ISSN 1673-4440
CN 11-5423/U

PR (ST ORI SRS il rhEROHIR Gl R
A ‘

BEES TIERA

Railway Signalling & Communication Engineering

FhE: ERERBEESHRIGHEEAGRAT 2023.11 FE20%&

(2023) REHETHEEFSE (295) =

BB B B

D

NEN

LA




HIBEESIIERAR
[ RAILWAY SIGNALLING & COMMUNICATION ENGINEERING.

FERM
PESKRBEESEAERAR

EDiLA0)
tReRBEESHRRITRERARRAT

ET
"R

HiTER

=8F

IRIEEEE

ZHRH

HTRE

/A, B OB, 88
FIRAE

® A

HEXRIE

T &

AHRISLOLEAE

ik B, Bilg

{RIB AR
(REBBIEES TERAR) HiEY

Hnk
ERTmEERERKSEEYIERE 1 Sk

BB4R: 100070

BBFS: rsce@crscd.com.cn
Patik: https:/rsce.crscd.com.cn
1RiREIE

010-51865951; 010-51865957
&g

(010)-53110618

BBRHS: 80-532

FRERAEESR RS
ISSN 1673-4440

Administrated by:
China Railway Signal & Communication Group Co., Ltd.

Sponsored by:
CRSC Research & Design Institute Group Co., Ltd.

Editor in Chief:

Xu Zongqi

Executive Editor:

Li Zhiyu

Director of Editorial Office:

Li Zhaojing

Editor in Charge:

Wang Dandan, Chen Chao, Guan Yiqi
Web Editor:

Zhao Yue

English Editor:

Wang Chong

Contributing Editor of This Issue:

Zhang Wei, Hu Ruifeng

Edited and Published by:

Editorial Office of Railway Signalling & Communication
Engineering

Address

Block No.1, Qichebowuguan Nanlu, Fengtai Science Park,
Fengtai District, Beijing, China

100070

E-mail: rsce@crscd.com.cn

Postcode:

URL: https://rsce.crscd.com.cn
Edition Tel:

010-51865951; 010-51865957
Advertisement Tel:
(010)-53110618

Distribution Code: 80-532

China Standard Serial Number:
ISSN 1673-4440

CN 11-5423/U

BTSSR S
ISSN 1673-4440

IERE
ERSHEPHRERREIAT
ENRY

RSB BERIERAT
IE&RmEIR
FEHIHEF 20170003 S
Effr: 10.00 5T/

CN 11-5423/U

International Standard Serial Number:
ISSN 1673-4440

Advertising Agency:

Beijing Jinrizhongtie Advertising Co., Ltd.
Printed by:

Beijing Lianhehutong Print Co., Ltd.
Advertising License No.

BFGSG 20170003

Price: ¥ 10 Yuan Per Copy

AR LATMEARNXEREHRB IR, MBI, HiAH S5 EMMIEIRESRRF). 25T THFRE
BESULER. EFETRRSECHEMFU LRRAMEXWEIA, BELSEH, SURAIERR.
2AFIXERFAE, REBEWFA, FMFUEEAHERER,

=]
ﬁ?ﬂﬁﬂ%x&ﬁ#

AT Monthly
20 EHT 1 Vol.20 Supplement 1
Hik: 2023411 H 25 H Published on: 11/25/2023
BIF]: 2004 4 First Issue: 2004

RgmE: FDERb L
pUEE
FrReeribet:

Senior Consultants:
Ni Guangnan: Member, Chinese Academy of Engineering
Liu Shanghe: Member, Chinese Academy of Engineering

Chen Weijiang: Member, Chinese Academy of Sciences

FEES: K

ZE A (RER=EEHF)
EiE EXSh FHERE A%
X X LW B K
i ¥ 5k i B kBT B M
JARE BBAR BN ke R
fRsE ;O E O H O 'O

o
MK

AFINEERIRREE

FHE 2RISR A PR SR G PR 5
RCCSE HEHEZLFAR LI ;
HARABARTRS SRR (JST) WskiiTl;
EBSCO 2 ARE a5
FREROIT (G#iE) SRR
FREPEARIIT CefthiR) 2ol
FRHSITIEEE A (22 3XhR ) BTl

P ] 22 A A 0 R - AR AR G IR

B TR ARE & 2k

amw.-

https://rsce.crscd.com.cn
HIBTTFHTIEM,
FEE. FEATHAR



(73 UL RS MW - N

( 2 0 it bR 3t e i

- %fﬁf&%ﬁﬁﬁ%%%ﬂ%%%%%n' R

=

LT %
%ﬁ%%k%?%%ﬂﬁﬁﬁ%ﬂﬁ T
Bk 5 6 T LR AT R A MEK
IE 45,7 5 o Bt I PR B A7 . e
e 960 648 S00 06s 4ss See Ges S6e G0e Ses SEe Ses SEs FEs Bee G4 See Ges GUE G0e Ges 4se See Ges see See ses 6e ses 7"‘(
%%ﬁ%i%ﬁ%%@&%?%éﬂ%ﬁ%%mﬁﬁﬁ
e CEEE, R
9H%W4wwmﬂ%ﬁ%%ﬁé ﬁt% &ﬁ%ﬁ&%é&ﬁﬁ%ﬁ%
R Bk, L B, REAR
L EED &ﬁﬁﬁﬁ&%i[&ﬁt%ﬂéAﬁ -
EERBART A o
e e e e X E 4
ZPW=20004%,32 1 ¥ 55 QIK-1S 2 & |7 B A0 47
et e e R
Jm%ﬁ%%*wﬁ%ﬁﬁﬁﬁﬁkﬁﬁm%%ﬁ&
. R
zwzww%%ﬁﬂ@%&ﬁﬁ%ﬂ%ﬁﬁﬁ& -
-------- 7PV~ 2000A$ﬂ1§%%ﬁ%ﬁ&[‘m&@glﬂ%ﬂ%@ % " B
e e e TR B
@ b{ﬂz 3 0 35 AL 2 A AT
. e RN A SN
' m%iﬁ%ﬁﬁﬁ&lﬁ&ﬁw%mﬁﬁﬁ
CBREG SR, MW
?Hﬂwmwﬁw%&ﬁﬁﬂwﬁﬁﬁ%%@7%%%% -
e R - 9
zwzmm%%%ﬁ%ﬁ%%&ﬁﬁiwfm -
RUTRRRE: & &
ZW%WW%%%%L@ﬁ%ﬁ%ﬁ&uﬁﬁlﬁiﬂ
AER, mET, BEAE, FuAl, XM
PWNN%@%%&%@EREE&& ER AT
. ~BAEE, kK K, WTH, TERE
%ﬁ%%* i%&ﬁ
e e e e A E
SEPE AR WIS B
g @ B, TEE
AR AECNG & B A5 55
e B H M, ALE
& %$ ﬁ ~mﬁ%§5A ?%1ﬁﬁ%
5 ZW2NM%€%%/%£%%%%ﬁ%%%A -
Lo R
35 FZPW-2000044,32 i B 5 3 b 2 %M@@Eﬁwmmmﬂﬁ
=
ZW2WM%£%%§%u%ﬁ%%#%ﬁmﬁ&5¥% .
~ﬁmwwm%ﬁ%%§%MmK%L&Mﬁﬁ% D
.. H’—t /ﬁi’ Eé\? id%%7 };gi IE
%ﬁ@v%%ﬁﬁﬁ%%ﬁﬁfm hiA
i
A%%H%iﬁﬁ E&%ﬂ%kﬂkk%%&ﬁ%
7K K A

8
A
1-3
4-6
7-12
13-17
18-22
23-217
28-31
32-35
36—41
42-46
47-49
50-53
54-57
58-62
63-69
70-75
76-80
81-83
84-86
87-89
90-95
96-99
100-104
105-110
111-113
114-116
117-121
122-127

128-131



Railway Signalling & Communication Engineering

CONTENTS

‘» Maintenance Technical Exchange

Analysis and Treatment Measures for Problem of Flashing Red-light Strap during Direction Change in RBC Boundary
SECTIOMS -ttt ettt ettt ettt ettt et e et e e e bt e s e bt ea e e bt em et ebeemeesaeem et ea e et e ea e e et es e e bt en e et e ent e bt en e e bt enteeaeenteeneeneas Xing Yi 1-3
Analysis and Handling of Missing Release of Track Circuit Route Release

