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SECTION 7. Mechanics and machine construction. 

 

VEHICLE REACTION LAG TO THE CHANGE OF THE STEERING-
WHEEL ANGLE 

 
Abstract: An  analytical method for determining the single-vehicle and two-link trains reaction lag time to 

the  change of the steering-wheel angle is suggested that allows to affect the readability level of the new vehicle 
just at the designing stage. 
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The vehicle follows a curved trajectory most 
of the time. Turning depends on its readability level 
and stability, it is important to know vehicle 
reaction time to the change of steering wheel angle. 
Scientists in their papers [1, 2, 3, 4, 5, 6] settle this 
problem by using a sufficiently large experimental 
data set.  

The paper proposes an analytical method for 
determining lag time of the single-vehicle and two-
link trains reaction to the change of the steering-
wheel angle that allows to affect  the readability 
level of the new vehicle just at the designing stage. 

Vehicle lag time t3 can vary greatly when the 
vehicle is moving due to its inertia, tyres flexibility, 
steering and changes in a wide range of coupling 
properties of the tire support surface. The size and 
weight of the vehicle, characteristics of unsteady 
breakaway, wheel axis slip angles ratio, their 
number and location, inertia of the moving masses 
moments, motion modes and turns affected on time 
t3 value. 

The article proposes to use elastic theory of 
the tire relative to the vertical axis for determining 
the lag time [7]. Whirl angle of the tire relative to 
vertical axis: 

i

i
i

xa


 4

2 
 ,                (1) 

 
ai  is the longitudinal size of the tire imprint at 
defined time of going into corner, m; 

x is steering axis shift of the imprint relative to its 
center, m; 
ρi is curvature radius of the tire trajectory at defined 
time of going into corner, m; 

Equation (1) was obtained of the condition 
that maximum whirl angle of the tires for contact 
mark of this moment will be when the wheel center 
travel over distance of arc with radius ρi: 

)2( xaS i  .    (2) 

During this period of time it is formed 
ultimate current of resistance to curvilinear motion 
in the contact mark of this moment. 

In order to make the vehicle to move in a new 
path as a self-adjusting system in the plane of the 
road it is necessary to form new yaw moment, 
which must be greater or equal to sum of resistance 
moments to curvilinear motion. For this purpose the 
wheel center have to travel over the distance of the 
arc of radius ρi. It is necessary time interval for 
fulfilment this condition: 
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Δt is the period of time during which the process of 
turning was considered. 

The dependence (3) is obtained for a single 
vehicle and takes into account the main factors that 
influence the vehicle reaction lag time t3, because 
the size of the contact mark depends on the load 
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variation on the wheel, the radial tires stiffness; 
vehicle speed when entering the turn (at constant 
acceleration-pedal position) depends on the 
resisting moments, which in turn depends on 
loading of tyre, lateral and angular stiffness, radius 
of the trajectory curvature and radii depend on the 
mode of motion and the ratio of wheels slip angles, 
vehicle design parameters. 

The maximum lag time of a three-axle vehicle 
with base lT rear rigid bogie at the steady mode of 
motion: 
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The maximum lag time is determined when 

turning rate of the contact mark is more than 
turning rate of the internal steering wheel about the 
kingpin axis: 

вi 1
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When considering two-link train lag time of 

the truck tЗТ it is determined by using the 
dependence (3), which is obtained from the 
condition that the yaw moment created by steering 
wheels of the truck over a period of time ∆t will 
balance the resisting moment to train turning. As 
soon as this equality is fulfilled, the truck will move 
along the trajectory set by steering wheels by the 
driver taking into account slip angle at each new 
turn of steering wheel. The same process occurs for 
the semitrailer.  

Based on the above it can be written 
dependence for determining the lag time of the 
semi-trailer tЗП on the steering wheel, considering 
that tЗП functionally depends on the lag time of the 
truck tЗТ: 
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 iAПV  – speed of semitrailer: 
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Substitute (7) in (6) we receive: 
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Determining of the vehicle reaction of 
longitudinal axis lag time will allow to establish the 
possibility of various tests performance at the 
design stage. As experience shows during operation 
it is often need swerve of suddenly appearing 
obstacle. This maneuver is similar to "elk test" 
which the vehicle carries out during steering and 
stability tests. The "elk test" is made during 
overtaking, in preparation for turning, at swerve of 
suddenly appearing obstacle. 

Under the terms of maneuver the driver, when 
crossing of the vehicle by front wheels of borders 
between acceleration and start areas of the marked 
corridor quickly removes a foot from a gas pedal 
and starts turning the steering wheel for maneuver 
performance. The condition was accepted that 
accelerator pedal position at coming into corner 
remains constant. It will be a guarantee that the 
vehicle will fall within the marked corridor. If the 
vehicle falls within the marked corridor at constant 
position of acceleration pedal, so at removed foot 
from the pedal the vehicle guaranteedly will fall 
within maneuver zone as the vehicle speed 
decreases quicker, than at the constant position of 
acceleration pedal. 

The vehicle reaction lag time of the steering 
wheel was defined at tracing of vehicle KRAZ-
6322 motion when performance "elk test". 

Track parameters were defined by means of 
the method offered in the paper [9]. 

Vehicle KRAZ-6322 has size of longitudinal 
wheel print ai = 0,355 m.  

Standard values of vehicle speed of the 
category N3 with gross weight more than 20 t when 
performing test "elk test SП = 20 m" 54 km/h, when 
performing maneuver "elk test SП = 16 m" - 44 
km/h. 

At steering and stability tests it is made the 
quickest possible steering input in the standard 
position with angular speed not less than 400 
degree/s that corresponds to 6, 978 is radian/s. 

It was accepted рк = 7 radian/s. 
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The tracing was when performing maneuver 

with speed = 54 km/h. For obtaining more exact 
parameters was chosen the period Δt = 0,05 s. 

The real radius of track curvature can be 
determined on classical dependence: 
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αi – wheel turning angle; 
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θкi –wheel slip angle. 
The vehicle reaction lag time of the steering 

wheel without steering drive rigidity in accordance 
with (3): 
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During lag time the vehicle will pass the way: 

86,1124,0153  tVS AiЗ
m. 

Thus, due to the vehicle reaction lag time of 
the steering wheel to the change of steering wheel 
position the motion track will move towards 
performance of maneuver on 1,86 m that 
significantly changes geometrical maneuver 
parameters. 

Taking into account time t3 the path length on 
which the driver has to fall within the corridor 
SП=20 m will change and it will be equal: 

 
 

3
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155,18123,01520* S  m. 
     

If we know the motion speed and path length 
S* during which the vehicle has to fall within the 
corridor "elk test SП=20 m" it is possible to define 
test performance time: 
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In fig. 1 it is presented the motion track of 

vehicle KRAZ-6322 when performing maneuver 
"elk test" taking into account the vehicle reaction 
lag time of the steering wheel. 

 
 

 
 

 
Figure 1 - The trajectory of the KrAZ-6322 when performing a maneuver permutation Sп =20 m at 

speed of Va=54 km/h. 
 
 
The knowledge of the vehicle reaction lag 

time of the steering wheel will allow significantly 
to specify parameters of performance of various 
maneuvers. 

 

Thus, using the elastic theory of the tyre 
relative to vertical axis analytical dependences 
determining the single-vehicle and two-link trains 
reaction lag time to the change of the steering-
wheel angle were obtained and affecting factors 
were fixed. 
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