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Vestibule Diaphragm in High-speed EMUs
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Abstract: In order to enhance the inter-vehicle coupling, high-speed EMUs were usually equipped
with inter-vehicle longitudinal dampers at the car end. However, the large size and high cost of these
dampers were in contradiction with the demands for lightweight, easy-to-operate, high-performance
and achievable vehicle-end coupling systems in future high-speed EMUs. In response, a multi-
functional inter-vehicle external vestibule diaphragm device was proposed, which had the functions of
the traditional external vestibule diaphragm to reduce noise and air resistance and to protect against
rain and snow as well as had the characteristics of stiffness and damping that might replace the inter-
vehicle longitudinal dampers, playing the role of inter-vehicle vibration damping. The numerical simu-
lation model of the sub-unit structure of the multi-functional inter-vehicle external vestibule dia-
phragm was established based on the operating principle, and the number of the sub-units when the
multi-functional inter-vehicle external vestibule diaphragm might be equivalent to the damping func-
tion of the inter-vehicle longitudinal dampers was determined by comparing the dynamic characteris-
tics parameters of the sub-units with those of the inter-vehicle longitudinal damper under the same
working conditions. Finally, the dynamic co-simulation of the numerical simulation model of the
multi-functional inter-vehicle external vestibule diaphragm and the high-speed EMUSs dynamic model
were carried out by using Simulink. The influences on the dynamic performance of the vehicles with-
out an inter-vehicle damping device, equipped with the inter-vehicle longitudinal dampers and
equipped with the multi-functional inter-vehicle external vestibule diaphragm were compared. The re-
sults show that compared with the inter-vehicle longitudinal dampers, the multi-functional inter-
vehicle external vestibule diaphragm may further reduce the amplitude of yaw angle displacement of
the carbody and the amplitude of lateral vibration acceleration of the carbody. suppress the yaw vibra-
tion of the carbody more efficiently, and further improve the lateral ride quality of the vehicle running.

Key words: high-speed electric multiple unit(EMU) ; lightweight; multi-functional inter-vehicle
external vestibule diaphragm; inter-vehicle longitudinal damper; vehicle dynamics
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Fig.1 Structure diagram of the multi-functional

external vestibule diaphragm
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Fig.2 Schematic diagram of the operating principle of

the multi-functional external vestibule diaphragm
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Tab.1 Parameters of numerical simulation model for

multi-functional external vestibule diaphragm subunit
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Fig.7 Dynamic characteristics parameters of the subunit

model with different throttle orifice diameters
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model with different auxiliary chambers volumes

£ L BB T PROT AR R AL AR L B A
PRBUAE AL 3l 25 45 1 2 B0 28 B 34 P 45 5 5
PR ST B 5 S0k (21 ] H i 06 245 S 9 728 Tk 4
FE—2 g — 2P R T 5 o0 K Oy R Y G
BV O S Sk 04 A 9 Bl 7 2 0 4 SR Al S A
AR T PR
3.2.3 FHRAFIESKFRK

