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Equivalence Study on Simulating Transient Vibration Environment Using
Sinusoidal Scanning Vibration

WANG Shuai, MA Zepeng, ZHOU Chang, ZHANG Mingming, RONG Kelin
(Beijing Institute of Structure and Environment Engineering, Beijing, 100076)

Abstract: The use of sinusoidal scanning vibration to simulate low-frequency transient vibration environment is a traditional
testing method in the aerospace industry, and its environmental assessment of products may have both under testing and over testing
simultaneously. Firstly, the equivalence between the two is analyzed, and then relevant theories such as impact response spectrum and
maximum response spectrum are used to study the scanning rate and damping coefficient in the formulation of equivalent sinusoidal
scanning vibration test conditions, and parameter selection suggestions are provided. Finally, steps are proposed to establish the testing
conditions for sinusoidal scanning vibration environment,providing reference for the low-frequency transient environment adaptability
assessment using sinusoidal scanning testing.

Keywords: transient vibration; sinusoidal scanning test; shock response spectrum; maximum response spectrum; condition

formulation

0 51 B P o P B A T IR AL ATE TR B ST
FL R B e L Sy P M 22 B A4 1R 2 S A 2 ITFAS B — AN XN I B K TR B IR, FEHT
B EAE, SR a0 K E R BN AKGT FE ERORE DL S AN [R) i 72 2 [8) ) I 2 HR Bl I [) A2 1) 2 A 12k
A RENHUHE SIS [RIL, i H T 56 56 PRI, 7277 i RS IR S B B v A s, AT DU
i I A PR BN A B & S A2 R Y 5 Wt i R A AT Bl FH B — 1 ok o 2t 00 5 T2 T ARG 2% A
SRR X Tt o N AR ) B SRS EE, A AR
X TR AT R 25 R BN 0 5 () 838 77 X E A PR ISR F B AT e, AR N A e — it
— e {8 FH A B4R SR ) ) s D B IS (R s — R AT RSN -
A5 P ok o 2R AP B S 0 ) (] P AR R a) FAANFESZR, ANFEEE A FEEE S bES
FH T 2 D FE ) (8] i A2 TGV AT G 4%, (N ReS W (BRNTHED AU A LG R E 1 v o )
T8I e L — N 22 4 REOR T SR B A TR PR I B LM B, EE R AN RS I B () AR O, ARG EIR S
MG ANE, A LLE A R R R AR o 2= 5 A8 £ I SR 25 ek B () T R PR O

Wk H#: 2021-05-06; &R H#: 2023-01-14
RETH: EXRERREES (12002055



102 S 5§l K B #HH ARCRIED

2024 4F

b) k5t — A TE 32 RS A B
Sk, SRIFTEARSN G LI TE 9 R 3 A
A REVERBE .

PO 82T 3R S B SO 00 5 SR 5 PR R R
T —FR LSRR i 1, R TR — R T
CeURHIME IR IR, 7 A 0% AT B RN 77 E AR
R, B0 DR 2 TE 3 A B0 o o
M PR T B R — SR, T R
TR B 9 TR 2 5 22 B RS, T B 3
R 0 AR LV R G, 380 PR S
R B 36 7 S L . AR, SR R i
0 FE 9 B0 0 5 O RS A RS, DR 37
U (1 SRR o o 0 4 51 2
BAIEG, TERX IR AE K5 B A LA
DI % (RTAAER R, T A 5 S0 7 A s iR
SRR TR 2 LM 5 BRI 85 IE %
ARSI, RO 2 2 I H S B R
B, TR IR . AT 40 1 s
SRR 2R EI .

HAT, s A B IE 32T R 3
PG IR 5 JRAFR B IR B0 T 2, B R IR A I
RERFI PRI A GRS RID HEAT A R b
Wi AT EGE s, BRI TR
AIZ R 7, AR 5 R SR R 4
=0 . RNCRAN IR BRSO % . T LA I 3
R AL R A 5 50 55 73 T BT 3077 1 1
MIE . hb, W R RR R, T IE
AR ) Y R PR S Rl ik, TR
BRI 3 )0 4 T BOOR AL T2 81 T
SR AR5 LA T S BT SR ML 0L A ]
B TR A 6] 1 2 SRS 06 R PR A2 TP )
Jik, TR IR .

1 FUEN

FETRERL R, S AL T dh AR S PR30 34
BRG] € IR Z AR B IS 2 Fo ARMIE S R
BN BERNTE — PR FH 7 i e 2SR B0 A g J5E ) o o
Wi PRI, e, gy SR TSR RIS 1 B E
JE R GEBH JE L ¢ A 7 dh RS BHJE B I RaE
AR 2SR Bl P ST AN T PR o o 7 i 7 - S
AN 6 SR RS R BN E L N s i gt gk 5
Y, AR T U 7™ 3 45 S o™ I P (R A
W S IR BN AT L o X7 s BRI SR B A 85

WG, BT B, 5641 7T /e 75 ZEAE R
AR BN BR BT VG (1 v o e S 1 ) 2 Al B 8 & Y
M,

— BB, BTSN TUR SR St s
H 110 B R S SRR AT 25 1R 2 1 ook e 2 15 44 4 A 52 %
2, AT WA IR B IR B ARG
T i) AR AT AS IR BN PR BEHLYE I, 38 0 LR AT A3
U AL GRS, BIFEXUNEA AR R, SR —
2R B R 27 SRS B e R, H
o, BHBRIRNE —BIERCN 0 dB/Octy +6 dB/Oct 5§
+9 dB/Oct.

