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[57] ABSTRACT 

Speed control system method for a traction motor in 
which speed setting signals are compared with the ac 
tual speed of the vehicle to provide a signal for select 
ing a value of the derivative of the setting accelera 
tion, this derivative being integrated by an integrator 
taking the constraints relative to the integral into ac 
count, and the resultant setting acceleration serving to 
control the motor. 

8 Claims, 9 Drawing Figures 
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METHOD FOR CONTROLLING ACCELERATION 
ANDZDECELERATION OF A TRACTION MOTOR Y 

The present invention relates to a speed control sys 
tem and method for a traction motor in particular for 
vehicles moving along their own track, with an auto 
matic pilot, such as, for example, vehicles of a subway 
train or the like. 
The automatic piloting of such vehicles causes a cer 

tain number of problems. Thus the acceleration or de 
celeration and derivatives of acceleration to which the 
vehicle or vehicles of a train are subjected, may not ex 
ceed certain physiologically acceptable values without 
causing passengers discomfort or other troubles. 
Thus it is commonly agreed that the acceleration or 

the deceleration may not exceed a value of 1.3 m/sec2 
and that the normal derivative of the acceleration may 
not exceed a value of 0.6m/sec“. 
The motor control systems, known at present, do not 

make it possible to take such values, called “con 
straints,” into account. . , i 

The object of the present invention is to provide a 
speed control system and method for a traction motor 
of a vehicle, enabling, with the aid of speed settings 
transmitted continuously or intermittently, a continu 
ous motor control signal to be obtained taking into ac 
count the constraints imposed on the acceleration and 
the derivatives of the acceleration. 

It is also the object of the invention to construct a 
control system and device enabling the setting speed to 

‘ be obtained in minimum time, while respecting the said 
constraints, the motor thus controlled being possibly 
already under speed control. 
To this end the present invention relates to a speed 

control system and method for a traction motor com 
prising the following steps: 
— the actual speed (V3) of the vehicle is determined, 
'- this actual speed is compared with the speed set 

tings (V5), 
-— a selector signal is provided by said comparison, 
— a certain number of values (+a, 0, —a) of the de 

rivative )3 of the setting acceleration is fixed and one of 
these values is chosen in accordance with said selector 
signal, 
— the constraints relative to the integral (—l-L, —L') 

are ?xed and the derivative of the setting acceleration 
")3 is integrated (l/p) taking into account the constraints 
and obtaining the setting acceleration ('ye) giving the 
control acceleration ('yc), 

—- the motor is controlled with the setting accelera 
tion thus obtained (70). 
The present invention will be described in greater de 

tail with the aid of two modes of construction of a con 
trol system, illustrated schematically by way of example 
in the accompanying drawings in which: , 
FIG. 1 is a diagram showing the units of a first mode 

of construction of a control system, 
FIG. 2 represents the acceleration diagram obtained 

as a result of constraints imposed on the derivative of 
the acceleration, ‘ 

FIGS. 3A, 3B, 3C represent the geometric shapes of 
the servo response of the control system as a function 
of time, 
FIG. 4 is the distance-speed diagram of a vehicle 

which is under control between two stations, 
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2 
FIG. 5 is a diagram showing the units of a second 

mode of construction of a control system according to 
the invention, 
FIG. 6A represents a control system for a discontinu 

ous setting speed, 
FIG. 68 represents a control system for an all or 

nothing speed setting control signal. 
As shown in FIG. 1, the control system is intended to 

drive a vehicle 1 at speed, powered by a motor 2, c0n~ 
trolled by an ampli?er 3. The control system receives 
speed settings VE in a discontinuous manner and must 
obtain a continuous motor control signal, respecting 
the acceleration and the derivative of the acceleration 
constraints. 
The constraints relative to the derivative of the accel 

eration ii are the following: 
The derivative of the acceleration can assume only 

three values: +a, 0 —a; a is the maximum permitted 
value for the comfort of the passengers. This is one ex 
ample of the utilization of the controlled vehicle. These 
constraints could be different in the case where a vehi 
cle is transporting fragile or other objects. 
The constraints relative to the derivative of the accel 

eration 7°I are given invtable 1 below; 

(1) ~$=+qif 636, 
13: 0 if ——e<e<+e1 
7° = —a if e561 

In this table, the variable e on which 1‘? depends is ob 
tained by comparing the speed setting VE and the ac 
tual speed VS, as will be explained later. 
To avoid oscillation at the level of )9 = O, a limit 6, is 

chosen which is not zero but rather small when the 
motor speed is steady. Thus e, is fixed at about 0.5 per 
cent on the speed scale VB. 
From the values of 3°’ indicated above. the various 

segments are integrated, which gives the acceleration 
indicated in the table 2 as follows: 

v,,=-L’ if f§dt5 —L’ 

,/is the constraint relative to the acceleration. 
L’ is the constraint relative to the deceleration. 
The result of this integration and the initial con 

straints ?xed for 3" is shown in FIG. 2. For the accelera 
tion control signal for the motor, the acceleration y, is 
de?ned by the formula 

w = Kme " vs) 

