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ABSTRACT

The steering system assumes the task of changing the direction of motion of the vehicle
according to the driver's control. It would be dangerous if the driver cannot control the
direction of the car as desired, this may result in a collision with another vehicle or inability
to avoid obstacles on the road. Therefore, the inspection of the steering system is very
important in the maintenance and repair activity, helping to detect the damage soon when it is
loose. Because of this importance, the inspection of the steering wheel free play is one of the
mandatory registration items in the vehicle registration process. However, the current method
of measuring free play at the registries is completely manual, it does not accurately reflect the
measurement results of the steering wheel free play. Therefore, this article presents the result
of the research proposal for automation of the process of determining the steering wheel free
play in the vehicle registration process. For the purpose of bringing automated devices into
the registration process in order to increase accuracy, save time and minimize the human
subjective factors. Initial research results have provided a feasible solution within the
framework of the permissible technique. The research proposal was successfully tested on the
current vehicle. Although it is just the beginning of test and research, the success of the
research promises to open up a new process to solve some of the shortcomings of the current
vehicle registration.

Keywords: vehicle inspection; the steering wheel free play; registration process; steering
system diagnosis; automation in the registry.
TOM TAT

H¢ thong ldi dam nhgn nhi¢m vu chuyén doi huéng chuyén dong cua xe theo sy diéu
khién Cua tdi xé. Sé rat nguy hiém néu nhu khi tai xé danh 1i ma xe khéng chuyen huwong theo
¥ muén, diéu ndy cé thé dan dén tai ngn va cham véi xe khdc hodc khong thé tranh duwoc cdc
chwéng Ngai Vdt trén dwong. Do dé viéc kiém tra hé thong ldi rdt dwoc quan tam trong cong
tac bao dwong sua chita, gitip sém nhdn ra cdc huw hong khi né bi ro long. Vi sy quan trong
nay nén viéc kiém tra dé ro vé lang ldi la mét trong nhitng hang muc dang kiém bat bugc
trong quy trinh ding kiém xe co giGi. Tuy nhién hién tai viéc kiém tra nay con thuc hién mét
cach thu cong chwa phan danh chinh xdac két qua cua dé ro. Vi vdy bai bdo nay trinh bay két
Qud nghién ciru dé xudt phwong dn tw dong héa qud trinh xdc dinh dé ro vé lang trong quy
trinh dang kiém xe co gidi. Véi muc dich dwa cdc thiét bi tw dong vao qud trinh dang kiém
thay thé cho viéc thuc hién thii cong trede day nham tang @ chinh xdc, tiét kiém thoi gian va
giam thiéu yéu t6 chu quan cua con nguoi. Két qud nghién ciru bude dau da dua ra dwoc
phirong an kha thi trong khuén khé co sé ky thudt cho phép. Phwong dn dé xuat duwoc thir
nghiém thanh céng trén xe hién hanh. Mdc dit ddy chi la bude dau nghién civu va thir nghiém
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nhung sw thanh cong cua nghién ciu hira hen sé mo ra mot quy trinh méi gidi quyét mét so
bat cdp trong qua trinh dang kiém xe co gioi hién nay.

Tir khéa: Kiém dinh xe co gidi; do ro vé lang; quy trinh diang kiém; chan dodn hé thong ldi;

ti dong héa trong dang kiém.

1. INTRODUCTION

At present, the vehicle registry is
carrying out inspecting the steering wheel
free play according to Circular No.70/2015/
TT-BGTVT of November 9, 2015 of the
Minister of Communications and Transport.
This is one of the items that determine the
operational condition of a vehicle. However,
the current method of measuring free play at
the registries is completely manual and
depends mainly on the inspectors. This
problem has caused the lack of transparency
in the registration process as well as the low
efficiency of work. Therefore, this research
will automate the process of measuring the
steering wheel free play for vehicle registry
in order to minimize the subjective factors
and reduce the time to perform this work.
This research content includes:

Survey of the current situation of
inspecting the steering wheel free play at the
registries.

Propose solutions and test the automatic
system of measuring the steering wheel free

play.

2. CONDUCT THE STEERING WHEEL
FREE PLAY MEASURING SYSTEM

2.1. The situation of free play inspection

Steering wheel free play is an important
parameter that indicates the wear of the
steering system, including wear of steering
gear, joints in the steering drive and
suspension [1].