Z PIRESMAPE T F T R AE A iR (1 mm
TR B UL 9a, W] DL K B A AN AR T Y

718 S Pt 2 X B vk A, i A 5 4 BELJE 07 R AR
AT HBE AT R B 42 it 2 B0 0504 R R O T R
w130 (22) AT A5« [a] @ (6 T 25 2090 & 55 B JE ) iR e
JIE PSR 2R L A5 AR JE e BELJE T T AR ) A IR B
WAR T F M E P E . 2 ORI R AR AR BE 0.4
Hz DAF I SO0 3 B 59 0 AL 8% B A A
B, AR AT LUAR X A e 3t 7 0% S R 2
Z A1 38 5 5 ECLE I B P E AR Y B g BELJE )
W A4 S G2 18, 75 D TRT T AR A 7 5 UL A B 2 1 5 T
FE IR BE 0.4~1.0 Hz P, SR 8 B 35 46 K
ACPR T 70 70 M 3 A AL L A5 BELJE 7 R (E RS
3 1 T BRI AR A A e PR 0 R s 2 v 0 B
1~4 HzW 32715 Ji AL O 40 ARe 1 1 52
W3R 1) i v BEL 2 7 W L 79 6 K3 S5 T 0 D 2%
71 Sy 1 T AR R WD 0/ 5 2 v ot B % S M
BEE Z LT b 7 B AR 2 SO AN Sl i Y
TAL A2 T HA AR AT B P B AR
AR v 32 A B9 IR ) AR A BN A5 BELJE ) iR (R
38 Fe Lo Ty P T AR B R R TP 22 AR AL
W 2 5 BELJE 3 W LA P o 34 A ) il <5 20 1 B i
WA B e L T Ob i s B AL T s T A % B2
32 718 U PR T BRI IR 2 AR — 3% L[] 52 e, 78 0.4
Hz DLT BT 04 412 5 75 D PR T ARG R 24 fili
AE A B N 3 B R B R BRE L T AE 0.4~ 1.0
Hoz P9 B A B4 31 i 7 2 1] T B 35 3 O (LA
WA BE N T B s D PR T AR 2 L B 1 Hiz J5 Bl
LSRR e SN TR AR N TR A N R = s e
FR) 22 A 0T 45 A L e 49 0 A 1wl 52 W, 3 A SRR
JE Bl A A $2 5 5L BT 9c s iR A #

3.6
E —=— fq4 = 0.5 Hz
3 L2 —~— fa = 1.0 Hz
Ln ~ f4=2.0 Hz
E -1.2 —— fa = 3.0 Hz
= -3.6 L !
-1.2 0 1.2
fi#% z/mm
()
~ 35 ~20.16
E L g
A <o
" . B 0.08
B Z 15 g2 .
B3 K Zo.o4
ﬁ*ons & 2
0 2 4 6 8 10 0 2 4 6 8 10
}'/Hj%fd/HZ ﬁ%fd/HZ
(b) 253 W () ZERL e

9 ZMREIREFELTHSHERSH
Fig.9 Dynamic characteristics and parameters of the

multi-functional external vestibule diaphragm subunit

« 1117 -



R E ML TR 4 36 % 55 5 1) 2025 4E 5 H

Xt 6 &9 TT L& B, — AR HR T
JIr B A 1) 25 20 W B2 A0 25 AR J i AN B A ) ik i
o o M0 A 22 DI RE A XA BE 6 55 2N 1) IRl AIR 5 7
ZLORIEZ D RE SN AP 7 42 PR 4R 3l 32 20 R 0.5~
3.0 Hz NIy 2525 W 5 B e #6621 0 13 Dok 4k
o TR AL A9 K SF- o ISR T IR 5 A1 LT A5
R SR 1 ARG I W e . A 0 S RN EE S AR AL
FELJE XF FE A 181 10 Bz . W] LA BLOFBK 5 4> 7 5
JUEE e JIr B A A 25 2 T B2 o T O 1) DR s 4 3 0
SRR BE L AR RO SFE R JETE 3 Hz KLUT i T
T Dol I i 72 46 114 55 A BELJE ol g ] LRI 5 A1
BT HY 1 Bl A5 P2 BORE 1K B AN 1] I 45 T £
AR 7K ] LS B 1 4R o ol AR 2 I Y 25 4

—Cu
= 5C

0 2 4 6 8 10 0 2 4 6 8 10
%ngfd/HZ ﬁ)’i$fd/HZ
Ca) S50 B X b (b) &% BH JE X L

10 PEBERF[E S I FERTISHESHEIIE
Fig.10 Comparison of dynamic characteristics parameters

of the longitudinal damper with those of five subunits
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Fig.11 Comparison of dynamic characteristics parameters

of the longitudinal damper with those of five subunits
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Tab.2 Basic dynamic parameters of trailer car
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Fig.12 Topology graph of vehicle system dynamic model
S PERE IR P AT IR (E 1 mm I3 1.75 Hz
TE‘J%EJ&NUE{E%HHE%’%‘@J‘JL%@FFFI%% Z Ik

