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ing the power transfer between two vehicle wheels which are driven by a
common input shaft This invention relates to slip control systems for
through a differential unit when one of said vehicles having differentially
driven road wheels   wheels loses traction, said system being of the in
which slip is controlled by application of a    5    type which includes
means for generating wheel braking force to the spinning wheel, and more
speed signals and means for applying a braking particularly, to a method
and apparatus for de-     force to the wheel which loses traction. Such a
tecting a wheel speed transducer failure.           system is hereinafter
referred to as of the kind It is well known that the standard vehicle
having  described and another example of it is disclosed spaced apart drive
wheels orwheel sets which are   1o   in US-A-3025772. powered by a single
engine through a differential     Neither system provides effective means
for drive experiences difficulties when one of the two  distinguishing
between the signal resulting from differentially driven wheels loses
traction. Con-   a transducer failure and the signal resulting from ditions
which give rise to a loss of traction exist  a true slip condition wherein
one wheel has lost commonly in construction sites and other off-   15
traction. Both conditions include an indication road locations as well as
on normal roads during    that one wheel is stationary and the other is
wet, snowy or icy weather. A truck or automobile    turning. Accordingly,
automatic system actuation having one of two differentially driven wheels
may occur when it is neither required or advan-. sets on ice and the other
on ground providing       tageous to the vehicle operation. good traction
is often unable to move due to the    20  Another related prior art system
is disclosed in fact that the action of the differential drive system
US-A-3871249. In this system, a mechanical directs all power to the wheel
having no traction.  locking device for a differential is equipped with a
The result is a slip condition wherein the wheel    drive shaft speed
sensor which inhibits lockup if without traction rotates at twice its
normal speed  shaft speed  exceeds  some  predetermined under given gear
ratio specifications and the    25   amount. No means are provided for
determining wheel with traction remains stationary.             the
relationship between shaft and wheel speeds. To alleviate the slip or loss
of traction condition,  Hence it is not concerned with the problem of
various mechanical anti-spin devices have been      transducer failure and
gives no teaching with developed and put into'commercial use. Such
respect to it. devices, however, can produce an abrupt transfer   30  The
present invention is directed to overcoming of all driving power to the
wheel or wheel set      the problems of the prior art and to provide an
having traction. This abrupt and full power trans-  improved vehicle slip
control system wherein slip fer can create such mechanical stresses as to
is positively  distinguished  from  transducer shorten the useful life of
the drive train and/or   failure. cause catastrophic failure. in addition,
mechanical   35  According to one aspect of the present inven- anti-spin
units often fail to accommodate the       tion, a system of the kind
described is charac- wheel speed differential which arises during nor-
terized by means for generating a signal re- mal turning of the vehicle and
hence gives rise to  presenting input shaft speed, and means for pre-
excessive tyre wear due to drag effect.             venting actuation of
the braking means for slip An alternative approach to the slip problem due
40   control purposes until the ratio of the speed of the to loss of
traction in differentially driven vehicles  wheel which loses traction to
the speed of the involves the provision of separately actuable       input
shaft exceeds a predetermined value. drive wheel brakes whereby the
operator can           Known wheel speed transducers for generating
selectively apply a braking force to the spinning   wheel speed signals may
be used together with a or slipping wheel thus to effect a balancing of
45   third transducer associated with the drive shaft, power as between the
slipping and nonslipping       or a component rotating in unison therewith,
for wheels; i.e., the application of the braking force to  generating an
input speed signal. the slipping wheel simulates increased rolling
According to another aspect of the present resistance and results in a more
even distribution  invention, a method for balancing the power of power as
between the two differentially driven   so   transfer between two vehicle
wheels which are wheels. Systems of this type are common on farm     driven
by a common input shaft through a vehicles but are not believed to be
practical on    differential unit when one of said wheels loses large
transport or off-road vehicles such as trucks  traction comprises the steps
of developing and road graders.                                   signals
representing the speeds of the differen- More sophisticated approaches to
slip control   55   tially driven wheels; developing a third signal rep-
using the selectively actuable wheel brake          resenting the input
shaft speed; comparing the systems are known in the prior art. These
systems   input shaft speedisignal to the larger of the wheel include speed
sensors disposed on or adjacent       speed signals; and applying a braking
force to the each of the differentially driven wheels for        higher
speed wheel only when the ratio of the generating speed signals, means for
comparing    60   wheel to shaft speeds exceeds a predetermined the two
signals to develop a slip signal and selec-  value. tively operated
solenoid means or solenoid            The invention will now be described
by way of operated valves to actuate either the left or right  example with
reference to the accompanying wheel brake when a slip condition is
detected.      drawings, in which:- US-A--4066300 discloses a system for
balanc-   65   Figure 1 is a schematic diagram of a vehicle 2 
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incorporating an anti-slip control    in a known manner. However, other
known trans- system in accordance with the invention;           ducers,
such as optical and Hall effect devices Figure 2 is a block diagram of a
wheel slip con-  may be employed as alternatives. trol system in accordance