Inspecting the free play is in the part of
the steering wheel of steering system
inspection in vehicle registration process,
issued by the Ministry of Transport and
attached in Appendix 1. Inspecting items
described in Figure 1 include: Start engine
with power steering, make guide wheel in a

straight position, the inspectors turn the
steering wheel to one side until the guide
wheel start to shift to determine the point A"
Next, reverse the way to determine the point
A" and measure the arc M called the arc of
free play. Then, measure the diameter D of
the steering wheel. If the arc M exceeds 1/5
of the diameter D, the system is not up to
standard and the vehicle is not certified [2].

N

Figure 1. The free arc of the steering wheel

2.2. Proposal for free play measuring

The way to measure the steering wheel
free play is described in Figure 2.

Active gear

__¢
=

‘Passive gear

Figure 2. Free play measuring principle

Accordingly, the measuring principle is
based on the analysis of the movement of the
mated gear teeth. As shown in Figure 2, the
point A is the center of the active gear which
is held constant. When the gear rotates
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counterclockwise, the point B on the passive
gear is shifted to the left. When the active
gear stops rotating, the point B on the passive
gear will have a new position of B’.
Corresponding to the point B’, the center A
of the active gears will have a new virtual
center point A’. Next, when the active gear is
reversed, the point B’ on the passive gear
shifts to the right. When the active gear stops
rotating, it stops at the point B”. We also
have a point A as the virtual center point of
the active gear. From the points A’ and A”
above, we can calculate the length M of the
arc A’A”, the rotation angle ¢, the length L of
the arc A’A”. In there, L is the displacement
of the virtual center points of the active gear.
On the other hand, we also calculate the
diameter D through the center of the active
gear based on the structure of the gears. The
ratio L/D is the value to estimate the steering
wheel free play. Thus, with the above
principle, the value of the ratio L/D that we
have calculated will show that the steering
wheel free play completely does not depend
on the size of the diameter of the steering
wheel because the ratio between the chord
and the diameter is the constant value at the
same rotation angle ¢. According to the
Ministry of Transport, the displacement of
one point on the steering wheel shall not
exceed 1/5 of the diameter of the steering
wheel, which means the ratio L/D <1/5.
From Figure 2 we have:

. L
sin(5) =5 0
On the other hand, L/D <1/5. From there, we
have:
sin (£) <2 =102 )
And we calculate the free driving angle in
standard:

0 < 23° (3)

In order to estimate the steering wheel
free play, we just need to determine the
rotation angle ¢ of the steering wheel.
Applying the above principle, the research
team proposed the use of one direction
electric motor driving the steering wheel

rotating around its shaft, using angle sensors
mounted on the steering shaft to determine
the rotation angle ¢, using an ultrasonic
sensor to determine the displacement of the
guide wheel. After determining, if the angle
¢ <23°, it is standardized.

2.3. Making and Testing the system

The automatic system of measuring the
steering wheel free play controls the steering
wheel rotation, measures rotation angle and
detecting displacement of guide wheel to
calculate the free play as designed in the
block diagram shown in Figure 3:

Rotation angle Driving
= .
sensor ::> o :D mechanism of
3 steering
& wheel
o
S
Ay
—
Wi [+
displ cel 3 -JE Information
isplacemen |:|'> :'; il
detecting C‘B
sensor

Figure 3. Block diagram of the system

In the block diagram shown in Figure 3,
the rotation angle sensor will control the
rotation angle of the steering wheel and sends
the data back to the central processor. The
displacement detecting sensor of the active
wheel will detect when the wheel shifts to
determine the free rotation angle of the
steering wheel. The driving mechanism is
equipped with electric motors to actuate. At
the same time the information display will
display the current test data. When the
process starts, the controller controls rotation
motor in a clockwise direction, and the angle
sensor controls the rotation angle and the
ultrasonic sensor controls shift of guide
wheel. When guide wheel start to shift, stop
the motor, record the steering wheel angle
and reverse the steering wheel until the guide
wheel start to shift. The rotation angle of the
steering wheel between the first shift and the
second shift is the free rotation angle or the
steering wheel free play.