........................................................................................................................................................... Hong Fuqing 4-6
Analysis of Causes and Countermeasures for Frequence Interference to Track Circuits
.................................................................................................................................................................. Chen Bo 7-12
Analysis of Code-missing in High-voltage Pulse Track Sections of Main Lines
................................................................................................................................................................... Wu Jian 13-17
Discussion on Reducing Interference of Unbalanced Traction Current in Sections without Track Circuits within Stations
................................................................................................................................ Gong Shujin, Chen Zhizhong 18-22
Study on Technical Scheme for Resolving Red-light Strap and Ballast Leakage for ZPW-2000A/K Track Circuits During
RAINY S@ASOM....ueiieieiiiieiieieie ettt ettt ettt sttt eneenseeneeneenes Pang Tao, Lan Yao, Ji Yingjie 23-27
Investigation and Analysis of Red-light Straps in Sections Caused by Ballast Leakage in Hami Railway Station of
Lanzhou-Urumgqi High-speed Railway ..........cccooiiiiiiiiiiii e Chen Yunhan 28-31
Analysis and Optimization of Bad Shunting on China-Laos Railway
........................................................................................................................................................... Liu Guoxian 32-35
Analysis of Combination of ZPW-2000 Track Circuit and QJK-JS
............................................................................................................................................................. Wu Weihua 36-41
Method for Analyzing Occupation Loss of Power Supply Operation Vehicle by Utilizing Track Circuit Monitoring Data
............................................................................................................................................................ Zhao Jianda 42-46
Methods for Debugging ZPW-2000R Frequency-shift Automatic Block and Track Circuit Coding in Station
..................................................................................................................................................................... Sun Yi 47-49
Case Analysis of ZPW-2000A Track Circuit Shunting Overrun Alarm Problem
...................................................................................................................................................... Zhang Liangjun 50-53
‘ Function & Performance Optimization
Research on Optimization of Test Device for Track Circuit Outdoor Equipment
.................................................................................................................... Fan Siyang, Li Bingjie, Liu Dezhou 54-57
Discussion on Track Segmentation Scheme and Engineering Design for High-speed Railway Stations
................................................................................................................. Liao Yimei, Sun Mingwei, Yang Yang 58-62
Track Circuit Signal Analysis Based on Hanning Window Four-spectrum-line Interpolation FFT
............................................................................................................................................................. Wen Shulai 63-69
Application of ZPW-2000A Frequency-shift Pulse Track Circuits in Conventional Railways
....................................................................................................................................................... Zhang Jiameng 70-75
ZPW-2000R Track Circuit Communication Data Analysis Method Design and Tool Implementation
.......................................................................... Ren Fei, Han Anping, Huang Chunlei, Guo Hongli, Wu Yuan 76-80
Analysis of Setting Length of Track Sections of ZPW-2000 Track Circuits in Neutral Zones
................................................................................... Chen Mingbao, Zhang Gai, Sun Ningxian, Wang Lianfu 81-83
Intelligent Operation and Maintenance Technology for Track Circuits
.............................................................................................................................................................. Li Xiayang 84-86
Exploration of Optical Fiber Transmission Scheme for Outdoor Equipment Monitoring in Stations
.................................................................................................................................... Guo Yong, Wang Xueliang 87-89
Design and Implementation of Function of Automatic Detachment from CAN Bus for Track Circuit Equipment
...................................................................................................................................... Li Zisheng, Ren Guoqiao 90-95
‘ Reliability Research
Design Scheme of Multipoint Redundant System Based on 2 X 2-out-of-2 Structure
........................................................................................................... Zhang Long, Huang Chunlei, Guo Hongli 96-99
Research on Optimization of Anti-interference Ability of Short Track Circuits of ZPW-2000A Track Circuits
.................................................................................................................................................................... MaBin 100-104
Optimization Scheme for Monitoring Voltage Fluctuations in Short Track Circuits on Receiving-end Cable Side of ZPW-
2000G TTACK CIICUILS .. .vevieevereeeieeiieieeteeteeeesteesaesseesesteeseeseessessseseessesseessesseessenses Chen Miao, Xie Yongchang 105-110
Method and Implementation of Selection and Matching of Tuning Parameters for ZPW-2000A Track Circuit Outdoor
EQUIPIMENL ...ttt ettt ettt sttt ettt et ettt be et ebe bbb e LiBingjie 111-113
Remote Configuration Scheme of Outdoor Monitoring Equipment for ZPW-2000 Track Circuits
.................................................................................................................... Wu Pei, Li Han, Liu Xigao, Liao Li 114-116
Characteristics and Application of Track Signal Interference Analyzer
............................................................................................................................................................. Du Xiaoxin 117-121
Solution to Delay of Code Sending in Approach Section of Stations with All-electronic Interlocking
......................................................................................................................................................... Zhang Fusong  122-127

..................................................................................................................................................................... Li Hao 128-131



i

BN

HEABIAZTS

=

DOI: 10.3969/j.issn.1673-4440.2023.Z1.001

RBCiA R X E& L 75 1N S )l
S5 IRIEsE

R R

(R EBBEEFTARBT R ERDA RG], bR

100070)

WE . ARABRANGIEF SIEREEER P LI RBC B REKF &ALk R, 4460
PORE & A& F B b R E ST, RS BRI il R AL IE B BT ) ARk, iR
TG RS D TR AR SRR NSRS DB, fRART 5 & RBC R EW
=) .

FBIA) : RBC R soyidfe ; AR ; LkF

hE3ES : U284.2 XERRERD © A XEHRS : 1673-4440(2023)Z1-0001-03

Analysis and Treatment Measures for Problem of Flashing Red-light
Strap during Direction Change in RBC Boundary Sections

Abstract: During the process of incorporating the tuning zone into the control and inspection of the
train control center, a red-light strap issue arose in the RBC boundary section during the direction
change process. Based on the analysis of the occupancy conditions of the small track and the reasons
of the red-light strap in direction change, a solution is proposed to modify the delay time of the
receiver's small track circuit pick-up. This solution meets the requirement that the occupancy status of
the small track is shorter than the tolerance time for TCC determining the small track occupancy status.
This solution can solve the problem of flashing red-light straps in the RBC boundary sections after the
direction change.

Keywords: RBC boundary section; direction change process;delayed pick-up;red-light strap
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Analysis and Handling of Missing Release of Track Circuit Route Release

Abstract: When a track circuit in the station does not meet the three-point inspection conditions, the
missing release of the route a light strap is triggered as a passive protection method to ensure train
operation safety. The reasons for not meeting the three-point inspection are complex, essentially due
to changes in Relay GJ status that do not meet interlocking conditions, such as bad shunting, changes
in Relay GJ delay characteristics, etc. Starting from two typical cases, this paper focuses on analyzing
the problem of missing releasing of the route a light strap caused by non bad-shunting defects,
summarizing the key points for handling such problems, in order to draw inferences and reduce the
threat of such missing release to train operation safety.

Keywords: track circuit in station; missing release of route light strap; non bad-shunting fault
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Analysis of Causes and Countermeasures for Frequence Interference
to Track Circuits

Abstract: Based on several typical cases of interference to track circuits caused by interfering
frequencies, this paper analyzes the technical reasons such as short circuit at the ends of wires at
the terminals, parallel lines, poor traction return current, construction process standards, and single-
end code sending of tracks. Measures such as improving control at the design source, standardizing
construction process standards, and testing and rectifying existing line equipment are proposed to
solve the problem of interference between track circuits and locomotive signals, providing reference
for design, construction, and maintenance management.

Keywords: track circuit; interference between frequencies; transmission across sections; magnetic

field coupling; single-end code sending
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Analysis of Code-missing in High-voltage Pulse Track Sections of
Main Lines

Abstract: Through the research on the principle and relevant characteristics of asymmetric high-
voltage pulse track circuits, combined with the action principle of track circuits and coding
circuits, using the time sequence diagram and the records of on-site monitoring equipment, this
paper emphatically analyzes the causes and timing of the code-missing problem of asymmetric
high-voltage pulse track circuits on the main lines. The scheme and measures to solve the problem
of locomotive code-missing when the two neighbouring sections use asymmetrical high-voltage
pulse track circuit and 25 Hz phase-sensitive track circuit are proposed to provide guidance or
reference for similar problems.

Keywords: bad shunting of track circuit; asymmetrical high-voltage pulse track circuit; 25 Hz phase-

sensitive track circuit; neighbouring; code-missing
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Discussion on Reducing Interference of Unbalanced Traction Current
in Sections without Track Circuits within Stations

Abstract: On the traveling route of the EMU, there are some sections without track circuits, such as
the location of tread detection equipment near the entrance of an EMU station and the train lines used
for storing trains in the passenger car servicing depot . Due to the absence of track circuits, it is not
possible to monitor the connection status of rail lines and rail resistance to ground. Under unfavorable
conditions, the high harmonic signal in unbalanced traction current disturbs the train-borne equipment
of EMU and even causes the train to stop. Through field test and data analysis, this paper determines
the reasons behind two cases of EMU stopping, and puts forward a solution to optimize the traction
backflow and reduce harmonic interference.

Keywords: section without track circuit; unbalanced; harmonic interference ; optimized backflow
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Study on Technical Scheme for Resolving Red-light Strap and Ballast
Leakage for ZPW-2000A/K Track Circuits During Rainy Season

Abstract: By selecting the sections of the Lanzhou-Chongqing Railway equipped with ZPW-2000A/
K track circuits experiencing serious ballast leakage and "red-light strap" condition, a simulation
calculation model of the track circuits is built and compared with field sampling to verify and analyze
the regular performance of the track circuits by performing tests under the two compensation capacitor
configurations: 25 puF and 50 pF. For both of the configurations, the adaptability of ZPW-2000A/K
track circuits to low-resistance ballast is evaluated, and a scheme is proposed to effectively enhance the
operation capability of ZPW-2000A/K track circuits under low-resistance ballast leakage conditions.

Keywords: practice and reflection on remediation; ballast leakage and red-light strap; ZPW-2000A/K

track circuit; compensation capacitor configuration; operational capability enhancement
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Investigation and Analysis of Red-light Straps in Sections Caused by Ballast
Leakage in Hami Railway Station of Lanzhou-Urumgqi High-speed Railway

Abstract: Over the past decade, ZPW-2000A track circuits have been used in railway signal systems,
with the fail-safe principle as the basic premise, and their stable working performance has been
unanimously recognized by the signal & telecommunication departments. However, in recent years,
with the rapid development of railways, the track circuit systems need to operate stably in various
complex environments across China. The value of the leakage resistance of the ballast affects the
stable operation of the track circuits. Severe ballast leakage will cause red-light straps to occur in the
sections, affecting train operation. Therefore, corresponding suggestions and solutions are proposed.

