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2,286,680 

OCOMOTIVE SANDING CONTROL 
APPARATUS 

Claude N. Hines, Pittsburgh, Pa., assignor to The 
Westinghouse Air Brake Company, Wilnerding, 
Pa., a corporation of Pennsylvania. 

Application April 29, 1941, Serial No. 390,892 
(CI. 291-2) 4. Claims. 

This invention relates to acceleration control 
systems for locomotives and other traction ve 
hicles, and more particularly to apparatus includ 
ing Sanding means automatically operable to 
minimize Slipping of the driver Wheels of a loco 
motive. 

In the operation of a locomotive upgrade under 
load, it is sometimes difficult for the locomotive 
engineer to detect a tendency of the drivers to 
slip and thus to determine the most favorable. 
time to begin Sanding of the rails. As a result, 
the engineer may be compelled to use sand and 
Sanding air too Soon or in excessive announts, in 
Order to ensure against stalling of the train. On 
the other hand, When the locomotive is driven 
at a high Speed, or in exceSS of seventy-five miles 
per hour for example, the engineer may be un 
aware of an incipient slipping condition of the 
drivers, with the result that the locomotive may 
be driven with excessive waste of power for a 
long period of time. Another undesirable con 
dition may be brought about if the engineer 
learns that the drivers are slipping and attempts 
to take the locomotive out of the slip by the un 
safe practice of supplying sand alone, without 
quickly reducing the Supply of steam Cr other 
power to the locomotive. 
For a locomotive constantly operated under 

:Service conditions in which these problems are 
encountered, it is desirable to provide an auto 
matic sanding control equipment including 
nneans for Operating a signal in response to driver 
Slippage, and means for reducing or throttling 
, the locomotive power Supply While causing Sand 
ing of the rails in time to avoid dangerous racing 
of the driver's Cir loss of control of the locOno 
tive. 
One object of the invention is to provide an 

automatic driver slip control apparatus for a 
traction vehicle comprising inneans operable to 
detect initial slipping of the drivers when accel 
erating power is applied thereto, and further 
operable to effect the supply of sand in advance 
of the slipping drivers. 
Another object of the invention is to provide 

an anti-driver-slip control equipment including 
means operative in response to initial slipping of 
a locomotive driver for energizing a signal device 
and for also actuating an associated sanding ap 
paratus while effecting a reduction or throttling 
of the power applied to the driver. 
A still further object of the invention is to 

provide a control equipment of the above de 
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scription which may be adapted for use with War- 55 

ious types of steam locomotives and electrically 
driven locomotives. 
Other objects and advantages of the invention 

will appear in the following more detailed de 
scription thereof, taken in connection With the 
accompanying drawings, in which 

Fig. 1 is a schematic view of one form of loco 
motive sanding control apparatus constructed in 
accordance with my invention and associated 
With certain elements of a Diesel-electric loco 
motive; and 

Fig. 2 is a schematic view of another embodi 
ninent of the invention in association with Oper 
atting elements of a steam locomotive. 

Apparatus. ShOUn in Fig. 1 
Referring to Fig. 1 of the drawings, certain 

elements of a locomotive are therein illustrated 
in diagrammatic form, including separate driver. 
assemblies 10 and if, driving motors 2 and 3 
arranged in operative relation with the driver 
assemblies, respectively, a controller - 4 for gove 
erning the power supply to the driving motors, 
and a suitable source of electrical energy such 
as a generator 5 and a Diesel-engine 6. 
The locomotive is equipped with fluid pressure 

actuated sand Supplying means, comprising sand 
ers 22 and 23 which are adapted to deposit sand 
in advance of the respective driver assemblies ) 
and when the locomotive is operated to the 
left, as viewed in Fig. 1, and similar sanders 24 
and 25 which are so located as to supply sand in 
advance of the two driver assemblies when the 
locomotive is moving in the opposite direction. 
For controlling the operation of the sanders there 
is provided an electro-responsive sanding con 
trol valve device 27, which is normally operative 
to control the supply of compressed air from a 
main reservoir. 28 by Way of a supply pipe 29 to 
a sanding reservoir 38. The sanding control 
valve device 27 is also adapted for. operation to 
effect the supply of compressed air:from the res 
ervoir 30 to a sanding pipe.3, which has a branch 
32 leading to the pair of sanders. 22 and 23, and 
another branch 33 connected to the other sand 
ers 24 and 25. 
The branch pipes 32 and 33 are provided with 

