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CONTROLLER FOR A DRIVE SYSTEM 

FIELD OF THE INVENTION 

This invention relates to vehicles powered by hydraulic drive systems, and more 

particularly to control systems therefor. 

BACKGROUND OF THE INVENTION 

5 Typically, a drive system for a vehicle comprises a prime 	mover (such as a diesel 

engine), usually outputting constant power, and which powers a generator, which in turn drives 

motors in each of the vehicle wheels. System speed of response, maneuverability and varying 

conditions are usually not of concern. When such a drive system carries a load having multiple 

degrees of freedom, with resonant frequencies lower than that of the drive system itself, 

10 	maneuvering of the vehicle is difficult if not impossible. 

SUMMARY OF THE INVENTION 

A controller is provided which controls both the vehicle speed and traction force at the 

same time, by using controllable variable displacement hydraulic motors. This is accomplished 

by having a speed controller which controls the speed of the vehicle by controlling several 

15 	system inputs, and a traction force controller to determine the traction force of the vehicle 

controlling same inputs, as well as based on control of parameters of the vehicle. To accomplish 

this, each of the two controllers controls the prime mover RPM, the hydraulic pump 

displacement, and the hydraulic motor displacement to drive the vehicle. The measured RPM of 

the prime mover is used as feedback for the speed controller, the measured vehicle speed is used 

20 	as feedback for both the speed controller and the traction force controller, and the measured 

drive pressure of the hydraulic system of the vehicle is used as feedback for the traction force 

controller. 

Vehicle speed, acceleration and traction force are governed simultaneously by a 

controller which constantly controls dynamically all vehicle moving parameters, the prime 

25 	mover speed, the vehicle speed and traction, in real time. The overall system control is 

accomplished by having a speed controller which controls the speed of the vehicle based on user 

desired speed input, and a force controller to determine the acceleration to reach the desired 
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speed and the traction force of the vehicle based on user input and a force envelope, road 

conditions, parameters of the vehicle, and induced structural limitations, while taking the current 

speed of the vehicle into account. To accomplish this, each of the two controllers controls the 

prime mover, the hydraulic pump, and the hydraulic motor to drive the vehicle. The measured 

5 RPM of the prime mover is used as feedback for the speed controller, and compared to desired 

power output. The measured vehicle speed is used as feedback for both the speed controller and 

the force controller, and the measured acceleration and traction force (which can be measured by 

any one of several known methods) of the vehicle is used as feedback for the force controller. 

The invention enables the real time control of hydraulically driven vehicles, utilizing varying 

10 governing rules according to the specific requirement and as function of varying conditions, 

typically impossible today. 

According to one aspect of the presently disclosed subject matter, there is provided a 

primary controller configured for controlling operation of a drive system comprising a prime 

mover, a generator, and a motor, wherein the prime mover is configured to provide energy to the 

15 generator, which is configured to drive the motor, the controller comprising: 

• a speed controller configured for determining a target speed of the motor dependent 

on externally-supplied speed input; and 

• a torque controller configured for determining a target torque of the motor based on 

externally-supplied torque input and on parameters of the vehicle; 

20 wherein the primary controller is configured to: 

• simultaneously determine the target speed and the target torque; and 

• simultaneously control the prime mover, generator, and motor to operate the motor at 

the target speed and the target torque. 

The speed controller may be further configured to determine the target speed dependent 

25 on the power output of the prime mover and on the measured actual speed of the motor, with the 

torque controller being further configured to determine the target torque based on the measured 

actual speed and the measured actual torque of the motor. 

According to another aspect of the presently disclosed subject matter, there is provided a 

primary controller being configured for controlling operation of a vehicle driven by a drive 

30 system, the controller comprising: 

• a speed controller configured for determining a target speed of the vehicle dependent 

on externally-supplied speed input; and 
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• a traction force controller configured for determining target traction force and 

acceleration of the vehicle based on externally-supplied traction input and on 

parameters of the vehicle; 

wherein the primary controller is configured to: 

5 • simultaneously determine the target speed, acceleration, and traction force; and 

• simultaneously control a prime mover, generator, and motor of the drive system to 

drive the vehicle at the target speed, acceleration, and traction force. 