with the invention and     Controller 220 operates upon the three signal
including  a  microprocessor  to  perform     5    inputs to determine the
existence, magnitude and mathematical calculations and comparisons;
location of wheel slip during a loss of traction Figure 3 is a more
detailed block diagram of a   situation, and to distinguish between wheel
slip portion of the overall system of Figure 2;         and a transducer
failure. If a true slip condition is Figure 4 is an operational flow chart
from which  indicated, the power transfer between the two programming for
the microprocessor in the    10   differentially driven vehicle wheels 200
and 202 is example of Figure 2 may be readily developed;      balanced by
applying a proportional braking force and,
to the wheel which loses traction. This is accom- Figure 5 is a chart of
brake hold off pressure   plished by means of location selection valve 230
versus time and is utilized in describing the      and proportioning valve
232, both of which are operation of the example of Figure 2.         15
connected to receive output signals from the con- Figure 1 illustrates an
example of the invention  troller 220. The valves 230 and 232 operate in as
applied to the detection and control of slip due  combination with a supply
234 of oil or brake fluid to loss of traction in a vehicle having road
wheels  under pressure, the fluid lines from supply 234 200 and 202 driven
by a single engine (not shown)  running both through the proportioning
valve 232 through an input or drive shaft 204, a differential   20   and
around the proportioning valve to the 4-way unit 206 and half-axles 208 and
210 respectively.  solenoid operated valve 230 which directs full The drive
system is per se conventional and no     pressure to one of the parking
brakes 212, 214, details beyond these need be given for an under-   and
modulated or proportionally controlled fluid standing of the invention.
pressure to the other. In this instance brake Wheels 200,202 are stopped by
spring engaged    25   pressure is applied by relieving fluid pressure in
emergency/parking brake pistons or hydraulically   one or the other of the
two brake lines 236 and engaged service brake pistons of brakes 212,214.
238. This is a consequence of the selection of The brakes are spring biased
so that when no       spring biased brakes 212, 214 and could be hydraulic
pressure is present, the emergency/-     straightforwardly implemented in
the reverse parking brakes engage and stop the wheels.   30   fashion,
i.e., brake pressure might be increased in During operation of the vehicle
the brakes are     direct rather than inverse ratio to the applied fluid
maintained in the disengaged position by fluid     pressure. pressure as
disclosed in US-A-3927737. The           Figure 2 illustrates the preferred
implemen- brakes are normally actuated via a service brake   tation of the
electronic controller 220 of Figure 1. line 237 coming from the rear wheel
service brake   35   In this implementation a solid state digital micro-
and retarder master cylinders (not shown). The     processor 242 of the
type available from such service braking system, per se, is well known and
sources as Motorola and Fairchild is utilized to does not form part of this
invention. The brakes   perform system control functions; most notably, are
also actuated through the parking/emergency    to compare the speed of the
spinning wheel to the brake lines 236, 238 as described in detail below.
40   speed of the input shaft 204 and to enter the slip The slip control
system comprises a left wheel    control made only if the speed ratio
matches or speed pickup in the form of an electromagnetic     exceeds a
given value. Microprocessor 242 also is transducer 216 which operates to
provide pulses    programmed to establish a plurality of slip value in
cooperation with a gear-like device 218 which is  bands, each band having
defined slip signal mounted in the housing for axle 208 so as to be   45
values and each band having associated there- rotated with said axle.
Signals from pickup 216    with an applied brake force value expressed in
are applied to one input of an electronic controller  terms of fluid
pressure. The microprocessor is 220, the details of which are hereinafter
de-      readily programmed to respond to signals from scribed. The right
wheel speed signals provided    the left, right and drive shaft pickups
216, 222 and by means of a pickup 222 operate in conjunction    50   226,
respectively, to generate a slip signal and to with a gear-like device 224
which rotates with the  compare the slip signal to the limits of each of
the axle 210. The right wheel speed signal is applied  bands, thereby to
determine the particular band to another input of electronic controller
220.     within which the slip signal resides in any given Finally, a drive
shaft speed signal is generated by  time. To this end microprocessor 242 is
opera- pickup 226 and gear-like device 228 which rotates   ss  tively
interconnected with a band value memory with the drive shaft 204. The drive
shaft speed    244 and a timer 246 which establishes a timing signals are
applied to a third input of electronic  cycle hereinafter described.
Pickups 216, 222 and controller 220.                                    226
are connected through an input protection All of the transducers 216, 222
and 226 are       circuit and noise filter circuit which provides
preferably electromagnetic type devices for   60   appropriately digitized
input signals to the micro- measuring a change in magnetic reluctance due
processor 242. A retard brake pressure switch 248 to a varying air gap
between the pickup pole and a  and a service brake pressure switch 250 are
con- rotating ferrous disk or gear. Such devices pro-   nected through
input protection and noise filter 



duce a time varying output voltage which is easily  circuit block 252 to
the microprocessor 242 for amplified and shaped into square pulses or
spikes   65   resetting the anti-spin control to OFF when the    5
0 051  601                       6 service brakes or retarder are actuated,
much the    through conventional logic and applied to a step- same as an
automobile cruise control is reset OFF    per motor, ladder network or
other summing when the service brakes are applied. This feature    device
operatively interconnected with the pro- gives the vehicle operator
uncontested control of    portioning valve. the braking function when he is
using the service    5 brakes.
