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METHOD OF MEASURING DAMPING RATIO OF UNSPRUNG MASS OF HALF AXLES OF

PASSENGER CARS USING A SUSPENSION TESTING RIG WITHOUT DISASSEMBLING

(67)  Theinvention relates to the method of measure-
ment of damping ratio b,,q4,54 Of unsprung mass of half
axles of passenger cars using the computational appa-
ratus of a suspension testing rig without disassembling
including the calculation of the value of a relative down
pressure of the wheel to the test platform at the reso-
nance of the suspension; the evaluation of the phase
shift of the signal of pressure force of the wheel to the
test platform behind the signal of the excitation stroke at
the resonance of the suspension; and the quantification

of damping ratio byynaq Of Unsprung mass of half axles
on the basis of a phase shift in the area of the resonance
frequency. The invention also relates to a suspension
testing rig without disassembling for measuring damping
ratio b,ygnhaq Of unsprung mass of half axles connected
with a computer with a control program containing a com-
putational apparatus designed to quantify damping ratio
brodha Of unsprung mass of half axles. The value of the
excitation amplitude in the middle of swing frame (3) is
1.25 mm.
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Description

Field of the invention

[0001] The invention relates to a method of measuring damping ratio of unsprung mass of half axles of passenger
cars using a suspension testing rig without disassembling.

Background of the invention

[0002] The technical condition of the car chassis has a crucial influence on driving behaviour of a car and thus affects
the overall traffic safety. Especially a shock absorber, which is an important element of suspension, requires periodic
inspection due to limited lifetime. Lengthy disassembling and assembling of the shock absorber have led in the past to
the introduction of non-destructive testing of the entire spring and damping system directly on the vehicle, without
disassembling.

[0003] The mostwidespread are resonance testers, equipped with vibrating platforms to vibrate the wheel of the tested
suspension. The measured quantity is either the pressure force of the wheel to the platform, or the amplitude of the
platform. Another category includes pulse tail testers, working on the principle of analysing the pulse tail of the swaying
car body. The vertical vibrations of the vehicle body are induced by impact and evalution of the damping of this movement
is made subsequently.

[0004] To unify the testing methodology in assessing the technical condition of shock absorbers, the international
association of manufacturers of shock absorbers EUSAMA established uniform test conditions [1]. Under these condi-
tions, a vertically vibrating platform of an active tester, on which the measured wheel is placed, simulates road irregularity
and simultaneously records the pressure force of the wheel to the platform. After the drive is turned off, the frequency
of the platform movement fluently decreases from 25 Hz to the stop. Figure 2 shows a graphical record of the pressure
force evaluated.

[0005] The record clearly demonstrates how the pressure force of the wheel to the road decreases to the minimum
of Fin When passing through the natural frequency of the suspension. With regard to the natural frequencies of passenger
car axles it is necessary to use an excitation electric motor with operating speed 1500 RPM (i.e. 25 Hz). The result of
the test then includes the smallest value ot the down pressure of the wheel to the platform F,;, during the test. The
specification recommends expressing the relative value of this variable (EUS) relative to the static value of the Fg
pressure force:

EUS = 1_904}11@_ (1)
I

s

[0006] Thistechnically and economically challenging design, which requires an accurate dynamic strain-gauge balance
for both wheels of the axle, allows for very simple and yet very accurate evaluation of the result, which comprises only
the calculation of the relative load on the wheel near its natural frequency. In the kinematic excitation using the agreed
constant amplitude, the result of the test conducted in this way represents an objectively comparable classification of
wheeldamping. The method assesses the degree of wheel grip as a basic functional feature of the suspension, regardless
of the causes for its decreasing.

[0007] A simplified dynamic model of this device is based on the fact that in the area of natural frequency of the test
platform, the amplitude of oscillation of the sprung part of the vehicle is practically negligible. This means that the vertical
oscillation of the axle can be replaced - with a certain inaccuracy - in the area of the resonance frequency with a simple
model with kinematic excitation (Fig. 3), where mass m, represents the unsprung mass of the axle; stiffness k; is
determined by the stiffness of the tire, and k, is the suspension stiffness. The quality of damping is described by damping
constant b of the hydraulic shock absorber.

