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Fig.1 Comparison between traditional stiffened panel and

sub-stiffened panels
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Fig.2 Schematic diagram of primary dimensions and

load of sub-stiffened panel
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Fig.3 Schematic diagram of buckling forms of

sub-stiffened panel
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Fig. 4 Finite element models for accuracy verification
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Table 1 Calculation results of finite element models

AWRITitR, MiitR/
KRBOER JERRAFILE 10 Pa 107 P 505/%

N,r Nm Nx Nl)

1 28.0 0 28.1 0 0.4

2 1: 0 8.92 0 9.77 0 9.5

3 1.96 0 2.10 0 6.9

1 oy 25.4 12.7 25.3 12.6 0.4

3 1.69 0.85 1.74 0.87 2.7

2 BN D0 O G\ 1) TR A6 A I, R RO X
fi% &5 SRR A RE AR e, R OB 3 3 R I, R AL
B2 SRR 22, (A4 A 2 8 1 Bl B (O i
10% ). 45 5480 22 19 I A ] B 2 il T STk 2k 2
B2 WA E BBk AGAFAE — IR . 22 3T
DN B A5 3 A I, 2R OB 20 1 #0032 B
R VA JRE . NP R T 000 v 8 R R 445 2R AT DL Y B
JIRAETEXT R BOE 1 3R 22 52 ma AR /DN, 07 %) 2%
BOL 3, 5 J1 B A7 A6 0 1% 22 ek /N 25845 LA 4
1,3 TR RO B E 2 SR A B B R

3 HERFEEREMARTEIE

3.1 BEXmMAERARTEE

BRI AR AR 3 3 T7 IR S A 2 T — B
RAE E /A A 5 K 2 i GRS, e T i
JEBORI T I il 2. Wi 26 D8 J1 08, ¥ 20 fii
BAE AR 1B A R S A5
RS BB AE AT o L ] S E T —
M, G IE SN 5 i 7. BERLAE o Bl 7 18] 119
3 i T ALk 5 52, 573 A g AR

S OCOhn Al A A AT FROTAE 28 (A 45 20T RIS [A] )
Fig.5 Finite element model of sub-stiffened panel

(sub-stiffener numbers may be different)
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Hofs S J 32 3 L L3 2.
x2 BEIMBREESE
Table 2 Model parameters of integral

sub-stiffened panel

BRGSO /mm ARSI WOWAKC WO/ mm
1 300 300 5 10
2 500 300 5 10
3 700 300 5 10
4 1200 300 5 10
5 590 167 5 8
6 590 167 5 10
7 590 167 5 20
8 590 167 3 10
9 590 167 7 10

3.2 #R5iR
XY 1 ~ 4 73 5 A 0 1] T 45 280 A7 11T 5 L
f1:0.5 19 241 & #of 4 0 BEAT I8, S5 R W
3. TR B A L g, PRI T A I A R
MR BB SR N, H.
x3 HEERI1-4HEER
Table 3 Calculation results of model 1-4

fﬁﬁt T fﬁﬁ %;‘Eﬁpa KGR %
1 99.2 93.5 3 5.8

1: 0 2 57.0 53.5 3 6.0
3 55.1 54.3 3 1.5
4 54.8 51.6 3 5.7
1 96.3 89.8 3 6.8

1:0.5 2 53.6 49.3 3 8.2
3 49.7 46.7 3 6.0
4 40.3 44.5 3 10.4

B 1 ~4 K9G AR, Y TR 39 447 LA 1 0
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Fig. 6 Buckling modal of model 8
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x4 BES~7HELER
Table 4 Calculation results of model 5-7

JEBY RAEL HIRIC g R

R S RAKPa SRR st %
5 163 155 3 1.6
1: 0 6 200 210 3 4.7
7 265 244 2 8.0
5 139 135 3 2.4
1: 0.5 6 169 174 3 2.8
7 248 244 2 1.4
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Table 5 Calculation results of model 6,8 ,9

ey BAEL FIRoT i R

BT BB SRR GEAP Bk 7
6 200 210 3 47
1: 0 8 168 182 3 8.5
9 199 233 3 17.4
6 169 174 3 2.8
1: 0.5 8 142 130 3 5.0
9 179 190 3 6.4
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(20 BT R R AT T H 3, ORI A R
T 6 A Ho A 3 A HL )T B 25 Rl e R 6.

x6 RECEFRNEZHFULIHEER
Table 6 Calculation results of model 6 under

different compression and shear load ratios

i) A BRI i KA

AR SRR GRkPa gk
1: 0 200 210 3 4.7
1: 0.2 194 202 3 4.2
1: 0.5 169 174 3 2.8
1: 0.8 143 145 3 1.7

WALUR WK IR ZIAE 5% N, BIE 54
BROCERAT SR 8. M AF e IR EH —E
SO, {H I 52 A ROCR N 2 - 3R 3 M4 2R o 5Y
FIMAFTERG R T R 22, 3% 6 M 45 2R WoR oY J1 A
TEW/N TR 22, WA AR )3 5 25 ROk, 39

IR HRAS AR K.

M b3 B Aol DL B A BEE 2 5K
R Y AT HE T, BI040 4 0 e A 2 it SR AR i, 48
B85 k3 T T B o i A it o, ELA
— 7 WER JE .

4% #

1) AR SCHR M b R T 38 R O A B 3 5
A AGE T 5 & R &R T 2 AN
B, FLUIN A AR 23 & A B R e B A5 ), 8 45
AR R 25

2) EEXF 3 A ROR A R TSR 2, TE
VS TE YN 1) R 46 w7 1 F T 3 2 1R 85 41 A 2 fer 1
T, AR ERSHRTERMIREHAKT
10% , £ %5 e 1) A

3) A X AN TR] A I A A I B L R A A
14 18 JE L, DA BOAS T) R 39 48 A 81, AR SR R 1 3
BT 5 A BRI H A5 RS SR, o
FOTE BB Z S I, AR S A T4
P (0 25 1 B Bl A7 3 AL T 53, DA B e e
TE U 35 A 1) 1 A
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Approximate calculation method of buckling load on
integral sub-stiffened panel

XU Yuanming " , LI Songze

(School of Aeronautics Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract; To calculate the integral sub-stiffened panel buckling load in the preliminary design stage
quickly, a simplifying approximate calculation method based on some reasonable assumptions was proposed.
The perfect rectangular sub-stiffened panel simply supported on four sizes was used as investigation object.
This structure has 3 instability forms, and the corresponding buckling loads were obtained by using the tradi-
tional stiffened plate theory. The minimum buckling load of the 3 instability forms was regarded as the approxi-
mate buckling load of the integral sub-stiffened panel. The buckling linear perturbation step method of
ABAQUS was used to calculate the two sets of finite element ( FE) models respectively: one set was used to
validate the accuracies of the theoretical formulas for failure modes, and the other set was integral sub-stiffened
panel finite element models which were used to verify the applicability of proposed calculation method of sub-
stiffened panel buckling load. Only two load cases were considered in the research above: the longitudinal
compression load and the combination of compression and shear load. The results indicate that the theoretical
approximate calculation method can calculate the buckling load of sub-stiffened panel, which count for engi-
neering application to some extent.

Key words: integral sub-stiffened panel; combined load; approximate formula; buckling load; finite

element analysis
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i) E . LZMA ( Lempel Ziv Markov-chain Algorithm) T 4 & 48 & 75 72 #E 4T 842 JE 45

# F 18 B 5 f K & # CPU( Central Processing Unit) % JR , £ % R L it R AW ER. AR A F
Eny Al b, % F FPGA(Field Programmable Gate Array) % it 7 — /> LZMA JE 45 & 3 A8 4 o 3%
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1 LZMA &%

LZMA J& 455835 M 4548 5 Deflate 535 M HAH
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FE LZMA B3k b 1 Se il L277 JR G Bk il R &%
17 (search buffer) d7 F-4% 5 1 18] 2% £¢ ( look-ahead
buffer) A7 JC ¢ fi 1< B 7 45 &3, AR ) g i — SR T
(DIS,LEN, LIT) ##riH. H dv, DIS /% T look-
ahead buffer H1' 5 search buffer 57 4H JC B¢ 1 95 2H %
P BT Z 8 BB, d KA (E IR T search
buffer i) K/ LEN AQFE T = KA DE A B2, 1
S — M EUNEUE s LIT AURTT — 545, 8l 2
— A~ ASCIL iy i5°7". 2 LZ77 J 4 32 58 v
s B 5 1 R4 5, DX TE) 2 5 AR 48 A ] 1) g
Bt TR AN 5] B s 4 SR, LS it s 1) I i
B

WmE 1 s, & — & %% 0 R Core i3-2100
CPU@3.1GHz, N7l 4 GB 1y T 1 3l 4= 1 fif iz
FURF, LZMA-SDK _4. 26 i Bl 5 i 0 1€ 445 23 i
2RI, FEF 2 B e 4 R AL 10 ~20 Mb/s.

BL LZMA HCfF 5k fe ik 14
Fig.1 Performance testing image of

software-based LZMA algorithm

TE LZMA [R5, B0 Ak 2 HURe e aCiy , 2
8 B 73 A [ b 2 4 B a0, 280 X 1) 44 1 )i
AR B BRAE DX 6] P 08 R — A odl i . s 1 B
N, AE LZMA 5k i gy 7 MOBUiE R, O 15 5
TRH R4 ) A 1] 4% 52 19 YE B N, AR SCBRSE LZMA
s 248 19 K 3 A XA A i 2 Ao

®1 LZIMA xHa#ELR
Table 1 Data types in LZMA packages

B4 (bit) 1,44 B fili ik
0 + ASCII Lit B
1 +0 +len + dis Match WwEFH
1+1+40+0 ShortRep 52 B B A — R

DIS 5 F—k—#
DIS S5 {81 £ 56 2 ik —#¢
DIS 5 1 %55 3 Ik —H
DIS 5 184 4 Ik —H:

1+1+0+1 +1en LongRep[ 0]

1+1+1+0+1en LongRep[ 1]
1+1+1+1+0+len LongRep[2]

I1+1+1+1+1+1len LongRep[3]

2 &I

MR LZMA 9 15 45 T A2 , A SCHs 52 BH A i 4l
Gy 0 3 ARy LZTT e 4 45 il i | DX 1] i A% 42 7
for ARCHE 132 4 o

WA 2 Pz, LZ77 JE 4545 i 45 4% 5 A0 B
PEATER 1 ORISR, JFR I 40 5 (9 2 05 B 08 3 1) s
A% i 5 DX 10) G % 422 o) s e IR G 2 T 4 2 S 0 — 20
Vi 45 5040 5 A0 1 1 9 ) 48 oK X T) 2t 7% 45 1) 2
H R R D I A B Y RO s X DL R A
e K IR AR RO B P e s T Ko 22
IPAE A, RAIE T SM S e 2 1 i .

2 LZMA R {F e g 45 4 5]

Fig.2  Structure image of LZMA hardware circuit

2.1 LZ77 [E@E#E =%

W 3 fr 7, LZ77 JE 46 38 il 45 60 36 « B0 152
NG AF \Hash A7 RN LZ77 e 45 550k 4 il
Bk

Bl A A R BT B RAM (1 75 X%
e B 4 W BCHE R AT R . 2 — A HOE B b i 2
it T A AR 4 38 2ok 88 T 558 A A, )
T3 — AU P A7 it DI b 5T — A R 4 1 A
P A 2, 30 2o 28 08 1) BUHE e A\ A7 TR B
PRAE LZ77 i 47 55 0k 45 AR e A 0 28 55 1 $die
SEIAN 5] U i %k £k B 2 A7 Ak . Hash 3R 77 fiff 15
e A4 © s 5 15 1915 B — &R 50 59 i 25
SRV RIS RIRE O 4w, LZT7 JE 45k
ROR T2 IR BB BR S R R, e A SR T
A~ RAM S 2 G RE 2 (LAY B /Y J2 w2 3%
J5) M2 ] 4 > Read-First S0 RAM 25 Hx
TXAE AT DAAE [A] — A4~ 132 8 100 P9 132 B 2 A4 Hash {8, ik
D WAR RN RAM 3E 47 # 4F (9 B (8], DA T 3 2
T ) B A5 I BT DR 4l 48 R TR I B [l R
AHOCH) RAM. LZ77 455 kAL B . 7= 2 Bk
WA RE B Y 2 5 45 5, % B O % R LZ77 Sk
AT 4.
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3 LZ7T FE 4 i 4 v B a5 4

Fig.3  Circuit structure of LZ77 compress controller

4 Fronhy LZTT 15 48 803 458 AR B p ok 25
HLIFPIR 25 Bk 55 B, A2 Z IR B HL AP E B4 LU Y
8 MIRE.

&4  LZ77_FSM RSBk L -
Fig.4 State transition image of LZ77_FSM

1) INIT: LZ77 F 45 553k 5 i 2% iF 47 52 A0 1
JEI, FH Tt Hash A7 fif 455 e i 47 00 83 4k, %00k
75 [) 25 i H DX 0] 2 ) 42 A 4% 10 00 B AR A5 5

2) WAIT_DMA : LZ77 JE 45 8 vk ¥ i 45 b 4
Feoh I D5 S48 T15 5, 218 T15 5 A 2 i
11T — 80, & WA RS T 4k 8255 5.

3) WAIT_SIZE: M &2k b i B , T 3K
B AU P i K.

4) LZ77 _BEGIN: A 4§ J& 45 /) 4§y 7 & )
look-ahead buffer " IH 5851 F 4%, I X /I 3 4510
#E4T Hash 284 MR 4% Hash £7 i A58 1) 3R [ X
I3 Y H R AR IR R R A

5) LZ77_COMPLETE : 24 JF 45 {5 %5 T 5% %
AT AR B RN B B, D Bk BZOIR A
v T 5000 52 422 1138 0 © 50 mUE A 7 4, )k
B E] INIT RS, 75 W) Bk 5% 21 WAIT_SIZE R

6) LAST_BYTE: >4 {ij J& 4 i o & 4 f J5 —
AT, AR A 1, OF B X S B Ry
AH G A BB, Bk %% 3 LZ77_COMPLETE ARZS.

