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Abstract—This paper describes a torque-vectoring (TV) 

algorithm for the control of the hitch angle of an articulated 

vehicle. The hitch angle control function prevents trailer 

oscillations and instability during extreme cornering maneuvers. 

The proposed control variable is a weighted combination of terms 

accounting for the yaw rate, sideslip angle and hitch angle of the 

articulated vehicle. The novel control variable formulation results 

in a single-input single-output (SISO) feedback controller. In the 

specific application a simple proportional integral (PI) controller 

with gain scheduling on vehicle velocity is developed. The TV 

system is implemented and experimentally tested on a fully electric 

vehicle with four on-board drivetrains, towing a single-axle passive 

trailer. Sinusoidal steer test results show that the proposed 

algorithm significantly improves the behavior of the articulated 

vehicle, and justify further research on the topic of hitch angle 

control through TV. 

Keywords—Articulated vehicle, experimental tests, hitch angle, 

torque-vectoring, yaw moment. 

I.  INTRODUCTION  

Articulated vehicle dynamics have been investigated for many 

years. For example, [1-4] develop simulation models at 

different levels of complexity to assess the stability properties 

of tractor-trailer combinations. An important conclusion is that 

the stability of the overall vehicle mainly depends on the trailer 

parameters (e.g., its dimensions and inertial properties) and the 

combination of the two bodies (e.g., the location of the hitch 

joint). Darling et al. [5] show that the position of the center of 

gravity of the trailer with respect to the trailer axle is one of the 

main factors that can yield critical driving behavior at high 

speed.  

Several methods have been proposed to improve the stability 

of articulated vehicles through control of the tractor. For 

example, Mercedes-Benz [6] offers a special version of the 

ESP (electronic stability program), which determines whether a 

trailer is attached to the car, reduces the engine torque and 

activates the front brakes of the car when a critical driving 

condition is detected. Gerum et al. [7] discuss the possibility of 

improving articulated vehicle stability by applying a braking 

torque to the rear wheels of the towing vehicle. The algorithm 

in Wu et al. [8] computes symmetric and asymmetric braking 

torques based on the estimated motion of the trailer. Hac et al. 

[9] study the stability of car-trailer systems with experimental 

results, and show the benefits of symmetric and asymmetric 

brake control applied to the towing vehicle. However, the 

control system assessment is only carried out in simulation.  

The active control of the trailer through brake interventions is 

proposed by Sharp et al. [10] to enhance car-trailer stability. 

Plöchl et al. [11] present a sliding mode controller that 

computes corrective braking torques for the trailer based on the 

measured yaw rate and lateral acceleration, and the estimated 

trailer sideslip angle. Oreh et al. [12] discuss a hitch angle 

controller that uses active steering of the trailer wheels. Oh et 

al. [13] develop a vehicle stability program, which is based on 

the yaw rate of the car and the hitch angle of the articulated 

vehicle. This controller actuates the individual brakes of both 

tractor and trailer. Shamim et al. [14] compare different control 

strategies for the car-trailer system, including linear quadratic 

regulators for active steering or braking of the trailer wheels. 

Experimental tests with a scaled model of an articulated vehicle 

were conducted by Chen et al. [15] to study an adaptive 

controller preventing jack-knifing. 

As indicated above, the majority of the stability controllers 

developed for articulated vehicles focus on the actuation of the 

friction brakes. Obviously, this intervention slows down the 

vehicle. To avoid the speed reduction, TV control [16-19] can 

be used on the towing car to stabilize trailer motions. For 

example, TV for articulated vehicles is discussed in the patent 

by Wu [20], which describes the stabilization of a car-trailer 



system without significant speed reductions, through a trailer 

yaw rate tracking algorithm. Apart from [20], TV control for 

improving articulated vehicle stability is a topic that is not well 

researched. To address the knowledge gap, this paper studies 

the stability control of a passive trailer achieved through TV 

control implemented on an electric towing car. The novel 

points of this work are: 

• The TV control of an electric car, including the stabilization 

of a passive trailer in the formulation. The proposed control 

structure is based on: i) continuous feedback control of the 

yaw rate of the car; ii) sideslip angle control of the car in 

emergency conditions; and iii) hitch angle control of the 

trailer when needed. 

• The implementation of the controller on a fully electric 

vehicle demonstrator and the analysis of the proposed 

algorithm through experimental tests. 

