35 2 ) Vol. 35 No. 2
2022 6 Journal of Shijiazhuang Tiedao University(Natural Science Edition)  jun. 2022
1,2 2 P
(1. s 4150003 2. s 415000)
: HXD1 . HXD1
1342 — . GB/T 21563—2018
. U270.1 A . 2095 - 0373(2022)02 - 0100 - 08
[1] , .
David T , . [3]
: 17 24 .
[4] R [5]
6-7]
b ’787
. — HXD1 1342
1
, HXD1 .
. HXDI 1342 4292 t, - = ,
B&.K 860 km 32 h ,
1 600 Hz,
:2022-03-05 DOI.:10. 13319/j. cnki. sjztddxxbzrb. 20220037
. (2020]J4448) (21A0416) (
[2020]26 ) s (19BSQD26)
(1979—), . E-mail.dj8083@126. com
. HXD1 1. ( ),2022,35(2):

100-107.



2 : HXD1 101
1 HXD1 s
, . 1~4 1~4 ,
$75 2
T IAAR ﬂ*%% 1
ﬁ%z mm
R
llm—%% 3
T AR 2
B 4 —
By 2
e 2%
1$%Hmziﬁm3ﬁF%%E4L¢@/5K%M SR 3 4 e ]
T Al B AR AR A8 AR AL T 9. 1 B A 10 /U
11 TEJ“E 12,8 H5 13,42 51 A8 A A 14,35 s AR 15, 2 A8 IR 4% .
(a)HXD1 HL S AL 4= 3% %% i Js (b) & 51 A% i 7 5 F R B A
1 HXDI1
1’\’ 4 N N ~ s
5~ 7 . ( i) (
D ) 2 0
R (c)Z% 51 28 It s 41 A0 ;ﬂt ' it e e et P
(a)h 78 (b)ZEAA b (d) A B 25 XUBL (e)f& Bh ¥ il (PR TSN
2
y 73 km/ha
76 km/h ) 0 5
2
2.1
y 1 . , 0~1 600 Hz, D
, s 3 1.5~2.5 ,
3~4 . 30% , 16.30 m/s”,
o @ b b b
, 0.45 m/s*; R



102 ( )

s s 2.5~4 s
3.5~5 (0.95 m/s"), @ ,
, 1.5~4 (0.50 m/s*);
1.5~2 ,
, T s
. ® ,
s s (2 23 m/SZ ) ° @ ’
2~3 10%,
(0.75 m/s*)., @ , 4.5~9
4.5~10 , (1. 60 m/s*).,
1 m/ s
0.03 6.87 5.95 1.01 1.11 0.98
1 0.03 3.73 4,37 5 0.72 1.71 2.23
0. 04 11.61 16. 30 1.06 1.25 1.31
0. 04 0. 28 0. 40 0. 25 0.50 0. 66
2 0.11 0.29 0. 45 6 0.32 0.68 0.75
0. 06 0.24 0.32 0.10 0. 36 0.41
0.10 0.48 0. 64 0.11 0.72 1.11
3 0.13 0. 39 0.56 7 0.10 0.59 0.59
0.17 0.76 0.95 0.16 1.37 1. 60
0.08 0. 36 0. 35
4 0.11 0.24 0.28
0.11 0. 45 0. 50
2.2
GB/T 21563—2018¢ ) TEC 61373 1999 2010
o 1 A .1 B
2 3 s
, o , 1 3, 10~200
Hz; 2~4 1 A 2~60 Hz; 5~7 1 B , 5~150 Hz,
2 ,
o 1 ’ :@ b b
, . ; 1.5, 3
, 10%, . @ s
’ o @ ’
2~4 (0.76 m/s*),
(0.29 m/s*)., @ s 1.5~2
(0.45 m/s%), (0.23 m/s*), @
. 1.5~2.5 , .
° @ ’ 3O%N
50%, . @ )
’ 4 b b
. ® . . .
; , 59.68%, 15. 56 % ;
. 67.44%, 30.97%,

(20% )



