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1 Introduction 

In the summer of 2003 three students finished a new test rig for the power trains 
section of Automotive Engineering Science (AES). This test rig contains a 
combustions engine and a CK2 Continue Variable Transmission (CVT), both 
removed fi-om a Nissan Primera. Also a flywheel for simulating mass during 
acceleration and deceleration and an eddy-current brake for loading the engine are 
installed. A control panel from Schenck operates the brake and the throttle valve. 

An unloaded test rig is available in the laboratory, but this is not enough to find for 
example efficiencies of the CVT under different circumstances. Therefore the TR3 
test rig is realized. But the sensors for measuring the behavior of the CVT still have to 
be added to the test rig. There are also some sensors that can be used for measuring 
different signals inside of the CVT. 

1.1 Objective 

At first this test rig will be used for practical exercise that is part of the course 
"Vehicle Drive Trains". This is an optional cowse for the students in the first year of 
the master phase. The practical consists of two parts. The first part is the disassembly 
and assembly of a CK2-CVT. The second part is to understand the behavior of a CVT 
by carrying out some measurements on a test rig. Currently the unloaded test rig is 
used for the practical. Beside the function as practical exercise the test rig will also be 
used for more research. Therefore the objective is to make the test rig available for 
practical by adding sensors and data acquisition. Secondly new practical exercises for 
this test rig have to be realized. 

1.2 Plan of approach 

In this report first of all, the current operation system is analyzed, to get more insight 
in the possibilities of the test rig. After that a measurement plan is set up out of an 
existing test rig and new demands. Also new practical exercises are realized, also 
based on the existing practical extended with new features. Special attention will be 
paid to safety measures. 

To realize the measurement plan, there'll be analyzed which sensors are necessary. In 
some cases sensors inside of the CVT can be used, otherwise external sensors must be 
added. Subsequently troubleshooting will be handled and the sensors will be 
calibrated. These sensors and the new practical will be tested and analyzed. Finally 
conclusions and recommendations will be made. 
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Operating test rig 

At Van Doorne's Transmissie, where the test rig originally came from, it was 
controlled by an automated system fkom Schenck. This system has been removed and 
now it works directly on the two control units of the same company. 

For the controlling of the throttle valve the LSR 2000 is used. When the manual 
operation is activated it's possible to change the position of the throttle valve. The 
Schenck LSG 2010 nperztes the brzke. Tc! colltrol the brake there are two options. 
The first one is to control the brake by rotational speed. Since the throttle valve and 
the rotational speed are determined, the engine will go to a torque which can achieve 
this rotational speed with the given throttle position. The other option is to control the 
brake by torque. In this case the opposite happens. The engine goes to a speed which 
can achieve the desired torque with the given throttle position. 

By connecting the two control units to each other, it's possible to operate the throttle 
valve by the LSG 2010 instead of the LSR 2000. The connections that are needed can 
be found in the electrical plans shown in appendix Al.  The mode of the LSR 2000 
must be switched to external instead of internal. Another advantage is that with this 
configuration also the torque and speed of the brake can be controlled at the same 
time. Therefore the throttle valve chooses a position that can achieve this torque and 
rotational speed. 

Tests have shown that this mode doesn't work properly. The CVT and its controllers 
cause this. If you increase the position of the throttle valve, this will not directly lead 
to a higher speed or torque. Therefore the controller of the brake and throttle valve 
will get very instable. One way to solve this controller problem is to implement a very 
slow controller. Another solution is to control the throttle valve position, then measure 
the rotational speed at the brake. Finally calculate the corresponding torque with the 
formulas for air drag and rolling resistance and import these values to control the 
brake by torque. This was formerly done by the automated system, but since this 
system is removed this has to be done by e.g. a D-space system in the future. 

With the eddy-current brake it's possible to simulate the rolling resistance, the air 
drag and the resistance originated by driving up a hill. The only problem is the power 
loss coming from the flywheel during accelerating en decelerating. This loss is too 
low for simulating a normal middle class vehicle. The mass simulated by the flywheel 
is merely 800 [kg] [I]. In the future it's recommended to replace the existing flywheel 
by one with a greater inertia or to add an extra flywheel parallel to the existing one. 
Also the eddy-current brake hasn't been calibrated yet, so the moment of the brake 
displayed on the controller isn't exactly true. This is not important for the measuring 
during the practical since an external torque sensor measures this. For accurate 
measuring it's nevertheless recommended to do this calibration. Also for importing 
the calculated torque by D-space as mentioned before, this calibration is necessary. 

The functions of the keys that are used for simple utilization are shown in appendix 
A2 
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3 Concepts 

3.1 Measuring concept 

For compiling a concept for carrying out measurements on the new TR3 test rig, the 
unloaded test rig is set as an example. By comparing the two test rigs a measurement 
plan is set up. 

3.1.1 Analyzing Caw-CVT test rig 

There has already been a research to the measurement plan at this test rig. The sensors 
and actuators that are used in this unloaded test rig are schematically represented in 
figure 3.1. 
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The signals of the sensors inside of the CVT are conditioned. This has to be done, 
since this operating and data acquisition system works on a D-space system. This 
system can receive signals in a range from +I- 10 [V], while the signals send by the 
Transmission Control Module (TCM) are in the range of +I- 12 [V]. At the TR3 test 
rig eventually the signals will de received by a D-space system. Because it's 
impossible to get this system together with signal conditioning in time, for the 
practical Labview is used for the data acquisition. The input signals for Labview must 
also be in the range between - 10 and + 10 [V]. It's not possible to operate signals e.g. 
for the actuators in the CVT, but fiat isn't necessary for the practical. 

The CVT that is used is almost the same for the loaded as for the unloaded test rig. 
The primary and secondary pulley rotational speed of the internal sensors of the CVT 
can be used. The external sensors like primary and secondary pulley pressure can also 
be used. For this measurement the same pressure sensors are available at the TUIe. 

3.1.2 New features 

For the torque measurement the former students already have chosen for a telemetry 
system with strain gages. An intermediate shaft between combustion engine and CVT, 
for mounting the telemetry system, was realized. For the outgoing torque of the CVT 
an older version of that system is used. This system is mounted on one of the driving 
shafts. 

If we want to measure the in- and outgoing power of the CVT, we also need to know 
the in- and outgoing rotational speed. A Hall sensor in the CVT measures the 
rotational speed of the incoming shaft, the engine speed. This sensor is already inside 
of the CVT. The Engine Control Module (ECM) uses this signal to show the number 
of revolutions on the dashboard, and to control the variator of the CVT. The TCM 
needs this signal and the position of the throttle to control the variator. The rotational 
speed of the dnving shaft can be derived from the secondary pulley sensor. This hall 
sensor measures the rotational speed of the intermediate axle between secondary 
pulley and differential. Together with the gear ratio the rotational speed of the driving 
shaft can be calculated. 

