 001 e, WIAK 7 3% ) J5 7] | it 3
IR RNl R SO NN i I e 7 bR
H S 6 15 P52 .

P10 A Y SF TR DR TR IR

Fig.1 Plane shape and sectional shape of wing grid

5 Sz B LI B A 4% fh R AR R L8 A
280 18 5 K I, B i s i 3 AN R
R T 40 3 V1l A2 bR R (OXYZ) 28 SLHY (Oxyz
A6 T 1 A B O RS L B R B — 2 B
MIAR bR FR, Ox'y' 2" Jg Z2 W 46 T #A i) [ 8 76 38 9% I
MIARBRZR ), o .0 FI @ 430 Ay 32 % i) R 2 £ (el 70
HAT U E BN o, TSR, 0 =y;
AR, « = 180° — ) FRTHMA A S, W0
2 iR SEOG LN 45 A SR, 4 £ I e Y 4
S E A T 160 ~ 190 Hz 2 ], 47 3 i B 4 F
65° ~85° 2 [a] ; I T 411 FB I A A BU(E 25 B K
TIPS B A R 50° 2 A, BRI B WA R
20° 7247, 3 55 19 46 TH AR 09 BOIE A X LN (HFL
HF2 (HF3 fil HF4 {7 Y546 7 £ 5000 R 6°.0° 4°
Lo 8 TH A IR B 4300k 4° 5° 5°H16°) 5 7E I
A A R G TR 2 B LA 3h R A K X R s
AR A BT B R U, K3 4l
T4 HEufig iR yun . 1 a g B s a1

S S T B 9 , T 3 DR L O 20 0k
SR A B 35 B2 B AT A, A XX e
BT 10 3ok AR o 7 AR DL A ol 8 4
2 0 85 2% 2 B PL S A B R0 e L PR U BT B

K2 73 T S35 40 2 4 2 A E
Fig.2  Definition of flapping plane and

flapping wing attitude angle

B3 4 FUfr o i )58 2R B

Fig.3  Wing-tip trajectories of four hoverflies



212 3

AL HLF W

R 2 L R XA 8 R S S A e s | S () | 2605

G BOR L& MW s o, 4 B A
2 [y B o 2K G 0l 400 R R 1) B £ g FRAR T
6,

4 H Wi A8 280 T Re JABS 1940
MSHHME U AN 3h iy JC i 99 8 )« 19 5 SCk
(2 ] sk AT 8 AR I
1.2 Navier-Stokes F 2 X it & 7 i%

FEBME AR bR R OXYZ R, = 4k 2 # A ] R
Navier-Stokes 75 2 ) Jo & 4B 2R

Ju Jv Jw

— 4+ —= 4+ —==0 1
oX adY o7 (1)
du Ju du du

+u v w =
ot oX oY 0Z

1 2
_%+E(§XZ+%+2ZI§) )
L L LI L
ar - aX oY oz
_op L(azv+&+32”) (3)
Y Relox® oy’ 9z
ot X aY VA
1 2 2 2
_% +ﬁ( Zx"i " 2;; ’ 2;;) )

K ouw v Fow 430 R JC R H L 3 A i
p AT IETT ;Re H BT, & LK Re = cU/v,
v NIB SR R

Navier-Stokes 77 & [ 55 i i 1 >k H SCHk [ 19-
20 ] T & JR W ADL R 4 MR R VA R R . T TE T SR A
A AE 207 AR PO AR I 6 480 B[R] Y i R
BT, 3k RE P A 2 T R R A AR AR T R
A . B Iy BRI A S EOTCR D 2 B =
5K BEHL, RS RLR A 2 B b 22 53 B H, X
LI FH A T Ok B 4y B4 07 ¥R I A R 22 03 ok B
I, 33X HEL DA A R D 3 B A L 22 0 A X
B, 30 5 SR 2 B R 22 o A 2, A SR A B[R]
BRI B 7 R, S ORIE B RE HICRE & (D
FEANTL R 24 ) , BEAS By BRI [a] A5 4006 18] 25 it
AN IEAR, BB X0 kg 200 a) ) S 30 o &
MY ST IS ] 25 1Y) 3 B8 HICRE S0 3 8L &, X A B
MR RE T TR FH 4P Gauss-Seidel J5 3% 1T
AR . XTIl B0 E AR S
G35 R IR A 0 ) BN R (A B 7R
A R I 0h B O G s T R T P A
HAFE . 7@ By, R JC% & i 8 444
W B 77 AR XT3 B AR AR R Y Bl 7 TR I )
sy BRI EA R TR AN TR IR S
WSCHRL2-3 ] FETHAA S i, s 2

2% L Wi B R K SO I i o, AR STk [ 2122 ] /Y
DR R W], 78 B4 CATRE bR T T/ Bk 8
B, 22 A B A B LT AT DL 2 AN T, SCER
(2224 ) (it B g5 R R WY, A 8/ 5 TR B iy < 3h
NEXTE HAHZEAE] 2% 8% 5 5 ik Z 6
FIAE BT HERT DA 2 o PRk, T LA R/ B 4R
5/ T AR R AT DL 2B B o XA TEAS SO
Yyt KBl D3 AR 15 R B R 5 e O
22 W WU [R) 1) e, HR figg B4 Y 3 3 B AT

#35] Navier-Stokes J7 F2 (1) £ {E i J5 , 25 1Y
WA a5 b A B 20 B R RE 3 i R0 s 7 R AT LA
B, WP ARSI (2T V RIK ) H)
CIRDS GRS NSO WAR k1Y DKL 2 PRI Y ¢
C, IKFhEEC, THhFREC, MM REC, 7>
WIESLH:C, =V/(0.5pU°S),C,, = H/(0.5pU’S),
C,=L/(0.5pU*S),C, =D/(0.5pUS) ,p HTlk
B B, S Sk 3 1 D AR o

2 #R5iTR

2.1 BRYPFSZH AN

M 3 AT LUF 4 Hf i i 3 2 i 40 3l B
MR U I, I H A iz 2h 2 Fofls to 28
oL, A A% HFL 72 2 R 2 3l T /355 45 51
Emitic, B4 G T N EABMAm C, .
C,.C, fC, Wyt REdh 26, K@ b o4
W) FHIE 4 (a) ATLUE 78 FHIBI AT B (1 =
0 ~0.250) A1 41 A9 AT Bt (7 =0.500 ~0. 800) ,
Real 1§ JE N Fr X} B 19 €, b Normal i JE T i %
Ko ERER ARG, B & 0 B CAT 2 )
S v B B TH 0 A 36 R SR mR e A A
Bl R B, P e 2 e e 6L B W) R B 8l XA )
T2 R R KT R A R A T
FIBH Sy 88 A ( W& 4 (¢) FIE 4(d) i =0 ~0.250
F11=0.550 ~0. 800 H Bt ) , o 3% H T A B A8
EBR S K (W IE 4 () FE 4(d) i =
0.500 ~0. 5500 Bz ) . 3 /A3 203 A 19 22 AT
B 5 45 H 19t =0. 2001 1 =0. 625 B Z r, &)1 4k
B BRI 245 1 . X T Normal 151 (LK 5(b) |
ES(d) ), i DL 30 i 38 ok Ui 5 33 5% 0 I £ (A AL
VUA) B/ 5 % T B S AR Bk (WK 5 (a) .
KIS(e)), KA ALK,

S AR, #E R A1 (7 =0.250 ~0.380) gk 411
S 2 B 1 433 B N (7 = 0. 800 ~ 0. 920) , Real
T T PSSR0 e X N 9 €, (WL 4 (a) H Y
M4k ) b Normal 1§ JE T (19 2/ ik 2R AR Y,



2606 | R [ N N S < 4

AT 4R
2016 4F

K4 2FMBREGER C,.C,.C, M C, TE—A
030 J 20 P4 1 7 b it 2%

Fig.4 Times courses of computed coefficients C,,C,,,

C, and C, of HFI in one cycle

KIS 2 RS = 0. 200 1 = 0. 625 I %)
ry T AL Fr) % I 3
Fig.5 Streamline plots at spanwise location r, at i =0.200 and

i =0. 625 of two types of wing-tip trajectories

BUATE B A0 3 19 )5 2 B, AR ) iz 3 0] 3
[T A W v S 1 M R S B  BE Y R A N 22 RS R S5 @G
f A2 T8N, X AT L 6 45 i i =0. 350
M1 =0.875 0F ZI ry )00 Ab B F O LA . LA
BRI I ARAETE N s s A, R B )
SR KA, R R A T R,
%t 7 =0.380 ~0. 500 B5f B N, Real 51 F 1) 2
J3 e Normal i £ T B K, 31X 32 22 52 K G Inf Be Iy
AbF R OSSR B, 8% b TR B RS R
Wk 65°, & &k o, ¥ 7+ ol B 1) b Al 15
Real 15 JE T A R W/DN 3% Sy 23 4 H ™ A 1
25 J1 1t Normal 15 JE F 19 K, JF H I B 46 T+ £ 4%
KB gh ot 2 512 i K, 44 1
w2 MR E, B LLILET BE Y Real 158 T 1926 05t
Normal & JE T B K,

T T2 S R BN S o, il T R .
FE 1 =0.380 ~0.500 A B P, ¥ 5 A F R 4A 45 R
(=S I E ) o K NS = = S ) A N N e A P2
T TSI 125 - 4 40 3 - 1w A4 B S Y
BB SR Z Wl 0 5% s 23 5] A —A> 583 e 1] b 1Y) B
INEL 3y 2800, 33X A N 23 il KBl T kAR R
&l 825 th 1 AL B SH A 411 By ik B v e — I 220 | o7
N AR R E LS E 2 —F R
Z38 B R 1] 57 Y40 3o I e f o, 338 LA
W w, 58 7 s, Al MRERE o, 75
fEL 2 NMIER i @, 5§ w, o H A #E 0 & w7
] (A A5 58y Bl 5% 2 A AR . X A B
SRl 8N 2 X B Ty e R RS 2R oo 1F | RIS#H

