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ABSTRACT 

This master thesis work was performed in the Scania RECT group. The purpose of this study 

was to investigate a new test method and to examine if it was possible to perform a vibration 

test on two alternators at the same time where one would act as a motor and the other as a 

conventional alternator. That all electric machines can be run both as a motor and a generator 

was nothing new. But the question was whether it was possible to put a load on the motor 

with enough good results to perform a vibration test. Among other things, in order to verify 

that subcontractors conform to Scania’s life length requirements, these types of vibration tests 

are routinely performed. Previous tests have shown that there have been some problems to 

perform a vibration test during operation. This due to low belt tension and unwanted 

resonances in the system. After thorough analysis of different control systems a controller to 

try to get the generator to rotate was purchased. First tests showed that it was possible to 

operate the alternator as an electric motor. Thereafter the new electric motor was paired with 

a similar alternator via a belt to start loading the original alternator. Two alternator types were 

investigated, one that worked significantly better in terms of testability than the other and the 

decision was taken to only use the better during the final vibration test. To the final test a 

completely new test rig was constructed to run new converted alternators in the future. Also, 

a fixture compatible with the bottom plate where the shaker test is performed was designed 

for future tests of alternators.  

 

Final vibration test resulted in several interruptions where the tested alternator broke down 

several times at the given PSD level and the final test could not be completed. However, it 

could be concluded that the new test method worked very well and can be used for future 

vibration tests of alternators. 

  



 

 

 

 

  



 

 

 

 

SAMMANFATTNING 

Detta arbete utfördes på Scania på gruppen RECT. Syftet med detta examensarbete var att 

undersöka en ny provmetod och testa ifall det var möjligt att vibrationsprova två generatorer 

samtidigt där den ena skulle fungera som en motor och den andra som en vanlig generator. 

Att alla elektriska maskiner går att köras som både motorer och generatorer var inget nytt. 

Men frågan i detta fall var om det var möjligt att belasta motorn med tillräckligt goda resultat 

för att kunna utföra ett vibrationstest. Denna typ av vibrationstester utförs för att bl.a. kunna 

säkerhetsställa att underleverantörer håller livslängden på sina komponenter. Tidigare tester 

hade visat att det varit problematiskt att vibrationstesta generatorer under drift, bland annat 

pga. dålig remspänning och oönskade resonanser i systemet. Efter noggrann analysering av 

olika styrsystem inköptes en styrenhet för att försöka få generatorn att rotera. Första testerna 

visade att det gick att driva generatorn som motor. Därefter kopplades den nya motorn ihop 

med likadan generator via en rem och generatorn kunde börja belastas. Två generatorer 

undersöktes varav den ena fungerade avsevärt bättre gällande testbarhet än den andra. 

Beslutet togs att använda sig av den bättre av dessa under det slutliga vibrationstestet. Till 

slutprovet konstruerades även en helt ny testrigg för att kunna driva omgjorda generatorer i 

framtiden. Även en fixtur till bottenplattan där skakprovet utfördes designades för framtida 

prov av generatorer. 

 

Det slutliga vibrationstestet resulterade i flera avbrott där den testade generatorn gav vika vid 

den givna PSD-nivån och sluttestet kunde därmed inte slutföras. Däremot kunde slutsatsen 

dras att den nya provmetoden fungerade och kan användas för framtida vibrationstester av 

generatorer. 
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DESIGNATIONS 

 

Abbreviations  

 

 

PSD Power spectral density 

BLDC Brushless direct current  

DUT Device under test 

DC Direct current 

AC Alternative current 

ESC Electric speed controller 

SOC State of charge 

OCV Open circuit voltage 

RPM Revolutions per minute 

 

Symbols  

   

𝜀 EMF V 

F Force N 

f Frequency Hz 

g Acceleration m/s2 

I Current A 

L Length m 

n Angular velocity  rpm  

𝜂 Efficiency  

𝜎 Stress N/m2 Pa 

r Radius  m  

P Power W 

p Number of poles  

R Resistance Ω 

t Time s 

U Voltage V 

Ф,𝜑 Magnetic flux Wb 
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1 INTRODUCTION 

 

More and more components in a vehicle gets electrified which in turn increase the demand of 

electric energy. This puts high pressure on the alternators in an efficiency point of view and 

also in terms of durability. Not only that the alternator needs to endure high loads, induced 

vibrations are also a big problem. While the requirements for each component increase, 

demands for low cost solutions increase simultaneously. To ensure that the alternators meet 

the requirements that Scania sets, one part is to conduct a vibration test on the object in 

question. 

