Fa5k F 1Y
2024 4 2 A

X

# X

i

JOURNAL OF DALIAN JIAOTONG UNIVERSITY

Vol.45 No. 1
Feb. 2024

A F ¥ &

XEHE:1673-9590(2024) 01-0056—-06

FENEAEREFESHRAUAR

QTR S BN X 5E Ah
(AERFEAZE WEEWIE SR, LT K% 116028)

B ARMRA 2 FOARIR Dy i S AL AT RS AT ORI . DA GRS AR R S O B AR
i AT AR B i B AR T , DI AN [R] B SR L X A A — i T 5 A ) S e AR , -0 1 8 A> A
VER e A A i RS A B S8 5 DL (A 5 T T S i i e A s TR i W B S B B AL
PEAT WA IS 11, AF 7S S SO M BE XS A PR — o Tt 25 R X S M L, X S TR R AT A 45
RE 2 FOTERIBAT T —E RCR , 26T RAGE M R E AL , 6 45 8 1 — B e SR AR T 1
4. 88%% ; H T BL TG S04 IR TR L AL , (A8 6 — I I R AR T T 28. 05% , KT A G AR i L

SE 1 10Hz, EALHCR I o

SRR B AL — B SRR R ST 5 WA T S A 5 ke

LERARIRAG A

Wit 5 7 [ A R 3 A7 LR ) AN IR RS A 2
B AR S SRR B b, 15 e e T
MMM R BRI i R E iy &
TG ZmlE, IR il WIS T R 81 AR B AR
S5 [EA TR A AR S 8 4R o 5 32 B AN SR et
M5 42 TR A 77 e A% , 2 W 376 Al A 33 7 % £ T
FEA A, DAL, 7R R AR R AT v e ] B AR
CRINRE B AR , LR m A Al AT M

LR, A 542 125 ol 91 4 B A3 1 Oy i 2
T T RSP AL I A HSE 250 3 T )% A5 g
AL T34 7 AL B S B0
Jo R FIB RS . Cho 251 Y X 4R b 8 72 4 907
AL VT B [ I 2% 08 T 2 AR — o T 2 R
Dumitriu 2 BF 58 % B, B0 I 42 F 345 9 W1 3
Xof A 25 AR R AT R SN . Melero 25 7
FIF L1 AL 11 [R) FF 48 0 380 W - DA 42 25 8 g L
JE , B [ A W R RE % /N BE ARG, DT i o 4 185
PERIRZ IR o o A2 T R 0 2 v o R
G R AT, UG KRR AR T &,
{H — [ 706 25 45 R A TR AR . T 28 302 43 Bl %k
M SBRRES T, KRB HESHOT
— BT ST, W E T R AR A b i

4 %5 H 89 :2023-03-29

B LT HYF TR AU H (LIKZ0497)
E—1EE A (1977—) , 4, ##% . E-mail:lyn1977522@ 163. com

DOI:10. 13291/j. cnki. djdxac. 2024. 01. 009

XA TR AL B, AR IR B T A A
ORENTH M [T =3 1197 | W N A | o
ST B AR A A BROCIS T, 1 R BERE 7 W i ek
ALK S RA SR i AR A TR DTS
R —Br R AR DR, EESES H
L IRV T 3 o 4 B B S R AT AL,
PR TR — R AR ., HAA S R
I AR BB AL G AT B AR, 25 SRR W] A AR —
TR A L SRR % A A R
HERT TR AL BT, R B Rk B e H AR E
ARSI A T B

AW N R Z LML AR S5/ 2 B
s TR B BT EMSE I ETE
ey A A AL, A 2SR ) 488 g 2 R B 2 T
RN, AR B MR R AR A IR
TEX B SEARAI BT 225 TR R o
TR sea AT 3 DU AR M 7 ok
B R PRI AR A Tk B T, L e X
PEICF B 53 Y I BE SR LB B i P RCR

AR SR X 1o 3 8l G A A — e 7 A AR
RABLER , R A2 SR SO S0 A R 285 Wiy o 1 70 A
J7 153 A T A AR AR IR B LA A A ST K



18

PG BADEAEREEET AR 57

BESRAAL 3 Fe a3 AT 2 R OLALTT ik i A R
WA B DR A, DT A 25 o 2 — i 2
ERIREA S

1 EREBREAE

L1 RERYEST

TRAS R AT IR TERE P [ A7 A3 Bty
SR ROTIE " o SHAITIEAR I, B
RBUELHTREMAR Z it A2 i v e Hh F 2L 3
TR T — 00, @, R0 R
B HR o, MR o, A FRICTTRE «