• The experimental comparison of the performance of the 

proposed approach with that of: i) the passive vehicle; and 

ii) the same vehicle with a more conventional TV controller 

based on the yaw rate and sideslip angle of the car. 

The paper is organized in the following four sections. Section 

II presents the single-track model of the articulated vehicle 

used for control system design. The structure of the controller 

is discussed in Section III. Section IV presents the preliminary 

experimental results, and Section V reports the conclusions. 

II. VEHICLE MODEL FOR CONTROL SYSTEM DESIGN 

The linearized single-track model of the lateral dynamics of an 

articulated vehicle [21] is used for feedback control system 

design. A schematic of the model is shown in Fig. 1. The 

subscripts ܥ and ܶ refer to the car and the trailer, respectively. ݉ and ܬ௭ indicate the mass and yaw mass moment of inertia. ܽ,	ܾ and ݈ indicate the front and rear semi-wheelbases, and the 

wheelbase, respectively. ݄஼  is the longitudinal distance 

between the center of gravity of the car and the hitch joint. 

The notations ܨ௬,௜, with ݅ =  refer to the ,ܶܪ ,ܥܪ ,ܶ ,ܴ ,ܨ

lateral forces at: a) the front axle of the car; b) the rear axle of 

the car; c) the trailer axle; d) the hitch joint in the car reference 

system; and e) the hitch joint in the trailer reference system. 

The parameters ܥ௜, with ݅ =  are the cornering ,ܶ ,ܴ ,ܨ

stiffness of the front axle of the car, the rear axle of the car, 

and the trailer axle, respectively. 

The lateral force and yaw moment balance equations for the 

car and trailer are: 

۔ۖەۖ
ۓ ݉஼ܽ௬,஼ = ௬,ிܨ + ௬,ோܨ + ௬,ு஼ܨ ሶ஼ݎ௭,஼ܬ													 = ௬,ிܽ஼ܨ − ௬,ோܾ஼ܨ − ௬,ு஼݄஼ܨ + ்,௭,௥௘௙்݉ܽ௬ܯ = ்,௬ܨ + 															௬,ு்ܨ ሶ்ݎ்,௭ܬ													 = ௬,ு்்ܽܨ − 				்்ܾ,௬ܨ 										  (1) 

where ܽ௬,஼ and ܽ௬,்  are the lateral accelerations of the towing 

vehicle and the trailer, and ݎሶ஼  and ݎሶ்  are the respective yaw 

accelerations. ܯ௭,௥௘௙  is the yaw moment of the TV controller. 

Under the approximation of a small hitch angle the lateral 

force at the hitch joint becomes ܨ௬,ு஼ =  ௬,ு். The lateralܨ−

forces at the axles are computed assuming linear tire behavior:  

௬,௜ܨ = ,௜ߙ௜ܥ− ݅ =  (2) ܶ ,ܴ ,ܨ

The linearized expressions of tire slip angles are [21]: ߙி = ஼ߚ + ܽ஼ܸ ஼ݎ −  ௪ (3)ߜ

ோߙ = ஼ߚ − ܾ஼ܸ  ஼ (4)ݎ

்ߙ = ஼ߚ − ݄஼ + ்݈ܸ ஼ݎ − ்݈ܸ ߶ሶ − ߶ (5) 

where ܸ is vehicle speed. Moreover, ܽ௬,஼  and ܽ௬,்  can be 

expressed as: ܽ௬,஼ = ሶ௬ݒ + ஼ݎ௫ݒ  (6) ܽ௬,் = ܽ௬,஼ − ሶ஼ሺ݄஼ݎ + ்ܽሻ − ߶ሷ ்ܽ (7) 

where ݒ௫ and ݒ௬ are the longitudinal and lateral components 

of vehicle speed. 

By re-arranging (1)-(7), the linearized formulation of the 

single-track vehicle model is obtained, and thus the vehicle 

response transfer functions. The model has four states: i) the 

sideslip angle of the car, ߚ஼; ii) the yaw rate of the car, ݎ஼; iii) 

the hitch rate, ߶ሶ ; and iv) the hitch angle, ߶. In particular, the 

control system design is based on the transfer functions ܩெ೥,ೝ೐೑,௥಴ሺݏሻ = ሻݏெ೥,ೝ೐೑,థሺܩ ௭,௥௘௙ andܯ/஼ݎ =  is the Laplace operator. As discussed in [22], to ensure safe ݏ ௭,௥௘௙, whereܯ/߶

vehicle operation, the ܥ௜ values in (2) are set to the axle 

cornering stiffness corresponding to a steady-state cornering 

condition close to the vehicle limit. 