1.1 PURPOSE 
 

This particular study was put to investigation because it has previously been difficult to 

perform a vibration test on an alternator. Especially during operation. The purpose was to 

investigate if it was possible to transform an alternator to an electric motor and together with 

a regular alternator perform a vibration test. All electric machines can operate as a motor or a 

generator but the question was also if it was possible to perform this test with sufficiently 

high load during a shaker test. This new test method has not been tested before and is 

therefore quite unique. Figure 1 shows one of the alternators that have been used during this 

master thesis. 

 

 

Figure 1 Scania alternator 24V 150A 

 

  



 

 

 

2 

 

1.2 THESIS OUTLINE FOR THE EXPERIMENT 
 

This master thesis experiment is divided into three different parts. The first and main part was 

to examine whether if it was possible to convert an alternator into an electrical motor and 

evaluate if a vibration test during operation was possible. Then the idea was to use the 

electric motor to drive a regular alternator coupled together. The second part was to build a 

rig where to perform the selected method for this vibration test. If then the arrangement was 

working a final vibration test would be performed during operation.  

 As previously mentioned, it has been difficult to conduct vibration tests during 

operation. To bypass this problem the idea was to convert a Scania truck alternator to 

an electric motor. If this than was possible the purpose was to create a plug-and play 

device to control the redesigned alternator for future testing. 

 

 The second part was to create a rig for the two alternators where vibration could be 

measured in x,y,z-direction. Here it was important that the rig was made robust and 

sustainable for easy adjustment regarding belt tension, different alternators but also 

for mounting. 

 

 The final part of this thesis was to perform a vibration testing during operation with a 

certain load and measure the durability of the alternator. Assessment will be with a 

pass or fail judgment for the chosen alternator. Possibly some investigation of what 

could be failing would follow. 
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1.3 HISTORY OF ELECTRICAL MACHINES / BACKGROUND 
 

The main principle of an electric machine is to either convert mechanical energy to electrical 

energy or vice versa. Depending on how the construction of the electric machine is, 

magnetization can occur inside or round the casing of the machine. Then the alternating 

magnetization that makes the machine rotate will occur in the opposite part, rotating or fixed 

part of the machine. The magnetic field can either be produced with permanent magnets or 

with electromagnets where the magnetic field is produced with a direct- or alternating current 

[1]. 

There are two types of electrical machines that are commonly used today. Direct and 

alternating current electrical machines. How the magnetization occurs can be different 

depending on the electric machine. The vehicle industry mainly uses DC motors e.g. as 

window openers, window wipers and seat control. There are a couple of machines that 

operates with AC, one of them is the alternator. Even though it is operating with AC, this 

current is then converted to DC so it can handle all electrical components inside the vehicle. 

This project has focused on the AC synchronous block because the alternator works in a 

similar way as permanent magnet machines. 

 

 
Figure 2. Overview over most common electrical machines 
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2 ALTERNATOR 

 

The main principle of the alternator is to convert mechanical energy to electrical energy. This 

then provides the battery and the electrical loads inside the vehicle with electricity. Through 

the years the rated output power has increased in the same rate as the electrical equipment. 

The alternator is coupled to the internal combustion engine crankshaft via a belt. The 

alternator is designed to rotate at relatively high speed in comparison with the engine. Ratio 

between the rotational speed of the crankshaft of the engine and the alternator is typically 

1:2,2 to 1:3 in light commercial vehicles and around 1:5 in heavy trucks. Since the alternator 

is directly coupled to the engine it needs to withstand very high strains during operations and 

is a real workhorse when exposed to dirt, oil road salt and sometimes also to vibration 

acceleration between 500-800 m s2 . 

