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Abstract [ Objective] During the train commissioning and
trial operation of Hangzhou Metro Line 1 Phase III section, ab-
normal occupancy ( red-light band) appears in axle counter e-
quipment at different positions along the line, significantly af-
fecting metro operational safety. Therefore, it is necessary to
carry out analysis and tests on abnormal interference scenarios,
selecting appropriate improvement schemes to solve the abnor-
mal occupation problem for axle counter equipment. [ Meth-
od] The situation of abnormal interference and occupation dur-
ing trains passing through the Phase III axle counting section is
introduced. The relation between train traction equipment cir-
cuit return and axle counter equipment interference harmonics is
analyzed, and relevant investigation, testing, and verification
are conducted. Solutions for addressing the interference har-

monics generated by the overlapping working frequency bands
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of train traction equipment and axle counter equipment are pro-
posed. [ Result & Conclusion] For the abnormal occupation
(red-light band) situation during Line 1 Phase III project train
passing through Phase III axle counting section, it is feasible to
tackle the issue by optimizing train traction system equipment
working frequency parameters. By shifting the working fre-
quency band of train traction equipment away from that of the
axle counter equipment, the issue of equipment co-frequency
interference can be solved.

Key words metro; red-light band; axle counter sensor; in-

terference harmonics current

0 35

W% CBTC (% T i {5 195 4 #hl) HoAR i %
Ji&,CBTC A Gt A3 i I8 S Hh Ay 1o T B
W AT s CBTC & GERYal JHE, 8 R A B
WO Y R GRS RERE RS IE W s 17, BOR B /Y
Il T A A 3 2 v O B T A S R A T L T
R

2o | b e H ATHLIE £l ) 28 i, %25
R [ 3 Pl A P I Mt ) 5 2 B B [l
AR IS R B A (R AR 5L 45 A
B AR AR ) T MR Pt AL i B R AR 2™
P B U, A S L5 A AR [ — AR
B, 2 X os e s A B T

PUOMMBER 1 SZ (L PRl S47) =
VLR Bk —50 1 [ Bl 3 T 2020 4F 12 HJRIT
i, SR UL AR 1 0 91 42 i AL DX 3 e
B, e AR BT DB O — Bk ok
FIWF) 4 b TR O . 152 =115 4 T 2021
1 AR BB EE 1 SA =X E (R
T —ii L FE BRALZ G ) B AN [ 07 2 B T3
AL R ), 1 528 42k O s —8F 1
[ PrALYst ) SR 2 Rl A% AR A A 3 Fop 4 7
R, PRIl I8 0 ) D BB 2 CRT st —



%715

_AREA

YOVLIEE S ) ik [E 285 2% ZP30K Bl L s Al =
WX B (R UYL s —50 1l B BR AL ) 1k stk
G| YLIZ-F1 BUpHAE R . 1 5409 3 Fh 2743 51
H:1 SR ECRAETTFES IR R) ;1 5
LIS ECRVET T FAG M) ;1 S =
WIH 2 CRABRMCHE R M4 ) o Rk, 714
A A T B[] B R X R 32 38 B O A 22 5 ik L ik
HNZMINE, FTFERARZ: 1 SLEHFEM 1
S R BT TRk A T Lk
B E I AR BT YAl 5 1 528 — 1A 51 42 R
YA A g [ L R A TE A 26 Ol — R 1b
PRI U R =i N N VB R4 ot L1108
YT, AR SCER XS 1 54 =8 A 7E — W IX Bt
ANTRIASE B B 1l A2 SRR 21 ' ) A, 30 2ok 7 371
2 4B G4 B CWT30B, 78 11 X B L 1 e 2
TG R A, D B 52 00 3 45 s T b A% i
A SRS 7%, /A 9 A2 28 5 1 1548 Il it 5 01
B TR ™ A W E &R, I Zam i et o) 4
FIRGEB A TAEB RS HUR UL 8, A ST
AR AL B A 0 T (2T 6T ) Tn) Bt B 1 i