7) REPEAT: Bk#% 812 RET , F#m & — 1 &
BB IEROIRAES T T A7 R B UL, 1 S
YETHE £ BT R X E A 8 B £G4, JF H e S & %t
FEHEATVCIC , 753X > b A FT R HBEVC AT 1 B, M
Jei B 3k R v BSOHE 1 A\ G2 AE BRI I 8 B 4K
Pt (AT v 4R 56 S 64, T LA 8 Bl 132 A
ZBAEI IR T ol 64, Bl 8 B) , 5 look-ahead
buffer v [ 5085 HE 17 o XT, IF AR 4l Lo 0 25 1 pe e
S UKL AR 0 B AR i 4 R R EE AT AE I IR
48 2, FEAE VD B9 [R5 Xt Hash 77 i o
) B AT TR 5 2 4k T B A D T K R s D A
JRAH R By FLAG _repeat, LEN , DIS {5 B4 B (8 %
MATCH_BYTE F1 PREV_BYTE 2 [X [a] 4 i 75 31
).
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8) NEW.: Bk#e 22 R, 27n i Ak By
=BT, f i F S FLAG _new Fll NEW _
char; 25 b Y 1902 B 52 HR g i, O I e A
5 FLAG_new_after_repeat I NEW _char.

2.2 XiEl4RAIE H 28
T LZT7 J& 45 45 % s fan t0 40 100 9 B3 J5 el X

] 2 % 42 otk — A X B R AT kR
WAL 5 BT 7 S DX I 4 A% 42 1 45 1) 45 440 P, HG v X
VE1) 5 B0 4 AR B Y 3k — 25 1) 1R 4 R 4 1
RANGE_RAM #5& £ I J&: FI F 77 i 40 3¢ 1) 4 14 48
RA% B, % F RANGE _RAM [X [i] 43 fit 41 % 2
PR,

P S DXTa] 4 ) 42 1 v i 445 A4 11

Fig.5 Structure image of range encoder controller circuit

& 2 RANGE_RAM ri[X [g 4y &2
Table 2 Interval distribution in RANGE_RAM

Hb kit SR AR PN
0X_XXXX_XXXX_XXXX litprobs 6144
10_0000_xxxx_xxxx isMatch [0:10][0: 3]
10_0001 _xxxx_xxxx isRep [0:10]
10_0010 _xxxx_xxXXX p_low [0:127]
10_0011 _xxxx_xxxx p_mid [0:127]
10_0100_xxxx_xxxx p_high [0: 255]
10_0101 _xxxx_xxxx posSlotEncoder [0:3][0:63]
10_0110_xxxX_XXXX posEncoders [0:113]
10_0111 _xxxx_xxxX posAlignEncoder [0:15]

10_1000_0000_0000 choicel - - - - - -
10_1000_0000_0001 choice2 - - - - - -

6 JIt /18 J2 DX [a] g i 53k 4 i ASE B T4 19 fi
TR FEIE A AR HEAT B9 48 AF DL BR8] Bk 5
KA k.

1) CHOOSE : 45 Z& 77 h (9 LZ77 % % 3k #%
HE— A gt 9 75 2, R0 16 FT X R A B AT
I, kL 2] LIT_ENC R T 5 24§ 8 51 05 1 5
P 74T, H b — R FLAG _repeat {5 5 A 2
i, ) Bk e 3 LITMATCHED _ ENC IR 25 55 4
FLAG_repeat i 5 A7 2, B 24 i 45 1 O & Huhik
5 A5 EpON EE AT R kA% B LEN_ENC RS ;
YT A B0 G i 2 R U ke 31 FLUSH RS

2) LIT_ENC: X 87 745 AT He 45 2 %, 16 %c
Xf isMatch HE47 4 19 , ik — 2 AR 3iE litprobs 124
HI ) NEW _cha 47 DX 8] 4 85 , 9 % 56 1l =587 ik
]3] CHOOSE AR Z%. H rh litprobs % MR 11T 19 ¢
RIH:

6 X i 2 i 4 o] e AR S e

Fig.6 State transition of range encoder controller
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litprobs = PREV_BYTE>5 * 0x300

3) LITMATCHED _ENC: HH T EEFHF
BT P AT AT FE 40 9 65, 20 A5 AR 4% PREV_BYTE |
MATCH_BYTE F1 4 () NEW _char i 17 [X [ 4
1, 9 B 5 B BT Bk (7 2] CHOOSE ARZE T

4) LEN_ENC: %} 8 & K & LEN #4175 45 %
5. B SE % %t isMatch Fl isRep #1479 0%, F—
Hi AP LEN (%% choicel ¥ choice2 #7474 f5,
It H [ B 8 22 % ] LOW , MID F1 HIGH 1 [y — Fif
G i, 2 56 BUR BEFE 2] posSlot_ENC ARZST.

5) posSlot_ENC : %} DIS gE47 28 #e , 3 X} % [A]
{E posSlot ## 17 % i%. AR 45 DIS 28 46 1y 3k [A] {
posSlotf P £ M AT IR A BEHS - 24 4 < posSlot < 14
i}, BkF% 3 posEncoder AR 75 5 24 posSlot = 14 i, ]
Bk%% 3] DIRECTBITS _ENC A1 posAlignEncoder R
A4 posSlot Al & iR 1E B, Bk [\l CHOOSE

6) posEncoder; R #& posSlot i & footerBits,
base fl posReduced ; 3 H %% posReduced , 4 i 5¢
)G BEEE F| CHOOSE JRA T . H  footerBits, base
Hl posReduced ¢ BT 156 R 115

footerBits = ( (posSlot>>1) - 1)

base = ( (21 (posSlot &1) ) <footerBits)

posReduced = pos-base

7) DIRECTBITS_ENC I posAlignEncoder ; 2
& posSlot 11 & footerBits, base #ll posReduced ; Jf:
H %t posReduced i PUAL 1 {EL, 2 5 5¢ 105 Bk 4
#l| CHOOSE IR %.

8) Flush: & Ji5 #F 47 X 1] 20 B 2% 20 AL i 1

9) BIT_ENC: 4% B8 [0 R¢ #E 47 9 25, 24 DX ) i
/INTF OxFFFFFF B, gk % 2] ShiftLow IR, IF H
WAL SR/ RS

10) ShiftLow : 24 X [A] F i1 A /N T 0xFF000000
K T OxFFFFFFFF B %t X a] 4 /A7 4R Ry
DX 18] g £, 24 ¢ )i Hh O Bk ] 2 22 Ji5 e A2 R 2
gk AT
2.3 HEEHESGES

LZMA JE 47 J5 B 8088 2 #22 PR 19 i i i),
B — 20 B R AT Ak B e d G A TE SN R A
P G2 AR R A% 2L BT B R R T RO
ALK 64 b 7 T8 B R 12 e g B e 4
il % P A T e B 2 A, SRR A G A —
R H i B 32 Hh 2 A A T e )y O
4 e 1 s AT 1 A 4 R LA 18] W b Eh AT
SUB Y 88000 1 PTA% i ) 2% 1k B, 5 T R A 23 0l
AN TR 17X B Hfe AT R MR —
i T ADER G2k T DB A% L mT LA 80 42 & Ak
ISV R

P 7 Bl i 2 o g 5 A [

Fig.7  Structure image of read-out controller circuit

B S B A AR

1) — B8 G A7 4 B P JOE E A7 il s, o
1R FA5 5, 3@ A R4 1 AT LA SEND_OUT %4
ALK B RO () I A R AR U H RO 1 R 5

2) YR T A SO B RS 245, A
= 1% R0 A7 i 5 B b R T W, A Kl
A ul B g b R TS S, Gl A I R O
SEND_OUT#4i6 &1 £k 1 332 t Bl , [R) ik 4t A ¢

B R RN I HLE O R 4 58 iU S, Ak
A AW ESE T & 45
2.4 LZMA [EHEREBEEH

Kl 8 FT/R () LZMA F 4 i B2 i ik 3 A~
BEH A B, P rp AR DA 5 SCRIT IR 36 3 TR
FEHe % B {4 Verilog FF % , ffi ] Virtex-6 FPGA
MLO0S FF & F e N LB &, BB B 1T
5 B4 %k 159 MHz.
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K8  LZMA B4 vy, % &5+ &l

Fig.8 Structure image of LZMA hardware circuit

£3 LZIMA EHEHEBIROIE
Table 3 Ports lists of LZMA compression circuit

7% 1% 5 AR i ik
SYS_clk 1 - - === R G
SYS_reset 1 % HL - ARG EANL
DMA_INIT_OK 1 [ T+ oy e W6 Ak 5E 1K
Comp_en 1 1R L JE 4R 1l Be A5 5
DMA_RAM_wr_en 1 55 H B A AP RE
DMA_in_addr  [11:0] - - - — = — RO T G A7 L hE
DMA_in_data_in [63:0] - - - — — - BAREA
DMA _in_size ~ [15:0] - - - — — - EEPNGOEA €T NN
DMA_in_eof 1 TR HL O g — AR
DMA _out_start 1 T TT b2 Hh Hs
DMA out_size [15:0] - - — — — - T2 U B i K
SEND_OUT [63:0] - - - - - - ER R ETT
DMA _out_eof 1 15 L P SENR N

3 Mk 5iEse

& 9 A S H B LZMA R 45 54 3 b 42 52 30
) —Fh LAY R 58, LZMA AR RGEH— A B
AEFRES MR AT B R 4 i, PC it PCIE 8 3 B
2Tl DMA_L ] LZMA JE 45 i h 5 AR IR
a5 1 Bl , 4 50 BRI I R 45 R BUE 92 A #
DMA_2 1, 25y PCIE [0] PC i 3K 80408 77 6 , o
45 1 B0 UL LZMA B b A% A7 6 20 0 85 b 1
SEEE AR R4 1 AR T PCORR ELE TR 4
B3I T Y5 SRR B SCEE R AT 48 2 1 G B ED T
Ao KE b CPU B8 5 JF B R AE /7 2800 S 2k

B A 2 SR 7 B Bk, AN S R R g A
i F B IE H B AT

PEHL Virtex-6 FPGA 5255765 , Wil 174 3
LZMA B33 A5 4 52 30 F B 09 ) g R PR B, P i ot
PR S L B 2R S Y B R FE M 159 MHz, 48 A%
T PCIE # 0 5 DMA Jjfg, & & T E M R Ny
125 MHz, R Ji] Calgary Corpus F5 i Il 1 3C £ 1
S A SCAS SO I s 5 2 M T R T — A
A Intel Corei3-2100 CPU@ 3. 10 GHz T fEu E
R IEAT AT LZMA Bk, 3% 4 b i P 4L
P 2 W], 7E AR ) 45 He 4 5 1 [m) I, LZMA 580 3% i
1 S 30 H B O T PR A R A R O 1 R 4
MR B TR LZMA A5 T 10 £,
LB i Ay A o A o B, R LU AROPE BB bR DL Ak
B 1k 200 A% A BcHE . 3R W T R T Y LZMA
SRR R 2 B N AU SR TR T AT A
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Fig.9 Typical applications of LZMA hardware circuit
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Table 4 Performance testing table of

hardware implementation circuit of LZMA algorithm

FE4RH 95/ (Mb - s71)

e lFs
Ll g
1. doc 9.548 101.424
1. txt 52.501 601.578
11. txt 18.426 604.513
21. txt 0.000 329.628
31. txt 0.000 21.333
4. doc 10.614 52.906
Lz77. cpp 4.166 79.061
LZ77. v 11.978 169.536
bib 10.440 66.123
book1 10.986 51.274
book2 13.962 60. 465
geo 11.705 37.720
news 15.872 59.873
objl 5.728 57.348
obj2 17.955 74.424
paperl 7.266 63.054
paper2 9.597 58.213
paper3 9.523 56.130
paper4 3.620 57.273
paperS 3.273 59.550
paper6 10. 440 64.403
pic 34.224 170.327
proge 6.572 70.932
progl 9.845 92.035
progp 13.689 101.155
trans 14.979 92.456
1y 12.189 125.105
4 % RIE

AR SCHE S HT LZMA TR 45 80 5 1 6 |, 32
T —F T FPGA SZBLMY LZMA FE 45 5 1k 6 7k i
B, 2L UER Y]

1) 5 H A A B s B R 46 7 XA H B
A R4 R

2) TEMAH A R) R 46 R 1 [ B R B S
RCHb T 294 BRI B0 A1 T, B A A K B0 A B
w7 R By 9 1 T oK

3) A SCH i A BF] O FPGA b iy 3 v H
RAM | Jii 7K 26 45 #) 55 52 8 LZMA R 4 fL B, TR
A5 R L B LZMA B3R Y 4 R AR T
10 1

4) SELRNAEFRUEN Tzip SCUERE R, T LA R 36
Hb B B ) FAh 1 R G

FIEHAT Mk, H &S W T 3T FPGA 1Y 5
WE, I HLFT 4R i LZMA S50k 1 52 80y 2
DX ) 4 iy 42 14 25 4 B b R O 2R AT A 1, B
G B ORI, WA S R B LZ77 TR 46 4% ) 2%

1k RE. 4 J5 FF 2 — 2 52 TF X ) G 5 5 1 1)
PERE , IF PE IS & 9 T2 %, R b 4R Ay B
7 HL B R B HIE BT 42 Hh A LZMA B33 1) s 5 B
Jr Ak fE.
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FPGA hardware implementation of the LZMA compression algorithm

LI Bing*"?, ZHANG Lin', LIU Yong'
(1. College of Integrated Circuits, Southeast University, Nanjing 210018, China;
2. Chengxian College, Southeast University, Nanjing 210018, China)

Abstract. Software-based LZMA ( Lempel Ziv Markov-chain algorithm) nondestructive compression algo-
rithm is very slow and consumes too much CPU ( central processing unit) resources during the data compres-
sion process, as a result it can not meet the requirements of real-time systems. On the basis of the improved
algorithm, a hardware accelerator for LZMA was designed with FPGA (field programmable gate array) imple-
mentation. The hardware accelerator is composed of LZ77 compressor, range encoder and send out controller.
Ping-pong operation, parallel matching method with high performance, pipeline processing structure and other
acceleration techniques were used to speed up LZMA compression algorithm. While at the same time, data
compressed by the circuit is still compatible with standard LZMA file format. The compression rate of the
circuit is speeded up to 125 Mb/s, nearly 10 times faster than that of the software based LZMA. The process-
ing relative data of each clock is speeded up nearly 200 times. Results from the experiments on ML605 basing
on a Virtex-6 FPGA development kit, show the accelerator is correct and feasible.