The speed controller may be further configured to determine the target speed of the 

vehicle dependent on the power of prime mover and on the measured actual speed of the vehicle, 

10 	with the traction force controller being further configured to determine the target traction force 

of the vehicle based on the measured actual speed and the traction force of the vehicle. 

The measured actual speed of the vehicle may be measured by measuring the angular 

velocity of wheels of the vehicle. 

The primary controller may be configured to: 

15 • influence the speed of the vehicle at least by affecting the speed of the motor; and 

• influence the traction force of the vehicle at least by affecting the torque of the motor. 

According to both of the above aspects, the torque controller may be further configured 

to determine the target torque dependent on the target speed. 

Further according to both of the above aspects, the externally-supplied speed input may 

20 	comprise a desired user-supplied desired vehicle speed. 

Further according to both of the above aspects, the externally-supplied torque input may 

comprise information regarding maximum and minimum design torques. 

Further according to both of the above aspects, the prime mover may be an engine, the 

primary controller being configured to control the prime mover at least by affecting its speed. 

25 Further according to both of the above aspects, the primary controller may be further 

configured to mitigate effects on the prime mover, the motor speed, and the motor torque due to 

force disturbances (such as slopes, wind, and rolling friction) on the vehicle when driven by the 

drive system. 

Further according to both of the above aspects, the drive system may be configured to 

30 	drive the vehicle when subject to a load, the primary controller being configured to reduce the 

resonance of the load during operation of the vehicle subject to the load. 

Further according to both of the above aspects, the drive system may be an electric drive 

system. The prime mover may be selected from the group consisting of a diesel engine, one or 
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more batteries, and one or more fuel cells. The generator may be an electric generator. The motor 

may be an electric motor. 

Further according to both of the above aspects, the drive system may be a hydraulic drive 

system. The prime mover may be a diesel engine. The generator may be a hydraulic pump. The 

5 primary controller may be configured to control the hydraulic pump at least by affecting its 

displacement. The motor may be a hydraulic motor. The primary controller may be configured to 

control the hydraulic motor at least by affecting its displacement. 

According to a further aspect of the presently disclosed subject matter, there is provided a 

primary controller configured for controlling operation of a drive system comprising a prime 

10 mover, a generator, and a motor, wherein the prime mover is configured to provide energy to the 

generator, which is configured to drive the motor, the controller comprising: 

• a speed controller configured for determining a target speed of the motor dependent on 

at least two different input parameters; and 

• a torque controller configured for determining a target torque of the motor based on at 

15 least two different input parameters; 

wherein the primary controller is configured to: 

• simultaneously determine the target speed and torque; and 

• simultaneously control the prime mover, generator, and motor to operate the motor at the 

target speed and the target torque. 

20 The input parameters can be measured input parameters selected from the group 

consisting of power output of the prime mover, measured actual speed of the vehicle, measured 

speed of the hydraulic motor, and measured actual traction force of the vehicle. 

The input parameters can be user input parameters selected from the group consisting of 

user-supplied desired speed, the maximum acceleration by which the desired speed may be 

25 reached, user-supplied torque, information regarding a maximum and a minimum design torque, 

desired motor speed, parameters of the vehicle (e.g., dimensions and weight of the vehicle), and 

parameters of the actual load maneuvered by the vehicle. 

The input parameters can be external input parameters selected from the group consisting 

of locations other vehicles, slope of the road, wind, and rolling friction. 

30 The at least two different input parameters can comprise at least one parameter from each 

of two or more of the measured input parameters, the user input parameters, and the external 

input parameters. 
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According to a still further aspect of the presently disclosed subject matter, there is 

provided a vehicle comprising a primary controller according to any one of the preceding claims. 

The vehicle may be configured to tow an aircraft, and may be further configured to receive a 

landing gear of the aircraft. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

In order to understand the invention and to see how it may be carried out in practice, an 

embodiment will now be described, by way of a non-limiting example only, with reference to the 

accompanying drawings, in which: 

Fig. 1A is a schematic illustration of a vehicle having a drive system; 

10 Fig. 1B is a schematic illustration of the vehicle illustrated in Fig. 1A with a hydraulic 

drive system; 

Fig. 1C is a schematic illustration of the vehicle illustrated in Fig. 1A with an electric 

drive system; and 

Fig. 2 is a schematic illustration of a primary controller according to the present 

15 invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 

As schematically illustrated in Fig. 1A, there is provided a vehicle 10, which is powered 

by a drive system 12 designed to drive the vehicle. The vehicle 10 further comprises wheels 14 

for moving the vehicle, and a platform 16 for carrying a load, which may be a landing gear (not 

20 illustrated) of an airplane, such as a commercial airliner. In addition, a controller (not illustrated 

in Fig. 1) is provided to control the operation of the vehicle via the HDS 12. 

