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1 Introduction 4

1 Introduction

Within the development process of the automotive industry the reduction of fuel consumption
is a major issue, in particular regarding costs and environmental pollution. By decreasing the
external driving resistances both the engine and the gearbox have to be analysed and
improved. The efficiency of these components has achieved a high level, therefore it is
necessary to continue the optimisation process of specific powertrain components.

Within this project, the efficiency factor of CV-joints shall be determined by test bench
measurements. Due to the fact, that the efficiency factor of CV-Joints has high levels (more
than 96%), a high precision of measurements is necessary. The accuracy of conventional
testing methods is insufficient. In order to determine the CV-joint efficiency with an
economically justifiable effort, the “Insititut fir Kraftfahrzeuge” (ika) and the “Forschungsge-
sellschaft Kraftfahrwesen mbH Aachen” (fka) developed an own method as well as a special
test bench. Thereby the degree of efficiency can be determined in an adequate way with
acceptable effort of measurements. For this purpose the efficiency factor will be evaluated,
based on the thermal measurement of the CV-joints power loss.

Within the help of this measuring method the efficiency of a Thomson coupling and a
standard ball joint will be determined.
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2 Theoretical foundations of the efficiency measurement

The CV-joints efficiency is very high (more than 96%) in a wide range of operating points.
Therefore a high-precision method, based on measuring the thermal dissipation loss, was
developed at ika / fka.

Standard methods regarding the determination of the degree of efficiency for mechanical
components, which have been used so far, like

e Input and output torque measurements by using strain gauges
e Self-aligning bearing of gearboxes

e Mechanical distortion

e Electrical distortion

e Direct measurement of the dissipated thermal losses

do not work in this case due to several disadvantages (M. Helbing, 7. Aachener Kolloquium
Fahrzeug- und Motorentechnik, 1998).

The general degree of efficiency (h) is determined by the relation between input power (P,,)
and output power (Pap).

P
h=—% Eq. 2-1
5 g

The energy balance of a CV-joint is illustrated in Fig. 2-1. The output power P,, results from
the difference between input power P,, and the dissipation power P,.

Fig. 2-1: Power balance of a CV-joint
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Therefore the formula for the efficiency is:

h= u resp. h= L Eq. 2-2
Pab + I:)v

zu

Based on the equitations Eq. 2-1 and Eqg. 2-2 it is evident, that the efficiency can be
determined in two different ways. One way is to measure the input power, the output power
and the power loss (method A). Another way is to measure the input power and the output
power (method B).

The method to determine the efficiency, which is used for this project, rests on measuring the
input power, the output power and the power loss. Regarding the error analysis of the
different methods, the advantages of the ika / fka method are illustrated in Fig 2-2.
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Fig. 2-2: Error analysis of the different measuring methods

Fig 2-2 shows the comparison of both methods concerning the theoretic achievable total
measurement accuracy / relative total error (Dh/h) with reference to the single accuracy.
Regarding the error analysis the method of the standard error accumulation is used.

The relative total error Dh/h of the measurement from both the input and the output power is
equal to the sum of the percentage single errors DP4/P, and DP,,/P,,. The achievable
accuracy of the efficiency, using the input power or rather the output power and the power
loss, depends on the efficiency of the system (i.e. CV-joint).
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The valid formula for this measurement method is:

—-1 Eq. 2-3
h q

D_h _ DP, 1
h i | P

This means, that for h fi 1 the value of the relative total error of efficiency tends towards

Zero.

The curve progression of the function Dh/h depending on the system efficiency for both
measurement methods is shown on the right hand side in figure 2-2. Both methods of
measurement are based on the same single error DP/P; = 0.8 %. Additional the ika / fka
method A - determination of the power loss - is based on an assumption of a high sum error
(SDP/P; = 10%).

It is stated, that for system efficiencies higher than 50% the measure principle method A is
more accurate than the method B, regarding both curves with the same sum errors. With h £
95 % (SDPy/P; = 0.8 %) only an error of e.g. Dh/h £ 0.04 % is calculated. In case of a much
higher sum error of 10% the obtained relative total error, when using the measure principle of
method A, has lower values at higher system efficiencies (h ¥ 92.6 %.) This is better than the
achievable values of method B. Based on a high sum error (SDPi/P; = 10 %) method A
achieves an efficiency error of only Dh/h £ 0.05 % concerning system efficiencies (CV-joints)
above 99,5 %.
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3 Description of the testing method

A mechanical system like a CV-joint, that runs with a constant bending angle and a constant
torque, is generating power losses (P,) (Fig. 3-1).

=constant

Fig 3-1: CV-joint as a non-insulated thermal store with constant heat input

Based on the assumption, that CV-joints are predominantly made of metal and that they are
not thermally insulated, the power loss of this thermal energy storage is dissipated
completely as thermal energy. In the testing routine of this project the CV-joints are supplied
with constant thermal power under constant operating conditions (torque, speed and bending
angle).

Due to the missing insulation, the CV-joint stores and also dissipates thermal energy to the
environment. On the one hand the thermal dissipation depends on the storage level, and on
the other hand on the thermal inflow. A constant thermal inflow induces a balance (Eq. 3-1)
between the thermal inflow and the dissipated thermal power after the adjusting time. At this
point the storing process is finished.

P, =Qu = Qu Eq. 3-1

The thermal storage level is detected by the temperature gradients of the thermal store (qc),
its environment (qy) and the temperature difference of both.

A typical heating-up curve of a not insulated thermal store (CV-joint with constant heat inflow)
is shown in Fig. 3-2. It is pointed up, that the temperature difference reaches a steady state
value Dgy.: When running at a constant operating point. At this time the thermal storage
capacity has achieved its maximum value.
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Fig 3-2:  Typical heating-up curve of a not insulated thermal store with constant heat inflow

The temperature difference between the thermal store and its environment is used to
determine the dissipated thermal flow of the CV-joint. In order to calculate the dissipated
thermal power at the steady state temperature difference, the value of thermal power transfer
between the thermal storage and the environment is needed. At this point the system setup
is changed (Fig. 3-1) in order to determine this value. The thermal power inflow will be
stopped by setting the torque and the bending angle to zero and the shaft speed is kept at a
constant level. The thermal power balance of this setting is illustrated in Fig. 3-3.

Q ab(t)

Fig. 3-3: CV-joint as a thermal storage without insulation and thermal power inflow

Without the thermal power inflow the cooling-down phase starts. The corresponding tem-
perature curve is shown in Fig. 3-4.
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Figure 3-4: Typical cooling-down curve of a thermal store without thermal insulation

The dissipated thermal power is calculated by the thermal power transfer and the steady
state temperature of the thermal store ,CV-joint*. This is on par with the thermal power
inflow, which is the power loss of the CV-joint. Finally the CV-joint efficiency is calculated by
the power loss and the mechanical power input, given by speed and torque at this operating
point (Eg. 3-2).

Eq. 3-2

It has to be considered, that the thermal power of the joint can be dissipated by

heat conduction
heat radiation and
convection

as shown in Fig. 3-5.

heat radiation

heat conduction /

heat conduction

convection

Fig. 3-5: Different ways of heat transmission

The formulation “convection” is selected for the determination of the thermal power transfer
of the CV-joints to its environment. This proceeding is based on using the cool-down curve
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