(K-wM)u, =0 (1)
A K M3 53] I R o R R
X (1) SR A 3 AT 75
(K-oM) % +
0x;
(2)
oK ow , oM
— 20, —M-w;, —|u; =
0x; 0x ox;
A (2) A1
u' (K = w'M) %:0 (3)

X]L_t(l) \T(Z)ﬂﬁﬁfﬁ‘l‘%TU\ﬁﬂ% i B

AR j A B RS R
o 0K oM
Jw; B o (E)Tc, ax ) i
87 u.TMu. 4)
¥BXFEX o0 =20 LA (4) T HE
af 1 dw,
8x 277 ax (5)

K f R RBEASIR 5, NS @ B H

MR | BTSRRI
1.2 RE7SNE R E 53 47
AR 57 T 73T 325 ) A SR AR T — Rl UL
T A0S ke ek Bl R ) o Y T 4
et BT A AL -5 DA A g s o el B, I DA
O i 7 AT S AN 33k SR B RE A A A
T, - RE vl HE A 5 32 P A B 22 AN EDLAR )
o ST R — e 2 A D A AL o L
JUPFRIBE AR B A HR: S A W L TR — [ 25 A
AREIPETCOFNIEE R 2R T RS AR S 1T 3T o
AR SR AN~ [y 223 R e o7 TS -

f(x) co+20x +22(cxx) +¢e(6)

{rp () jﬂ*&%ﬁ*??ﬁﬁiﬂ’) BT 25 A 5
AN EISRAETCAF IR 5e; R BIH 2R 2 e o BEAL
®E.
1.3 BEETWRRMBAIE

TESEPRIOLH , IR, IR IAERIF T
EEPsSEas S LN N NGB LS o =
R R LA 1,

m

E:

m,

Bl —HHEEREFNER
MRS 1T 7R SRR, RRPHE & RS
IR 0, FURIHRSIIR 0,

k,m + k.m, km +km, ° k.k,
w, = | + ( ¢ ") -4 (7)
m,m, m,m,

k m + k.m

k.k

/ (e

e b, WP BTN sm, %3
R m, R sk, O A IR
BB O T R R, AR AR AR Y
PR o, Ao, BN o AR TR R
BAR AR B -5 v R SR AR B AL, IR
R T 0 He, MRS IR T 8 5 —Br 3
B, PO 2R — B Tl 25 A R BN R 3l

f)2-4“ (8)

m,m, m,m,

B 5 A SR TC I I E A e B B e 5 AR
RN ISR SR 8 T B W 4 40k
— B AR AR SR S AR TR, AR
— B AR A BN IR S R . L, 7
B 5 AR B ST I B E A BN S



58 P . |

k¥ ¥ H F 45 %

2 BARTERNEISHN

2.1 HRTER

ARSI ) i T LA 2 0 A O o i 0
hi IR TN AL R TR 4R ERE
Bk 3 A Xk A AR 285 B4 R, 4 R A A T
(37.0 ) R RS AR A, 4 B 42 LMo
PEATAGE . A L S A Wi i O M £
TR L N RS R AR T
Rl BIEARITHRLIE 2,

& 2

BEARTER

TR e bR As 5| AL P A KA Hh, Hoft i
8 m ARSI BE AR ], B 3 R AR 2
B 1,

F1 ETREERHRANBEKNE Nmm

X ; - il 3 XU 45
BEENIE  ESlAEmAY 9K T
PG 3915 1 404 683
| 306 248 121
iy 1050 500 175

2.2 FEomitHE

Xof ZE AT FROTASE AL 23 31 AT I 2 i 32 A
R REEE Do M ERBOTERIFSH
BS EN 12663-1:2010+A1:2014, $EHL 2 Ff /&6
L0 T ) 7 2R A 080 A [ R R+ A ) s 4
1500 kN #5700 ) % AR FEA T Wi A o ) 73
Mro T, AR PR R B R 0 (1A%
9.27 mm, /NFARFERE 17 000 mm (1) T432Z—, FF
B EESRIE ; AR 1 B R R AR AR Al , U
4y 186 MPa,/NF45 44 ) Jt ik st B2 215 MPa, i f2 5
JEESR AR — s BRI DL AT 3, HAAE
8.2 Hz,