There are two common types of batteries the automotive industry uses in the vehicle. 12 V, 

and 24 V (charging voltage 14 & 28 V). The 12 V-system is used in light commercial 

vehicles and 24 V in heavy commercial vehicles (Scania trucks). 

Figure 3 below shows how the alternator provides electricity during operation and with the 

engine stopped. If the alternator is off and the engine is stopped, all the electric energy comes 

from the batteries. But when the engine is on the alternator both charges the batteries and 

provides the loads with electricity [2]. 

 

 

 
Figure 3. Principle of working procedure for an alternator 

2.1 ROTOR 
 

The rotor is the rotating part inside the alternator, which is the component coupled to the 

crankshaft via a belt. The magnetic field around the rotor is based on the current flowing 

through. According to equation (1) the flux linkage 𝝋 𝑓  is related to the current 𝑰 𝑓  flowing in 

the field winding with the inductance 𝐿𝑓 . 

 𝝋 𝑓 = 𝐿𝑓𝑰 𝑓  (1) 
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This means that with a higher current the magnetization inside the rotor increases. The field 

winding inside the rotor is commonly made of copper. The amount of turns the copper wire is 

wound determines how strong the magnetization becomes. The supply of current in to the 

rotor goes through the collector rings located in the end part of the rotor. Since the rotor has a 

constant rotating movement it is attached to a lasting material with good conductivity, namely 

the brushes of the alternator. The amount of poles can differ depending on the brand of the 

alternator. In figure 4 the number of poles is 16. According to equation 2 the poles also define 

the rotational speed of the alternator where 𝑛 is the rotational speed in rpm, f is the frequency 

(Hz) and p is the number of poles in the motor [3]. 

 
𝑛 =

120 ∙ 𝑓

𝑝
 (2) 

 

In a claw pole rotor the north and the south pole are not directly opposite to each other. The 

reason why the angle is skewed is to avoid magnetic hum and noise. Also to avoid the 

magnetic field from the stator to get a direct attraction to the rotor, which in turn can make 

the rotor stand still and lock itself. With this type of configuration the rotational movement is 

smooth [4]. 

 

 

Figure 4. Prestolite claw-pole rotor  

2.1.1 Brushes 

 

By conduction, current is flowing through the brushes in to the rotor field winding. To 

constantly maintain a contact against the collector rings a spring is attached to the brushes, 

which in turn is attached to a brush holder. The brushes are usually made of graphite and are 

replaceable. The regulator determines the amount of DC flowing through the brushes into the 

rotor [2]. 
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2.2 STATOR 
 

In most cases, the stator is constructed with a copper material. Isolation of the copper is 

achieved by a highly insulating material, hence preventing any short circuits in the windings. 

Although the material is the same, the winding structure may differ. In figure 5, two different 

stators are shown. Depending on the construction of the alternator the stator windings differs 

from two different subcontractors Scania uses in their trucks. One of them is Prestolite and 

the other one is Mitsubishi. The photo to the left in figure 5 clearly shows the windings 

pressed together and may thus have a larger area of copper which current can flow through. 

So unlike Prestolite, the Mitsubishi stator has several copper wire pairs wrapped in tandem 

without additional space requirements.  

 

 
Figure 5. Prestolite stator to the left and Mitsubishi stator to the right 

 

All windings in both Prestolite and Mitsubishi are star-connected which means that the 

connection between the windings is formed like a star. The connection point in the middle is 

the neutral (the fourth wire) in the right side of figure 5. 

Currents formed in the stator are a three phase current and not a regular DC as used in a 

vehicle. The 3-phase AC is rectified to DC. The reason why the stator operates with a 3-phase 

current is because it is more efficient for the machine [2]. As previously described a magnetic 

field is created in the rotor. This magnetic field generates an electromotive force. The 

strength of the electromotive force determines how large the current flowing inside the stator 

is. Figure 6 describes how the voltages in each phase with a 120°phase shift are situated to 

each other. The following equation (3) describes the voltage over each phase [5].  

