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Application of OMEGA Algorithm in Missile Vibration Engineering
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(China Academy of Launch Vehicle Technology, Beijing 100076, China)

ABSTRACT: Objective To study the conversion relationship between displacement, velocity and acceleration
spectrum, and give the conversion formulas between them, then use the method to design the transportation vibration
environment of missile. Meanwhile, to explore the method of conversion of the acceleration signal to the vibration
displacement and apply the method to design the safety clearance of machine equipment inside the missile cabin.
Methods Based on the OMEGA algorithm, an acceleration signal in time domain was converted to the acceleration
signal in frequency domain, then the acceleration spectrum was changed into the displacement spectrum, and the
amplitude, phase and frequency were calculated of each displacement spectrum, the time history of vibration
displacement was obtained by simple superposition of these displacement components. Results This method was used
to calculate the vibration displacement power spectrum of missile during truck transport on the highway, and the vertical,
horizontal and vertical peak—peak displacements were obtained as 3.32 mm, 0.46 mm and 2.14 mm. In addition, the
flight vibration displacement of the equipment inside the missile cabin was calculated, and it was consistent with the

measured displacement in the amplitude and tracing pattern. Conclusion This method can be applied to the missile
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vibration engineering design.
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Fig.1 Power spectrum density curve
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Table 1 Truck transportation vibration acceleration environment

on highways
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10 0.015 00 10 0.000 13 10 0.006 50
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500 0.000 15 30 0.000 65 120 0.000 20
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Fig.2 Power spectrum density curve of truck transportation vibra—

tion displacement on highways
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Table 2 Root mean square value of truck transportation vibration

acceleration and peak—peak displacement on highways
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Hgw F/mm fHg.. H/mm [Hg. H/mm
50 1.080 6.00 0.209 0.63 0.758 3.93
100 1.060 4.67 0.206 0.54 0.749 3.05
200 1.052 3.98 0.204 0.50 0.745 2.58
400 1.047 3.64 0.204 0.48 0.743 2.36
800 1.045 3.48 0.204 0.47 0.742 2.24
1600 1.044 3.40 0.204 0.46 0.741 2.19
3200 1.043 3.36 0.204 0.46 0.741 2.16

R TR PR RS BE A . kB, i
WA R A U T TR B S B TR

3 fniEEEIfL B R iR

3.1 &N
T EE IS S (0) RO LI AR 3] DL Ay
X(f) = j (1) exp(2mift) dt (22)

R A L A, BORE R (22) A8
A REEOE A

N-1

X, = AtZ}énexp( - 2mikAfnAt) k=0,1,---,L-1
n=1

(23)
B

Xk = AtZk,Lexp(—ZqTikn/N) k=0,1,+,L-1
n=1

(24)
X, =k A FAE R RFE(E X, B t=n At b
x(t) PRFE(E s AfRIRRIHER ; A ¢ R RAERT ] 1]
B 5 N R KA sS85 LR 2B
DFT SR FH A 2 25 10 B A8 e b s 3509 (FFT) o
T B R 5w, oy oy 2R TS T L AR 6 A5 5]
)2 — KB LS B0 51 O ), L= (25) .
ooyt TSRS 3 i A MR | 5308 S5 R A) 4 £
A (26)3Kk .
DFT[x, o, .. x )=l (a0, ibo), (ai,ib) -+, (ar,
ibi1) ] (25)



" 62 *o& 5

b
A, = Ja, +b] 0, = 217% s = arctan —-

(26)

TR ARG — T RS B He AR b 2R

ARSI B N . i S S () AT

K (27)Fmw , HAi B nl H=C(28) Fan . W& R FIAH
P Z )R 6 A AR HE R (8) R =K (29) .

L-1

x(1) = ZAkcos(a)kt + @) (27)
k=1
L-1

x(t) = ZBkcos(wkt + ;) (28)
k=1

B, =A/w, ¢, = ¢ —m (29)

b AR 4 TT LA BB sh 47 B8 14 B 1) 7 R o
K (27)—(29) F B, FE A A0 B, B 3R o0k Hh A7
T ) B0 ] 0 L 7 BB K7 I PR A R 10 85 00k 0
PRBhiE(EE %, B AT AR i i fi ok

3.2 2

5 P RS BB A SR PR AR 22 2 5
Ko TEFIH ITIRSIIEL T, ARSI BB, T fiEg
5 B sl LA U 7 e A R AR, ) A A RAT
T A B R, HEAT T RS HER
FIBIR A 20 Ha MR (EA 1g B E RSN , F R Sl il
A 4R 30 15 4% T2 5K A1 R S e B . TR SR
TN A2 AR RO 57 R A i 73 D I B MIL iR
TSI B IR BN R, R A IR A I R
Wt R FH LS RATHR B EREE , ] IR s 2 A4 o
PRzh & BN HMIR S G Be o [R) s SR T in 3 2
T SRS RITHOC AV A A Tt 2 0 HU B L 18 622256 52
T E IR EN55, BEH LA LAY 2 A Al

TEIESZ AR T | K BRI A 22 SR Y
WOCAL R AL AR AR A LR A5 5, A3 B2 AL St
PRI IE AR S e R R i A (5 54N 3 B . Al LA
A BOCHIA AL AR LA 5 5 15 T A et
AN A5 5 BB BT A A AS AEAR AL B e
B MRS AT 22 5 0 X F2 2R h TR AR A I i i 22
IR A, T 3 o e A TR ) I e N UK R R
it o

TE RATHIRBIIAEE T, 45 AL A 223 SO B Y
WO AL AR AT RIS A5 5, FRE g A% et
DA A4 I AR S e R AR 5 S i 4 s . Al
LA WOCA RS AL B A i (L R 155 S B 1%
SR I A I JBE £ B0 AR 0 I A B9 (02 8% A MR (LA