Industrial Applicability Completing the description of the block dia-
Referring now to Figures 1,4 and 5, an example gram of the system as shown
in Figure 2, micro-      of industrial applicability will be described with
processor 242 has three illustrated outputs, the    reference to the
operation of a vehicle having first output going through a pulse width
modu-   10   differentially driven wheels 200 and 202, a drive lated servo
valve driver 254 to the servo operated   shaft 204 and a differential unit
206 through which proportioning valve 232. The second output goes      the
wheels 200 and 202 receive power from a to the solenoid driver 234
associated with the left  single engine. It is further assumed that the
direction shuttle valve 230a and the third output    vehicle on which the
wheels 200 and 202 are goes through solenoid driver 236 to the right   15
mounted has a turning capability which, when direction shuttle valve 230b.
It will be appreciated  employed to full effect, results in a maximum that
the outputs to the solenoids 230a and 230b      wheel speed differential of
1.5. are represented in Figure 1 as a single line for       By way of
preliminary summary, the operation purposes of simplicity.
of the embodiment of Figures 1 and 2, when Figure 3 illustrates a preferred
implementation    20    programmed in accordance with the flow chart of of
the pulse width modulated servo valve driver      Figure 4, involves the
definition and storage of 254 in greater detail. The pulse width modulation
five speed differential or slip bands' and the servo -valve driver 254
comprises a duty cycle       further definition of braking forces,
expressed in generator 256 in the form of a digital to pulse      brake
fluid pressure increments, associated with a width converter, such as
Motorola integrated    25   speed differential value for each band. In
addition, circuit number 6840. An oscillator 258 is con-       a relatively
high slip value threshold is set for nected to the duty cycle generator 256
to provide    entering into the slip control mode while a rela- a base
frequency. The output of the duty cycle       tively low slip threshold
value is established for generator is a width modulated pulse train at a
exiting from the slip control mode. In addition, a frequency of 100 Hz and
this signal is applied to   30   timing period is established whereby the
slip an amplifier 260 which increases the amplitude of    value is
periodically redetermined and, to the the signal as shown. The signal is
applied to a      extent it remains within a given band, a brake
proportioning valve 262, such as the proportional    pressure increment,
either positive or negative, is controller model number 82 which is
available        effected at the end of each clock time until the slip from
the Fema Corporation of Portage, Michigan.   35   value moves to another
band. Finally, an indica- The proportional controller is in turn connected
to  tion of slip is always cross-checked by comparing the control valve 232
in a manner well known to     the speed of the spinning wheel to the speed
of those skilled in the art to vent the pressure from   the drive shaft 204
so that the functional failure of supply 234 and thereby modulate the brake
fluid      one wheel speed pickup is not misinterpreted as a pressure in
whichever of the lines 236 and 238 is   40   slip condition. This latter
function derives from selected by valve 230.
the phenomenon of differential drives wherein a Referring now to Figure 4,
a flow chart defining   100% slip condition results in a ratio of slipping
the internal programming for the microprocessor      wheel speed to drive
shaft speed which is double 242 and associated memory 244 is shown. From
the normal ratio existing under non-slip, non- this flow chart a programmer
of ordinary skill can    45   turning conditions. Assuming a 1:1 rear axle
ratio, develop a specific set of instructions for a general  this can be
simplified by saying that a 100% slip purpose microprocessor so as to
define the           condition exists when the clipping wheel speed is
necessary slip signal value bands, timing cycles,   twice the drive shaft
speed. and brake fluid pressure values which are essen-       Having
briefly summarized  the functional tial to the full implementation of the
invention as   50   characteristics of the properly programmed hereinafter
described. It will be appreciated that   system a full description of
operation will now be while the best mode of the invention comprises
given. the properly programmed microprocessor, the            Flow chart
block 264 (Figure 4) represents the programming of which is disclosed in
Figure 4        sampling of data from the left and right speed and the
result of which is the creation of novel   55   signal pickups 216 and 222;
it will be appreciated hardware associations within the microprocessor
that such data is placed in given address locations and its associated
devices, it is possible to imple-  by the microprocessor so that it is
available for ment the invention utilizing more traditional hard-  later
retrieval and processing for calculation pur- wired circuits including
comparators, summers        poses. As a first condition it is assumed that
one and gates. For example, slip signal values may be   so   of the axle
speed signals is equal to zero. If this is generated by means of tachometer
generators          the case the routine progresses along the right 



and voltage comparators and the result applied to    side of the flow
diagram in Figure 4. Block 266 a series of biased comparator amplifiers
rep-        represents input of the drive shaft speed signal resenting a
series of contiguous slip value bands.   from pickup 226, it being
understood that this The outputs of the amplifiers may be summed    65
signal is also placed in a predetermined storage 4    7                  0
051  601                      8 location by the microprocessor. The input
or drive  sequence at timed intervals until either the zero shaft speed
signal is compared in block 268 with   speed wheel starts to turn or else
the brake hold the non-zero wheel speed signal and if the ratio of  off
pressure is decremented to nearly zero psi the wheel speed to drive shaft
speed is equal to or  (<10 psi). In the latter case, the brakes are then
less tham 1.5 it is assumed that the wheel show-    5    released
completely. In the former case, the con- ing zero speed is actually turning
and the zero    trol follows the path from block 264 to block 296