Key words: Lempel Ziv Markov-chain algorithm ( LZMA ); compression; hardware; acceleration;

file format
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BN T REARIN 2545 2 1 o3 S 4 , 1815 A BE a1 52
B 07 5 3K

BT GE T 89 77 3%, R 22 B R AR 2R AT 42
TEo3 A, DT 0 7 P 45 v g 2 50 DX s SR (3 ] )
JH SIFT $FAE | 22 B R VT BE A1 18 0 J7 25 i 47 K
D, TAS — 58 O HJ B A & 4% 0 8, 0F B Y B
J& R T9US 5 35700 L BE A o DA K P S 7 B 5 T AR v
AN G0 Ao 25 SO AR s SCk [ 4 ] ) b T =
FERLHI ( DSM, Digital Surface Model) #1505 {5 B
HEBR AR 50 , 1% 07 RO DSM & J& 2545 5L,
PG BEIMEAE 5 SCHR LS I P 0 U0 0], A4 5 JL Ao
TR EE e ¥4 MR AE X S S0 R A i 3, I A RE 3 N
Z R 2R S SCHR [ 6 ] A ] B 4 A B i =
TR LT IR 25 5 2 BE AR B, 28 5 SU B IE Y
SVM Mg i B, (Hi% )5 L 7E B2 RRAE 52 2% B X 1
FEAR B 37 50 B AT Jmy BR k. 76 56 TR AR S 1 19 Oy %
v, ) S B R AT A AR X R T A ik A [ P Ak
WFE 22 H QT . i T Gabor JE #8325
] P AT SC BB A0, BF ST AR R T 2 A LT
Gabor 2 R4 i 1 1 57 DX ORI J7 2. SCRR (7 1
JH Gabor U it 2 4 B R FRAE , P8 JH o5 A0 TR 5K
3207 S T BCSCHR (3 T AR M BE , R R
AT I )5 SRR (8 ] R A% 2 B A AR s
R DCEAE EBORTH 8 A b N (R A R X
A 18 DX TLAR] B AR 30 47 26 %, B Sk [ 7] Jr ik H 5
RO R, AH ER T O B AR S5 R 35 ), B 2 b T
DX a2 52 0 R DX SR AL SO, S BOME A BE T R
SUIRRRAE S ORUJE 2 B0 5 MK A0 28 36 1 45 5, Bk
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X

B kR
Fig. 1  Algorithm flow chart
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Fig.2 Initial image
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Fig.3 Preprocessed image
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Fig.4 Features of single house
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Fig.5 MSER + area
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Fig.6 MSER-area
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Fig.7 Calculation of ground pixel resolution
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Fig.8 Building area detection
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Fig.9 Detected points of building area
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Fig. 10  Filter to remove noise

2.2.4 aEm KHMERE

PR DAy SR AR 1 R R T ) R A T — 1 AT 4
R RE B2 A SRR B R ST IR, S T HE R B il
HESIC, T EX R RRAE XS o ST R LK
A B2 A 3 ol R 2 ) A £ 7 A, (H
J2 0 AL IS Hh 2 50 X3 A A BOF R ff e, Btk
Tk A Sh i E LS E. T RAIIZE N,
e HUE o AHLEZ b, BB SR DA HOF A
2RZ AR SCTE K B EA 2k p s al L8 T
— il 8 R 48 E K — BRI K =
6., M5 1) F1 2l 8 1 2 30 X R0 9 H Y. R R R
AP 11 fros.

11 EE N K B R e A
Fig. 11

Flow chart of adaptive K-means

clustering calculation
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Fig. 12 Calculation methods of distance between areas
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Fig. 13 Envelop of building area
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Fig. 14  Experiment results

ME 14 B0 EF, N ThRic s RS A shi
By 25 R ORAR B B3, i T Graham 535 2
ML, HORBAE BN 5T, R N AR T4
5 A s s R A T B 0w 22 S 1 B A
AR RIE R, R HTC AMLIEG R G 4 , % A sl 4
BUR R BCH Mg i, I LU TR R 5 H
VE AR, G811 WA 35 L DR A % G K 8 A Bisf ]
RE . A SCHEAT A4S T 1 A4 0 3t — 7 T A& MSER 4
RE 3 AT 5 3 — 7 T 2 43 A IEAR FUAL BN A 3 R K
B R 5 1k R 25 B 5 )

A T3 ¥ LA T AL IR s 101 48 RUR 4 X 42,
TN BE S km, SR LI £f 14, 38 x
10.59° R K/ 1392 2K x 1040 {2 %, 52
IR MLEC & O Intel Core 2 Duo XU A% 4b B 2%,
EHi2. 20 GHz, N 4% 2. 00 GB, F & i Microsoft
Visual C ++6.0.

3.1 MSER {EEoH

FE TR T A # 5R X B Oy vk, R
DSM Ot 3% 5 45 B A A 5 0 A 5 BR 4, AR
P STFT SO HE AT B O ) 2 /Y i P PR A 38
W MSER 55 6 #H Lt 2 T Gabor 4% i 1) 250 B 4F
FIE (STFT 5 AE 519 42 H0C5E 25 19 8] M B8 43 A,
Gaborll§ I i 45 4 J7 In) , BOE IR L% H RN R
k5 x5.

BF ) Ve BB J7 I, Wk 1R OR, B X RN A
139218 % x 1 040 18 2 1y I 5 2 il 5 Ak A6
MSER 5 3 ~F % 46 M 1 358 /> ¢ 1E X f8k #E 1
1.092 s, SIFT S35 - 34 K00 1175 A FRAE s FE B
3.073 s, U HURF AR AG I 55 3% 7 B FE S 2. 509 s.
I, FEAR R RFAE fOBCR B9 1 B0 T, MSER 55325 ) [1]
PEBEAL T SIFT, 72 KGR /N [A) /Y 15 &0 T, MSER
SR T S B Ty, TG 1T PR AL

F1 RN T ESH

Table 1 Analysis of feature detection methods

5 ik KGR/ gz R/ FIRER s
SIFT 1392 x 1040 1175 3.073
ar 1392 x 1040 2.509
MSER 1392 x 1040 1358 1.092

3.2 ZLWHERSW

2 NARFLAR AR R B4 A AR AR
W, 4 3 722 A gl SRR, P 8 OE B R A 3
92.25% , A AR WK, [FIWF, 704 %F oA o 14 4
AL B E  K 3 (E R 2 P O B BRIk 4
W 3 FrR , S8 1 WA SCHRR IR S 2
A G AL B SR S R, e 3 R T A A
N K BRI SRS R S0 1 2 XL, 7
BoA TUAL B B0 T, B R I Ta) 1 AE A 21 42 i A
£ 0.06s, HIEH AR TRE T 3.5% [ I 3 a5 4 4
B TR SEE 1 A3 X R, B IE R KX SR 2R IE
R AR FEAS TR, FA RFAR T AR AR
FLIE N K SRR 1 G0 T, 5K da 5k [a] s 2>
T 0.02s(25 1.69% ), (HERAG R 5.

R2 HERDERDW

Table 2 Analysis of algorithm extraction results

ey o BB T A6 K TR B

MR EREE s (Rl (RRE)
A, 876  829(94.10% ) 47(5.90% ) 12(1.37%)
A, 771 733(93.46% ) 38(6.54%) 7(0.91%)
A, 799 714(86.01% ) 85(13.99% ) 8(1.00% )
A, 1276  1225(95.42% ) 51(4.58% ) 15(1.18%)
M 3722 3501(92.25% ) 221(7.75% ) 42(1.12%)

x3 REERMLLSH

Table 3 Comparison analysis of extraction results
Sy %éﬁ TE A ﬁffﬂfﬁlﬁ La'éﬁfﬁ(’i IR ]/
Bt (IER#) (I %) CIRK ) s

1 3722 3501(92.25% ) 221(7.75% ) 42(1.12%) 1.18
2 3722 3368(87.93% ) 358(12.07% ) 58(1.56% ) 1.12
33722 3501(92.25% ) 221(7.75%) 111(2.97%) 1.16

PR, A Dy 3k 7 R IE s 8] P BE 9 A 48 T B
TR TE R DU 2R, K 22 BRI AR X
REAE DL AT . 53 A, 2 il B DX U G R A, B3
T FURG N 1 S 43 DX 1 O AR DX A DA
e R I AN T S AR DX DX, o R A 1 T
RRARAT R L. X PG O &R, R RN R
A T X U BN G R 80 s R
N T | A )l R Rl [ L B NG =
XL N, i SRR, IR RTE L 1% £ 1.
SCHR [ 8-9 ] H fi T 30 FHLAG: T D HEL ARG 0 5 X 8
o B R R, BR KN 235 R R x 265 18
2 EVERERT I 1.99 s B 0. 42 s, AR SC S




5 3 3]

TOCHE, A BT MSER 1Y 78 A ML R 2 5 X 34 1 389

FH 1392 4228 x 1040 122 K /NEEEER 1. 18 s.
L5 E TR A HE SIFT A1 G0 3 AG I 5 325, AS B2 96 #E
NE SIS L&y

4 5 £

i oA, A I AR AR

1) e R 8 i DX AR O ik BT R4 19
R M, TR R 2

2) #5 MSER Al 5 R 5 X8R/ 8 3150
A RFAEARZE 5, R A EGE B K (SR 2R 19 Jr 1)
Fet S b i O 3 DX B

S B R %07 R R HURS BE D 92.25%
HA B0 1 HE A 5, A 3T A RO IR R R
Graham F5 35 A= i i) T 7 31 5 60 0h Tl R 5L 2 T
J TR A ARAR H A — AN IS 5 53 A, 7 AR AR X
TR AR 22 ] PR 44 3 SR TR AT A AR DX, X
SR DX I 0 i B B R HIE . Ay e g i S A R
7 3 NG SR AR SCRE B PR PR FR T AR A R
J7 1]

% # ik (References)

(1] 0, 8 PR3, 250 3. 8 20 BF S5 AR 0k X 2 575 40 12 IO AF

FE[I]. PUACARARBIEL R 2 24 - 7 SRR 24 M, 2013,41(10)
221-227.
Liu H F,Chang Q R,Li F L. Urban building extraction of high-
resolution images [ J |. Northwest Agriculture and Forestry Uni-
versity of Science and Technology: Natural Science Edition,
2013,41(10) :221-227 (in Chinese) .

[2] Tao C,Tan Y H,Yu J G, et al. Urban area detection using multi-
ple Kernel Learning and graph cut[ C]//2012 32nd IEEE Inter-
national Geoscience and Remote Sensing Symposium. Piscat-
away,NJ: IEEE 2012 :83-86.

[3] Sirmacek B,Unsalan C. Urban-area and building detection using
SIFT keypoints and graph theory [ J]. Geoscience and Remote
Sensing, IEEE Transactions on,2009,47 (4) :1156-1167.

[4] 3kor B, SRAEAE i BT X R0 me 0 ROBE 2 5015 B 48
W[ )] AN 5T ,2012,29(12) :4789-4792.
Zhang L. M, Zhang J T, Xu T. Object-based of optimal scale
building information extraction method[ J]. Application Research
of Computers,2012,29(12) ;47894792 (in Chinese).

(5] %40, MR, 7540, 5. B T U0 W i 2 FDE 252 &

S SR ()], S b 25 SR 3, 2011,
27(4) :28-31.

Huang J K, Feng X F,Xu X L, et al. Building extraction based
on knowledge rule and morphological restoration[ J]. Geography
and Geo-Information Science,2011,27(4) :28-31(in Chinese).

[6] #iE, 225 W, X0 . — 2 2k TR AR 22 S0 K 0 3 O 1
[J]. KR ] 5 3 %, 2013 ,34(5) :70-77.

Yang P, Jiang Z G,Liu B T. A new building detection method in
remote sensing image[ J]. Aerospace & Remote Sensing,2013,
34(5):70-77 (in Chinese).

[7] Sirmacek B, Unsalan C. Urban area detection using local feature
points and spatial voting [ J ]. IEEE Geoscience and Remote
Sensing Letters,2010,7 (1) :146-150.

[8] AL %, HIL, 2450, 5. JLT Gabor JE I 25 19 il 25 BR S

REDCHR P LT ] b AL =5 A R R 2% 54 4k, 2012, 38 (1) -
106-110.
Gu D Y,Guo J,Li S X, et al. Resident region extraction using
Gabor filter in aerial imagery[ J]. Journal of Beijing University of
Aeronautics and Astronautics,2012,38 (1) :106-110 (in Chi-
nese) .

[9] Matas J, Chum O, Urban M, et al. Robust wide-baseline stereo
from maximally stable extremal regions [ J]. Image and Vision
Computing,2004,22(10) :761-767.

[10] Mikolajczyk K, Tuytelaars T,Schmid C,et al. A comparison of
affine region detectors [ J]. International Journal of Computer
Vision,2005,65(1-2) :43-72.

[11] ERW, E5ti. BGRMALERESH#HiR[M]. dtat . |
B Tl A A, 201011024127
Wang Y M, Wang G J. Image local invariant features and de-
scription[ M ]. Beijing: Defense Industry Press,2010:102-127
(in Chinese).

[12] Murphy-Chutorian E, Trivedi M. N-tree disjoint-set forests for
maximally stable extremal regions[ C]//2006 17th British Ma-
chine Vision Conference. Edinburgh, United Kingdom : British
Machine Vision Association,2006:739-748.

[13] Mikolajezyk K, Schmid C. A performance evaluation of local de-
scriptors[ 1]. Pattern Analysis and Machine Intelligence, IEEE
Transactions on,2005,27(10) :1615-1630.

[14] MacQueen J. Some methods for classification and analysis of
multivariate observations[ C]//Proceedings of the fifth Berkeley
Symposium on Mathematical Statistics and Probability. Berke-
ley, California; University of California Press, 1967 :281-297.

[15] Graham R L. An efficient algorithm for determining the convex
hull of a finite planar set[ J]. Information Processing Letters,

1972,1(4) :132-133.



