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Abstract ; Datong-Qinhuangdao line, as the first electrified double-track heavy-haul line dedicated to coal transport in
China, extends from Datong in the west, and reaches Qinhuangdao in the east, opened to traffic in December, 1992,
totaling 653 km with the designed annual traffic volume of 1 x 10° t. In order to meet the demands of national economic
development, the transport capacity of the line must be enhanced greatly. Depending on independent innovation, MOR,
for the first time in the world, realizes the integration between GSM-R and Locotrol, the integration between 800 MHz
digital radio and Locotrol, and the integration between a single set of Locotrol and SS4 locomotive. Meanwhile, CR de—
velops equipment portfolio for heavy-haul through combining 2 high power locomotives of HX), series ( means harmony )
with controllable EOT. Relying on integration and innovation, it succeeds in operating 20 kt-devel combined heavy-haul
train on Datong-Qinhuangdao line, which tripled the annual traffic volume of the line from 1 x 10° t in 2002 to 3 x 10° t
in 2007.
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1 Introduction

Datong-Qinhuangdao line, as the first electrified
double-track heavy-haul line dedicated to coal trans—
portation in China, extends from Hanjialing Station in
Datong in the west and reaches Liucun South Station in
Qinhuangdao in the east. The line opened in December
1992, with a total length of 653 km and designed an-—
nual traffic volume of 1 x 10" t. Serving as the most
Datong-Qin—

huangdao line undertakes the coal transportation task

important coal transportation corridor,

for 6 major electric grids, 5 major power generation
companies , more than 350 major power plants, 10 ma—
jor steel mill corporations and over 6 000 enterprises
for their industrial production, civil use and export
purpose. That means nearly 10 % of the national out-
put of mine coal, i.e. 20 % of railway coal traffic, re—
lies on Datong-Qinhuangdao line. In order to relieve
the tension status of national coal, electric power and
oil supplies and transportation, connotation-oriented
expanded reproduction must be relied on to expand
transport capacity of the line to a large extend as soon
as possible.

Ever since 2003, through scientific validation and

system organization and relying on independent innova—
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tion, MOR (the Ministry of Railways) succeeds in op—
erating 20 kt combined heavy-haul trains on the line
and increases traffic volume from 1 x 10" t in 2002 to 3
x10" t in 2007, tripling original designed capacity of
the line, which improves the transport capacity greatly,
alleviates tense situation of outward coal transport in
Shanxi Province, makes important contribution for
sound growth of national economy, and indicates heav—
y-haul technologies of CR ( China railways) reaching

the world advanced level.

2 Technical validation of operating heavy—
haul trains

2.1 Analysis on development tendency of world
heavy-haul railways
Since the 1950s, thanks to its large capacity,
high efficiency and low cost, heavy-haul system has
drawn wide attention of different railways and got a rap—
id growth in countries such as U.S., Canada, Brazil,

Australia, South Africa, etc. , which have vast territo—

,
ries, abundant resources and where traffic volumes of
bulk cargo like coal and iron ore take up large propor—
tions.

In order to promote the development of heavy-haul

in the world, in 1985, U.S. , Australia, China, Can-—



ada and South Africa initiated the International Heavy

Haul Association (IHHA ), which now has nine per—

manent members' , i. e. Australia, Brazil, Canada,

China, India, South Africa, Russia, Sweden, Norway

and U.S.

Due to differences in operating conditions and
technical equipment level, each country uses different
operating modes and organizations of heavy-haul trains.
There are three main modes

1) Unit heavy-haul train, featured with fixed for—
mation, single bulk cargo and centralized traffic,
makes turn-around journeys between loading and un-—
loading points;

2) Combined heavy-haul train, being coupled by
two trains or more, has locomotives distributed among
the long haul train;

3) Mixed heavy-haul train, coupled with several
different headed locomotives and with mixed formation.

At present, some countries including U. S. | Can-
ada, Brazil, Australia and South Africa are operating
both unit heavy-haul trains and combined ones. In ad—
dition, South Africa also runs mixed heavy-haul trains,
and Russia focuses on development of combined ones
and super-ong and superdoad unit trains.

After 1980s, owing to wide application of modern
high technologies including new materials, new tech—
niques, computer control and IT on railways, technolo—
gies and equipment level of heavy-haul are improved
continuously. Traction power tends to high-power AC
(alternating current ) drive; freight car develops to—
wards heavy axledoad, and locomotive traction and
braking towards synchronous control. In order to meet
the requirements of axle load increase, new develop—
ment is occurred in track structure

In terms of annual traffic volume, Victoria-Minasi
line in Brazil (898 km) fulfils 1.3 x 10° t, Mpumalan-—
ga—Richards Bay line (580 km) in South Africa a—
chieves 1. 05 x 10° t, Newman-Headland line ( 426
km) in Australia reaches 1. 09 x 10" t, and other
heavy-haul lines in different countries averages below
1x10" t.

2.2 Technical and economic analysis on operating
heavy-haul trains on Datong-Qinhuangdao
line

In order to quickly enhance the capacity to a large
extent, MOR has organized a series of detailed techni—
cal and economic analysis and verification.

Trains speed, density and weight comprise the
three factors of transport capacity; each of them could
improve the capacity. In 2002, Datong-Qinhuangdao
line reached the target of annual volume of 1 x 10" t,

with maximum running speed of 80 km/h, traffic den—

sity of 87 train/day and train weight of 5 ~6 kt.

As per railway capacity calculation formula

(shown as in tons of goods transported) .

Qo
. (1)

G ma 1s average daily maximum capacity in goods

G(l,mux =A

transport direction; (. is total traction weight of a
train; I is headway of trains (reciprocal of train densi—
ty) ; A is a constant related to factors including fixed
performance time, effective availability of section, and
train dead load/gross weight coefficient.

If the headway on Datong-Qinhuangdao line is cut
from present 14 min to 10 min, transport capacity
could be only improved by 40 % . Transport capacity
could be expanded to a limited extent through reducing
headway and increasing operating density, however,
the works of upgrading is huge due to constraints of sig—
naling system, setting of blocking section, marshalling
capability, loading and unloading capacities, etc.

To convert the formula into another one by train
running speed that calculates transport capacity (indi—
cated with tons of goods transported ) .

Gomax = BQuuat/ (Wopersing ) (2)

Voperaiing 18 train running speed; B is a constant re—
lated to factors including fixed performance time, effec—
tive availability of section, train dead load/gross weight
coefficient, length of blocking section, total length of a
train, etc.