normally open cut-off valves 35 and 36, respec 
tively, one of which can be held in open posi 
tion while the other is closed, the operation of 
the valves being determined by the direction in 
Which the locomotive is operated. For controlling 
the cut-off Valves 35-and 36 there is provided an 
automatic direction selector switch. 40, which 
compris8s a movable contact 41 that is operative 
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in one position to maintain the valve 35 closed by 
energization of a magnet 42 through a circuit in 
cluding the positive terminal of a battery 4, 
a conductor 45, the SWitch contact, the coil of 
the magnet, and a conductor 46 connected to 
the negative terminal of the battery. The now 
able contact 4 is also operative in another posi 
tion, when the vehicle is moving in the opposite 
direction, to effect closure of the valve 33 by 
energization of a magnet 48 through the medium 
of the same circuit. 
As shown diagrammatically in Fig. 1, the driv 

ing motor 2, comprising a field winding 2f and 
an armature 2a, and the driving motor 3, com 
prising a field winding 3f and an armature 
3a, are connected in parallel in a circuit Which 

includes a conductor 5 having connection. With 
one of the supply terminals of the controller 4, 
the respective motor windings, a conductor 52, a 
normally closed switch contact element 53 form 
ing part of a power reducing switch 54, and a 
conductor 55 connected to the other terminal Of 
the controller 4. The power reducing switch 54 
is interposed in the circuit just described as a 
means for effecting quick reduction of the ac 
celerating power applied to the drivers in re 
sponse to slipping thereof, as hereinafter more 
fully explained, and comprises a magnet 58 
adapted to be. energized for raising the movable 
contact element 53 out of engagement. With a 
stationary contact element 59, and a resistor 6 
Which is disposed in shunt or parallel relation 
with the contact elements. 
According to the invention, both the SWitch 

magnet 58 and the operating magnet of the sand 
ing control valve device 2 are adapted to be 
energized by operation of a control relay 65, 
which comprises a pair of normally open contact 
members 66 and 6, and a pair of Opposed mag 
net coils 70 and 7 for actuating both contact 
members simultaneously. The coil ) is adapted 
to be energized by the counter-electromotive force 
developed by the motor 2, while the coil f is 
arranged for energization by the counter-electro 
motive force of the motor 3, the tWO coils be 
ing so disposed as to direct magnetic flux in 
opposite directions with respect to the magneti 
cally responsive contact members 66 and 67. It 
will be understood that since the speed and Volt 
age characteristics of the two motors are Sub 
stantially identical, the resultant Or total flux 
produced by the opposing coils 79 and will 
normally be at a minimum. However, upon a 
Sudden increase in Speed of either of the motors, 
due to slipping of the corresponding drivers, the 
opposing fields of the coils 70 and Will be 
put out of balance, so that the increased flux 
produced by the over-energized coil Will be effec 
tive to move contact members 65 and 6 to their 
respective circuit closing positions. 
The relay 65 is also operative to control a sig 

nal lamp 75, which is adapted to be mounted in 
a convenient location in the locomotive cab and 
functions to indicate initial slipping of the loco 
motive drivers, as hereinafter explained. 

Operation of apparatus shown in Fig. 1 
It will now be assumed that the controller 4 

is operated to supply current to the driving 
motors 2 and 3 by Way of the motor circuit 
comprising conductor 5, the motor field and 
armature Windings, conductor 52, Switch contact 
elements 58 and 59, and conductor 55, and that . 
the drivers and are thereby operated to 
propel the locomotive toward the right, as viewed 

4. 