K6 2 FgRBmfE i =0.350 F1 7 =0.875 i %l
r ) TR Ak P B 9L 2
Fig.6 Streamline plots at spanwise location r, at i =0. 350 and

i =0.875 of two types of wing-tip trajectories



212 3

AL HLF W

AR A 0RO 2 B R 2607

B 7 HFL BSB89 36 T A B 6 BE 4946 T1 A
£
Fig.7 Curves of deviation angle and non-dimensional

deviation angular velocity of HF1 in real wing tip trajectory

PR 8 A% A B Tl 1y B 38 R U R
Fig.8 Schematic diagram of angular velocity

vector in different axes

RPN T A8 F- 18 70, W e, F8 1)y BlOE Ty
], (A5 A LA % sl i CER , DATT £ 26 7 38
AT 6 Rt w, 6 10 y Bl 6707 [, A A
TR B B ROR , T2 T 98070, 31X 5 22 Hif Y BF
Fe MR

MEL E 5 HT Al LA i, Real 1R AE R HARY
T2 843 7 A2 092 77 1 Normal 1576 F K H R
ARG 2138 4 ZE b Normal 1578 F /b, B L #R —
ANJEIN 2 M T AR s 2 5, st T
4 N pia e bk 2 Fpig e T Brxt Ry 9 2K 5)
TRBGER K 1 fion, v LEW, X F HFL,
HF2 F1 HF3 36T+ 09 fE A0 457 25 00 R 800
BT 24 16.4% 10.8% F1 11.8% , Ui B 35 T}
R FEAE AR AT R A8 R, 6 341285 g i 15 R
AT ESAE ML A HF4 (226 ) R A
WAL, X B HFA A6 40 3 A2 o At
3 N R AH R, BT 4 T A A A A AR A R
72K, Real 1578 N 1928 J) 1t Normal f§JE F K;
b4 2k #2 by w2k BRI M o ol (L
Kl 3), HUGES B 46 T A 3R A Ry 1 {H, 3X {45
HAT R fA R Normal 17 58 F /v, 77 A 19 2%
NG Z XS — A 40 2h JE 17 35 26

1 A0QWR2 HBRYPIBHFEHENREMTEY
KENRE
Table 1 Mean vertical and horizontal force coefficients

of four hoverflies in two types of wing-tip trajectories
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Table 2 Ratio of aerodynamic power coefficient to
mean vertical force coefficient of four hoverflies in

two types of wing-tip trajectories

Cw,u/CL
R BRI
HF1 HF2 HF3 HF4
Normal 9.00 8.82 10.14 10.63
Real 8.69 8.45 9.88 10.22
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Effect of wing-tip trajectory on aerodynamics of hovering true hoverfly
MOU Xiaolei'"*, XU Na’

(1. School of Civil Engineering, Yantai University, Yantai 264005, China;

2. School of Mechatronics and Automobile Engineering, Yantai University, Yantai 264005, China)
Abstract. For the hovering true hoverfly, stroke deviation angle is relatively small. It is higher at the be-
ginning and end of a downstroke or upstroke, and lower at the middle of the downstroke or upstroke, which
leads to a shallow U-shaped wing-tip trajectory. In order to investigate the effect of wing-tip trajectory on the
aerodynamics, the measured wing kinematics with deviation angle (or without deviation angle) was used in a
computational fluid dynamics method to compute the aerodynamic forces and moments acting on 4 hoverfies.
Streamline of the two types of wing-tip trajectory was plotted at spanwise location in the different time of one
stroke cycle. The aerodynamic power requirement was computed using the aerodynamic moment. The power
coefficients and mean vertical force coefficients of two types of wing-tip trajectories were compared. The results
show that the weight-supporting force with deviation angle is approximately 10% larger than that without devia-
tion angle, but the power requirement with deviation angle is approximately 3% less than that without devia-
tion angle.
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Fig. 1  Structure schematic of missile electromagnetic relay
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Fig.4 Major structure and photo of storage degradation testing system for missile EMR
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Table 4 Best regress degradation model and storage life prediction results for storage test samples
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Table 5 Storage life prediction results of missile EMR
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Storage degradation testing and life prediction for
missile electromagnetic relay
WANG Zhaobin"** | FU Sai', SHANG Shang' , ZHAI Guofu’

(1. School of Electronics and Information, Jiangsu University of Science and Technology, Zhenjiang 212003, China;
2. Postdoctoral Research Station of Mechanical Engineering, Zhejiang Sci-Tech University, Hangzhou 310018, China;

3. School of Electrical Engineering and Automation, Harbin Institute of Technology, Harbin 150001, China)

Abstract. Missile electromagnetic relay (EMR) is one of the key electromechanical components used for
signal transmission, load switching and circuit protection in defense weapon system. How to reliably evaluate
the storage reliability of missile EMR has become the most important problem that is urgent to be solved. This
study used missile EMR as research object. A new method for testing storage reliability is proposed by per-
formance parameters degradation. The test and analysis system of missile EMR storage parameters was de-
signed and developed. Based on the analysis of parameters changing in storage degradation testing, the model-
ing storage reliability method of missile EMR is extensively investigated. Prediction parameters preprocessing
method is proposed which is based on time series analysis with wavelet transform method. And in this way, the
prediction accuracy is increased. Parameters of the storage degradation model are estimated through the regres-
sion theory, and the storage life of missile EMR under normal stress is predicted.

Key words: electromagnetic relay (EMR) ; contact resistance; storage reliability; degradation testing;

autoregressive moving average ( ARMA) model; wavelet transform; life prediction
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Eisg /(%) 6/(°) d/mm PST

BE 35 +9.3 50 8.76 x10 ~°

T2 MEXBBUTHER
Table 2 Design results of baffle

28 K /mm &% K HE/mm
HfH 260 150

K3 AP A
Fig.3  Structure of baffle



2622

R AP RS 1 A NI NI S S ¢

AL 4
EEEE 2016 4F

8 FE 20, 54 6 B0 T 1G] BE , 44 0 BF i 181 JC 70 14 5 45
¥ 00 A P T A 2, 500 B 2 R BE , 400 B
AT J1 3205 45 0 T 2 4 T30 A R, 4006 36 15 i
BUARE— 5 #A B2 , P56 0 S 181 A7 70 3005 A5 Al IV O (B
HEAR M E B O A BEMR— E A HOER
A
2.2 GHFHEERRE

O PR 3 2 3O 2 A GE A OG0 il (1 o 22 5
B, He— e o FLAR O B R 37 0 BRI 2R OGO
B o — MR UL, L AR BRI RE 8 B4R R B 2 /O
S F T B, FLAR I BB 5 A0 AR T, A% OG0 il 1428
UG AR, FLAR G BRI B 5T A OB 0
AE 78 22 5 P37 016 PR T R AR D S R G — IR 1R
s R R OC B R T A RO >
EabiRE R L A SR BURIDE Y R LR
JCPRAL T AR 3 R F B At AR T, FLAR O R A A
P RGBT, AF T 2HOC S, Bt R4
AFEAE AR, AR o T R, TC k7 v ) (R Bl
Gomi i BB O NI, RGN 3 B
BT i LS LSS R X JE T OB AR I T, L
R Z ORI BB F R A S OEL R B
B A BOE , A58 A F T Ob REH A O
DRI, A Sl 2o 23 A7 't 57 R S8 A Al MR P D 2B
WRAE R EG 5 RGN I G F A /N AL B B
THHAABOEE R (55 S A @ sinr) , ik 4 froR,
H T O L AR /DN, BE 68 fie R BR 2 3 BH 44 0L 373 4
B, F I AR5 5 R 7 B A NI 2%t 't
Ja, CORHER T O ARG T (5 S &
) A USSR m, l/b T RS R R

4 HAHOEER

Fig.4  Stray light elimination stop

T K, B AE % B 8 19 P S e O A
FIT 2% Z G 2 BOC Rk . Horr, < s i
SE SR MO 2 GeA502 18] R % 1 HE iR B A 1
2.3 XERELE

T 2 B BRI TET 6 AL 45 4 2 T 240 il 45
G B, W G M F T, B G R A
B2k RS T HE W 5 BRI IR 2 180G, B M
1%, DRI , 5 3 gt X 6l 3 1T 1 WL DL 285 ) 2% T
BEAT T 20T, R 3 2 (] AN I 3 v
S R BT A BN B 0 G 3 T R i R A ) 0. 9
A_E W LB 5 H 2 T A 5 A A 2 O

3 (hESH

ARSCR H Lighttools {11 X A 80 Ik 4% #E 47 1
BT BB, B R 45 A 3R Y 3R T R AR E AT
B, b O EE R E SRR, g R
BEE N 0.98, SR E N 0. 01, R B EH N
0. 01 5 & 't B8t B2 Ay i S S 45 #y e i, FE I iR
BEE N 0.9, 18 AT REE N 0. 1 EHILRGE N K
SEASFY R AR B E N 0.9, 18 ST RULE N
0. 1s FLARHUMR S, F4 2 TH1 % IR AR 0F P 4 R i ek
TS BOBE PEEAT B . S8 B IR BB S, Light-
tools R PF L LA MRy 1 AZ 26 L L, RE A5 il A2
BT RORT BE R . TR BB R AR HOL I i
Hh, LLASTR) A B 5 I, B OR824 HIOE 4
(PST) fiE 1 . 34 i T APt B R HO6 3R H]
55 2.1 5 4 PO R BCTT 25 R I A [5] 6 0 A Y
B BURRAR (1) PST 318345