SMAESZe A IO &5 JF 16 5 S T BT g i & T
BATTAR T o B A rb O A B R R e B RS
D1 Wl AR A DR A — 0 2 1) A9 A B A 13
s FH Simulink #5722 J) 68 S0 KPS BUE 07 2
0 5 gy T Bl A A A A Bl ) e R B B ) R R

i ELABLARL
< ]
> | |
 # u
Q" 0.6 mii :jy
> T R T i
ZRIEPNE 2 miesvnas o ] )
5 AHXFRBH AL L?— b | |R2
Z\L___/ ﬁ'@'[ﬁzi:
[Ls] (k5]
IM\[l\Hl '——E——:
| Simulink :L_l Ja R__||
L2| 4| [r2
: D Ig E‘ %:
5 [T5] | # 3]
o CER LIRS R =_R_:|
RBLHIBESE 71

B 13 BKEHERREE
Fig.13 Co-simulation flow diagram
4.2 FERESLIRTSNT
FRAE L PIE B AT 350 km/h FC
i YA e A 0 39 2 e O\ 1] AR i 5 22 D RE A

DRSSk 22 0 ZE AR 2 Sk £ A0 F% F ] o A i 2 g
TEAAT AN 14a B 14b iR . AT LR B AN
B 208 2 i U R 2 T AR I B 3k A S IR B i
BER 5 A P ) Wl R 255 0 B0 5 4 4 1 sh B 1+
A VE S a8 L (8 42 R B2 Sk A 057 7% 4R 2 i (B B S5 Uk
IN KRR R AE 1,63 Hz F 48 3k 48 36 i 40 41 %%
O AR R Sk A N B R B0 e (AR BN T
39.13 %0 o H L 4 L 25 2 1) W6k B 4% S5 7E 38 47 15 ]
8~12 s HE 3k A 17 5% I 20 g 18 A7 /N iR B2
BRI T 4EARTE 1.85~2.00 Hzi 3 3k 3k
Bl s %R 2 e AN P J5 X 4R FH0AE 1.63 Hz
RS IR B G B AR B 3, B 2 Hz DUR
B 4 S R s A0 LA B S O R G R
3 £ 07 B I 3 e (A AL A& i/ 53.04 %6, HL 2590
1] i I 7 ST 4 A Sk A 07 8 % 3l i (%) o i sl SR
Rk RS T 13.91%,

~ 0.8r — GLFEWRIREE
N PrIIR B
E gl ML LIRSS
.51 %
8 0
ﬁ
& 0.4
¥ o8 . . . . '
0 4 8 12 16 20
B8] /s
Ca) B[] g 72 il &
(1.63, 0.115) TR RIS
= "0 e - WARiRE
[ . | S § S — &b N
£ 000} 0.00 ' £ RSN R
]
o 1.63, M -
a &% 0.054) B\ ‘ . AN
I Y
su 0.03F Wik
X / . v Iw5 1. ?5 2. 0?
0 1 2 3 4 5
W*E f./Hz
(b) 43 3% 43 Bt

B 14 BE&HELFEENESLACHE
Fig.14 Yaw angle displacement of the carbody on
the straight track

PEHE A 250 m EHZ—500 m 28l
fZk—500 m B #HZE—500 m ZE A4 —500 m
B 24228 7000 m, # & 180 mm, 44
TEIZHGE Fis 4T3 F 350 km/h F JC %45 Ui 8 4
R ) e N i AR A% 5 2 DI RR AN AP T Sk 2R
14 2 A1 Sk 1 (57 o TsF [i) D7 R iy 42 000 3% 3 A
15a, & 15b Fros . 0] LL& B . 75 0 il 26 i 7 R
BRI e T LR AR B Sk A B
I 2l A 50 TBC 45 N 1) iR 28 5 AR AR HE Sk A or
B 4 sl i 1 B S /N, A RCE T G R R A
1.63 Hz F W2 S IR 3h , ZE AR HE 3k A A0 4% 41k 3 i {8