In addition to the above, the vehicle 10 may be an aircraft towing vehicle, and thus be 

provided with suitable elements therefore. Examples of some of such vehicles and elements are 

disclosed, 	for 	example, 	in one 	or more 	of WO 2008/038270, 	WO 2008/139437, 	and 

25 WO 2008/139440, the entire disclosures of which are incorporated herein by reference. 

The drive system 12 comprises a prime mover 18 (such as a diesel engine), a generator 

20, and a motor 22 associated with, and configured to drive, each wheel 14 of the vehicle 10. (It 

will be appreciated that although the drive system 12 is described as having one prime mover 18 

and one generator 20, it may comprise several of these elements, for example to provide 

30 redundancy.) The drive system 12 is similar to those known in the art. In particular, the prime 
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mover 18 provides power to the generator 20, which drives each motor 22. As mentioned, the 

motor 22 is functionally connected the wheels 14 to power them. 

The platform 16 is connected with a chassis of the vehicle 10 with known spring and 

damping characteristics as part of the multi degrees of freedom load. These parameters may be 

5 measured and/or estimated empirically by any known means. 	In addition, 	appropriate 

connectors, such as springs and/or dampers may be provided between the platform 16 and the 

chassis of the vehicle 10 in order to provide desired characteristics, depending on the load. 

The platform 16 is typically designed to carry a heavy load having multiple degrees of 

freedom. For example, the vehicle 10 may be configured to tow an aircraft (such as a 

10 commercial jumbo-jet), in which case the platform 16 may be designed to carry a landing gear, 

such as the nose landing gear, of the aircraft. 

The vehicle 10 is further provided with a primary controller, one example of which is 

schematically illustrated in Fig. 2 and designated at 24. The primary controller 24 comprises a 

speed controller 26, configured to determine a target speed (i.e., a speed at which the speed 

15 controller calculates the vehicle could operate most ideally, taking into account inputs and 

calculating as detailed below) of the vehicle, and a force controller 28, configured to determine 

target acceleration and target traction force (i.e., acceleration and traction force at which the 

force controller calculates the vehicle could operate most ideally, taking into account inputs and 

calculating as detailed below) of the vehicle. (It will be appreciated that while the term "force 

20 controller" is used with reference to the specific example of a vehicle, it is equivalent to a torque 

controller which may be used by a primary controller designed to control operations of an HDS 

designed to drive something other than a vehicle, such as lifting equipment, an antenna, etc.) 

The speed controller 26 is configured to determine the target speed, taking into account 

several inputs, which may include: 

25 • a user-supplied desired speed (Vdes,  for example regarding the desired vehicle speed 

(this may be provided via a computer interface, or by a traditional foot-pedal); 

• the maximum acceleration by which the desired speed may be reached; 

• the power output of the prime mover 18; and 

• the actual speed of the vehicle 10 (for example by measuring the angular velocity of 

30 the wheels of the vehicle). 

The force controller 28 is configured to determine the target acceleration and traction 

force, taking into account several inputs, which may include: 
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• a user-supplied traction input (Fdes,  this may include maximum and minimum design 

vehicle traction forces provided in advance by a designer); 

• parameters of the vehicle (e.g., dimensions and weight of the vehicle); 

• parameters of the actual load maneuvered by the vehicle 

5 • the actual speed of the vehicle 10; 

• the target speed determined by the speed controller 26; 

• the actual traction force of the vehicle 18. 

The primary controller 24 is configured to determine the target speed, acceleration, and 

traction force simultaneously, and to control the prime mover 18, generator 20, and motors 22 

10 	simultaneously to implement the target values. For optimal vehicle performance, the primary 

controller 24 may direct operation of the drive system 12 such that the power output of the 

vehicle 10 (i.e., traction force x speed) is as close as possible to that of the prime mover 18 at all 

times. 

In order to implement the target values, the primary controller 24 is configured to affect 

15 	the power output of the prime mover 18, and the operations of the generator 20 and motors 22. 