55 

65 

2,286,680 
in Fig. 1. It will be understood that the direc 
tional control switch contact 4 Will be accord 
ingly positioned as shown for effecting energiza 
tion of the coil 42, thus closing the Valve 35. 
The valve 36 is at the same time disposed in its 
normal open position, so that the sanders 24 
and 25 in advance of the drivers are condi 
tioned for Operation. 
So long as the driver assemblies 0 and 

are rolling along the rails. Without slipping, the 
driving motors 2 and 3 are operative at the 
same speed and consequently develop identical 
counter-electromotive forces. It Will be under 
stood that the current supplied to the coil 70 
is a measure of a counter-electromotive force de 
veloped in the motor 2, while the current Sup 
plied to coil it is likeWise a measure of the 
counter-electromotive force developed by motor 
3. Each of the opposed coils thus tends to pro 
duce a flux substantially balancing that pro 
duced by the other, so that the resultant or total 
flux acting on the relay contact members 86 and 
67 is thus maintained at a minimum. While this 
condition prevails, the contact members 66 and 
67 are permitted to remain in their normal or 
open positions, as shown in the dra WingS. 

If either of the locomotive driver assemblies 
and begins to slip, however, the load of 

the corresponding driving motor is quickly de 
{} creased With the result that the notor is free 

to operate at increased speed, and to develop 
correspondingly greater counter-electronotive 
force. When One of the coils or thus re 
ceives greater energizing current than the other 
due to the increased counter-electromotive force 
produced by the motor operating the slipping Or 
racing driver assembly, the equilibrium of the 
flux forces acting in the relay 65 is Upset, and 
the contact members 66 and 6 are quickly moved 
to their respective circuit closing positions. 

Operation of the relay 65 causes energization 
of the power reducing switch 54 by way of a 
circuit which includes the positive terminal of 
the battery 44, a conductor 89, the relay contact 
member 66, a conductor 84, the coil 58, a con 
ductor 82, and the conductor 45 leading to the 
negative terminal of the battery. Upon ener 
gization of the coil 58, the contact element 53 
is moved away from the stationary Contact ele 
ment 59, thereby connecting the resistance 60 
into the circuit through which power is Supplied 
to the driving motors 2 and 3. The driving 
torque developed by the driving motors 2 and 
3 is thus automatically reduced in time to check 

the tendency of the drivers to Slip or race. 
At the same time, movement of the relay Con 

tact member 6 into circuit closing position es 
tablishes a circuit for energizing the electro 
responsive Sanding control valve device 27, which 
circuit comprises a conductor 84 connected to 
the positive terminal of the battery 44, the con 
tact member 67, a conductor 85, the magnet 
winding of the Sanding control valve device, and 
a conductor 85 leading to the negative terminal 
of the battery. The Operating elements of the 
Sanding Control Valve device 2, not illustrated 
in detail, are thereby actuated to effect Supply 
of air under pressure from the reservoir 39 
through the pipe 3 and the open valve 36 to 
the sanders 24 and 25, which are thus rendered 
operative to Supply Sand in advance of the driver 
aSSemblies. 
The relay contact member 6 is also effective 

to establish a circuit for the signal lamp 75, 
Which circuit is energized by current from the 
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battery 44 by way of the contact member, a con 
ductor 87 connected to the lamp, and the con 
ductors 82 and 46. The locomotive engineer is 
thus made aware of the slipping condition devel 
oped by the drivers and of the automatic opera 
tion of the Sanding control apparatus, and may 
then take such steps as would be deemed neces 
sary to ensure proper control of the locomotive. 

It is normally to be expected that the opera 
tion of the sanding control apparatus to supply 
sand to the rails and to reduce the supply of 
power to the locomotive driving motors as just 
explained will quickly cause retardation of the 
slipping driver assembly, until the rotative speed 
thereof has been brought back to approximately 
the speed of the other driver assembly. With 
the driver assemblies and the driving motors 
associated therewith again operating at substan 
tially identical speeds, it will be apparent that 
the opposing coils 70 and 1 of relay 65 will 
receive substantially equal energizing currents, 
thus permitting the movement of the contact 
members 66 and 67 to the circuit opening posi 
tion as shown in Fig.1. The switch 54 is thereby 
rendered operative to shunt the resistant 60 out 
of the motor supply circuit, while the magnet of 
the sanding control valve device 27 is deemergized 
to effect termination of the supply of compressed 
air to the sanders. 