« 1119 -



FEPL TR 4 36 % 5 5 0 2025 £ 5 H

H AR PN T 38.35 %0 o {H A2 ik 15 il 2 B 2 (R B
Sk A 60 7% 1 B Sl iR A AT B3 KL X 1.85 Hz LU b
AR 4 S R s AT R e B 5 22 2 2 TR A KUY
A DA E— 25 0N A 1 S AR B R Bl e,
TNAT R 30 ) 2 R FARAE1.63 He R 4% L AR 30,
e Z A4 3K A1 67 I 3 i (BB AR B3l s 54.14 %6
FH LG T Gh a1 D PR 2% . 226 2 Dy Be A KPS AT DL 4
AHR 3K A1 A B i Sl e (B 100 3 DB R0 R R R
15.8 % , AR 22 4 22 2%¢ Z2 T fig A0 P4 2ot 8] i 4% Bsf
TR Sk £ 0 78 W 3l R L A RO 3 K, 23 m s
1.98 Hz DL F RS9 3h .{H 2 Hz DL Bk
Bl B3 A W A N AR TG A R Sk iR B 1
S AN, HAH LE 1 90 1) D B 2% ) 28 A 4 Sk 4k 2
R B2, Z D RE AN S X 2 Haz DL i 48 3k Bk
S T ) AT L 95 B 1 A1 B3 3 11 2% R b fk
- Z T8 A AP RT EAA Sk P 2l 1 0038 RECR AT R
T4 2 o sl Sk Bk 2 4 g 0 R )
Vo 1

— LEmBIREE

3 - R
E """" ey Y k=
S TN
B
ﬂzl
&
=

-85 4 8 12 16 20

B iE 2/s
Ca) B[] g 722 o 28
(1.63, 0.133) — LFEmEIREE
0-14r o BRI

o B

=]
o
E 010 08
s 0.06
& 0.0 1/%0.04 AN
= M b N
2 oo WL O e s
0 1 2 3 4 5
$i# f./Hz
(b) i 1% 43 Bt

15 HMEHE - EZFGERNELAME
Fig.15 Yaw angle displacement of the carbody on

the curved track

25 b DA 4 1A Sk Bk 3 14 BE 1 FB
Bl 7 22 DI RE S AR 20 T 1) el IR 4%
43 H#EEFRESH

H e HEBUE Bz AT ¥ 350 km/h N T
i AR e i A 0 0 4 N 1] DRk AR 4 5 2 T RE A
DCHSE T Sk A% B A2 PR 1] I S0 g 12 I [ g 7 o 2k
FUUE 53 BT AN &L 162, 18 16b fT7n . W LUK B &
9 2 A0 Tl IR e B R T 4 MR B R 1 I 3
T JRE R (L A5 A 5“2 2 A 1) AR o S o I sl D sk &

« 1120 -

WA A BT/ . FHAE 1.56 Hz T 8998 3 fn 5 2
Wi (AR B REAR 17.5 %0 AR JEXT 2 Hz 4R
F A A R S AT 0 R s 2 A 22 T B A KLY
A DA E — 25 B AU 4 A 1 8 1o I 3 fin S W AP
T YRS SR 42K T HTE 1,56 Hz B 1) 98 3 % 40 ok
B o T 0 P IR s R R A B AIR 25 %6, LU D
YN VIR AR T G AR ) 4R 20 S O ) o
ROR AR EARE 7.5 % HRAETEBC 45 9\ 10 V4R 2
BF 2 Hz & ZE (488 1) 3% sl hn il ) #a . (B X 2 Hz
DL 0 1) B sh 51 A B s L i 2 Hz DL B4R 8l sk
3 B AT R /0 o B AR b X 2 A R 1) 91 3l 1) 2
M55 . AT UL, 5 A1) R A AH L, 2 T Re S
JRURS 40 ) 22 A Ak ) 91 2 19 i ) B

—— R AR
----- PR
------- LINRESM A

a,/(me+s?)
o o o
(=1 (=} —_
8 8 &
—

45 i 16 05 0
L

0 1 2 3 4 5 6 7 8 9 10
AfIE ¢/s
Ca) B[] g 7 o £

. 0.05
T (1.56, 0.04)
é 0.04 (1.56, 0.033)
€ 003 (1.56, 0.03)
E —— EEmRREE
a 0.02 - AR
- I A ZINRESNR Y
su 0.01
L

0 1 2 3 4 5 6 7 8 9 10

W% f./Hz
(b) B 3% 43 Bt

B 16 Z 48 3 R 3 o ik B
Fig.16 Lateral vibration acceleration of the carbody

AR B L AB AT I TG 4 i Dok AR 2 i A 451
LR YN IR 2 5 22 D RE SN A T Sk 2 i s i
FatEfR bR 17 firas . wT LA B A0 4 i s
PR B A ) P AR R SR AR E R HL B 3 1
SR AN T8 K 5 22 B PN ) AR i S 41 R
PR 1) - B 1k A5 A (ELAR A T B/ 4 02 4 1
] P P B 4 0 5 A EE T N 1 DR I 4 4 2 1]
2 22 D RE SN A AT LUK 1k — 25 /N 45Vl R
P A 1) S B M A s (L 08 4 0 0% A P S st —
DG RS iy A WURK A K7 3 N R 3
for A1 22 D RE SN AP AT AT LA 5 42 38 A7 B9 26 1w o
At A8 5 L DR A A B 22 DI BE A XU X 1)
PR A iR R A