In addition to the above, the primary controller 24 may be configured to detect and 

mitigate the effects of external forces which are due to disturbances on the vehicle 10. These 

disturbances may include slopes of the road on which the vehicle travels, the effect of wind on 

the vehicle and/or the load, and the effects of rolling friction of the vehicle and the towed load. 

20 According to one example, which is illustrated in Fig. 1B, the drive system 12 is a 

hydraulic drive system (HDS). The prime mover 18 may be any suitable prime mover, such as a 

diesel engine. The generator 20 may be a variable displacement hydraulic pump 20a, and the 

motors 22 may be variable displacement hydraulic motors 22a. According to such an 

arrangement, the power output of the prime move is related to its speed, and the hydraulic pump 

25 	supplies hydraulic fluid to the hydraulic motors. 

It will be appreciated that, as is well known, the speed of the vehicle 10 is associated with 

the speed of the hydraulic motor, and the traction force thereof is associated with the torque of 

the hydraulic motor thereof 

The primary controller 24 may be further configured to maintain system stability by 

30 	reducing the resonant frequencies of the load, so that it does not approach the system bandwidth 

of the drive system 12. If the resonance of the load were to approach or lower than that of the 

system bandwidth of the drive system 12, control of the vehicle 10 would be lost and difficult to 

regain. 
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By analyzing the load dynamics, vehicle and drive system dynamics, and control 

dynamics, the system state space may be defined by the following twelve variables: 

system 

input, 

X1  = ; (platform displacement) X2 = Xr *  = VP  (platform velocity) 

X3 = Xt (vehicle displacement) X4 = X3*  = Vt (vehicle velocity) 

X5 = we (engine speed RPM) X6 = P (hydraulic system pressure) 

X7 = Dp  (pump displacement) X8 = X7*  = Dp* (Pump displacement rate) 

X9 = Dm  (motor displacement) Xio  = X9*  = Dm* (Motor displacement rate) 

X11  = Pa  (Dp  control pressure) X12 = Pa (Dm  control pressure) 

The system is further defined by the following variables: 

System inputs 	 (odes (desired speed); eVp; eV„, (pump & motor control) 

System outputs 	 Vt  (X4); we  (X5); P (X6); P61 (Xii); Pc2 (X12) 

System disturbance (fast) 	  Fload 

System disturbance (slow) 	 Fdisturb (Froll + Fslope + Fwind) 

Constant parameter (in control loop) 	 Fpreload pump (pump spring preload) 

Constant parameter (in control loop) 	 Fpreload motor (motor spring preload) 

The state space equations are as follows (it will be appreciated that X5*  is the first 

X11* is the second input, and X12* is the third input to the system): 

Xl* = X2 

X2*  = —(Kp/Mp)Xt  — (Bp/Mp)X2  + (Kp/Mp)X3  + (Bp/Mp)X4  — Fload/Mp 

X3*  = X4 

X4*  = Dmo(r/RMt)X6  + Po(r/RMt)X9  — (Bm/Mt)X4  — (Bp/Mt)X4 — (Kp/Mt)X3  + (Kp/Mt)Xl + 

(Bp/Mt)X2  — Fdisturb/Mt 

X5*  = —(Ke/Je)X5  — (Dpo/Je)X6 — (Po/Je)X7 + (Ke/Je)(0des 

X6*  = Dp40e/V0)X5 + Weo(Pe/V0)X7 — (Ct0e/V0)X6 — Dmo(r/R)(PeNO)X4 — 0.)m0(13e/VO)X9 

X7*  = X8 

X8*= (ACpKpump/MpCp)X11 — (Bcp/Mp  cp)X8  — (Kcp/Mpcp)X7  — (KpumpFprep/Mp CO 

X9*  = X10 

X10*  = (ACmKm 	/TVE 	)1( °tor, 	-12 — (Bm/Mmcm)X10 — (Km/Mmc)X9 — (Km 	Fprem A4 	) otor-  

X11*  = Ke(13e/Vo)eVp — Acp(f3e/VoKpump)X8 — (C+Kp)(13e/ Vo)Xii 

X12*  = Ke(13e/V0eVm  — ACm( 3e/VOKmotor)X10 — (C+1(p)((3e/ VO)X12 
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where: 