3.1.3 Measurement plan 

With the information in the previous paragraphs an overview of the sensors of the 
measuring system can be set up for the TR3 test rig. This is shown in figure 3.2. In 
this scheme also the actuators and their control units from Schenck are shown. 
Compared to figure 3.1 the sensors and actuators in the CVT, others then the ones 
indicated, have their original connections between CVT and TCM. 
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Figure 3.2: Overview of the designed electrical installation of the TR3 

At the TR3 test rig a temperature sensor is present in the supply channel for the 
transmission oil. This is used for the reference of a PI-controller, operating a 3-way 
valve. The valve can lead the oil flow through a by-pass instead of the heat exchanger. 
With this system it's possible to control the oil temperature e.g. for determining the 
efficiency of the CVT at different oil temperatures. 

However the flow through the valve is too low. This probably is caused by the fact 
that the resistance in the valve is too high. Several tests have shown that even if the 
valve is connected to 220 [V] AC instead of the control mit, lezding the oil flow fully 
through the heat exchanger, the flow is minimal. Therefore the valve isn't useful to 
control the temperature of the oil in the transmission. Because there was no safety 
shield present at the start of the project it wasn't possible to check the behavior of this 
oil temperature during high speeds and loads. Until further research and experiments 
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the valve was removed and the oil circuit was shorted so that the heat exchanger was 
directly connected to the oil system in the CVT. 

3.2 Practical concept 

The practical for the course "Vehicle Drive Trains" consisted of two parts, the 
assembling and disassembling of a CVT on one side, and measuring on the CVT and 
calibrating a torque shaft on the other side. For the year 200312004 the time for the 
practical is shorted. Instead of two whole days, the practical is now scheduled for 8 
hours, 6 hours assembling and disassembling the CVT and 2 hours measuring on the 
CVT. The first part remains the same but the measuring part has to be renewed since 
this test rig differs from the unloaded one. Also the extension of possibilities on the 
TR3 creates the demand for a new practical. 

3.2.1 Overview practical 

First of all a list of items, which can be copied from the old practical, can be 
compiled: 

The behavior of the DNR-set and torque converter 
Measuring torque losses 
The behavior of the pressure behind the pulley's 

After that a list off new possibilities on the TR3 can be compiled: 
Measuring efficiencies 
Simulating different road loads 
Braking with a disc brake 
Measuring during fixed ratios 

The mentioned fixed ratios are part of the Nissan Primera for manual changing gears 
in D (Drive) or L (Hill). After analyzing all these old and new functions, a concept for 
a new practical is put together. This concept consists of four parts, schematically 
represented in table 3.1. 

The questions of the first part have the goal to make the students familiar with the test 
rig. Most of them have never seen such a test rig, so from the start they have to know 
the position and functions of the components. Since the engine isn't switched on yet 
the student can go inside of the safety shield and have a closer look and the test rig. 

In the second part the student can get familiar with the behavior of the components 
inside of the CVT, especially the DNR-set and torque converter. In this way they can 
also recognize the things they have seen in the assembly and disassembly of the CVT 
in the first part of the whole practical. Also the theory they've learned in the lectures 
about the DNR-set and torque converter returns in this part. They also learn the 
relation between the components during the different modes (P-R-N-D-L). 

In part three the variograrn, which shows the field of possible ratios between low and 
overdrive, is the key item. Here the student can recognize the variogram they've seen 
in the theory. In appendix B a variogram is shown with different situations explained. 
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Also the relation between the pressure and de- and accelerating under different loads 
is investigated. 

In the last part efficiencies are determined. Students will have a look at where the 
torque losses are created that causes the efficiency not to be 100 %. Also the 
dependencies of load and speed to these losses will be determined. Finally the 
behavior of the CVT in the different fixed modes of the variator will be investigated. 

Table 3.1: Concept new pl-crcticcrl 

/ P~rt  i 1 Recognize sensors and actuator's 
e Recognizing components of the test rig 

Recognizing internal and external sensors and actuators 
0 Function of the components, sensors and actuators 

Determining ratio's variator 
Recognizing locking torque converter 

0 Determining difference between D and L 

Recognizing different routes through variogram 
o Recognizing low and overdrive 

Behavior kick down 
Behavior during varying load conditions 

Recognizing components that cause torque losses 
Determining efficiencies, also for: 

o Higher loads and speeds 
o Fixed ratios 

Comparing ratios and efficiencies for different fixed ratios 

Part 4 

3.2.2 Safety precautions 

Behavior pressure behind pulleys during accelerating and decelerating 

Efficiencies and torque losses 

The test rig consists of fast rotating and in some places heavy shafts and flanges, 
therefore several safety precautions must be taken. 

After investigating the whole test rig a list of necessary precautions is set up: 
Around the cardan shaft between the two reduction gear cases, heavy brackets 
must be placed to prevent this shaft from swinging out of the test rig. 
Around the clutches, at the front and back of the flywheel unit, cases must be built 
to prevent these clutches fiom swinging out. 
Around the test rig a fence must be placed in order to prevent operators fiom 
loosened bolts and nuts flying around. However the test rig still must be easily 
accessible when turned off. 
The exhaust pipe of the test rig must be covered so that nobody can get in contact 
with the hot surface of the pipe 
Emergency stop buttons must be available around the test rig to shut the test rig 
down whenever unusual or dangerous incidents happen. 
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The safety rules in the manual for the practical exercise have to be adapted for this 
new test rig for well instructing the students. 

The students who assembled the test rig have set up a manual in Dutch for starting up 
the test rig. Mind that this manual has to be followed strictly otherwise the test rig 
could be damaged. 
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4 Realization 
The sensors that are needed to realize the measuring plan are divided in three groups: 
the speed sensors, pressure sensors and finally the torque sensors. 

4.1 Speed sensors 

As mentioned ihe speed seiisor zirs zi!rea&y inside of the CVT. A Hal!',! semor works on 
the principle of a magnetic I'leld. If a metallic surface moves past the sensor this field 
changes and the sensor will give a voltage signal. As an example the Hall sensor for 
the engine speed, the crankshaft position sensor is shown in figure 4.1. This sensor 
gives a signal when a metallic surface passes by. This signal is then amplified. The 
Hall sensors for measuring primary and secondary pulley speed are supplied with 12 
[V] DC. These sensors then give a pulse signal of 12 [V] when a metallic surface 
passes bv. 

Permanent magnet 

Figuve 4.1: Cvankshaftposition sensor [3] 

Knowing the number of metallic surfaces passing the sensor during one revolution, 
the frequency output of the sensor can be converted in a rotational speed. For the 
primary pulley speed the following relation can be determined: 

n,l = rpm primary pulley [ llmin] 

fp l  = frequency output of the primary pulley sensor [Hz] 
ZP1 = number of metallic surfaces sticking out on the primary pulley = 24 [-I 

The secondary pulley sensor measures the gear teeth of the idler gear mounted on the 
intermediate axle. Multiplying this rotational speed by the gear ratios, the rotational 
speed of the secondary pulley and the dnving shaft, the outgoing speed of the CVT, 
can be determined. The numbers of teeth of the gears (Z) are shown in appendix C. 

n,2 = rpm secondary pulley [ 1 Imin] 

f p 2  = frequency output of the secondary pulley sensor [Hz] 
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nOut = outgoing rpm of the CVT [llmin] 

The Hall sensor measuring the speed of the internal combustion engine, the ingoing 
speed of the CVT, is positioned facing the gear teeth of the drive plate. Therefore t h s  
speed is determined with formula (4.4). 