A coefficient K2zl0 is chosen so that the actual ac 
celeration ys is close to the acceleration ye. 
The control system receives the setting speed signal 

VE. It also receives the actual speed signal VS obtained 
on the vehicle. A comparison of these two speeds in the 
comparator 4 results in a certain signal VE — VS. As this 
signal does not take into account the phase advance, 
the signal Vs is used and modi?ed in the device 5 and 
multiplied by K, in the multiplier 6 for transmission to 
the comparator 7. 
This comparator 7 provides an output signal 
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P is the LAPLACE, operator. 7 
The signal eis transmitted to the setting value selec 

tor device 8 which outputs one of the three values of 
~7 given in table 1. This derivative of the acceleration is 
integrated in the integrator 9. Parallelto this integrator 
9 is a limitator device 10, ?xing the maximum values, 
(L) andminimum values (-L’) of the setting accelera-v 
tion yeQThis limitator devicevoperates, for example, by 
total feed-back when the signal provided by the inte 
grator 9 exceeds the value + L or is less than the value 
—- L’. Thelimitator 10 also makes it possible to make 
a digital control device by means of which the output 
of the integrator 9 is compared with two value limits, 
which, when they have been reached, eliminates the in 
tegrator. The signal ‘ye is transmitted to the comparator 
11 which compares it with the actual acceleration ys 
obtained from the actual speed Vs. The output signal of 
this comparator 11 is multiplied by Kzin‘ the multiplier 
12. This gives the control acceleration 70 sent to the 
ampli?er 3. This latter controls the motor 2 driving the 
vehicle 1. ' 

By appropriate choice of the various control ele 
ments and in particular by fixing K2 == 10, the control 
system is freed from the considerable variations to 
which the mass transported by the vehicle is subjected. 
Thus, between one station and the other, the vehicle 
can be full'or empty. The actual speed of the vehicle, 
signal Vs, is determined in the known way. To obtain 
the actual acceleration 'ys of the vehicle, from the ac 
tual speed, the actual speed signal is differentiated 
within the used frequency band (O-l hz). 
The geometric representation of the servo response 

is shown in FIGS. 3A, 3B and 3C which show the 
speeds and accelerations as a function of time. 
By rearranging the formula 4, the following formula 

is obtained: 

(5) 

In the present case, 

I ' T ~01 s 

and 

K, = 1.1 s 

7 By putting _ 

V* = [1 + (7+ K,)P/1+rP]VS 

the curve in FIG. 3A is obtained. ‘ 
Since the value limits of e are given, the three possi 

ble values of 4? represented in FIG. 3B are obtained. 
The value 7s represented in FIG. 3C is obtained by in~ 
tegration. This servo response. is extremely rapid. Tak 
ing this into account, it is necessary only to modify the 
setting speed VE vto modify the speed of the controlled 
vehicle._Applying this control system to a vehicle which 
moves on a line between various stations,‘a distance 
speed diagram is obtained as shown in FIG. 4. In this 
diagram the speed setting VE is represented by a broken 
line. The diagram illustrates in particular the slowing 
down of the vehicle which, starting from the station A 
at zero speed, accelerates to reach a speed correspond 
ing to the setting V3. The vehicle moves'at that speed 
and then gradually slows down after receiving, at points 
a, b, c, the settings VL- , , VE ” . V,- ,, ', to come fi 
nally to a stop at the station B. It is seen from this dia 
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gram that a continuous speed is obtained as a result of 
a discontinuous speed setting. 
A second mode of construction of a control system 

according to the invention is shown inFIG. 5; In this 
case the control of a motor is concerned whose speed 
is already under control. This arrangement is very close 
to that of the mode of construction shown in FIG. I 
and, for the sake of simplifying the description, the 
same references have been used for similar units. 
The control system applies to a vehicle 1 driven by 

a motor 2-.whose speed is already under control. The 
motor 2 receives a speed control signal V‘- which takes 
into consideration the actual speed VS and the con 
straints related to the acceleration and to the derivative 
of the acceleration. To this effect, the phase of the ac 
tual speed VS is advanced by device 13'. The output sig 
nal is transmitted to the comparator 4 which also re 
ceives the signal corresponding to the speed setting Vs. 
The output signal e provides one of the values of the de 
rivative of the acceleration 3°’, in the device 8. This de 
rivative of the acceleration fl is integrated at 9, the 
value of the integral being limited at 10. This gives the 
setting acceleration ye which is transmitted to the com 
parator 14. This comparator 14 also receives a signal 
coming from the positive part of the speed difference 
modifier device 17, itself receiving a speed difference 
signal coming from the comparator 16. The “positive 
part” function of device 17 is such that for a positive 
input its output is equal to the input; for a negative 
input its output is zero. The two inputs to the compara 
tor 16 are the actual speed VS and the control speed V('. 
The comparator 14 provides a signal which is trans 
formed at 15, providing the control speed VC. 
As stated above, in the second mode of construction 

of the control system according to the invention, the 
control variable is no longer a couple, as in the first 
case, but a speed. The servo response is similar to that 
obtained with the first mode of construction and the 
?elds of application are the same. 
The speed control system of the invention is suited in 

particular to the control of traction motors, pulling ve~ 
hicles, enabling automatic piloting to be effected on 
site, such as a subway network or similar. ' 