390 E AT =R N N = <= - 4 2015 4

Building areas extraction basing on MSER in
unmanned aerial vehicle images
DING Wenrui“', KANG Chuanbo’, LI Hongguang', LIU Shuo’

(1. Research Institute of Unmanned Aerial Vehicle, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. School of Electronic and Information Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Automatic detection and extraction of the building area is an important aspect of unmanned
aerial vehicle (UAV) image processing. Based on the detailed analysis of UAV imaging characteristics and the
maximum stable extremal regions ( MSER) algorithm, a building area extraction algorithm of UAV image is
proposed. The algorithm consists of five steps: firstly, the pretreatment of UAV image; secondly, analysis and
calculation of image stable regions using MSER ; thirdly, screening the building area by calculating the density
of stable regions; then, using adaptive K-means clustering algorithm to divide the building area; ultimately,
boundaries of the building area were generated using Graham algorithm in order to achieve automatic extraction
of building area. Using the UAV real flying image data to do the experiment statistics, the conclusion in-
cludes: Firstly, the extraction accuracy of this algorithm reaches 92.25% ; secondly, when compared with
other building area extraction algorithm which based on Gabor transform or SIFT, the extraction time of build-
ing area is shortened and meets the needs of UAV real-time applications.

Key words: building area extraction; pretreatment of UAV images; maximum stable extremal regions;

adaptive K-means clustering; Graham algorithm
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Fig.1 Process of Simulink model testing method based on program mutation
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Table 3 Description of mutated models in experiment
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Simulink model testing method based on program mutation

ZHOU Yibin, YIN Yongfeng* , LI Xiaodan, WANG Mingwei

(School of Reliability and Systems Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: In order to solve the current problems ( expensive testing cost and low efficiency of test case
generation) in mutation test for Simulink models, a mutation testing process and an optimized set of mutation
operators were proposed for Simulink models based on program mutation according to the current mutation op-
erators for the Simulink models. Experiments show that this set of mutation operators can effectively reduce the
generation number of mutation models without prejudice to the mutation score of testing case set, thus it will
effectively save the testing cost. Then a search-based test case generation method for Simulink models mutation
testing was described. The test case generation problem was transformed into the objective function minimiza-
tion problem, and the test cases which can kill the mutation models were ultimately obtained through the opti-
mization of objective function by algorithm of simulated annealing. Finally, the application of a typical case for
the method verified the correctness and effectiveness.

Key words : software testing; program mutation; Simulink model testing; test case generation; algorithm

of simulated annealing
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Table 1 Inverse kinematics example
o s/ Isa/ Esyt Aw/ Ayl AL/
mm mm mm mm mm mm

s, 0 0 0 0 0 0
S, -260 0 0 0.9894 0 -22.6605
S -565 0 -20 3.8921 -0.6980 —-49.1548
S, -565 462 -20 5.2973 -0.9794 -65.217
Ss -260 462 0 2.3946 -0.2814 -38.7227
Se 0 462 0 1.4053 -0.2814 -16.0622
S5 305 462 -20 1.9867 -0.9794 10.608 5
S 305 0 -20 0.5814 -0.6980 26.6707

RPEFR 1 LA SE B RS 00 i A b, 32
Matlab SR it 25t T A 16 ( - 2°,2°), B fi 1&
( =5°,5°) U N IR ZEE HLA 5 R R RS i A,
Ay ., B T& 5050 A B I 36 SR i B A, R
T B BB 7, %2 2 HEAT KA, 45 25 2 v e 7%
PR r RIS L 4,86 S e 4 (8 V% i)
A 1, Home KAm AR e r,,, =5.387 1 mm.

6 JE4Ax,, Ay, WS H

Fig.6  Ax,, ,Ay,, offset of foot 4
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Fig.7  Virtual prototype of autonomous mobile

drilling mechanism
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Fig.8 The simulation result of mechanism pose angle
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Table 2 All legs compensation value in

simulation mm
o L DS 07 5
i {}L;‘;’f Vvl_,;f’f CERER YRR
it J=E0 A% B %‘:ﬁ %{ﬂ
S, 0 0 0 0
S, 0.9894 0 0 0
S; 3.8915 -0.6982 -0.0006 -0.0002
S, 5.3022 -0.9801 0.0049 -0.0007
Ss 2.3949 -0.2814 0.0003 0
Se 1.4055 -0.2815 0.0002 -0.0001
S5 1.9868 -0.9796 0.0001 -0.0002
Sg 0.5815 -0.6978 0.0001 0.0002

HRAE i URE LA L2531, 30 UE T A SCH i Y
I8 B4 RS T AR LA R 02 3, BB o0 A
MUEALFSTE a, RS BEAR L7 s N 2 h 45 2« y
77 I i A% 1, O 6 R %817
3.4 HFHIE;

I A SCITH T S B 0 B A AR I TR Y
bl FLALAL , A 12 A B L (O 4 46 1 L 3=
) SEELALAY B AT E R L R FL T RE, iR 9 BT
7N FENLIE ] 22 FF S R X 2R 5 mm, HL AL %0 5% 3
¥ 3000 r/min, & FLi#E 45 3 K 4 mm/s , HLAY 58 1L
A7 78 - 2 341 FL 25 B B 1 sl 4 i R 5 A7 R RURE ef
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Fig.9 Physical prototype of autonomous mobile

drilling mechanism

x3 MMITERERSW
Table 3 The analysis of the mechanism

mobility efficiency
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Autonomous mobile drilling mechanism with metamorphic function
WANG Min, WANG Xiemiao, CHEN Wenliang” , DING Liping

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

Abstract: According to the application requirements of aircraft automatic assembly and the principle of
metamorphic mechanism, a double eccentric source metamorphic mechanism was presented. On the basis, a
autonomous mobile drilling mechanism with metamorphic function was designed, and the switching of changing
freedom between the two functional stages of walking and posture alignment drilling. The calculation method of
inverse kinematics was provided, which could calculate the driven displacement of legs during the posture a-
lignment process which changed from initial to desired normal direction by pitching and side roll. This could
be used to the online control. The offset domain of inverse arithmetic of each leg in working conditions were
plotted by Matlab, and the dimensional designing of double eccentric source metamorphic mechanism was
achieved. The virtual prototype model was established, and the kinematics simulation was carried out by using
examples. The results confirmed that the kinematics calculation method and the double eccentric source meta-
morphic mechanism were applicable for the mechanism. The prototype of mechanism was developed, and the
posture alignment accuracy of the system was tested. The result shows that the mechanism can meet the drill-
ing requirements of the aircraft automatic assembly.

Key words:; aircraft assembly; metamorphic; autonomous mobile; inverse kinematics; double eccentric
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Fig. 1 Structure of slipper
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Fig.2 Wear schematic of slipper pair
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Influence factors analysis on wear of hydraulic axial
piston pump/slipper pair
MA Jiming*', LI Qilin’>, REN Chunyu’, CHEN Juan'

(1. Sino French Engineer School, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. Jincheng Nanjing Electrical and Hydraulic Engineering Research Center, Nanjing 211140, China)

Abstract; Wear of swash plate-slipper moving pair (slipper pair) of hydraulic axial piston pump results
in increasing leakage, declining efficiency, and finally shorting the lifetime. An accelerated lifetime test meth-
od was presented based on the elasto hydrodynamic lubrication (EHL) wear model. As the most important fac-
tor effecting on wear process, oil film thickness of slipper pair was primarily analyzed. Running parameters
(temperature/rotation speed/pressure) were integrated and considered when analyzing the wear, and the in-
trinsic factors affecting the wear process of sliding pair were revealed. An axial piston pump is selected as the
study case. Firstly, under two different running conditions, wear amounts of slipper pair were analyzed and the
analysis results were compared with long term test results, which verify the accuracy of analysis results of wear
amounts and the feasibility of the method and mode. Then, based on the proposed method and wear analysis
model, the relative relationship between medium temperature ( viscosity ), output pressure, rotate speed and
wear ratio of slipper pair were analyzed comparatively. Finally, discussions about the accelerated means of pis-
ton pump when executing an wear accelerated lifetime test and the effects of working condition on acceleration
ratio were given. Research result can be utilized to create the load spectrum of accelerated wear test of piston
pump, and is also useful to do optimization for reducing wear of piston pump.

Key words: piston pump; slipper pair; wear; elasto hydrodynamic lubrication; accelerated lifetime test
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Fig. 1 Schematic of robot base frame calibration system
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Fig.2 Coordinate measurement of end
8ne =
F1 KA BELIR I:IO' 99567 -0.11523 -0.0040029 — 1431.6D
Table 1 Position coordinates of end mm [J0.006999 - 0.045219 0.99107 —847.00 1
] ]
p b, b, P, 50.11733 -0.99086 -0.047902 - 163. 86@
1 - 460.890 1 549.5175 ~27.609 1 (I — 0 0 1 O
2 ~362.2919 390.8658 ~53.9672 . o
3 ~296.550 1 231.1854 ~85.1496 2) IARE.
4 ~260.4422 78.5385 - 119.1479 A7) FA (), BVA] K R W) 46 s 2 1Y 56
5 - 463.4349 458.0115 -136.6178 ST e
6 _238.3840 167.0677 2010025 AR R A BT I 5 A 7 T 19 T 5 4 )
7 -218.0929 7.8432 -238.3754 S 4,811, 14,17, bR o By 49 1Y 3k As bR 3R A7 06
8 -207.2997 158.3852 ~184.3618 Wiy
9 ~392.060 1 406. 6497 -239.1466
10 ~331.7676 249.8712 -281.3125 g. =
1 Z308.0024 1017854 - 318 3162 0.99589  —0.11515 —0.0041046 — 1431.7
12 ~160. 4592 94.9835 -311.7685 Ll Ll
13 ~294.703 1 185.5895 ~402.2909 L10. 0053708 - 0.044654 0.99033 - 848.08 L
4 ~306.3939 349.4377 - -346.2266 B 0.11727  -0.99083 -0.047931 - 163.90
15 -263.0371 184.986 8 -388.513 1 S S
16 ~241.5094 29.0290 -429.5979 0 0 0 1
17 - 408.2380 265.099 1 - 456.8362 3) KAk E .
18 ~430.8454 420.1567 ~401.9016 i o . B
19 ~231.4754 120.404 1 ~523.0646 FIFC(24) , BIVAT SR HORS 4045 2 0 356 A8 45 R
20 -232.7380 —42.4316 -558.2720
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Table 2 Robot’s joint configurations

P q/(°)

1 -10.000,25.000, —40.00, —40.000,95.000, - 160.000

2 -10.000,30.000, -30.00, -30.000,100.000, - 155.000
3 -10.000,35.000, -20.00, -20.000,105.000, - 150.000
4 -10.000,40.000, - 10.00, -10.000,110.000, — 145.000
5  -5.000,25.000, —35.000, —35.000,110.000, — 140. 000
6 -5.000,35.000, —15.00, —15.000,95.000, —155.000

7 =5.000,40.000, —5.000, —5.000,100.000, —150.000

8  =5.000,45.000, —20.000, —20.000,105.000, — 145. 000
9 0.000,25.000, —30.000, —30.000,100. 000, — 145.000
10 0.000,30.000, —20.000, —20.000,105.000, — 140. 000
11 0.000,35.000, - 10.000, - 10.000,110. 000, - 160. 000
12 0.000,45.000, —15.000, - 15.000,95.000, — 150. 000

13 5.000,30.000, — 15.000, - 15.000,95.000, — 145. 000

14 5.000,35.000, —30.000, —30.000,100.000, — 140. 000
15 5.000,40.000, —20.000, —20.000,105.000, — 160. 000
16  5.000,45.000, —10.000, — 10.000,110.000, — 155.000
17 10.000,25.000, —20.000, —20.000,105.000, — 155. 000
18 10.000,30.000, —35.000, —35.000,110.000, — 150. 000
19 10.000,40.000, - 15.000, - 15.000,95.000, - 140. 000

20 10.000,45.000, —-5.000, -5.000,100.000, — 160.000

7% BT B 5 AN AR 975 40 2 <48,
11, 14,17 A5 22 Jr 15 14 356 A A 25 A0 26 5 B 14 U T
g =[0.68919 —0.72224 0.041405 0.040907 ]
X IOE B 55 R R Ry
8. =

0-99322 - 0.11620 - 0.0020168 - 1430.9
L10.0034233 - 0.0466  0.99891  —859. 14 L
B 0.11616 -0.99213 -0.046682 - 166.50 5
Lo 0 0 1 U

4) BRE SRR .

A3 R FH B5e /s 386 2 0065 o 45 2R 0 B A
FE 45 FLRIORS A bR e 25 5, % 4.2 A5 ) 20 A HLEY
AT 0O I B4 A i 467 i 30 A7 RS R 56 U . 56 UF 45
RUNE 3 Frow, Horp Gl xSy BT g3 1 45 AR bR
55000 £ AR A 2 T ) 28 KT A A6 158 2%, A A A 2 BT D
ST

T SRR FH S5/ 3R G X LA N R AR A &R
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Fig.3 Verification and comparation of accuracy
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Calibration method of robot base frame by quaternion form
WANG Wei" , LIU Lidong, WANG Gang, YUN Chao

(School of Mechanical Engineering and Automation, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: The accuracy pose of robot base frame with respect to the world frame needs to be calibrated
under the task of multi-arm cooperation, identification of kinematics parameter and off-line program of robot.
An accurately calibration method of robot base frame using quaternion form was proposed and applied. The ki-
nematic model of robot was established by the product-of-exponential formula. 5 tool center points (TCPs) ,
which were not coplanar, were measured with the external measuring device, and the corresponding robot joint
configurations were also recorded. By considering the elements of rotational matrix corresponding to the base
frame pose as the variables, a group of incompatible equations was set up, and the initial homogeneous matrix
of the base frame pose was also obtained. However, due to the errors of measuring and truncation, the rota-
tional matrix part of initial homogeneous matrix cannot satisfy the regulation of unit orthogonal matrix. Using
the geometrical constraints of a quaternion, an objective equation by the form of penalty function was estab-
lished, and the initial homogeneous matrix was orthogonalized. By a set of practical calibration experiments of
robot, the validity of calibration method was verified, which improved the accuracy of the location of
robot end.