- 
;2 in - ingcing r;?m of the CVT [!Imin] 

few = frequency output of the engine speed sensor [Hz] 

Zdp = number of teeth on the drive plate = 108 [-I 

It's possible to tap the signals at the connectors of the sensors or at the TCM. The 
wiring of the connectors and the wiring of the TCM concerning the three signals are 
shown in appendix D. 

The disadvantage of tapping the connectors is that they are waterproof, so they are 
hard to dismantle. The advantage of tapping the signals near the TCM is that the 
necessary conditioning can be mounted in the same housing where the other 
electronics z e  p!xed. Also the number of wires and their length is smaller. This is 
preferable because of the fact that the computer with Labview is placed near the 
electronics and only one ground can be used for all of the three signals. 

4.2 Pressure sensors 

The pressure sensors are the same as the ones used on the unloaded test rig, the Lucas 
Schaevitz P983. The advantage of this strain gauge pressure transducer is that they 
can operate in high temperatures and that they're shock and vibration resistant. They 
are very suitable for monitoring hydraulic pressure. This version has a range from 0 
till 100 [bar] and also the pressure limit of 500 [bar] is relative high. The sensor needs 
a power supply between 10 and 36 [V] DC. The excitation is a current between 4 and 
20 [mA]. Because the excitation is by currents and the power supply by volts, only 
two wires have to be connected. By placing a resistor at the end of one of the two 
wires, a voltage is measured over the resistor dependent on the current in the electrical 
circuit. 

Figure 4.2: Electric wiring pressure sensor 

With a resistor of 500 [R] and the formula V = I .  R the range of the output voltage 
becomes 2-10 [V]. So with this selected resistor the ranges of the pressure sensors 
don't exceed the range of the data-acquisition. 
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The positions of these sensors are the same as at the unloaded test rig. With an 
adaptation piece, they can be screwed in the holes of the CVT. 

4.3 Torque sensors 

The torque sensors can be found between the internal combustion engine and the CVT 
and at the driving shaft. Both systems consist of a fill bridge of strain gages 
measuring the torque and a telemetry system sending the signals between the shafl 
and the data acquisition. 

4.3.1 General system 

Control unit 

Figure 4.3: Ovewiew of components of the torque measurement system [7] 

The different components of the telemetry system together with strain gage are shown 
in figure 4.3. From the analog output of the control unit, the output voltage is sent to 
Labview. This voltage is +/- 10 [V], so no conditioning of the signal is necessary. The 
system has two directions of electrical transmissions. In one direction the power 
supply fiom the control unit to the strain gage bridge and in the other direction the 
signal measured by the stretch of the strain gage due to torque acting on the shaft. The 
system is schematically represented in figure 4.4 

I - - - - - - - - - - - - - - -  ,------------------------------------------------------------------ 
i Sensor i Telemetry system 

I  
I  
I  

I  I I  
I  r 
I  

I Strain gage Transmission Stator Control unit i 
I  m I  
I I coil I 
I  I  
I I  

Data transmission 

Power transmission 

Figure 4.4: Overview telemetvy system with sensor 

In the figure also the directions of the electrical transmissions are shown. First the 
power supply from the control unit that is connected to the mains voltage of 220 [V] 
AC. This unit sends the power supply voltage to the stator, which is provided with a 
coil inside. Together with the transmission coil winded around the shaft where the 
torque is measured, the power signal is sent inductively to the input of the rotor. The 
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transmission coil is insulated for signal leakage by two layers of Mu-metal under the 
copper band. These Mu-metal layers are isolated from the shaft and the copper band 
by isolation tape to prevent short circuit. The rotor is also mounted on the shaft. On 
the other side of the rotor the full bridge of strain gages is connected. The rotor 
converts the supply power into a 5 [V] DC signal, the input of the strain gage bridge. 

Figure 4.5: Full strain gage bridge 

The value of the strain gages used, must be at least 350 [O]. That's a demand for the 
telemetry system. The rotor also needs a gain resistor. This resistor is used to get the 
maximum output voltage of 10 [V] at the maximum torque that should be measured. 
In that way the full range of the telemetry system can be used. The fine-tuning can be 
done by the potentiometers for offset and gain on the control unit. Also a shunt 
calibration resistor can be applied. With this resistor the strain gage bridge can be 
brought out of balance with the same magnitude when the maximum torque acts on 
the shaft. This function can only be used when the shaft is unloaded and shows 
whether the potentiometer for the gain on the control unit is changed. 

Dependent on the sensitivity of the shaft the strain gages bridge will give an output in 
[mV] proportional with the torque acting on the shaft. The rotor will convert this 
signal into a high frequent one. This signal will then be transmitted from the 
transmission coil to the stator. The stator sends the hrgh frequent signal to the control 
unit that converts the frequency into a voltage [6,7]. 

4.3.2 Measurement on driving shaft 

On the driving shaft the Vollant Telemetry Microdac B 1 is used. This system was 
used on a Volkswagen Bora test vehicle to measure torque on the wheels and with 
good results. 

First off all the sensitivity of the driving shaft has to be determined. For a solid shaft 
the following relation is valid [6,8]: 

S = sensitivity [mV/V] 
km = correction factor for material [-I 
Mmax = maximum torsion torque [Nm] 
d = shaft diameter [rnrn] 
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The shaft that's used is out of machinery steel (k, = 2.0976 [-I) and has a diameter of 
23 [mm]. The maximum torque applied on the shaft is approximately 1300 [Nm] . 
Therefore the sensitivity is 6.959 [rnV/V]. The corresponding values for the resistors 
are shown in appendix E. 

4.3.3 Measurement on the intermediate shaft 

For the torque measurement between the engine and the CVT, a hollow intermediate 
shaft was designed and realized [I]. For the measuring a new telemetry system, the 
Microciac E i k from Caesar Telemetry, was pirrchaseci j l j . It's a new version of the 
system that is used on the driving shafi. 

On the spot where the strain gages are mo-unted the shaft has a diameter of 50 [mm] at 
the outside and 40 [mm] at the inside. For the sensitivity of hollow shafts the 
following relation is used [7,8]: 

do = outside shaft diameter [mm] 
di = inside shaft diameter [mm] 

This intermediate shaft is also made out of machinery steel and is maximally loaded 
with 250 [Nm]. Therefore the sensitivity is 0.221 [mV/V]. Also for this system the 
values of the resistors can be found in appendix E. 