 𝑢𝑎 = 𝑈 sin(𝜔𝑡)     𝑢𝑏 = 𝑈 sin(𝜔𝑡 − 120°) 𝑢𝑐 = 𝑈 sin( 𝜔𝑡 − 240°) (3) 
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Figure 6. Induced 3-phase AC 

 

The current inside the stator for each phase can be described in (figure 7) space vector form 

where the length of it corresponds to the level of current flowing in each phase. The direction 

corresponds to the direction of the magnetic field.  

 

 

Figure 7. Stator current space vectors 

 

The sum of all currents creates the current flowing inside the stator. Equation 4 describes the 

relation [5]. 

 
𝒊𝑠 =

2

3
 𝑖𝑎 + 𝑖𝑏𝑒𝑗120° + 𝑖𝑏𝑒𝑗240°  (4) 
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Figure 8 describes how the magnetic field inside a three-phase stator works. At a particular 

instance, starting from the left side of figure 8, the magnetic field is pointing upwards. In the 

green phase the current is at its highest at that point. Variation created from the AC current 

then rotates the magnetic field, shown in the middle part of the figure, where the current at 

that moment is almost the same as in the green and yellow phase. In the next step, when the 

AC current have another orientation the current peaks at the yellow phase. The magnetization 

inside the rotor creates this magnetic field inside the stator and thus also the current. 

 

 

Figure 8. Rotating magnetic field inside a three phase stator 

 

2.3 REGULATOR 
 

The role of the regulator is to ensure that the state of charge of the battery is always at a 

certain voltage level and that the power required during propulsion is maintained. If the SOC 

is low the regulator increases the current in to the rotor and vice versa. The OCV over the 

battery is somewhere between 24,4-25,2 V for a heavy vehicle and during charging around 

28,8V. A feature built in to the regulator is that the charging does not start until the rotational 

speed reaches somewhere between 1200-1500 rpm. So when the engine is turned on the 

charging will stay at a very low charging level. Depending on different ambient temperatures 

the regulator regulates the voltage level when charging. Since the temperature during 

operation is varied also the resistance is changing inside the rotor according to equation 5. 

The regulator also needs to compensate for these temperature changes to maintain the right 

magnetization inside the rotor. 

 𝑅2 = 𝑅(1 + 𝑎(𝑡2 − 𝑡1)) (5) 

 

To prevent overheat the battery during summer time the voltage charging level of the battery 

is below the normal charging voltage level. But, during winter time the battery is less affected 

by high temperatures and the charging level can be above normal charging level [2]. 

To be able to transfer information within the vehicle and to start-up and control the alternator 

a wiring harness plug (figure 9) is mounted to the regulator. In a typical heavy vehicle the W 

is coupled to one of the phases which are sometimes used to calculate the speed of the vehicle. 
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L is used to light up a warning lamp (usually on the dashboard) if charging is needed 

(otherwise off). 15 is the on/off function from the ignition which actuates the alternator. S is 

coupled as to monitor the charging voltage level of the battery and the DFM is coupled to the 

field monitor inside the vehicle. Usually an alternator circuit needs at least the 15, S and L to 

work properly. 

 

 
Figure 9. Wiring harness plug 

 

2.3.1 Rectifier 

 

As previously described, inside the stator a 3-phase AC current is generated. In order to 

utilize generated 3-phase current from AC to DC, six diodes handle the conversion. The 

principle of a diode is to only let current through in one direction and to create a DC current. 

Therefore the half waves that are positive goes through the positive side of the diodes and the 

negative through the negative side (figure 10). Also an important feature with this kind of 

rectifier is that it prevents the battery from discharging when the vehicle is at stand still [2]. 

The voltage over each phase can be described with the following relation (equation 6). 

  𝑈𝑎𝑏 ,𝑏𝑐 ,𝑐𝑎  =  𝑢𝑎 ∙  3 =  𝑢𝑏 ∙  3 =  𝑢𝑐 ∙  3  
 

(6) 

 

Figure 10. Rectifier with six diodes 

 

The + (also known as B+ on an alternator) is coupled to the positive side of the battery and 

the – from the housing of the alternator to the ground of the vehicle which in turn is 

connected to the battery.  
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Figure 11 describes how the rectifier converts each sine wave to pulsating DC and creates the 

average voltage that the alternator provides. The black line thus describes the 𝑈𝐷𝐶  that the 

alternator creates through this full wave rectification [6]. 