[0008] Another criterion that can be applied at EUSAMA testers is damping ration b,, which is usually used to evaluate
the ability of the shock absorber to fulfil its purpose.

Damping ratio b, for the system in Fig. 3 is defined as follows:

b= @

"2k k) om,

[0009] The value of b, = 0.1 is generally considered the limit value of the damping ratio. Below this value, damping is
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considered as insufficient. The damping ratio is an understandably and clearly defined parameter, and it is therefore
suitable as an additional criterion to EUSAMA; not only for its clarity, but also for a possibility of determining it from data
measured on the EUSAMA testers.

[0010] The problem of resonance testers is that the measurement does not involve only the shock absorber, but the
entire wheel suspension. With regard to these facts, the result of the EUSAMA methodology is usually significantly
dependent on other factors, such as the instantaneous mass of the vehicle or its proportion and distribution between
the sprung and unsprung mass on the measured wheel. Another of the negative elements is also the type and pressure
of the tires used, the working temperature of the shock absorber, and the ambient temperature.

[0011] A case may occur, when a car with a defective shock absorber with a higher total weight exerts a greater
pressure force on the platform than a light vehicle with a good shock absorber. When measuring on the rear axle using
the EUSAMA methodology, even new cars show unsatisfactory results, even though driving properties and the technical
condition of these cars are all right. Other problematic cases have been observed also in the upper middle class cars,
such as BMW 5 series, X6 or Lexus SC430, where unsatisfactory EUSAMA tests had a common feature: the run-flat
tires used. For these known vehicles, it was necessary to create an additional criterion that would evaluate the function
of the shock absorber regardless of a EUSAMA parameter.

[0012] Phase shift ®,5 can be defined as an angular difference between the phases of vibrating platform X5 (the
absolute sinusoidal wave of the vibration plate position) and the phase of the force contact of the tire with vibrating
platform X,5 (the sinusoidal wave of the vertical contact of the force acting on the vibrating platform by the tire).
[0013] The kinematic equation of the system with kinematic excitation with one degree of freedom shown in Fig. 2 can
be written as follows:

my g +b-q +(k +k;)-q, = kh(t) 3)

[0014] Equation (3) can be converted into the frequency form of the record:

b, (i)} +b- (o) +k, + &, |- ¢, (@) =k h(w) (4

[0015] From this equation, transfer function W () can be expressed between the reformation of the tire and the stroke
of the tester:

b ~m, (@) +b-(i0) +k, +1,]

O P P Tx v

()

[0016] The course of this complex function can be graphically described by two courses of real functions: absolute
value function |W(w)| and phase shift function ®(®). An example of the course for the model from Fig. 3 is in Fig. 5.
[0017] A disadvantage of resonance testers used so far is a relatively high value of a commonly-used excitation
amplitude, which was introduced in the 70s of the last century, when the road conditions were much worse. For vehicles
designed for modern roads, an insoluble problem often occurs during testing, when the value of 3 mm of the excitation
amplitude of the tester swing frame, recommended by the EUSAMA standard, is too high, and it may not be possible to
test some cars.

[0018] References:

1. EUSAMA - Recommendations for a performance test specification of an "on car" vehicle suspension testing
system, TS-02-76

2. PRAZAK, F.: Shock Absorber as an element affecting driving behaviour of a car. Doctoral thesis. Bmo, Brno
University of Technology

3. Hortova P.: A virtual model of resonance adhesion test of wheel suspension according to EUSAMA. Thesis, 2009.
Institute of Design, Faculty of Mechanical Engineering, Brno University of Technology
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Summary of the invention

[0019] Shortcomings of the testers used are solved in a suspension testing rig without disassembling for the verification
of damping of half axles of passenger cars, including an appropriate test methodology. The system also addresses the
issue of reducing acquisition and operating costs.

[0020] The subject of the invention is a method of measuring damping ratio b,,4,,4 Of Unsprung mass of half axles of
passenger cars using the computational apparatus of a suspension testing rig without disassembling, comprising the
calculation of the value of relative down pressure of the wheel to the testing platform at the resonance of the suspension,
subsequent evaluation of the phase shift of the signal of the pressure force of the wheel to the testing platform behind
the signal of the excitation stroke at the resonance of the suspension, and - on the basis of the phase shift in the area
of resonance frequency - the quantification of damping ratio b,yyn5q Of Unsprung mass of the half axle.