In the original configuration the transmission coil was mounted on the strain gages 
due to the lack of space on the shaft. The rotor is mounted on the backside of the 
driver plate that is attached at the end of the intermediate shaft. On the opposite side 
where the rotor is mounted a contra weight is placed, to keep the center point of the 
mass in the center of the driver plate. With this configuration there were no signals 
transmitted between stator and transmission coil. 

After analyzing the problem a new configuration is designed. The transmitter coil is 
removed fi-om the shaft and placed on a plastic cylinder. This cylinder has an internal 
diameter of 84 [mm], a thickness of 10 [mm] and is placed over the flanges of the 
intermediate shaft. Both the old and the new design are shown in picture 4.6. 
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This design has four advantages. 
In the old design the surrounding metal disturbed the high frequent signal 
transmission, because the system works on base of inductance. Especially by the 
heads of the socket head screws sticking out of the flanges for connecting them. 
With the copper strip now on top of the plastic cylinder this disturbance is 
avoided. 
Since the coil is now further away from the center of shaft the distance of the 
wiring between the coil and rotor is reduced below the critical distance of 100 
[mml 
The coil is now mounted on the plastic cylinder, fherefore fhere is more space for 
the underlying Mu-metal. This can now be used at its full width. 
The stator can be placed fh-ther away from the center of the shaft. Also this stator 
experienced trouble from the surrounding metal. The next metallic item should be 
at least 50 [rnm] away from the active surface on the stator. This active surface 
must face the transmission coil parallel to the shaft. With the new design there's 
more freedom for placing the stator. 

With the new design a signal transmission between coil and stator is realized. 
However the output signal still isn't stable enough. Analyzing the signal between high 
fi-equent signal and the high frequent ground shows a sinusoid of the power supply 
voltage with a high frequent signal super positioned on that sinusoid. -With the current 
design apparently there is some noise in the high frequent signal. This probably 
causes the unstable output. 

With help of the supplier the problem was fixed by twisting the sensor wires in pairs. 
Also the sensor wires and the wires of the power supply and HF-signal must not cross. 
Therefore the two types of wires are separated and directed to the rotor through two 
different holes in the driver plate. Now the telemetry system gives a steady signal. 

Since the strain gages on this shaft only have a small output voltage of maximally 
0.22 1 5 = 1.105 [mV] at the maximum torque, the gain for converting this signal into 
a 10 [V] signal is about 9000. The producer of the telemetry system advises to add a 
balance resistor above a gain of 4000. This resistor is necessary when the strain gage 
bridge is a little out of balance when no load is applied. Together with the high gain 
this can cause an offset that can't be tuned by the offset potentiometer on the control 
unit. If it's not preferable to mount an extra potentiometer at the dnver plate to solve 
this problem, the output of the strain gage bridge must be increased above 0.5 [mV/V] 
to get the gain under 4000. Decreasing the thickness of the hollow shaft can realize 
this, or the usage of strain gages with a higher resistance. 

After testing the thinner intermediate shaft, a large hysteresis was found. This is 
caused by the small thickness of the hollow shaft. Therefore there's chosen to design 
a new solid intermediate shaft adjusted to the full range the strain gages, taken in 
account the minimum thickness to prevent breaking. Solid shafts are more convenient 
then hollow shafts for measuring torque. 
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5 Calibration 
Before the sensors can be used they have to be calibrated. Only the pressure sensors 
and torque sensors need to be calibrated. 

5.1 Calibration pressure sensors 

T- r or i& cafibratioii of the pressure sensor tl;er:re7s m qpamtcs 2mi;,!ab!e 2t the 
hydraulic laboratory, shown in figure 5.1. 

By adding weight on one side a defined pressure is created under the pressure sensor. 
On one side of the calibration apparatus the pressure in [bar] is equal to the weight in 
[kg]. On the other side the pressure is twenty times as big as the added weight. 

There were three sensors available, with different serial numbers. All three of them 
were calibrated in order to see which pressure sensor gave the most linear result. 

Cal~brat~on pressure sensors with d~fferent serial 
I00 

- 60 

20 

0 5 10 0 5 I 0  
v yvl v [vl 

Figure 5.2: Calibration results andfirst orderfit of these results 
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The relation between the measured pressure and the output voltage of the sensor is 
shown in figure 5.2. From these results the difference between fit and results can be 
calculated. Comparing these differences for the three sensors gives the following 
result. 

Difference between results and fit 

Figure 5.3: Difference between calibration results andfit of these results 

As shown, the pressure sensors with serial numbers 205836 and 205828 have the 
smallest difference between calibration results and first order fit. Therefore these 
sensors have the best linear behavior and are used for the measurements. 

5.2 Calibration torque sensors 

For the calibration of the torque sensors another apparatus is available at the hydraulic 
laboratory, as shown in figure 5.4. 

Figure 5.4: Calibration bench for torque sensors [2] 

The shaft that has to be calibrated must be mounted between two flanges, with the use 
of adaptation pieces. On one side of the balance load can be applied. The weight of 
these loads multiplied by the arm gives a moment on the shaft. With a set bolt the 
arms of the balance can be leveled, otherwise the length of the arm of the applied load 
differs fi-om the arm of the balance. 

The torque sensor on the driving shaft has to be calibrated till a maximum of about 
1300 [Nm]. The theoretically maximum torque acting on the driving shafts is 2200 
[Nm] [I]. T h s  is determined with the maximum torque of the engine, the maximum 
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ratio of the torque converter and the reduction gear cases. Because the engine won't 
work on maximum torque when the torque converter isn't locked this will rarely 
happen. High torques can only be realized in a rare situation, which doesn't occur 
during normal dnving even if a normal kick down is applied [9]. Moreover this shall 
only be a peak torque and won't be interesting to measure on this test rig. Since the 
torque calibration bench can only calibrate till about 1300 [Nm] with this shaft, this is 
used as maximum applied torque. 

The calibration has to be done on both sides of the balance since the driving shaft 
drives in both directions. For the caiibration on the other side the support of the set 
bolt has to be rotated to the other side. After calibrating from 0 till 1300 [Nm] and 
back, to check whether there is any hysteresis in the strain gages, the following results 
came out. 

As shown the strain gages gave a linear result, but a residual voltage existed after they 
were brought back in the zero moment position. This residual voltage exists on both 
sides with a magnitude between 0.1 and 0.2 [V] and cannot be corrected by the offset, 
since this problem rises again after the following calibration. The surface finish of the 
shaft caused this. Normally this should be smooth before the strain gages are glued on 
them. Now there is more glue needed and therefore the glue is plastically deformed 
during the calibration resulting in a residual voltage. 