1 itHhf BER g

HRAEAS TR 2250 A6 Ty =X, Tl A% SR WT 43y
PR S8 LA I 248 A AR R R T A BT — il a8
RN GRS GRS —4h, 1 52 = IX
BRI YLIZ-F1 RIS AR 8 T 5 4w AL J
#, TSR ARG AR I W 7 B AR RN A2 5 | R G )
AR, BT LA LG A By 32 45 5| Rl i 0 2y
Tk

YLIZ-F1 BUTHIE AR AT 2 A58 257 1 W Jek
N ERTG SK1 Fll SK2 YA 4 AR ARIR ik Al 57 7 2
ARG IS, F T TR AR U ) 2 STl ik
MWES o 3 2 k{55 75 22 R i 2 LLF S04
INHRA G © 2 DBk 55 2247 56 )5 i
7@ 2 APk 55 a2 & X

FETHAR AR AL I 7s PE 2%, LLR RS 42485
WL IE S IR . AT RERIN | S =8 %
ST AL SRR B T PR TR T, 2 51 2R 2
SK1 fy%e ik o B J 32 2™ 5 4. g B as N
1) LC(HUBHLZY) PR 37 e (BUBRAF) A 2 A AR
B 27,5 kHz #130. 0 kHz, #5314l % isgs JH
FELPR I Hh 7 A ()00 B 1) 1 D8 H i 1 3 , K 23 X il

B Y 0 T8 AR T T 8, S B
B IR

2 FHEERRFERESH

2.1 EZmhk

SIWFFE Tl AL SRR TP B S 9 4 22 R G
R NIES A R AR T Tk, T YLIZ-
F1 BUTHL S 1) TAEI %y 27.0 ~ 32.0 kHz,
HTAEFEH S E AT LN ZP30K (14 &2 L
S—3, 35 % BS EN 505922016 ( £k 1% 1 1 5
TR RGP B3R 50 ) Hh I
2e R GRS x .y 2 7 1) (x 7 10 UCR B A2 AT i
Ty 105y J5 [ UCA AT HE T 5 2 5 T BOCK 2 B
71 o ) BT BR A HE AT VEAL , VAL 2 B2 T B4
Dy B 4 A B w6 AL AR 1 T 81 42
1A 5| LR TS A 1 T

K% G4 Bl CWT30B ik 51 %2 % —3h 11 4
JRELJECS e R P i A FEL A (225 |30 2 28 i A L 3
ARG A LI, T8 4 B B xR
AT, MR e B R IR 1 R,

BT DBl o IR A

Fig.1 Photo of testing equipment placement position

SRR BIIE b2 B AR R 9 2R 00 07 0k o3 B
A3 i A 5| [l g -l A S i T . RO
RGBT B R T ANIE 2 7R o gl 2ok [
A REd O FI4TE 1/3 5| THCT AT, 51
BLA /3 k& 5| i s ARG 7 R 2k, MR £k
TE x .y z =AJ5 T EHSARIES TRRN. @
FIHAE 173§l 3 o0 T AT, 5140 1/3 fk
il 3 3 38 i G R, AR A Xy 2=

- 345 -



AR TP RN @ B G A1E f Kl 8h T80
TP . B 42 DA i B o 38 Ao VA i 7 R 4%
RRLAE x y. .z =4 J7 ) B AR G 3 1 4k
K,

TES A [ B 3 e i g v, 9 4 2t ok i Al A%
JEEF R ARy AT 100% 425 | 5% 100% il 2R,
VY, B PO RO B 7, e ool KSR ARG e S e 4 R T A e R

L5 R PR T 1 B B 26 J] B G 9 2 . AR A PD CLC/TS 50238-3:
P2 R R B R R D019 BRI IV . HLA- S+l e A e ) A e

Fig.2 Diagram of low-frequency magnetic field antenna BT Gl A% Rk e T 3 PR (. (x [ F PR < 114
installation position dB-pA/m, y A FHEBR %] <84 dB- pA/m, z DR