Fig. 1. Single-track model of the articulated vehicle. 
 

Fig. 2. Simplified block diagram of the TV control structure. 



III. TV CONTROLLER WITH HITCH ANGLE CONTROL FUNCTION 

This section presents the SISO feedback control structure, 

including the hitch angle control function. Fig. 2 shows the 

simplified block diagram of the controller. The ‘reference 

signal generation’ block is responsible for the calculation of 

the reference yaw rate, ݎ௥௘௙ , and the reference hitch angle, ߶௥௘௙. According to the approach in [19], ݎ௥௘௙  is the weighted 

average of the handling yaw rate, ݎ௛, and the stability yaw 

rate,	ݎ௦: ݎ௥௘௙ = ൫ͳ − ఉܹ൯ݎ௛ + ఉܹݎ௦ (8) 

where ݎ௛ is the reference yaw rate for the vehicle operating in 

high friction conditions. In this study, ݎ௛ is close to the yaw 

rate of the passive car without the trailer. In the controller, ݎ௛ 

is calculated from a multi-dimensional look-up table as a 

function of steering angle, ߜ௪, vehicle speed, ܸ, and 

longitudinal acceleration, ܽ௫,஼ . The look-up table output 

passes through a first order filter, which provides the 

appropriate reference dynamics. ݎ௦ is the stability yaw rate of 

the car computed from ܽ௬,஼ and ܸ (see [19] for the details), 

and represents a yaw rate that is safely achievable with the 

prevailing tire-road friction conditions. The weighting factor, ఉܹ, is a function of the sideslip angle of the car, ߚ஼: 

ఉܹ = ۔ۖەۖ
						ۓ

Ͳ ஼ߚ 	 א ሾ−ߚ௧௛; |஼ߚ|	௧௛ሿߚ − ௟௜௠ߚ௧௛ߚ − ௧௛ߚ ஼ߚ 	 א ±ሾߚ௧௛; ௟௜௠ሿͳߚ ஼ߚ 	 ב ሾ−ߚ௟௜௠;  ௟௜௠ሿ (9)ߚ

where ߚ௧௛ is the sideslip angle threshold indicating the onset 

of critical driving condition, and ߚ௟௜௠ is the sideslip limit 

considered to be safely achievable.  

In parallel, the reference hitch angle, ߶௥௘௙, is calculated 

from ߜ௪, by considering the articulated vehicle in kinematic 

steering conditions. In the ‘error signal computation’ block 

(Fig. 2) the control variable of the SISO controller, Δݎథ, is the 

weighted combination of the yaw rate and hitch angle errors: Δݎథ = థܹ൫ݎ௥௘௙ − ஼൯ݎ − థ൫ͳܭ − థܹ൯൫߶௥௘௙ − ߶൯ (10) ܭథ is the parameter that defines the significance of the hitch 

angle error with respect to the overall error signal. The hitch 

angle weighting factor, థܹ, is a function of the hitch angle 

error, Δ߶ = ߶௥௘௙ − ߶: 

థܹ = ۔ۖەۖ
						ۓ

ͳ 	Δ߶	 א 	 ሾ−Δ߶௧௛; Δ߶௧௛ሿ	Δ߶௟௜௠ − |Δ߶|Δ߶௟௜௠ − Δ߶௧௛ Δ߶	 א ±ሾΔ߶௧௛; Δ߶௟௜௠ሿͲ 	Δ߶	 ב ሾ−Δ߶௟௜௠; Δ߶௟௜௠ሿ (11) 