After polishing the shaft, this problem was resolved and the shaft could be calibrated 
again. The results are shown in figure 5.6. The standard deviation of the fit of the 
calibration is +/- 2.40 [Nm]. 
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Calibration torque measurement on driving shaft 

lMO 7 

Figure 5.6: Second calibration of the driving shaft 

The intermediate shaft should be calibrated till 250 [Nm]. This maximum torque is 
chosen since the maximum torque of the engine is 180 [Nm] [I]. To measure peaks in 
this signal the maximum calibration torque is set higher. 
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Analysis 

6.1 Analysis sensors 

The sensors work properly except from the torque sensor on the driver shaft. If the 
shaft rotates the signal transfer between stator and transmission coil is lost during the 
time the solder connections, for connecting the coil with the wires of the rotor, pass 
the stator. This results in an unstable measured signal. Adding a 9 [V] DC battery for 
power supply instead of inductive powcr supply sohed tfis prob!em. Now the stator 
can be placed further away from the driving shaft without losing signal. Furthemore 
the maximum calibrated torque of 1300 [Nm] is enough for normal usage during 
practical exercises. 

The only sensor that gave false values was the Hall sensor for the engine speed. Since 
the signal isn't directly tapped from the sensor but from the ECM the frequency signal 
could be changed inside the ECM. Measuring the tapped signal gave a pulse signal 
with a lower fi-equency then expected. The signal between ECM and TCM was 
measured in a vehicle for the unloaded test rig. The result was linear signal with a 
fi-equency of 200 [Hz] at 6000 [rpm]. This relation is imported in Labview. Since this 
sigiia! has a low resolution of 30 [ ~ ~ z ]  it's preferable to tap the signal between the 
Hall sensor and the ECM in the future. This will give a resolution as calculated in 
chapter 4.1 of 0.56 [rpm/Hz]. Wire connections are shown in appendix D. 

6.2 Analysis practical 

The exact compilation of the practical depends on the available time. Also the 
practicability of some parts has to be investigated. Since there haven't been enough 
tests to verify whether some parts can be done withn a certain time or cannot be 
simulated decent at all, the practical still is vary abstract. In appendix F an example 
(in Dutch) for the first two parts is given, based on the previous practical and the new 
concept. In the future D-space will be used as data-acquisition system, which can also 
operate the actuators. Then the possibilities for the practical exercises will be 
extended even more, also in controlling the CVT. 

With the present configuration stationary situations during the practical are achieved 
by first setting the desired rotational speed. Labview then calculates the road-load 
torque and the accompanying torque of the eddy-current brake. Since it's not possible 
to control rotational speed and torque at the same time, the throttle position is 
controlled to get the desired torque. This is rather difficult because setting the desired 
values won't each time give the same result. Dynamic road-load results and a decent 
variogram are therefore hard to achieve. The configuration of the D-spce system 
calculating the road-load torque that's inputted in the eddy-current brake will solve 
this problem. This will also give a more realistic simulation since only the throttle is 
operated, comparable to the normal situation in a vehicle. 

Another problem is the lockup behavior of the torque converter. If the speed of the 
engine and the speed of the primary pulley is almost the same the torque converter 
locks. The result of this action is that with the same position of the throttle valve and 
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rotational speed of the brake, the torque of the brake jumps up. If the torque gets too 
low the converter unlocks and the brake torque drops again. Therefore it's difficult to 
control this torque. The lockup behavior of the torque converter depends on the 
difference in speed before and after the torque converter and the temperature of the 
oil. Since the control valve and by-pass channel are removed all the oil passes the heat 
exchanger. Therefore the oil doesn't get over 45 ["C]. The behavior of the torque 
converter has to be determined to get the test rig better under control. This should 
make the controlling of the test rig for practical exercises much easier. 

6.3 Analysis safety precautions 

Steel brackets, aluminium cases and a fence with plastic plates mounted on them are 
realized. The covering of the exhaust pipe is not directly executed. People that aren't 
well instructed aren't allowed to get close to the pipe. Operators who are instructed 
know that they must not touch the surface of this exhaust pipe. If the rules should be 
correctly followed the covering of the pipe has to be done after all. The students who 
assembled the test rig took care of the emergency stop buttons. If on of the red buttons 
around the test rig is pushed, all the components of the test rig will lose power, except 
from the disc brake, which will be activated in order to put the whole test rig to a stop. 
For the last point the manual (in Dutch) is adapted. The result is shown in appendix G. 

If durability test are needed, the present safety precautions aren't sufficient. Around 
the test rig a housing should be built. Another option is to move the test rig to one of 
the engine cells of the section Internal Combustion Engines. There, fuel supply and 
exhaust suction are already available. If the TR3 is moved, the problems of the fuel 
tank at the test rig are also solved. The only solution without moving the test rig is 
that a fuel supply conduit must be installed. Costs for applying such a system are very 
high. 
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7 Conclusions and recommendations 

7.1 Conclusions 

After evaluating the following points could be made: 

The test rig works well except the torque measurement on the intermediate 
shaft. This problem is ascribed too different things. At first the 
acknowiedgement on the TUie of the telemetry system was insignificant to 
solve problems that occurred after assembling the system. In the past only 
ones the system was used, without noticeable problems. Secondly former 
students have purchased the telemetry system only for the reason that the 
available system worked well, without investigating it. Because they haven't 
assembled the system, this was forwarded to the next student with a minimum 
of information. 
The goal to finish the practical on the TR3 before the end of the course 
"Vehicle Drive Trains" in 2003i2004 couldn't be achieved during the 
problems with the intermediate shaft. Because there was no insight in when 
this problem could be solved, most of the time the test rig wasn't ready to run. 
Therefore insufficient test could be made to test the concept of the practical 
and carrying it out. The concept and also an example are given, that can be 
used to set up the practical in the future. 
The taken safety precautions are sufficient for the practical exercises. If for 
example durability tests are needed, these precautions aren't sufficient any 
more. Then the test rig must be placed in a housing. 

7.2 Recommendations 

The evaluation results in the following recommendations: 

In the future the test rig should be operated by a D-space system to further 
extend the possibilities of the test rig. The D-space system can fulfill the 
function of operator of the CVT and data acquisition at the same time, so 
Labview is no longer needed. D-space can also calculate a brake torque 
dependent on the rotational speed to operate the test rig much easier. 
In the future the consideration of purchasing a telemetry system should be 
done better. Ths  can avoid a lot of trouble. If there still should arise 
problems, the rest of the test rig should be prepared sooner. In this way other 
functions and sensors can already be tested. 
The test rig should be moved to one of the engine cells of the section Internal 
Combustion Engines if this is possible. In that way the most of the safety 
precaution are arranged. By co-operation with the mentioned section, they can 
also use the test rig. Therfore practical exercises of both sections could be 
combined. 
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Appendix Al:  Electrical plan connecting LSR 2000 and LSG 2010 

This plan shows the connection between the LSR 2000 and the LSG 2010 for 
operating the throttle valve with the LSG 201 0. The connections that have to be made 
are between X12 and X9 and between X14 and XI1 as shown in figure below. 
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Appendix A2: Key functions LSR 2000 and LSG 2010 

Operating controller throttle valve position (Schenck LSR 2000) 

In this description only the function of the keys used during the practical exercises are 
shown. This contains the main functions of the controller. If the light of the 
concerning key burns, it means that this function is active. 

