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(57) Abstract: A method is provided
for controlling a drivetrain of a vehi-
cle which includes a prime mover
(12) operatively connected to at least
one tractive element (23). The method
included: (a) determining the vehi-
cle's total weight, and (b) using an
electronic controller (26) carried by
the vehicle, causing the prime mover
(12) to apply power to the tractive el-
ement (23) so a as to propel the vehi-
cle, the magnitude of the power being
a function of the vehicle's total
weight.
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SYSTEM AND METHOD FOR VEHICLE PERFORMANCE CONTROL

BACKGROUND OF THE INVENTION

[0001} This invention relates generally to motorized vehicles, and more particularly

to drive svstem performance control in such vehicles.

[0602] Off-highway vehicles, such as mimng trucks, are typically provided with a
drivetrain in which an internal combustion engine drives a generator that provides
electrical current to one or more traction motors. O lughway vehicles typically also
atihize dvnanuc or electric braking (relerred to interchangeably herein as "setard effost™),

in addition to hvdravhically or mechanically operated service friction brakes,

{003 Conventionally, mining trucks run at maximuem available power up a grade,
However, pavioad vanes significantly from tnip to trip, resulting in large vartances in on-
grade truck speed. This variance tends to cause a line of tracks 1o bunch up behind the

truck with the heaviest load.

{00044 In conventional mining trucks, wheel torque 1s limited to a fixed value which
will give acceptable gear hife over the overhaul cvele. With himited torque available, a
muning truck with a heavy load can also bacome stuck. A stuck truck is expensive for a
nmine, as it must be pulled out with a bulldoxer, or have its load dumped so the truck can

be driven out empty. In either case there s lost production.

[0005} Conventionally, the maximum dvnanuc braking effort is set to a predefined
curve as a function of speed. For a specific grade and pavload combination there is a
maximum speed that the operator can drive and stilf maintain control of truck speed using
only retard effort. This is known as the retard envelop. Once the truek exceeds the retard
envelop the driver must use friction brakes to slow the truck back into the relard
envelope. On many trucks the friction brakes are dvy disks and bave honted number of
applications. The driver must keep vehicle speed well within the retard envelope to

insure he can maintaim control of the vehicle. This limits downhill speed and evcle time.
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BRIEF SUMMARY OF THE INVENTION

[0006}  These and other shortcomings of the prior art are addressed by the present
invention, which provides a system and method for dvnamicallv controlling the

propulsion and braking svstems limits of a vehicle.

[0007) According to one aspect of the invention, a method 1s provided for controlling
adnvetrain of a vehiele which includes g prime mover operatively connected to at teast
one tractive element. The method includes: (a) determining the vehicle's total weight; and
(b) using an electronic controller carried by the vehicle. causing the prime mover o apply
power to the tractive element o as lo propel the vehicle, the magnitude of the power

being a function of the vehicle's total weight,

{008 According to another aspect of the invention, a method is provided for
controlhing operation of a dnvetrain of a vehicle which inclades at least one tractive
etement coupled to an gecine traction motor, at feast one elecinic energy absorbing
device coupled to the traction motor, and at least one power source driven by a prime
mover and coupled lo the traction motor. The method includes: {a) using an electromc
controtler, causing the traction motor to apply a predetermined baseline retarding force to
the tractive element, and coupling the traction motor to the electric energy absorbing
device so as to dissipate the current gengrated thereby: (b} using the electronic controller,
deternuning the velucle's speed with reference to aretard envelope; (¢) mresponse to the
vehicle speed exceading the boundaries of the retard envelope. applving an mcreased
retarding force to the tractive element; and (d) when the vehicle's speed has retumed to

the boendaries of the retard envelope, reducing the retarding force to the baseline.

{00091 According to another aspect of the invention, a svstem for controfling a
drivetrain of a vehicle ncludes: (a} a prime mover couplad (o a power source; (b) at feast
one electric traction motor electrnically coupled to the power source, the traction motor
coupled to at least one fractive element; and () an electronic controller operably
connected to the traction motor, the controller configured to: (i) determine the vehicle's
total weight; (1) cause the fraction motor to apply power to the ractive element so as to

propel the vehicle, the magnitude of the power application being propertional to the

2
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vehicle's total weight.
BRIEF DESCRIPTION OF THE DRAWINGS

[0610]  The invention may be best understood by reference to the following

description faken in conjunction with the accompanying drawing figures in which:

[0011} Figure 1 is a block diagram of a drive system for a vehicle constructed in

accordance with an aspect of the present invention; and

[0312] Figare 2 ts a schematic view of a dniver control panel of the drive system of

Figure 1.
DETAILED DESCRIPTION OF THE INVENTION

[0013) Referring to the drawings wherein identical reference numerals denote the
same elements throughout the various views, Figure 1 depicts an exemplacy drive system
10 for use in a vehicle "V". The drive svstem 10 includes a prime mover 12, In the
tlustrated example the prime mover 12 is a Diesef engine, and the term "engine” may be
used interchangeably with the term "prime mover® throughout the remainder of this
description. The prime mover 12 drives an altemator 14, The output of the alternator 14
1s converted mto DC via a rectifier bank 16. The DC poweris provided over a DC bus 18
to an inverter uait 20, The mverter wnit 20 includes DC-to-AC conversion circuitry of a
known type, and alse emplovs components such as Insulated Gate Bipolar Transistors
(IGBTs) or thvnistors operating as pulse width modulators (not shown) to provide a AC
power to a traction motor 22 which is coupled to a wheel 23 through a known type of
reduction gear (not separately shown). For the sake of tHustrative sumplicity, only one
inverter unit 20 and traction motor 22 are shown, with the undessianding thai the vehicle

V may be provided with multiple traction motors 22 driven by multiple inverter units 20,

[6014] While an AC-DC-AC systemis described harein, is should be noted that the
principies of the presentinvention may be applied to other drivetrain configurations, e.2.
using an alternator or DC generator as a power source, and using AC or PC traction

motors. Furthermore, the principles of the present invention are also applicable 1o other

-3-
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tvpes of vehicles, such as raid velucles or road vehucles. The vehicle V may use any tvpe
of element adapted to exert a tractive force. Examples of tractive elements include
wheels, axles, or transtating or seciprocating stractures. The term "traction motor” could

encompass, for example. electric or hydraulic inear motors or actuators.

0015} One or more chains of gnd resistors 24 ave connected across the DC bus 18,
The grid resistors 24 may be selectively coupled to the DC bus 18 to dissipate power
generated by the traction molor 22 and thereby provide dvnanuc braking. This s referred
to as a "retard” function, Other electnical energy absorbing devices may be usedn place
of the grid resistors 24 to dissipate and/or use the power generated, for example batteries,
a regenerative system, or equipment 1o use the power hike auxiliary systems and

ACCLSSONES.

[0016}  The vehicle V includes at teast one braking device 31 of a known type. The
braking device 31 may be a service, parking, or emergency brake, and may be
hydrawdicaliy, mechanically, or electrically operated. Most typically, the vehicle V would

include a service brake system plus an emergency or parking brake system.

L)

0017} A mucroprocessor-based controller 26 has operative connections to the
enginel2, the gnd resistors 24, the mverter unit 20, and to numerous sensors within the
drive tramn, such as a wheel speed sensor 28 of a known tvpe coupled to the wheel 23.
Among other functions, the controtler 26 has the capablity to control the speed of the
engine 12, 1o command the inverter unit 20 to apply current to drive the traction motor 22
in a forward or reverse direction, to modulate the current level supphed to the traction
motor 22, and to connect the traction motor 22 1o the grid resistors 24 through the
mverter unit 20 1o effect the retarder function. In addition to the various discrete sensors,
the controller 26 1s provided with feadback from the inverter wut 20 which is indieative
of the magnitude of the torque being applied lo the traction motor 22. The controller 26 1s
also provided with means (1.e. aload cell) for determining the weight of a pavioad carned
by the vehicle V. For exanmple, the vehicle ¥V may include a pavioad meter 33 of a known
type which computes total vehicle weight based on sensed air pressure in the vehicle's
suspension struts. The pavload meter 33 can conwnanicate the total vehicle weighito the
controller 26 over a commumications channel such as a senal bus.
- -
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[0018] A contrel panet 30, also referred to as a "driver information displav” 1s
coupled to the controlier 26, As shown in Figure 2. the control panel 30 includes a
digplay 32 for presenting mformation to the driver. and one or more controls 34 for
operating the vehicte V. In the tlustrated example the display 32 is a multi-line LED, and
the controls 34 are configured as a phurabity of fixed and configurable kevs. Tt will be
understood that the control panel 30 could be conligured differentlv, for example it could
take the form ol a touch sereen interlace. In addition to the control panel 30 the vehicle V
afso includes one or more discrete vehicle controls operatively coupled (o the controlter

26, such as accelerator pedal (not shown).