H1 Lighttools 262k 18 78 45 R n A1, A2 B
for B CHL AR B8 B A 28 0 1 D' B PN BE — Y A B
IR — Z A HOE , B3k 18 R Y 2% O T 2
T JE A B4R 28 5 PG ER 22 U I B 38 AR T J
M2t a3 PF B g R, 450 11k
AT BOCIR G TT 11, W T O B S T A
o, AR T4 T $EER T 4544
5R I 25K IV ek 1 £ B 5 5T AR B2 el 2D
TP E] 22 OB B AR R R 2R HOE  H

x3 AMEMPSTIHHEER

Table 3 PST calculation results of four structures

PST
gk

35° 40° 45° 50° 55° 60° 65° 70°
1 9.95x107%  9.67x10°% 8.88x10"* 8.26x107% 8.03x10°% 7.49x10* 7.21x1078 6.34x1078
I 1.16 x107%  2.65x107% 2.69x10"%* 2.60x10°% 2.53x10°% 2.46x10"* 2.01x1078 6.26 x10~°
m 8.57x107° 8.20x107° 7.63x107° 6.85x107° 6.64x10"° 6.42x107° 5.34x107° 1.25x107°
\Y 7.69x107°  7.44x107° 6.82x107° 6.51x10"° 5.76x107° 6.03x10°° 5.11x107° 1.07 x10~°
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Stray light suppressing technique and simulation for star sensor

LI Yang™ , LIAO Zhibo, MU Shengbo, ZHANG Tingcheng

(Beijing Institute of Space Mechanics & Electricity, Beijing 100094, China)

Abstract . Star sensor used for deep space stars exploration is a faint signal detector. Star sensor is sensi-

tive to slender stray light, and therefore, the stray light suppressing ability is a key influencing factor of the ex-

ploration ability. Through the point source transmittance ( PST), the suppression indicators of the star sensor

are calculated by the standard of the target brightness which is detected 7m. 5 stars. Based on the standard

evaluation, an effective suppressing technique is proposed, which includes the design of baffle, stop and spe-

cial artificial processes for critical objects. In the end, the simulation results are analyzed and calculated with

Lighttools software. The results indicate that the stray light suppressing technique is effective, and the results

can meet the needs of detecting 7m. 5 stars.
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Table 2 Configuration parameters in stowed condition
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Deployment accuracy analysis of planar satellite antenna with
joint clearances
DING Jianzhong' , WANG Chunjie' > "

(1. School of Mechanical Engineering & Automation, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

2. State Key Laboratory of Virtual Reality Technology and Systems, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: Planar folding satellite antenna deployment mechanism is widely used in the field of astronau-
tics. It has a large and complicated topology structure, which is composed by joint-connecting rods. The exist-
ence of joint clearances makes the analysis of the antenna deployment a tough task and contributes a lot to
pointing error. A matrix modeling approach is proposed to solve such kind of analysis problem. The complex
multi-loop structure of a deployable mechanism is divided into locking mechanism and single-loop mecha-
nisms. The accuracy of each mechanism is calculated separately to make the computing easier. Finally, the
maximum pointing error of the entire deployable mechanism with a specific structure is calculated to be 0.067°
by a particle swarm optimization algorithm, referring to the accuracy analysis results of locking mechanism and
single-loop mechanisms. This proposed calculation approach is of high precision and the maximum pointing er-
ror of the satellite antenna deployable mechanism can be obtained efficiently by the intelligent optimization al-
gorithm. It provides reference in error compensation design of the deployable mechanism.

Key words: deployable mechanism; error analysis; joint clearance; kinematic analysis; particle swarm

optimization algorithm
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Fig. 1 Description of ray tracing problem
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Convex surface ray tracing based on adaptive cutting surface adjustment
under exact normal vector

LI Yaoyao, SU Donglin® , LIU Yan, YANG Zhao

(School of Electronic and Information Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: Electrical large targets are difficult to be accurately and analytically expressed and thus it is
difficult to use uniform geometrical theory of diffraction ( UTD) method for field computation. Aimed at this
problem, a novel creeping ray triangular mesh tracing ( TM-tracing) algorithm for arbitrary convex surface was
proposed. Based on practical engineering triangular mesh and its protocol, a net-like triangular mesh data stor-
age list which meets the rapid multilateral search criteria was designed. A high accuracy normal vector algo-
rithm was proposed to satisfy the tracing requirement. Then a dynamic adjustment of the arc cutting surface fit-
ting tracing method was proposed to realize creeping wave tracing algorithm. Finally, combined with UTD,
shadow field value solving algorithm was realized. Aircraft-based ray tracing results show that TM-tracing algo-
rithm can be applied to arbitrary smooth convex surfaces including sphere, cylinder and cone. Tracing speed is
2.8 seconds and deviation is less than 1.61% . It shows that the proposed algorithm has an application value
in engineering.

Key words: triangular mesh; uniform geometrical theory of diffraction (UTD) ; ray tracing; geodesic;

creeping wave
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Abstract: The development of hypersonic vehicle is a process of multi-product and small-batch produc-
tion. In order to reduce the cost of experiments and decrease the period of the modeling of hypersonic vehi-
cles, model migration method is used to calculate the aerodynamic parameters of the vehicles with similar
shapes. First, a method for assessing the similarity degree of hypersonic vehicles is explained. If the similarity
of the hypersonic vehicles is sufficient, the model migration method will be used in the modeling of the new ve-
hicle. Then the first model migration for the new vehicle will be expatiated using the aerodynamic parameters
of the base vehicle based on the hypersonic similar law. The method of offset correction will be applied if the
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rameters of different altitude. The effectiveness of the model migration in modeling the vehicles with similar
shapes is verified by the simulation.
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Minor loop dynamic Jiles-Atherton model in
giant magnetostrictive actuator

GAO Xiaohui, LIU Yongguang, PEI Zhongcai”

(School of Automation Science and Electrical Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract. Hysteresis nonlinear relationship between input and output exists in giant magnetostrictive ac-
tuator (GMA ). In order to lower hysteresis nonlinearity of material, minor hysteresis loops are often applied
when the high frequency characteristics are studied. Therefore, it is very important to research the mathematic
model of minor hysteresis loops. First, the dynamic hysteresis model is established combining Ampere circuital
theorem with giant magnetostrictive material (GMM ) and structural dynamic characteristic of GMA, which re-
gards exciting current as input variable and strain as output variable. Then, the laws between model parame-
ters and hysteresis loop characteristic are achieved by simulation and minor hysteresis loop dynamic Jiles-Ath-
erton (J-A) model is proposed through modifying the model parameters according to the error characteristic
between simulation and experiment waveform. Finally, the mathematic model is proved at different frequencies
and exciting currents by experiment.

Key words: giant magnetostrictive actuator ( GMA) ; dynamic; Jiles-Atherton(J-A) model; minor hys-

teresis loop; parameter modification
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Fig.1 Structure of inducer with helical static blades
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Fig.2 Planar cascade for inducer with helical static blades
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Table 1 Main parameters of inducer
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Table 2 Main parameters of helical static blades
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Fig.3 Computed area and calculated grids
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Fig.4 Comparison of numerical calculation and

experimental curves of inducer
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Comparison of static pressure on suction blade of inducer

TR |9 Ly o =R I T A o S
UELTE 0 RTE L LA DI R 2 A R AR 5 Y R
W, I X A AR

R T HE— 25 oy B W E b R O Bh 7 IR
i L e BN W N el T = 1 B I R R 2
EAL T 3 AN, L4 0 R R R v L i 8
Fios o MR LA 3 A3 A A7 7E B B A
A A P - - TR S S NN B )
XTAE R T 00 3 B 48 % {8, BPA EJR] 3 o T
(T

19 g5 T4 19 HL A 0F LU L, Ty AT 70,0 50
S S B TE 5 I ) 15 R R R DR O R e L Y 3
AR, LRMRTE S 5 R R K,
S T, R R LT WE o] L
B, 2 MR E S B A U R /D A
T R, HENE T ME 8 nLE W, T
[ 37 A P 2 o, (475 3 0 B M 82K 3 L 5 B0
SRMME T, R E Q=33 L/s if, fl
B K63.9% |, BF /N 13.5% 146 14 0 1 I
JEE R T A R AR I R, e B S
V5550 1 T A R R .

P75 S5 Tl ) 3 0 A R
Fig.7 Axial velocity distribution and streamline on

meridional plane of inducer

Pl 8 MR U P9 09 3 B R

Fig. 8 Velocity vector in helical static blade channel
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Fig.9  Comparison of torque for inducer
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Table 3 Head of inducer calculated by different mesh
numbers at NPSH =5.70 m
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Fig. 10 Static pressure and cavitation distribution of inducer
inlet calculated by different mesh numbers at
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Cavitation performance of inducer with helical static blades

LI Xin', LI Jiawen" ", WANG Jue’, LIU Zhongxiang’

(1. School of Astronautics, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;
2. China Academy of Launch Vehicle Technology, Beijing 100076, China;

3. Beijing Aerospace Propulsion Institute, Beijing 100076, China)

Abstract. In order to study internal flow pattern, the 3D flow in inducer with helical static blades is nu-

merically computed by using the computational fluid dynamics ( CFD). The suction and cavitation performance

of the inducer are analyzed. The results show that the head increases with helical static blades, while the effi-

ciency decreases resulted from the strong backflow in helical static blade channels. As the inlet pressure de-

creases, the cavitation develops along the radial direction, which is influenced by the centrifugal force. The

choked helical static blade channels delay the appearance time of blocked inducer, so the cavitation perform-

ance of the inducer with helical static blades is improved.