If the train maximum running speed is increased
from 80 km/h to 120 km/h, the transport capacity
could only be improved maximum by 50 % owing to
the effect of starting and stopping time of trains, as
well as performance time at stations. In addition, in—
vestment will be huge in consideration of many con-
straint factors such as locomotive horse power, car
manufacturing configuration, track condition and set—
ting of blocking section, ete.

A common way for railways to improve freight
transport capacity is to increase train load for bulk car—
go transport, which has advantages of less investment
and remarkable improvement. Depending on multi—
locomotive traction, advanced locomotives synchronous
control technology and heavy-haul supporting technolo—
gies, train weight could be increased to 20 kt or
above, which could expand capacity to a large extent.
If traction load of trains is upgraded from 5 kt to 20 kt,
the transport capacity could be tripled either by
Eq. (1) or Eq. (2).

According to traffic forecast, the traffic demands
of Datong-Qinhuangdao line will reach 4 x 10" t/a dur-
ing “The 1" Five-year Plan” period. In order to real-

ize great improvement of transport capacity on the line
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and meet traffic demands, under the condition of no

construction of new lines, the capacity could only be
expanded by increasing train weight. Once train weight
is increased to 20 kidevel, dead load of each train will
reach 16. 8 kt,
x 10" t under the circumstances that 66 pairs of trains

Therefore ,

weight is the most economical and effective way to ex—

and annual traffic volume could reach 4

are operated everyday. increasing train
pand transport capacity.
2.3 Comparison and selection optimization of key
technologies for operating heavy-haul trains
The key for operating 20 kt heavy-haul trains is to
solve the major problem of many locomotives driving a
long heavy train synchronously. For this purpose,
MOR organizes technical personnel to carry out com-—
prehensive investigation, feasibility studies, compari—
son and selection optimization.

At present, there are two technologies adopted to

e — ——

e

solve the synchronous control problems. One is Loco—

trol that transmits command by radio, and another is
ECP that transmits command through wire.
2.3.1 Main characteristics of Locotrol

The system mainly provides remote control func—
tion among locomotives. And a leading locomotive con—
trols remotely other locomotives distributed among a
long haul train to make them in synchronized traction,
braking or release conditions, which optimizes power
distribution and braking control of the whole train, and

. . [4]
accelerates braking and release propagation rates

(Fig. 1) .
2.3.2 Main characteristics of ECP

ECP consists of control units on locomotives and
each car and train network. Control information is
transmitted through train network to make synchronous
braking or release of cars, and minimize longitudinal

force of the train.
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Fig.2 System diagram of ECP

2.3.3 Technical comparison and analysis of Locotrol
and ECP

Locotrol system ensures synchronous working con—
ditions of locomotives distributed in a long train, re—
duces longitudinal impact and force effectively, and
shortens braking distance and braking time, thus mak-
ing start and stoppage of a train more quickly and

smoothly, and improving train running safety and effi—
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cienoym ECP uses electronically controlled braking
system to realize synchronous working conditions of
each car. Both technologies could meet technical re—
quirements of operating 20 kt trains.

Compared with ECP,

synchronous radio control, Locotrol has traction power

thanks to the application of

distributed on different positions of a train, boasting

following  characteristics;  a. Simple  configuration.



Train control system is centralized on locomotives,
which reduces the workload of car refurbishment and
cuts cost; b. FEasy for traffic organization. Trains do
not need inter-connection with wire, which facilitates
formation coupling and uncoupling; c¢. Easy mainte—
nance and management. The system is better suitable
for operating characteristics of China Railways, and
has the significance of wide application. However, re—
liable radio communication is indispensable for normal
work of the system.

On the basis of detailed study on the experience of
using Locotrol and ECP to operate heavy-haul trains in
the U.S. and South Africa, as well as careful analysis
on the specific situations of China and China Railways,
it is concluded that Locotrol, featuring proven and reli—
able, has the value of wide application promotion in
CR under the condition of guaranteeing normal work of
According to the suggestions
made by the technical study tour team, MOR had de-

cided to adopt Locotrol technology to realize technical

radio communication.

innovation of operating 20 kt combined heavy-haul
trains on Datong-Qinhuangdao line.
2.4 Analysis on three key technical problems
Datong-Qinhuangdao line, having lots of tunnels
and curved sections, passes through many mountainous
areas. There are 48 tunnels on the line totaling 65. 8
km, of which the longest one is Jundushan Tunnel that
extends 8.4 km and has two long steep grades in the
running direction of loaded trains: one has length of 47
km and its average gradient is —8.2 %o, and the other
one has length of 50 km and its average gradient is
- 12 %o,

known as the most difficult section on the line. To use

-9.1 %0 and the maximum gradient is

Locotrol technology to operate 20 kt combined heavy—
haul trains, three key technical problems must be
solved.

2.4. 1

mountainous areas

Reliability of railway communications in

20 kt heavy-haul trains are driven by several loco—
motives equipped with Locotrol system, and the loco—
motive control command is sent from the leading loco—
motive to slave ones via radio. Thus, the synchroniza—
tion of locomotives working is vital: non-synchroniza—
tion will bring huge longitudinal force that threats the
safety of trains. Datong—Qinhuang line is mainly loca—
ted in mountainous areas and has many tunnels, which
are unfavorable for the transmission of radio. However,
in order to transmit train control command, radio com—
munication must be accurate and uninterrupted; and
this raises higher requirements on the reliability of
communications.

2.4.2 Repeated cycle brake on long, steep descend—

ing grade

Repeated cycle braking is a kind of continuous
braking method, i.e., when a train approaches speed
limitation, use step release air pressure brake and dy-
namic brake to make the train speed decrease to a cer—
tain level, then release, and use air braking next. The
compressed air consumed in every air braking process
must be compensated before the next braking, i. e.
air charging is necessary and inadequate charging will
have an influence on braking force of next braking.

In the two sections with long steep descending
grades, comprehensive consideration must be given to
factors including electric braking effort of locomotives,
duration of train applying air brake, capabilities of air
supply system on locomotives, the limit of longitudinal
load of locomotives and cars, speed limit of the line,
Then, it is

necessary to prepare reasonable operation plan accord-

speed limit for air brake and release, etc.

ing to requirements of repeated cycle braking, so as to
ensure combined heavy-haul trains running on long
steep grades at speed in controllable range.
2.4.3 Longitudinal impact of long trains

A 20 kt level combined train has a length of 2 672
m and braking pipes of 3 000 m. Due to the constraints
of propagation of air braking system, in service braking
or emergency braking, enormous longitudinal force will
be generated in case of inconsistency between braking
forces in the front and rear parts of trains.