{0019] Optionatly, the controller 26 may include means for two-way communication
with g remote operator or dispatcher (see Figare 1, shown schematically at 38). As
iflustrated the controller 26 is coupled to a transceiver 36 which comumunicates with the

dispatcher 28 through a wireless link.

{00620} The operation of the drive system 18} according to one aspect of the present
invention witl now be explained in more delail. In a regular driving mode in which
traction motor torque is used to move the vehicle V, referred to as a "propel” mode, the
controlter 26 operates the vehicle to maintain one or more power targels which are a
function of the vehicle's weight. An example of a power tasget would be a specific power
loading, for example expressed as power output per ton. Another example would be
vehicle speed, since the vehicle's speed s delermined by 1ts mass, rotling resistance, and

the applied tractive force.

{6021 As an example. a known tvpe of mining fruck has an empty weight of aboul
175 mt (193 tons), with an a Diesel intemnal combustion engine 12 rated at about 2013
KW (2700 hp) and a maxamum payload capacity of about 218 mt (2440 tons). When the
operator depresses the accelerator pedal or otherwise commands vehicle movement, the
controller 26 adjusts the load on the engine 12, A separate engine controlier (not shown)
incorporated with the engine 12 adjusts fuel flow to the engine 12 to maintain a governed
RPM under foad.  The result 1s that the engine's output equals a power loading target
which 1s below the maximum avalable power. As an example, the larget could be aboul
S RW/nmit (6.2 hpfton). This would require about 1892 kW (2536 hp). or about 94% of

-5-
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maximum power i the pavioad is about Y0% of capacity. Altematively, & target speed
could be used, with the target speed selected being substantially below the maximum

speed achteyvable at maximum engine oatput for a particular baseline grade and pavioad.

[0022%  The power larget s "fat-rated” by a desired amount so that vehicle
performance is substantially equalized over a wide range. In this example, the target
power loading of about 5.1 KW/mit (6.2 bp/ton) is equal to the toading at maxinunm
pavload capacity and thus could be maintained, 1f desised, over the entire payload range
of the vehicle V. The power targetis a trade~-off. A power target (speed or power loading)
that represents ugher engine output gives better acceleration and speed, while a lower
power target gives better consistency and also enables the desired performance to be

mamntained over a wider range of payioad conditions,

[0023}  Thespecilic process used for control is not critical and may be carried out by
direct feedback control of vehicle speed, by using engine RPM as a proxy for power
output, or by computation of actual torgue and/or power using signats from the inverter
unit 20 or voltage and current measurements fron the DC bug 18, If the driver conwnand
for power output is less than the power target (for example in reversing or in low-speed
maneuvering). then the supplied power would be equal to that commanded. The power
targel may be programmed in the controfler 26 10 vastous ways. For example, the power
target could be manually entered into the controt panel 3 by the driver. Altematively,

the power target could be transmitted to the vehicle V by the dispatcher 38.

(06241 In addition 1o variations in lfoading conditions, the power target is also useful
i accomumodating variations m vehicle performance. For example, even when new,
engines typically exhibit a +/-2% variation in performance. As the vehicles 10 are used
and age, there may be substantial differences in performance from vehicle to vehicle. The
power target can be used to limit multiple vehicles 10 to the performance of the weakest
vehicle V in the group. For example. if a sequence of vehicles 10 about to make a trip 18
known, along with each vehicle's total weight and maximum power, the dispatcher 38
may compute and assign a power target to cach vehicle V. where the power targets are
calealated to obtain substantially equal speeds from each vehicle, and thereby prevent
bunching of the group of vehicles. The power target would then he transmitted to each

-6 -
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vehicle V.

[0025]  The dnve system 10 incorporates himits on the maxamum torgue outpul.
Consistent with the priov art, this is done by limtting current flow 1o the traction motors
22 Ordinarily, the maximur output will be set so as (o provide acceptable overhaul hife

ge of components such as the reduction gears. Has desisable to

<

and margin against breaka
exceed these limits occasionally, for example if the vehicle V should become stuck
because of overloading or 20ft lerrain. At low speeds, for example tess than about 5.1
kovh (3.2 mph) for the vehicle described above, additional power i available from the
engine 12. Accordingly. the controlfer 26 may be used to provide the vehicle with a
temporary torque boost when necessarv. When such a boost 1s required, the controller 26
commands the drive system 10 to temporarily provide extra torque (o the wheels 23, by

commanding the inverter 20 1o increase its output.