3 —MESRERE

3 BETRISHMUEER—NES

T 1 2 25 A AR A A R AR A R
1, AT DA Ao A A A A A R A e 2 A it
W, DR ARSI TR AR
Z A TR AR BEOR, JE T Ay
XA T SRR 7 M AT 1 R A a2
Fetfee BEFERM, — et ol T 4R Bh 5 —
TR SIAIRE " o R TR A S i 4
PRI ) R B g, A SCRAAS [T AR AL Al A7 52 32 DAy 7
R AT — B S AR AR LK R R AR
(R I T AR AR, K B 4200 0 20
AR, For 17 AN R AR AR IR BRI 53, 124
JELH AR GELH LA S B e = 53 LA AR 43, 45
ZH AR JE 25 E T IOR B N o

TEFRIBEE IR AR R R BT8RN

R=s/s, (9)
A s, WBESRWUE 55, N TR RHUE
R HrE R IR 2,
*:2 REESW
o . A R M
R RiE REY
1 ZETROM A AR 0.060 0.139  0.249
2 TS f 0.143  0.356  0.402
3 TP 0.021 0.014 0.925
4 HETGMEGS AR -0.054  0.025 -2.212
5 WM EEASEE 0.007  0.096  0.071
6  ETSMETELAHNE  -0.062 0.030 -2.067
7 Uit AR -0.036 0.043 -0.837
8 TR il -0.020 0.081 -0.250
9 iy $5 N7 AT -0.042 0.048 -0.886
10 Kk i A 0.062 0.101 0.614
11 M55 e 0.362  0.335 1.080
12 SR 0.098 0.628 0.156
13 JRZE AR 0.253  0.219 1.160
14 HuAR 0.720 0.127 5.691
15 JESLAMEE 0.497 0.138  2.135
16 U2 794 i s Al 0.007 0.149  0.047
17 R 1 0.050 0.011 4.714
18 R 5 2 0.013 0.009 1.517
19 RN 0.110  0.204 0.542
20 TR A 0.005 0.259  0.019

A 3 SR 53 B, AR SR 880 5 v A
BT — 0T AR TR



18

PG BADEAEREEET AR 59

PR JRFE N TR BN R R AR N . 1
B LR 2R 1 8 A8 i R AT IR B R
o Mefeas R 3,

®3 MUER
el A 2k ¥IE PRI EBR 2R
Hirps —MESHR/H, 8.2 — — 8.6
A s ZER TR/t 37.0 — 38.0 37.5
KRR
3.0 1.5 4.0 4.0
i BEAL AR 4
iﬁ%%% 3.0 1.5 4.5 1.8
i AN BE
Vit 5 KL 5.0 3.5 6.5 5.1
BETHAS
ity ST FE 8.0 6.5 9.5 6.5
JRZE AR 2.5 1.5 4.0 22
HitR 3.0 1.5 4.0 4.5
RIS e 4.0 2.5 50 5.5
B 1 10.0 8.0 12.0 10.0

2 3 TR, A A G A e 255 A< Y )
A R A N fe %, FEAAR T 25 5 4 A
8.2 Hz &7} & 8.6 Hz, ki 37.0 t 12T+ &
37.5 t, T A AR N B LA R A
LR AL B . P, BE ST RS B i AR TR S
R HANSE IS 0 7k O

4 ETRIESHAUEE—HNES

A B RS Iy XL R I S AT LA
PRI R R, AL v e i
FRIIRI B S B AR i T 2 AR

P IR PRAR G , 7RI G & 1 454 i s Ak R
PN N BmIRIC I, B B 1] A 1) R[] =4
D7 T A RIEE o Fl T\ i IR R A 1 P o 2
RGN AU 53 Bt v H B[] W 1 R F 9
X4 ARE R A IR R TR o =
41,2251 AT AN DGR A A 4L, 35 KA B
JelE A B 41, 3 KUEL ALK HEBPE T C 4.
B LAk R A AN I B B /N, X 4R TR
IAREMAE N, IS S8 Ee R

SR AT I I AT R R -

k, = 4w’ fim, (10)
ek, RV R f, A 10 A =40
om, AHHRANE.,

FRAE TB/T 1335—1996""%" J% [ [y 42k i 165 1

UICH SR B EOIRAS AR ZS HAR A IRET 10
Hz, HAZAE 5 5% ) 42 05k (OUIFR MR LU A0K T L.
414, L, A —Br SR 2R 10 Hz L,
[, o Tk o LR, 22 F B A 1 B IRI0R T
T 7 Hzo ARRPALZER A B .C =ZHRIEEAER
WA, R WA BRMIEE N 5~7 Hz, 45
(10) 3K B & A PR T W EE R BRAS A ] (5
4) . A B.C =¥l ZA- oo 4, R4 M
SPESCIFRIBEAR A . B TR U = 4N
S ANTE TS REEERAL A i R R
BRORE Ay BT EA T T AR B Y O 3G, T AR R Box —
Behnken"* 15086 J5 B0 HEA 7 1E A IR B0 B R0 AR
AR 253 [ SO0 L AR ) 25l 1RSSR IR T
GRS,