All factors for train longitudinal movement, inclu—
ding characteristics of locomotive traction and dynamic
braking, characteristics of air braking system and cou-
pler and draft gear device, and all running resistance
Subse—

quently, movement equations are established for each

could be simulated as per physical models.

locomotive and wagon to get the longitudinal movement
process of all locomotives and cars.

The analysis indicates that longitudinal force is re—
lated to synchronization of locomotives and cars bra—
king, coupler slack, performance of draft gear and
characteristics of braking system. Given the track con-
dition and technical performance of locomotives and
cars, relevant technical measures must be taken in or—
der to operate 20 kt combined heavy-haul trains.

Thus, for operating 20 kt combined heavy-haul
trains by using Locotrol on Datong-Qinhuangdao line,
three key technical problems must be addressed on to
determine the whole technical system and implement
technical innovation.

2.5 Whole technical system for combined heavy—
haul trains

Aiming at operating 20 kt combined heavy-haul
trains on Datong-Qinhuangdao line, MOR comes up
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with new ideas for innovation, i.e. , studies on the re—
quired traction demand, guarantees of reliable engi—
neering work and systematic—rollout, which combine
closely technical engineering upgrading with technical
innovations and establishes the whole technical system
for running combined heavy-haul trains( Fig.3).

MOR had arranged to carry out over 60 research
projects with main targets as tackling the three techni-
cal problems. Series of research studies, tests and

technical upgrades are carried out in aspects of syn—

chronization control of locomotives, radio data trans—
mission, traction, braking technologies, rolling stock
heavy-haul technologies, infrastructure reinforcement
technology, traction power supply reinforcement tech—
nology, heavy-haul traffic organization technology, op-
timized operational control of combined heavy-haul
trains, comprehensive maintenance technology, etc. ,
therefore, technical innovation of operating 20 kt com—
bined heavy-haul trains on Datong—Qinhuangdao line is

conducted continuously.

Synchronuous radio control
technology for locomotives

E-grade steel coupler

|7|::‘ GSM-R network l_
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Fig.3 Complete technical system of heavy-haul for
20 kt combined heavy-haul trains

3 Technology innovation of heavy-haul
combined trains "’

Since 2004, the Ministry of Railways has succes—
sively carried out technology innovation activities of op—
erating 4 X 5 kt heavy-haul combined trains with 4
electric locomotives ( Type SS4), operating 2 x 10 kt
heavy-haul combined trains with 4 electric locomotives
(Type SS4), and operating 2 x 10 kt heavy-haul com—
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bined trains with 2 locomotives ( Type HXy ).

3.1 The system integration of operating 4 x5 kt
heavy-haul combined trains with Type SS4
locomotive

The operation of 20 kt heavy-haul combined train
with Locotrol technology mainly relies on the transmis—
sion of control command from the master locomotive to
slave locomotives via radio communication. Therefore,
the way of locomotive position arrangement of 20 kt

combined train mainly lies on the transmission distance



of radio communication. The way of running 4 com-
bined trains of 5 kt, namely the operation of 4 x5 kt
heavy-haul combined trains, is defined on the basis of
comprehensively analyzing the Datong-Qinhuangdao
line and its traffic organization features, the reliable
transmission distance of radio communication, and the
power and brake system of locomotive and rolling
stock.

In order to operate 4 x5 kt heavy-haul combined
trains, four issues need to be addressed: first of all,
the frequency for radio communication to meet the re—
quirement of Datong—Qinhuangdao line needs to be se—
lected. Secondly, the system integration of on-board
radio communication equipment and Locotrol equip—
ment need to be realized. Thirdly, Locotrol needs to be
configured into Type SS4 electric locomotive and then
integrated with the CCB Il brake systems. The fourth
is to organize comprehensive test verifications.

3.1.1

tion frequency

Determine to use 800 MHz radio communica—

The Locotrol systems in other countries usually
work together with 450 MHz radio communication,
which is applicable to plain terrain. In mountainous
and tunnel area, the transmission distance of 450 MHz
radio communication is only 650 m. Tests show that
450 MHz radio communication system is not applicable
to condition of Datong-Qinhuangdao line. Aiming at
the features and working mode of Locotrol system, es—
pecially the requirement of system for radio communi—
cation, we select China’s 800 MHz radio communica—
tion system for Datong-Qinhuangdao line after the tech—
nical analysis on transmission distance of radio commu—
nication frequency under different terrain conditions.

We also carry out the test of comparing the data trans—

Antenna Antenna

1
| H |
IPower in}_iI ut | RDTE-A :

L 1

S -J

mission features between 800 MHz and 450 MHz on the
entire Datong-Qinhuangdao line. The test results show
that both the bit error rate and the reliability of message
retransmission of 800 MHz radio data communication
are superior to that of 450 MHz radio data communica—
tion. The transmission distance of 800 MHz radio data
communication in mountainous and tunnel areas can
reach 790 m, and can meet the transmission require—
ment of 690 m for locomotives between each 5 kt
trains.

3.1.2 Development of the system integration of on—
board radio communication equipment and Locotrol
equipment

The MOR organized to develop the prototype of
800 MHz radio data transmission equipment. After la—
boratory tests and joint debugging with Locotrol equip—
ment, the mode of interface, data transmission proto—
col, and content of radio data transmission are deter—
mined. Besides, the antenna gain is improved, and
the technology measures such as error correction enco—
ding processing and repeated commission of data trans—
mission are adopted.

A set of 800 MHz radio data transmission equip—
ment RDTE-A is installed at the end A of SS4 locomo-
tive, and connected to the CIOM interface unit of Lo—
cotrol system. A set of 800 MHz radio data transmis—
sion equipment RDTE-B is installed at the end B of lo—
comotive, and connected to CIOM interface unit at the
end A of locomotive by train through wire.

The radio data communication equipment is in—
stalled on all the 4 locomotives of the 4 x5 kt com-
bined trains( Fig.5).

The 4 sets of master locomotives combine the ways

of broadcast and relay to transmit information.