Table A2.1 Ma in functions of the Schenck LSR 2000 [4] 

Main switch 

If this switch burns (red) the control unit detects a failure. The error will 
be shown in the display. When the key is pushed the failure is stopped 

With this key the operator is switched to manual operation 

This key is standard active. Now the display shows the actual value of 
the actuator of the throttle valve in [%I. 
If this key is pushed it's possible to change the setting value of the 
throttle valve by key 6 in [%I. As long as this key is active the display 
shows the setting value. If the setting value is reached, automatically key 
4 gets active and therefore the display shows the actual value. 

With t h s  potentiometer the setting value for the actuator of the throttle 
valve can be given, if key 5 is activated. 

zg the two control units as shown in appendix A1 the following keys will 

More detailed explanation can be found in the manual [4]. 

also be important 

Operating controller eddy-current brake (Schenck LSG 2010) 

Also in this description only the function of the keys used during the practical 
exercises are shown. If the light of the concerning key burns, it means that this 
function is active. In the upper display of the control unit the actual value of the 
rotational speed of the brake is always shown in [llmin]. In the lower display 
different values are shown dependent of which functions are active 

This key is standard active. Now the position of the throttle valve is 
controlled internal, so by the LSR 2000 
If this key is activated the position of the throttle valve is controlled 
external, so by the LSG 20 10 

7 

8 

Table A2.2 Main functions of the Schenck LSG 2010 (51 
I - I I 

p i 
- 

I 

2 

-- 

LP -, 
Main switch 

If this switch burns (red) the control unit detects a failure. The error 
will be shown in the display. When the button is pushed the failure is 
stopped 
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This key is standard active. Now the lower display shows the actual 
value of the torque of the eddy-current brake in [Nm]. 
If this function is turned on, then the eddy-current brake is controlled 
by torque. 
If key 4 is active and this key is pushed, it's possible to change the 
setting value of the torque of the brake by key 6 in [Nm]. As long as 
this key is active the lower display shows this setting value. If the 
setting value is reached, automatically key 3 gets active and therefore - 

the lower display shows the actual value. 
With this potentiometer the setting value of the torque of the eddy- 
current brake can be given, if key 5 is activated. Key 4 must also be 
active. This can be checked by the M sign above this potentiometer that 
burns 
If this function is turned on, then the eddy-current brake is controlled 
by the rotational speed. 
If key 7 is active and this key is pushed, it's possible to change the 
setting value of the rotational speed of the brake by key 9 in [llmin]. 
As long as this key is active the lower display shows this setting value. 
If the setting value is reached, automatically key 3 gets active. The 
upper display always shows the actual value ofrotational speed. 
With this potentiometer the setting value of the torque of the eddy- 
current brake can be given, if key 8 is activated. Key 7 must also be 
active. This can be checked by the n sign above this potentiometer that 
burns 

By connecting the two control units as shown in appendix A1 the following keys will 
als - 

10 
- 

11 

- 

If this key is pushed it's possible to change the setting value of the 
throttle valve by key 6 or 9 in [%I. Above the potentiometer that should 
be used the C )  sign bums. As long as t h s  key is active the lower 
display shows the setting value. If the setting value is reached, 
automatically key 3 gets active and therefore the display shows the 
actual value of the torque. 

I. & 

Figure A2.I: Plan for switching between dzferent control modes 

If this function is activated, then the position of the throttle valve can be 
controlled. 



For switching between the different control modes the scheme in figure A2.1 can be 
used. The table below shows the explanation of the signs used in this figure. 

More detailed explanation can be found in the manual [ 5 ] .  

Operating Nissan control panel 

On the Nissan control panel different data can be read: 
o Rotational speed of the engine 
o Velocity of the simulated vehicle 
o Temperature of the coolant of the engine 
o Temperature of the oil of the engine 

If one of the following signs burns the test rig must be turned off immediately 
and the problem must be resolved before it's safe to continue the 
measurements. 

ed in one of the different 
modes: P, Fa, N, D, or h 
If manual mode is turned on it's possible with + and - to shift between the 
different preset gear ratio's. The display shows in which gear ratio the 
transmission starts at the time of turning the manual mode on, dependent on 
the rotational speed at that time. If the engine hasn't enough rotational speed 
the transmission won't shift up. The corresponding display shows the 
following: 

o AU when manual mode is turned off 
o D l  till D6 when shifting in manual mode while transmission is in D 
o L I till L6 when shifting in manual mode while transmission is in L 
o The number of traveled kilometers. 
o Time that the test rig is active. 

With switch disc brake the disc brake on the test rig can be activated. This 
can be done in 4 modes, from light braking till full braking. Mind that the 
eddy-current brake is turned off if the disc brake is activated. 
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Appendix B: Variogram 

The different routes that can be followed or the symbols represent the situations 
shown in table B.1. In the practical exercises different in this variogram can be 
shown with the test rig. Then student can recognize these points. 
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Appendix C: Schematic representation the CVT 

The figure below shows the schematic representation of the components inside of the 
CVT. This can be used to determine the ratios between the different gears. This figure 
can also been used as appendix for he practical exercises, to give more insight of the 
behavior of the CVT to the students. 

The number of teeth of the gears that are used to determine the three rotational speeds 
inside of the CVT in chapter 4.1 are shown in table C. 1 

Table C. I :  ) of variator 
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Appendix D: Wiring schemes for Hall sensors 

The connectors of the Hall sensors and control modules are shown in figure D. 1. 

,----__-.__------_--_.._---I-------.....------__..---J----...---------.....-I 

TCM 

w 43144 45 [46 47 48 GY 

ECM 

Figure D. 1: Connectors of speed sensors, TCM and ECM [3] 

The wire colours and signals of the hall sensors, TCM and ECM are shown in the 
table D. 1. 

The table shows that the Hall sensor that measures the engine speeds doesn't need a 
power supply, it uses the inductive signal that is generated by the metallic surface 
passing by. This sensor is not directly connected to the TCM, but the two wires are 
connected to the ECM. This module also uses the signai for the tachometer on the 
dashboard. The ECM also sends the signal forward to the TCM, which needs this 
signal for controlling the CVT. 
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Appendix E: Resistor values for the telemetry systems 

Driving shaft 

The corresponding values of the resistors on the driving shaft are calculated by the 
following formulas [6] : 

2.106 
'gain  = 

Vmt - 40 
5-S-10-3 

r 

Rgai, = gain resistor [R] 
RctrZ = calibration resistor [R] 
VoUt = output voltage = 5 or 10 [V] 
RSG = resistance of strain gage bridge [R] 
x = desired shunt calibration level [%I 

The resistance of the strain gage bridge is 350 [R]. With the calculated sensitivity and 
a desired shunt calibration level of 100 [%I and output voltage of 10 [V], the values of 
Rgai, and R,,z become 8.1 [kR] and 11.4 [kR] respectively. The resistors used are 8.2 
[kR] and 12 [kR]. 