[0021] The subject of the invention is also the suspension testing rig without disassembling for measuring damping
ratio b, q4naq Of UNsprung mass of half axles of passenger cars using the method according to the invention in verifying
the damping of these half axles. Each of the pins on one end of the swing frame of the tester is connected to one load
cell, and the second end of the frame is hung by means of a connecting rod with swing bearings on the eccentric mounted
on the overhung end of the shaft of the electric motor. A flywheel and a dead centre sensor are also mounted on the
shaft of the electric motor. The tester is connected with a computer with a control program and with an analogue to digital
converter; the computer contains the control program with a computational apparatus designed to quantify damping
ratio of unsprung mass b,,4,54 Of @ half axle. The value of the excitation amplitude in the middle of the tester's swing
frame is 1.25 mm.

[0022] The resonance suspension testing rig without disassembling for the verification of damping of half axles of
passenger cars according to the invention consists of an oscillating base consisting only of a swing frame. The swing
frame is bent in the middle, which facilitates the placing of the wheel of the tested suspension to its centre. Each of the
arms of the swing frame is connected to the load cell at one end; and the connection of second ends of the frame is
suspended by means of a connecting rod with swing bearings on the eccentric mounted on the overhung end of the
shaft of the electric motor. On the shaft of the electric motor, a flywheel with a shape mark is also mounted; the shape
mark is used for sensing the dead centre of the excitation mechanism using the dead centre sensor in the form of an
inductive sensor, mounted on the flywheel. The flywheel will ensure the run-down test to be performed after the electric
motor is turned off. The electric motor is connected with a computer with a control program and with an analogue to
digital converter; the control program of the computer contains a computational apparatus intended to quantify an
additional criterion, which is damping ratio b,,qn4q Of Unsprung mass of a half axle. The sensor of the dead centre of the
excitation stroke allows measuring the phase delay of the signal of the force behind the signal of the excitation stroke.
By its analyses, an additional criterion of the damping ratio of unsprung mass can be evaluated.

[0023] The diagnostic system of passenger car chassis according to the invention solves the diagnostics of damping
capabilities of wheel suspensions, especially shock absorbers of passenger cars. In the area of software, it allows the
use of model analysis techniques.

[0024] The oscillating swing frame of the tester represents an accurate strain-gauge balance, able to measure the
pressure force of the wheel 1000timers per second. Further signal processing is carried out through a personal computer
with a control program and with an analogue to digital (A/D) convertor.

[0025] All these electronic devices are completely independent of a high-voltage electrical system and are powered
from the control computer. Once the computer control program records the turning off of the electric motor, it begins to
transmit the signal from the strain-gauge sensor of forces to the memory.

[0026] This provides the course of the pressure force of the wheel to the test platform (Fig. 2). The signal must be
digitally filtered by an appropriately set low-pass filter, and an absolute value of the envelope of this curve must be
analyzed. The effort to achieve high amplitude accuracy eliminated the use of the FFT frequency analysis. The problem
is dealt with by direct detection of the envelope curve. Angular frequencies o corresponding to these points are measured
in parallel with the analysis of the points of the envelope.

[0027] When designing the vibration unit, the simple leverage model of a vibrating test platform was chosen. The
essence of the design was to make the test conditions as similar to operating conditions as possible. The value of 6 mm
of the excitation stroke of the test platform, recommended by EUSAMA, was therefore reduced to 2.5 mm, which is a
double of the excitation amplitude in the middle of the swing frame of the tester according to the invention. This reduction
also has a positive effect on steady behaviour of the vehicle during the test. The functional diagram of the tester is shown
in Figure 1. It is a concept of a small mobile unit for a test on a single wheel, which is characterized by its simple
mechanical design, operating reliability, and low production cost. These parameters predetermine the system for flexible
use, especially in confined spaces of smaller shops. Instead of the usual, but massy platform on a parallelogram sus-
pension, the vibrating base only consists of a swing frame suspended by means of a connecting rod with swing bearings
on the eccentric mounted on the overhung end of the shaft of the electric motor. The advantage of this concept is a very
low natural weight of the vibrating system of the tester and its high rigidity (Fig. 6). These features ensure high accuracy
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of the results measured.