Editip;72ent Shown in Fig. 2 

In Fig. 2 of the drawings there is illustrated 
a different form of locomotive sanding control 
apparatus embodying my invention, the equip 
ment being in this case adapted to be carried 8 
by a steam locomotive. Certain elements of the 
equipment ShoWn in Fig. 2, including the sand 
ing control valve device 27, the directional con 
trol cut-off valves 35 and 35 and the sanders 
associated with the driver assemblies, are similar 4 
in structure and function to those elements bear 
ing like reference characters in Fig. 1 of the 
drawings. The equipment shown in Fig. 2 fur 
ther comprises a steam supply pipe through 
which steam for driving the locomotive is con 
ducted, a fluid pressure responsive steam throttle 
valve device 9 interposed in the supply pipe, a 
magnet valve device 92 for controlling operation 
of the throttle valve device, a relay 95 adapted 
to detect slipping of a driver assembly, and a 
direct current generator 96 which is operatively 
connected to the driver assembly . 
The steam throttle valve device 9 is not illus 

trated in detail, but will be understood to com 
prise valve means which normally permits un 
impeded flow of steam through the pipe 99 to 
the locomotive cylinders at the rate determined 
by the usual engineer's throttle valve, not shown. 
The throttle valve device 9i is operative by com 
pressed air supplied to the device through a pipe 
(0 to reduce the flow of steam through the sup 

ply pipe. The magnet valve device 92 comprises 
a casing having a valve chamber 2, which com 
municates with the compressed air supply pipe 
29 and has mounted therein a valve (3 that is 
adapted to control communication from the valve 
chamber either to the pipe 29 or to an atmos 
pheric vent port leg. The valve 133 is normally 
held in an upper seated position by the force of 
a coil spring 35, in which position the valve 
maintains closed the communication between the 
Supply pipe 29 and valve chamber 2. The valve 
device is provided with a magnet 36 which func 
tions, when energized, to effect movement of the 
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valve 83 to a lower seated position in opposition 75 

3 
to the force of the spring 5, for thereby effect 
ing Supply of air under pressure through the pipe 

9 to the steam throttle valve device 9. 
According to the invention as embodied in the 

apparatus shown in Fig. 2, the control relay 95 
comprises movable contact elements 9, and 

2, which are operative to control the supply 
of electric current from a battery 3 to the 
signal lamp 75, the magnet valve device 92, and 
the Sanding control valve device 27, by Way of 
circuits hereinafter described. The switch con 
tact elements , and 2 are operably asso 
ciated with a pair of electro-responsive magnets 

5 and 6, the latter of which constitutes a 
holding magnet that is arranged for energization 
independently of the magnet 5. 
The magnet 5 is adapted to be energized by 

current supplied by the direct current generator 
96 through a circuit which includes a conductor 

8, the coil of the magnet 5, a conductor if 9, 
a condenser 2, and a conductor 2 connected 
to the other lead of the generator. As will here 
inafter be explained, the current energizing the 
magnet 5 is at all times a (neasure of the rate 
of change of speed of the driver assembly 
a.SSociated With the generator. - 
As disclosed in Fig. 2 of the drawings, the 

Sanding control valve device 2 is arranged to 
control the supply of compressed air from the 
Supply pipe 29 through a pipe 25 to the sanding 
reservoir 33a, which in this case constitutes a 
timing reservoir having a predetermined volume. 
ASSociated with the timing reservoir 3a is a 
pneumatic switch device - 26, which has a mov 
able contact element 2 that is adapted to bridge 
a pair of contact elements 28, and suitable 
piston means, not shown, for holding the contact 
element 27 in circuit closing position so long 
as the pressure of air in the timing reservoir 
remains above a minimum value. It will be 
understood that the timing reservoir 30a, is 
adapted to be charged with sufficient air under 
preSSure to cause operation of the associated 
sanders for a definite interval of time, as deter 
mined by the class of service for which the sand 
ing apparatus is desired. 