 
Figure 11. Full wave rectification 𝑈𝐷𝐶  
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3 ACCELERATED VIBRATION TEST 

 

Accelerated vibration test methods are common in the automotive industry. With these types 

of tests the company can ensure component durability in terms of lifetime in a much shorter 

time span. There are different methods to use for accelerated vibrations testing but the most 

common method is the fatigue-damage model. This model is based on Miner’s rule. By 

repeating stress cycles on a material, this can lead to cracks, which in turn can lead to failure. 

[7]. The tests Scania is using for vibration and thermal cycling is based on an IEC 

(International electrotechnical commission). 

3.1 S-N CURVE 
 

To measure fatigue-damage in a shaker test, a method, which weighs strain against number of 

cycles, is commonly used. Equation 7 shows the relation for the theory. 

 𝑁 = 𝐶 ∙ 𝜎−𝑏  (7) 

 

Where N is the number of cycles until failure, C is corresponds to a constant that intercept the 

curve, 𝜎 is the cyclic stress applied and b is the Basquin exponent that refers to the material 

that is used [8]. 

 
Figure 14. Typical formation of an S-N curve for steel 

 

Figure 14 above describes how an S-N curve can look like where 𝜎𝑒  is the endurance stress 

limit, 𝜎𝑎  is the alternating amplitude of the stress and N is number of cycles to failure. If the 

stress level is under 𝜎𝑒 the number of cycles can last indefinitely. To quicken the fatigue of 

the material an increase of the stress level can be done. If the stress level is near the level of 

𝜎𝑎  a low cycle fatigue test can be made. Reducing the number of cycles and increasing the 

stress for the component can abbreviate the time for the whole test. In the field, cycles until 
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failure are higher, but with a lower stress level. During testing, the level of stress increases in 

order to reduce the cycles and shorten the testing time. 

3.2 PSD PROFILE BASED ON LOCATION 
 

A random vibration analysis is usually performed by using a so-called PSD profile (power 

spectral density) having 𝑔2/Hz on the y-axis and Hz on the x-axis.  

To match the damaging vibration from a real driving situation, a signal is taken by directly 

measuring on the location of interest. In this case the engine. Different levels of maximum 

vibration in each frequency are collected to create the PSD-profile, which then is used in the 

test procedure for the component. These signals are then transferred into PSD spectrum, 

which then is used during a shaker test. The exact location of a component determines the 

final PSD level. The PSD profile varies depending on the frequency level set [8]. 

Some components are also exposed to thermal cycling where the temperature can go from 

negative to a very high positive temperature (℃). This cycling varies depending on where the 

component is placed on the truck. 

3.3 TEST LINE-UP 

 
According to the technical regulation the object has to be mounted properly so the shaker 

movement will not affect the object (DUT) in an uncontrolled way. An accelerometer is 

mounted near the test object for controlling. If the object operates with electricity it needs to 

be connected to power supply with the right voltage during the whole test. Both the vibration 

and the thermal cycling are performed simultaneous. To complete a test the procedure has to 

be performed in each direction of the DUT (x,y,z-axis) for the given time.  

 

Figure 15. Set-up for vibration testing 
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3.4 FIXTURE FOR VIBRATION TEST 
 

In order to test objects, a fixture where the components are mounted is needed. This fixture is 

then mounted to the shaker table where the vibration test is performed. An ideal fixture is 

consistent with the bottom plate so no unwanted resonance frequency will occur in the DUT. 

Transmissibility is something to take in to consideration when designing a fixture. Basically 

it’s a comparison between the output and the input. If it’s 1.0 the output follows the input 

(signal from the sensors mounted on the vibration table and near the DUT). Stiffness in the 

fixture is also very important so deflection will not occur from the DUT. The higher the 

stiffness is, the heavier the mass on the fixture will be. This leads to a trade-off between the 

mass and the stiffness of the fixture. Common materials used when creating a fixture is 

Aluminium, Magnesium and Stainless steel. These materials are used to avoid that the natural 

frequency of the DUT will not be affected.  