[0028] The suspension testing rig without disassembling according to the invention is a simple mobile excitation unit
with a reduced stroke as opposed to the stroke used in the EUSAMA methodology. The evaluation program corrects,
by computation, the reduced stroke to determine the universally comparable criterion according to the EUSAMA pre-
scription. It uses an additional criterion for the assessment of controversial situations: the coefficient of the damping ratio
of the unsprung mass, calculated from the measured signal of the phase shift between the force and the excitation stroke.

The methodology of processing the measured signal

[0029] The subject of the invention is the methodology for processing the measured signal. The essence of the diag-
nostic approach shown here is an extension of the actual control program of the tester by a computational apparatus
designed to enumerate the additional criterion - the damping ratio of the half axle unsprung mass (b,,qnaq)- This criterion
is needed, for example, in a situation when a new car - after the installation of unsuitable tires - shows poor results using
a EUSAMA methodology.

[0030] The evaluation algorithm works in two basic levels. In the basic function, it complies with the conditions of
assessing the overall condition of the axle according to EUSAMA. The effect of the changed excitation stroke is corrected
computationally, so the results of measuring are fully comparable with the results of testers from other manufacturers.
[0031] First, it is necessary to computationally correct the changed excitation stroke of the tester so that the results
are comparable with other testers in this category. Equation (1) is thus modified by the correction of the dynamic com-
ponent of the force to:

100(F, ~2.4(F, - F,,))
F

51

EUS = (6)

[0032] The mathematical system for calculating the additional damping criterion is installed above this layer. The
course of absolute value functions |W(®)| and phase shift ® (o) is dependent on all design parameters of the axle including
damping b. Technically, it is not a problem to measure the phase shift of the force signal behind the excitation signal. It
is further described how the value of the damping ratio of suspension b, can be acquired from the phase shift. The
function of the phase shift from the transfer from equation (5) can be written in the form

bk
O(w) = arctg ( e @ : (7

G —-k?_)-(ki +ky—0®-m, )'(02 b

[0033] Inthe area of the resonance frequency of system Q, this equation can be simplified by the application of equation
Q2 = (k4+ky)/m, for calculating the resonance angular frequency:

D(Q) = arclg| — (8)

= qret !
825 k)

where b, is a dimensionless parameter of the damping ratio, which will serve as the searched additional criterion.

b, = i —
T2k Ky 1g(D()

©)

[0034] During a routine test, design parameters k4 and k, in this equation are not known, but because tire stiffness k;
is always significantly greater than the stiffness of wheel spring k,, for the estimation of b, 444, @ Simplifying consideration
that ky ~ (k4 + ky) can be used. Then:
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1 ,

Brahad = 5 s (10)

2-1g(D(Q))

[0035] The method uses the measured signal of the phase shift of the signal of the force behind the excitation signal,
and is fully automated. It has resolved a problem of failures of the EUSAMA methodology, often discussed in Europe,
when below-limit results of the down pressure are measured even in new cars.

Brief description of drawings

[0036]

Fig. 1: Schematic sketch of the diagnostic system of the tester

Fig. 2: The course of the pressure force of the wheel to the test platform when passing through resonance
Fig. 3: The dynamic model of the tester near resonance of unsprung mass my

Fig. 4: lllustration of the phase shift

Fig. 5: The course of the transfer function and the phase delay depending on frequency

Fig. 6: The course of the pressure force of the wheel after turning off the electric motor

[0037] The invention is further described by way of an example of an embodiment, which does not limit other possible
embodiments within the scope of the claims.

Examples of preferred embodiments

Embodiment 1

[0038] Testing of damping of a half axle of an older vehicle, type S 795 Felicia, using the suspension testing rig without
disassembling, and processing the measured signal.