Operation of equipment shown in Fig. 2 
When the locomotive Sanding control appara 

tuS is conditioned for operation, compressed air 
is supplied in the usual manner to the supply pipe 
29, from which air is supplied by way of sanding 
control valve device 2 through the pipe 25 to 
the Sanding or timing reservoir Sea and also to 
the pneumatic Switch device 25. With the mag 
net valve device 92 in its normal deemergized 
condition, the valve element 3 therein is posi 
tioned for Venting to atmosphere the pipe 99 
communicating with the steam throttle valve de 
Vice 9. The throttle valve device 9 is conse 
quently held in its normal fully open position for 
permitting supply of steam at any desired rate 
by Way of the pipe 95 for operating the steam 
locomotive. 
ASSunning that the locOrotive is Set in motion, 

One or the other of the cut-off valves 35 and 36 
is automatically closed in the manner explained 
in connection with Fig. 1, so that only the sanders 
in advance of the locomotive driver assemblies 
remain in condition for Operation. 
As the Speed of the locomotive is increased, the 

direct current generator 96 is operated by the 
driver assembly 6 to supply current through the 
circuit including the conductor. 8, magnet f 5, 
conductor 9, condenser f2 and conductor 2, 
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it being understood that the current flow in this 
circuit is determined by the rate at which the 
condenser receives a charge of electrical energy 
and consequently by the rate at which the driver 
actuated generator is accelerated. Thus when 
the vehicle is operated at constant Speed, the 
voltage of the generator 96 and of the condenser 
i2O remains constant so that there is at Such time 
no flow of current in the circuit. 
According to the invention, the magnet 5 is 

constructed and arranged to produce a Small and 
ineffective magnetic force when energized by the 
relatively low current supplied to the circuit 
while the locomotive driver assembly and the 
generator 96 are accelerated at a normal rate. 
The locomotive may thus be accelerated under 
normal operating conditions, or so long as the 
drivers are operated in non-slipping relation. With 
the rails, without causing operation of the re 
lay 95. 

If the driver assembly to should commence to 
slip or to race with respect to the rails, however, 
the speed at which the direct current generator 
96 is operated is consequently increased at an 
excessively rapid rate, so that the resultant cur 
rent flowing in the condenser circuit becomes 
high enough to cause effective energization of 
the magnet 5. The relay 95 is thereby actuated 
so that the movable contact elements flo, 
and I2 are shifted to their respective circuit 
closing positions. The relay 95 is then main 
tained in operative position due to energization 
of the holding magnet 16 by way of a circuit 
which includes the positive terminal of the bat 
tery 3, a conductor f3, the switch contacts 
27 and 28, a conductor 32, the Winding of the 
magnet 16, a conductor 33, the Switch contact 
element fi O, and a conductor 35 connected to 
the negative terminal of the battery. 
At the same time, current is supplied to the 

signal lamp 75 through a circuit comprising a 
conductor 37 connected to the positive terminal 
of the battery 3, the lamp, a conductor 38, 
the conductor 33, switch contact element to 
and conductor 35. 
Movement of the contact element to cir 

cuit closing position results in energization of 
the magnet of the sanding control valve device 
27 by way of a circuit including the conductor 
3, the connected switch contacts 27 and 23, 
conductor 32, a branch conductor 40, the Wind 
ing of the sanding control valve device, a con 
ductor 14, and the contact element if f which is 
connected to the conductor 35 leading to the 
negative terminal of the battery. The Sanding 
control valve device 27 is consequently rendered 
operative to effect the supply of compressed air 
from the reservoir 36a, by way of the pipe 25 to 
the pipe 3i, from which the air is delivered to 
the sanders in advance of the locomotive driver 
assemblies. - - 

Meanwhile, with the relay contact element 
2 in circuit closing position, the magnet por 

tion (6 of the magnet valve device 92 becomes 
energized through a circuit which includes the 
conductor 3? leading from the battery, the con 
tact elements 27 and 28, a conductor 44, the 
magnet winding, a conductor 45, and the con 
tact element 2 and conductor 35 leading to 
the negative terminal of the battery. Upon en 
ergization of the magnet in the magnet valve de 
vice 92, the valve iC3 is moved to its lower seated 
position, thereby cutting off communication be 
tween the valve chamber 2 and the atmos 
pheric port 104 while establishing communica 
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tion from the supply pipe 29 through the valve 
chamber and pipe O9 to the fluid pressure re 
Sponsive operating portion of the Steam throttle 
valve device 9. This valve is thus actuated to 
reduce the flow of Steam for Operating the locO 
motive. - 