Key words: robot; calibration; base frame; quaternion; orthogonality
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Fig.1 Structure of Tong detection algorithm
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Fig.2 Total detection probabilities of Tong algorithm
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Table 1 Average dwell times of noise search unit for
different A and B

Yoyt BR R b 3R 2 e ) BN A SRS T4 R L
s/n=6dB fEOL T AFH], % 3 rf i K 78 TR I 15
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Table 2 Average dwell times of signal search unit for

different A and B (s/n=6dB)

A
B
4 6 8 10 12
1 2.93 6.04 8.05 10.00 11.98
2 4.00 6.81 8.44 10.22 12.13

B
A
4 6 8 10 12
1 1.02 1.14 1.33 1.57 1.83
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Table 3 Average dwell times of signal search unit for

different A and B (s/n =9dB)

A
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Table 4 Average dwell times of signal search unit for

different A, B and s/n

(s/n)/dB

A B

6 7 8 9 10
4 1 2.93 3.34 3.40 3.26 3.12
4 2 4.00 3.80 3.21 2.62 2.25
6 1 6.04 5.69 5.36 5.15 5.05
6 2 6.81 5.62 4.79 4.32 4.10
8 1 8.05 7.59 7.28 7.10 7.03
8 2 8.44 7.28 6.58 6.21 6.06
10 1 10.00 9.53 9.23 9.08 9.02
10 2 10.22 9.13 8.49 8.17 8.04
12 | 11.98 11.50 11.21 11.07 11.02
12 2 12.13  11.06  10.44 10.15 10.04
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Performance analysis and parameter setting for Tong detection algorithm

ZHU Yunlong', CHOU Wusheng', YANG Dongkai **

(1. School of Mechanical Engineering and Automation, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. School of Electronic and Information Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Tong detection algorithm is a common used signal detection algorithm. But the overall conclu-
sions about statistical performance and parameter setting of Tong detection algorithm are absent. Aiming at
these problems, statistical and recursive analysis methods were used to carry on theoretical analysis about mean
value and variance of dwell times in signal search unit in detail, the corresponding expressions were given, a
maximum dwell times constraint method was offered according to the 3Sigma principle. The relationships be-
tween detection probability, average dwell times of noise search unit and signal search unit, initial value and
maximum value of algorithm counter, pre-detection signal to noise ratio were analyzed. Analysis results indi-
cate that the parameters of Tong detection algorithm should be set according to signal strength and search
modes, and the influence of parameter setting on detection probability and average dwell times of noise search
unit or signal search unit should be balanced.

Key words: satellite navigation; receiver; acquisition; detection; Tong detection algorithm
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Fig.1 Design paradigm for collaborative interface
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Fig.2 Design for accumulative collaboration
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Fig.3 Typical accumulative collaborative

interface-MuCheckbox
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4) HAELBAER B 1P =1, AT i
A H:VE BN do_FinalOperation.
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Fig.4 Design for queuing collaboration
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Je MG S 5 UME R P 81 2. MuButton £ )
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.
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Fig.5 Typical queuing collaborative interface-MuButton
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Fig. 6 Design for logical conjunction collaboration

7 BFE A4 Combine 4 A& F#

Fig.7 Combine compound gesture in jigsaw application
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it B

K8 WAUMEBRT

Fig.8 Design for contents collaboration

9 ML B BT -MuCanvas 42 {F
Fig.9 Typical design for contents collaboration-MuCanvas
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Bl Bt 25 #bn 22 0 F MixedSensemaking (& 11) .
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Fig. 10 Implementation for instant decision-making
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Implementation for instant sensemaking

Fig. 11
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Fig. 12 Experimental environment
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making /1 BRI BR 23 R0R DL K 2 A g i A BE
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HA# 2 BT a2 46, 4% B E R A5 40 G 3 10 32 & i
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AT W B2 S 52. 72% , 3% 55 % 0 13 3o A8 K P 5
FIF ] T 41 fp PR SR BT A A BT R) AR — B

*1 RASAERBHERMHEXNRENSIT

Table 1 The analysis of collaborative interface by

5-point Likert Scale

o T T I
EEAACES : P
M SD M SD

InstantVoting
WK
InstantVoting
e
MixedSensemaking

AR

PMETTMALES 2.31 0.85 3.92 0.86 8.954 <0.001

4.23 0.60 2 0.82 7.942 <0.001

2.62 0.87 4.38 0.51 8.799 <0.001

2.08 0.86 4.23 0.93 14.000 <0.001
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Multi-user collaborative interface

YANG Qiang"?, LIU Jie', ZOU Yu’, QIN Yonggiang', YU Chun', SHI Yuanchun*'?

(1. Pervasive Computing Group, Department of Computer Science and Technology, Tsinghua University, Beijing 100084, China;

2. Naval Academy of Armament, Beijing 100036, China;

3. Department of Computer Science and Technology, Qinghai University, Xining 810016, China)

Abstract: The multi-user characteristic is a key factor for interactive tabletops. Some emerging collabora-

tive patterns emerge during the process of multiple users gathering around interactive table and collaborating

face to face. The interface which shows the emerging collaborative pattern is a design paradigm of emerging in-

terface, which is called “interactive interface”. 6 characteristics and 5 emerging interactive modes, including

concurrent operation of interactive interface and so on, were analyzed. In the aspect of design, the design par-

adigm for collaborative interface was proposed, and typical collaborative patterns were formally descripted and

designed with hierarchical state machines. In the aspect of implementation, a set of component libraries em-

bodying the collaborative traits and collaborative modes above were developed, and two typical applications

were embodied based on these component libraries. Finally, user experiments were conducted, and experi-

ment data were analyzed by Likert Scale. The results show that collaborative interface design based on interac-

tive tabletops can improve decision quality, the efficiency of collaborative situation sensemaking and the visu-

alization effect increase by more than 60% , the effect is significant.

Key words: interactive tabletops; multi-user; collaborative interface; collaborative mode; context
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Fig. 1  Structure of visual simulation system of

aircrafts’ load spectrum measured data
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Design of visual simulation system of aircraft flight load spectrum
measured data based on double-buffering technology
TIAN Zhaofeng, YAN Chuliang "

(Beijing Aircraft Strength Institute, Beijing 100083, China)

Abstract: Aircraft load spectrum measured data visual simulation is an important means to identify ma-
neuver and to verify the validity of measured data in flight testing. A data storage method based on logical data
channels was put forward to solve the structural differentiation problem of different data sources caused by
different measured objects; for the performance problems caused by model complexity when large amount of
measured data was used to simulate the whole flight course, physical channel and logical data channel analyti-
cal model were established ; based on data double-buffering and drawing double-buffering mechanisms, flight
model and visual simulation system environment of measured data were established, and the measured flight
data of different testing aircrafts were analyzed and verified. The results show that the visual system meets the
verification of flight measured data and the demand of maneuver recognition of GB level load spectrum of
different types well, and can reproduce the entire course of the flight completely. It provides a visual platform
to identify maneuver of flight course of aircraft, verify the data validity and post process of data.

Key words: flight measurement; load spectrum; double-buffering; logical data channel; visual simula-

tion system
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Performance analysis of high accuracy multi-dimensional limiting process
SUN Di, YAN Chao”, YU Jian, QU Feng, HUA Jun

(School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: The conventional limiting process is mostly based on one-dimensional structure, which cannot
keep monotonic features of quantities under conditions of multi-dimensional discontinuities, leading to non-
physical oscillations. In order to overcome the structure defects of the conventional methods, multi-dimensional
limiting process (MLP) is a high accuracy limiter whose basic idea is that the vertex values interpolated at a
grid point should be within the maximum and minimum cell-average values of neighboring cells through multi-
dimensional correction. The major advantage of MLP is to avoid multi-dimensional oscillatory effectively and
ensure solving accuracy. According to a set of test cases including one-dimensional shock tube, non-viscous
vortex flow and shock boundary-layer interaction, the performance of MLP with high accuracy was analyzed, it
is verified that third-order MLP can avoid multi-dimensional oscillatory effectively both in continuous and dis-
continuous area. Compared with higher-order WENO ( weighted essentially non-oscillatory ) schemes, the
third-order MLP maintains several desirable characteristics, such as simple algorithm, simple implementation,
improving the solving accuracy, monotonicity and convergence. For these properties, MLP can be applied to
study complicated flow in engineering and scientific research, and is expected to have a bright application
future.

Key words: high accuracy multi-dimensional limiting process; multi-dimensional limiting process;

monotonicity ; shock boundary-layer interaction; WENO schemes
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Table 1 Optimization results
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u (1.557 x10 7' ,7.216 x10 %) (1.113 x1072,7.433 x10 ~°) (0.989,1.974)
v (3.031 x1072,2.134 x10 ") (1.012 x107%,5.576 x 10 ~*) (1.002,0.993,0.982,2.402)
w (5.573 x10 72 4.318 x10 %) (3.772 x10 7 ,2.613 x10 %) (0.989,1.958)

B3 w,y,z [m] A SC A 46

Fig.3  Correlation tests in x,y,z direction
K4 x,y,z [mZEHRIT5
Fig.4 Turbulence sequence in x,y,z direction
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Carrier airwake simulation methods based on
improved multi-objective genetic algorithm
TAO Yang'?, HAN Wei "'

(1. Department of Airborne Vehicle Engineering, Naval Aeronautical and Astronautical University, Yantai 264001, China;

2. Naval Academy of Armament, Shanghai 200436, China)

Abstract: A new numerical turbulence simulation method to enhance the credibility of simulation of carri-
er airwake free-air turbulence components has been presented. At first, the turbulence sequence of each direc-
tion was presented as the Euler forward different format with correction factors. Meanwhile, associated with the
thought of intelligence algorithm, the mean squared error and correlation function error in turbulence correla-
tion test were regarded as the optimized objective functions. And the selection of correction factors was treated
as a multi-objective optimization problem. The correction factors were determined by improving multi-objective
genetic algorithm. At last, the validity and rationality of this method were verified by simulation cases. The
calculation results show that the required turbulence sequences can be generated flexibly with different sam-
pling steps. Especially in case of some small sampling step, the simulated turbulence sequences fit the theoret-
ical values very well, and the method can meet the requirement of virtual flight test.

Key words: carrier airwake; free-air random turbulence; multi-objective optimization; genetic algo-

rithm ; error functions
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Fig.1 Procedure of model updating technique based on

response surface method
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Fig.2  Procedure of MOGA
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SR 73 A X 2 O R A Y 25 4 BE HL B PCB, R
SHo8 203 mm x 140 mm x 1.6 mm. ¥) 45 0964 8} g 2
mFE 1 R,

#&1 PCB ¥t #EGE
Table 1 Initial material properties of PCB

28 LR CEIEN ZH IR A
E_/GPa 18.7 Mo 0.18
E,/GPa 16.7 G,,/GPa 3.28
E./GPa 7.4 G,./GPa 2.4

Moy 0.13 G../GPa 2.4

iy 0.42 p/(kg+m™) 1836

2.1 #EERRE

SR JH T 5 i 8 A% SR, 7% 3 ) R 1 O vk )
PCB #E47 A d B 5, 2 35 AR (7 x5),
LS 7R A PCB 5 20 A1 dn 181 3 7.

40000 A5 P9 oS R T Ml R 5 4 g S TR T I Ry
B, 4 B, A AL ES 38 7R bR 2 (MIF, Mode
Indicate Function) | & 52 & ( stabilization diagram )
4 Jay I 852 5 800 41 O IR 00 3 A i Y
PR A ) MAC ( Modal Assurance Criterion ) {H {138 2
Jros. N 2 W LLE I MR s g i 20 £, iR Y
Z AV AR B ST g AR S R I 45 R 3k 3 s
MFE 3 AT LU A5 4G T iR BT 6 B A 5 1 22
WRKHMNT. 7% ,5/N R 3.3%.
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Fig.3  Test setup
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Fig.4 Mobility
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Table 2 MAC values of test modes

[EEN A 1 2 3 4 5 6
1 1 0 0.03 0 0 0.01
2 0 1 0 0 0 0.01
3 0.03 0 1 0 0.02
4 0 0 0 1 0 0
5 0 0 0 0 1 0.01
6 0.01 0.01 0.02 0 0.01 1

R3 BIERIFHE 6 B LRMESLE
Table 3 Comparison of first six resonant frequencies

before and after model updating

7 U R
TETE Sk 1 i BiER
5/ H

Hi R/ Hz R/ % %ﬁ%/l—lz "%/ %

1 85.4 79.663 -6.7 85.208 -0.2

2 125.4 120.73 -3.7 125.52 0.0

3 214.9 202.58 -5.7 214.54 -0.2

4 291.6 273.25 -6.3 301.07 3.2

5 338.8 312.58 -7.7 337.85 -0.3

6 353.4 341.88 -3.3 359.4 1.7

2.2 ARTHH

FIH] ANSYS Xf PCB #4747 FR oC @B, 5% ]
200 5T ETT, A AR Bl RS A ROT AN
KRB MAC {HAN4 4 Pros. 32 4 e 1 AT 30R
U A HIT 6 B2, 5 1 31 on A BROTTH3E 9 il
6 BBt s, IR 4 T LI A BROC AL 1 45
PRI A B AF (XA IR T 0.8) , H A B
R LA b 37 PR R CIERX f I 453 0)

x4 ARTHEMKEIHRELY MACE
Table 4 MAC values of finite element ( FE)

simulation and test modes

[T 1 2 3 4 5 6

FEAl  0.94 0.04 0.05 0 0 0.01
FEA2  0.01 0.93 0.02 0 0 0.03
FEA3 0 0 0.86 0.05 0 0.06
FEA4 0 0 0 0.91 0.02  0.05
FEA5 0 0 0 0 0.94 0

FEA6 0 0 0 0 0.03  0.80

PCB 1% B FI LA R FE 84 5 4, HAH
XFASARAR /N, TR AR SCH PCB. 1Y 1E 28 45 [i] S5 1 44
BHEME (3 A SRR, 3 IR, 3 A BT DI
)RR A (B IE) &8 &, A 6 [y JE IR R
H—A~ [ 58 SCAS AR D g A o, HOE R
B 6 B A58 25001 4R ) 5% 25 °F- 75 -

fnzz(fai_fei)z (3)

£ A BRITIM AT I35 f,, D 1B A€, i D A
S gL
i NS B BURAE S BT S R

K5 S8BT

Fig.5 Parameter sensitivity analysis
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Fig.6 Parameter importance analysis
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Fig.7 Example of response surface
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Fig.8 Response surface fitness check
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()bj_z(fai _fcz)z (5)
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— W AEAA I 100 28T i FE A, 2 AR SR T
SR AL B DR A, B — Y 8 S A R (mutation
probability) & 0. 01, & — K 38 X i & ( crossover
probability ) &7 0. 98. 15 & P F L SHE N - fe K AR
Pareto [ AT SRS € L. kUL RE &1 9 ~ &1 11
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Fig.9 lIteration processes of first three resonant frequencies
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Fig. 10 Iteration process of fourth objective function
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Fig. 11  Convergence process with two different

iterative criteria
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Table S Comparison of material parameters before and

after updating

IR E,/GPa E,/GPa G, /GPa
& 1E i 18.7 16.7 3.28
BIER 22.7 18 3.76

3 & i
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Printed circuit board model updating based on response surface method

XU Fei, LI Chuanri® , JIANG Tongmin

(School of Reliability and Systems Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Optimization analysis based on response surface is used in finite element ( FE) model updating
in recent years. Printed circuit board ( PCB) model updating process based on response surface was presen-
ted. First six modal frequencies of PCB were calculated using ANSYS and correlated with modal test results.
Three objective functions were formed using the first three orders of FE analytical and measured modal frequen-
cies. The fourth objective function was formed by the square of residuals between first six resonant frequen-
cies. Each resonant frequency was given the same weight. A multi-objective genetic algorithm (MOGA) was
used in optimized analysis to minimize the four objective functions. A case was presented to illustrate the pro-
posed updating procedure. The results show that the model updating technique based on response surface can
be used to improve the accuracy of PCB FE model, and can be analyzed directly by using commercial FE soft-
wares now available, which is conducive to engineering application.