indication is the result of a pickup failure. The  and beyond as described
in the following para- program then calls for a return to the original
graphs. input point; in addition it may be desirable to set  Assuming the
result of calculation block 264 an output signal condition which alerts the
10   indicates that neither wheels 200 nor 202 is operator to the apparent
transducer failure.       stopped; i.e., the vehicle is moving, the program
If the rotating wheel speed is greater than 1.5  branches to block 296
representing a calculation times the drive shaft speed, as indicated by
corn-  subroutine. In essence, the calculation subroutine parison steps
268, the program progresses to the   involves determining the location of
the actual evaluative step represented by flow chart blocks   15   slip
value within each of five bands represented 270a, 270b and 270c. If the
condition represented  by the small table shown to the upper left side of
by block 270a is satisfied the program progresses  Figure 4. Note that the
slip bands are contiguous, to block 272a which is an event counter
requiring  i.e., the upper limit of one band is the lower limit several
successive cycles of positive signal con-  of the next band and that the
highest slip value ditions before the "brake latch" condition, i.e., the
20   which is required for activation is 1.7. activation of the slip
control system is begun. It   Program blocks 298, 300 and 302 representing
has been found that such a delay is advisable      the determinations of
which wheel is the faster from the standpoint of efficient system operation
rotating wheel and the proper disposition of the so as to filter out short
term aberrations in wheel  shuttle valve 230 so as to direct modulated
brake speed condition. If the event counter has not   25   pressure to the
highest speed wheel and reached the delay time a the program progresses
unmodulated brake pressure to the lower speed to block 274a which involves
incrementing the      wheel. The program then advances to block 304
counter. From this point the program returns to    to determine whether or
not a sufficient slip time the original input condition.
period has elapsed to begin operation of the If the condition represented
by program block   30   system. If insufficient time has elapsed program
270b is satisfied the program progresses to blocks  block 306 simply
increments the counter and 272b and 274b in the manner previously de-
begins the process over again. If sufficient time scribed. If either block
272a or 272b produces a   has elapsed the program advances-to block 308
positive signal condition the program progresses   which scans the various
signal conditions which to block 276 which involves a determination-of the
35   might disqualify the vehicle for operation of the input signal switch
conditions controlling the     slip control system. If, however, the
vehicle qual- service brake, the retarder and/or the vehicle     ifies for
slip control the program advances to a speed. In addition, it may be
advisable to check   selected one of the bands 310, 312, 314, 316 and brake
pressure.                                    318. Assuming that a slip
condition is first deter- If the speed signal condition represented by   40
mined and that the time a has elapsed, the vehicle block 270c is satisfied
the program advances to    can only enter the slip control mode via band 5;
blocks 278, 280, 282 and 284 to release the        the ratio of the high
speed wheel rate to the low parking brakes 212 and 214 and reset the timer.
speed wheel rate must be 1.7 or greater. How- The same result occurs if the
output of program    ever, as hereinafter described, the vehicle can exit
block 276 is positive.                       45   the control mode by
sequencing through the If the output of program 276 is negative the
lower bands 4 through 1 so as to produce a program progresses to block 286
to determine       smooth transition back to the uncontrolled mode. whether
the slip control system is activated. If the  Assuming the vehicle enters
band 5 through result is positive the effect is the same as entering
program block 318 and that a positive indication band 5, i.e., the most
severe slip condition band    50   is reached in the next program block 286
the and progressing to block 294 which increases the   brake force is
periodically incremented upwardly wheel brake force by decreasing the wheel
brake    by reducing the brake pressure as indicated in hold-off pressure
by the pressure increment x for  program block 294 by the increment X (psi)
for every timed interval established by the micro-     every timing cycle
until the slip value qualifies the processor timer. If program block 286
indicates   55   program for entry into another band. This is that the slip
control system is not operative the  indicated in Figure 5 where the first
step from the program progresses to block 288 which activates    hold off
pressure of 400 psi represents an abrupt the system and thence through
blocks 290 and       drop to 200 psi and three additional incremental 



292 to begin the timing cycle and reduce the brake  drops of approximately
33 psi so as to increase hold off pressure to a value just sufficient to
main-   60   the parking brake force through spring action with tain the
brakes in the off position. On the next   each increment. pass through the
above sequence, a positive          After the first large pressure drop and
the three result will be obtained at block 286 and in block  incremental
pressure drops the slip condition in 294 brake hold off pressure will be
decremented x  the example represented by Figure 5 is shown to psi. The
control will continue to repeat this   65   enter band 4; i.e., the slip
has been reduced to the 5    9                   0 051  601
10 point where the value is between 1.5 and 1.7. In    loses traction, said
system  being of the type this condition program blocks 320 and 322 cause
which includes means (216, 222) for generating the brake force to be
increased by a smaller         wheel speed signals and means (212, 214) for
increment Y (psi) for every timing cycle. Accord-   applying a braking
force to the wheel which loses ingly, the system approaches the full brake
force    5    traction, characterized  by  means (226) for condition in a
gradual curve where the incre-       generating a signal representing input
shaft ments become smaller toward the full brake force    speed, and means
(220) for preventing actuation condition.