where Δ߶௧௛ and Δ߶௟௜௠  are the lower and upper threshold 

values of the hitch angle error. These values are empirically 

selected so that the hitch angle control part does not intervene 

in normal driving conditions (i.e., when the trailer is stable), 

and to allow a progressive intervention of the hitch angle 

controller to ensure smooth operation. If the hitch angle error 

is oscillating in the interval ሾ−Δ߶௧௛; Δ߶௧௛ሿ, the hitch angle 

contribution is inactive, since థܹ = 1. If the hitch angle error 

is between the lower and upper thresholds, the objective of the 

TV control action linearly shifts from the reduction of the yaw 

rate error to the reduction of the hitch angle error. The larger is 

the difference Δ߶௟௜௠ − Δ߶௧௛, the more gradual is the 

intervention of the hitch angle controller. Saturations are 

imposed on Δ߶ to limit the hitch angle control action, and to 

allow the driver to maintain control of the trajectory of the car 

by steering. The feedback control structure implemented in 

this study comprises a proportional integral (PI) controller 

with an anti-windup term and gain scheduling on ܸ, and a 

control allocation algorithm to compute the four individual 

reference wheel torques. The PI controller calculates the yaw 

moment ܯ௭,௉ூ: ܯ௭,௉ூ = +థݎ߂௉௥ሺܸሻܭ ூ௥ሺܸሻܭ න Δݎథ݀ݐ+ ஺ௐሺܸሻܭ න൫ܯ௭,௥௘௙ି − ௭,௉ூିܯ ൯݀ݐ 

(12) 

where ܭ௉௥, ܭூ௥ and ܭ஺ௐ are the proportional, integral and 

anti-windup gains of the controller. ݐ	is time. The reference 

yaw moment, ܯ௭,௥௘௙, is calculated through the saturation of ܯ௭,௉ூ, by considering drivetrain and tire-road friction 

limitations. The notations ܯ௭,௥௘௙ି  and ܯ௭,௉ூି  indicate the values 

of ܯ௭,௥௘௙  and ܯ௭,௉ூ at the previous time step. Appropriate reset 

integrator conditions are included in the implementation.  

The gains ܭ௉௥, ܭூ௥ and ܭథ are selected to allow good system 

performance in terms of yaw rate tracking and hitch angle 

tracking. In particular, the gains were determined with a 

frequency domain study based on the linearized single-track 

model, for the cases of థܹ= 1, i.e., yaw rate control only, and థܹ= 0, i.e., hitch angle control only. The respective open-loop 

transfer functions are: ቊ ሻݏ௥಴ሺܮ = ሻݏథሺܮሻݏ௉ூሺܥሻݏெ೥,ೝ೐೑,௥಴ሺܩ =  ሻ  (13)ݏ௉ூሺܥథܭሻݏெ೥,ೝ೐೑,థሺܩ−

where ܥ௉ூሺݏሻ is the PI controller transfer function, and the 

negative sign accounts for the sign convention adopted in the 

study. A gain scheduling scheme on vehicle speed is included 

to keep the stability margins approximately constant for a 

wide range of speeds. 

The torque distribution algorithm of this study firstly 

calculates the torque demands on the left- and right-hand 

sides, corresponding to the total wheel torque demand and ܯ௭,௥௘௙ . Within each vehicle side, the torque is then equally 

distributed among the front and rear motors. This yields the 

individual reference torques for the four motors, ௥ܶ௘௙,௜, ݅  .ܴܴ ,ܮܴ ,ܴܨ ,ܮܨ=

IV. PRELIMINARY EXPERIMENTAL RESULTS 

The TV controller presented in Section III was implemented 

on a dSpace AutoBox rapid control prototyping unit, and 



experimentally tested on the electric Range Rover Evoque 

demonstrator of the FP7 European project iCOMPOSE, at the 

Lommel and Kristalpark proving grounds in Belgium (Fig. 3). 

The vehicle has four identical on-board drivetrains, one per 

wheel. Each drivetrain consists of an inverter, an electric 

motor, and a single-speed transmission connected to the wheel 

through a half-shaft and constant-velocity joints. A 

conventional single-axle trailer was attached to the vehicle 

(see Fig. 3). During the tests, the trailer wheels were free 

rolling; in other words, the brakes were not applied on the 

trailer wheels. The main vehicle parameters are reported in 

Table I.  

The sensors for control system assessment included: a 6-

degree-of-freedom inertial measurement unit (IMU) to detect 

the yaw rate, longitudinal acceleration and lateral acceleration 

of the car; a steering wheel angle sensor; a Corrsys-Datron 

S-350 sensor installed on the front bumper of the car to 

measure sideslip angle and velocity; and a linear 

potentiometer measuring the distance between the car and the 

trailer to indirectly obtain the hitch angle. The hitch angle 

measurement was used as control system input – in absence of 

a hitch angle state estimator in this initial implementation of 

the controller – as well as for the analysis of the experimental 

results.  

The tests were carried out for three different vehicle 

configurations: 

• Configuration 1: the passive vehicle, i.e., the articulated 

vehicle with an even torque distribution among the wheels 

of the electric car. 

