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A Method of Metro Bogie Frame Load Identification for
Broadband Excitations
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Abstract: The inversion of transfer matrix in dynamic load identification of engineering structures
would produce errors. The load decoupling calibration method was used to diagonalize the transfer ma-
trix to avoid errors caused by the inversion of transfer matrix. Thus, a high-precision force measure-
ment frame with a measurement error of less than 5% was developed based on strain measurement
principle, and a multi-source load decoupling identification method for metro bogie frames was estab-
lished. Aiming at the problems that the frames were affected by wheel-rail excitation, resulting in a
wide load band, causing resonance when the excitation frequency was close to elastic modal frequency
of the frames, the load amplitude amplification effect near the resonance frequency was directly quan-
tified in frequency domain through a second-order damping system, and the damping ratio was identi-
fied by least squares complex frequency domain method. The resonance range was determined by half-
power bandwidth method and the calibration critical frequency was obtained. The load amplitude am-
plification effect was quantified and the load optimization factor was obtained. The effectiveness of the
processed load was reflected to a certain extent based on vibration acceleration responses in resonance
areas. In terms of time domain, frequency domain and damage, the load prediction stresses are close
to the measured ones, and the ratio of predicted damage to actual damage is generally between 1.0 and
1.6, which meets the requirements of frame fatigue assessment. The results have important engineer-
ing significance for understanding the real load characteristics of metro bogie frames and exploring res-
onance fatigue problems.
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Fig.1 Types of metro bogie frame load system division
1.2 30 SR
LT 7 7 I e P Ak N g A R A ey U T 1
mr .

&g, (t) =K,F, ) @D
e, Sy AR WA A I 5 K, R 5 A AL B /R TR
G AR RO B AS SCRR AR AT RN S S F,
A
Bl (D JRIF AT
e1(t) =Ky Fi()+KpF.()+ - +K,F,@)
e, (1) = KnFi1 () +KpF,) + -+ K, F, ()

e, (1) =KaF, () +KpF, )+ +K,F, @)
#Hom R HAn 2ok =X (2) 153 F, , & 1%
1SR i 7 O B/ e ik
F, = arg IrFlin | K. F, —& |} = (K.,K,) 'Khe: (3)
X)) B—DAEEMR S, i THERKZZ
VSR 38 Aer L SR BT F, o B2 v AT 2 [R) 45 o
BT E o 3K o A M K, 1Ry, A1
FAR KR S5 B0 AR /N ) DN W 75 55 T DAk (3)
+ 537 -



I E ML TR 2 36 & 2 3 ) 2025 45 3 H

B AR R L R AR 2= T T .
| 5F, |
| F, |

| 5, |l
e |

(4)
A VEBHEAT F, 1522 7T 38 2 0 AR i o] 3 22 19
K, |« (KK, 'K L A% e

Cond(K,) = | K, Il « [ (KLK,) 'K, [ (5
Cond (K,,) FROMFERE K, W25 0850, 8 % ot
R B S5 E I IR, WSRO 3 ) A AR 1 AL
LN

< [IKy I« [ (KiK. 'K, |-

R R A A R B K, AR PR K
ZIN o S BT 28R A 158 2 A A ) L R SR I g A 4R
TRT S Ak BT VR ) B O AR B0 bR AR B K, . 4
B I bR EN 13749 115346 22 45 28 for BEISAH , 77
TR R 38 bR E L B A AR 14 gk
T 7 36 A% 28 A R R AN 1 000 5 3 e
$7 38 4 W Hh B AT A5 s TR AR I AT R 5 O S
o /N AL MR b AT 5 U AT B i
A BRAF AR AT IR K, 32 00 1 M L O i R
B 22 R R AT o 2% R B AT ) AH B0 L AR BT

K.
(6)

K.,
ATV RE 2 ey A 8 S R R AR B A b, 8
iy R R XA L AN AT R AR .
| e, F; |
T T T |
Ul ie, e, Wi AN T g A A R
SIS KR F, F, 85 i R B T8 (8, AL K
WHAR Y EN 13749 111k Hb Bk b 20 52000 48 05 5 A8
DR AL ) 28 Aar by 8] 5 G At 28K Ay A R R
W1,