Key words: response surface; printed circuit board; finite element analysis; model updating; optimiza-

tion analysis
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Fig. 1 Original finite element model for

structural optimization
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Fig.3 Topology optimization result and shape optimization

result based on topology optimization
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Fig.4 Shape optimization result and topology optimization

result based on shape optimization
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Fig.5 Simultaneous shape and topology optimization result
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Fig.6 Initial design model
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Fig.7 Fourth and fifth mode of vibration of

initial design model
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Fig. 8 Comparison of optimization results with

lower frequency of nodal diameter vibration
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Fig.9 Variation tendency comparison of
optimization results with lower frequency of

nodal diameter vibration in different iteration steps
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Fig. 10 Comparison of optimization results with

higher frequency of nodal diameter vibration
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Fig. 11 Variation tendency comparison of

optimization results with higher frequency of

nodal diameter vibration in different iteration steps

JO7 72 BE AN [8] , 31 1 FHE AR [8] i 0 1k 235 23

4.2.3 RZHFHEKIFMEFE

WYt X (2) R A I AR 24 B, 4 v 4 [ 9 3 A
HRAPN f, =700 ARALGE R WP 12 fios. A
Tl DL 5 R 3 O A 45 SR 2GR, 4 Fh
TEAR TR B A8 A6 5 211 28 60T XU HE XY 45
. O TR R T IO 45 2R B i Al 22 18] B
[E] e B/

P12 F 1 B IR Bl A A B e Al 45 R X
Fig. 12 Comparison of optimization results with
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Simultaneous topology and shape optimization method in
conceptual design of disk

FAN Jun'?, YIN Zeyong“"’, WANG Jianjun', MI Dong'’, YAN Cheng'

(1. School of Energy and Power Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;
2. Aviation Research Institute, Beijing 101121, China;

3. Aviation Powerplant Research Institute, Aviation Industry Corporation of China, Zhuzhou 412002, China)

Abstract: To minimize the effects of artificially chosen variables on optimization results, simultaneous to-
pology and shape optimization ( STSO) method was proposed for structural optimization of aero-engine disk at
the conceptual design phase. This method was based on solid isotropic material with penalization ( SIMP)
method, by analyzing the sensitivities of the optimized object and constraints, sequential quadratic program-
ming (SQP) optimized method was used to solve the problem. Then, taking shell structure for instant, the
results of STSO method and multi-step optimization method were comparatively analyzed, which confirmed the
advantage of STSO method. At last, the STSO method was utilized to design a conceptual disk structure.
Results of disk structural optimization of STSO method were compared to that of the sole topology optimization
method. Influence of frequency constraints of different vibration modes on optimization results was discussed.
The results show that the structural forms of optimization results of frequency constraints of different vibration
modes vary a lot. Convergence rate of STSO method is faster than that of solo topology optimization, and the
consequences of STSO method are more accurate. Meanwhile, the results of STSO method may be invalid for
excessive mesh distortion caused by the wrong choice of the value range of shape optimization variables.

Key words: aero-engine; disk; simultaneous topology and shape optimization method; solid isotropic

material with penalization (SIMP) ; frequency constraint
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Fig.6 Compensation results of system
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Real-time drawing technique for textured surface based on
multi-projector system

CHEN Feng"?, LIU Yue™"?, WANG Yongtian'

(1. School of Optoelectronics, Beijing Institute of Technology, Beijing 100081, China;

2. Beijing Engineering Research Center for Mixed Reality and Advanced Display, Beijing 100081, China)

Abstract: With the development of the hardware performance of projectors and techniques on computer

graphics, projections are used on more common surfaces so as to provide vivid and shocking visual effects.

A new method that employed multi-projector system and interactive flat devices to modify the appearance of

textured surface in real-time was introduced. On the basis of analyzing the color modeling of the system, an

algorithm which recovered radiometric parameters and distributed the projection energy properly was presen-

ted. Efficient interactive-rendering pipelines were developed to insure that newly designed patterns could be

projected on surface of objects without geometry and radiometric distortions. Experimental results show that the

proposed method could improve the system accuracy of compensation while enlarging the system intensity

range. Interaction, drawing and rendering modules of the system work synchronously to compensate the target

appearances in real-time.

Key words: radiometric compensation; color coupling; mobile interaction; multi-projector system; real-

time drawing
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Fig. 1 Schematic of preparation and take-up process of

amorphous ribbon
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Fig.2  Force analysis image of the first adsorption step
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Fig.3  Force analysis image of the second adsorption step
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Fig.4  Structure schematic of magnetic take-up roll
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Table 1 Structure parameters of magnetic

take-up roll mm
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Fig.7 Variation image of magnetic adsorption force on

amorphous ribbon(L =1 mm)
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Fig.9 Pressure field distribution of flow field under

different x-direction distances(L =1 mm)
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Total force distribution on amorphous
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Fig. 12 Magnetic flux density distribution of

the second adsorption step
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Fig. 13 Magnetic adsorption force variation curves with

different z-direction locations of the second adsorption step
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Fig. 14 Magnetic adsorption force test system
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Fig. 16  Efficiency test facility of magnetic take-up roll
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Numerical simulation of adsorption characteristics of
magnetic take-up roll for amorphous ribbon
SONG Yanming, YANG Yang"®

(School of Mechanical Engineering and Automation, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Take-up roll (TUR) is a key component in amorphous ribbon automatic production line.

Take-up rate of TUR determines the ribbon quality and production rate. Because the line speed of amorphous

ribbon in the ribbon process is fast and the amorphous ribbon suffers from different resistance, TUR should

generate enough adsorption force to overcome the different resistance conditions. According to the requirements

of ribbon production process, the structure of magnetic TUR with NdFeB permanent magnet was proposed. The

finite element method was used to analyze magnetic adsorption characteristics in different ribbon steps. The

magnetic adsorption force contour and magnetic field distribution were obtained along different axes under dif-

ferent air gaps. The calculation results show that the magnetic TUR can supply enough adsorption force to take

up the ribbon when air gap is smaller than 30 mm in specification range. Finally, the maximum magnetic

adsorption force under different air gaps were measured by spot tests. It is verified that the test result is con-

sistent with the simulation result.

Key words: amorphous ribbon; permanent magnet; take-up roll; adsorption force; air gap
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Fig.9 Principle of tool end focusing
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Self-adaptive laser marking technology for marking code on tool

XU Lang', HE Weiping’, WAN Min"', LI Weidong', LEI Lei’

(1. School of Mechanical Engineering and Automation, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. School of Mechatronics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: In view of the recent situation that several defects of traditional laser marking code on tool ap-

pear such as marking inefficiency, marking quality instability and the harm to workers, a self-adaptive laser

marking technology was put forward. The conveyor and V-block of specific structure were designed with photo-

electric switch detection function to realize self-adaptive tool delivery. Besides, a kind of gripper was devel-

oped that made the different tool axes stand in the same position after grasping, which ensured that all of the

different tool ends could quickly locate to laser marking area. Moreover, using the rapid moving of gripper, a

photoelectric switch was adopted auxiliary focus to improve the speed and precision of focusing. Under the sup-

port of the three key technologies above, the whole design of project was completed. The test results of proto-

type prove that the self-adaptive laser marking technology increases the marking efficiency of more than four

times compared with that of the traditional way and ensures the marking quality reliably. This technology

achieves the goal of unmanned marking.

Key words: laser marking; tool; code; self-adaptive; unmanned
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Resonance suppression method based on digital filter for servo system

WANG Jianmin"?, WU Yunjie *"*, LIU Youmin’, ZHANG Wulong*

(1. School of Automation Science and Electrical Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;
2. Science and Technology on Aircraft Control Laboratory, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;
3. Beijing Institute of Space Launch Technology, Beijing 100076, China;

4. National Defense Science and Technology Key Laboratory of Missile, Beijing Simulation Center, Beijing 100854, China)

Abstract: According to mechanical resonance problem in flight simulation servo system ( turntable sys-
tem) , the principles of resonance suppression about traditional notch filter and second-order low-pass filter
were analyzed. Afterwards the two-second resonance suppression digital filter was proposed. The two-second
digital filter combines the characteristics of traditional notch filter and second-order low-pass filter, and it can
suppress the resonance point and the anti-resonance point at the same time. Through theoretical analysis and
simulation combination, the principle of the two-second digital filter restraining the resonance point and the an-
ti-resonance point simultaneously was explained. The experiments were also conducted, in which above all fil-
ters were joined into the turntable system respectively. Experimental results show that, the proposed filter en-
sures high tracking precision meanwhile effectively widens the bandwidth of the servo system.

Key words: servo system; mechanical resonance; resonance suppression; notch filter; digital filter;

two-second filter
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missile-borne SAR in terminal guidance stage
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scanning scene by stripe
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Fig.9 Imaging results of simulation tank data
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Fig. 10 Contour maps of strong scattering center imaging in traditional BP algorithm
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Fig. 11 Contour maps of strong scattering center imaging in improved BP algorithm of this paper
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Table 2 Evaluating indicator of strong scattering center imaging results of tank
A B2 )
ARk SR A BRI /s
PSLR/dB ISLR/dB A¥E%R/m PSLR/AB ISLR/dB INHEE /m
1 13.26 9.98 1.00 13.23 9.99 0.91
3 13.24 9.99 1.00 13.25 10 0.93
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20 13.25 10.00 1.00 13.23 9.98 0.94
1 13.12 9.92 1.24 13.09 9.90 1.18
3 13.08 9.91 1.22 13.08 9.91 1.16
. - 9 13.11 9.94 1.25 13.11 9.91 1.19
Xk 1215 11 13.09 9.92 1.23 13.07 9.92 1.16 27
13 13.07 9.93 1.22 13.14 9.90 1.17
20 13.14 9.95 1.24 13.10 9.91 1.18
1 13.10 9.87 1.20 12.98 9.76 1.15
3 13.12 9.89 1.21 12.94 9.78 1.14
. . 9 13.10 9.91 1.22 12.95 9.76 1.17
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Fig. 12 Imaging results of measured echo data
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Improved back-projection imaging algorithm for approximate forward
looking missile-borne SAR

YE Xiaoming' , ZHANG Guofeng', HU Xiaoguang ', CHEN Ruiguo’, SUN Yanhe’

(1. State Key Laboratory of Virtual Reality Technology and Systems, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;
2. The State Grid Liaoning Power Co. Lid. , Shenyang 110006, China;
3. The Maintenance Branch of State Grid Liaoning Power Co. Ltd. , Shenyang 110003, China)

Abstract: In order to solve the problems that the existing high squint missile-borne synthetic aperture
radar (SAR) algorithm can not deal with too high squint angle, and that the calculated amount of traditional
back-projection (BP) imaging algorithm is too large, as well as that the current fast BP algorithm can not
process the echo data in parallel, an improved approximate forward looking missile-borne SAR back-projection
imaging algorithm which can process echo data in parallel was proposed. According to geometrical relationship
of approximate forward looking missile-borne SAR, an echo signal model was established. And the imaging
area was divided to equidistance strip in range along the distance direction. The image was split when merging
sub aperture, and the splitting and merging did not stop until the accuracy of image met the requirements.
Next the raw echo data was back projected to each strip for coherent integration, and then the missile-borne
SAR image was obtained. If these strips were processed for imaging in parallel, the imaging speed would be
further improved. Finally, results of simulation echo data and real echo data validate that the improved algo-
rithm can deal with approximate forward looking scene with 86° squint angle, and it can greatly improve the
computation speed compared with that of traditional BP algorithm. Moreover, the computation speed is faster
than that of other improved BP algorithms by processing those strips in parallel.

Key words: missile-borne; synthetic aperture radar; approximate forward looking; back-projection;

process in parallel
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Fig. 1 Trip duration on social and monopoly optima
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Fig.6 The effects of quantity-control regulation
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Regulation strategies on the public transit system with
information provision

LIU Dalong, TIAN Qiong”

(School of Economics and Management, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: The effects of various regulation strategies on the transit fare and frequency in public transit
system with information provisionwas studied. Besides two extreme strategies, namely monopoly optimum and
social optimum, the rate-of-return strategy and quantity control strategy were also investigated as two more real-
istic regulation policies. The model assumes that the arriving passengers follow passion process and the
percentages of passengers who plan their trips are endogenous and depend on the frequency of service and on
the quality of information provided. There is a certain relationship between monopoly optimal and social
optimal under the above model. In addition, the problem of profit maximization by public transport company
under transit regulations was also analyzed. The results of the study found that the information provided under-
social optimum is better than monopoly optimal, and the number of passengers under social optimumis two
times than monopoly optimal, other exogenous variables also have a significant effect of the four kinds of regu-
lation strategies.