P T b ol R ) X3 G i A 4 R A R T T A
B, RIS AELEE P () SO0 B A IR 0 ik B () D R4
P, 3E 7 P P Bl 9] A e i M DL A2 AR S
PRI EG IR LG 25 AR b B2 o PR, 7R
WE SR IR EE AL, A — N 2 B vk e
T B4R S0 0 R I TR DO FE A A B . EAR H A,
T W] 2 3 BT 2 PR 20 T e () AR R R —, R
[F) FAT4IR 2500 ok B ) 73 2 ) o R R 8 ) i) A A A7 A
EHREMES . WRARSBES PRSI 5 R0 8
i B R AR, G T DL RS E R A I A
5 G SE IR BIAIR B 0 B B 1) D3 REAE s B A R W 2
PR, Al IR SZ R R BB AT R A R B PR 855
BT T XS R, SRMITESLbR R A, X Pk
AEAEA 2 KR PR, A A A0E T 5 25 1 1
B, X THREE B A, BT BT AR N0 T
396 B4R Bl 03 P I () AR A 75 2

TEARABE SRR TEAE AR, 7= i R L 28 2R R0pe
O — BT RER, B2 i B4R B R 20 2
—RE IS, 7L R R AR R W R B0 B A
TR, 72 R A R A I B S IR Bl e B T LA
TR A LR R G AT LR IS SR e B,
AT DLSR = it B S R 2 i N 5 10 ok oo 238 DA
FE I — VOB R . FERXFE LR, SRIG RN IR
S5 R0 110 S5 200 D) AT DA 6 S iR B N i ) o e
Wi S AF S, T AT A A FH I 5440 Rl IR 30 S5 UL
W SRR S IR . TEFZ2ENT, XTA
AR [ o e 2 PR A [ 194 B 2 41 3y N 3ok 32 B (1)
DiFe, 7= RS R B N A AP R B M E R . i
ur, P A SRS PG GLE S B A AR
FEMEMIIE O, IX R O S I o e B 1% AH S5 9 AN g
TRUESEIG S RN BRI S5 30, T 29I A AR
ENE Zi



E

L haE IR SRR SRR S IR B S A AT T 103

A 56 2% 1 R S 1 i 7 R B 1 D SRS (),
CIE 5 D 28 068 Jor 3k 55 o e R385 ) 5 ¢ g ook e 7 % -
HERHPBRAHERGEWHEL. T/EE, &3
[ 1E 52 i N I o B i R 1S BSt( ) — Bl R ZE AL
Eﬁ%'

ESI(f)=SRS(f,.{)/O QD)
Xt o NEHEBERGWBKE T, 0=1020): /£,
NELE R G A AR

Sehr b, SEROE TR N RS A 2 1k AT 7E 450 H il
WIZEhER T H HE RE R EEA B8 2], JFHXTT
PEHMBERSE, EZEARIRS) RN B N 5 4
RN A OS, B (D AUE— 2 M E
FRYLHE N EAE YRR, ETREMAF, B (D
JIT A 3] (1) 55 200 5% 50 N0 MR B S EST( /) 3B E PR N
IESZ AR IR I B GG 26 1, R 7 L€ M ESI(f) A
b, 30 SRR E AR AT 1A

2 XS
2.1 SEIIEREAFT

SEBR E T REE e i S, BT N O
SEAA T IR B0 03 I R P AR AR — . AR TREN
P, 30 A P O B35 i 1) L 5247 40 % 21 55 RO A
FRE P gof o v S 1% o Ox KL 524 4005 R ) I sk R
WS

x(1)=X, sin{znﬁ(%ﬂ ©))

Ab ORI, RN Z X, N
WEfE s ROVFFESR, MDA MR R -
r=2lL0) (3
T

X R, TN ERERREE A
1 AR A R 43 T R R R R
Rk
R=(RyIn2)/60 4
L0 B A I IR SX R IR BN E T — AN il 3
BRI HE &M R CRRBEA Sy, FHJE
tbo B, EHELME RGBT E AN
Af=1./0 (5)
X 2 Dy 227 B AP 4R 2 I T8] A FIAR B 76 34
UHBLAN T 5N
At=1/(QR) = 60/(QR, In2) (6)
AN = f,At = 60f,/ (ORIn2) D

R, R S H o REAL T E R

/%2 u['ﬁj [6] .

nzzfé(Qﬁm)ﬁﬁ (8
PUNOE - ERETE
_Q°R _ O°RyIn2
== sy, ©

o B R T B R R AR G RIS A e 0
EAAEH T FIE LA 5
1 —exp [-2.5577°¥] - 0.00254"" 5 >0
1 — exp [-3.18]5[**] n<0

K G X T 5 RS2 I SZ RN T AR i) S Ve ]
s

X IR Z AR T RIS S G () 5
PSS H Z PR A WME 1R, BEEAMERR
BN, HE R RGN BRI, R RS IE A
RE D o

1.0
09 — [ B
0'8 — [ T4

07
gw
0.5
0.4
0.3
0.2

10! 10° 10 10?
n

| MHRHEHRNIEESE G () 5EESE 2B XF

Fig.1 The relationship between the response peak parameters of
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response spectrum
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