J7 1) B R RE  T RN @ Sl fE Rk BRI <101 dB-pA/m) BEATHIRE B 4 B A
I THL T AT, 0% LUK AE 51 i (I8 SRR B HARERR L. 225 1R 2 TO0 T, 5104
WG R AR AE x oy 2 AT By A SRS TG R IR AR AP i 3 B

EMC Test System of Axle Counter [

Zp30HZp30 C-NTIZp30Zp30K spectrum analysis of X-axs
o7 vt [ - N
Py fo B RRAE
Vo7t [pr—— 2w
g
° o
o v o A
i, | N S AN +
Z4F data pent Deta_20210508 915826 be A \ - \ i N o o
e 2 s 2 s 25 % 3w a1 s W
a4z
ZpIOHZp30 C-NTIZp30/Zp30K spectrum analysis of Y-axs
£ w \.
3 TR FRAE
e 3 88
&
g
e L A A
%7 N AN
/ = iy 7T\
|- S N N —
sl . L "
L 27 s 28 28 29 2% 3 08 n 315 a2
Ansyss Drecton Zeom v ZpIOHZp30 C-N'/lm’bg;/gém analys's of Z-axs
R i N |
(. . £ HhBRRE
perey—— 8w
£ / \ N
peew—y \
A R ) \
— i — 1
s w2 om o 5 =
#14/Hz
T S T
a) H3h TOWOE
EMC Test System of Axle Counter
ZpI0HZp30 C-NT/Z530/Zp30K spectrum analysis of X-axis
AP dota gt Duta 20210508 813044t ! L !
1of
o E vol AR
2
- [T gur
YHF data Import e — ~
o~
P [pr—— | |
T 2 am 28 s 29 2% 3 s a1 s %2
et 14 /Hz ]
o, ZpIOHZp30 C-NTIZp30/Zp30K spectrum analysis of Y-axis
: ; : : : x\ : ; :
E%f A FRAE
2
3o
O measconzemx g
PL "
* // AT d
: \_—~ 1 A~~~ —]
LA Nt — \\
! baed 27 ans 28 s 29 296 3 08 un s 2
#4/Hz ”
Aewysa Drecten Zon v . ‘Z030HZp30 C-NTIZG30IZp30K specirum analyss of Z-axis
U— L
¢ oF ~=
[U— 2ul A PR
2
3 w}
S— 3
M \
M // \ /\.
Specrum arass. \ T / —
|~ _— ~ /N ]
L% N -
Fraqucy Pt Eacin » L . I L
21 2 28 285 29 29 3 a0s 3 ats 22 [
#4/Hz

b) #5|TABIY
K3 ZEn A sh o0 T 54 A S5 Tl i s BRAE A R P F A
Fig.3 Software screenshot of train magnetic field and axle counter sensor limit values under

traction and braking working conditions

- 346 -



57 1

725 | (] S R AT P AN P 4 BT a2 5| Ja]
TR B3l 1 S 2 J) 20 e 3 A mT 6, 2 5 [ 3
B AAAE W ) TAEM 5 R 27. 5 kHz A1 30. 0 kHz
FIATR IR . TGI8 A& 3 4 7 38 vty 38 2 38 3 Tl A%
JERAR 1 s -l A% SR B ST 1 37 A7 A R 1 A3
RIEH, tdbnl g0, % Bds i i i il b 2 02
H 22 5 | [R5 11 o

100 FIZEBL 22 kmvhs 100% 251
\ LGRS RN R T
< M a3 ERETY
2 102F
2 b bl
IR | i il
107 ‘[ P Ay Ay WJJ‘*,WWW*WM
xﬁ}mﬁi& 100 m f, 3451 23 km/h 100% /
1076 SRS EY s )
0 5 10 15 20 25 30 35 40
A /kHz