of the braking means (212, 214) for slip control As is also represented in
Figure 5, reaching the   purposes until the ratio of the speed of the wheel
lower slip values so as to qualify for successive    1o    which loses
traction to the speed of the input entry into bands 3, 2 and 1, causes
gradually       shaft exceeds a predetermined value. increasing incremental
reductions in brake force      2. A system as defined in claim 1 wherein
the until the system is back to the uncontrolled con-   means (220) for
preventing actuation of the dition represented by the full brake pressure
con-  braking means further comprises means (242) dition of 400 psi. To
this end band 3 is the mirror   15   comparing wheel and input shaft speed
signals, image of band 4 and causes incremental reduc-         means (244)
defining a plurality of slip signal tions in brake force through
incremental in-        value bands each having defined slip value limits,
creases in brake pressure; band 2 is the mirror     and image of band 5 in
causing large (X) incremental      means  (232) incrementally  changing
the reductions in brake force. Band 1 has no counter-   20    braking force
in accordance with the band within part and causes fairly large reductions
in brake    which the current slip value falls. force as represented by the
increment W in the        3. System as defined in claim 2 wherein the
example diagram of Figure 5.                        means (244) defining
slip signal value bands From the foregoing it is apparent that the slip
further defines both positive and negative incre- control system operates
to detect slip, to apply a    25    mental changes, each change being
associated braking force to the slipping wheel and to periodi-  with a
given slip value band and the negative cally and incrementally modulate the
brake force    brake force incremental changes being associated either
positively or negatively in accordance with  with lower slip value bands.
the degree of slip which is detected by the           4. System as defined
in claim 2 wherein the system. The use of a drive shaft speed signal pro-
30    means (232) incrementally changing the braking vides a failsafe
condition wherein a false zero     force comprises a source (234) of brake
fluid speed indication from one of the wheel speed        pressure and
signal responsive means (232) con- transducers is immediately recognized
and the       nected to said means (242) and responsive to slip  control
system  appropriately  disabled.      outputs therefrom  for varying the
brake fluid Vehicle turning conditions giving rise to a slip   35
pressure applied to said wheels. indication of 1.5 or less but with both
wheels        5. System as defined in claim 4 wherein the turning, do not
cause entry into the slip control   means (232) incrementally changing the
braking modes since the conditions necessary for band 5     force further
comprises wheel selection means entry are not satisfied. On the other hand,
once    (230) responsive to outputs from said means (242) the slip control
mode has been entered via band    40   comparing wheel and input shaft
speed signal to 5, a new slip threshold is established such that the  vary
the brake fluid pressure to only one of said system  can exit from  the
slip control mode        wheels. through at least three incremental steps
rep-         6. System as defined in claim 2 wherein said resented by bands
3, 2 and 1.                       means (242) comparing wheel and input
shaft It will be appreciated by those skilled in the art   45   speed
signals comprises timer means (246) for that it is not essential to
incorporate all of the  controlling periodic repeated comparisons of the
steps represented in the flow chart of Figure 4 in a  slip signal value to
said bands. given system, nor is it necessary to utilize a micro-  7.
System as defined in claim 2 wherein the processor. However, such an
implementation is       means (232) incrementally changing the braking
deemed to be the best mode of implementing the    50   force further
comprises a duty cycle generator invention due to the broad and widespread
com-      (256) connected to receive an output from the mercial
availability of suitable microprocessor     comparison means (242) and to
vary the brake circuits, the  widespread  understanding  of        fluid
pressure applied under slip conditions to the programming techniques for
such micropro-           wheel which has lost traction. cessors, the cost
reduction in such integrated    55  8. System as defined in claim 1 wherein
the pre- 



circuitry which has been realized in recent years,  determined value is
about 1.5. and the flexibility which a programmable device       9. A
method for balancing the power transfer affords.