Key words: inducer; helical static blade; head; backflow; cavitation performance
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Table 1 FEM results of normalized tensile stress of

cell walls in stress concentration strip area

oy /os
x/w
n=4 n=>5 n=8
2(2.5) 1.265 7 (1.365 1)
3(3.5) 1.252 9 (1.325 9)
4(4.5) 1.195 1 (1.249 2) 1.628 5
5(5.5) 1.146 7 (1.188 0) 1.528 0
6(6.5) 1.112 3 (1.144 5) 1.403 9
7(7.5) 1.088 3 (1.114 1) 1.308 9
8(8.5) 1.071 5 (1.092 7) 1.241 4
9(9.5) 1.059 4 (1.077 1) 1.193 5
10(10.5) 1.050 5 (1.065 6) 1.158 9
11(11.5) 1.043 9 (1.056 9) 1.133 3
12(12.5) 1.038 9 (1.050 1) 1.114 0
13(13.5) 1.034 9 (1.044 8) 1.099 0
14 1.087 2
15 1.077 8

P4 N0 4w R DX BE A o A ar 1z ) 3 A
Fig.4 Normalized tensile stress distribution of cell walls in
stress concentration strip area
R2 BEBHERENNEUERE
Table 2 Fitting error of x-directional tensile

stress of cell walls
%

N5 n=4 n=>5 n=28
(3) 0.04 0.07 0.19
X (6) 0.40 0.66 1.80
#H(7) 1.98 16.10
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BT M x=3.5F] =7 Y8 w055 BE PN RN S
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R I AE y = 30 B AL, FF A A AR Fib
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BS ~ 1817 J 7 Sy AN T ik 2k BT 26 18 4% o
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Fig.5 Tensile stress distribution of y-direction

honeycomb walls with defect of m =3, n=7
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Fig.7 Tensile stress distribution of y-direction

honeycomb walls with defect of m =5, n=1
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Stress concentration analysis of honeycomb with missing cell walls
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Abstract: A kind of defect with some of the cell walls missing in a honeycomb structure causes the loss of

continuum of the honeycomb, and thus results in the stress concentration around the defect tip. Combined with

the finite element and the analytic methods, this paper analyzed the normal stresses distribution on the cell

wall at the defect tip in meso-scale. The finite element results of the tensile stress of the cell walls are obtained

first. The results shows that the x-directional stress distribution in the stress concentration strip area fits the

probability distribution function of the quasi chi square distribution. There exists a band zone in which the nor-

mal stress is much higher than the rest of areas. The distribution of the normal stress of cell walls conform the

in the band; there also exists a critical position at which the variation trend of distribution function inverses;

secondly, the relation between moments of cell wall and the number of the missing walls is analytically re-

searched. At last. a prediction equation of the bending stress is developed and the influence of defect shape on

formula is analyzed.

Key words: honeycomb structure; embed structure; defect; stress concentration; finite element method

Received: 2015-12-17; Accepted: 2016-03-18; Published online: 2016-04-15 16 .56
URL : www. cnki. net/kems/detail/11.2625. V.20160415. 1656. 006. html
* Corresponding author. Tel. ; 010-82316747 E-mail: xiping@ buaa. edu. cn



2016 4 12 A
WAk 12

tTEMEMRKXKEZER

> p
dtﬁ.-ﬁ' ‘f& December 2016
Journal of Beijing University of Aeronautics and Astronautics M8 52 | vol.42 No.12

http ; // bhxb. buaa. edu. ¢n
DOI. 10.13700/j. bh. 1001-5965.2015. 0844

AEEEA = ARSI HEEL

iéc;k‘ B, x|, BT, 56
] E.XABEENN T EHARTI AR EHRA-ARZNFA TR N, AL HE

(bRt MR K2 s Bl 5 TR %R, Jbat 100083)
I R N LV = 8 N I A N T LA W T N e = R (e 4
SEWARNTAD N ELMZE A, IR FHO T RO A ERFEE E T A NS
MR, EEARNERATEAN, AR FFERTBAD AR ENNELR . FAEHRAT,HL
FTERAHBEMNEARBEFFEANR)  MAERAT , AT ERLRI AL R0 AL 8

jbuaa@ buaa. edu. cn

KB

X B W, FWRA; AR, BAMERNL; WRE; LR

MESES. V211.3; V19
MHEAARIRED : A

IR Tz N T LS AP A
A3 BIL L BB o3 b P R & AL, B T AR
(9 J5 B A 0 Fl . 7R K 26 TRML I R [ B, TRALIY
SBR[ 3 2 DR b T A A A A [ TR
AR R R LR Z R
By B, B 58 AS (8] I 458 A = R 38 AT JR) 1 M T 2800
(B350 R PR XS A R AT Z 2 A A B LE
SC, [ ox A Jr 3 G b A 4% 28 TRAIL Y A R R 8
HEhRMAERARIEL .

ERE R E SISO ol E R RPN
5% FE AL EEL A 1l 4, AR 408 O 2l 45 i G AT L3 o 5K 1)
HOASCRIJE ) s A, S B AT, B
=AM SN ) TR 5L e ML Y, H M
RUE T or s B Ry R, H FTA ¢ = A 32 1 2
RIS FEEE R AT I g A0 XU I T R e A Y

CRATIN Ty 75, AR A e BT A
1T i AT IR I AT Y = A B A SR A LAY A
R Bh A 2. Bk AT Bl 5 7 Bk,
Schweikhard">? fil Baker 22 /3[4 T F-104 . XB-70

NEHS: 1001-5965(2016)12-2669-07

Al FSD-1 9 Mo 2 < 3 $ %, Corda 25 i & 1
F-15 4 31 20 < 3h 4% , Curry”' I T F-16XL 114
W SR, R R E B R AR K
LI THBE 7 RV Sk ) 6 e 25 0 M 26 B 1) R IR AR 46
P B 3810 5 = A R 7E B S ML R IR B N
B BN TSSO T s . TR
FTAR 96 T B 5 0 PR 2 42 i, KR 0 A 6 e SR
LTI | R O S [ IRl o e M A
Chang ™" il Lee """ 2 % 4 Ly A28 11 KU b 28000
TR B — A W T O A Y Mk AT I g 4

CL A BT 52 2 W, o %t = A 3 4 R < 30
RSSO 208 s 28 (R, B R AT IR 30 A1 XUR
BRI LT WA W R B R B . B, Qu
25 SR B4 B0 7 YR BT 5T T AR T S o =
FA LR VFE-2 76 20°30 /1 B 8 25 #2058
KB ph T IR T O A B A 5 v Y A1
T 3K, T 2 1A B4 3 332 B B L 0 XU b A TE
SR80 5 [0 A 30 XU T R 17 3 3 i 494 A ) 4
B TR I IR R 5 IO I 1 1 B S A A

YRS B EE: 2015-1222; A HHE: 2016-03-18; M4 HARATIE : 2016-05-03 16:51
M 4& H R b4k : www. enki. net/kems/detail /11.2625. V.20160503. 1651. 003. html
EE&WE: FEAAFHEEAE (11302015, 11272034) ; fiizsFl2# 34 (20152A51012)

= BIWAEE: Tel. . 010-82315463 E-mail: qql@ buaa. edu. cn

SIA®ENX: 2=, ik, BEMk, € FRAEHAZARNBIHTHEHEAENI] LFMEMRAFFH, 2016,42(12) ;
2669- 2675. QINY P,LIUP Q, QU Q L, et al. Numerical simulation to static ground effect of delta wings with different sweep an-
gles [J ]. Journal of Beijing University of Aeronautics and Astronautics , 2016 , 42 (12) : 2669- 2675 (in Chinese ).


Administrator
全文下载

www.cnki.net/kcms/detail/11.2625.V.20160503.1651.003.html

2670 | R [ N N S < 4

A fi S 4R

2016 4

TR, ik WU DR] DAy 30 1 A5 J3E £ 4% 56 T 412 AT s
o Xk eI XU T s g 3 i) BR 23 RE IR I g 3
AR AL, M R KB g B R 2Ok A
U T RR . SCHR [ 13 T AL 3T T VEE-2 75 M
BT B 2e AL, i B — B4 8 T A3l
AT 5 B TSI HLEE

RARCA I =MW LT 245
i, B 5 B 6 = A B M Ak R 2 e ML R
KA RGHIE . EREE ARG = AEA G 1
To 53 5 i HE A A THT Y FA3E DRI XU TET B4 8 U X
AP EBOR 220 o W IEAN R 35040 =40 32 10
ROASCRUE R T J5 0/ Ay 35°.45°.55°
65°.70°F1 75° ) - = 3 09w A Rk, IF
T AR TERR R

1 &A%

L 25 T B ASEEL A AR B A iy 2 — # 3L Ao
B HARBZAC CR 24 0.49023 m, R {E ALK it 1
AL Ma = 0. 2, & T 38 52K /9 & 80N
1.5 x10°, fiy F = A 3 A5 Jm) 119 62 8 300 30 5 7E
9° ~ 15°Z [a] , It LAAR SC I 72 3 A O 12°, 9K Jm WL 4¢
JE A A X = A E BRI, B HE
SRy = AR R 2 B M T A R R TR M
57 H/CR 50.1.,0.2.0.4.0.6.1.0 f1 10, Hrp
H/CR =10 fRE£ T LAWY .