[0026]  The torque boost may be triggered by the driver, for example by entering one
or more commands in the control panel 30. A code or other security measure mav be
used (o prevent unauthorized requests. Allernatively, a command to imiplement the torque
boost may be transmitted from the dispatcher 38 to the controtler 26 when boost 1s

desired.

[06274 The boost usage mav be limited in various ways to ensure that drive systam
life is not adversely affected. For example, the boost could be linuted by amount of time
per boost application, mininmun tine between applications, naximum torgue increase,
total number of apphcations per day or per operating hour, or per overhaud cycle. Tt could
also be himited to usage at specific times or geographie areas, or to when the vebicle
payload exceeds a predetermined hinut. The controller 26 may store a data record of
when, how long, and/or to whal degree the torque boost is used. This information may be

used to adjust vehicle usage fees or maintenance (ees, based on utilization.

(00281 The gud resistors 24 and associated hardware (also veferred o as the "setard
svstem”) have defined continuous heat rejection limits, expressed in kW or BTU/Hr.
Given these limits, for a specific grade and payload there is a maximum speed that the

vehicle V can be driven and still maintain control of vehicle speed using onfy dvnamic

-7-
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braking (referred (o mterchangeably herefn as "retard effort”). When the maximum
speeds are mapped out for all grade and pavioad combinations, they represents the drive
svstem's retard envelope. bt is desirable to operate the vehicle V as close a possible to the
limits of this envelope, because it allows a higher average vehicle speed (and reduced trip
fimes) without increasing wear on the vehicle's {fiiction braking system. In order o
facilitate operation close to the retard envelope limits with high confidence. the controller
26 may be used to provide the vehicle V with a temporary boost in retard effort when

necessary.

[0029]  Inorder to accornphish this function, daring retard operation, the controller 26
determines the actual retard effort being applied and compares this to the retard envelope.
This comparison may be accomplished, for example, by using a software algorithm (o
examine vehicle acceleration and retard power and plot vehicle speed within the retard
envelope. If the retard envelope is exceeded. for example if maximum continuous retard
effort 1s applied. vet the vehicle spead continaes to increase, the controfler 26 increases
the retard effort being applied bevond the continuous limit, in order to further decelerate
the vehicle V. The increased retard effort 1s held antil the vehicle V is back within the
normal retard envelope, by a predeternuned margin. The magnitude of the margin is
selected such that the final vehicle speed is low enough that a reduced level of retard
effort wilf maintain the vehicle's speed. while simultaneously permitting thermal

recovery of the retard system.

[06030F  Like the torque boost described above, the increased retard vsage may be
limited 1 various ways o ensure that drive svstem life 1s not adversely affected. For
example. the boost could be limited by amount of time per boost application, or
minsmum time between applications, The controtler 26 may store g record of when, how
long, andfor to what degree the addittonal retard effortis applied. This information may
be used to adjust vehicle usage fees or maintenance fees contract adjustment based on

atilization.

00313 The control svstem and method described berein has numerous advantages
over prior art vehicle drive svstems. During propel operation, the vehicle V will have
matched power to weight ratio for each load. This will reduce the performance vanation

-8
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from vehicle to vebicle and load (o 1oad - therefore reducing the tendency of velueles to
bunch up behind the slowest vehicle. This allows the engine / drive system combination
to operate at the most efficient point as opposed to a driver trving to regalate speed
following a vehicle ahead and going on and off the throttle, wasting fuel. When full
engine power s not required, the drive svstem can lower engine speed as allowed to still
provide the necessary power. 1t also reduces the stress/tenperature excursion on engine
components. Temporarily boosting torque output when needed can give the veluele extra
tractive effort to get unstuck when necessary, but Himit reduction in component life by
linuting applications, Finally, temporary boosting retard effort when needed allows an
operator to drive at a higher speed closer to the edge of the retard envelope with

confidence of not fosing control. This Resulls in improved velucle trip evele time.

[0032] The foregoing has described a method for vehicle performance control. While
spectfic embodiments of the present invention have been described, it will be apparent to
those skilled in the art that various modifications thereto can be made without departing
from the spirit and scope of the invertion. Accordingly, the foregoing description of the
preferred embodiment of the invention and the best mode for practicing the mvention are
provided for the purpose of iHlustration only and not for the purpose of linutation, the

invention being defined by the claims.
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WHAT IS CLAIMED 18:

1. A method of controlling a drvetrain of a vehicle which inchudes a prime mover
operatively connected to at least one tractive element, the method comprising:

{a) determining the vehicle's total weight: and

(b) using an electronic controller carnied by the vehicle, causing the pnime mover
to apply power to the tractive element so as (o propel the vehicle, the magnitude of the

power being the vehicle’s total weight.