between two vehicle wheels (200, 202) which are driven by a common input
shaft (204) through a Claims                                         60
differential unit (206) when one of said wheels loses traction comprising
the steps of: 1. System for balancing the power transfer
developing signals representing the speeds of between two vehicle wheels
(200, 202) which are     the differentially driven wheels; driven by a
common input shaft (204) through a        developing a third signal
representing the input differential unit (206) when one of said wheels   65
shaft speed; 6    9                   0 051  601                      10
point where the value is between 1.5 and 1.7. In    loses traction, said
system  being of the type this condition program blocks 320 and 322 cause
which includes means (216, 222) for generating the brake force to be
increased by a smaller        wheel speed signals and means (212, 214) for
increment Y (psi) for every timing cycle. Accord-   applying a braking
force to the wheel which loses ingly, the system approaches the full brake
force    5    traction, characterized  by  means (226) for condition in a
gradual curve where the incre-       generating a signal representing input
shaft ments become smaller toward the full brake force    speed, and means
(220) for preventing actuation condition.
of the braking means (212, 214) for slip control As is also represented in
Figure 5, reaching the  purposes until the ratio of the speed of the wheel
lower slip values so as to qualify for successive   1o   which loses
traction to the speed of the input entry into bands 3, 2 and 1, causes
gradually       shaft exceeds a predetermined value. increasing incremental
reductions in brake force      2. A system as defined in claim 1 wherein
the until the system is back to the uncontrolled con-   means (220) for
preventing actuation of the dition represented by the full brake pressure
con-  braking means further comprises means (242) dition of 400 psi. To
this end band 3 is the mirror   15   comparing wheel and input shaft speed
signals, image of band 4 and causes incremental reduc-         means (244)
defining a plurality of slip signal tions in brake force. through
incremental in-       value bands each having defined slip value limits,
creases in brake pressure; band 2 is the mirror     and image of band 5 in
causing large (X) incremental      means  (232) incrementally  changing
the reductions in brake force. Band 1 has no counter-   20   braking force
in accordance with the band within part and causes fairly large reductions
in brake    which the current slip value falls. force as represented by the
increment W in the        3. System as defined in claim 2 wherein the
example diagram of Figure 5.                        means (244) defining
slip signal value bands From the foregoing it is apparent that the slip
further defines both positive and negative incre- control system operates
to detect slip, to apply a    25    mental changes, each change being
associated braking force to the slipping wheel and to periodi-  with a
given slip value band and the negative cally and incrementally modulate the
brake force    brake force incremental changes being associated either
positively or negatively in accordance with  with lower slip value bands.
the degree of slip which is detected by the           4. System as defined
in claim 2 wherein the system. The use of a drive shaft speed signal pro-
30   means (232) incrementally changing the braking vides a failsafe
condition wherein a false zero     force comprises a source (234) of brake
fluid speed indication from one of the wheel speed        pressure and
signal responsive means (232) con- transducers is immediately recognized
and the       nected to said means (242) and responsive to slip  control
system  appropriately  disabled.     outputs therefrom  for varying the
brake fluid Vehicle turning conditions giving rise to a slip   35
pressure applied to said wheels. indication of 1.5 or less but with both
wheels        5. System as defined in claim 4 wherein the turning, do not
cause entry into the slip control   means (232) incrementally changing the
braking modes since the conditions necessary for band 5     force further
comprises wheel selection means entry are not satisfied. On the other hand,
once    (230) responsive to outputs from said means (242) the slip control
mode has been entered via band    40   comparing wheel and input shaft
speed signal to 5, a new slip threshold is established such that the  vary
the brake fluid pressure to only one of said system  can exit from  the
slip control mode        wheels. through at least three incremental steps
rep-         6. System as defined in claim 2 wherein said resented by bands
3, 2 and 1.                       means (242) comparing wheel and input
shaft It will be appreciated by those skilled in the art   45   speed
signals comprises timer means (246) for that it is not essential to
incorporate all of the  controlling periodic repeated comparisons of the
steps represented in the flow chart of Figure 4 in a  slip signal value to
said bands. given system, nor is it necessary to utilize a micro-  7.
System as defined in claim 2 wherein the processor. However, such an
implementation is       means (232) incrementally changing the braking
deemed to be the best mode of implementing the    50   force further
comprises a duty cycle generator invention due to the broad and widespread
corm-     (256) connected to receive an output from the mercial
availability of suitable microprocessor     comparison means (242) and to
vary the brake 



circuits, the  widespread  understanding  of        fluid pressure applied
under slip conditions to the programming techniques for such micropro-
wheel which has lost traction. cessors, the cost reduction in such
integrated    55  8. System as defined in claim 1 wherein the pre-
circuitry which has been realized in recent years,  determined value is
about 1.5. and the flexibility which a programmable device       9. A
method for balancing the power transfer affords.
between two vehicle wheels (200, 202) which are driven by a common input
shaft (204) through a Claims                                        60
differential unit (206) when one of said wheels loses traction comprising
the steps of: 1. System for balancing the power transfer
developing signals representing the speeds of between two vehicle wheels
(200, 202) which are     the differentially driven wheels; driven by a
common input shaft (204) through a        developing a third signal
representing the input differential unit (206) when one of said wheels   65
shaft speed; 6    11                  0 051 601                       12
comparing the input shaft speed signal to the     Schlupfsignalwerts fOr
die Binder zu steuern. larger of the wheel speed signals; and
7. System nach Anspruch 2, wobei die Mittel       I applying a braking
force to the higher speed      (232) zur inkrementalen Anderung der
Bremskraft wheel only when the ratio of the wheel to shaft     ferner einen
Arbeitszyklusgenerator (256) auf- speeds exceeds a predetermined value.