Intermediate shaft 

For the gain resistor there's a new relation, namely [7]: 

k = correction value = 1 .0128 [-I 

The corresponding resistor for the shunt calibration is determined with formula (E.2). 
With the given sensitivity the values for the resistors calculated are 337 [R] for the 
gain resistor and 395 [kR] for the shunt calibration resistor. The ones used have a 
value of 330 [R] and 390 [kR] respectively. 
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Appendix F: Example of practical exercises (Dutch) 

In this following part the first two parts of table 5.1 are shown. This is only an 
example that uses the test rig at its present configuration. If some parts don't work 
correctly or the meaning of the exercise cannot be well shown adaptations can be 
made. The example starts with a short preface, this is the first step for the student to 
become familiar with the test rig. 

Deel B Werking, rendement en meettechniek 

Dii deel is bedoeld om inzicht te krijgen in de aansturing van een CVT en geeft een idee van de 
verliezen die in de transmissie optreden. Verder geeft het meer inzicht in het schakelgedrag van de CVT 
en de rendementen onder verschillende omstandigheden. Het beslaat 2 uur en wordt uitgevoerd op de 
belaste proefstand. Bij deze 2 uur is geen rekening gehouden met het uitwerken van rekenvragen, deze 
zullen in eigen tijd moeten worden gedaan. 

Er zijn twee modules die de aandrijflijn regelen, te weten de ECM (Engine Control Module) en de TCM 
(Transmission Controle Module). Deze zitten beide in de kast voor de opstelling. Omdat we vooral zijn 
gei'nteresseerd in de werking van de CVT kijken we alleen naar de TCM. Deze module heeft alleen het 
toerental van de motor en de stand van de gasklep nodig om goed te werken. Hieronder is het schema 
van de TCM te zien. 

De stand van de gasklep kunnen we invoeren door middel van een actuator die aan wordt gestuurd via 
een regelkast van Schenck. Het motortoerental wordt gemeten aan de ingang van de CVT en via de 
ECM naar de TCM gestuurd. 

Verder is er een vliegwiel en een wervelstroomrem op de proefstand aanwezig. De rem is te regelen op 
koppel of op toerental. Als de rem op zijn koppel wordt geregeld dan gaat de motor naar een bepaald 
toerental om dit gegeven 
koppel te behalen. Wordt de rem op toerental geregeld gaat de motor het koppel regelen om zo aan het 
gewenste toerental te voldoen. Het gewenste koppel of toerental van de rem is in te geven via de 
Schenck regelkast. Deze verzorgt dan verder ook de regeling, zodat de rem zo snel en stabiel mogelijk 
de gewenste waarde bereikt. 

De signalen van de sensoren in de CVT en de signalen van de externe sensoren worden vervolgens 
ingelezen op een PC via Labview. Hier worden de signalen bewerkt, zodat gelijk de gewenste waardes 
af te lezen zijn. 
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Dee1 B.1 Herkennen sensoren en actuatoren 

Deze opgave kan worden gedaan zonder dat de motor draait. 

1. Benoem de onderdelen van de proefstand aan de hand van de onderstaande tekening 

Welke originele sensoren en actuatoren zitten er binnen de CVT? 
Welke functie hebben deze sensoren en actuatoren? 

Welke van de sensoren uit opgave 2 worden ingelezen via Labview? 

Welke sensoren zijn toegevoegd aan de opstelling om nog meer informatie te verkrijgen? 
Wat is de functie van deze extra sensoren? 
Waar zitten deze extra sensoren? 

Waar zitten de actuatoren die het schakelen, de gasklep en de schijfrem bedienen? Geef de 
plaats aan op de tekening bij opgave 1. 

Wat is de functie van de wervelstroomrem? 

Hoe wordt de energie die de wervelstroomrem opwekt afgevoerd? 

Wat is de functie van het vliegwiel? 

Gegeven: - massa van het vliegwiel: mv = 320 [kg] 
- binnenstraal van het vliegwiel: rl = 0.075 [m] 
- buitenstraal van het vliegwiel: ro = 0.25 [m] 
- massatraagheid van wervelstroomrem (en overige as stukken achter de 
tandwielkast) : lw = 2.5 [kgm2] 
- overbrengverhouding in de tandwielkast: i = z,n/zu,t = nult/nl, = 1.74 [-] 
- wielstraal voertuig: r = 0.3 [m] 

Gevraagd: Wat is de gesimuleerde massa van het systeem? 

Deel B.2 Werking DNR-set en torque converter 

Bij deze opgave worden de verschillende keuze mogelijkheden van de keuzehendel bekeken. Dit heeft 
veel te maken met de werking van de DNR-set. Tevens bekijken we de functie van de torque converter 

I a. Wat is de functie van de DNR-set? 

I b. Wat is de functie van de torque converter? 

De motor wordt gestart. De stand van de gasklep actuator staat initieel op 20.0 [%I. De wervelstroom 
rem wordt op zijn toerental geregeld. Dit houdt in dat het voertuig op constante snelheid rijdt. De motor 
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regelt zichzelf dan naar een koppel dat bij de gegeven gasklep stand de rem met het geregelde 
toerental kan laten draaien. Het gewenste toerental van rem wordt op 307 [llmin] gezet, wat overeen 
komt met een voertuigsnelheid met een snelheid van ongeveer 20 [kmlu]. 

De keuzehendel staat in de N-stand. De stand van de gasklep wordt iets verhoogd. 

2a. Wat gebeurt er met het primaire en secundaire toerental? 

2b. Waarom gebeurt dit? 

De gasklepstand wordt terug gezet naar 20.0 [%I. We blijven de proefstand regelen met de stand van 
de gasklep en het toerental van de rem. Eerst wordt het gewenste toerental ingesteld en vervolgens een 
gasklepstand die eeii ieiii koppel gee3 afhaiikelijk van he: road-load koppel, overeenkoms:ig i?i& cie 
huidige snelheid van de proefstand. 

3. Gegeven: - massa voertuig: m = 1300 [kg] 
- wrijvingscoefficient: f, = 0.012 5-1 - dichtheid lucht: p = 1.29 [kglm ] 
- frontaal oppervlakte: A = 1.8 [m2] 
- coefficient: c, = 0.3 [-] 

NB: De overige waardes staan al in vraag 6d van deel B.1. De massa van het voertuig is hier niet gelijk 
aan die bij vraag 6d, omdat dit de massa tijdens accelereren is terwijl we hier met constante snelheid 
rijden. 

3a. Wat is het uitgaande toerental en koppel wanneer het gesimuleerde voertuig op een vlakke 
weg een constante snelheid heeft van 100 kmlu? 

3b. Wat is het uitgaande toerental en koppel wanneer het gesimuleerde voertuig met een 
constante snelheid van 50 kmlu een helling van 10 graden op rijdt? 