Z YIRS KA A 1 DR A B A SO S B



2 I RE Ak 18] S KPS 7 e 3 4 2 b i I TR 5

BEW R WER

250 _a FEmmiREE

—o— YRR
2.15  —— LIRS

gi% P,

2.05

1 18] AR 4

250 300 350 400 450
HE v/(km+h™")

B 17 HEmEFREiEs
Fig.17 Index of lateral ride quality

sl Jy e RESE BT LR O IR 5 AT BRIT A A
e 48 {4 1% 25 A I L A5 A5 B JE A A TR A 3 A 3
P BE 0.5~3.0 Hz NI 85 T 2R A9\ 1) I 4
IR T334 DA 2 T L 39 5 2 A AR 4 2 R R 3 1 e
J1 08/ R GEAE 2 B R b AR R 7 A B AL A%
AR , 485 HCBH JE T LA 3 28 ¢ e el A 50 19 ik

4IRS ) R 5 T 1] R 1 L A 75 22 2 BE AT AU
B G A Sk IR Bl A8 A B R 4 AR 1 iR 3l A
38 R (L LN 1] AR A T 19 /0 o DT A — 25 K
T AR B Sk AR Sl AR RURE 1] 9% 3 L 6 51 42
1B AT I 1] SRR R A B R . AT R A A
ZIIRES WP XA B 1.6 Hz 2247 T 19 Gk 3k
AT W EMEE M LR 2 Hz 224 F MRS A4
P AL » HLA s3Ik A HE 22 D0 RE SR XUPS T 4R 3l Y
AL B T B X 2 PR D A [ W ) B R A A 4
UUEE N R T S R N T G 2 e T
I A 30 25 5 1L 8l A e A 2 5 I AR
S ER A PR 5 2 2 BE Sh X HE O 1) i AR
v I 14 2 ] B2 B A 3k A 2 A0 R S [ A
B 24 T g 5 DAL G R 3R T ey R A B 4R 8 g 41
1l P B s L 0 BE Y L B, A ] IR A R 22
IRESNNAH X PR 3 B R AR el 2 Hz 24 F
W 4RIk 3 1B 2 Hz Zed T 4R 8l o3 59 450335 1
BN B R B X G AR Bl B S R AR AR AR R
BB )R RE A 2 2 . FLAR L T e ek R
i« Z2 JIRESN XS 1 4250 3 77 A P R T o e

5 #ib

DFEZARSR 2h F 2 0.5~3.0 Hz N, Jf
HE 5 /> FRLIT 45 A JIT B2 A1 1 25 280 A A 5 B e
1 T 9N v PR 25 BT B2 AL 1 7K 7, 1l LS BN 1)
ol % #5% A4 [F) D A1 2 R 11 25 48

2) ZTIRE A RES FI YN 11 Y 4R #5 % EL L At 2k
A AR S IR B AR B A S AR A (A
a5 91 3 14 BE 1 R B BT 5 2 T RE AN ALY
L2 1] il % 1 AR

3) A HE T I\ 1a D4R A 22 2%¢ 22 Ty RE 1 KA ]
DAE— A5 /N 4 19 A 1 4 30 Jon T B2 W 4L S
AT S8 A T A 4 R IR Bl R — 2D /N 2% A
JEE T PR 1] P AR 45 B AR L 1 A 0 AT 00 R 1]
R AR B

4) Z2 I RE SN XS AT LU ACAN 1 ol R 45 » 7 47
it A BE A O\ 1) Dol IR A (9 155 T T b — 25 o 4 i 2
J1AVERE - R I RS I8/ 4 i i 1 R SR R Y
A YN 1) IR AR i 1 T 3 R B RAR A R ok R 3 B
Bl v R A R AL BT SR I T — R A

S E

(1] ke, skiRde, g0, 5. 3h F4UI0mR 4 5 R

Sr AT B R RELT . BB HLA 44, 2021, 41(5) .
11-16.
FENG Yonghua, ZHANG Zhenxian, LIANG Hai-
xiao, et al. Research on the Causes and Improve-
ment Measures for Low-frequency Shaking of EMU
[J7. Railway Locomotive & Car, 2021, 41(5):11-
16.