B =R AR B

Fig. 1 Sketch map of delta wing calculation models

BUE AR F B 5, T3 s 5207 1,
HEARSR 23 DX 5% 14 95 ) IO A, A5 7R 4 ) A 31 4B
5RO Y B = A 3R R AR S R
A 2RI IET 2 (a) A 2(b) FToR

AR 3Ci# i ANSYS FLUENT 14. 5 % H A R ik
BRI SR At 78 W O AT TR 48 RANS J5 o H vl it At 52
P Spalart-Allmaras (S-A) 8 J5 B v 1y
X R B 3 R IOk 5, O R
4 Hh o 22 23 1 HIORS 5, R R R T R SR A R
M SIMPLEC 83k o Z BT LAEHF S-A Ji i 2L, 2
PR R E 7 3 L A A R = A B

FEPN G . TN S-A Ji A A, = ff 3
BETZE 1 2 Mg y " =1,

VO 8118V Q|7 = Nyt g i N T (ST S
PE,ARSCR I ERIFE R T R
(H/CR =10) 2R HiI % = A B A5 18 VFE-2 7£ % £
20° R SR, T SRR A5 R AT TR L. Hirt
K% % A Coarse  Medium 1 Fine 3 2 [ #% , %
B HIR 3.2 x 10° 4.5 x 10° Fi1 7.8 x 10°,
B 2(e) AU T AR A% TS 0. 6CR i B i 3
TE B [6) (9 1 1 40, [ Ik 48 oy T 3k o 48 1 ) DL fe
XU, C, s BB Y R O 1 A AR, s O
M A AR R, R R T IR AR A

B2 =3 R0 POAR b TSR T R R AR
LA B 0. 6CR A7 5 ¥ 3 1 & ) (49 i g 23 A
Fig.2 Surface mesh topology, dimensions and boundary
conditions of computational domain, and spanwise pressure

distributions of delta wing at 0. 6CR



212 3

AL 4R
B, % R 5 R = A A2 M R gt | I 5 2671

£ E Y B SRR AR I A T AR SO
A, Medium F1 Fine [ k% 50 /Y H g 45 2R AH 22
AR, M Coarse WIAE X — YR IR o7 B B9 & 1a] He S B
JEF ok i , AR RO B b . MRS BaR 2R A
SCo 2 AR T B A B S M i R Y R RO
700 J3 &) 550 J7 , Y Ab7E Medium F1 Fine X #% %05
Z 1), 2 10 s 5 2 m] B

2T PR SH 0 TSR 0 2 = A A G Y
WF5E Bk TR 8] B A% 3 b 45 F, an H-H
AT 0-H A R C-0 AR B AR B RS 4R
FINRT E A AR AP 25 2R 1 52w B/ o T B Bl 1 A
g6 TRLRE B AE T Y R R A Al R T KU TET Y T O
FRAE b2 dE T o

2 HEERSHH

2.1 KOs w
AR TCE SC= A SRR 3 X T AN XU Y T
B GidilV)
1 o
%_0’5‘)7[]2@551‘5 [—(PS —Pm)n +T:|]dS—
1 WitSLe
I:' CL Wi + CL Le
C1 , .

1
CERTE B P P T
1
]

2
0.5pU, S

Wi

1
H.. = - (P. - P_)n +7]jdS
Lo QSpUiSJ[ (P, =P, )n+r1lj

Kep Rz B U, NI BT J7 R L B S
Sy MUS, o3 5l S 2 2% T AR XL T KT A T

B PR P, 53 # R M2 2% 5 7 5 n 1 T Y
AP ) BT ] 55 S YT D) 5 S T D0 5 ) Y B
B &, B &R B M2l ny oy k17 e X

K3 45 T RFG3Mf — A RS AT
S M g, nT LIS B, A6 Bl M — ff B ik
A 30 AT R XU TED 4 T BEL T X T S R R Y
R R . R = MBS ) 20k B KT
RPN  E RO = A 3R B ) 3
D) 5= 2 fy 30 XU TR L XS © A ST R — B
SR, A SCHE AN 50 Ji5 358 A 6 = A 35 i 20 1) 52 0
M3 Rl L MR = A B AR XL T A XL
T (% 7 BHL 7 3 S 349 B S AR 00 U0/ T 4G K, AR S
K X e At — 25 A T

HH T30 7 F AL 7 1 5 b e ) AR AR L
Ak, BT LA AS SCXF L 43 B 1E R B R
H/CR =0.1 1 H/CR =10; 8 T W25 35 A % =
1 3 S MR 52, X G o BT B R A B AR )
i A A 35° 55° 1 75°,
2.2 BRERFHES

ETF MG h b 5 A0 w0y 90 AU Ui
Bl R [R) RO 32 B ] 55, 300 R TET X 30 A B T 7R
FH R, 25 J 3 XU T P R 13K, tn gl 4 (a) |
El4(d)FiE 4 (g) iR, K b & G4
/N, = R R XU Y S BE O B O an i 3 (b)
M 3(e) iR, ZFERHM A =35°MHA R
B AT R AIG , G 3 R i B 20 S 2 T AL 3
KFEB S50,

B3 ARG A = A A S AT B0 s ek

Fig.3  Aerodynamics of delta wings with different sweep angles under static ground effect



2672 | R [ N N S < 4

Ae AT 4R

2016 4

e 4(b) & 4 (e) A 4(h) JE7R T 3055 35t
fiy = M FWAGE H/CR =0. 1 T €, 71, i
T T W M R B R R T FE 0 B
P4 (o) B 4CD R 4 (i) 325 R T SR s
S0 = A0 B A R A A G €, RS C
W5 Xk = BAE H/CR = 0.1 F 19 JE 1 R
W = A RAEM H/CR =10 F 9 A5

WP 4 T L% B 6 AT A = A L
5 B H B B R IR, 3 T4 8 — 20 WL 0 R

Tsh , S B XU A R OR RS I RS A
P/ 0N BILFEL Y = 2 R 7 52 21 1) 553, b ok Xk 3 5l A B
A PR 8 A B 25 2R XU Y T
WEEABOR . RMTE RS ) B R = A 3
JRCTET F) 71 BH 77 38 25 6 35 i 300 AR B0 el /N T 4 K,
K13 (b) M 3(e) s
2.3 BRERZEES R

T AU B 3T DX X TR B A X B
NER KSHM T AR A NTS® 55

B4 A =75°A=55°F0 A =35° =M BAEL WG MEF ST W C, 201 = AT 8 C, 3 i = 1#
Fig.4 Windward surface C, distribution contours of A =75°, A =55° and A =35° delta wings in unbounded flow field with

static ground effect and C, increment contours of windward surface due to ground effect

5 SRS A = A 3R T S AT 2 BT R R B AR iR R 0,

Fig.5 Streamlines and streamwise vorticity w_ contours near leading edge vortex of typical delta wings with

typical sweep angles in unbounded flow field



212 3

AL 4R
B, % R 5 R = A A2 M R gt | I 5 2673

35 = MBEAT MMM IRA R iR E o, =K.
[PV &2 W (vt R L AN EE Y AU
mRAUNE — 2 HLARH £ d, % 5 A =0
LAY T 5% 1 L 4 U 5 MR GRS A 15 B IS 5 38 114
R MR 5 BE A 5 U B 2E— 2B AR, /N R 4 A
= A SR AT S TR = AR 3 XU R R A T T
2o MBSO AN TR IS S5 = A 38 XU B 1 Y
A SRR S PR o AW T SRR AR %
P

Kl 6(a) [ 6(d) MIE 6(g) s T LAY 5 4
= MEAETF R T KIER C, =&, WA
HRT L B, X T R ORI S T X
(L&) == ROR WA NR: NN L A e
LRI R 5 TR /N5 50 = A 3R UG, T X
T A2 A T IR AR 2L DG IR S g A T Tl B 4 R
S, LITETE 6 (g) i, FLW A7 T B AR, FL by T iy
ZR Y, W 3 L OCIE S . B A L X
TET B 7 BEL 7 i I 5 6 D80 /0N T 3 O, {EL 3 i AR
/N a3 (e) AT 3 () BT o

Kl 6(b) K 6(e) FEI6(h) Frm T A5 35U fA
=MEFNMAE H/CR =0. 1 TR RN T

45 O 3 56 5 XL T R 7 9B W T 6 () |
1 6.() FIFE 6(i) J % T = f 315 AT P b 2 7=
Y C R Z L

b 75 B B B RIS, LA R R i = A R
9 AT F) 2400 13 2 A B0 L T 240 % 6 3% Tk
B SR (AT 7 (a) FTEEL 7 (b) R ), 46 SR 75 K
T4 1% 7 S 0 0 40

HB I 6 (o) FIFG (1) T L4 % B, 75 3% F
25 5 AR /S G SR S 0% R 45
Sp AT 9 T BEL 9 4 ik 2 B B, W 3 ()
I 306 Bz .

ESNGE VBt WA SR R TS
T 4 188 i 25 B 225 1 I U 40 5 1 % 0 09 00
CHNEL 7 (o) 3 ), 45 S5 T 2 09 5 5 1 W ) W iz
TR, R BRI 6 (i) b, A5 KU L 1 JE S
B RPN IE 1 2 AN, SR RIG A AR
HoBe VR AN B0 A = A 37 LT 99 1 g 380 4
SR T HE R (R R H T R 9 T L )
BT T R R R B = A

L 4 () 4 (D) M 4() 5 6(c),
6 £) FIEIG6 (1) , 76 A F AE—J5 B ff = fi 31

16 A =75°X=55F A =35° =M 3AETC W G M S M T §XHE B C, 2048 = B LA ) C, 34k = &

Fig.6  Leeward surface C, distribution contours of A =75°, A =55° and A =35° delta wings in unbounded flow field with

static ground effect and C, increment contours of leeward surface due to ground effect



2674 B AN N i N N

AL HLF W

2 M 5 2016 4§

4

7 AREIEET «=0.5 4b3 m @ i m il o, = BB HBCSB0 it o, 385 = &

Fig.7 Contours of streamwise vorticity @, on vertical cross sections at x =0.5 of delta wings at different heights and

streamwise vorticity w_ increment due to ground effect

I XUTAT %) R 77 3 B R AU TET %) W 7 38 5 AH 25 18
K AL JRUTET e g 2 i o e AR RO KU
W 77388 B o AR, 25 SRR TR S A = AR R
BT B 1 TR 5 A XU .