Antenna Antenna

f ]
: RDTE-B fllower input
i

1

End A of locomotive |

Fig.4 The layout of locomotive equipped with
800 MHz radio data transmission equipment
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Fig.5 The structure of 800 MHz radio data transmission system
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Slave locomotive 2|
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Fig. 6 Diagram of repeater

Through the integration of 800 MHz and Locotrol
system, the real4ime and reliable data radio transmis—
sion of the control command between the master loco—
motive and slave locomotives of 4 x 5 kt heavy-haul
combined train is realized.

3.1.3
CCB II brake equipped on Type SS4 electric locomo—

The technology integration of Locotrol and

tive

After the studies and design, the overall solution
of the technology integration of SS4 locomotive, Loco—
trol and CCB I brake is proposed, and the specifica—
tions and the synchronous operation control modes for
electrical, pneumatic, and mechanical interfaces are
determined. The cab radio control command, locomo—
tive state and alarm message, locomotive safety inter—

locking and protection measures are developed and de—
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signed, and the problems of arrangement and wiring of
Locotrol and CCB 1 system equipment in locomotive
as well as the electromagnetic interference and mechan—
ical shock and impact prevention technology and tech—
niques are solved. Through the studies on the opti-
mized schemes, the decision is that the master locomo—
tive uses a single set of Locotrol equipment to realize
two-end synchronous operation. The test and verifica—
tion showed that the system integration of SS4 locomo—
tive, Locotrol, and CCB II brake as well as its acces—
sory equipment is successful, and it meets the require—
ment of synchronous traction and brake by multiple lo—
comotives.
3.1.4 Organize the comprehensive test and verifica—
tion of 4 x5 kt heavy-haul combined train

The Ministry of Railways organized to implement 2



phases of comprehensive tests of 4 x5 kt heavy-haul
combined train. The 1" test phase lasted 2 months. On
December 12, 2004, the trial operation of China’s first
20 kt(4 x5 kt) heavy-haul combined trains was suc-
cessfully completed. During this phase, the integration
of 800 MHz radio and Locotrol technology, and the in—
tegration of SS4 locomotive, Locotrol technology, and
CCB 1I brake were verified. The 2™ phase of the com—
prehensive test lasted from July 7, 2005 to July 13,
2005 with the focus on the test and verification of SS4
the new-type C80
wagon (3 wagons form a group to use the traction bar,

Type 1204 brake, and high capacity rubber draft

gear) , and the locomotive automatically passing neu—

locomotive modification scheme,

tral-section equipment.

The two-phase comprehensive tests demonstrate
that; a. the adoption of 800 MHz radio data transmis—
sion equipment on Datong-Qinhuangdao line can meet
the need of the Locotrol application of 20 kt combined
train combined in the way of 4 x5 kt. b. The braking
distance of 20 kt combined train with Locotrol technol-
ogy is basically equivalent to the braking distance un—
der full service brake and grade emergency of a single
5 kt train. The adoption of Locotrol distributed power
control system can efficiently accelerate the transmis—
sion speed of locomotive control command and shorten
the air charging and discharging time of extra-long
The longitudinal force of 4 x5 kt combined

train is larger than that of single 5 kt train, and the lar—

train. c.

gest longitudinal force appears in the middle of train,
the

safety requirement of train operation can be satisfied.

namely around the third locomotive. However,

After the installation of traction rod and 120 new-type

air control valve, both the longitudinal impact and the

largest longitudinal force decrease remarkably in emer—

gency brake and service brake. d. The equipment such

as the modified SS4 electric locomotive and the auto—
matic passing neutral-section equipment can meet the
need of operating 4 x5 kt heavy-haul combined trains.

Through the technology development, system inte—
gration and comprehensive test verification, CR satis—
fies the requirement of operating 4 x 5 kt heavy-haul
combined trains with Locotrol system.

3.2 The system integration of operating 2 x 10 kt
heavy-haul combined trains with Type SS4
locomotive

The operation of 2 x 10 kt heavy-haul combined
train on Datong-Qinhuangdao line accords with the
transport features of Datong-Qinhuangdao line. Datong—
Qinhuangdao line is a tree structure( Fig. 7).

At the coal mine deposits for Datong-Qinhuangdao
line, there are about 80 long-term loading points with
the capacity of 5 kt-or-above, of which, 35 loading
points are of 10 kt level, and 9 loading points are of 20
kt level.

With the increase of traffic volume, the operation
of 2 x 10 kt heavy-haul combined train is conducive to
the improvement of transport efficiency. Therefore, the
Ministry of Railways decides to use the GSM-R commu—
nication transmission platform of Datong-Qinhuangdao
line to carry out the test of 2 x 10 kt heavy-haul com-
bined train.

To operate 2 x 10 kt heavy-haul combined trains,
first of all, the system integration of GSM-R and Loco-
trol equipment needs to be realized. Secondly, the for-
mation of 2 x 10 kt heavy-haul combined train needs to
be analyzed and calculated. Thirdly, the comprehen—

sive test verification needs to be organized.
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3.2.1 The system integration of GSM-R and Locotrol
equipment

GSMR is of network transmission from radio
transmission to wire transmission, back to radio trans—
mission again. Theoretically, GSM-R is not limited to
transmission distance within network coverage. It can
solve 800 MHz radio-transmission’s problem of effec—
tive transmission distance limited to 790 m. Transmit—
ting the information of Locotrol system on GSM-R net—
work communication platform can satisfy the communi-
cation requirement of 2 x 10 kt heavy-haul combined
train.

The GSM-R communication system for Locotrol
system consists of track side application node (AN) ,
GSM-R network and GSM-R on-board communication
unit (OCU). An on-board communication unit is in—
stalled on each locomotive and is linked to the track
side application node through GSM-R network. The
track side application nodes organize all the locomotive
on-board communication units of a train into a group to
realize the realstime data transmission between the
master locomotive and slave locomotive

Therefore, combined with the practical conditions
of GSMR network, a set of track side application
nodes linked to GSM-R network is established in
Taiyuan; the on-board communication unit is devel—
and The Technology Standard on GSM-R Data
Communication Equipment of Locotrol System is formu—

lated. Since the middle of April, 2005, many GSM-R

oped;
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laboratory static tests and running tests have been car—
ried out to verify the integration of GSM-R network and
Locotrol as well as the automatic shift between GSM-R
and 800 MHz. The test results show that,

and reliable radio data transmission of the control com—

the real+time

mand between the master locomotive and slave locomo—
tive of 2 x 10 kt heavy-haul combined train can be re—
alized through the integration of GSM-R and Locotrol
systemm
3.2.2 Determine the formation of 2 x 10 kt heavy—
haul combined train

The heavy-haul combined train is formed in the
way of 2 x 10 kt.
tive arrangement,
and (2 +2).

hensive comparison selection are carried out to deter—

There are several options of locomo—
such as (1 +2+1), (2 +1+1)

The simulation calculation and compre—

mine the formation of train. The main three plans are

as follows.