[2] HUANG Caihong, ZENG Jing, LIANG Shulin.
Carbody Hunting Investigation of a High Speed
Passenger Car [J]. Journal of Mechanical Science
and Technology, 2013, 27(8):2283-2292.

(3] JHZhRS, BEAE . ARFIE . 45, 3 42 22 ) Bop X
BAT AR W B AT 5 L) . b gaE R #2003,
24(6) :10-14.

ZHOU Jinsong, ZHONG Tingxiu, REN Lihui, et
al. Study on Riding Quality of High-speed Train[J].
China Railway Science, 2003, 24(6) :10-14.

(4] o, FIEZ W LW @) & /BB 85 3h 1 2= 0F

FELD]. AR . P4 58 8 K2, 2012,
LING Liang. Study on the Dynamic Behaviour of
High-speed Train/Track Coupling System Com-
posed of Multiple Vehicles[ D]. Chengdu:Southwest
Jiaotong University, 2012.

(5] JHZEE, &L, ML, 55, 2 A1) 3ol IR 4% %) 5 3 5

A IR MBS [T]. BRIk, 2017,
39(6) :20-27.
ZHOU Suxia, QIN Zhen, SUN Rui, et al. Study on
Influence of Inter-vehicle Longitudinal Damper on
Dynamic Performance of High-speed EMU [ ] ].
Journal of the China Railway Society, 2017, 39(6):
20-27.

(6] FhRJp, MR, &, 5. ERY ket 2
BN v R B A AL ) R S AR S LT, LA
T4, 2017, 53(24) :170-176.

SUN Chenlong, ZHOU Suxia, QIN Zhen, et al.
Research on Influence of the Characteristic Parame-

+ 1121 -



FEPL TR 4 36 % 5 5 0 2025 £ 5 H

[7]

(8]

[9]

[10]

[11]

[12]

(13]

[14]

[15]

ter of Inter-vehicle Longitudinal Damper on Dynam-
ic Performance of High Speed EMUs[]J]. Journal of
Mechanical Engineering, 2017, 53(24):170-176.
XA, A o 32 e T % o LB 4R B AT P AR Y R A
[J]. #RIE 22405, 2008, 46(3):8-10.
LIU Wei. Effect of the Coupling Devices at the End
of a Car on the Riding Quality of High Speed Trains
[J]. Rolling Stock, 2008, 46(3):8-10.
WREL, BRig. ol 49 om B e 5% L) ). 4 gkiE
A, 2004(4) :5-12.
CHEN Kai, CHEN Hai. Damping Device at the
End of Rolling Stock[J]. Foreign Rolling Stock,
2004 (4):5-12.
BRI, MR, S LW EWE S RITIM] )
B < P P S K R . 2019:194-196.
SHANG Yuejin, DONG Yahong. Construction and
Design of EMU Vehicles[ M]. Chengdu: Southwest
Jiaotong University Press, 2019:194-196.
XNVE A, BB, B oat, A RURY % 4 25 8 X)) 42
gy veRe sz L) ], 22 s i TR 2= ik . 2003,
3(2):22-26.
LIU Hongyou, WEI Xiaodong, ZENG Jing, et al.
Effect of Vestibule Diaphragm Device on Train Dy-
namic Performance [ J]. Journal of Traffic and
Transportation Engineering, 2003, 3(2):22-26.
EME. IR B T TB/T 30942022 #L
LARmNAHLT ] B AR W, 2023, 51(4).5-7.
WANG Linmei, LUAN Pingjing, GAO Jun. In-
terpretation of TB/T 3094—2022 Vestibule Dia-
phragm of Rolling Stock[]J]. Railway Quality Con-
trol, 2023, 51(4):5-7.
WANG Wenlin, LIU Shiping, WU Dazhou. Ef-
fectof an Inter-vehicle Damper on the Dynamics of
a High-speed Train[]]. Vibroengineering Proce-
dia, 2023, 50:77-83.
ZEE, S8, BREE, SF. A R e
ARG RHAT5ELT ] BRIE 440, 2022, 60(6):10-14.
LI Guoshun, GUO Lirong. CHEN Can, et al. Re-
search on Lightweight Technology and Application
of High-speed EMU[]]. Rolling Stock, 2022, 60
(6):10-14.
Hfr, WA, R AE, AF. T E 2R 1) 8 AR 4% 7R
R A bl AT LT T E AL T AR,
2023, 34(6):660-667.
ZHU Chen, CHI Maoru, ZHAO Minghua, et al.
Applicability Analysis of Connected Transverse
Damper in Metro Vehicles[J]. China Mechanical
Engineering, 2023, 34(6):660-667.
ERBE, FIEBL, W R, S5 341 T Sh LT FeRE
AL BB 5E[T]). BRIE 4R, 2011,33(10):15-18.
WANG Dongping, HE Zhengkai, LI Minggao, et
1122 -