It will thus be seen that the Sanding control 
apparatus shown in Fig. 2 is adapted to be ren 
dered operative in response to the development 
of an initial slipping condition of a locomotive 
driver assembly for quickly reducing the power 
applied to the drivers and for Supplying sand to 
the rails, so that the tendency of the drivers to 
continue to slip or to race is counteracted auto 
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matically. The locomotive engineer, having 
been informed of the slipping condition of the 
drivers by operation of the lamp 75, can then 
take further Steps to regain control of the loco 
motive. 
When the pressure of air with which the tim 

ing reservoir 33d was originally charged has 
been reduced to a predetermined value, due to 
the operation of the equipment as thus ex 
plained, the pressure responsive switch device 
26 is rendered operative to break the connection 
between the movable contact element f27 and 
the stationary contact element 28, thereby 
opening the circuit for the magnet 05 of the 
magnet valve device and the circuit for the mag 
net of the Sanding control valve device 27. The 
holding magnet 6 is at the same time deen 
ergized for permitting movement of the contact 
elements if 0, if and 2 to their respective 
circuit opening positions. It will of course be 
understood that the magnet f 5 is also effective 
ly deemergized, since the racing condition of the 
driver assembly it has by this time been cor 
rected and the generator 95 is consequently not 
operated at a rate effecting flow of appreciable 
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charging current in the condenser circuit. The 
various elements of the Sanding control appara 
tuS are thus returned to the normal condition 
Within an interval of time determined by the 
volume and pressure of air in the timing reser 
voir 3)a. 

Having now described my invention, what I 
claim as new and desire to secure by Letters Pat 
ent, is: 

1. In an acceleration control system for a 
Steam driven locomotive having a steam supply 
conduit and driver means, in combination, steam 
throttle valve means operative to reduce the flow 
of Steam through Said supply circuit, electro-re 
Sponsive means for causing operation of said 
throttle valve means to reduce the supply of 
Steam to the locomotive, electro-responsive sand 
ing control means assoicated with the driver 
means of Said locomotive, an electro-responsive 
relay device operable to effect energization of 
the first mentioned electro-responsive means 
and Said electro-responsive sanding control 
means, and electrical energizing means operable 
by Said driver means to effect operation of said 
relay device when a slipping condition of said 
driver means is indicated. 

2. In an acceleration control system for a loco 
motive including prime mover means and driver 
means operable thereby, in combination, fluid 
preSSure responsive Sanding means for said 
driver means, electro-responsive sanding control 
valve means governing the supply of fluid under 
pressure for Said Sanding means, electro-respon 
Sive propulsion control means operable to reduce 
the energy available for operating said prime 
mover means, an electro-responsive relay device 



2,286,680 
operable to effect energization of Said Sanding 
control valve means and Said propulsion Control 
means, a direct current generator driven in ac 
cordance with the speed of the locomotive driver 
means and arranged to produce a voltage that is 
a measure of the speed thereof, and current con 
trolling means including a condenser interposed 
in Series relation between said generator and 
said electro-responsive relay device, whereby 
said generator is rendered effective to Supply 
Sufficient current to energize Said relay device 
only when the acceleration of said driver means 
is at a slipping rate. 

3. In an acceleration control system for a 
steam driven locomotive including steam Sup 
ply means and driver means, in combination, a 
steam throttle valve device operable to control 
the Supply of Steam from Said Supply means, 
electro-responsive actuator means for said 
throttle valve device, electro-responsive sanding 
control means associated with said driver means, 
a relay device Operable When energized to effect 
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5 
energization of said actuator means and Said 
Sanding control means, a generator Operable by 
said driver means, and means connected between 
said generator and said relay device for effecting 
a current supply to said relay device that is a 
measure of the rate of change of the Speed of 
said generator. 

4. An acceleration control System operable to 
check slipping of the driver means of a loco 
motive during propulsion thereof, comprising 
electroresponsive sanding control means, electro 
responsive propulsion controller means operable 
to limit the power applied through the medium 
of said driver means, a relay device operable to 
effect energization of both Said Sanding control 
means and said propulsion control means, means 
for conditioning said relay device in accordance 
With the rotative condition of Said driver means, 
and means for limiting the time interval dur 
ing which said relay device effects energization 
of said elements controlled thereby. 

CLAUDE MI. HINES. 

  