The displacement detecting sensor uses
the US-015 ultrasonic distance sensor. The
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sensor is positioned near the guide wheel guide wheel, the distance L will change
when the wheel starts to move and the sensor  within the limits of recognition of US-015.
detects and transmits to the central processor.
Us-015 is shaped like Figure 4 and
parameters as Table 1. [3].

Table 1. US-015 specifications

The driving mechanism in the diagram is
a three-spoke grip mounted on the steering
wheel by three screws as shown in Figure 5.

TT Parameters Value ll
1 Operate voltage 5[VvDC] X"
2 |Working temperature| 0~ 70 [°C] - - B "‘ r
3 Sweep angle <15[°] | _ \'\
4 Detection range 2 ~ 700 [cm] | ‘
5 Accuracy 0,3 + 1%][cm]
6 Dimension 45x20x1,6[mm] Figure 5. The driving mechanism

The steering wheel is driven by an
electric motor, transmitting to the grip by
gear mechanism. At the joint, place a
LPD3806-400BM-G5-24C relative encoder
with 600 pulses / round to measure the
rotation angle [5]. Thus, the sensor can
measure the rotation angle of the steering
wheel with the accuracy of Ag = 360/600 =

I ' l I ’ 0.6 degrees.
The driving mechanism is mounted on a
Figure 4. Wheel displacement detecting rigid base on the floor that is able to freely
sensor shift vertically and horizontally to adjust the

structure to suit the steering wheel height of
each vehicle. The complete structure is
designed as shown in Figure 6.

The return signal of the US-015 sensor is
a pulse width d [uS] equal to the time of
sound wave transmission. From there we
have a Eq. that determines the distance L

from the directional wheel sensor as Eqg. (4). A . ,,'_;;f-'”
L=%C (@) 3“5

C is the speed of sound wave in dry air is
calculated using the Eq. (5) [4] as follows:

t
C = 331,45 /1+ﬁ (5)

In the Eq. (5), t[°C] is the environment
sound  transmission  temperature  or
temperature at the time of the measurement.

From there, at each cycle the central
processor will control the distance from the
rim of the guide wheel to the position of the Figure 6. Driving mechanism & angle
sensor. When there is a displacement of the detecting
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3. TEST STEERING WHEEL
MEASURING SET

3.1. Experiment

The system was made experimentally at
the automobile mechatronics laboratory

according to the design idea. The system was
initially tested on the Toyota Vios. The
experimental scene is shown in Figure 7.

Figure 7. System test on Vios

The driving mechanism is fixed to the
steering wheel by a three-spoke mechanism
which adjusts the rotation center as shown in
Figure 8.

7

Figure 8. Experimental driving mechanism

The steering wheel displacement
detecting sensor is located near the guide
wheel and transmits data to the central
processor via wireless transmission as shown
in Figure 9.

The central processor is mounted on the
racks, near the driving motor to control the
experiment easily because the system is not
equipped with remote control. Installation
position as shown in Figure 10.

Figure 10. Central Controlling Unit

3.2 Test results

After the actual measurement on the car 30
times, we get the data table as Table 2.

Table 2. The statistics of the steering wheel
free play measurements on the Toyota Vios

TT|Angle [°] | TT| Angle [°] | TT | Angle [°]
1 4 11 3 21 3
2 4 12 3 22 4
3 4 13 3 23 3
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TT| Angle [°] | TT| Angle [°] | TT | Angle []
4 2 14 3 24 4
5 4 15 3 25 2
6 4 16 3 26 4
7 2 17 2 27 1
8 3 18 3 28 2
9 3 19 3 29 0
10 3 20 4 30 1

Because the test was conducted on Toyota
Vios 2009 equipped with electronic power
steering system with very small steering
wheel free play, so when using the error
calculation [6] from the data table collected
we received the average steering wheel angle
was 2.9° with a variance of 1.06° and a

standard deviation of 1.02°, if compared with
a 23° steering wheel free play limitation, the
deviation is relatively large. This deviation is
due to the sensitivity of the sensor and the
oscillation of the system.

4. CONCLUSION

Automating the process of measuring
steering wheel free play was feasible and
able to measure a free angle of the steering
wheel. However, this is only the first step in
testing the feasibility of the proposed project
without assessing the reliability of the
measurement and the stability of the system
has not been determined. However, the
success of the experiment has shown that it is
possible to create a system that realize this
process within the framework of the
permissible technique.
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