Plan (2 +2):
C80 x 102

Plan (2 41 +1): SS4 x2 + C80 x 102 +SS4 x 1
+C80 x 102 +SS4 x 1

Plan (1 +2 +1): SS4 x1 +C80 x 102 + SS4 x 2
+C80 x 102 +SS4 x 1

There is no big difference in dynamic brake and

SS4 x2 +C80 x 102 +SS4 x2 +

traction power among the three plans. According to the
application conditions of Datong-Qinhuangdao line, the
critical issues are the repeated brake application on

long and steep down gradient and the generated longi—



tudinal force of train. Meanwhile, the requirement of
traffic organization needs to be satisfied to the maxi-
mum possibility, and the traffic efficiency needs to be
enhanced. Therefore, the K275 — K325 of Datong-Qin—
huangdao line is chosen for the comparison analysis on
the air charging capacity and longitudinal force of recy—
cled brake on long and steep down gradient. The cal-
culation results show that, the recycled brake frequen—
cies of the three plans in K275 - K325 section all
reach 11 times under the circumstances of not making
most of dynamic brake. The shortest air recharging
time lasts less than 2 minutes. As to Plan (1 +2 +1)
or Plan (2 +1 + 1), the air charging time can still
fully satisfy the requirement because of the air charging
function of end locomotive. As for Plan (2 +2), be—
cause the air pressure from air recharging may not be
enough for the train without end locomotive, the run—
ning safety of Plan (2 +2) is inferior to that of Plan (1
+2 +1) or Plan (2 +1 +1). Besides, under the
same operation conditions, for example, under the e—
mergency brake situation of 80 km/h, the longitudinal
force according to the simulation calculation of Plan (2
+2) is 1 600 kN, which is 50 % or more larger than
that of Plan (1 +2 +1) and Plan (2 +1 +1). While
under the low-speed emergency brake situation of 40
km/h, the longitudinal force of Plan (2 +2) approa—
ches 2 000 kN, which has no sufficient safety consider—
ation, therefore, Plan (2 +2) is not suitable. As for
the comparison between Plan (1 +2 +1) and Plan (2
+1+1), Plan (1 +2 +1) is more conducive to the
air charging of train brake and the traffic organization.

The research results show that Plan (1 +2 +1)
acquires the advantage of high transport efficiency and
strong controllability. It can enhance the traction and
recycled braking performance of combined train, and
effectively reduce the longitudinal force and impact of
combined train. Besides, the end locomotive replacing
EOT forms up a full loop for train integrity inspection,
which is conducive to the safety of combined train, and
is the best choice for the operation of 2 x 10 kt heavy-
haul combined train on Datong-Qinhuangdao line.
3.2.3 Organize the comprehensive test verification

From November 2005 to January 2006, five pha—
ses of 2 x 10 kt comprehensive tests (204 wagons of
C80) are carried out by adopting the (1 +2 +1) for—
mation. To further tap potential and enhance capacity,
2 x10.5 kt comprehensive tests (210 wagons of C80)
were carried out in May 2006.

During the first and second phases of comprehen—
sive test, the longitudinal dynamics and braking per—
formance tests for both general-purpose C80 combined

train and new-type C80 combined train were respec—

tively implemented.

During the third and fourth phases of comprehen—
sive test, for the general-purpose C80 and new-type
C80 combined trains, the tests of function and perform—
ance for the locomotive after being installed with CIOM
module were implemented.

The fifth phase of comprehensive test mainly veri—
fied the train’s longitudinal dynamics and braking per—
formance after the number of wagons increased from
204 to 210.

The five phases of comprehensive tests show that;
a. the adoption of GSM-R network can satisfy the ap—
plication requirement of Locotrol system of 20 kt com—
bined train in the formation of 2 x 10 kt. h. Based on
the Locotrol locomotive radio synchronous control sys—
tem, the adoption of (1 +2 + 1) formation can effec—
tively accelerate the transmission speed of train bra—
king, remarkably shorten the air charging time of very
The adop-
tion of Locotrol technology on GSM-R network platform

long train, and reduce the train impact. c.

can satisfy the requirement of the recycle braking per—
formance and emergency braking distance of 20 kt train
on the long and steep grade. d. The adoption of Loco—
trol technology on GSM-R network can meet the need
of the longitudinal dynamics of train. The maximum
longitudinal force of the new-type C80 combined train
is 41 % ~59 % lesser than that of the general-purpose

C80 combined train. e. The longitudinal dynamics and

braking performance of train with the number of wagon

increasing from 204 to 210 can meet the operation
need.

Through technology development, system integra—
tion, and comprehensive tests, China Railways has
possessed the conditions of running 2 x 10 kt heavy-
haul combined trains with Locotrol system.

3.3 System integration of operating 2 x 10 kt
heavy-haul combined train with “HX,”
locomotives
“HX,” locomotive, the powerful AC drive elec—

tric locomotive, is produced through re-innovation on
the basis of introduction and absorption. The designed
speed is 120 km/h, the traction power is 9 600 kW,
the axle load is (23 +2) t and the starting traction ef—
fort is 760 kN. The adoption of 2 “HX,” locomotives
meets the need of the operation of 20 kt heavy-haul
combined train and the reduction of the number of lo—-
comotives is beneficial to the transportation effective—
ness and economic efficiency.

3.3.1 Development of controllable EOT

For the purpose to cooperate with the HX;, power—
ful locomotives adopted on Datong-Qinhuangdao line,
the concept of an additional EOT at the end of the 20
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kt heavy haul combined train was put forward to guar—
antee the safe and smooth operation of HX;, 20 kt heavy
haul combined train with (1 +1) formation mode.

The controllable EOT mainly consists of control
box, host and the data transmission channel. The main
function of these equipment is to improve the braking
performance of the whole train in accelerate the braking
velocity , reducing the propagation impact and reducing
the braking distance by way of the synchronous pres—
sure release of EOT host and synchronous braking of
the wagons at the end of train when the master locomo—
tive of the heavy haul combined train starts the air bra—
king pressure release.