Key words: public transport management; information provision; regulation strategy; rate-of-return reg-

ulation; quantity control regulation
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Fig.1 Transmission mechanism of two-stage reducer
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Table 1 Basic parameters of meshing gear
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Table 2 Harmonic data of transmission error

gl $i %/ Ha LA/ pm AL/ (°)
0 0 0.04038 180
1 416.7 0.18468 80. 140
2 833.3 0.14906 31.359
3 1250.0 0.14395 1.149
4 1666.7 0.12793 -24.542
5 2083.3 0.099 54 -50.025
6 2500.0 0.066 67 -73.672
7 2916.7 0.03512 -101.496
8 3333.3 0.01518 180
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Fig. 13 Dynamic response of inner and outer rings of the bearing at input shaft, middle shaft and output shaft
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Fig. 14 Response of reduction nodes of bearings at input shaft, middle shaft and output shaft
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Table 3 The first six natural frequencies of gearbox
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Analysis on vibration transmission characteristics of
box-like power structure
GAO Weijin, WANG Liang ", LIU Yongguang

(School of Automation Science and Electrical Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Box-like dynamic structures are proceeding at the direction of maximization and flexibility.
Vibration transmission characteristics of geared shaft-bearing-housing were studied by finite element method
under different excitation conditions for two-stage reducer. Gearbox was used as a flexible substructure reduced
to the center of bearing hole by Craig-Bampton dynamic reduction technique. When mesh transmission error
and torque fluctuations of input shaft served as excitation source respectively, meanwhile nonlinear factors such
as time-varying meshing stiffness, meshing misalignment, gear tooth backlash, axial contact ratio, and the
gravity effect of shafis and gears were taken into consideration, dynamic acceleration response at gearbox
reduction nodes and bearing inner ring were analyzed based on the thought of shaft section node. Finally, the
natural frequencies of gearbox were extracted based on Block Lanzos method. Numerical analysis results show
that the bearings of output shaft do not play an attenuation effect in the process of dynamic response transmis-
sion, and should be replaced to prevent the influence on the performance of whole system. Gearbox is conser-
vatively designed that needs to be optimized according to the dynamic response of gearbox reduction nodes.

Key words: Craig-Bampton reduction; time-varying meshing stiffness; meshing transmission error; shaft

section nodes; Block Lanzos method
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Fig. 1  Variation of perigee altitude verses

the time of atmosphere traversing
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Fig. 6 Variation of bank angle during single-pass aerobraking
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Perigee altitude control using aerodynamic force during aerobraking

JI Yingliang, ZHU Hongyu" , YANG Bo

(School of Astronautics, Beijing University of Aeronautics and Astronautics, China)

Beijing 100191 ,

Abstract: An approach of perigee altitude control using aerodynamic force was provided to deal with the
decline of perigee during the orbital transfer process of aerobraking. The atmospheric flight control law consid-
ering the bank angle as control variable was investigated, and the computer simulation which referred to the
relevant interplanetary exploration mission was performed for demonstration. The perigee altitude was con-
trolled by changing the bank angle to adjust the aerodynamic force component along altitude direction. And the
feedback gains were automatically adjusted according to the currently actual altitude and the desired altitude of
perigee. The present control law effectively limited the decline of perigee altitude and reduced the quantity of
decline finally during whole aerobraking without fuel consumption. Meanwhile, the max dynamic pressure and
the max heat flux were decreased gradually, which ensure the security of spacecraft.

Key words: aerobraking; perigee control; bank angle control

spacecraft orbit; orbit transfer;
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Post-buckling damage analysis and fatigue life prediction of thin plate
XIAO Hao', HU Weiping“', ZHANG Miao’, MENG Qingchun'

(1. School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. China Academy of Space Technology, Beijing 100094, China)

Abstract: Post-buckling damage of thin plate under compressive load in plan was studied, and the fa-
tigue life of plate was predicted by taking the coupling effect of buckling and fatigue damage into account.
Firstly, the finite element model was established, and the critical buckling load and buckling mode were ob-
tained by linear buckling analysis, then the large deflection theory was adopted, first order buckling mode was
applied as the initial displacement perturbation, and the corresponding critical buckling load was determined
by nonlinear bucking analysis of thin plate. Secondly, damage evolution equation of thin plate material under
monotonic loading was established based on damage mechanics theory and method, and parameters of damage
evolution were obtained by the parameter identification based on the material fatigue test results. Post-bucking
damage was analyzed base on nonlinear bucking analysis results and damage evolution equations. Finally, the
effect of fatigue load was took into consideration, finite element numerical method was used to solve the prob-
lem based on damage mechanics theory, considering the coupling effect of the damage caused by load each
time and post-bucking stress strain fields analyze, the fatigue life of the structure was achieved by repeating it-
erative computations. The research provides a new method and a practical means for the analysis of post-buck-
ling damage and fatigue life considering post-buckling damage of engineering structures.

Key words: plate; post-buckling; damage; fatigue life; nonlinear theory



2015 4 3 A
F414E 435

tEMEMRKEFER

Journal of Beijing University of Aeronautics and Astronautics

March 2015
Vol.41 No.3

http : //bhxb. buaa. edu. c¢n
DOI. 10.13700/j. bh. 1001-5965.2014.0182

jbuaa@ buaa. edu. cn

T IFA-ELM fifii = &2 31#1 B & i PID

= H#h 7Tk
B, BRI, LR

(BRI LR K RER S 3l 1%kt , LA M AL ERLRE, Bat 210016)

1 B HAABARRBRRAINEEEE RSHNFL /YT —FETRHAR
3 % 3] HLCELM) 3 & 24 Hl 2 S #E AT TN 8y B & 5 PID 42 4] 7 . & $8 % ELM # U A% B An 52
WM, RAERT Z %A TRkt &k & &% (IFA) fh b ELM R % % %, % & & b 85 ELM
Wk IFA-ELM. ZH A RIEFRMUE AR T, AREMT WAERAE FREH T Lzt
A AAZEERIRGIN R EEFTNER, LT ZEA, RAMET B % & %R ¥ PID
ZH BRI SME. BFHERIELN, 5 H A PID =H A1, T IFA-ELM 8y g &
BPID R AR ERD T 0.2~1.4s, BREBEIKT 0.2% ~1.5% , 3 iE T ZEH T ik A

.
x # W
mESES. V233.7
XERARIRED: A

B KA 18 L 308 B & sl AL 4 o E R T R
TH -5 P AR o O =X i N A R ) PID
J7 ¥ % R I T & S BLEE AT R L Rk PID
B B — o e, BE5 TR 5 T TR
L E BT KPR A AL RS fE 4
N, RO AL AR G, BT LB — i PID
SO K Bl HIL IR 4 R 25 4 ol AR X ECAS 4 A5 3 1
SR, DRI T 3 3 5 o 4 2R 3 PR P % £ 4 PID
SRR A HIE RN & s AL N TR T AR RS Tk B
PID £ 5 HRAF X & B bL I 58 S F8 25 T AR R e
Y, N REAR 47 s 3fe I & shHL 1% 45 A sh 28 T AR 2,
SR 2R G5 ) W AR P, LA AE 5 ol A% 22 18] B D)
e 17 S0 T 96 5 v IR R e i R R, T R Bl
2510 R B2 R AR Y

B X IX — IR L, [7 3% N PID 8 il $& L 7 —F

W R AL PID; AR THL; EK Aok BE B H

XE4HS: 1001-5965(2015)03-0530-08

A R AR DT 1% R A E RN PID A5 AT LLE 3)
R Z S TAE RS TR RE S Tz S
AR B AR SR 3 L. PRI T 7 A A Sl AL 4
Ak, 135 N PID SR Tz e B
A 2K B R WG I 25 L PID 4252 i AH 45 4, K 42
o P 2R G %k A B WL S B A i 3 N BE 7, AT
v P R G PERE . A SO SR TR, 42
HH — T R A R RE DL AL 551 15 R g A1 Y PID
ARG G B 77 05 SR T BAT BRI 5 33 % 19 A
Vit 2 L ( ELM , Extreme Learning Machine ) 0]
RENHLT — A 0 e d AT WU T ELM Y
A E 2R 2 BUE e R AL A R E
8 BB BILAE 2 5% e Al T B RS R O 4R e T A Y
R RE , D/ ) 28 3 S MURE 412 i — b Bl 2 1) 0 K
A (IFA , Improved Firefly Algorithm) , F T4k

W Fs HE: 2014-04-03; SRAEHHE: 2014-07-04; 4% H AR A 18] . 2014-09-19 18.08
P 4% tH AR 3k . www. enki. net/kems/doi/10. 13700/j. bh. 1001-5965.2014.0182. html
EER N HBEEO991—) B mdbHE 25 A, W4, jy13661155288@ 163. com
# BIAEE . B (1972—) , & L T#HM SN RI 2, 1qh203@ nuaa. edu. en, AF52 7 [ g it 25 K S ML 42 ) 5 i e 12 B

SIAWENX: &%, M, FUKk ETIFA-ELM Btz X 0§l B & 5 PID 54 3 % % [T ] kwZ M E= MK A F#F4R, 2015, 41(3):
530-537. Jiao Y, Li Q H, Li Y B. New adaptive PID control method based on IFA-ELM for aero-engine [J ]. Journal of Beijing
University of Aeronautics and Astronautics , 2015 , 41 (3 ) : 530- 537 (in Chinese ).


Administrator
全文下载

http://www.cnki.net/kcms/doi/10.13700/j.bh.1001-5965.2014.0182.html

5 3 3]

fEie, % BT IFA-ELM B2 R gl AL A 5& 15 PID 4 37 05 i 531

1k ELM (¥ 4] i BU(E , JE B IFA-ELM 5334 14 4
T T IFA-ELM W 48 Z 50 B W8 B8 & sh il A
iGN PID 45 4 2%, 8 € AT 2 N R 45 Bl TR IR
A 0H], B8 1 Bl R 2% 2 8, A R DR
{14 1] 37

1 IFA-ELM &%

UE L4 K J i ok 1 0 A S0 1k Ak 50k oA
PRAE T B T IR 47 A B i A A 0L O
e, # K BUBE R (FA Firefly Algorithm ) iy A48 4
SR kR L G B A 2 R R R T R
2 3 T AR R 0 B LA AR S . i Bk i
Wrog# Yang! " 35 T A pk £ 06 F 0 Ak )
R FE BT W 2F 2J B & sh ML 00 I 2t
TR W a2 20 ML A B J2 U A D 5 0 55k
SRR IR 5 A B DR SR A ok e B ok
Xt HAE A7 k.

1.1 #HmMEANRE X
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1B 11 14 3R 30 PR A0 2 A RS 3 1 i A

R R A B, W
FOWE 5| B 5 B T & ok T A B i 45, 9
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T KBRS B B ok s B R 51 RE 9 R I
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7 I [0 14 R X 2 B R 5 | i A

I,=1, x e (1)

By=Bo x e (2)
Horp 1wk B0 A O St S B 5 T,
i R R G B A B (8 E R
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%, [K] + a(n,, -0.5) I, =1, .,
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1) Eggcrate Functions:

minf(x) =x + x;, + 25(sin’x, + sin’x,)

x e [ -2mw,27] (5)

2) Six hump Camel Back:

minf(x,y) =

4
(4.0—2.lx2+%)x2 +ay + (=4 +4y°)y°
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xe[-3,3],ye[-2,2] (6) Eggerate 1X F (%) 8L 81 22 06 R %, 7 309 468 K 1% 46 il

3) Schaffer Functions:

(x} +x,) 0.5

min/(x) £0.001(x +x2) ] -0
xe[-5,5] (7)
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Table 1 Function test results
UREWERR 'S ik R AN E AR AL 4 T -1 TR 4 A
FA 16 200 0.80 0.0144
Eggcerate 0
TFA 16 200 0.01 ~0.80 0.0023
FA 12 100 0.60 -1.0300
Six hump Camel Back -1.0316
IFA 12 100 0.01 ~0.60 -1.0315
FA 15 100 0.40 -0.9919
Schaffer -1.0000
IFA 15 100 0.01 ~0.80 -0.9999
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Table 2 Test results of Benchmark data for regression

LiEi Bk B BT A8 BN A 1V:218
" ELM 25 0.1305 125.7116

& IFA-EIM 12 0.1303  65.0077
ELM 20 0.1145  141.0584

Space_ga

IFA-ELM 10 0.1128  54.5093

; ELM 25 0.0853  11704.5
S RACELM 10 0.0850  3680.2
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Fig.1 Adaptive PID closed-loop control system diagram
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Fig.3 Testing data relative error
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Fig.4 PID parameter tuning curves when H =0 km
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New adaptive PID control method based on IFA-ELM for aero-engine

JIAO Yang, LI Qiuhong” , LI Yebo

(Jiangsu Province Key Laboratory of Aerospace Power System, College of Energy and Power Engineering,

Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China )

Abstract: For the strong nonlinear and variable parameters properties of high bypass ratio turbofan en-
gine, an adaptive PID control method based on optimized extreme learning machine ( ELM) was proposed to
predict the engine’ s parameters. To improve the prediction accuracy and the real-time property of ELM, an
improved Firefly algorithm (IFA) for multi-peak optimization was adopted to optimize the network parameters
of the ELM, and formed an optimized ELM training method IFA-ELM. Under the premise of ensuring predic-
tion accuracy, the algorithm effectively simplified the network scale and improved its generalization capability.
The engine fan speed prediction model was built by this algorithm, and gradient descent method was adopted
to adjust the PID parameters online based on the model to improve the dynamic performance of engine. Digital
simulation results show that compared with conventional PID control, IFA-ELM based adaptive PID method
shortens the settling time by 0.2 ~1.4 s, and reduces the overshoot by 0.2% ~1.5% , which demonstrates
the effectiveness of the proposed control method.

Key words: aero-engine; PID; extreme learning machine; Firefly algorithm; adaptive control
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Fig. 1 Representative wear curve of friction pairs
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Fig.2  Direct-viewing chart of wear change
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Fig.3 Wear increment diagrammatic drawing of
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Fig.4 Brake test data
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Fig.5 Representative overall friction coefficient curve of

carbon brake disks
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Table 1 Normal braking test parameters
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Fig. 6  Simplified friction coefficient curve of

one brake to stop
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Table 2 Correspond relationship between braking

speed ,rotate speed and angular velocity

A/ ) A L/
(m-s~h) (r-min~ ") (rad - s 1)
25 7463 781.52
20 5970 625.18
15 4478 468.94
10 2985 312.59
5 1493 156.35
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Fig.7 Approximate friction coefficient curve of

unsteady discontinuous brake
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Table 3 Braking time and traveling angles at

different phases

Bt FIEA VS A0/rad
A 1.53 1070. 41
B 1.80 980. 74
c 1.66 648.42
D 1.47 344. 80
E 4.42 345.27

23t 10. 88 3389.64
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Table 4 Linear wear at different braking speeds
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25 3589.31 0.30

20 2424.20 0.26

15 1165.12 0.23

10 460.17 0.33

5 345.27
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Table 5 Parameter Z at different phases

i Bt A B c D E

Z/10 73 8.358 10.725 19.740 71.713 0
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Table 6 Average working temperatures of

carbon brake disks at different braking speeds to stop

MR
st wtrmmmgne EENE pea v nc g

(m-s™') fEEAy Fj:/? (J-kg™'-c™') WE/C
(J+em™?)