(7

x1 HENEQHETHEE

Tab.1 Motor vertical load decoupling degree

BEME /kN| K, /Cpe « kKN |74/ %

FULEAT Fo 10 0.1 0.1
MR BRAT F o 5 0.3 0.1
5% 384 F 2 0.6 0.1
A P ] 24T F 32.5 39.4 100
AL ) 2 F s 25.8 0.4 0.8
Yo fe 2 10 B fr Fs 29.4 0.5 1.1
— RN H T F, 2 0 0
ZRIEHAT Fg 0.8 0.2 0.1
R H AT F 1.6 0 0
YU R # AT F o 17 0 0
T B F o 8.5 0.5 0.3
ZIL AT F 1z 14 0.3 0.3
1 1) B AT F s 35 0.3 0.8
B2 5| AT F1a 23.9 1.8 3.4

HI 1) 0L, XA AL IS AR E KL K, ThAE
MALITR L ALITTR D 1 ~ 2 DEE %R, o
- 538 -

BLAAT 5 A 2 Ay A R i KR 3.4 06 9 A2
TRETR2E 500 BYBR, SL BT R SR AR A ) FY e R
JEE i A

2 MR ML

2.1 Wik(E S B AR

RS G- A8 A7 i A v L 52 58 HUIURN 2 A
ZR AT IR AR S U B, [ 2 R i T RS DI
R AL 0] 288 i PF S804 5 AR (3% . 1A 2a
JIe 78 5 K B D0 R E ML 1] 28 A I e £ S )
AT BLAR I T A R AT T A Ol B
B AR B AR D FA IR AR kO

x (1) :2Xcos%cos(m+%)t (8)

A AR R N0 +0/2GE BN 0) B4 ZIES R
e 2X cos 8t /2 784k 36 MAAW s g 85— TAT I UR B %
55 ZASHIE B IR SRR o + 6.

H & 2b AT UL PR AR 7E 0 ~ 10 Hz Ml &
W LL 1.4 Hz.6.3 Hz R 8l IREER . M4 R 2
TRTF T H R0 253 500

1 2k +ky

2m mi

L S e

ol omy oy A3 AR AL R R A IR 2.4 1.19.5 5
i ko 53— R I W NI B, 4390 1378 kN/m,
736 kN/m,
(9 Al 8 £, =6.1 Hz, f, =1.2 Hz, X W Y%L
TH R AR AR B R AL ) 2R AR N A 2¢ TR
(] B 7 00 28 ey R AT 2 1) 28 Ay AR R {5 S5 AE 0 ~
10 Hz S #5 il 90 8.3 Hz #E3h 4. 454 & 3 13
5 I T Sl 2 A 1 I 23 A7 3 B 80 km/h,
THE AT A5 A 22 Sy 48 e

L 3 AT D, b Bk 91 4 AT Bl R RN B B
PN P UT AT | PR AL I ) B A A R SR
fIE 2y« 35 0 48 A R FL BLE ] 28 £ 43 0 FE 53 Hz.41
Hz f YR IR R OR 5 i DU 7 53 Hz A YRR e =
SR RIS A0 5 R R TG % R
T8 45 ~ 55 Hz B A HURL & W3R by 5 10 S8 41 %
RS A Fe R s B AL 1) R Af 7E 41 Hz Ab R IR
e KRS T4 5 MR M ES . %5 E
FEHRS 5 B 2 3008 FgE KA S R Ok T
2041 Hz BHEBE & BUR IR Re L2 .

iR 2R B A5 R A2 2% S R e 5 b R
R B S A IR LA L R R B A 2 AP R
WU M4 2l o A8 48 K AR VS IR L BT IR B RO .
JEEL Y DG 2R AT 4R B G 0T IO A 5 A0 23 0 15 422 B A SR A

1



—FOE T T S B R 2R BT IR A T B — R RR SR BT %

10

24.4 24.6 24.8

N REARAY
Z 9 —-— HUHLIE [ R
ey
=
=
&/ -9
185 15 / 30 25 60 75 90
10 AfIE] 2/s o,
5 3 11!! i
[T ‘55 15'l b ot dn deiiiaglbents
oy il
e i,;#,’ !!‘.'As,ll \"!.;rl‘i "\’i); !,‘y“'!! ;i L]
-10 ' !
_1256. 4 2.6 2.8 27.0 27.2
(a) KAEHIRNBAE S
10°
107 f =53 Hz
102
10
4 L A
1075 20 40 60 80 100
Z 0.15p f =14 Hz -
~ 1 ]
f-Y: 0.10 == %mﬁr‘ﬂﬁﬁ
o
= .05
~
0 60 100
% f/Hz
. f =41 Hz
107!
102
103
10

0 20 10 60 80 100
(b) 44 BB 17 5 it fEL 3

3

(o) BUIE G40 22 7 IR 3 R 58 ) 27 B
B2 HEHFEHESSERRIRENFER

Fig.2 Load time-frequency domain signals and

mechanical modeling of vertical vibration systems
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