Keywords: ZPW-2000A track circuit; leakage resistance of ballast; analysis
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Analysis and Optimization of Bad Shunting on China-Laos Railway

Abstract: This paper analyzes the main reasons for bad shunting of 25 Hz phase-sensitive track

circuits on China-Laos Railway , and introduces the methods for optimizing and adjusting the track

circuits and their implementation effects.

Keywords: China-Laos railway; bad shunting; optimization and adjustment; rail surface voltage;

shunting sensitivity
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Analysis of Combination of ZPW-2000 Track circuit and QJK-JS

Abstract: As an important part of the signal system, ZPW-2000 Track circuit and QJK-JS (section
integrated monitoring system), the former can track and monitor the running position of the train in
real time, and the latter can realize the released by checking three sections for the train running in
the section. Both are important equipment to ensure the safe operation of the train. Their stability
reliability is closely related to the safety and normal order of train operation. This paper analyzes the
case of the combination of ZPW-2000 Track circuit and QJK-JS, proposes the control measures of
construction quality source, solves the problem before the equipment is put into operation, ensures the
stable and reliable use of ZPW-2000 Track circuit, and ensures the safety of train operation.

Keywords: ZPW-2000 track circuit; QJK-JS; interlocking test; drawing review; acceptance;

emergency response; maintenance
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Method for Analyzing Occupation Loss of Power Supply Operation
Vehicle by Utilizing Track Circuit Monitoring Data

Abstract: This paper introduces an overview of the occupation loss of the power supply operation
vehicle on the up line of a certain line section. By using the data from track circuit monitoring
system and combining it with the field investigations, the adjustments to track circuits, the section
tests, and the comparison between the shunting of the power supply operation vehicle and the heavy
haul train, this paper analyzes the causes of the occupation loss, and puts forward the treatment
measures and suggestions.

Keywords: track circuit; occupation loss; fault analysis
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Methods for Debugging ZPW-2000R Frequency-shift Automatic Block
and Track Circuit Coding in Station

Abstract: ZPW-2000R automatic block with jointless shift frequency is an auxiliary dispatching
device to carry out trackside Movement Authority information of lines and to realize train
occupancy check. Whether it can run smoothly and safely directly affects the dispatching
efficiency and railway safety. This paper discusses some methods for debugging ZPW-2000R
frequency-shift automatic block and track circuit coding in station.
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Case Analysis of
ZPW-2000A Track Circuit Shunting Overrun Alarm Problem

Abstract: Taking the shunting overrun alarm problem in a station as a typical case, through on-site
simulation shunting test and data monitoring, the train shunting overrun alarm problem is analyzed
in terms of both time domain and frequency. The power output voltage, rail surface voltage, main
rail input and main rail output voltage waveforms are compared for three scenarios, including
adjustment, normal shunting and shunting overrun. Finally, the cause of the fault is determined and the
improvement plan is proposed.

Keywords: shunting overrun; time domain analysis; frequency spectrum analysis
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Research on Optimization of Test Device for
Track Circuit Qutdoor Equipment

Abstract: At present, there are many types of test devices available for outdoor products of track
circuits. However, some of these test devices are old and frequently experience breakdowns, which
greatly affect the production efficiency. Based on some problems encountered in actual production and
testing, this paper presents an optimized device for testing outdoor products of track circuits. The test
contents of several different products are simplified and integrated into one device. Through simple
and visual operations, the tests for 11 types of outdoor equipment of track circuits are completed. The
accuracy of the device's data measurement is verified by comparing the data with manual test data and
third-party measurement verification. The optimized device not only makes the tests convenient and
fast, but also saves the test time and costs, and improves the production efficiency.

Keywords: outdoor equipment; test device; improvement and optimization
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Discussion on Track Segmentation Scheme and Engineering Design for
High-speed Railway Stations

Abstract: In order to reduce the interference between adjacent tracks in high-speed railway stations, a
track segmentation scheme is adopted for the existing undivided tracks. This paper studies the mechanism
of adjacent line interference between tracks and the principle of on-board induction, and incorporates the

simulation and analysis of adjacent line interference to put forward the design requirements for the length

of the segmented sections and the relevant suggestions for engineering design.

Keywords: track segmentation; track circuit; adjacent line interference; engineering design
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Track Circuit Signal Analysis Based on
Hanning Window Four-spectrum-line Interpolation FFT

Abstract: Frequency-shift signal is one of the most important features of ZPW-2000A track circuit
system, and high-accuracy analysis of the signal is of great significance. Based on the characteristics of
the signal, a high-accuracy FSK signal parameter algorithm is put forward in this paper based on time
domain window function and frequency domain interpolation method, and the algorithm is verified
through simulation. Results show that using windows in time domain of the signal can reduce the
spectral leakage resulting from traditional FFT method, and further interpolation in frequency domain
is used to improve the accuracy of signal parameter analysis. By using the proposed algorithm to
analyze frequency-shift track circuits, the maximum error of the carrier frequency is 0.000 32 Hz and
the maximum error of the modulation frequency is 0.002 63 Hz. These errors are within the acceptable
range for analyzing track circuit signal parameters.

Keywords: track circuit; four-spectrum-line interpolation; FFT; frequency-shift signal

BESEANEES ALz B & T

B M, BEAENIE S S R (AT — B %A

ZPW-2000A BIisIE S RSUE HATEANNMH S A RIS RS —, M2 ENALKhE

BN RIS S 7, EEMINEBITHREES) B, SRS B 0 ks AR X s FES =
PRV EAIR RS, ARG TER R — R smhsh. M S B B,

1 #a

BREEEE S TRBOR(RSCE) 20234114 (2023) R A HES (295) 5 63



- EEEEE

H AR EGE FFT HoR A TE ST
WHAEZ—, GEREEZEFM FFT Bl L,
TEIN AN T AAUS - B R 77 S 5 SEBARHIE
(ERNT, B0 G FR A L s I TN, L
EHE FFT £0R, I\ BRI ERE A G il B £
TARREOR ISR ; BXCESE Y MAKITe T
Black-Harris @HMHERTE, B AR EERIRTHE
reitt AR A R IN A TR, IX SRR 45 SRR A
& RECRANME SRt B ARG, TEISSAG(E T
[, ARGELAEE, =SS E NG LIRES, 0
SRR P BRI UISLAR(E FRT BB S, A
RIS LA LU A AOS S =i iR HE A E &
ST 5 B © AR B ZE A YIS LA E FRT 5%
R SRS RV R IR . MIRFFTRCR
KE, NMEHHEFFT SORTEESER AR B
HIPLES, (B B AT R I A 77 T
U9 TAERS AT FEE (S ST 5D

BT, ASHRE—MET Hanning &HIPY
IEAGE FET BIABAL NRAMPIE IR (E ST
S HisE, @I Hanning & MRS S50 R0
SO, AEATRS b DURHIEATZE SO A, 3T PO IS 2R
T DA S5 S FHEE MRS, Sl T8I
BEESHULHIER, W IR ER T, BRI
e

2 BIAERRES RIEEREFFTEX

2.1 BIMESREDHR
R ESARAGIES (1), BN T, KRR

2 f0) WHIG, BAESNASRREER Aw
Aw = k4 (2)
Hep, k REBIERORBUE, Hz/V,
BAE SO AR N o, TIBEE AR
o

wy + Aw —
(1) =

wo — Aw
S S BRI AEAL 6(2) 7y -
0(1) = lo(f)dt = oy + [Kt)dt = ot + g(f) (4)
Fa

g(t):/kf(t)dt:

T T

3T T 3T

ACO(T*ZL) Z<t<7
BIE S RIEN

. T
sin > (m —n)

S(nj?zrw!

m-—n

6)

sin %(m +n)

(—1) P ]Xcos(w0+nw1)

Ko, Ay ARHIEEARIE 3 m = Ao/o, HEH
FEH 5 oo = 2 B A,

FIK (6) AT, REAAR it £ 0 S ph R R
O o A AR B, SRS n 1
BK, BN o, + no, Ml 0y — nw,, KB E
HRIR S RIS ERIG A4, BOEE RO U, 75

TN SIS SRR IR 1 TR,
. . 22 HMEBRRESHES
A ——<<r<<-— . e
()= 4 4 1) PA ZPW-2000A FiE LS RS B, FERHA
4 Tl FSK 77 A& S TG AR B LB Mtk aE, FFH
N N IR — LIRS 2’—': N \iﬁ i %% /\é SEd
SR A 5 R, RN B % TAERRSE, AT SR AR RS0 %2
x1 BIMESHiEIREE
SR 53 BRI ARG B BRI
_ 2 . mm 2m mm 2m . mm
HIRTIE 2 i) s cos | |y sin 2

64

BRRIE{E{ES TREBOR(RSCE)  20234£11H



mhaettaetirt [

AN, ZRGEESRSUT
EATHLIE 0 (1700 + 1.4) Hz; (1700 —
1.3) Hz; (2300 + 1.4) Hz; (2300 — 1.3) Hz,
TATHLE (2000 + 1.4) Hz; (2000 —
1.3) Hz; (2600 + 1.4) Hz; (2600 — 1.3) Hz,
PRI : 10.3 ~29 Hz, PL1.1 Hz W&
B, 18 fi,
Sl - 11 Hz,
2.3 MWiEEIGEFFTRRTEE
BEAES x(2) WHRA £, TRIEH 4, HIEAHEAL
N gy, MHESECEERIETD -
x(t) = Acos Qufyt + ¢,) (7)
X HE DURAESNR £, AT S RFEAC I, 155 —
FINEEUES, HERIXA N :
x(n) = Acos Qmaf/f. + ¢,) (8)
Htn=0, 1, 2, -, N—1, NJRFEAEL
¥ LR ERUS S x(n) HATINE w(n) 515
F x,(n) = x(n) -w(n), 7K x,(n) FHITES{EHM
AT