25 4108 90 855.86 1348 600.25

20 2728 60334.66 1227 456.91

15 1510 33396.39 1101 308.63

10 685 15150.02 1017 187.19

5 179 3958.91 1000 101.15
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Table 7 Average working temperatures of carbon
brake disks before the corresponding phase ends in

unsteady discontinuous brake

[LSEN 7.7 CAE
fietm/] (J-kg ' WEE/
Ty T

Wih MERE ZHN#E
Mg g/ MEE AA/ O figd/
(m-s™") (Jem™?) (Jem™?)
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C 15 828.72 3479.64 76958.50 1308 532.88
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E 5 165.80 4142.35 91615.53 1348 604.68
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Fig.8 Relationship between linear wear and energy
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Calculation of brake disk life based on unsteady discontinuous brake

ZHOU Bin, LI Shulin®, CHANG Fei, SHI Xiaopeng, YIN Junjie

(Aeronautics and Astronautics Engineering College, Airforce Engineering University, Xi’an 710038, China)

Abstract: Focus on the problem that the actual service life of brake disks is always shorter than the cal-
culated data underground test, made use of the friction coefficient curves and took the actual statistic using
boundary of carbon brake disk to fit a friction coefficient curve of unsteady discontinuous brake. The wear
distance of one and several brakes to stop is calculated by using dynamic theory, and the wear rate of the two
different braking is 1: 1.8997 —1: 2.0363 using the formula of abrasive wear, which is exact compared with
the statistic result 1: 1.88 —1: 2.09 in the airfield. The wear condition becoming worse in unsteady discontin-
uous brake is the main reason leading to the wear speeding up of carbon brake disks fitting on the airplane.
The important role of friction layer to reduce wear is proven and a calculation method is established to improve
brake disks life test and estimate actual service lives of different-material brake disks by this study.

Key words: unsteady discontinuous brake; carbon brake disk; service life; friction coefficient; wear
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Fig.1 Monte Carlo simulation process
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Table 1 Parameters list of 4 failure modes

i A5 n B
F, 10193 2.09
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Table 2 Forecasting results of cumulative

failure number of engine

4R

H by

F, F, F, F,
1 0 0 0 0
2/ 0.203815  0.461832  0.240431  0.221532
31 0.401265  0.891837  0.484208  0.429415
4H  0.609607  1.382214  0.730675  0.666959
54  0.813159  1.833612  0.976881  0.890197
6 A 1.036660  2.343870  1.235160  1.136468
7 1.249202  2.830047  1.492061  1.371846
8 A 1.475197  3.382893  1.755327  1.635703
9 A 1.696138  3.896892  2.008816  1.895163
10§ 1.927382  4.476445  2.270442  2.178049
11 2.146355  5.034475  2.532921  2.434819
12 2.376549  5.657666  2.801109  2.729058
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Table 3 Forecasting results provided by

an engine company

14220813

At

F, F, Fy F,
1A
2 H 0.17 0.33 0.21 0.17
3H 0.38 0.67 0.47 0.34
4 A 0.60 1.15 0.74 0.58
51 0.78 1.47 0.95 0.74
6 H 0.92 1.71 1.13 0.87
7H 1.22 2.27 1.49 1.15
8 H 1.46 2.81 1.77 1.41
9 H 1.66 3.16 2.02 1.60
10 H 1.95 3.90 2.36 1.95
11 A 2.07 4.03 2.51 2.03
12 A 2.38 4.90 2.87 2.45
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Fig.4 Convergence results of engine failure

number on December
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Forecasting for aero-engine failure risk based on Monte Carlo simulation

ZHAO Hongli*', LIU Yuwen’
(1. College of Aviation Engineering, Civil Aviation University of China, Tianjin 300300, China;
2. Sino-European Institute of Aviation Engineering, Civil Aviation University of China, Tianjin 300300, China)

Abstract: In view of the fact that aero-engines have complicated structure and multiple failure modes,
traditional methods are difficult to meet the requirements. A forecasting method for aero-engine failure risk
based on Monte Carlo simulation is presented, which is used to evaluate the possibility of failure for each com-
ponent of engine in the future. According to the characteristics of aero-engine failure data, the failure proba-
bility model is based on the Weibull distribution whose parameters are estimated by the method of rank regres-
sion. Combining multiplicative congruent generator with the inverse transform method, the random numbers
are produced to satisfy Weibull distribution. The method used to forecast failure risk for engines with multi-
failure modes is based on the one with single failure mode. The simulation procedures and algorithm, by com-
paring the simulation results with the forecasting datum from the engine manufacture are presented, it proves
that the algorithm and Monte Carlo simulation are effective in aero-engine failure risk forecast.

Key words: aero-engine ; multi-failure modes; scheduled maintenance ; risk forecast; Monte Carlo simu-

lation
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Table 1 Result of damage calculation

F5 KATHI GAG $ifs =S L0 R’ K5 AT GAG it B R
1 2.26092 4.73867 7.15082 0.66 29 2.64020 4.96672 7.81987 0.64
2 2.022 64 4.71297 6.92974 0.68 30 2.43392 4.92153 7.57696 0.65
3 2.43309 4.98141 7.63589 0.65 31 2.54455 5.05128 7.84718 0.64
4 3.67621 5.16159 8.98790 0.57 32 3.01515 5.39184 8.70504 0.62
5 1.33438 4.30619 5.81638 0.74 33 3.22622 5.35506 8.84399 0.61
6 2.68409 5.14376 8.09134 0.64 34 2.57067 4.95739 7.743 86 0.64
7 3.24809 5.05399 8.47481 0.60 35 2.34000 4.84122 7.40333 0.65
8 3.50796 5.22779 8.94408 0.58 36 1.67327 4.53224 6.35254 0.71
9 1.76395 4.506 14 6.44632 0.70 37 2.29539 4.77095 7.22762 0.66
10 2.060 88 4.75931 7.07514 0.67 38 2.40623 5.05534 7.74025 0.65
11 3.70298 5.66642 9.81719 0.58 39 1.10217 4.10138 5.49129 0.75
12 1.65095 4.55720 6.37779 0.71 40 2.96140 5.308 64 8.576 66 0.62
13 2.62421 5.65172 8.55910 0.66 41 3.48928 5.48319 9.25354 0.59
14 3.38438 5.52641 9.21139 0.60 42 1.96493 4.72067 6.90748 0.68
15 2.97824 5.20565 8.43329 0.62 43 1.19281 4.17351 5.55714 0.75
16 1.61505 4.46783 6.18525 0.72 44 2.04237 4.69249 6.94091 0.68
17 0.91787 3.93300 4.969 60 0.79 45 3.50512 5.88897 9.84506 0.60
18 2.22995 4.76707 7.17119 0.66 46 4.08116 6.10399 10.59920 0.58
19 2.08741 4.70272 6.94558 0.68 47 2.23877 4.78261 7.21273 0.66
20 2.364 34 4.92153 7.48762 0.66 48 2.20649 5.05939 7.54502 0.67
21 3.91871 5.93456 10.13310 0.59 49 2.084 56 4.66570 6.91585 0.67
22 2.48373 4.95074 7.63331 0.65 50 1.72251 4.47522 6.31465 0.71
23 2.04292 4.83991 7.10822 0.68 51 2.65147 5.90111 9.02028 0.65
24 1.87710 4.82554 6.89129 0.70 52 2.17673 5.21257 7.75622 0.67
25 0.86569 3.89728 4.86094 0.80 53 2.81187 5.59317 8.85728 0.63
26 2.72774 5.25557 8.22759 0. 64 54 2.36471 4.97473 7.68975 0.65
27 1.99903 4.67717 6.829 86 0.68 55 1.91798 5.03779 7.20801 0.70
28 2.53731 4.948 08 7.69973 0. 64 56 1.27548 4.38949 5.85579 0.75

2.4 fwmiEFT RIS H AL R0 8

DIk FEAE R F AR T 2 ) o, BE AL IC X B
BILHE PP % 80407 135 451 13 B9 52 W), A4 4 BILRE 4 2 RAL
A 2 AT [N 1 - R BB RO 22, i RE 5 U BEAILA:
BT S A ERAT B, I 0]k 2 AT 1 A XY B
Pt o, LR s A o 3% T F 5 A B R 24 BB Kk
B, Y AR ZEVE FIAE £ 1.82% ,Jf HALIE
A5 3 5103 /NI oA B . TR ke TA S AR AR SR

FH A 280 A7 35 4t ) 512 B AL A i — 2 4800 % T L
BRAILHE LI A 22 53 4

3 HEBEERGSHEESN

3.1 SHEEEREREE

5 I8 B RHLR A B AR G0, T B TR R
8 A SROREAS o A X 6 BEIE 25 0 A AT R o3 A
A B o3 A o343 s A



5 3 3]

R % T Fokker F27 HLIHE A 35 851 413 20 BCME V57 20 B 555

1) XEOER /3R
1 mex _(t—,u)z
WL p( Lo )dt (13)
AP X BOE S B o O o BROIE 25 20 A AR
2) BATIRGI A (S HL) -
F(x)=1 - exp(— (i)a) (14)

Ao, B N BEAR IR0 A B4
3) HRE A
F(x)=1 -exp( - Ax) (15)
A, A >0 .

AT O A R R I 0 T IR T KR
TEIR BEAG U KA MR AR AR ARG 90 25 T vk, AL
R AR AR AR ] U9 7 12 R AT A 6, G D B0 Oy

He 56 28T By 24 4545 4 IR /DN B KA IR
JFHED ) 20, 5,00 x5 KT GETTHHIE , 250K
S04 pRIE S MR [ b 1 GB/T4882—2001 4
R

i —3/8

S

b on RoRFEAR R BCR, FEAR SO 0 =561 £
FEA NN B R HES S IZAEAS )75

D0 R S L o 0 1 % T 7B W o ]
PR AL 5 15 B R i R 36 5 R

1) ARUEIEZS 2046

lgx=p +u,0 (17)
Kb, A BRI TE A A p 401 25

2) Bifi IR oA (S HL) -

In[ = In(l = F(x))] =alnx - alng (18)

3) fREI i

In[1 - F(x)]=-Ax (19)

He 56 28T AT 1 24 8 1505 Bk A Bk
AL T REIEAT NS T HEAT ML 23 A LAAH OC 58K
1 LG RO AR Sy S B ), I 256 25 1B A A R
B I P R e R R IR AR A T 2
3.2 MBEHEAERGISAEHERE

1) AT B AT 451475 70 A1 5

Fe HURE QAT 8T 24 B 45103 15 D BE AL AR i EA T
O3 A R AU D0 BE AL G, A S0 45 SR ANk 2 PR

F2 HMBITHTIERGSBIUSHE
Table 2 Goodness fit of fleet flight load
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spectrum damage distribution

Gl LIP3

R HOE S 0.98042
JaA IR 0.99076
TBAL 0.94895

B AT HAT 4 45045 4005 PRI 20 A ]
SR 3, P o R R Z2a I8, BURL
Aii IR o3 A A dme o0 A

A e R ARL SR Ak 3 7 3 Al 3 A R o A 2

n

s =TL5(5) ool ()]

(20)
200 B PR A5 B B R R ARAG T DT R A

—- [Z (2% - Inx,) ]/Zx -%;mxi
(21)
pely (22)
U TR I o B, = 127 /s
o LR

QAT AT 2 A543 ) ABE AR 0 A e R

3.3498
Flx) =1 - eXp[ - (2 6g1 53) ]

o Sy HLAE AT 2 24 B0

P03 TRAT A A AR R O3 A
Fig.3 Weibull distribution of flight load damage

2) -7 - M A 45475 00 A
R BILAE M - - 2 A 453 47 4 A i L

AR AT

N



556 G| AN T S N = 4

2015 4¢

X AR RF RS LA R, A SR 45 R AN SR 3 R
R3 NBEM-=HBERBGIHUEGLE
Table 3 Goodness fit of GAG cycle damage
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Calculation and analysis of the scatter of load spectrum damage
based on Fokker F27 airplanes

LI Tang, HE Xiaofan® , LIU Wenting

(School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: To assess the reliability life of a fleet, the scatter of the load spectrum must be considered. In
this paper, 56 individual load spectra are compiled based on the acceleration-exceedance curves corresponding
to a fleet of Fokker F27. With the application of the SWT formula and linear accumulative damage rule, the
flight damage and the ground-air-ground ( GAG) damage, as well as the total damage per flight have been an-
alyzed. Next, the probabilistic coordinate regression is conducted to examine the distribution parameters of the
three types of the damage of load spectra respectively. The goodness fit shows that the flight damage follows the
Weibull distribution whilst the GAG damage follows the lognormal distribution, and the total damage compre-
hensively including flight damage and GAG damage follows a lognormal distribution. In addition, the lognor-
mal standard deviation of the total damage is 0.0737.

Key words: load spectrum; damage; scatter; distribution; airplane structure
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Fig.3 Tracking results with different algorithms on different videos
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Object tracking based on the joint model using L2-norm minimization
WANG Meng, WU Yi, DENG Jiankang, LIU Qingshan”

(School of Information & Control, Nanjing University of Information Science and Technology, Nanjing 210044, China)

Abstract: The computational cost of the tracking algorithm based on the sparse representation is so much
large, at the same time, the target apparence changes on account of a variety of reasons,which makes the ob-
ject tracking process complicated and time consuming. A joint model is reasonably proposed by combining the
global template based on the discriminant model and the generation model based on the local descriptor, prop-
erly solved by the L2-norm minimization solution in a bayesian inference framework, which is proved to be ef-
fective and efficient. In the process of the object tracking process, the plus template and the minus template of
the discriminant model and the coefficient vector of the generative model are timely updated so as to have a
strong adaptability and robust discrimination. The experimental results finally show that compared with other
typical algorithms, the proposed algorithm has stronger robustness in the case of illumination, scale changes,
shelter, rotation and so on.

Key words: object tracking; L2-norm minimization; discriminative model; generative model; subspace
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