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Abgtract— When a wheel slip occurs on a certain axle or when re-
adhesion control is executed, the tractive force of the wheel-slip
axle changes, which causes pitching of the bogie and the carbody.
As a result, a change occurs in the weight acting on other axles in
adhesion status, and wheel slips are likely to be induced.

‘We developed a control system designed to reduce the
induction of wheel slip considering axle-weight changes caused
by other wheel slips. To verify the effectiveness of the control
method, we conducted a water spring wheel-slip test using an
EH200-type DC electric locomotive.
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l. INTRODUCTION

When awheel slip occurs on a certain axle or when re-
adhesion control is executed, the tractive force of the wheel-
dip axle changes and a rotating moment acts, which causes
pitching of the bogie and the carbody that receives the tractive
force. Asaresult, achange occursin the weight acting on
other axles in adhesion status, and wheel dlips are likely to be
induced. If re-adhesion control can be conducted in
consideration of changesin the weight acting on other axles as
aresult of axle-weight transfer from the wheel-dip axle, the
use of adhesive force can be optimized.

We developed a control system designed to reduce the
induction of wheel slip in consideration of axle-weight
changes caused by other whed dlips. Specifically, the torque
of other axlesisincreased or decreased based on the
acceleration of the wheel-slip axle to suppress the induction of
wheel dip. The control method was applied to an EH200-type
DC electric locomotive, constituting a re-adhesion control
system that suppress the induction of whedl dlip.

To verify the effectiveness of the control method, we
conducted awater spring wheel-dlip test. We obtained the
results that the number of wheel dlips decreases by about 20%
on average, and that the average tractive effort increases by
4%.
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Il. INFLUENCE ON ADHESIVE FORCE BY TRACTIVE FORCE

A. Axle-weight Transfer

The axle-weight transfer consists of the sum of the rotating
moment in the truck and the body. As for the tendency of the
axle-weight transfer in powering, the value of axles-weight
increases in the order of the 1st axle, the 2nd axle, the 3rd axle,
and the 4th axle, in the case of avehicle having 4 axles.
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The values of axle-weight transfer of each axle in powering
are asfollows based on Fig. 1 [4],[5],[6].
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Where,
R:Gear radious [m]
L:Distance between axlesin the bogie [m]
D:Wheel radious[m]
G:Gear ratio
L:Distance between centers of two bogies[m]
H:Height distance from top surface of rail to traction device
[m]
H:Height distance from top surface of rail to coupler [m]
Fen: Tractive force of the n-th axle at wheel tread [N]
Fin:Tractive force of the n-th axle [N]
Wo:Axle load (initial value) 164[kN]
AWh:Changed part of the axle load of the n-th axle
(It takes positive, when an axle load increases) [N]
ren:Motor torque of the n-th axle[lNm]

Fig.2 shows values of axle-weight transfer of each axle
when adhesive forces of each axle are 55,000N. Axle-weight
transfer is caused 13% at the maximum to initial value of the
axle load. The ratio of an axle load to the adhesive force of
each axleis shown in Fig. 3. Thisindicates that it becomes the
tendency to dip if the ratio is small, and becomes the tendency
to be hard to dip if aratio is large. If the ratio of each axle
differs, use of adhesive force cannot be optimized.
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Fig. 2 Vaue of each axle-weight transfer

Adhesive force of each axle divided by axle load of each
axleisasfollows.
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(n means a number of axle)

a:Vehicle acceleration [m/s/s]
m; Equivalent inertiaweight of adriving device [kg]
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Fig. 3 [adhesive force/axle load] of each axle

B. Phenomenon of dip induction

When one axle of a bogie dips or the dip controller
executes readhesion control, another axle sometimes also dips.
The readhesion control probably triggers it, and the adhesion
force cannot be used effectively. If this phenomenon occurs
frequently, the traction force of the vehicle will be reduced
greatly.
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Fig. 4 Phenomenon of the wheel dlip one after another

C. Smulation of Sip Induction [7]

We performed simulation to investigate the factor in
dlip induction from a viewpoint of axle-weight transfer.
When re-adhesion control executed, the tractive
force of the wheel-dlip axle changes and a rotating
moment acts, which causes pitching of the bogie and the
carbody that receives the tractive force. Consequently, a
change occurs in the weight acting on other axles under

adhesive status, and wheel dips are likely to be induced.
Fig. 5 shows the simulation result of induction of wheel dlip.



This result proved that axle load change in slipping causes slip IV. RUNNING TEST RESULTS

induction. The proposed method was applied to an EH200-type DC
electric locomotive (Fig. 7), constituting a re-adhesion control
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Fig. 5 The simulation result of the induction of wheel dlip

Fig. 7 Test vehicle (EH200-type DC)

Ill.  CONTROL SYSTEM DESIGNED TO REDUCE THE
INDUCTION OF WHEEL SLIP CONSIDERING 120 115
AXLE-WEIGHT TRANSFER Number of slips on average
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We propose a anti-slip readhesion control method in
consideration of axle-weight transfer. Features of the method
are asfollows.
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is equal. Axle-weight transfer is compensated for by
adjusting the motor torque of each axle.
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2) The vaue of torque reduction by executing readhesion Without Control — With Control

control is proportiona to the acceleration of an dip axle. 85
The torque of other axles is increased or decreased based Fig. 8 A Result of the fabricated re-adhesion control
on the acceleration of the wheel-dip axle to suppress the
induction of wheel dlip.
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