2. The method of claim 1 wherein:
{a) the prime mover is coupled to drive a power source;
{b) at least one traction motor s electncally coupled to the power source; and

(¢} the traction motor 18 coupled to the at least one tractive element.

3. The method of claam 1 wherein the power is applied in a predeternuned satio

per unit weight of the vehicle.

4. The method of claim 1 wherein the power is applied in a ratio per unit weight
of the vehicle which is determined by a dispaicher tocated remote from the vehicle and

transinitled to the electronic controller.

3. The method of claim 1 further comprising controlling the drivetrain of a
plurality of vehicles as recited in steps (a) and (b) so that the velucles travel at

substantially equal speeds.
6. The method of claim | wherein the predeternuned ratio s substantially lower
than aratio of the maxtmum power avauable from the prime mover divided by an empty

weight of the vehicle.

7. The method of claim 1 wherein the power 1s modulated so as to maintain a

substantially constant vehicle speed.

~ 18) -
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8. The method of claim | wherein the substantially constant speed 1s substanually

lower than the niaximum speed of the vebicle when it is empty of pavioad.

9. The method of claim 1 wherein the vehicle's total weight is determined by a

pavload sensor carned by the vehicle

10. The method of claim 1 further coraprising, in response to a boost command.

temporarily increasing the tractive effort applied to the tractive element.

11. The method of claim 10 wherein the boost command 1s fransmitied froma

dispatcher remote from the velucle to the controtler.

12. The method of claim 1( wherein the controlier stores a record of the number

ol times a boost command 1s received.

13. A method of controlling operation of a drivetrain of a vehicle which includes
at least one tractive element coupled to an electric traction motor, at least one electne
energy absorbing device coupled to the traction motor, and at least one power source
driven by a prime mover and coupled to the traction motor, the method compusing:

{a) using an electronic controtler, causing the traction motor to apply a retarding
force to the tractive element, which is no greater (han a predetermined basehine retarding
force, and coupling the traction motor to the electnic energy absorbing device so as to
dissipate the current generated (hereby;

{b) using the electronic controfler, determining the vehicle's speed with reference
to a retard envelope;

(e} i response to the vehicle speed exceeding the boundanes of the retard
envelope, applving an increased retarding force to the tractive element; and

{d) when the vehicle's spead has returned to the boundaries of the retard envelope,

reducing the retarding force to the bassline.

- 11 -
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14. The method of claam 13 further comprising maintaining the mcreased retard
force so as to decelerate the vehicle to a speed which is within the boundaries of the

retard envelope by a predeternined margin,

15, The method of claym 14 wherein the margin is sulficient to permit the vehicle

speed to be maintained using the baseling fevel retard effort.

16, A systemt for controlling a drivetrain of a vehicle, comprising:
(a) a prime mover coupled to a power source;
{b) at least one electric traction motor electricatly coupled to the power source,
the traction motor coupled to at least one tractive element; and
(¢} an electronic controller operably connected to the traction metor, the
controller configured to:
(1) determine the vehicle's lotal weight;
{11) cause the traction motor to apply power to the fractive element so as to
propel the vehicle, the magmitade of the power application bemg proportional to the

vehicle's lotal weight.

17. The system of claim 16 where the power i apphied in a predetermined ratio

per wut weight of the vehicle.

18. The svstem of claim 16 wherein the power is applied in a ratio per unit weight
of the vehicle, the ratio being received by the controller front a dispatcher located remote

from the vehicle.

19. The system of claim 16 further including a vehicle weight sensor carned by

the vehicle and operatively coupled to the controller.

200 The system of elaim 16 wherein the controller is further progranuned, in
response 1o a boost command, o temporarily increase the power applied to the tractive

glement.

- 12 -
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21, The system of claim 16 wherem the controtler 1s programmed to store a

record of the number of times a boost command 1s received.

22, The system of claim 16 wherein the controller is further programmed to:

{a) cause the traction motor 10 apply a predeternuned baseline retarding force to
the tractive element, and coupling the traction motor to an electric energy absorbing
device;

(b) determine the vehicle's speed with reference to a retard envelope; and

{c) m response to the vehicle speed exceeding the boundaries of the setard
envelope, apply an increased retarding force to the tractive element; and

(d) when the vehuele's speed has returned 10 the boundasies of the retard envelope,

reduce the retarding force to the baseline.
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