• Configuration 2: the articulated vehicle with the 

conventional TV controller based on the yaw rate and – 

indirectly through ఉܹ – the sideslip angle of the car, 

indicated as ‘Yaw Rate Control’ in the remainder. The TV 

yaw moment was actuated through appropriate wheel 

torque distribution among the wheels of the car. 

• Configuration 3: the articulated vehicle with the combined 

yaw rate, sideslip angle and hitch angle TV controller, 

actuated on the car, according to the description in Section 

III. This configuration is indicated as ‘Hitch Control’ in the 

remainder. 

To ensure repeatability, for each test the vehicle was initially 

accelerated to the desired speed, and then a constant total 

wheel torque demand was set through the dSPACE system. 

 

Fig. 3. The iCOMPOSE electric vehicle demonstrator with the trailer at the 

Kristalpark proving ground (Belgium). 

A. Sinusoidal steer tests 

In these tests the vehicle was accelerated to 70 km/h, and then 

a single sinusoidal steering wheel input, ߜ௦௪௔ሺݐሻ, was applied 

by the driver to provoke severe hitch angle oscillations. The 

amplitude of the steering wheel input was ~50 deg, with a 

duration of the steering wheel action of ~2.8 s, corresponding 

to a frequency of ~0.4 Hz (Fig. 4).  

Special attention was paid to maintaining consistent steering 

wheel input for all tests and vehicle configurations. Despite 

this, since a human driver carried out the tests, minor 

differences in the steering pattern can be observed in Fig. 4, at 3~ݐ s. In this respect, it is important to note that almost zero 

yaw rate and hitch angle reference values are generated for 

low values of the steering angle. This, in combination with  
 

TABLE I. MAIN CAR AND TRAILER PARAMETERS 

CAR 

Mass [kg] 2290 

Wheelbase [m] 2.660 

Front semi-wheelbase [m] 1.399 

Rear axle to hitch distance [m] 0.850 

Track width [m] 1.625 

TRAILER 

Mass [kg] 1400 

Hitch joint to axle [m] 2.8 

 
Fig. 4. Experimental time histories of steering wheel angle during sinusoidal 

steer tests at 70 km/h.
 

 
Fig. 5. Experimental time histories of hitch angle during the sinusoidal steer 
tests at 70 km/h of Fig. 4. 
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the negative actual hitch angle, produces a negative reference 

yaw moment (see Fig. 1 for the sign convention). Thus, at 3~ݐ 

s, the positive steering wheel angle in configuration 3 is 

working against the controller. This means that a more precise 

tracking of the desired steering profile, for example with a 

steering robot, would make the benefits of the hitch angle 

controller even more evident. 

Fig. 5 reports the hitch angle time histories. At 3.2~ݐ s, the 

hitch angle profiles for configuration 1 and configuration 2 

show a similar significant peak. This happens as the car 

operates well below its cornering limit, so that the TV 

controller intervention is very moderate. In other words, the 

reference yaw rate of the TV controller is very similar to the 

actual yaw rate of the passive car. Nevertheless, the yaw rate 

controller is active and tends to reduce the understeering 

behavior of the vehicle. In doing so, the car is more agile, yet 

the trailer behavior marginally worsens. In contrast, with the 

hitch angle controlled vehicle, i.e., configuration 3, the 

amplitude of the hitch angle oscillations significantly reduces, 

and the stability of the trailer is increased. 

The results of the sinusoidal steer tests have been evaluated 

with three objective performance indicators [19]:  

• The root mean square value of the hitch angle error, Δ߶: 

߶Δܧܵܯܴ = ඨ ͳݐ௙ − ௜ݐ න ሺ߶௥௘௙ሺݐሻ − ߶ሺݐሻሻଶ݀ݐ௧೑௧೔  (14) 

where ݐ௜ and ݐ௙ represent the initial time and final time of 

the relevant part of the test. 

• The root mean square value of the yaw rate error of the 

car, Δݎ஼ : 

ܥݎΔܧܵܯܴ = ඨ ͳݐ௙ − ௜ݐ න ሺݎ௥௘௙ሺݐሻ − ௧೑௧೔ݐሻሻଶ݀ݐ஼ሺݎ  (15) 

• The integral of the absolute value of the control action, ܣܥܣܫ, normalized with respect to ݐ௙ − ܣܥܣܫ :௜ݐ = ͳݐ௙ − ௜ݐ 	න ሻ|௧೑௧೔ݐ௭,௥௘௙ሺܯ|  (16) ݐ݀

The effect of the ܭథ൫ͳ − థܹ൯൫߶௥௘௙ − ߶൯ term of (10) can 

be observed in the performance indicator values in Table II. 