Bp  = damper damping 
Ct  = total hydraulic system leakage 
Fdisturb = summation of all disturbing forces 

	

5 	Fload = force due to the load 
Kp  = damper stiffness 
Mp  = mass of the load 
Mt = mass of the vehicle 
Vo  = volume of hydraulic fluid 

	

10 	13, = bulk modulus of hydraulic fluid 
(Odes = desired speed of prime mover 
Dmo, Do, (0e0, (Omo, and Po are system operating point values 

15 

20 

25 

30 

R 

R 

Je  

is 

be 

Kpump, 

Mm, 

is the gear ratio 

is the wheel radius 

and Ke  are diesel engine inertia and control gain constant 

Kmotor, Km, Kp, Fprep, and Fprem, are pump and motor controller parameters 

mp, Bm, cm, cp, are pump and motor controller piston parameters 

In addition, the state space is defined as follows : 

to 

Governing equations: X* = AX + Bu Y = CX + Du 

State variables: X: n x n u: m x 1 Y: 1 x 1 

State matrices: A: n x m B: 1 x m C: 1 x n D: 1 x m 

(Odes 

controlling 

example 

develop 

system 

thus 

may 

swashplate 

By utilizing the above description of the system state space notation, y=f(u), Dp, Dm, and 

are used as a basis for the primary controller 24 inputs to operate the vehicle 10 by 

we, Vt, and P as system outputs. Any known numerical computing environment, for 

as sold under the name MATLAB® (with or without Simulink®), can be used 

an open loop transfer function G(s). 

The open loop transfer function is solved in order to obtain the dynamic behavior of the 

(i.e., its dominant poles). At the same time, a parameter and order of magnitude analysis 

performed in order to eliminate insignificant elements and neglect fast responding dynamics, 

simplifying state matrices A, B, and C. For example, pump and motor valve control system 

be designed such that they are fast enough so that their dynamic responses and related 

(pump and motor) movements are fast relative to input servo-valve voltage and can 

regarded as pure gain. 
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Likewise, slow-changing disturbance loads (e.g., wind and slope) and control piston 

spring preload coefficient (pump and motor) may be disregarded. 

5 

As further illustrated in Fig. 2, the speed controller 26 and force controller 28 control the 

displacement of the hydraulic pump 20a (Dr), the displacement of the hydraulic motor 22a (Dm), 

and the desired speed of the prime mover 18 ((odes), which are implemented via the HDS 12. This 

affects, inter alia, the actual speed of the prime mover 18 (toe), the traction of the vehicle (F), the 

pressure of the HDS (P), the velocity of the vehicle 10 (Vt), and the speed of the hydraulic motor 

10 

((om). It will be appreciated that the vehicle may be supplied with one or more instruments to 

measure these values, for example a prime mover speed sensor 30, a vehicle traction sensor 32, 

an HDS pressure sensor 34, a vehicle velocity sensor 36, and a motor speed sensor 38. Each of 

these may be provided for example as is known in the art. 

In particular, the speed controller 26 may be configured to determine the target speed 

and/or to determine how to control the displacement of the hydraulic pump 20a (D p), the 

displacement of the hydraulic motor 22a (Dm), and the desired speed of the prime mover 18 

15  ((Odes), based on the power output of the prime mover (which is predictably related to the actual 

speed toe  thereof) and the measured actual speed of the hydraulic motor tom. In addition, the force 

controller may be configured to determine the target torque and/or to determine how to control 

the displacement of the hydraulic pump 20a (Dr), the displacement of the hydraulic motor 22a 

(Dm), and the desired speed of the prime mover 18 ((Odes),  based on the measured actual speed of 

20 the hydraulic motor tom  and the measured traction of the vehicle F (which relates to the torque of 

the hydraulic motor 22a). 

According to another example, which is illustrated in Fig. 1C, the drive system 12 is an 

electric drive system. The prime mover 18 may be any suitable prime mover, such as a diesel 

engine. The generator 20 may be an electric generator 20b, and the motors 22 may be any 

25 suitable types of electric motors 20b. It will be appreciated that the speed and torque of the 

electric motors 22b may be controlled in any suitable way, depending on the type of electric 

motor provided, as is well known. 

An open loop transfer function for the electric drive system may be determined similar to 

as described above, mutatis mutandis. 