5    weisen, und zwar geschaltet zum Empfing einer 10. A method as defined
in claim 9 wherein the    Ausgangsgr6loe von den Vergleichsmitteln (242)
predetermined value is about 1.5.                   und zur Veranderung des
Bremsstromungsmittel- drucks der unter Schlupfbedingungen an das Rad
Patentanspruche                                     angelegt wird, welches
Zugkraft verloren hat. to     8. System nach Anspruch 1, wobei der vorbe-
1. System  zum  Ausgleich  des Leistungs-         stimmte Wert ungefihr 1,5
betragt. transfers zwischen zwei Fahrzeugradern (200,          9. Verfahren
zum Ausgleichen des Leistungs- 202) die durch eine gemeinsame Antriebswelle
transfers zwischen zwei Fahrzeugradern (200, (204) uber eine
Differentialeinheit (206) ange-     202) die durch sine gemeinsame
Antriebswelle trieben werden, wenn eines der Rider Zugkraft   15   (204)
uber eine Differentialeinheit (206) ange- verliert, wobei das System zur
Bauart geh6rt, die   trieben werden, wenn eines der Rider Zugkraft Mittel
(216, 222) aufweist, urm Raddrehzahisignale  verliert, wobei folgende
Schritte vorgesehen zu erzeugen und mit Mitteln (212, 214) zum
sind: Anlegen einer Bremskraft an das Rad welches           Entwicklung von
Signalen welche die Dreh- Zugkraft verliert, gekennzeichnet durch Mittel
20   zahlen der unterschiedlich angetriebenen Rider (226) zur Erzeugung
sines Signals reprisentativ     darstellen; fOr die Antriebswellendrehzahl
und Mittel (220)       Entwicklung eines dritten Signals welches die zur
Verhinderung der Betitigung der Bremsmittel     Antriebswellen-Drehzahl
reprisentiert; (212, 214) fOr Schlupfkontrollzwecke bis das Ver-
Vergleich des Antriebswellen-Drehzahisignals hAltnis aus der Drehzahl des
Rades welches die   25   mit dem gro~eren der Rad-Drehzahisignale; und
Zugkraft verliert zu der Drehzahl der Antriebs-       Anlegen einer
Bremskraft an das die hohere welle einen vorbestimmten Wert Obersteigt.
Drehzahl aufweisende Rad nur dann, wenn das 2. System nach Anspruch 1,
wobei die Mittel       Verh3ltnis aus Rad- zu Wellen-Drehzahlen einen (220)
zur Verhinderung der Betitigung der Brems-    vorbestimmten Wert
ubersteigt. mittel ferner Mittel (242) aufweisen, welche die   30  10.
Verfahren nach Anspruch 9, wobei der Rad- und
Antriebswellen-Drehzahlsignale ver-        vorbestimmte Wert ungefahr 1,5
betrigt. gleichen, mit Mitteln (244) die eine Vielzahl von
Schlupfsignalwertbindern definieren, deren je-      Revendications des
definierte Schlupfwertgrenzen aufweist, und schlieBlich mit Mittel (232)
die in inkrementaler   35  1. Systeme pour equilibrer la transmission de
Weise die Bremskraft Andern, und zwar ent-          puissance entre deux
roues (200, 202) d'un vehi- sprechend mit dem Band innerhalb welches der
cule, qui sont entrainees par un arbre d'entree laufende Schlupfwert fallt.
commun (204) par l'intermediaire d'un differentiel 3. System nach Anspruch
2, wobei die Schlupf-     (206), lorsque l'une desdites rouss n'exerce plus
signalwertbander definierenden Mittel (244) fer-   40   son effet de
traction, ledit systeme etant du type ner sowohl positive als auch negative
inkremen-     comportant des moyens (216, 222) pour gen6rer tale Anderungen
definieren, wobei jeder Ande-       des signaux de vitesse des roues et des
moyens rung mit einem gegebenen Schlupfwertband as-        (212, 214)
servant A appliquer une force de frei- soziiert ist und die negativen
Bremskraftinkre-     nage a la roue qui n'exerce plus son effet de trac-
mentalanderungen mit niedrigeren Schlupfwert-   45   tion, caracterise par
des moyens (226) pour gene- bindern assoziiert sind.
rer un signal representatif de la vitesse de l'arbre 4. System nach
Anspruch 2, wobei die Mittel       d'entr6e, et des moyens (220) servant A
empecher (232) zur inkrementalen Anderung der Bremskraft    I'actionnement
des moyens de freinage (212,214) eine Quelle (234) von
Bremsstromungsmittel-         pour permettre un ajustement du patinage jus-



druck und Signalansprechmittel (232) aufweisen,   50   qu'a ce que le
rapport de la vitesse de la roue, qui verbunden mit den Mitteln (242) und
anspre-         n'exerce plus son effet de traction, a la vitesse de chend
auf die Ausgangsgrogen davon um den an        l'arbre d'entree d6passe une
valeur predeter- die Rider angelegten Bremsstr6mungsmittel-          min6e.