Aangenomen wordt dat tussen de CVT en wervelstroomrem behalve in de tandwielkast het koppel niet 
verandert tijdens het rijden met stationaire snelheid. 

3c. Wat is bij vraag 3b het in te stellen toerental en koppel van de wervelstroomrem? 

De keuze hendel wordt in D gezet. Het voertuig gaat nu met een constante snelheid van 40 [kmlh] rijden 
over een vlakke weg. Het toerental van de rem wordt daarvoor op 615 [llmin] gezet. Regel de 
gasklepstand zo dat het remkoppel ongeveer op 33.8 [Nm] komt 

4a. Met welke signalen wordt de ratio bepaald? 

4b. Hoe groot is de ratio bij het stationair draaien van de motor? 

4c. Hoe groot is het verschil tussen ingaande toerental en het toerental van de primaire pulley? 

4d. Welk onderdeel van de CVT zorgt voor dit verschil? 

De keuzehendel blijft nu in D. Het toerental en koppel van de rem worden opgevoerd naar 1077 [llmin]. 
Hierdoor versnelt het voertuig naar 70 [kmlu]. Het bijbehorende te realiseren remkoppel is 49.1 [Nm]. 

5a. Hoe groot is de ratio nu? 

5b. Hoe groot is nu het verschil tussen ingaande toerental en het toerental van de primaire pulley? 

5c. Hoe komt het dat dit verschilt met het antwoord op vraag 4c? 

De keuzehendel word nu in de L gezet. De standen van het toerental van de rem er! de gasklep blijven 
gelijk aan de vorige opgave. 

6a. Hoe groot is de ratio nu? 

6b. Kijkend naar het verschil tussen de primaire pulley snelheid en het ingaand toerental, wat is 
hierbij het verschil met de D-stand bij dezelfde instelwaarden (vraag 5b)? 

6c. Waar komt dit verschil door? (Denk aan de functie van de L stand) 
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Vervolgens wordt de motor langzaam afgetoerd naar 10 [kmlu] door het toerental van de motor terug op 
154 [llmin]. De gasklepstand moet daarna worden teruggedraaid zodat men een remkoppel van 
ongeveer 26.8 [Nm] komt. Daarna wordt de keuzehendel in de R geplaatst. 

7a. Wat is de ratio nu? 

Vervolgens wordt de snelheid verhoogd naar 20 [kmlu]. Het toerental van de rem wordt dan 308 [llmin] 
en 28.2 [Nm]. 

7b. Wat is de ratio nu? 

7c. Verklaar het verschil in ratio tussen vraag 7a en 7b. 

7d. Het verschil tussen ingaand toerental en ket toerental van de primaire pulley is groter dan in D 
bij dezelfde instelwaarden (zie vraag 4), hoe komt dit? 

Vewolgens wordt de motor langzaam afgetoerd door de gasklepstand terug naar 20.0 [%I te zetten en 
vervolgens het toerental terug te brengen naar 154 [llmin]. De keuze hendel wordt weer terug in de N- 
stand geplaatst. 
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Appendix G: Adaptations practical manual (Dutch) 

Since a new test rig is used for the practical, the rules for it have to be adapted. The 
following changes are made for the test rig in the present configuration and at its 
present location. In this configuration the student aren't allowed to operate the 
Schenck control units by themselves, since the acknowledgement of these units is too 
small to solve problems that should occur at test rig caused by impropriate usage. 

Alnemene renels proefstand 

Het starten van de motor geschied alleen door de practicumbegeleider. 
Aangezien er diverse handelingen moet worden verricht en waardes gecontroleerd moeten worden 
voordat de motor kan worden gestatt, wordt dit alleen door de practicumbegeleider gedaan. Zo 
wordt er onnodige schade aan de onderdelen van de opstelling voorkomen. 

Als de proefstand in bedrijf is moeten de beschermkappen gemonteerd zijn. 
De beschermkappen dienen voor het afschermen van de draaiende delen van de proefstand zodat 
deze niet toegankelijk zijn als de proefstand in bedrijf is en gebruikers beschermen tegen het 10s 
schieten van dergelijke onderdelen. 

Draag gehoorbescherming in de proefstand ruimte. 
Voor het beschermen van het gehoor zijn er in de proefstandruimte gehoorbeschermers aanwezig, 
draag deze. Het langdurig blootgesteld staan aan lawaai kan leiden tot blijvende gehoorschade. 

Be proefstand mag alleen wsrden Gediend vslgens de versirekie insiruciies. 
Volg de instructies bij het proefstand practicum nauwgezet op. Bij het niet nauwgezet volgen van de 
practicumhandleiding kan dit leiden tot schade aan de proefstand, de c.v.t. of bedieners van de 
proefstand. 

Gebruik stopknop in gevaarlijke situaties. 
Voor het direct stoppen van de proefstand zijn vier stopknoppen aanwezig. Een zit er op de 
regelkast van de proefstand de andere staan om de proefstand heen. Gebruik deze in geval van 
nood. Bij het indrukken van de stopknop gaat de stroom van alle onderdelen af met uit zondering 
van de schijfrem. Deze wordt bekrachtigde om de opstelling tot stilstand te brengen. 

Als er een noodstop heeft plaatsgevonden moet eerst gecontroleerd worden wat de oorzaak 
hiervan is voordat de proefstand weer wordt vrijgegeven. 
Het besturingssysteem kan zelf ook een noodstop doen als er bijvoorbeeld ergens een temperatuur 
te hoog oploopt. En dat geval en ook in het geval van een handmatige noodstop zal eerst moeten 
worden gecontroleerd waardoor deze noodstop is uitgevoerd. Dit probleem moet eerst worden 
verholpen door de practicumbegeleider voordat de proefstand weer wordt vrijgegeven voor het 
voortzetten van de metingen 

Het experimenteren start pas als de proefstand is vrijgegeven. 
Voordat gestatt kan worden met experimenteren moet eerst de proefstand worden gecontroleerd 
door de practicumbegeleider. Als de practicumbegeleider geen bezwaren detecteett kan er worden 
gestatt met het verrichten van de benodigde metingen. 

Kom niet voorbij het gele veiligheidshek als de proefstand draait. 
Dit hek beschermt tegen rondvliegende bouten als deze 10s zouden laten, als je voorbij dit hek bent 
ben je hier niet tegen beschermd. 

Kom niet op het bed van de proefstand tenzij hier toestemming voor verleend is. 
De onderdelen op dit bed kunnen heet zijn en op sommige plaatsen kun je niet staan. Hierdoor is 
dit niet toegestaan zonder toestemming van de begeleiders die precies weten wat we1 en wat niet 
kan. 

De bediening van de pt-oefstand gebeupt uitsiuitend door de praetieurmbegeieider. 
De bediening van de proefstand op de regelkast gebeutt uitsluitend door de practicumbegeleider. 
Het is niet de bedoeling dat door studenten de proefstand met de regelkast zal worden 
aangestuurd. 