X.(f) = %e”’"W[if—”(ff fol—
. ©)
A - J®o E
oo W ]
R AT, (ST S A
BRIINEESESEOEE R
21

7 (EAf—koA] =

X, (kAf) = %e"””W[
(10)

i J#o Zl —

Ko, Ar= LHIRAER, Kk, + kI,

B ‘W[%”(—aﬂ.5)]\+2‘W[§vi(—a+o.5)]‘—2‘W[%”(—a—o.s)ﬂ—‘m%(—a—l.5)]‘

THESI IAETE, (5 SR ARE R ESE
FoRe HIE SR NGEERIKET, (55 IREIRH
P 22, R L 7R B4R HA 0 v B R TE B 2 TR A AR B
BENENEERE, Hanning &HPYIEEAHEETE
BRI R0,

WE 1R, RERESHERLN kL, TEEN A,
2> ko BARIIER RIS 2 MR K LR SR s A &,
L2 kg, ANEEI N SR LR AR RN ke K kyy, WIE Ky =
ky +2, ks=lk +1;k =k — 1, R#EX (10
XY %0 LR g AE 53 Al 9 X, = [XL(RA)|, X =
XM, X = X0, X, = K kD], A :

1.0 T T T T
0.9
0.8 |

0.7}
Mot

'

X0

fe 0.5
0.3}

0.2 |

"o 7 1 T . T ?. 9. of

kl kz ko kg k4
B [Hz

El (SSIMERIM=N
n = (2% + X,) — X, + X))/(X; + 2X, +
2X; + X,) 11
5INZ¥a=k —k— 0.5, a €(-0.5, 0.5),
FE R EE n = flo) 40T -

&

X

R R TR o

n= 2w 2w 21 2w (12)
WEEE(—a+ 1.9+ 213 (—at+ 0.5+ 22 (—a— 0.5+ W[ 2 (—a—1.5)]
IR ZREL R R, fEa € (0.5, 0.5) JEHEM, BIRAE N BB I TIB 1E
PA—7E it A RE X o SEATEUE, FINASHAHNP 7 FEBIEHERE :
18, SEIREFRIER (o, n,)o NZRIIBOSHIT fo = kA= (a+ k, + 0.5Af (13)
ZIABIERH a = £ (n) BERAXAATNES HEEBERER
20X, 42X, £ 2X, + X4)
(14)

4= W3 (—at 1.5+ 23 (—at 0.5+ 23 (—a— 0.5+ W[ 3F(—a—1.5)

AR ZTHanning & VYRS EAR{EFF THIHIE FER (5 S AEHTITIE

65



- EEEEE

P (14) H2

2N

g(
M= (14) mIfEifEAH
A4 =N"'(X, + 2X, + 2X; + X,)g(0) (16)

RS AIA, RIS SRR S BN A S
HEAT FFT 13215008 18, 381D 5008 (& Fh g R AL (E,
TEAFE] o fe g (o) BB L BIA] SRISME IE S5 RIS S0
RIG I NEE

ARSE AR ICT T R RO (5 5 I SO 7 AL B,
TER—FirE WA ARSEE R, HIEE0N

27n
) (17)

w(n)=0.5—0.5cos (
TSR RIE T
W(k) = Wi(k) — 0.5Wx(k + 1) — 0.5Wx(k — 1)

(18)

__ sin (kr) e . .
Rorfr, Wal) = T € T B
N

#HA, ALK, 1§
W (k)= e " sin (kx) > _,

(71)"1@ sin(Z%) (19)
2 sin ”(k;m) sin ”(k;,rm)
M NERBERE, EXRIwEe
W(k)=0.5kNsin (kn')(% — ﬁ)eﬁbr 20)

HERAFEX (12) & (20) B, ffa €
(-0.5, 0.5) {EEIANPA—E &2 0.01 BUE, 52
FRINVEBN (s, n.)e NRIERHITZHALLE, <
ZWAREREFRIEN S, MEEEH 275
FEUTE -

a = 0.0867° + 0.183%° 4+ 1.130y (21)

(@) = 0.047¢" + 0.2766* + 1.071 (22)

¥ulg2mXrERAK (13) & (16), B
AISRISFE A SAM% S MEAE.

3 (FERIERERDH

MBI TE FELBK (5 5 A R T I R 7 B 4 [
2 fiR. B2 71 (a) ~ (c) NBIEIE RS 574

“= WIS (—a+ 1.5+ 2 W12 (—at 0.5+ 2w 2E(—a—0.5)]|+ W[ 2 (—a—1.5)] (15)

NEE, ZE SRS R T EAE SR B AT
i, WRIREARZE, (EARNBEVERIE S E MR
AIZ IG5, HACHREI AR,
& (b) MoABRN AR L, RTDLZBRNAHA Y — 2
JESAMEAS R = F, A S VRIS A5 S R —
o B (d) MEHE SAENER B Hanning &/SHY
BIPEL. MEFFRTDIE, %P aa R RAR
KA, 5 SIRE R ORISR,

1.16 J T J T J T J T

0.58 4

WRE/V

0.00 - E
-0.58 | 4

-1.16 | P b ) L
0.016 8

0.0112

N E DA

0.0056 -

0.0000 -
1.16

0.58 WER AN TR BbE B ot bl AR B

0.00 [HUSHHRAI N i i
1 | Ayl i AT LR e
058 1 _; ik dhih ey

WRHE/A

116 L

0.64

0.06

WEEL/A

-0.52

g0, o, VSR .
0.00  0.02  0.04 006 008  0.10
Il /s

E2 BINERRESTEREERINER

B 3 D VA Il R U T FEL R 15 S 0 S5 A
HIRZI, HEFRT DA, BAH0IE (S S 05
TG ORI e Ao A i A, BT g DA
IR I DN D RIS PR A, FIZIE i Al
DB, 75— s A e A 5 DR I8 33
REERDDREGIIER, BEREGIREEN, £6%

66

BREREIS (A5 TRABOR(RSCE)  20234E11H



nietiietiv |

F1.50 Hz '
oo ssaaille g AR ISR AT HT R, L
js G il ENR T REAR, HE—0 B 3 Al EH, S iEHm
E 'j’ %7910.3 Hz I, HUOARERIE(E 5 45 58 — LAk
F8.10 H
510 Ha i A ; SRR, LR
did o & ] TR T 4 28— il (f, LA K.
= £12.5 Hz i i } MG SER R F, FBWEIE B (S 5 1R LR,
E 1471z ' 3 VAR R T S R A B ERPHRE, I
£16.9 Hz z AR N TOUR, A A R AR X B
o L : FL 5 B R LT PR
- i L | H_EIRRIED, BAEE RS 5 i Hanning
R Y ; G AERT I LR 2 () (R L1 2 2
L . Z '
sy . 1 (d) FyREEH, BAEHEMEBGCE, Hanning
LU RT3 5 S50 B T I 0 1 4, R
1279 Hz !l . i VA ) 99 2 4> B 4E 10.3 Hz, 19.1 Hz, 22.4 Hz &%
g rrani i SN J
1650 1670 1690 1710 1730 1750 29 Hz I Hanning &b HF RS S W08 S5 1 )
B Mz BN, SRR A RO, fERFEIAHIER
B3 VISR B R S ST A 0 B I LB (2 S 18 E B R 0, X 2
0.5 I — T I — 0.5 0.7 L T — T T T T T 7
I [ | 0.6F - 1t 0.6
0.4} . u 0.4 - 1 - 9 T
L - = 1 0.5F . . - it 0.5
<™ 1T g‘ N 3 . Lot ] L ") '
i @S 1 EE | g5 1.8
Eool i L = N d02 E EO.B: R - E 2 t0.3 1=
I \:, ;, 1 0.2f | b - :;r 710.2
0.1f 1 i “0.1 - i t
.I | 0.1_ - - | ~ '0.1
L . - | S -
0.0 T '|. — T T .I';-'i-l-"- T ".J'OO 0.0 |-'- T '-.-I T lli' T iF.l f .0
1650 1675 1700 1725 1750 1650 1675 1700 1725 1750 1650 1675 1700 1725 1750 1650 1675 1700 1725 1750
%I‘Z H l'y'ﬁ?)? H ‘2‘ =
i (2)10.3 Hz e R (b)19.1 Hz P
0.7 T3 T — T T T T 0.7 0.8——r—— — — T 0.8
0.6f . - = 0.6 0.7 1 . - 0.7
0.5 1 r 2 10.5 0.6 1 I 3 106
[ & 0.5" 41 t 3 0.5
§0.4— 8 - =t P4 o'“T T
i s z = it = .4
E0.3f &1 F = S 03E %0'4 = E) 04%
. = T 0.3 8 - = in 10.3
0.2r : 1 B = 0.2 S
I - = 0.2 o=t S 0.2
| | < r | (=3
O.lr .:,.' | - o f S 0.1 0'1- | u L : l & & Ho0.1
0.0F——T— 1Il — T T T T ilv' =0.0 0.0 ."{'.' — T '.':I"T T l| T |.' T |J\./ 0.0
1650 1675 1700 1725 1750 1650 1675 1700 1725 1750 1650 1675 1700 1725 1750 1650 1675 1700 1725 1750
PR /Hz $% /Hz SR /H 5% /H
(c)22.4Hz i (d)29 Hz e
B4 BHREHAENNIEBRES ISR 0m