al. Numerical Research on Aerodynamic Drag Re-
duction Optimization of EMU[J]. Journal of the
China Railway Society, 2011,33(10) :15-18.
B, ARFT, XA, B R R g 4 2 R PEAE
K RERtSEL) ], MR, 2020(16) :41-43.
ZHAO Jinshuang, XU Li, LIU Ailing. Research

[16]

on Gangway Structure and Functionality of New
High Speed EMUs[]J]. Henan Science and Tech-
nology, 2020(16) :41-43.
[17] YIN Z H, KHAJEPOUR A, CAO D P, et al. A
New Pneumatic Suspension System with Independ-
ent Stiffness and Ride Height Tuning Capabilities
[J1. Vehicle System Dynamics, 2012, 50 (12):
1735-1746.
RELR, WG, KRR, B BB AR
[J]. HLAR T A2 %4, 2015, 51(4):108-115.
GAO Hongxing, CHI Maoru, ZHU Minhao, et
al. Study on Air Spring Model[J]. Journal of Me-
chanical Engineering, 2015, 51(4):108-115.
VAR, WG . R, AF. HLIEAT IR 8% S K
X AR E R Ar L) ] R3h - Wik 52
Wi, 2018, 38(6):1155-1160.
SUN Jianfeng, CHI Maoru, WU Xingwen, et al.

[18]

[19]

Analysis of the Influences of the Yaw Damper Pa-
rameters on the Vehicle Stability [J]. Journal of
Vibration, Measurement & Diagnosis, 2018, 38
(6):1155-1160.

=, AW e, I8 B0 R G0 sh 4 R LML
JRCHR - VY R A RS AL, 2018393,

LUO Ren, SHI Huailong. Dynamics of Railway
Vehicle Systems and Application [ J ]. Chengdu:

[20]

Southwest Jiaotong University Press, 2018:393.
XK R, BRIE % 0 25 00 3 ) o e e e B
[DJ. JUH . P4 28 i K2, 2014,

LIU Dongchen. Experimental Study on Mechanical

(21]

Properties of Air Springs for Railway Vehicles[ D].
Chengdu:Southwest Jiaotong University, 2014,
(g MED

EEB N A%, T, 1099 4F 4 WL W 5T A . BF ST 5 1l o 7 4
Z Y &) J1 %, E-mail: zhaocangpeng2023 @ 163, com, & & & *
GEAFIEF) 5 .1991 4FA4 - B BOF T 51 . R 5 1)y 4
#4380 )1° . E-mail:liangcheng0812@163.com,

ARG

XS AR A 4. 22 ) B 4 A TA] A0 RURY AE v B 42 A
EHE I PEDR L), EALMC TR, 2025,36(5) : 1111-1122.
ZHAOQO Cangpeng, DAI Liangcheng, CHI Maoru, et al. Research
on Applicability of Multi-functional Inter-vehicle External Vesti-
bule Diaphragm in High-speed EMUs[]J]. China Mechanical En-
gineering, 2025, 36(5).1111-1122.