The three key technological issues during the de—
velopment of controllable EOT are the acquiring of lo—
comotive braking information, the reliable transmission
of braking information and the accurate response of the
host at EOT. Regarding these three key technological
issues of the controllable EOT used on Datong-Qin—
huangdao line, the existing equipment resources are
fully used combining with Locotrol system. The acqui-
ring of the locomotive braking information is carried out
by the locomotive operation monitoring device ( LKJ)
and then the information is transmitted to the control
box at EOT by the communication interface. The same
transmission mode as the communication module
(OCU) in Locotrol system is applied for the reliable
transmission of braking information data. In this way,
the reliable transmission of system data is guaranteed
taking advantage of the existing resources. Meanwhile,
the time for research and development of the project
and the cost for the whole equipment are reduced. The
research and development of the EOT host computer is
based on the current successful experience, which ef-
fectively solved the technological problems such as bra—
king electromagnetic valve, reliability of communica—
tion module (TCU) and capacity of batteries.

On June 12, 2007, road test of controllable EOT
was carried out with (1 +1) combined 20 kt train on
Datong—Qinhuangdao line and it was proved successful.
3.3.2 Organize the comprehensive test verification

From May to July, 2007, comprehensive and spe—
cial tests were carried out on the traction of 20 kt heavy
haul combined train with two powerful HX, electric lo—
comotives and controllable EOT ( end of train). The
purpose of the comprehensive tests is to test the per—
formance of locomotive radio synchronous system, serv—
ice braking of 20 kt train, cycled braking on long and
continuous slope, train starting on tangent track , longi—
tudinal force of train, dynamic stress of locomotive and
performance of controllable EOT. The purpose of the

special tests is to test the emergency braking perform—
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ance on 12 %o descending slope and the starting trac—
tion ability on 4 %o upgrade track. The test results of
both the comprehensive and special tests proved that
the traction of 20 kt heavy haul combined train with
two powerful HX,, electric locomotives and controllable
EOT is safe and feasible.

At present, everyday six or seven 20 kt heavy-
haul combined trains are operated with 2 high power

HX, electric locomotives.

4 Research and development of major
technical equipments and modification
of corresponding technologies

In order to run 20 kt heavy-haul combined train,
the Ministry of Railways systematically organized re—
search and development of major technical equipments
and also dedicated great efforts to modify corresponding
technologies.

4.1 HX, high-power AC drive electric locomotive

The HX, high-power AC drive electric locomotive
applies the most advanced AC drive technologies in the
world ; total eight drive axles with each axle of a power
up to 1 200 kW ; the electric braking is regenerative
with high power; the power factor is close to 1 and the
harmonic content is comparatively low; the mechanic
strength of locomotive is designed depending on the re—
quirements to haul 20 kt combined train; the running
speed is up to 120 km/h with axle load of (23 +2) t;
the locomotive applied the computer network control
system and the world leading CCB Il brake technology
as the braking system.

Under the organization of MOR and by means of
re-innovation after introduction of foreign advanced
technologies, total nine essential technologies, inclu—
ding locomotive assembling, network control, car
body, braking system, drive device, traction convert—
er, traction transformer, traction motor and bogie, are
well acquainted and total ten major matching technolo—
gies such as the pantagraph are developed. The domes—
ticcmade HX,, series high-power AC drive electric loco—
motives have been put into operation in batches.

4.2 The new type grade E steel coupler and
large-capacity draft gear

Since the couplers and draft gears originally used
on Datong-Qinhuangdao line can no longer meet the
demands of 20 kt heavy-haul transportation, new type
couplers and draft gears are developed accordingly.

The newly-developed grade E steel coupler as well
as the coupler yoke has increased the intensity by
20 % comparing with that of the grade C steel coupler,
which is strong enough to haul 20 kt vehicles. In addi-

tion, the grade E steel couplers and coupler yokes have



the same sizes as grade C steel couplers and yokes, so
that they are more easily to be promoted and replaced.

The newly-developed large capacity QKX100 re—
silient rubber draft gear has capacity up to 100 kJ,
which is two times of capacity of the original SS4 MT=2
draft gear. Its antidmpact speed is up to 10 km/h
which greatly helps to reduce the longitudinal force and
longitudinal acceleration of the locomotive. The new
type plastic rubber draft gear is compatible with the ex—

isting draft gear therefore can replace each other in ap-

plication.
4.3 The new type C80 freight wagon and draw
bar

The new type aluminum alloy C80 and stainless
steel C80B heavy-haul freight wagon with load of 80 t
are developed. These two type wagons adopt under
cross-braced bogie with axledoad of 25 t and swing mo-—
tion bogie with axledoad of 25 t, featuring high run-
ning speed and stable dynamic performance. The wag—
on is known by its light tare weight and huge capacity,
with load of single wagon respectively increased 6.7 %
and 31. 1 % in comparison with that of the C76 and
C63A wagon. lts external dimension can also match
the third and fourth generation tipper as well as other
auxiliary equipments, which can realize continuous
dumping operation without uncoupling.

The type RFC draw bar is developed as well,
which adopts the grade E cast steel as material thus the
strength is enhanced. The failure load are increased to
more than 4 005 kN; the bar body applies case struc—
ture, whose tare weight decreases 280 kg comparing
with the No. 16 and No. 17 couplers. The 20 kt heavy
haul freight wagon reduced its tare weight by 38 t; the
draw bar has a shoulder structure, with the two ends
designed as spherical, which could better cater for the
operation of the pusher and dumper. The use of the
draw bar has effectively reduced the gap distance be—
tween wagons and the longitudinal impact thus has im-
proved the dynamic performance of the vehicle.

4.4 The Type 1201 brake

The Type 1204 brake is developed on the basis of
Type 120 brake to cope with the long and steep down
gradient along Datong-Qinhuangdao line. It integrates
the service brake function and meanwhile modifies the
deficiencies of the local relief valve of the Type 120
brake and the emergency brake valve thus improves
stability. The main functions of 120 brake has a—
chieved world leading level therefore could be used to—
gether with the Locotrol series equipments to meet the
demands of heavy haul transportation. Comparing with
the Type 120 brake, the 150 wagons combined train

reduces the total service braking time by over 30 %.