— Y AIE 5 AL AR UG 2 R] Y R I G N iR

AR : ZTHanning & PSR EFFTHIPUE RS ST



- EEEEE

TG S R E R RV Fr 2L WS S AT
REFRJE,  FOLSIER G N30 A6 BT B AR A, I A

R AR BOCEG, AL NP R,
55 B 4. 5K%F, Hanning @A RIHRGERE

S TR U B 2 A5 2
Hanning BXEIRE S AR IEERZ NN

SRR, TR B AT IR ), AR O K 32
e B, IX TR B o AT B FLBR A5 SRR AT AT IR,

& 5 Fiorco (EL 20 B B B (5 B IR R T e R s, I
Lo | . RN 2 S5 RHE BIREM TS,
0.9 - IR IS BT RSP BRI
! ' BT% R G (55 A A R S )7, T4 FET

REBETT TR B R SR ORISR 2 Fr
o G AL BRI AR R E AL S 2 R0 5 5
FRMEZIERRIRZE, 29 0.3 Hz #10.4 Hz ; N
{EACBRS B BIIR 22 R4 0.000 32 Hz, AL
IR I AR IR SR M S IE FLES 5 S 800
HURENTRE L, 1] 6 MIZTEARIEHISIR Mg fliEkt
BT BN E S S IR(E AT IS, 4nTE 6
AR, @ N EAC R AT SEHON S S IR ER RS
r, TEANFEERIE N SEISEMLL, N R2E
BRAKEIZIH 0.421%

+%OJ- E
@0.6 E
0.5 E

10 15 2 25 30
VHIA%/Hz
EH): = PR <~ E%FFT - M&FFT

ES5 AEESRETLES xS
TSN B R BR 5 S BB E AR T BIRZ D

MG SRR R BB B AT FFT, H
FRODATCRIB(E (R T HICE, IR PR INZ A it
AR, HABEISENE R 1 h AR RS,

®2 MNEGREFFTREG AXNHIEBIE S HIMET

HSE /Hz )5 /Hz )5 /Hz A FI1RZE /Hz A F1RZE /Hz

1 698.7 1 699.0 1 698.699 784 256 46 0.3 0.000 315 744

1701.4 1701.0 1 701.399 698 141 50 0.4 0.000 301 859

1998.7 1.999.0 1 998.699 686 696 31 0.3 0.000 313 304

2 001.4 2 001.0 2 001.399 704 087 81 0.4 0.000 295 912

2 298.7 2 299.0 2 298.699 685 518 77 0.3 0.000 314 481

2 301.4 2 301.0 2 301.399 700 296 20 0.4 0.000 299 704

2 598.7 2 599.0 2 598.699 688 284 59 0.3 0.000 311 715

2 601.4 2 601.0 2 601.399 699 885 47 0.4 0.000 300 115
Ly oo TN $EAE 75 150 B3N 3 L B AE S 8 Il 2 i
Lo o Rl e Bla ’8'33 TG an 2% 3 FliR, 18I X e FE g 18 A il 4
| owp 05 RNTAERAH, AR N VAR AT
1.0F NS 2;&3‘ gO\'fO.SO N —_ =)
= 8 § g % S S 1o75 KIRZ 0.002 63 Hz, AN E {8 77 25BN i
5 09 S s s 1000 = KIZEN 0.7 Hzo 1T (B AL FEAT RS U610 1B

g B [ =13 N A —
08 {05 & (S TEHBURMAT R IALIE 7 FiR,
0.7 _1050F KPR BV IR A 0 R AN AL, BN
0.6 1040 MXNRZESEH AL, WHESON 1 701.4 Hz &2

=P . = 10.35 . .
05| 255 O = 2 {0 2301.4 Hz RORFEIAGISIR FAARIR2E A5
0 2 ! Powm 9 e « 40.25
= =} = = S =) =]
0.4 , . . ; . ! . 0.20 .
10 15 20 25 30 4 5t
VAHISRE Hz

E6 A I X B B B S S SIS E AR AT RO ASCHRH — R T Hanning w002k i (E

BRRIE{E{ES TREBOR(RSCE)  20234£11H

68



mhaettaetirt [

*3  MNERETENSNHNIERRE S BEESIRETIER

WIS ACPRAT A E REPRRTIRZE P RIRZE
10.3 11 10.300 158 81 0.7 1.59E-04
11.4 12 11.400 093 91 0.6 9.39E-05
12.5 13 12.499 607 55 0.5 3.92E-04
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Application of ZPW-2000A Frequency-shift Pulse Track Circuits in
Conventional Railways

Abstract: At present, the vast majority of track circuits in the stations of conventional railways in
China are 25 Hz track circuits. However, in their usage and maintenance, they have gradually exposed
problems that need to be solved, such as bad shunting,and the "two-layer approach” to the coding
of track circuits. ZPW-2000A frequency-shift pulse track circuits integrate the advantages of both
frequency-shift track circuits and pulse track circuits, using the advantages of both types of signals to
solve the persistent problem of track circuits in the station. This article demonstrates the feasibility of
applying ZPW-2000A frequency-shift pulse track circuits in the conventional railway stations.

Keywords: conventional railway; 25 Hz track circuit; frequency-shift pulse; adaptive analysis
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ZPW-2000R Track Circuit Communication Data Analysis Method
Design and Tool Implementation

Abstract: ZPW-2000R track circuit with communication codes records and stores all original
communication data in real time for equipment maintenance and fault analysis. However, due to the
abstract and complex nature of communication data, it is difficult to directly analyze the data. To
address this issue, an effective analysis method for communication data is designed, and an analysis
tool software is developed using this method, which can automatically parse and analyze data, as well
as present visual display, significantly improving on-site maintenance efficiency.

Keywords: ZPW-2000R track circuit; communication data; analysis method; tool

HEER At 7 AR,

1 #R

SRMIEIE B S HdE B AU (e 2
JBfF G5 ZPW-2000R HUBRBAERINEIELR kBRI TAEFREAES A R IAEIR SR MY
BB M e ZUIE R A ADEE R R REE, S REINZL RSB R
SE AL IESE Y BERERREROE  (Tamanr, HUBE R, WA R
EROYEE, FLNFRELENEHEGEEIE &, Wik, ®ES—MEEsis S AR
I UKW R B HLATIOOR 7. I0SREE 2B EEER O E RO B TR, R4 A
AR RS ML HE AR R NBEE R REIRS TR &R TR, 1859 R &
RGRBIARMISITIRS A, ARSI ks, A0 T ZPW-2000R s HUEOE RS

76

BRERIEISES LRBOR(RSCE) 20234E11H  (2023) HUHiHPIHERS (295 5



mhaettaetirt [

BORRE A, R T — R AE R AL, SR
AR F AR B ES & BE S BHE 547 75
[F, FIFZAEIF R T ZPW-2000R £ HLE E
BEER S TR M, S8 T XBEEEEN B 317
Kfgt a7 & o
2 BIEEMRNRIE

ZPW-2000R #UEHEKIESE (BFF TCU) 5
FlEEHLEDY CAN SR, S5HIE B ME
64 Profibus (DP) Mz, @EH M52
PRR LR BB T R U Hh BE P Hom B4
FANE 1 AR, —IRGERERIEE R AR « Fl4%
UL ANES R R IR CAN Wik RIS £, 18
(B R EREURE G0 DP U8 s8R,  FH ik
RIFBRHE &R IER. BINES. RiEdE, #%
s B s EEfE, MIEERDRE DP PhilRs X
FPRASEEE, BEEEUGC S 2k IRAEIE G
FE30 CAN Pl X EE, HRIERTHEHID,

Hll$ ABL HIFEBHL
CANA.

REARALM IR 2, TENRBERZF
Rl WL, EEEARAI AT TR, BoZxt
AR REAT 7 2R BT, AL W RS T AT o BE RS P g
HE X, REELEM Bt HEBRIEREREEE
PANRRES, RIERNRGURESZHFEF L
MR
3.1 BUBDESHER

IRIEIE X RINBER R AR AR, ALRE S
o 6 Ml AR - WAL CAN Bk,
6] 438 & & 7% DP i8R W ds & % DP 25E,
MK KA 12U DP BdlE, MU as 12 0 DP £,
FAE LA IE CAN BdlE, 756, EHEEER
INESESE. BT FERBIRREE N2, "]
N —AT R, I AN RS THE Y . X AR
K77 A EREE MBI RIA SRR ISR,
TR SRR 73 LR H AT T4 IR i S AT
BTN, FFREURATHI S S B TR S K
ERIN IS Nt € YR IV -3 P S AEFSR IR
FIRo

&1l BEHERERMNMERRXEER

Bupmal I ESH I EESS

| “CANB—
ST
TCU-A TCU-B ETH—R el
— /.
el
DPA-2
DPB-2

FRWER | DR FRIER| | ERIES

—PIBIX B

Ell ZPW-2000R¥}EBKBELEIETE
BE RSN A AR X BB EARR B2l R
IR GEIEEEHE, AN B@ENRIEEERR
SEHR, PPN RERER, NERESIEFE
£, 4R A AAGE T X, RGBS
RIS B ASCE T HEMEREEEIEER,

SE OB S EE 2 77 BRI TS T RS,

3 oAt
R &I, ZPW-2000R HUIE FLE G815 2K

sy TCU F /&K AL, CANA/B KA, IE /)
MBI T ‘ y
pant e g L AU RS, SR
FRIEERIE TCU 3/ G0, KBRS, RIZHL/
DPHdE . A
R RIE TCU /S, KBS, Bl X/
DPHlE . AU
WRIEBBA TCU %/ 200, KPR, RIEME:
DPHdE AR AR, SRR
s ey TCU /G2, ORI S, BEa: )
&%ﬁ?ﬁwjgg%\ﬁﬁ&ﬁﬁﬁ@\qnﬁﬁ\ﬁ%
T
FIFIEL R TCU 3 / @, CANA/B XM, iE /&
M CAN Ml W0 <R G 1
BEHEBRG S 2IER RFRERER RS
5 (. i)