2 : HXD1 103

2 m/s’
6. 34 7.01 17.00 0. 39 0. 45 0.70
1 2.91 4.53 34.00 5 1.12 1. 38 0. 45
10. 21 17.50 38.00 0. 54 0.73 1.00
0.23 0.18 0.50 0. 30 0.61 0.70
2 0.07 0.11 0. 37 6 0.53 0. 65 0. 45
0.14 0.27 0.75 0.18 0.38 1.00
0.24 0.18 0.50 0.27 0. 44 0.70
3 0.07 0.11 0. 37 7 0. 38 0. 37 0. 45
0. 20 0.29 0.75 0.33 0.47 1. 00
0.23 0.18 0.50
4 0.09 0.10 0. 37
0.21 0.32 0.75
R]
3.1
3 o
3(a) :D 0~250 Hz , 50,100,150,200 Hz
( )
RN ®) . 23.46.54.58.79,108 Hz .
( 3390 r/min, 56.5 Hz) ;
( 60 Hz, 3530 r/min, 58.8 Hz) s
3(b) :D 0~250 Hz , 50,100
200 Hz , 95 Hz , s
, 30~80 Hz,100~150 Hz,180~250 Hz Hz . @
, , Bl 34,95 Hz
. ® 551 Hz , , HXD1
106/17, 1.25 m, 551 Hz Lol |
e _ 100 Hz 95 Hz
» 0:002 i 4] 5 42 14
C 200 Hz £
%2( <<
.lg‘g 0 1 1 I 1 % 0 | | 1 |
= 400 800 1200 1600 & 400 800 1200 1600
A 100 Hz W% [He = 95 Hy I 2% Hz
A 0.005 i s 2.5 Yl fi
E E
= 200 Hz @
ﬁﬁ) 0 1 1 1 | i’aﬂ 0 1 1 I |
= 400 1800 1 200 1 600 = 400 800 1 200 1 600
- YR [Hz = 95 Hz % /Hz
©, 0.002 e w127 .
E i & 210 H B
£ < 551 Hz
i i
{’gﬁ) O L L L | -l)-Eﬂ O 1 I I |
= 400 800 1200 1 600 = 400 800 1 200 1 600
B Hz IES)
()FF 4 T (by=) 3 T



104 ( ) 35

. R 33. 7.
27.9.22.2, . 34.2.23.5.19. 8, .
’ o % 1 r D
. ’ B )
)
. : 0
9 6 Hyz .20 Hy : 400 800 1200 1600
B % [Hz
1.7.13 H , 3 r
5 2045 3, o\
; o B
3'2 & 0 1 1 1 |
400 800 1200 1600
PR [Hz
, 5 . :D w22 Wi
. 50 Hz . 100, Lg
200.300.1 000 Hz . @ 0~100 Hz \ & . ‘ ‘ ‘
400 800 1200 1600
50 Hz . 27.54.56.58.68.74.78. 5% /Ha
86 Hz , 56. 5 \
Hz. 58.8 Hz, \
. . 3@  250~300 Hz . 244 257 264,
286 Hz . , ,
0.10¢ 0.05-
200 Hz ) 286 Hz T[]
 0.08r 1] 004700 1y 1]
< 0ok i i Z oaal 1 1]
% 0.06f — § 0.03
5 0047 = 0027
=0.02f E
0 400 800 1200 1600 0 400 800 1200 1600
1%/ Ha %/ H
(a) M AR 22 (b)#E 5| A% It £ A
5
6 ,
0.151 0.10r
e 7] e [1]
-~ M 5;0.08* 20 14
20.10- B 1 £0.06" 1 1w
= ™
i = 0.04f
#0.05] B
B = 0.02F
0 200 800 1200 1600 0 400 800 1200 1600
B % /Hz $i R /Hz
(a)dth b 32 ()7 51 22 JiL 7 AE B
6
6(3) :@ ’ ’
. ® 0~100 Hz s . 0~10 Hz s

15.18.,34.,44.53.72.77.83.88 Hz . ©® ,0~10 Hz



2 .HXD1 105
,34 Hz
6(h) NGO, . 200 Hz
e . 0~20 Hz . 34.44.55.72.77.83.88.94 Hz .
3.3
7 N o :D s
. . . @ . 0~300
Hz 600 Hz s s 100 Hz .
. 56.65.76.83,120,166,194,262,270,286 Hz . 1100~1 600 Hz
, ®) ) . 100,
600,800 Hz , 100,572.,590.,600,779.,786.,798 Hz .
58.261.266.,288 Hz . @ . . 0~100 Hz
286 Hz . 100,200,600 Hz . .
786,798 Hz .
0.5 600 Ly 0.25- 08 1L | 0.05. 1562 H
- 0.4 100 M ﬁg 70200 j’ig ~0.041 286 1y ﬁg
£ 03l B z0.s) Bl éo.os—loo Hz Lol
= 0.2F 270 Hz 671 Hz 5(0.10— E*0.02— o0 i
e 7100 1,220 B2 A
= 0.1r =0.05¢ =o.01f
0 200 800 1200 1600 200 800 1200 1600 400 800 1200 1600
S [H IEIlD 5915/ Hy
(a)ffe 2 KL (b) & 3h 2 il 46 (OEIE 523
7
8 N ,
, . 8 D .
s , 15.34 Hz y
. ® , 0~100 Hz 600 Hz 100 Hz
. 15.34.56.66.72.76.83 Hz . 100~300 Hz 120,166,194,
244.263.,271.286,326 ., 1000~1600 Hz .
. @ . 0~100 Hz 800 Hz ,
15,34,45.55.72 Hz, 800 Hz 777,785,797 Hz , 286
414,589 Hz . . . @
) IGBT )
800,900.1 000,1 100,1 500.,1 550 Hz . 900 Hz .
IGBT 450 Hz 2 . .
( 900 Hz Yy
. 15.34.,45.55.72 Hz, 414.827,1 2421 562