Test of the 20 kt heavy-haul combined train on Datong—
Qinhuangdao line has proved that the 120 brake
could effectively improve the cycle braking capacity.
The decrease of longitudinal impulse also helps reduce
the braking distance. In addition, the 1204 brake can
be used with the GK and 120 brakes, which are quite
appropriate for the actual condition of Chinese freight
transportation.
4.5 The auto-passing neutral section

Design of the auto—passing neutral section on Da—
tong-Qinhuangdao line respectively takes three condi-
tions into account: auto-passing neutral section of sin—
gle locomotive, coupling locomotives and wireless dis—
tributed combined train. It also integrates the function
of manual mode of passing the neutral section in spe—
cial condition. Such a device is composed of onboard
control device, receiver, light display and track side
transponder. While running the 20 kt combined train
by Locotrol system, the auto-passing neutral section
will collaborate with the Locotrol system to cancel the
synchronization of the master and slave locomotives.
After automatically passing neutral section, the master
and slave locomotives will automatically restore to the
synchronous status. During the auto—-passing phase sep—
aration, onboard devices will automatically control the
traction and brake to increase or decrease relevant pa—
rameters to reduce the impact of the train. Via those
dedicated anti-interference measures, the false-opera—
tion of automatic neutral section passing device due to
the increase of traction current in heavy-haul train is e—
liminated”".
4.6 The CTC system

The CTC system of Datong-Qinhuangdao line in—
tegrates a series of modern technologies in traffic organ—
ization, computer, network communication and control
system. Intelligent decentralized autonomous CTC prin—
ciple is adopted to emphasize in the adjusted train run—
ning diagram, which takes both the train and shunting
operation into account. While ensuring the automatic
control of train route, shunting route control is also in—
tegrated to the system for centralized control, which a—
voids frequent handover of the control authority be—
tween desk controller and station operation staff thus
improves the efficiency of the system and realizes high
level automatization of the CTC system. It has integrat—
ed intelligent dispatching decision-making, real-time
remote control, fails safety and information safety into
one system, and represents high level stability; safety
and modularization design in terms of hardware selec—
tion, structure design, software model, redundancy de—
sign and fail safety.

The application of the CTC system on Datong—Qin—
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huangdao line well ensures the safety and high efficien—
cy of the heavy-haul transportation. It could fully exert
the capacity of the line so as to enhance the productivi—
ty and working condition.
4.7 The 20 kt train simulation calculation and
optimized control technologies
The Datong—Qinhuangdao line has complicated
surrounding geographical conditions, featuring numer—
ous tunnels, bridges and curves. There are many long
and steep downgrades along the line, with maximum
down gradient of 12 %o and up gradient of 4 %o. Such
external conditions raises high requirements for the
train control technologies of 20 kt heavy-haul transpor—
tation. Therefore, a series of technical measures are
used to make complete computer simulation and also
scientific and rational control regulations are stipula—
ted, including regulations on startup, running on up-
and-down grade, running in key section, running in
restricted-speed section, control without communica—
tion access, control in bad weather so as to ensure the
stable and safe running of the 20 kt heavy-haul trains.
4.8 Reconstruction and upgrade of the auxiliary
engineering on station and yard, traction and
power supply, communication and signaling
equipments
In order to run the 20 kt heavy-haul combined
train and enhance the transport capacity, a series of
auxiliary engineering like station and yard, traction and
power supply devices as well as communication and
signaling equipments are reconstructed or upgraded.
4.8.1 Reconstruction of the station and yard
Efforts are made to reconstruct 11 stations and
yards along the Datong-Qinhuangdao line, including
Hudong, Yangyuan, Huashaoying, Zhulu, Yanqing,
Chawu, Jinxian west, Zunhua north, Qian’ an north,
Houying ( newly-constructed) and Liucun south. The
arrival and departure tracks are effectively extended to
2 800 m or more. Within the covering range of the arri—
val and departure tracks, the gradient is no more than
1.5 %c. The Hudong station dedicated to combination
and Liucun south station dedicated to untwining are
taken as emphasis for reconstruction. Three track se—
ries are newly constructed in Hudong station ( each
track series is composed of two arrival and departure
tracks and one locomotive dedicated track) , five track
series are newly constructed in Liucun south station
and four track series newly constructed in Qing—
chechang, which can fully meet the demands of the
marshalling and operation of 20 kt combined train.
4.8.2 Track and bridge technologies are enhanced
To cope with the fast growth of the traffic volume

of Datong—Qinhuangdao line, a series of technical re—
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searches and tests are systematically carried out to en—
sure the operation of 20 kt combined train on Datong—
Qinhuangdao line. According to the test results and
maintenance requirements, tracks and bridges are en—
hanced during the comprehensive maintenance time
slot. Rails and turnouts are replaced; Type Il sleeper
are used to replace the Type Il sleeper; ballasts are
cleaned and tamped; rails are grinded and tunnel fail-
ures are regulated. Twin beams no more than 20 m, 32
m simply supported beam and round middle and high
piers are reconstructed and reinforced; the 8 m con-
crete beams are evaluated for its fatigue performance
and service life. Those modifications have laid a sound
foundation for Datong-Qinhuangdao line to realize safe
production and an annual traffic volume of 3 x 10" t.
4.8.3 Upgrade of the traction power supply system
and its matching technologies

In order to meet the demands of the traction sys—
tem on Datong-Qinhuangdao line, technical researches
are carried out targeting the traction and power supply
system for heavy haul and also the improvement plan is
proposed to enhance the capacity. Five traction substa—
tions are newly constructed and 8 host transformers
which are lack of capacity are replaced; Comprehen—
sive Automation System for Traction power supply are
established; a series of technical measures are ap-—
plied, such as the adoption of supercharger and trans—
former, adjustable capacitor compensator, 150 mm’
large-section contact wire and parallel overhead contact
line. Pantograph-contact line relation is studied under
the condition of multidocomotive and multi-panto—
graph. The auxiliary parts are developed to match the
large section contact wire. By means of the above tech—
nical measures and adoption of new technical equip—
ments , the traction power supply capacity and reliabili—
ty of the overhead contact line are enhanced so as to
ensure the current-collecting of the 20 kt heavy-haul
combined train.

4.8.4 Technical modification of the communication
and signaling equipments

The GSM-R wireless bi-network system is im-—
proved. Mobile switching center is established in
Taiyuan and meanwhile base-stations are established in
Taiyuan and along the Datong-Qinhuangdao line. Opti—
cal fiber repeaters are set in the tunnel sections. Over
1 100 km multi-core optical fiber cable is laid.