3.2 [EREBEDF
EHRBHETEE TG, ok R SRR I

ToHr. [F—3MEdES, ICRMEFBIERAR

TSR A A T AR, A LRTEE DY B2kl

£ K, BRF, ®EE, WA, R IH: ZPW-2000RHUE HERE S EBEE 01 7 58S TR

77



- EEEEE

SKINA, FIt, FASRICREEE S Hal— 5 E8dE L
xf, FEPREHZRARREE R, RIRIE N oA Sk
e A R R R R R, o irid e, EE
ReBIARTE s AR s, AR & - JEE
BAESHE, AT FNEREER, HREHEEN
R P IR 0 T B SR BRI 2

3.3 REXEIES

HA—NEERER, ATRESTE—RINEDR
W, SEAEAR T IN ZIAR O B A R A B i 25 B 2
MEEZ, HAES - ENRIERNFRR. K,
DAL, R 2 BRI 7 o AR S PE T Y
KREE SR, fRBEEE S S HE(E B2 LR i
TEE NRHIE, A BT e tiR AT & L0, B
I TEREAE T DA R — AR E S 0 #r,

D REEHRERAIRI Y, EFE S IERII [FEE,
RARE I %] Ch ZE RN TR 2242 N TR B{ELTE R D). /Y
PR T RS R AR RGO —d, 1E
oI LS VPR E T SN E S RGPS PR
PRI AOE R, BUER BBV MR AT
A RERFAEFRALA, SQHREIR I R AT REAF TEAERT, [
ERE TR,

2) BT HFANRE, X el e Bl SAhHALE
B RS B S X B SR B B0 P O SRS R AR AL
HATEEIAN, BT RATRIE, FEsE LA
DT,

FF 1- R A © WA B (AR
() (5 EZM R M X BRI A ik g [ flds
ROBEARPRA (B (5 R =R M X B
WA IE RS [ s R TR R (S (2R
22,

FfF 2- FEX BRI S HT - xR X B MR AR
R G RSB REHZNE NS, IRIE
B AN TE— A RS B o B X BRASE
JEH S R o A

FF 3- HEXBRAIGEHTE « R X B M FE I AR
RS G IRBE B G NN, RAE
B TEE A — AFIE R E R R o X BR A5

JEH A A

FIF 4- BIREEE R - B EERIRSEE
FROR N 1% 25 38 (5 R RS (5 B IR A2 O A bk —
[N B2 538 K POt L X BRSBTS B

FF 5- EEWEEFEEIER | BEERS
T A OS5 B IS RIS S B R TN IE
> RS2 R AR O I X BOIR S E R RS
PEAMIER (5 HEERD,

FF 6-CANA/B EEIEAE T : EEERIES
B Ao B BB E RSB R IE R 2
Wi — il AR s [ AR A IR EHE P EIR, (R
Fhd (5 RN 0 > NEHR A AS: / FE A R CEUERE
FREUI, IR, G IKEFEEZN 0 —mAsliEFbk
s Bt 2 X BRSBTS b

F 7-CANA/B BEGBEMEIER  EEEE
IRZSEIE AR B S B IE RIS S B g
MIEH — A2 B0 IE A / 15 W as A8 diE O,
IS5 B H 0 ZNERME R >N AKX/
AR B, (9, G IRSERM 0%
A RS B — A O R A B 2 R X BUIRAS
5 R HBES RN GRS R,

FF 8- I BHE EL R - FREdRE T "R
fREEIR" FIAN 0,

3) KRERBAELILEL T, R0 T ElE 2
E S RNPNER CiE Sk VNS e SNV A ARSI
RHATILEE, 55— HHFREE 2L, W
AR R A ZE R, H5h, AralReZ N HAFE
A —INZI BRI 2R A, N 2 DR SRS
oy AR — D RBEES, Tk el —H
BRI, R SRR NI S RICER S 1+ 5
BEATULEC, AVCECAECE, MR — 0, R
FRASHEITICR, HERHEIELR R, EE
B 5 RN 2 R,

4 MASEN

R BBt 757k, M C# 185 L ZPW-
2000R i FLESE S BE 0 ST T &, % TA

78

BRRIE{E{ES TREBOR(RSCE)  20234£11H



mhaettaetirt [

i PR LIRS, FERTIET R A IS8
R SR TR A ST RIS

4.1 R KA
ReRs o i i TR BR 3@ A5 RS N ik

| PR KB B EAR R X R . |
v

[ S#BighMmibieeil | etk KR RINT BRE, BRIR S MR IIRE
> W 3 FTR. A BIGEGE AL B R
TARIIE w7 AR, DUNRL R BT £ 4
BORMRNT I E RS B, Yerh—RIDRIEE, h
T 7 5 R SRR MR o I IR P 28, B
SR BT DA B (1 . KBS, ER. T

& OGP L, ETRHEERERN,
42 BEDH

YERE RO WRRE, TR TE AR
BURMATE A T, SHTES T DA B, A
EETH) I, ORI IR SR 45 N VR A TR, M — AR,
0 T L R 1 2 MR SRR, FERRIE 3
AN BRI, W 4 R,

Y
| KB CI S &R AL |

N

=R — R R

5 RBE
E2  ZPW-2000RHNIER BB IEHIR /5 R TAR ASLBL ZPW-2000R HUii HLES 5 51 72 oL 3

EEAREANIRN R, 2t T — s E BRI AR
IR, FET IR R 7RI TR A
IR PERE IS B 4E T N SO TIE 15 BdiE B T SR

BRpER A S AT AL R TS 3, RENS SCEILG a5 R
H 810 % S U igdT, 18I B RS Eext

| SO TCU . BEfENm 28 ERGRERY: 23 BROEENR: =3 d i ]
LI —
[sawnze wicewan arocrzen micTeane sicnces rcmzes wcusces
Bl L2
qe |- FR | 2 . Zm ¥ [ TR
IETTEETTS =5 [ Fo0: i [ 3
ST =TT e . [T i BR EEnaar 0 f] T ¥
| Sas | Teulh | G L] ARy £ L = LI m i
eoeer | o, | wenr am R - = I 2 i
bt | neuna F ot ELl AL - g_' e e e £ 11 [ T
e | yeuns TEm ] [z = = [ o 0 13 [renemg] « BOLAL
reese | Teuts | gesu =9 [ & = T seee. v |m LWRLN 1 AT
ey | voma | ozme | sm [0 E s TR sam | 5 e e ]
peny | moua | osem L] [ L I T e B l= [E/WEE) | 28
pr— — — - —
| feode | T | SR L Ll L ER | &t o L2 JCAHDNE) | CAbid
L.t M LS za ] L Lt L TR LS o LI
oo | Wit | mou | cin = [ ey | [ e (L) - B8
ki | i | el EL] i 3 (L] e s T
eitan | fous | mee =8 s & = BRarie 0o s a
el | e | o =M bl £ &= L - o T TARS] : SES=AEE [ oAbl |t
- - LS L LW A E R
- - tn mEm  |m me L' &l [ty ;o el R

B3 ZPW-2000R¥iE BB B&IB (S MR DT B - BUB 2 AR ThEE SR E

£ K, BRF, ®EE, WA, R IH: ZPW-2000RHUE HERE S EBEE 01 7 58S TR 79



- EEEEE

i ff B & eI sl

T FRTRE O

o [T Teer LR LTt e, L L
S PR R

I {4

Y= TR H
[T - .
Il bz = zk= [

E'IRF g ¢ Mk e
Bl EE-TT

Bl P il s i, e
Erlti: o=

ErLnE s T =T

E'rpF e oo o BR:
EFIE : aT =Tk

EVLNE : T Tk
RS N T L=

(R TR0 Tl SO P T
=

El4 ZPW-2000R¥NE R EEIE(S B DR -BUIE DR E

HEAR T, BERS 7RISR N [5] XM, %P, /£7%, F.ZPV-2000R $Lid &

R A AR HRERR FABAZTHL R VAT 2R [T] . skiadfE4E
5, 2022, 58 (9): 36-40.
BEHt (6] Spec A, KA, #H%-F, F.@15%H8IPV-
[1] ¥ B4k &8 . HekaldeF oo HTHA 2000 $hi8 384 0 47 A K-P 6 a9kt [T]. 4%
AL - kB35 [2015]75 5 [S]. b P EE A FEAL A, 2022, 31 (12): 72-77.
#5585, 2015. (7] Z=3 5 . AT ZPW-2000R $hid b 34 69 HLid Ak A&
[2] 3pdrA), 2, 4£7%, 4. ZPV-2000R $hif &, A ALIRAAA (D] R o FROMALE Tk B 2
SHBAE ABIEAHIRGT (1], ShosBAEE 5 T2 B, 2022.
FAR, 2021, 18 (Z1): 86-89. (8] #hos 5, Z48, FRi&4h . ZPW-2000R 38 & 3%
[3] FAe AR EAE B K4S E . LPV-2000 il & AT 2 HE T R AR A= IR ) AL 4G o A7 5 4L 32
BRI ARLAF  TB/T 3206-2017([S]. dbow : P ES [J]. k3481512 5 A28 K, 2020, 17 (Z1):
# b Ak, 2017. 25-21.
[4] #4154 . ZPW-2000A $hif w38 5 7| 4 P Qi85 3%
Bt [1]. k3815155 TAHAK, 2019, 16 (A% B H: 2023-06-25)
(Z1): 106-110. (15= 8 #41: 2023-09-21)

* % ok ok ok x ok ok ok %k %k 3k ok ok x %k 3k k % % %k k% %k % % 3k %k % % %k k% % % % 3k %k % % % k% % % % 3k % % %

(_-#% 69711) analysis and simulation study using triple-spectrum-

(7] & =ms, BRB R, WAL, AT Kaiser HX line interpolation FFT algorithm[J]. International
R I FFT 6935k AT 7 ik [T]. AUBARF Conference on Materials Engineering and
R, 2010, 31 (2): 287-292, Information Technology Applications, 2015.