3% @

-

A SCBER AN, T AN [ 3504 S AR AR — £
LI MR, 38 2 X1l S AN ) o A A B

1) fEHT , B = 1 35 350/ A9 08/, M
TETISEL 5 A P 189 A e 46 i S5 R T 4 <3 g B
LI

2) EHRCT R A A = A 3T Sk Y SR
JRE B8O AR B 2 T L 5 S S OR B T s TN S
AR Sk PR )N RO T B K AR
W F7 o SR RS 35U 80N 2T B KU
B B R

2 E 3k (References)

[1] QUQ L,WANG W, LIU P Q, et al. Airfoil aerodynamics in
ground effect for wide range of angles of attack[ J]. ATAA Jour-
nal ,2015,53(4) :1048-1061.

[ 2] CORDA S,STEPHENSON M T,BURCHAM F W, et al. Dy-
namic ground effects flight test of an F-15 aircraft: N95-33024
[R]. Washington,D. C. ; NASA,1994.

[ 3] ROZHDESTVENSKY K V. Wing-in-ground effect vehicles[ J].
Progress in Aerospace Sciences,2006,42(3) :211-283.

[4] QU Q L,JIA X,WANG W, et al. Numerical study of the aero-
dynamics of a NACA 4412 airfoil in dynamic ground effect[ J].
Aerospace Science and Technology,2014,38 :56-63.

[ 5] SCHWEIKHARD W. A method for in-flight measurement of
ground effect on fixed-wing aircraft [ J ]. Journal of Aircraft,
1967 ,4(2) :101-104.

BAKER P A, SCHWEIKHARD W G, YOUNG W R. Flight

—
o)}
[

evaluation of ground effect on several low-aspect-ratio air-
planes: NASA-TN-D-6053 [ R ]. Washington, D. C. ; NASA,
1970.

[ 7] CURRY R E. Dynamic ground effect for a cranked arrow wing
airplane; ATAA-1997-3649[ R ]. Reston: ATAA,1997.

[ 8 ] CHANG R C,MUIRHEAD V U. Investigation of dynamic ground
effect ; N87-24410[ R ]. Washington,D. C. ;NASA,1987.

[ 9] CHANG R C,MUIRHEAD V U. Effect of sink rate on ground

[

effect of low-aspect-ratio wings[ ]]. Journal of Aircraft, 1987 ,24
(3) :176-180.

[10] CHANG R C. An experimental investigation of dyanmic ground
effect[ D]. Lawrence,KS; University of Kansas,1985.

[11] LEE P H,LAN C E,MUIRHEAD V U. An experimental inves-
ligation of dynamic ground effect; NASA-CR4105 [ R]. Wash-
ington,D. C. :NASA,1987.

[12] LEE P H,LAN C E,MUIRHEAD V U. Experimental investiga-
lion of dynamic ground effect[ J]. Journal of Aircraft, 1989 ,26
(6) :497498.

[13] QU Q L,LU Z,GUO H, et al. Numerical investigation of the
aerodynamics of a delta wing in ground effect[ J]. Journal of
Aireraft, 2014 ,52 (1) :329-340.

[14] SPALART P, ALLMARAS S. A one-equation turbulence model
for aerodynamic flows; ATAA-1992-0439 [ R ]. Reston; ATIAA,
1992.

[15] MORTON S. Detached-eddy simulations of vortex breakdown
over a 70-degree delta wing[ J]. Journal of Aircraft,2009,46
(3) :746-755.

[16] CUMMINGS R M, SCHUTTE A. Detached-eddy simulation of
the vortical flow field about the VFE-2 delta wing[ J]. Aero-



AL HLF W

512 Z AW, R LR B = A R s s gt g, |V R 2675

space Science and Technology,2013,24 (1) :66-76. [21] CHEN M Q,LIU P Q,GUO H,et al. Effect of sideslip on high-

[17] QINY P,QU Q L,LIU P Q,et al. DDES study of the aerody- angle-of-attack vortex flow over close-coupled canard configura-
namic forces and flow physics of a delta wing in static ground tion[ J]. Journal of Aircraft,2015,53(1) ;1-14.
effect [ J]. Aerospace Science and Technology, 2015, 43 .
423-436. EEE T

[18] RIOU J,GARNIER E,BASDEVANT C. Compressibility effects ==l B, WA, FEFIE O A U RO s R Bh
on the vortical flow over a 65° sweep delta wing[ J]. Physics of J12%%
Fluids,2010,22:035102. E-mail; by1105116@ buaa. edu. cn

[19] RODRIGUEZ O. Experimental investigations on the VFE-2 con-
figuration at ONERA : RTO-TR-AVT-113 AC/323 (AVT-113) R I A w1 B v e e o= | TR -2 1 ey M I 2 L 1]
TP/246 [ R]. Washington,D. C. : NASA ,2009. NS KB 12 oK A B e A K S

[20] FRITZ W. Numerical solutions for the VFE-2 configuration on Tel. ;: 010-82315463
structured grids at EADS-MAS: RTO-TR-AVT-113 AC/323 E-mail; qql@ buaa. edu. cn

(AVT-113)TP/246 [ R]. Washington,D. C. ; NASA,2009.

Numerical simulation to static ground effect of delta wings with
different sweep angles
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(School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: In this paper, the static ground effect of delta wings with different sweep angles is investigated
by numerical simulation. The analyses of aerodynamic force and flow field characteristics show that in ground
effect, the “block effect” of ground enhances the windward surface pressure; with the sweep angle decrea-
sing, the “block effect” will be further strengthened, and thus the windward surface aerodynamic force incre-
ments due to ground effect increase. Besides, the leeward surface aerodynamic force increments due to ground
effect also increase with the sweep angle decreasing, but flow physics is not the same for different sweep an-
gles: for medium and high sweep angles, the leeward surface aerodynamic force increments due to ground
effect are attributed to the increase of the suction induced by the enhanced leading edge vortex; for low sweep
angles, they are attributed to the suction area extension, which results from the movement of the dispersive
leading edge vortex.
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Fig.1 Schematic of supersonic and transonic contra-rotating turbine facility
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Experimental research of 1 +3/2 contra-rotating turbine
aerodynamic performance

WU Zhongye', FANG Xiangjun"* | LIU Siyong', ZHAO Dayong’

(1. School of Energy and Power Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;
2. AVIC Shenyang Engine Design Institute, Shenyang 110015, China)

Abstract: Vaneless contra-rotating turbine is one of the key technologies of the high performance engine.
Experimental research was conducted to investigate aerodynamic performance of 1 + 3/2 contra-rotating tur-
bine. The experiment was tested over three phases: first the alone high pressure turbine ( HPT) experiment,
second the HPT and low pressure turbine ( LPT) with axial gap enlarging between them, and finally HPT and
LPT with normal axial gap. In the normal gap experiment, the condition of LPT was confirmed by HPT per-
formance curve by converse calculation. Research shows that LPT has litile effect on HPT performance; HPT
throat decreases while LPT throat increases, which leads to HPT expansion ratio increasing at the constant total
expansion ratio. HPT expansion ratio changes very little during the total expansion ratio varying; however LPT
expansion ratio changes greatly. The turbine efficiency is mainly determined by HPT, and the LPT is generally
relative low. Enlarging axial gap between HPT and LPT has little influence on LPT performance.

Key words: contra-rotating turbine ; experimental method; converse performance calculation; expansion

ratio distribution; efficiency performance
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Fig.1 Basic framework of multimodal data fusion model
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Abstract: With the rapid growth of cloud computing and big data, in addition to the urgent demand for
city development, smart city construction has become one of the hot topics of domestic and international com-
puter science researches. With the increasing number of closed-circuit televisions and sensor devices in urban
city, types of data that people can obtain in city increase as well. The city data has multimodal properties like
time dependent, heterogeneous, multi-source and high-dimension. How to make the multimodal city data con-
nected, related to each other, and interconnected to each other, and how to mine better and various informa-
tion for city construction become the key in this area. In this paper, we propose a multimodal data fusion mod-
el for smart city; the multimodal connecting growing fusion ( MICROS) model. We present our model in three
directions. First, targeting at multimodal data, we describe four features: multisource, heterogeneous, time-
dependent and high-dimension. Second, we construct the three-layer fundamental model structure for multimo-
dal fusion from bottom to top, including service-information description model, meta-data model and data-con-
nection model. Finally, based on this three-layer fundamental model, we propose a multimodal data fusion
model suitable for smart city construction.