The signaling equipments are modified as well
with signals displayed via four-channel mode. ZPW-
2000 A jointess track circuit are adopted, and 15 sta—
tions and yards are connected by computer. Electro—
hydraulic switch machine is adopted for the turnout

switch and Cab-signaling authorization is realized. Af-



ter calculation and test, the signaling equipments are
proved to be qualified to cope with the interference of

200 A unbalanced traction current.

5 Innovations for running 20 kt heavy-haul
trains on Datong-Qinhuangdao line

5.1 System integration and innovations

For the first time in the world, the Locotrol tech—
nology and GSM-R are integrated into one system to be
successfully applied in the 2 x 10 kt heavy-haul com-
bined train. The development of Locotrol technology
from point to point communication to systematic net—
work communication was an effective solution for the
limited communication distance between locomotives ,
indicating that heavy-haul technologies of China rail—
ways has made remarkable advance.

Two HX), high-power locomotives plus controllable
“end of train” (EOT) are first used together for run—
ning the 20 kt heavy-haul combined train.

The 800 MHz digital radio is first used together
with the Locotrol system worldwide in the 4 x5 kt
heavy-haul combined train on Datong-Qinhuangdao
line, which has extended the communication transmis—
sion distance from the original 650 m of 450 MHz to
790 m of 800 MHz, further expanding the application
range of the Locotrol technology.

Integration of the Locotrol system and the SS4 lo—
comotive makes it possible to synchronously operate
and control both ends of the master locomotive. Modifi—
cation of the 200 SS4 locomotives has saved a cost up
to RMB 100 million yuan comparing with the original
plan.

5.2 Innovations on technical equipment“m

Firstly, the high-power AC drive electric locomo—
tive technologies are imported and re-innovated after
digestion and absorption so that some key technologies
and major supporting technologies are systematically
acquainted. Initial operation of the domestic-made
HX, heavy-haul locomotive has filled up the gap of
China railways in this regard.

Secondly, the newly-developed Type C80 heavy-—
haul wagon possessing a loading capacity of 80 t adopts
the under cross-braced bogie with axledoad of 25 t
(Type ZK6 bogie) and swing motion bogie with axle—
load of 25 t (Type ZK5 bogie) , featuring high running
speed , stable dynamic performance, light car body and
huge loading capacity. Currently the wagon has been
put into operation in batches with two series respective—
ly made of aluminum alloy and stainless steel.

Thirdly, major auxiliary equipments are corre—
spondingly developed, such as the Type 120 brake

valve, intermediate draw bar, Grade E steel coupler

and the large-capacity resilient rubber draft gear,
which helps to reduce the longitudinal impact so as to
enhance train safety.

Fourthly, application of the independently-devel—-
oped locomotive automatic passing neutral device reali—
zes automatic passing neutral of single locomotive , cou—
pling locomotives and locomotive of wireless distributed
combined train, thus ensuring safe and stable running
of the heavy-haul combined train.

Finally, the decentralized autonomous CTC system
is first used on coal heavy-haul line, which has effec—
tively enhanced the carrying capacity, productivity and
meanwhile improved the laboring condition.

5.3 Innovations on traffic organization

The traffic organization is greatly optimized. For
the first time in the world, the 2 x 10 kt heavy-haul
combined train on Datong-Qinhuangdao line applies
two marshalling modes respectively using 4 locomotives
(1 +2 +1) and 2 HX, high-power AC drive electric
locomotives (1 +1 + controllable EOT). The two mar—
shalling modes are designed targeting the characteris—
tics of Datong-Qinhuangdao Line, having presented fa—
vorable effect like high transport efficiency, good bra—
king performance, small longitudinal impact, high lev—
el safety and stability.

Integration of traffic gathering and distribution are
realized. The operation of 2 x 10 kt heavy-haul com-
bined train has well met the needs of the total 35 10 kt
and 9 20 kt cardoading stations, having effectively re—
Heavy-haul

combined trains could be point—4o—point operated among

lieved the pressure of Hudong Station.

the nine 20 kt cardoading points, which fully exerts
technical advantages and enhances the transport effi—

ciency as well as benefit by a big margin.

6 Economic and social benefit

The operation of 20 kt heavy-haul combined trains
has greatly increased the traffic volume of Datong—Qin—
huangdao line and accomplished remarkable economic
and social benefit.

6.1 The traffic volume is notably enhanced

From the year 2002 to 2007, the traffic volume of
Datong-Qinhuangdao line was increased from 1 x 10" t
to3x10" t, a triple progress. From their first opera—
tion on March 28, 2006 to December 31, 2007, the 20
kt heavy-haul combined trains have completed an accu-
mulated traffic volume of 1.4 x 10° t, a number even
more than the annual traffic volume of heavy-haul rail-
ways in other countries.

6.2 Transport revenues see remarkable increase

Datong-Qinhuangdao line has also seen great eco—

nomic benefit, with its transport revenues soaring from
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the RMB 79 x 10" yuan in 2002 to 172 x 10° yuan in
2007, an increase of 118 % .

The operation of 20 kt heavy-haul combined trains
has greatly shortened the total turn-around time, cut
down the operation cost, improved transport efficiency
and brought tremendous benefit.

6.3 The social benefit is remarkable

Currently 30 heavy-haul combined trains of 20 kt
are running on Datong-Qinhuangdao line per day, in—
creasing the annual coal traffic volume by 84 Mt,
which can generate extra electric power of 1 800 x 10°
kWe h.

The successive operation of the HX, series high
power AC drive electric locomotives as well as the in—
creased running of 20 kt heavy-haul combined trains
has laid a sound foundation for Datong-Qinhuangdao
line to achieve the traffic volume of 4 x 10" t by the end
of “The 11" Five-year Plan” period.

In addition, the flourishing of Datong-Qinhuangd-
ao line also helps to promote the development of some
related fields. Great amount of modernized cardoading
equipments is imported to coal production bases and
meanwhile deep water docks together with car dumpers
are newly established in ports. The railway artery has
greatly increased the revenues of Shanxi Province,
Shaanxi Province & the western area of Inner-Mongo—
lia, boosted the development of Qinhuangdao Port,
Jingtang Port and Tianjin Port, stimulated the booming
of ocean going shipping market and promoted the revi—

talizing of regional economies.

7 Summary

The operation of 20 kt heavy-haul combined trains
on Datong-Qinhuangdao line indicates that heavy-haul

technologies of China railways has achieved a world

Author

leading level, not only having laid a sound technical
foundation for the potential soaring of traffic volume,
but also having set a good example for other coal pro—
duction bases to construct and develop their railway
transport corridors. Datong-Qinhuangdao line has be-
come a symbol project in heavy-haul transportation and
capacity expansion of existing lines, a milestone in the

development history of China railways as well.
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