As the control objective shifts from the yaw rate to the hitch 

angle, the yaw rate tracking performance decreases, as 

indicated by the higher ܴܧܵܯ୼௥಴ value of configuration 3. 

However, the hitch angle tracking performance significantly 

improves, and the corresponding ܴܧܵܯ୼థ value for 

configuration 3 is considerably lower than in the first two 

configurations. The reaction of the controller to the significant 

oscillations of the trailer results in a considerable control 

effort, which is reflected by the increased value of the ܣܥܣܫ 

for configuration 3. 

 

 
 

TABLE II. PERFORMANCE INDICATORS FOR THE SINUSOIDAL STEER TESTS 

 
PASSIVE 

(config. 1) 

YAW RATE 

CONTROL 

(config. 2) 

HITCH 

ANGLE 

CONTROL 

(config .3) ܴܧܵܯ୼థ [deg] 10.05 11.95 4.67 ܴܧܵܯ୼௥಴ [deg/s] 4.82 2.36 9.74 ܣܥܣܫ [Nm] - 820 2051 

 
Fig. 6. Experimental time histories of the steering wheel angle (left) and hitch 

angle of the trailer (right) for configuration 1 (top), configuration 2 (center) 

and configuration 3 (bottom) during sine sweep steer tests at 90 km/h.

B. Sine sweep steer tests 

The sine sweep steer test was carried out to evaluate the 

dynamic response of the controlled vehicle over a range of 

frequencies. For this test, the vehicle accelerates to 90 km/h, 

then a continuous sinusoidal steering wheel input with 

amplitude of ~20 deg is applied by the driver. During the test 

the frequency of the input is progressively increased to excite 

the resonant behavior of the trailer. The test continues until 

either the maneuver has to be stopped to maintain control of 

the vehicle, or until the end of the available runway of the 

proving ground. 

Fig. 6 shows the results for the different vehicle 

configurations. In configuration 1 (i.e., the passive vehicle) 

and configuration 2 (i.e., the vehicle with the yaw rate TV 

controller), the increase of the input frequency leads to a 

significant increase of the hitch angle amplitude at the 

resonance frequency of the system. This forced the driver to 

prematurely abort the maneuver after ~15 s, by keeping the 

steering wheel straight and slowing down the vehicle. With 

the activated hitch angle controller, it was possible to achieve 

a significantly higher input frequency, as the peak values of 

the hitch angle were kept within a safe level. The test results 

do not show the resonance in the trailer dynamics as observed 

with the passive and the yaw rate controlled vehicles. In 

particular, the maximum steering wheel input frequency 

achieved during this maneuver was 0.5 Hz for the passive 

vehicle, 0.6 Hz for the vehicle with the yaw rate controller, 
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and 1.1 Hz for the vehicle with the hitch angle controller. In 

configuration 3 the test could have continued at higher 

frequency values. In fact, with the hitch angle controller the 

maneuver had to be stopped only because of the limits of the 

available runway. 

V. CONCLUSIONS 

In this study a novel TV formulation for the simultaneous 

control of the yaw rate of the towing vehicle and the hitch 

angle of the articulated vehicle was used to develop a SISO 

feedback strategy. The aim is to continuously control the yaw 

rate of the car, while limiting the car sideslip angle and 

maintaining trailer stability in emergency conditions. The 

following conclusions can be drawn from the analysis: 

• The simple formulation of the control variable allows the 

application of the proposed yaw rate, sideslip angle and 

hitch angle control structure to any SISO control 

formulation for TV or direct yaw moment control. In this 

study a simple PI controller, gain scheduled with vehicle 

speed, was implemented for the demonstration of the hitch 

angle control function. 

• While TV based on the yaw rate and sideslip angle can 

enhance the cornering capability of a car, the experimental 

results show that there is no guarantee of improving the 

stability of an articulated vehicle with a TV system based 

on the sole yaw rate and sideslip angle of the towing car. 

• The experimental results indicate that the hitch angle 

feedback control function is useful to prevent high peak 

values of hitch angle in extreme transient conditions, and 

to suppress the hitch angle resonance of the trailer during 

sine sweep steer tests. 
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