6 N 201546 /]
08 et YTy
T EEE S MBS
0.4
g
S\ﬁ 0.0
E
-0.4
-0.8
0.0 0.1 0.2 0.3 04 0.5 0.6
A Ta]/s
K3 IE%fES
Fig.3 Sine signal
0.20
0.15¢
£ olof
g
E[E’ 0.05L
{iz
0.00
oy
& 05|
-0.10|
-0.15}
=20
0.0 0.1 02 0.3 04 05 06 0.7 0.8 09 1.0
1) /s
a (i fs s
0.20
0.15
g
£
s
\-Hié‘
iy
Jiz
il
b
= L
= -0
s
0.0 0.1 02 0.3 04 05 06 0.7 0.8 09 1.0
Fsf[a]/s
b fiE B

K4 BEHLES
Fig.4 Random signal

4, R A ST . X R WIR SO I kA s
JEAR S A R (5 5 SR AT Y, IR ZEAE T AR B A]
HRZHTEEIN

4 ZHiE

SCR PR T OMEGA 53k, JF HI T 0F e A 3 |
ST MU JEE % 2 (Al A oG 2R o T3k — s
WA 050k 4 10 T (0 A R A T SR ) SR o
FHE A0 20 50, 4T T ARMERRIE T AR5 B AL IR 3)



B12% 530

FIFRA : OMEGA A AE S5 4R 8 T RE b B

- 63 -

P77 ARAE A T3 ORI ) 2R 3% A B 48 5 1 A e ¢
Z IS T GIB 150A & sl A 6 bR 42 1938 far i
SRS T RGE R, B 5T 1K i AL SR I A
N A5 5 e oA AR s L R B 5 ik IR HR UL BT T
SN N ML A O A TR B . O T Sk
r“ %M%’%zﬂ' A5 A T 8 B 35175 2 400 o 3k 3 40 3
5 Bt R I R P A B B i IR TR RS
'43/1\%%%%‘%“5%%@ RS FRIBI A5 3, o Je K 45 oF
o W R E AR 2R S AL RS B ) D AR . S 3%
B T EAE E  AR 220N, RENEAR ff- b 1 HH T
SR sh TRV

1] ?K;' 1%}:% B PH. BEALIR S T T3 i R 05 A7 fi oy
BrLIL HUBRR: 540K, 2013,32(11) : 1675—1679.
ZHANG Yi, YANG Chen, LUO Yang-yang. Fatigue Life
Analysis of Missile Hanging in Random Vibration Load[J].
Mechanical Science and Technology for Aerospace Engineer—
ing,2013,32(11):1675—1679.

[2] FefB¥%, fE QI i IGETTHRE I I AT i iR 25 25 S o

SJF IR R85 i, 2007,26(4) : 140—143.
NIE Xu-tao, XIONG Fei—-qiao. Analysis of Dynamic Environ—
ment by Means of Air—to—Air Missile Cabin Using Statistical
Energy[J]. Journal of Vibration and Shock, 2007, 26 (4) .
140—143.

(3] T3, WM, 258, WA K K ShHLA R POGO
RIGHFZE[)). K FiHEdE, 2012,38(4) : 26—31.

R

[4]

5]

(6]

[7]

[10

—

[1

—

WANG Jun, HU Peng, YAN Yong. Experimental Investigation
of POGO Cavitation Dynamic Characteristic for Liquid Rocket
Engine PumpZ[J]. Journal of Rocket Propulsion,2012,38(4) :
26—31.

GIB 150A, EHI%E 8 S 90 & BT Ik (S].

GJB 150A, Test Method for Laboratory Environment Protec—
tion Equipment|[S].

MIL-STD-810G, Enviromental Engineering Considerations
and Laboratory Tests [S].

P PR, XEERK , i p s, 55, KOS f i i A R i i 7
[J]. AR 5L, 2009(2) : 11—16.

YANG Li-jian, LIU Jia—xin, GAO Song—wei, et al. Design for
Large Range Electric Eddy Current Sensor[J]. Instrument
Technique and Sensor,2009(2) : 11—16.

NEL. B AOCET L B8 A IR ). A2 AR AR, 2003, 22
(9):70—77.

CONG Hong. Reflective Optical Fiber Micro— displacement
Sensor(J]. Journal of Transducer Technology, 2003, 22 (9) .
70—717.

AL, X TR, AR SE Tl MIRShRTOL 232 i)
[J]. SR 5 458, 2009,36(6) : 50—54.

XIANG Yan-hong, ZHAO Shou—gen, YANG Lin-hua. Small
Vibration Measurement Based on Laser Doppler[]J]. Structure
and Environment Engineering,2009,36(6) : 50—354.

WO L, TETRESC, WAIGERIE. i T I SRR o A el B A 5 b
(] AR R R A R (A AR ERR) , 2010,38(1) : 1—4.
CHEN Wei-zhen, WANG Bin-wen, HU Xiao—ya. Accelera—
tion Signal Processing by Numerical Integration[J]. Journal of
Huazhong University of Science and technology (Natural Sci—
ence Edition),2010,38(1) : 1—4.

PIRFIR, 20T, S, 5. BE T HHT Jrik i 2 Bk i fii e 20
fe ST, B PRAE TR, 2014, 11(5) :23—26.

YAN Shi—yuan, LI Xin—jun, WU Xun, et al. Frequency Anal-
ysis for Vibration Signal from Road Transportation Using HHT
[J]. Equipment Environment Engineering, 2014, 11(5) : 23—
26.

B B S IR S B ], 4
2013,10(2) :89—92.

ZHANG Xin-rui. Application of Accelerometers in Vibration

TG IREE TRE,

Test[J]. Equipment Environmental Engineering,2013,10(2) :
89—92.