30 It will be appreciated that the example illustrated in Fig. 1C comprises more than one 

electric generators 20b, each of which drives one or more electric motors 20b, as indicated by 

sold lines. In such a case, each electric generator 20b may be further connected to the electric 

motors 22b which are driven by one or more other electric generators, as indicated by dashed 



WO 2011/151816 
	

PCT/IL2011/000416 

lines. Thus, if one of the electric generators 20b should fail, one or more of the others can be 

automatically configured to drive the electric motor(s) 22b which had previously been driven by 

the failed electric generator. Thus, the drive system 12 is provided with a redundancy. The 

vehicle may comprise a single prime mover 12 as illustrated, or more than one (e.g., one 

5 associated with each electric generator 20b). 

Providing an electric drive system as disclosed herein may have several advantages. For 

example, such a system facilitates operating the vehicle 10 at slow speeds. In the event that the 

vehicle is an airplane towing vehicle, this allows for pushback operations to be performed by the 

vehicle 10. In addition, the drive system 12 is afforded a high degree of control, which helps 

10 protect the nose landing gear of the airplane, which is typically the element thereof to which the 

vehicle 10 applies direct force, from damage due to high loads. 

It will be appreciated that by providing a primary controller 24 which operates as 

described above allows multiple inputs to be used to determine multiple outputs simultaneously. 

Those skilled in the art to which this invention pertains will readily appreciate that 

15 numerous changes, variations and modifications can be made without departing from the scope 

of the invention mutatis mutandis. For example, the primary controller may be configured for 

use, mutatis mutandis, with any type of system driven by an HDS and subject to a multi-degree 

of freedom load, such as construction and/or lifting equipment, antennas, etc. 
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CLAIMS: 

1.  A primary controller configured for controlling operation of a drive system comprising 

a prime mover, a generator, and a motor, wherein the prime mover is configured toS provide 

energy to the generator, which is configured to drive the motor, the controller comprising: 

5 • a speed controller configured for determining a target speed of the motor dependent on 

externally-supplied speed input; and 

• a torque controller configured for determining a target torque of the motor based on 

externally-supplied torque input and on parameters of the vehicle; 

wherein the primary controller is configured to: 

10 • simultaneously determine the target speed and the target torque; and 

• simultaneously control the prime mover, generator, and motor to operate the motor at the 

target speed and the target torque. 

2.  The primary controller according to Claim 1, wherein: 

• the speed controller is further configured to determine the target speed dependent on the 

15 power output of the prime mover and on the measured actual speed of the motor; and 

• the torque controller is further configured to determine the target torque based on the 

measured actual speed and the measured actual torque of the motor. 

3.  The primary controller according to any one of the preceding claims, wherein said 

torque controller is further configured to determine the target torque dependent on the target 

20 speed. 

4.  The primary controller according to any one of the preceding claims, wherein said 

externally-supplied speed input comprises a desired user-supplied desired vehicle speed. 

5.  The primary controller according to any one of the preceding claims, wherein said 

externally-supplied torque input comprises information regarding maximum and minimum 

25 design torques. 

6.  A primary controller according to any one of the preceding claims, wherein said prime 

mover is an engine, said primary controller being configured to control the prime mover at least 

by affecting its speed. 

7.  A primary controller according to any one of the preceding claims, being further 

30 configured to mitigate effects on the prime mover, the motor speed, and the motor torque due to 

force disturbances on the vehicle when driven by the drive system. 
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8. A primary controller according to Claim 7, wherein said disturbances are selected from 

the group including slopes, wind, and rolling friction. 

9. A primary controller according to any one of the preceding claims, wherein said drive 

system is configured to drive the vehicle when subject to a load, said primary controller being 

5 configured to reduce the resonance of the load during operation of the vehicle subject to said 

load. 

10. A primary controller according to any one of the preceding claims, wherein said drive 

system is an electric drive system. 

11. A primary controller according to Claim 10, wherein said prime mover is selected from 

10 the group consisting of a diesel engine, one or more batteries, and one or more fuel cells. 

12. A primary controller according to any one of Claims 10 and 11, wherein said generator 

is an electric generator. 

13. A primary controller according to any one of Claims 10 through 12, wherein said motor 

is an electric motor. 

15 14. A primary controller according to any one of Claims 1 through 9, wherein said drive 

system is a hydraulic drive system. 