8] H2F, FH%F, ##HF, F. LF Nuttall
T AA S Eot b A kel (1], Kb abR (A% B 30 2023-06-01)

#2020, 38 (6): 192195, (&= 84 2023-09-21)

[9] Song X. W., Li D. M., Li Z. H., et al.. Harmonic

30 BRRIE{E{ES TREBOR(RSCE)  20234£11H



mhaettaetirt [

DOI: 10.3969/j.issn.1673-4440.2023.21.018

ZPW-20003 B BBERTE D HHX 1R B X ER
KENS R
Mg E, K & INTHh, Li&E4S

(b AoH|Bf AL TAZA FRAE), db% 100176)

BE . S5 ETesMRN, £ TALETRES, SWMISEAES, NAZFAELTEF|CAET
GrikR, AT ZPW-2000 $ui 38 5y h A oa R RIVR. 4tatora KAl sk et i 3%, A
EHERT M. RENURSLF AR, BT 940 KX F Sl R B K49 BUA,
AN TAZAHRAE S,

KFEIE : ZPV-2000 S w3k AR ; REKAE

PEDRES 1 U284.2 MXERSES @ A NERS : 1673-4440(2023)Z1-0081-03

Analysis of Setting Length of Track Sections of ZPW-2000 Track
Circuits in Neutral Zones

Abstract: When the train is running in a neutral zone, it is in a state of coasting without electrical
power. If the rail surface is rusted, the traction current cannot break through the rust layer.
Consequently, ZPW-2000 track circuits are prone to bad shunting. Aiming at the application scenarios
of track circuits in the neutral zones, this paper comprehensively evaluates the problem from the
perspectives of signal immunity and the improvement in shunting sensitivity, and puts forward the
recommended values for setting the length of the track sections in the neutral zones, which provides
reference for field engineering design.

Keywords: ZPW-2000 track circuit; neutral zone; length of track section
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Intelligent Operation and Maintenance Technology for Track Circuits

Abstract: To address the current problems of low efficiency of operation and maintenance of track
circuits, such as the underutilization of monitor data, the inadequate ability of fault diagnosis and
intelligent operation and maintenance that falls below expectations, this paper offers insights from
three perspectives. Firstly, a method driven by data and mechanization is proposed to improve fault
diagnosis ability. Secondly, a system of technology for full life cycle health management is designed
to reduce train stoppage rates and improve the efficiency of operation and maintenance. Finally,
comprehensive cross-subject and cross-system operation and maintenance technology is discussed, and
a programme for establishing a comprehensive operation and maintenance platform is proposed.

Keywords: intelligent operation and maintenance; fault diagnosis; full life cycle health management;

track circuit; railway signal system
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Exploration of Optical Fiber Transmission Scheme for Qutdoor
Equipment Monitoring in Stations

Abstract: The throat area of the track circuits in a station features scattered devices and numerous
sections. For example, the existing power carrier wave communication system is used for outdoor
equipment monitoring, and the wiring in engineering application is complicated, with a large number

of cables. This paper proposes an outdoor monitoring scheme of optical fiber transmission which is

applicable to the track circuits in stations, and also analyzes its feasibility.

Keywords: track circuit; optical fiber transmission; outdoor monitoring
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Design and Implementation of Function of Automatic Detachment
from CAN Bus for Track Circuit Equipment

Abstract: ZPW-2000A dedicated track circuit system with communication codes utilizes CAN bus for
transmitting encoded information. In a fully equipped configuration, a single CAN bus accommodates
thirty CAN nodes. The high number of CAN nodes could lead to potential issues: if a CAN node
experiences a malfunction and cannot detach from the CAN bus promptly, it might impact the data
transmission of other nodes, thereby affecting the overall efficiency of the CAN bus communication.
Identifying the root cause can also be challenging. To address these concerns, this paper presents a
scheme for designing and implementing the automatic detaching function from the CAN bus of track
circuit equipment, with the internal circuit self-check being fulfilled by using the dual CPUs in the
equipment. When a communication fault is detected in the self-check of CAN nodes, the system will
automatically detach from the CAN bus. This enhancement improves the availability of the system's
CAN bus and facilitates troubleshooting of CAN communication issues.

Keywords: track circuit; CAN bus; automatic detaching
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Design Scheme of Multipoint Redundant System Based on
2 X2-out-of-2 Structure

Abstract: Focusing on 2X2-out-of-2 systems with a high level of safety and reliability, this paper
introduces the principles of system synchronization and machine switching control in the operation
of the 2 X 2-out-of-2 structure. Through research and analysis, a system design scheme of multi-point
redundancy is proposed, and the system composition, working relationship between two machines,
connection relationship between multi-point redundancy and the method for switching between the
output of each of the redundant dual machines are described. Practice shows that this design scheme
can meet the needs of complex, uninterrupted and high stability scenarios.
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Research on Optimization of Anti-interference Ability of
Short Track Circuits of ZPW-2000A Track Circuits

Abstract: At present, the short track circuits in the tuning zones of the track circuits have been
included in the train control systems of high-speed railway lines, and the cleared and occupied status
of the short track circuits in the tuning zones has also become an important basis for train operation.
During the application process, it is found that the output signals of the short track circuits are
interfered, leading to unstable output voltage of the short track circuits. To address this phenomenon,
this paper analyzes the causes of voltage fluctuations in the short track circuits through principle
analysis, laboratory tests and field verification. The scheme to optimize the anti-interference ability
of the short track circuits of ZPW-2000A track circuits is proposed, and the problem of voltage
fluctuations caused by disturbances in short track circuits is mitigated.

Keywords: track circuit; short track circuit; anti-interference; poor grounding
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Optimization Scheme for Monitoring Voltage Fluctuations in Small Track
Circuits on Receiving-end Cable Side of ZPW-2000G Track Circuits

Abstract: This paper introduces an optimization scheme for monitoring voltage fluctuations in
the small track circuits on the receiving-end cable side of ZPW-2000G track circuits. Taking into
consideration the principles of the system and equipment, an actual case of on-site application is
analyzed. By optimizing the software of the sensitive equipment, the influence of the interference
signals on the monitoring voltage is reduced, and the scheme is verified through testing.

Keywords: ZPW-2000G track circuit; monitoring; fluctuations in small track circuits; analysis;

optimization; verification
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Method and Implementation of Selection and Matching of Tuning
Parameters for ZPW-2000A Track Circuit Outdoor Equipment

Abstract: The parameters of ZPW-2000A track circuit tuning equipment are mainly composed of
polar impedance and zero impedance. The real part of the polar impedance and zero impedance
ranges between ten milliohms and dozens of milliohms, while the imaginary part ranges between
ten milliohms and hundreds of milliohms. The small deviation of a device parameter in the tuning
equipment will cause a change of several milliohms in the impedance value of the equipment.
In the production process of each tuning equipment, the parameters of polar impedance and zero
impedance need to be controlled within the specified range. The method of one-by-one production
and commissioning no longer meets the requirements of efficient production. Finding the correct
selection and matching method is particularly important for realizing batch debugging and
production of tuning equipment.

Keywords: tuning equipment; selection and matching; polar impedance; zero impedance
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Remote Configuration Scheme of Outdoor Monitoring Equipment for
ZPW-2000 Track Circuits

Abstract: With the extensive use of track circuit outdoor monitoring and diagnosis systems in the
field, the requirements for convenient monitoring equipment installation and debugging have also
become more stringent. At present, the configuration of outdoor monitoring equipment is mostly
outdoor point-by-point configuration, and the construction workload is large. This paper studies
a remote configuration scheme of outdoor monitoring equipment whose configuration can be
completed indoors, greatly reducing the workload of on-site construction.

Keywords: track circuit; outdoor monitoring; remote configuration
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Characteristics and Application of Track Signal Interference Analyzer

Abstract: Based on the characteristics of a track signal interference analyzer and on-site
application cases, this paper discusses the important auxiliary role played by track signal
interference analyzers in the process of signal testing and on-site fault location determination from
the perspectives of track signal monitoring and the collection and analysis of information about
curves and frequency spectra. This paper provides strong evidence for railway signal engineers to
deal with signal problems.

Keywords: track signal interference analyzer; application case; information collection and analysis
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Solution to Delay of Code Sending in Approach Section of Stations
with All-electronic Interlocking

Abstract: Compared with the time it takes to encode the codes for sending in relay interlocking
when the approach section is occupied, the time delay in encoding for the all-electronic
interlocking is more substantial, which affects the efficiency of train operation. To shorten the
encoding time for the all-electronic interlocking, this paper describes a network connection
solution that enables a direct connection between the track circuit module and the Track Coding
Switch (TCS) module for the all-electronic interlocking. The network structure, communication
protocol, coupling method, fault analysis and specific implementation are introduced in detail.
This solution enables the TCS module to respond to the command of code sending for the
occupied approach section as soon as possible, shortens the encoding time, and meets the on-site
application requirements of the stations.