R4 BETHREEE N/mm
B EA LB TR
A 1148.4 585.6
B 21 460. 8 235.2
c4 183.0 93.0
%5 EXBigitRER
L OAWRIE/ BHRIE/  CHRE  HES
(Vmm) — (Mmm) (Mmm) 5%/
1 1148.4 460. 8 138.0 10. 168
2 867.0 235.2 183.0 10. 497
3 867.0 235.2 93.0 10. 518
4 585.6 348.0 183.0 9.934
5 585.6 348.0 93.0 9.950
6 867.0 348.0 138.0 9.937
7 867.0 460. 8 183.0 10. 150
8 585.6 235.2 138.0 10. 405
9 1148.4 348.0 183.0 9.988
10 1148.4 348.0 93.0 10. 012
11 867.0 460. 8 93.0 10. 188
12 1148.4 235.2 138.0 10. 494
13 585.6 460. 8 138.0 10. 065

22 T ) o7 AR Y PR B e A B R
)2 IRARRCR S B2 N, %8 T AL AN IS &
5 T 2R B2 G AL, 332 4% g 0 T T Y JBE 2 Bt
it .

R I AU A S T LI NI BE Y — IRk %
iz



60 P . |

k¥ ¥ H F 45 %

f(x) = 14.061 75 + 0. 000 354x, —
0. 020 981x, — 0. 005 923x, +
0. 000 000 11x,x, —
0. 000 000 165 837x,x, —
0. 000 000 837 273x,x; —
0. 000 000 134 178x; +
0. 000 0282 + 0. 000 02242
o f(o) BRI 2, v, o, 5350
A B .C MmN,

(11)

(a) A-C d3ppETlt

(b) B-C ¥ ITH

AR 2 2025 g oz T, LT 4
MIET 4 0T BEE A LN 38R, Gk — B e 2
WA B B B AL SR, AR — By
TR el e s B C 2B 3K, R A
— e AR e e 1 (A AR SR AN K.
XET A LRI SH W (R 2 b BR 2R R —
BrafE s A, X T B AL SR, MR (R AR
HY B f RAHL, % T C AL 28, e i 45
N R E SRR A

e
Bt Sn—

A
Iy -
R

(¢) A-B H3EPETTIF

4 WE R E 53 A

Xt A B.C =ZH NI BE(EIBCRE, FFREA TR 70 AT,
RAHE A HRIEZIEAE S 1150 N/mm B HRIEEL
9230 N/mm ,C 4 HIBEHEAE S 180 N/mm,, Kf I
REERE YRR, FR— SR 10.5 He
(KT 10 Hz) 3 B VEFC RIS o X s TT PRI
JEBEATOUAL AT LIB 4 i 4 A — B 2 2505 ]
(T Ee s R S P N Y SRR e A - d LI S v G R ]
WIBE , B A i A e AR

5 #Hig

A SO HE RIS TR A T T2 A2 ) LA B
G, AR AR S PR SR AR R ZK

(1) 2% BS EN 12663-1.2010+A1.2014" " %}3%
BRI T RS A0 A ABETS 1% D B2 R 5 B2 43 AT, 45
T EARNE DT R WEEN Tz —, K
I 3 AR 28 Jer Al AR B, 2 5 T R i B ) 4
B R SCHRAE 5 X 4 AR BEAT W) IR AL 20 B, AR —
Wrae 24y 8. 2 Hz, /NT 10 Hz, ANl /2 5 1

(2) DAZEAARAR A )R B S H0R W 0 8 4 RS
ZEARIEAT RABE /3T o HEIBURE T 28 B850 R 1 FHAR X
RPPEEARR FEEER AT . LIS ZEAR—Br
WA 8. 2 Hz 274 & 8.6 Hz, #2874 T

4.88% (HZEAR T 37.0 t BEHNZE 37.5 v, #F
T 1.35%, HT RGE BRI B 248K
REMEAE— B P o m ok —fr a2 i3, (H 22
LT B Y [R) B T B, AR T A R R
i, TR

(3) VIZEAR 5148 3 e A iy F P T R W =
ARG A T 1N T 3 BT o AR B e 17 T 4 AT, A0
A5 A FRPE SO R EE 28 DAL )E Gk — B e
#iZh 8.2 Hz #2871 % 10. 5 Hz, 27} T 28.05%,
[ AR BT i J L A R A28 4l A s ks 17 %8
— B EE AR

Sk

[1]CHO J G, KOO J S, JUNG H S. A lightweight design
approach for an EMU carbody using a material selection
method and size optimization[ J]. Journal of Mechanical
Science and Technology, 2016, 30(2) :673-681.

