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Modal Analysis of Subway Bogie Frame Based on Environmental Excitation
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Abstract: Rail vehicles may experience abnormal vibrations, noise, and structural fatigue failure because of the unreasonable
modal mismatch between an entire vehicle, equipment, and bogie. To investigate the modal parameters of bogies, experimental
and simulation analyses were conducted. Initially, a modal identification method was employed, utilizing the running state
environment as excitation. The cross-correlation function of the structure’s vibration response signal output was used to replace
the frequency response function, in conjunction with the PolyMax modal identification method, to effectively identify modes
that are easily excited during the structure’s operation. Next, the effects of wheel turning and variations in vehicle load on the
operating modes of the structure were examined to gain a comprehensive understanding of the bogie structure's modal parameters.
Finally, a finite element simulation method was used to calculate the modal frequencies of the bogie structure in the free and
constrained states. The results showed that wheel turning had little effect on the modal parameters of the structure. However,
with increasing load, the modal frequencies at all orders generally increased. This was related to the increase in the air spring
stiffness of the bogie owing to the increased vehicle load, even if the boundary constraint state of the structure changed. By
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comparing the test results with the simulation analysis results of the bogie structure in the free and constrained states, it was
concluded that it is necessary to simulate the actual boundary constraint conditions as much as possible to ensure the accuracy
of the finite element model. These findings can provide a reference for subsequent studies on modal mistuning designs.
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Figure 1 ~Schematic diagram of bogie frame modal

test point locations
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Figure 2 Schematic diagram of on-site layout of
bogie frame modal test point locations
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Figure 3 Vibration spectrum of end point measurements
on the bogie frame under different test conditions
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Figure 4 Modal vibration mode diagram of the bogie frame
under aw0 reamed wheel condition before
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Table 1 Modal statistics of the bogie frame under

different test conditions Hz

MR A% 43.829 44.369 46.158 45.257
MR AE S W 79.269 79.781 81.124 82.017
R EE T W 80.579 82.014 83.157 81.278

MERFBANFEY  93.667 92.357 95.458 94.285

AR AR TS I (KA AR AN ZE AR, ARAUAE 2%
Wo FAFEAFZETICR, H AW3 T U0 R [ 4eH
SRS Y TR0 L PR RS AR A 1 T~ AWO T0L
X5 A AP A A KA A 1 7 M AR U R AT AR

BHK.
RIS PSR fRER ) T

A PR ICBEA TR — R T BT g kR
oy Mk, WK B U A T A5 S PR ICEE )
JRIMAR , BFFTES R I P B Re 1, 6 A% [ A7 0
PSR, BESHHE L ERE S

e A= S STV N TR U N 5 N Y
T GO G U, AR IR O B AR R
ARG R . AT A RIS W S A, B
LIAT U BT RT BLAE R iU BRIk, JE i
BRI 1) B SR B U AR RS, I R AT PR TS 7 BT
FEHBE AR AR GAT, THEA R L HCRE TR

RURAEL A3 M BT AR 44 9 Hypermesho iZ 4K 1142
U7 3 P B SCREA R IOV IR R RIE
1 Lanczos J5vk. Horp, Lanczos J77J 02 1 P AP 7 VA1)
gity, YeReRtr, BAAHGEA Y FARFEERE Ak
SKARIIL A PRI K 22 0A7 BT A B A F 07V
HEAT SRR V5
3.1 BIRTEERET

XTI KRR AR RS N, n] DA R )
JURIE RS EAT A BRI ik, AEORUEAS BIMER IR 05 5
B 5 B R I i v LR TR . DRk, 6 T3
BRI ) BE A B P R N S R LR T e LR
T 1) JRE 55 22 P 540 (1) B2 2 R, R
TR AL BT 0 (O Z WS K ZE 1) b J8 A A, 48 an
W MRBRAERAE QAN & A LA R
PR N RS B AL OB IR 3
SR S A TG R B N RS 2 L5