Key words; smart city; multimodal data; data mining; data fusion; multimodal connecting growing

fusion (MICROS) model
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Fig.2 Verification of numerical simulation method

(V. =35m/s,a =40°,0 =90°,y =40°  Re, =1.54 x 10°)
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Fig.4 Locational pressure distribution for three perturbations
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Fig.5 Nose sections of model for pressure analysis
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(V, =35 m/s,a=50°,0=90°,y =10° ,Re, =1.54 x 10°)
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three perturbations at section x/D =2.5
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Abstract; The asymmetric vortices can be determined through setting the artificial perturbation on the
nose of the blunt body at high angle of attack. To study the influence of perturbation geometry on the asymmet-
ric vortices, numerical simulation was applied and the hemispherical, D-type and square perturbations were
set on the position circumferential angle 90° and meridian angle 10° respectively at the angle of attack 50° and
Re, =1.54 x10°. Tt is found that the vortex structure induced by hemispherical perturbation is shown as right
vortex pattern; however the left vortex pattern is shown for the D-type and square perturbations. What is more,
the asymmetry of vortex structure for the square perturbation is weaker than that for the other two perturba-
tions. The reason is that the separated flows from different boundaries of the same perturbation influence each
other and affect the asymmetric vortex structure. In order to determine the asymmetric vortices accurately by
setting artificial perturbation, the geometry of perturbation should be as simple as possible.
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of attack
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TV B BURE A 4k SR /0N A Bl e O R AR
fi] 38 J3E S D /) o

BLL H0 R A KHE 3 X 50 a5 30 38 i A2 4k
Fig. 11  Change of centroid trajectory under

different initial water-entry velocities

P12 i A K HEE X AR A 5 A 8 Ak
Fig. 12 Change of inclination angle under

different initial water-entry velocities

P13 0 hR A K GHRE X T B AR Ak
Fig. 13 Change of attack angle under

different initial water-entry velocities
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Fig. 14 Change of rotational angular velocity under

different initial water-entry velocities

1S 0 A 7 Rl o R 114 A Ak
Fig. 15 Change of axial velocity under different

initial water-entry velocities

16 WA A K HRE X 42 6] 3 A9 22 4k
Fig. 16  Change of radial velocity under different

initial water-entry velocities

3.2 (FE2

15 BT R A K A8 BERHIUAT 4 A KBS o A
IKINUG A TR DL %, = — 1 m W HR A K 8 8
20 m/s; W) 46 % 2 A T O 0 rad/s; 0] 8 AR R
0°; W #k A K f1 B2 73 53] 10°,20°,30° ,45° ,60°
70°.80°, i HASAR WA 17 ~ B 22 FiR

K17 WA A K AR BE X 5O iz 3 0l i 22 4k
Fig. 17 Change of centroid trajectory under different

initial water-entry angles

[ 18 %1k A K fR BE X {6 A4 £ BE /Y 22 1k
Fig. 18 Change of inclination angle under different

initial water-entry angles

19 )4 A K A B X T 72 1
Fig. 19 Change of attack angle under different

initial water-entry angles
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XF LI 17 ~ 18] 22 ml g AH R A K BE R, A K
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BEAS R A /N X 0L AT Ay AR [v] T2 JEE AR AR AN
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Fig. 20 Change of rotational angular velocity under

different initial water-entry angles

P21 HhR A K AR e Xt e R A AR AL

Fig.21 Change of axial velocity under different

initial water-entry angles

P22 WA A K F B A2 ) B2 9 2 Al
Fig.22 Change of radial velocity under different

initial water-entry angles
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AR/ Bl i T EE T /)N A 1) T JEE 4R 25 R A
KA BB, Sk 58 4 A K I B) B B Sk D4
A FH A ] AR 0K 4 DO ) 8l L, AR A B4 e
2y ffy T LR/ BRSO il T AR 1] S
JEAR AR B O T B Sk g et A K
HR AR AR S T WA A DLAT I AR5 1 2
By A T AR SR Bl B s A AR )
D/l e R el /N SR A T E

oif T 0L 8 P L
3.33. FE3

7 HAD UG BCH AL T 48 AK B2 o BE A
IRV ZEAF - HTIR DL E 0 = — 1 ms B) 0 A K&
20 m/s; W 4 A K ff EE 45°; 0 U B B A R
0 rad/s; A SCHE TS B HLAT A A K 1 2 5 28 3k A
ARG REZEAL, Sy 97N A K it X P S 4 A 1Y 5
Wi, ATKZCH AN TR, BRI IR AR oy 20 90 B
0°,£5°, +10°, [ HA RN 23 ~ K] 28 iR

P23 WA XA X B0z S A0 AR Ak
Fig. 23  Change of centroid trajectory under different

initial attack angles

P 24 o0t T A AR S B4R 1
Fig.24 Change of inclination angle under different

initial attack angles
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Fig.25 Change of attack angle under different

initial attack angles

26 WA BCAA N e Sl £ R B AR AL
Fig.26  Change of rotational angular velocity under different

initial attack angles

P27 R0 4 A Sk e R Y AR b
Fig.27 Change of axial velocity under different

initial attack angles

i RS LA 23 ~ P 28 AT 2« =0°1, )
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0y <O°H, 41 A T A R, (50RH A2 K
S, D71 i) e 3l RE B OAC, T R 4 A A A

P 28 )0k T F 0 AR ] R 1 A8 £k
Fig. 28 Change of radial velocity under different
initial attack angles
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Movement rule of a vehicle obliquely water-entry at low speed
LI Yongli'?, FENG Jinfu""* , QI Duo', YANG Jian', HU Junhua', XU Baowei’

(1. School of Aeronautics and Astronautics Engineering, Air Force Engineering University, Xi’an 710038, China;
2. College of Equipment Engineering, Engineering University of CAPF, Xi’ an 710086, China;
3. Flying Instructor Training Base, Air Force Aviation University, Bengbu 233000, China)

Abstract. This paper proposes a single control strategy to solve the problem of difficult transmedia vehicle
control. The proposed control strategy is just to control the vehicle’ s air navigation, but not to control the un-
derwater navigation. The hydrodynamic model of a vehicle obliquely water-entry at low speed is founded to an-
alyze the motion characteristics. Two methods are used to simulate the vehicle’ s water-entry in the same con-
dition: numerical simulation method and theoretical model calculation method. And the results of the two
methods can validate the hydrodynamic model founded in this paper. The water-entry movement in the condi-
tions of different initial velocities, different angles, and different attack angles is simulated by this hydrody-
namic model and the simulation is analyzed. And the change rule of the vehicle’ s gestures and position when
water-entry is obtained by analysis. This water-entry rule will guide a series of follow-up researches, such as
underwater navigation and water-exit process.

Key words: water-entry movement; dynamic model; theoretical model calculation; ballistic

trajectory ; gesture
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Table 1 Power measurement under the first round

phase distribution

AL 53 A / rad
Py /dBm
i1 @EiE2 WiE3 WiE4 HiES
0 P 0 0 0 Py
0 0 0 0 Py
0 0 0 ™ 0 P,
0 0 0 0 ™ P

R2 FEL2REUISHBTHMESHENE
Table 2 Power measurement under the second round

phase distribution

FH AV 43 4 / rad
Py /dBm
WA 1 O MiE2 WMiE3 WHiE4 A S
0 0 ™ T [ L
0 ™ 0 ’1T T P
0 T T 0 T P}
0 ™ 0 ™ 0 P!

©

xR3 FE3IRBEULSFTTHHESHENE
Table 3 Power measurement under the third round

phase distribution

FHAL 53 413 / rad

Py /dBm
WiE 1 @iE2 EiE3  EiH4  GEilES
0 w/2 37/2 3w/2 3nw/2 Pz
0 3w/2 w/2 3m/2 3nw/2 ]_73
0 3m/2 3n/2 /2 3m/2 f’4
0 3m/2 3w/2 3m/2 w/2 ]55
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Table 4 Power measurement under the fourth round

phase distribution

AL S A /rad

Py /dBm
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W1 @2 EE3 @4 EES

0 3n/2 /2 w/2 w/2 [32
0 w2 3m/2 w/2 w2 P!
0 P
0 P
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/2 /2 3m/2 /2
w/2 /2 w/2 3m/2
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Table 5 Calibration results with four calibration methods

LT AL/ (°)

BT PERAEE: REV-4bitdE REV-6bit#:  FPC
1 0 0 0 0

2 268 261.58 261.09 267.81
3 115 110.45 112.44 114.81
4 7 353.70 354.70 0.49
5 236 230.87 229.33 233.19
6 29 20.37 22.48 23.99
7 265 256.48 256.08 260. 84
8 341 342. 64 343.13 345.98
9 160 159.33 162.70 165.06
10 34 28.48 30. 11 29.91
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Abstract; The study of rapid measurement and calibration for phased array antenna has always been one
of hot issues. The low efficiency of traditional calibration method cannot satisfy the requirement of large-scale
engineering application of phased array antenna. A fast calibration method called four-phase-cycle amplitude-
only measurement ( FPC) , which can determine the phase of each element in phased arrays by power meas-
urements according to a certain phase distribution, is presented on the basis of theoretical analysis for phase
solving algorithm. And theoretical analysis prove that the method takes only about one sixteenth of the time
that the conventional rotating element electric field vector method using 6-bit digital phase shifter spends. Fi-
nally, a contrast test of three calibration methods, which are FPC, rotating element electric field vector method
using 4 bit digital phase shifter and rotating element electric field vector method using 6 bit digital phase shift-
er, is carried out. And the experimental results verify the correctness and effectiveness of the FPC calibration
algorithm.
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Development of a generalized surface partition and
projection system for missile radome

LI Zhengzhou, XIAO Tianhang” , ANG Haisong, LU Zhaoyan

( College of Aerospace Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: To meet the technical requirements of missile radome frequency selective surface (FSS), a
partition and projection system of radome surface was proposed and developed. Based on the study of approxi-
mate partition and projection of complex surface, the partition coefficient was defined as the ratio of the inte-
gration of the absolute value of Gaussian curvature to its area, and the controlling value for surface partition is
the summation of partition coefficient of the accumulated surface elements; the surface partitions was projected
into 2D shapes by using cross baseband expansion method. On the basis of the above algorithms and data oper-
ation, an application framework was developed by using MFC, and the surface data operation was visualized
with OpenGL. The surface projection data can be exported into AutoCAD format for subsequent fabrication. A
successful application for a missile radome surface demonstrates that, the partition/projection method has high
accuracy and satisfies the design requirements.