Hz o



106 ( ) 35

0.5 0.25 0.5~

[ , [ H
83 Hz F ] o0l 55 Hz 797 Ha i i) 0al 900 Hz T [
o 04 600 Hz Nieg T N I il
03l B Zo.1s) Bz o3t 800 Hz 1]
= = 900 Hz N
™ 671 Hz # 100 Hz ol 414 He 1 500 Hz
& 020 270 0y e I S e
= 01t =0.0sf B ol 1242 Ha
0 Il 1 Il ] 0 | 1 Il ] 0 1 Il 1 I}
400 800 1200 1 600 400 800 1200 1 600 400 800 1200 1 600
Wi 2% /Hz, B % Hz i 2% /Hz,
() $A 5 XL (b)f% sh 4z Hil 44 (c) V)AL
8
3.4
, \ 5
mm., N 1)
R NODAL SOLUTION g sy e s 1
STER=1
’ SYB=42
, FREQ=43.7 Hz
o 9 42
(43. 7 HZ) 1)
' T
. o 2\ 1]
. {37 % /mm i i)
s 0 209 419 6.8 8.37
, 1.05 3.14 5.23 7.33 9.42
. 9
4
(1 , :
(2) , . N
(3) \ ,
. 59.68%  67.44%;
. , 15.56%
30.97%; . , IGBT
2 . .
[1] . (Il , 2015, 36(2); 1-10.

[2]David T. Railway noise and vibration: mechanisms, modelling and means of controll M]. Amsterdam: Elsevier, 2009.

[3] , . . [Jl.



2 : HXD1 107

2021, 57(4): 130-139.

[4] , , . . 2BO (. , 2019, 41(11); 42-49.

[5] . . - Ul . 2018, 54(6);
48-54

(6] . . . 0. , 2016, 52(22): 129-137.

(7] . . Lyl ( ), 2021, 34(4);
66-72.

[8] . . . 0. . 2016(4) ; 47-50.

[9] ) . . (. , 2019, 38(3): 59-66.

[10]Tao G , Wen Z, Jin X, et al. Polygonisation of railway wheels: a critical review[ J]. Railway Engineering Science,
2020, 28(3):1-29.

[11] . . . Ly . 2016, 42(4);
1159-1167.

Line Vibration Test and Analysis of
Traction Converter for HXD1 Electric Locomotive

Ding Jie'”, Yin Renshu’, Xiong Ying’, Fu Xia’®

(1. School of Mechanical Engineering, Hunan University of Arts and Science, Changde 415000, China;
2. International College, Hunan University of Arts and Science, Changde 415000, China)

Abstract: Aiming at the high failure rate of on-board equipment of HXD1 electric locomotive feed-
back by field application, the line vibration test of HXD1 1342 electric locomotive in Zhuzhou-Guiyang
section was carried out, and the vibration characteristics of measuring points at different parts under dif-
ferent working conditions were analyzed from the perspective of time domain and frequency domain in
combination with GB/T 21563—2018. The research results show that the wheel rail action is the main
vibration source of electric locomotive. The vibration spectrum of axle box under operating conditions is
dense and dominated by low frequency. It is obviously weakened after the vibration reduction and isola-
tion of primary and secondary springs, but it is still the main vibration component of vehicle body, trac-
tion converter and other equipment. The working environment of the traction converter is complex, the
natural frequency of the installation foundation of the heat exchanger fan in the cabinet is low, and the
transverse vibration exceeds the standard seriously due to the rotation frequency and its frequency dou-
bling and electromagnetic excitation of the fan. The drive control box is excited by vehicle body vibra-
tion transmission, electromagnetic excitation and fan, and the transverse vibration exceeds the stand-
ard. The vibration of the power module mainly comes from the electromagnetic vibration of capacitance,
fan vibration and vehicle body vibration transmission. The actual line vibration test can provide data ba-
sis for the structural improvement design of on-board equipment.
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