K4 ] [ s 4
Fig.4 Frequency-domain diagram of traction return

current test

2.2 itHEESENKES
SR FE T A5 SR AR Y R 5 5 A2 5] R
B T R AR I & o MR & L4
TG ARG S L o5 T s (&) 2=
SRS AR T IR E T A . I ET, A [R) 4%
KRR T PA5 5, 38 a3 W I 5% i BT i e L
Je Vi 4 PR (LS5 L T B TT T S 5 S e T T AL
JRER R S [R5 0 JRUAAR FRL 1 5 BS5 W P BT R I s
JEAE G 15 5 2 0 Uk Il B % e S M S A i R
FE ), FI A AR AR 357 11 7= L E LB
2255 3R B8 3IF 1T 20, YLIZ-F1 B0 -l 4% Jk 48
30. 0 kHz fi 3k (9 52 b o0 45 2R o 30. 2 kHz,27. 5
kHz #3k i 52 bR rf SR Ry 27. 6 kHz , 774 — 22 1Y)
Wi IR %, 30.0 kHz 43k (1) SO B 29.7 ~
30.7 kHz, 1fij 27. 5 kHz 3 i RS B oy 27.1 ~
28. 1 kHz, AN TAEAS &G Sk A6 I A THAF 55 (400
mA TP ) 5 ATl AE B I it L R AL,
K5 FiR. S AMIE KN T A5 50, g
HRUL A 55 T BT i R S 6 (5500 14 0% 3
MR BB BB S A TS S AT
S TG A TR, 72 T BE Y, 4 A
FFHRATR L 100 Hz (80 (E IR B A 5 A fb it 5%
FL ¥~ BT I ity LS 0 {500 300 1) B 95 05 23R K/
ﬂzu 100 Hz (& (BRI FREA T84k . PRI, T P24
VR G | A 1 TR, DA T 1l 1%

2 REA

PGS0 TAES 5 30. 2 kHz 5 27. 6 kHz, i 5 40
ARSI TR RS 52 TR /N, 542
5t H I A8 T A A BB Rk T 29.7 ~ 30.7 kHz Al
27.1 ~28.1 kHz A5 B¢, W AT LLMARAS | fiff e i -l 4%
JERER B LT G [R]L

035 — 27.0 kHz Bk
030k - 30.0 kHz Bk

0 1 1 1 1 1 1 1 1 J
26.5 27.0 27.5 28.0 285 29.0 29.5 30.0 30.5 31.0
TSR/ kHz

KIS AR AR A IMA TG S 5 i1l
e i i i L PR e (.
Fig.5 Peak terminal voltage of axle counter sensor for mag-
netic heads with different working frequencies after

adding interference signals

2.3 Fo| T EMBEEE TS TEMER

i T HFTE 27. 5 kHz A1 30. 0 kHz 3895 HL i 40 &
PR R TR A F B 1A T AR AR I AR
Wi, Bl AR 5 Wi AR SR Y IE L LR S 2
MG A, TAES &S 8 27.5 kHz #1 30. 0 kHz [ 40
BRI MIRAEAE | DR I W3R I8 P I 3 2 0T AN J2 P

GVZE )4 5| 10 AR BR L A5 77 AL 1 o TE 28 B N Rl B

ARSI A B R R T B0 &, L EA B B
27.5 kHz 5 30. 0 kHz 338 B 37

1 SRR T 0, YLIZ-F1 Rl L a8 1)
PUAE A TRt A+ 500 Hz Ji [, 38 ek ) & peg
Uil A LR B AL sl AT M 2 R o il 9 il
JEEAS RO, B O T AR B T AR B 5
SOV e e PO T A A% R 1) T AR, 3 i) sk 20 A
Hin 500 Hz 33X — A5 X B JI S YLIZ-F1 % 3-fl
IR AN 32 T 48 1 4 B (BP 29.37 ~ 30.82 kHz 5
26.91 ~28.29 kHz) , f Fourier A5 i pRE AT 1, 25
ROEERETF il A 8 A2 T A 0 B, [ B 1A 4
AR SR A ST e AT RETE , AT E T SRR i U
W, AR T BRI R N 1 R,

3 TR RS RRIETE
3.1 HBNEEEE DC(ER)/DC HikMRHE

izt
7 S B F A E 0AS BE T i A

. 347 -



O mhsNiEsziE =

URBAN MASS TRANSIT

2024 F

x1 ARFEMETHEESE

Tab.1 Harmonic components at different chopping frequencies
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