Key words: missile; radome; Gaussian curvature; surface partition; computer graphics
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Dynamic priority scheduling algorithm for air defense phased array radar in
overload situations

ZHANG Haowei, XIE Junwei® , SHI Junpeng, LI Jingqing, SHENG Chuan

(Air and Missile Defense College, Air Force Engineering University, Xi’an 710051, China)

Abstract: Aimed at time resource allocation in the air defense phased array radar in overload situations,
a new scheduling algorithm using the threat density of targets and deadline of tasks to decide the task dynamic
priority was proposed. The nonlinear threat level of targets model was established and the dynamic priority ta-
ble was designed. Then, the synthetic priority was determined by the threat level of targets, task dwell time
and the deadline. The notion of threat ratio of execution (TRE) was proposed in the performance evaluation
indexes to reflect the radar scheduling performance in important tasks. The simulation results show that com-
pared with the earliest deadline first algorithm, the proposed algorithm could improve search performance by
43% and enhance the threat ratio of execution by 52% in overload situations.

Key words . phased array radars; adaptive scheduling; dynamic priority; overload situations; threat lev-

el of targets
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Table 1 Calculation accuracy of corner feature

B3 [ W/ %

0 98.

¥ 388 % T ! o8-
-1 98.
2 97.
0 97.
1 96.
-1 96.
2 95.

AP 2 300 00 e i

A N B (S TRV, B (S T (S |

R2 BHAMIBEREIEEREMITLL
Table 2 Workload and time-consumption of corner

machining numerical control programing

TR EWRE CFIAER /s B %

KAy '
FT B3zl FT A 7, M
0 40 1 120 1 99.2  97.5
U] 1 60 1 180 1 99.4 98.3
i -1 60 1 180 1 99.4 98.3
2 70 1 240 1 99.6 98.6
0 40 3 120 2 98.3  92.5
EdEE 1 60 3 180 2 98.9 95.0
mm -1 60 3 180 2 98.9  95.0
2 70 3 240 2 99.2  95.7
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Corner building method and algorithm of automatic programing for
aircraft structural parts
CUI Zhiwei, ZHENG Guolei”

(School of Mechanical Engineering and Automation, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract; Aimed at the problems of inefficiency, heavy work and unstable quality in corner numerical
control (NC) programing for aircraft structural parts, a new auto-extended method based on rounded corner
face was put forward. Combined with process knowledge, the processing model of corner is set up, which is
the key issue of automatic NC programming. First, some new terms were introduced, such as corner, rounded
corner face, processing model of corner and interference region of corner machining. Next, in order to set up
a model of corner processing, some methods were proposed which include auto-extended technology, side sur-
face of revolution and cutting element computation methods, and interference region building approach. Based
on the above research, an automatic NC programing system of corner was developed, which had been success-
fully applied in a large aviation manufacturing enterprise. The preliminary application shows that the method is
valid for increasing efficiency and quality of corner NC programing, which leads to programing workload reduc-
tion.

Key words: corner; aircraft structural parts; numerical control (NC) machining; processing model; au-

tomatic programing
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Critical angle of revolute pin joint and its application in
a four-bar mechanism
ZHANG Jie, WANG Dan”, CHEN Wuyi

(School of Mechanical Engineering and Automation, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract. Revolute pin joint ( revolute pair) possesses one degree of freedom, i.e. rotation movement,
through relative sliding between contact pairs. Existence of friction and clearance in revolute joints has crucial
effects on the overall precision of mechanism. Using the concept of critical angle, the marginal value in which
revolute joints could keep in balance state is discussed in this study. Firstly, frictional angle and self-lock
caused by friction and clearance in revolute pin joints are investigated, which contribute to not only length er-
ror but also angle error in mechanism with such joints. Then, critical angles are calculated with and without
contact deformation respectively. Moreover, a four-bar mechanism with one revolute joint studied above is cho-
sen as a case study to evaluate the impact of clearance of joint, contact deformation and friction on the overall
precision. Analytical results indicate that the clearance in revolute joint and elastic deformation of mechanism
play the most important roles in the system, and the contact deformation of joint could be neglected in the
overall precision analysis.

Key words; revolute pin joint ( revolute pair) ; critical angle; frictional angle ; four-bar mechanism; pre-

cision analysis
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Table 1 Specific parameters of threats

Ly 5 Y b AR AR/ km G A R B/ km A
I 1 (10.6) 25 0.10
11 2 (16,32) 28 0.08
Wi 3 (36,22) 18 0.05
111 4 (32,42) 30 0.10
Eik 1 (47,40) 32 0.10
) (47 ,46) 32 0.08
Eik3 (50,10) 40 0.08
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Fig.5 Path planning area
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Fig.6 Path simulation with fixed step and dynamic step
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Table 2 Comparison of simulation results between

fixed step and dynamic step

S/km KW W AE W/ TR km X R A

06 SEERK 217 2.177  99.459 0.034
’ [ 52 2 K 166 2.156  99.351 0.028
Lo HBLEEK 129 2.076  99.472 0.038
’ FEH£K 100 2.066  99.400 0.040
20 HELEK 42 1.988  98.943 0.099
UOEESK 33 1.979  99.449 0.195
S o WAL E 25 1.971  98.263 0.269
TOEmESK 20 1.965  99.078 0.580
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Fig.7 Static path planning on contour projective plane
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Fig.8 Real-time path planning on contour projective plane
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UAV 3D real-time path planning based on dynamic step

ZHANG Shuai', LI Xueren"*, ZHANG Jianye’, ZHANG Peng', LI Bo', ZHAO Xiaolin'

(1. School of Aeronautics and Astronautics Engineering, Air Force Engineering University, Xi’ an 710038, China;

2. Department of Science Research, Air Force Engineering University, Xi’an 710051, China)

Abstract: Because planning unmanned aerial vehicle (UAV) path directly in 3D space is difficult, we
divide 3D path planning into 2D plane path planning and height planning, and then combine them to get the

3D path so that planning space is simplified and complexity is reduced. To search the path subtly in the region

near threat, we propose a dynamic searching step strategy according to the distance between UAV and threat.
Setting sub-goal helps UAV to quickly modify the path and realize path re-planning when UAV meets the unex-
pected threat. Simulation results demonstrate that the proposed method is effective. UAV can bypass the unex-
pected threat and plan 3D path successfully. The threat probability of path decreases through taking dynamic
step.

Key words: unmanned aerial vehicle (UAV) ; path planning; sub-goal; dynamic step; 2D plane path
planning ; height planning
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High squint helicopter-borne terahertz ViSAR vibration compensation
imaging algorithm
SUN Wei, SUN Jinping, ZHANG Yuan, ZHANG Yaotian "

(School of Electronic and Information Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract. With advantages such as fast imaging frame rate, high resolutions and penetration through dust
and smoke, video synthetic aperture radar ( ViSAR) has a broad application prospect. But for ViSAR that
works in terahertz carrier frequency, helicopter platform’ s tiny high frequency vibration will cause obvious
changes in echo phase and degrade the imaging quality. According to helicopter platform’ s vibration charac-
teristics and based on the squint platform vibration imaging geometry model, this paper proposes a terahertz
ViSAR vibration phase error compensation imaging algorithm in high squint mode. First, the squint imaging is
equivalent to side-looking imaging based on motion compensation principle, and then modified Doppler Key-
stone transform is performed to correct the range cell migration induced by platform vibration in 2D frequency
domain. Finally, the analytic expression of vibration phase error is gained in range-Doppler domain and the
phase error compensation is achieved via parametric autofocus method. Simulation results verify the effective-
ness of the proposed algorithm.

Key words ; terahertz; high squint; video synthetic aperture radar ( ViSAR) ; platform vibration compen-

sation; Doppler Keystone transform
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Fig.1 Schematic diagram of typical suture joint structure
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Table 1 Key parameters of suture joint structure
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Table 2 Material parameters of suture joint structure
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Table 4 Failure stress for cohesive interface
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Fig.5 Curves of load-displacement and equivalent
stress-displacement for suture joint structure with

different tooth angles
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Fig.6  Curves of load-displacement and equivalent
stress-displacement for suture joint structure with

different baseline types
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joint structure with different baseline types suture joint structure with different hierarchies
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Modeling and machanical properties of composite bionic suture joint structures
MAO Wei', WANG Wenzhi" ", HE Lijun', ZHANG Chao’

(1. College of Aeronautics, Northwestern Polytechnical University, Xi’ an 710072, China;

2. College of Engineering, The University of Akron, Akron 44325, US)

Abstract. In this paper, we developed a parametric modeling framework for composite bionic suture joint
structures through MATLAB and ABAQUS secondary development based on Python language. It shows the ca-
pability in describing the complicated suture joint geometry with different types of hierarchy and automatic gen-
eration of finite element mesh for mechanical modeling. Furthermore, interactions between geometric parame-
ters (tooth angle, baseline type, and hierarchy) and structure performance are analyzed. The numerical re-
sults show that the bionic suture joint structure has better structural damage tolerance with the presence of a
lower tooth angle, a sin curve baseline and a higher hierarchy. Through this work, parametric modeling of
composite suture joint structure is realized, and the interaction among mechanical strength, damage mecha-
nism and suture geometries is investigated, which provides meaningful guidelines for the design and optimiza-
tion of novel high performance composite joint structures.

Key words: bionic suture joint structure ; parametric modeling; finite element model; composites; cohe-

sive element
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