In the description above, consideration is given to ef 
fecting control by means of discontinuous speed set 
tings. However, control by all or nothing speed signals 
can equally be envisaged. 
These two control modes are represented schemati- ' 

cally in FIGS. 6A and 6B. The feature of the ?rst mode 
of control is to ensure a modulation of the speed ampli 
tude while the second mode of control enables durable 
control to be ensured. The two types of control can be 
super-imposed when, for example, it is desired to effect 
speed corrections. _ 

In comparing the FIGS. 6A and 6B, it is seen that in 
the first case (FIG. 6A) the actual speed signal Vs of 
the vehicle becomes equal to the setting speed signal VE 
a certain time. On the other hand, in the case of the all 
or nothing control FIG. 6B, the input signal (positive- a 
negative, in the present case) is a signal of large ampli 
tude. The amplitude of the signal is of little importance. 
The control system thus follows the path of the contin 
uous lines without attaining the input signal. 

In FIG. 68 there is a first positive signal. At a a nega 
tive signal is sent and the servo curve inverts itself up 
to the moment B where the device again receives a pos 
itive signal which redresses the curve. 
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It is obvious that the invention is not limited to the 
examples of its application hereinabove described and 
illustrated and that if necessary, other modes and other 
forms of application can be used without departing 
from the scope of the invention. 
What is claimed is: 
l. The method of controlling a traction motor, in the 

operation of a railroad train, rapid tansit train, or like 
vehicle, comprising the following steps: 
A. sensing the actual speed of the vehicle to develop 
an actual speed signal V,; 

B. developing a speed setting signal V,,; 
C. modifying the actual speed signal to advance the 
phase thereof, thus developing a modi?ed actual 
speed signal; . 

D. additively comparing the signals from steps B and 
C to develop a selector signal 6; 

E. differentiating the selector signal 6 within the con 
straint limits +a, 0, —a to develop a derivative of 
setting acceleration signal 3°’ having values as fol 
lows: 
: +a A a £1 

wherein a, is of a predetermined amplitude; 
F. integrating the derivative of setting acceleration 

signal in accordance with l/p and within accelera 
tion constraint limits +L and —L to develop a set 
ting acceleration signal ye; 

G. additively comparing the setting acceleration sig 
nal ye with an actual acceleration signal to develop 
an initial control signal 'yc; 

H. and effectively applying the initial control signal 
to the traction motor to control motor operation. 

2. The method according to claim I in which the 
speed setting signal VB is discontinuous. 

3. The method according to claim 1 in which the 
speed setting signal VE is continuous. 

4. The method according to claim 1 in which the 
speed setting signal VB is a step signal varying between 
two fixed values. 

5. The method according to claim 1 in which the 
traction motor is subject to an additional speed setting 
control, and including the following additional steps: 

I. integrating the initial control signal yc in accor 
dance with ‘l/p to develop a control speed signal VC 
which is applied to the traction motor; 
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J. and additively combining the control speed signal 

V0 with the actual speed signal V8, and the positive 
part of the resulting signal constitutes the actual ac 
celeration signal employed in step G. 

6. The method according to claim 1, including the 
following additional step: 

B’. additively comparing the signals VS and VB to de 
velop a speed difference signal; 

and in which that speed difference signal is employed 
as the speed setting signal in step D. 

7. A speed control system for controlling a a traction 
motor in a railroad train, rapid transit train, or like ve 
hicle, comprising: 
sensing means for sensing the actual speed of the ve 

hicle to develop an actual speed signal VS; 
?rst additive comparator means for comparing the 

actual speed signal Vs with a speed setting signal VE 
received from an external source to develop a se 
lector signal 6; 

differentiating and limiting means for differentiating 
the selector signal 6 to generate a derivative of set 
ting acceleration signal {I within predetermined 
limits; 

?rst integrating means for integrating the signal 39 in 
accordance with l/p to generate a setting accelera 
tion signal ye; 

limiting feedback means, coupled to the ?rst inte 
grating means, for limiting the amplitude of the set 
ting acceleration signal ye within limits +L and ——L; 

second additive comparator means for comparing the 
limited setting acceleration signal ye with an actual 
acceleration signal ys for the vehicle to generate an 
initial control signal yc; 

second integrating means for integrating the initial 
control signal yc to develop a speed control signal 
Vc; . 

and means for applying the speed control signal VC to 
' the traction motor. 

8. A speed control system according to claim 7 in 
which the differentiating and limiting means is con 
structed to operate within the constraint limits +a, 0, 
and —a, so that the signal 3'? varies as follows: 

)9 = —a if e s e, 

where e, is a predetermined amplitude. 
* * * * * 