[0039] To test the damping of the half axle, a suspension testing rig without disassembling according to the invention
was used, consisting of a vibrating base comprising only a swing frame 3. Swing frame 3 was bent in the middle, which
facilitated the fitting of the wheel of the tested suspension to its centre. Each of the arms of swing frame 3 was connected
on one end with one load cell 1, and the connection of second ends of frame 3 was suspended using connecting rod 6
with swing bearings on eccentric 5, mounted on the overhung end of the shaft of electric motor 8. On the shaft of electric
motor 8, also flywheel 7 with a shape mark was mounted; the shape mark was used to sense the dead centre of the
excitation mechanism using dead centre sensor 6 in the form of an inductive sensor. Flywheel 7 ensured the run-down
test to be performed after turning electric motor 8 off. Electric motor 8 was connected with computer 9 with a control
program and an analogue to digital convertor; the control program of computer 9 contained computational apparatus
designed to determine damping ratio b,yy,4 Of Unsprung mass of a half axle.

[0040] The tested wheel of the vehicle was positioned into a hollow in the middle of swing frame 3 of the tester with
an excitation amplitude of 1.25 mm, and electric motor 8 was run for 5 s. As soon as the control program of computer
9 recorded the turning off of electric motor 8, signals from load cells 1 started to be transmitted to the memory. The
course of the pressure force of the wheel to the test platform when passing through resonance was thus acquired (Figure
2). Then the EUSAMA basic criterion of adhesion was evaluated using equation (1).

[0041] The signal was digitally filtered using computer 9 by an appropriately set low-pass filter, and direct detection
of envelope curve 2 was carried out. The absolute value of the envelope of this curve was analyzed, and concurrently
with the analysis of the points of the envelope, values of angular frequency ® (Q) corresponding to these points were
determined, as well as the values of phase delay (o) of the signal of force behind the signal of excitation at resonance
in each turn of the eccentric.

[0042] Then in the second phase, the analysis was performed of the signal of the phase delay of the signal of the
pressure force ofthe wheel to the test platform behind the signal of the excitation stroke atthe resonance of the suspension.
Important is the value of the phase shift at the frequency during which EUSAMA reaches the minimum value. From this
value of the shift, damping ratio b,yyn5q = 0.2 of unsprung mass of the half axle was quantified using equation (10).

Industrial applicability

[0043] The diagnostic system of the suspension testing rig without disassembling as a new product in the area of
garage equipment presents a compact, simple structure for verification of damping ratio of half axles of passenger cars
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to be used especially in confined spaces of smaller shops. The unit is characterized by operational reliability and low
manufacturing cost. The computational apparatus of the computer control system, enabling the quantification of damping
ratio b,ognhaq Of Unsprung mass of half axles as an additional criterion of damping of half axles, solves the problem of
EUSAMA methodology failures, when below-limit results of down pressure might be measured even in new cars.

List of reference numerals

[0044]

1 - load cells

2 - tested suspension

3 - swing frame

4 - connecting rod

5 - eccentric

6 - sensor of dead centre

7 - flywheel

8 - electric motor

9 - PC with analogue to digital converter

Claims

1. The method of measuring damping ratio b,y4n4q Of Unsprung mass of half axles of passenger cars using a compu-
tational apparatus of the suspension testing rig without disassembling, characterized in that it comprises the
following steps:

a) calculating a value of the relative down pressure of the wheel to the test platform at the resonance of the
suspension;

b) evaluating a phase shift of the signal of the pressure force of the wheel to the test platform behind the signal
of the excitation stroke at the resonance of the suspension;

c¢) based on the phase shift in the area of resonance frequency, quantifying damping ratio b,oyn54 Of Unsprung
mass of the half axle

2. The suspension testing rig without disassembling for measuring damping ratio by4naq Of Unsprung mass of half
axles of passenger cars using the method according to Claim 1 in verifying the damping ratio of these half axles,
characterized in that each of the pins on one end of swing frame (3) of the tester is connected to one load cell (1),
and the second end of frame (3) is suspended by means of connecting rod (4) with swing bearings on eccentric (5),
mounted on the overhung end of the shaft of electric motor (8), where on the shaft of electric motor (8), flywheel (7)
and dead centre sensor (6) are also mounted, and the tester is connected with computer (9) containing a control
program and an analogue to digital converter, where computer (9) contains a control program with a computational
apparatus designed to quantify damping ratio b,,4,4 Of unsprung mass of half axles, and the value of the excitation
amplitude in the middle of swing frame (3) of the tester is 1.25 mm.
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