[2]DUMITRIU M,STANICA D I. Vertical bending vibration
analysis of the car body of railway vehicle[ C]//The 23rd
edition of Innovation Manufacturing Engineering & Ener-
gy International Confernce . [s. 1. ]: [s. n. ], 2019;
012104.

[3]MELERO M,NIETO A J,MORALES A L,et al. Experi-

mental analysis of constrained layer damping structures



18

PG BADEAEREEET AR 61

for vibration isolation in lightweight railway vehicles[ J].
Applied Sciences,2022,12(16) :8220.

L4l AR AT R, S5 8 4 A IRy R 8
I AR AT LT ). BRE R S LR 4R, 2017,
14(5) :885-891.

(S I3, b ATA R, 45 R A RS AR i
WAL I EEFE LT 4k3h S it ,2017,36(8) :86-91.

(6] Bz, A BB & & F MG EHTID]. K
% RIEATE AR, 2018,

(715K, skebk, 7 i . S 4220 2R RS R S ik i
L) ] MU R4, 2018,54(12) :93-101.

(8T EVETE, B &, A B LT 3 L ) v, T 25 114 3l 2 4
A2 | A8 T A% AE R FE BT [T ] R RS Ky 4l
2019,36(6) :1-6.

(9] AZhhs I, 2R 5, 5. BT A REE M B &% %
TR TE [ T]. BB L4 42495, 2020, 40
(1).24-28.

[10] RJEEL. 25T BIK A f R a5t 2 AL Ak B[ D .

JCHR - PY R A K, 2021
(Ui g, Y KR4 i, 55 2508 2 L OLNI B FR S R
B A R TE R R A B[] R TR

FR(EHRPIH) ,2022,36(7) :109-118.

(12 AR, KR, A A v, 45, 56T Wi 1T 7 76 1) AUV K
AN [T ] Je &8 3 & TR 47 4k, 2022, 43
(12) .43-50.

(13]G, BN , AV, 5. 5 A 2 2N B ik 50
WFFEL) ] Hl—1A4k,2017,23(1) : 16-21.

[ 14 TR F e — B0, XM . 4T B s SR 5 Xl B A1
TR IR S BOR IR UE L) ] B AMEE L S 3
7%,2022(6) ;42-47.

CISTATIE &, FE R, i A AR 5T A 0T SRR 53 7 114 g
VARG ALY ] BRIEDL S 449,2020,40(2)
30-33.

L16 WL 4 4 8 Jy w L RE R A4 56 75 % . TB/T 3115—
2005[S]. Jbat: H [E b i, 2005.

[ 17] Testing and approval of railway vehicles from the point
of view of their dynamic behavior safety track fatigue:
UIC.518[S]. Pairs:Ride Quality,2003.

IRl 2 N o R S ol VAT
AREOE D RIPUR R A AL BT L) ] R3% Sl R 2
#4R,2019,40(6) :49-53.

Research on Sag Frequency Optimization of High Speed EMU Body Reconditioning

LI Yana,SHI Xinpeng, LIU Jingnan
(" School of Locomotive and Rolling Stock Engineering, Dalian Jiaotong University, Dalian 116028, China)

Abstract : Two different methods were proposed for high speed EMU body modal analysis research. The modal
and mass sensitivity analysis was carried out with the thickness parameters of each vehicle body component as
the design variables, and the influence rule of different component thickness on the first—order sag frequency
of the vehicle body was studied. Eight components were selected as the final design variables, and the optimi-
zation mathematical model was established for optimization. The response surface analysis was carried out by
taking the stiffness parameter of the elastic element at the connection between the vehicle body and the main e-
quipment under the vehicle body as the design variable, and the influence rule of the elastic element stiffness
on the first—order vertical bending frequency of the vehicle body was studied, and the stiffness of the elastic el-
ement was optimized. Both methods had achieved certain results. The optimization results showed that: the
plate thickness optimization based on sensitivity analysis can improve the first—order vertical frequency by
4.13%; the stiffness optimization of the elastic components based on response surface analysis can improve the
first—order vertical frequency by 28. 05% , which was greater than the 10 Hz specified in the relevant stand-
ards, and the optimization effect was obvious.

Keywords : EMU ; the first—order vertical frequency ;sensitivity analysis ;response surface analysis;elastic com-

ponent