15. A primary controller according to Claim 14, wherein said prime mover is a diesel 

engine. 

16. A primary controller according to any one of Claims 14 and 15, wherein said generator 

20 is a hydraulic pump. 

17. A primary controller according to Claim 16, being configured to control the hydraulic 

pump at least by affecting its displacement. 

18. A primary controller according to any one of Claims 14 through 17, wherein said motor 

is a hydraulic motor. 

25 19. A primary controller according to Claim 18, being configured to control the hydraulic 

motor at least by affecting its displacement. 

20. A primary controller being configured for controlling operation of a vehicle driven by a 

drive system, the controller comprising: 

• a speed controller configured for determining a target speed of the vehicle dependent on 

30 externally-supplied speed input; and 

• a traction force 	controller configured for determining target traction force 	and 

acceleration of the vehicle based on externally-supplied traction input and on parameters 

of the vehicle; 
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wherein the primary controller is configured to: 

• simultaneously determine the target speed, acceleration, and traction force; and 

• simultaneously control a prime mover, generator, and motor of the drive system to drive 

the vehicle at the target speed, acceleration, and traction force. 

5 21. 	The primary controller according to Claim 20, wherein: 

• the speed controller is further configured to determine the target speed of the vehicle 

dependent on the power of prime mover and on the measured actual speed of the 

vehicle; and 

• the traction force controller is further configured to determine the target traction force of 

10 the vehicle based on the measured actual speed and the traction force of the vehicle. 

22. A primary controller according to Claim 21, wherein the measured actual speed of the 

vehicle is measured by measuring the angular velocity of wheels of the vehicle. 

23. A primary controller according to any one of Claims 20 and 21, being configured to: 

• influence the speed of the vehicle at least by affecting the speed of the motor; and 

15 • influence the traction force of the vehicle at least by affecting the torque of the motor. 

24. The primary controller according to any one of Claims 20 through 23, wherein said 

traction force controller is further configured to determine the target traction force dependent on 

the target speed. 

25. The primary controller according to any one of Claims 20 through 24, wherein said 

20 externally-supplied speed input comprises desired vehicle speed. 

26. The primary controller according to any one of Claims 20 through 25, wherein said 

externally-supplied traction input comprises information regarding maximum and minimum 

design vehicle traction forces. 

27. A primary controller according to any one of Claims 20 through 26, wherein said prime 

25 mover is an engine, said primary controller being configured to control the prime mover at least 

by affecting its speed. 

28. A primary controller according to any one of Claims 20 through 27, being further 

configured to mitigate effects on the speed and traction forces due to force disturbances on the 

vehicle. 

30 29. A primary controller according to Claim 28, wherein said disturbances are selected from 

the group including slopes, wind, and rolling friction. 
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30. A primary controller according to any one of Claims 20 through 29, wherein said 

vehicle is configured to carry a load, said primary controller being configured to reduce the 

resonance of the load during operation of the vehicle subject to said load. 

31. A primary controller according to any one of Claims 20 through 30, wherein said drive 

5 system is an electric drive system. 

32. A primary controller according to Claim 31, wherein said prime mover is selected from 

the group consisting of a diesel engine, one or more batteries, and one or more fuel cells. 

33. A primary controller according to any one of Claims 31 and 32, wherein said generator 

is an electric generator. 

10 34. A primary controller according to any one of Claims 31 through 33, wherein said motor 

is an electric motor. 

35. A primary controller according to any one of Claims 20 through 30, wherein said drive 

system is a hydraulic drive system. 

36. A primary controller according to Claim 35, wherein said prime mover is a diesel 

15 engine. 

37. A primary controller according to any one of Claims 35 and 36, wherein said generator 

is a hydraulic pump. 

38. A primary controller according to Claim 37, being configured to control the hydraulic 

pump at least by affecting its displacement. 

20 39. A primary controller according to any one of Claims 35 through 38, wherein said motor 

is a hydraulic motor. 

40. A primary controller according to Claim 39 being configured to control the hydraulic 

motor at least by affecting its displacement. 

41. A vehicle comprising a primary controller according to any one of the preceding claims. 

25 42. A vehicle according to Claim 41, being configured to tow an aircraft. 

43. A vehicle according to Claim 42, being configured to receive a landing gear of the 

aircraft. 