TX LGN AL ANAELIE T 0 A5 K] ) S R 5 Wi o s
b, ARG o A A G OV L LA,
WG AT DA R B T 4K o

G B 1) ZEAL) B2 T AR ) (P I 52 SR 48R G
GEpRR Jy OBRE, FEER N Q345E Hilid, Mt
MRS Hy 7 850 kg/m?, B RL#MEAR &y 210 000 MPa,
THIAEE R 0.3,

2 SR 0 B B R KT A 2 AR, LTRR
AN HZ Ak, AR F I8 1) B 3h X5 s 0 7

URBAN RAPID RAIL TRANSIT 133



EHIREAZE - £ 3745 FE6H 2024F 12 8

e LAGRAIE FRAK 1R 0T ER:, 7] BEIE 7 BUREAS 45 SR S b
P 223 KAG B PR R T T3l 4al 43 18 J7 0O0) 4 1) B Ay
AT RSN 20 o D ARERI 3 () IR AR TR, AR A
T 1RSI B RT3 PR K1 s 7 Y R Y A K
7N RS A 7S THT A% 19 A 3R A7 I A .76 11 PR A 1) 93
K1) 5368 Gk U ] S g AL IR A vk . k)
PaD S -5 S W AN I8 1 N NN W 117 T S P G
FA TR R 7 S A e s TR Y . MR S
2N RUARZE ST, SR F 22 DX 358 5345 4 DY T A4 D9 e
HEATRIGY o Fc IR R AR I 23 ik, B 283 Tl B R
AR BEHCR 312 793 AN Ht, 540k 668 101,
CL 58 RS Kl 23 RGBT BR TR B G ] 5 s

5 bl R A A
Figure 5 Finite element model of bogie frame
3.2 HWHEMELSR
FEMER AR SEBris AT, e RS2 3] — &
AR, O —RedE. R, k. B
Bl A EARSE. K, bR TARRS S A hBas T
SR REAAAE B ZE . N T 3RAT S MER R (7 3L

TR R, WAINT 52  1) SR IR A T A A SR

X ARa s, DU RN (10 S PR 2 A
Dby ARG —ARMR) L T RS S L . AEAT AL
BRI RIIFBCN#E T, B A S s T AR
HINAHOIRE . BRI — I S R R R, 51—
BRI R LR, RTINS 5 S br
BHE 2

AR, DR RS TR SR AR
oL, AHIE AR TR A . fE R
23RO A BRI SR B T, AU SRR S T
PEH A ACIRAS o SRECRICH) U SR AAE S, 5
— W E RN A LA, SR ERIT RIS R S
BB —50 I HLAELAL B0 S8 b vh 4= At i &
FEI SR T [ 3 A )

KA 1 A 2R MY I e A A DL, (% RE it

134 URBAN RAPID RAIL TRANSIT

BRI LA R AR S 2R AR, AN B B A
Bt S A B S PR A S o K LRI A OO A5, SR
J T AL AL B e, TS DN 3 e R vy
BUTTR B TT AN ZE AL e, 50RO R R AL
HHL S R B ) NP e [RIEE, SR UL RIA i
PR EPNTSE on SR AR Rl LTI SOE D A | TN )-SR B
SR TOARAD DO AR 5 AL 2 ) () I P S 4%

K, ki R 0Tk, R Lanczos J7
T 1) SR B AT RS A T P X LA R B kAT
FUR A — A AL B, 2 B 1) BEAL R AE R AOIRAS TR 1Y)
BT B AR 2 PR, BEAHRAME 6
FE7R o ) T 4RI B OB RS rp ) B 24 RS A 0 RS o
AR, ST B ST, L4 R
£ 2 7N,

F2 HEEMRESKRTSSBBRRTRSmME
Table 2 Modal frequencies of the bogie frame
under readiness and free state
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Figure 6 Modal shape diagram of bogie frame readiness
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Table 3 Modal statistics of the bogie frame under different
test conditions and finite element calculation Hz
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