druck zu verandern.                                   2. Systeme selon la
revendication 1, dans lequel 5. System nach Anspruch 4, wobei die Mittel
5   les moyens (220) servant A empecher l'action- (232) zur inkrementalen
Anderung der Bremskraft     nement des moyens de freinage, comprennent en
ferner RadwahImittel (230) aufweisen, die auf die   outre des moyens (242)
comparant les signaux de Ausgangsgrolen von den Mitteln (242) zum Ver-
vitesse des roues et de I'arbre d'entree, des gleich der Rad- und
Eingangswellen-Drehzahl-        moyens (244) definissant une s6rie de
bandes de signale ansprechen um den Bremsstromungs-   60   valeurs de
signaux de patinage, comportant cha- mitteldruck fOr nur eines der Rider zu
verandern.   cune des limites definies de valeurs de patinage, 6. System
nach Anspruch 2, wobei die Mittel       et [es moyens (232) faisant varier
par increments (242) zum Vergleich der Rad- und Antriebswellen-    la force
de freinage conformement A la bande A Drehzahlsignale Zeitsteuermittel
(246) aufweisen,   l'interieur de laquelle se situe la valeur instan- um
periodisch  wiederholte  Vergleiche  des   65 7 * C   L  M   S *    13
0 051  601                       14 tannee de patinage.
avec lesdites bandes. 3. Systeme selon la revendication 2, dans lequel
7. SystAme selon la revendication 2, dans lequel les moyens (244)
d6finissant-les bandes de va-       les moyens (232), qui font varier par
increments la leurs de signaux de patinage definissent en outre   force de
freinage, comprennent en outre un des variations incrementales A la fois
positives et    5    generateur (256) de cycles utiles, qui est raccorde
n6gatives, chaque variation etant associee A une     de maniere A recevoir
un signal de sortie de la bande. donnee do valeurs de patinage, et les
part des moyens comparateurs (242) et A modifier varations incrementales
negatives de la force de     la pression du fluids de freinage appliqu6e,
dans freinage 6tant associ6es a des bandes inferieures    des conditions de
patinage, a la roue qui n'exerce de valeurs de patinage.
to   plus sont effet de traction. 4. Systeme solon la revendication 2, dans
lequel     8. Systime solon la revendication 1, dans lequel les moyens
(232), qui font varier par increments la  la valeur pr6d6terminee est 6gale
A environ 1,5. force' de freinage, comprennent une source (234)      9.
Proced6 pour equilibrer la transmission de de pression du fluide de
freinage et des moyens      puissance ontre deux rouess (200, 202) d'un
vehi-  :, t(232)sensiblesiA dessignaux, qui sontraccord6s   i5   cule, qui
sont entrain6es par un arbre d'entr~e . '' '~ i . auxdits mrnoyens (':5242)
ts qui,: en' reponso aux  commun (204) par l'interm6diaire d'un
diff6rentiel   - ': signaux do sortie-:doe ce'ux-ci, modifient'la pression
(206), lorsque l'une desdites roues n'exorce plus du fluids de freinage
appliquee auxdites roues.     son effort de traction, incluant les Atapes
con- '5. Systeme solonla revendication 4,:dans lequel   sistant A:. los
M'oyens (2321) faisanrtv~arier par increments la   20  gen6rer des signaux
repr6sentant les vi- *: force doe freinage :comprennent en -outr  des
tesses des roues entratnoes par le diff6rentiel; ymaens (230) doe silection
des roues qui, on          -generer un troisieme signal repr6sentant la :
reponse aux signaux do sortie d6livres par lesdits  vitesse de l'arbre
d'entr6e; moyenis (242)' comparant les signaux de vitesse       - comparer
le signal de vitesso.: de l'arbre des roues et -do l'arbre d'entree,':
modifient la   25   d'entr6e au plus intense des signaux de vitesse
pression du fluids de freinage sur ':une seulement   .  des rous; et
desdites roues.    :                                     appliquer une
force de froinage a la roue, ' 6. Systemepselon la revonclication 2, dans
lequel  dont-Ia vitossoeet Ia plus elevee, uniquemoent lesdits rnoyens
(242), qul comparent les signaux    lorsque le rapport de la vitesse de la
rous A la d. vitesse des :oues .t do -'arbre d'entree,   30   vitesse de
I'arbre d6passe une valeur: predeter- comprennont dos moyens formant
minutorie             min6e. (246) pour commander une comparaison periodi-
10. Proced6 solon la revendication 9, dans quo r6pet6o de la valeur du
signal de patinage       lequel la valeur predetermin6e est 6gale A environ
-1.5. 35 40 45 55 60 65    