Keywords: all-electronic interlocking; Track Coding Switch (TCS); track circuit; time of code sending
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Research on Special Encoding Circuit of Jinan South Station on
Beijing-Shanghai Line

Abstract: Different standards of track circuits are used in the stations and sections of China's
conventionalspeed railways.In order to ensure the continuity of cab signals, the main line
and trackin the station use codedequipment to send codes. According to the current railway
specifications and technical standards, this paper analyzes the problems in the existing upreceiving
to 8G coded circuit of Jinan South Station of Beijing-Shanghai Line, and proposes corresponding
solutions to ensure that the cabsignal indicationis consistent with the tracksidesignal
indicationthrough circuit improvement, so as to ensure the safetyof train operation and provide
reference for the design of other projects in the future.

Keywords: cab signalling; special coding; solution
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MGFPE T E R E R %0 8G, HEAMEE NS 147 8
RALE 8G, ZRimEBtEE N 147 B2 E AL, 28/307 JE
BRI 8G, HANHE L ERR A, M) 4%

T, SHLEHANMEIOER, MLBOE R AR5
KiE U RIRESRYMGY (25.7 Hz), R EIE
BORYHAE B 5 R BUE A B — B AR
D" BIPITTHHE 1% 8G, LI FEEFA R

i X8-2 [FE5HUE, VI ESRIURIER XS S8G1
& 2 sy “2000-1” B 25.7 Hz MY, FHARYE
S8 E AKX HU ek UU i, 4314 Gd
X8-1 55 Hla, MlEES SHRWIRIE R XK S8 &
2 s “2600-1” B4 25.7 Hz &MY, FARAE S8
EEHUIRESRE HU e UU . ILEFESFE
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PRRARINE] 2 s BIRYIHRASEIIE DL, T 25.7 Hz AR

ERMEESTIERATE X, H4HEIKIKE] 25.7 Hz

BOUI )5, HLEES TRES HIRLL BT It A 22

35 IVG

NELKT BT BRI AN BT DL, AR E SRR
SHEESERA K, THshAR, PTEZ
4, Trraraul L1THE 8G AR INE 1 R,

28 . 12_/$ 141G VP

t + De—
e D14 SW
D10
48R0
. ©
i

38 emiD26

El S LITHE8GE A

2 BRI

2.1 HEEELRER

Hh 7 LR (b FLEE H 36D G. 30D G, 14/30G R
G RT3, DL RS FR % 8G1T 4k HLER,
T2, 8GJF K& 8G1J 4k HL 28 i Fai&
A 2 FirRs

8GJF
8GJR
KZ >—H—(3 =1 )—»4 KF
+

8G1J
14/30GJF 30DGJF  36DGJF 1,4
KZ G G { )—>+ KF
E2 8GJF&%8G1J4ke BEmh AR B
2.2 FRIRARERERFEER

8G F1 8G1ZP] #&4Tiek AR I, ZPJ hEEt

W5 N JE 8GJF | (8(# 8G1J 1), 2s/a
8GZPJ] T (8i# 8G1ZP] 1) ; ZPJ V& N&fM : ¥ %
H7E 8G (24 8G1) I, 8GJF T (=% 8G1J 1)
J& 8GZP] | (8% 8G1ZPJ | ). 8G ZPJ 4keHgs#n
8G1ZPJ 4k FAARFIRAFRIE AN 3 FivRo
2.3 {RSNLRES B R
2.3.1 S8G1AEFHIINGmAY FELE

1) MF @ EANRE (28/307 &% DBJ 1)
H 8G1 = [N 8G1J T W, BLHF 8G1ZP] |, S8G1
KILBSKR % 2000-1 9 JC (F2 8 27.9 Hz) 14 ; Y4
¥ % 3 N 8G1 &, 8G1J 1. 8GI1ZPJ 4% W 2 s,
S8G1 & % 885t & 3% 2000-1 1) ZP(F4 }y 25.7 Hz)

8GZPJ

8GJF1
KF 4—62@L«—< KZ
504 v

8GZPJF
8GZP] 4, \1
304 ( >+

8G1ZPJ

73/ \62 8G1J
Kz > 2 )7 N K
B3 8GZPJUKFBSRFIBG1ZPILKFR SRR RS

5 MR S8 FE S HIRIFIN, S8GLl KiXEFHEE
% % 2000-1 B9 HU(F3 K 26.8) i3, 415 S8 (5 &
B, W S8G1 & ik#s &% 2000-1 A UU(F11 2y
18 Hz) 4,

2) %0 2 3@ i AR R E N 8G1 (RN 28/30°
B DBJ 1) J&, S8GI A& iX#s &% 2000-1 HY JC
e HAZEH A 8GL Jm, 8G1J |. 8G1ZPJ &k
2s, BEISAISR S8 G55 HIARIIN, S8GL KIX#s#%
A RIX 2000-1 F HU 1, 4058 S8 55 ML, W
S8G1 K IEAs &% 2000-1 1Y UU 2, S8G1 K ix7s
AT FES AN ] 4 P,

2.3.2  S8RIXZHINGwAL FHLHE

W 8G 22 IR 8GJ T, Ut 8GZPJF |, S8 &
% A8 & 15 2600-1 B9 JC 15, 4 %1 & i# A 8G /T,
8GJF |. 8GZPJF Bk 2s, S8 &L RIE2 s
1 2600-1 A9 ZP 75 ; A 40 5 S8 15 5 HL A& H Y,
M| S8 K i%Xes & 1% 2600-1 1 HU #4, W S8 E5
MUIFFRR, W S8 &i%kds &% 2600-1 Y UU 3, S8 &
EZRIN G FLEE A& 5 F7Ro
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T " 4<>SSFBJ
() #—45-2 FBJ-2 ¢—»—1—»—14
03-2 02-2 02-4|06-18

El5 S8KIXZFLIMLREIEERE

3 FERE

AL BT P 5 T 22 B A B 12 2 2 1% 86,
FIZEHEN 8G1 J5 % #i% & JeiE U El S8G1 KX as It
& 2 s WD, FARIE S8 5 S HLH BRIl
FHU W UU B ; S5 8G Jm, X% E
S8 KIXEF A 2 s BURYIHLRD, J5 XHE S8 155 W1
AU RIEWE HU 83 UU 1, AR MEEERE
FRHLEME S I IR IRE] 2 s BTG 16 0L,
IR CE IR S SYET N —EORbRIE) Y14 ES
R BN RN ERUE - IR, WEEES
TefF BRI RN AR KT 4 87, 25.7 Hz U R
WSS TR E X, HRAEAS RG24 B AR P

H], UHLEESHIEEE —IRIE 25.7 Hz BRI
JENLZEAE S AT RE R IR ZL B KT R IR 2 N ZLAT BT
RN I ATRIIE DL, W iskpkre =L —E R T4

4 DUHEZEIN

MGG 7T A HE AN PR 12 42 22 1% 8G,  HUH
S8 Kikenk 2 s BT, HR4E S8 (55 HIAYT
RIEM, FIZEM 8G1 HEA 8G, S8G1 KIiXesfll S8 &
LRSS, MLt AR @S (28/307 1Y
A i 8G I S8 RIEARK 2 s HIESMUIHAD,
RIEHHE S8 FEHIIRALIE HU fige# UU #H,

FET I FHBE TR, 1E 8GZPJ HLE&HE N
8G1ZX]J i+ 8G1ZX] il FEE&UNEl 6 Fir,

ZX]

8G1
04-4 28/30DBJF 04-5 01-11 36/38DBJ 01-12 05-2 4 05-3
KZ >—’—H—~—~—H—~—~—©—~—P KF
8 ‘O+ 2 b+ +

El6 8GlZXJ4¥FE23FhiFBES
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e = TR, R, M{EPER 28/30% iE
RPN, VIEEESSHIHELER, Ak
LR e 8G IR EZ HH 45 SRR
PER, TEBR 8GZP] Mg # A X8-1ZCJ )5z
R, X8-1ZCJ WA T, HESHEEIK X8-12CT |, 4
Yl ZEse 2t N 8G HEBE RPN ZC) T, IR
SEJE 8GZX] T, X8-1ZCJ |, 2 sJ& 8GZPJ ik 1
(ANEHPLALRFTR) . MFNEEF AR 36DG,
Hi7E 30DG Jg5, IR S8G1 & j% 8% M S8 K ik ety
KEHUWME#E UU RS, 7R 28/307 B 7,
8G1ZX] | J5 8GZPJ igbRFFE I (AN HLrEfn
R, BEAEHA G, HRKMBUS X8-1ZC] T,
8GZP] X & 8L A M HLIE R FFIREE (40 B A IE L
o 8GZPJ B HERUIE 7 Fi7R,

8GZX]  X8-1ZCJ
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404 3%
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4/ \1
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2000-1 i) ZP(F4 }y 25.7 Hz) 13, ZE#HIZHEHBIER
U 2 000 Hz ARMSE R, HTBEA S8 Likdy
IEHIR 2600-1, 251 ZEM 36DG HEAN 8G fGZE%
FHWORE] 2 000 Hz MAAIE R, Kitt, FREKEEA
) S8 & 3% B E A i 2600-1 1884k 2000-1, 4nit:,
Ht AT DAFIESIZE M 8G1 HEN 8G MLZE(E S HIESL I,

PSS 2 —FRERS B ) BRI s TR 7T Hl
HES RN EERRS, Er URBAIERIZ
1156, ROARBIBITEZ 2, RESHRBIsTHER

MEZERE L — ELRIsHW, BFARIPLETH
FA U HRFIR AN R 2% 1%, BEA S8 FMg L LB 17 1E
BRI, ASOET o HrBEA R, SRR
[ MR R IE,  IXAEBEREARIES AR 2 AT I
BEE 8GN, R s LRI S8GL KA ds K14
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