Usually when the fixture is finished a test of the performance is made to evaluate if there are 

any unwanted resonances. The test can be performed usually by two different test methods. A 

sinusoidal and a random vibration test [9]. 
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4 COMPARISON BETWEEN DIFFERENT METHODS 

 

In this chapter different testing methods that could be used to make the vibration test will be 

described. First the main idea was put in for further investigation. If the intended method 

does not work well and/or not produce usable results, then the decision of which secondary 

method to use would be taken. 

4.1 PREVIOUS TESTING METHODS 
 

It is obvious that alternators have been tested in terms of vibrations before. But the methods 

that have been used are different from each other and the methods have not been so useful in 

assessing the alternators Scania is using. Common problems have been the tension in the belt 

and putting load on the alternator during a vibration test. 

4.1.1 Scania vibration test 

 

To achieve alternator rotation during the shaker test an electric motor was coupled to it via a 

belt. However, the electric motor was not coupled to the shaker where the vibrations took 

place. With this type of setup the belt needed to be loose due to the shaker plate moving 

while the electric motor being fixed outside the area of movement. This gave a varying 

rotational pattern for the alternator and was not a suitable test method (figure 12). 

 

Figure 12. Scania’s previous setup with an electric motor coupled to an alternator 

 

4.1.2 Secondary test method 

 

A secondary method that has been used was where an axle was directly coupled to the 

alternator with a correct tension in the belt. Both the alternator and the axle were attached to 

the shaker and could rotate freely during the vibration test. The axle in turn was coupled to an 

electric motor outside the shaker plate via a tooth belt. The electric motor then rotates the 

axle so the alternator rotates with a correct belt tension and load. However, nor this setup did 

not work well because of resonance from the axle coupled to the alternator (figure 13). 
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Figure 13. Secondary setup with an axle in between the electric motor and the alternator 

 

Another limitation with this setup has also been the output load from the alternator. The 

alternator have only been able to have a low output load compared to real situation. The load 

restriction is depended considerably on the electric machine.  

4.2 ELECTRICAL MOTOR AS MECHANICAL ENERGY SOURCE 
 

To get away from the previous problems a regular electric motor could be attached near the 

alternator with correct belt tension. The electric motor then handles the operation of the 

system during the test.  

 Benefits with an external electric motor are that it is easy to implement in to a 

vibration setup. This method is also time efficient to implement in a vibration test. 

The right rotational speed and output load can easily be obtained.  

 

 

 The drawback is that the electric motor needs to produce a quite high power during 

the vibration test which in turn creates high cost for each electric motor. This type of 

electric motor that can handle such hard vibrations during a shaker test can be hard to 

find. 

4.3 3-PHASE VARIABLE FREQUENCY DRIVER 
 

The main idea with this project was to analyse and investigate if it was possible to use an 

alternator as a motor. In this case some kind of controller had to be used to control the 

rotation of the motor. As previously mentioned an alternator is built with 3-phase current 

operating in the stator. To be able to control 3-phases, a device that changes the frequency in 

the stator to the right frequency and with the right current was required. This is described in 

equation 8, where 𝑛𝑠  is the rotational speed in rpm, f is the frequency (Hz) and p is the 

number of poles in the motor. 
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𝑛𝑠 =

120 ∙ 𝑓

𝑝
 (8) 

 

Sometimes there is a need to control the position of the rotating part and this can be done by 

using sensors. There are a lot of controllers out on the market that uses this method with 

sensors. With these sensors the system knows the position of the rotor. When dealing with 

electric machines the sensors commonly used are hall sensors. With a hall sensor coupled to 

the system, a feedback of the position can be used to calculate speed, torque, position etc. 

[10]. 

 Beneficial for the start-up (knowing the position), working smoothly in low velocities 

 

 Disadvantages are the efficiency especially in higher rpms, lower maximum rpm and 

limited speed range 

In this project a controller with sensors was not suitable. If too much impact was made on the 

alternator during the transformation it could not be considered as an unaffected alternator. 

Therefore, putting sensors on to the alternator would not maintain the same characteristics as 

an untouched alternator. However the set-up itself would be advantageous as we can test two 

alternators simultaneously. So, to avoid the use of sensors a controller that regulates the speed 

without knowing the positions (sensorless) of the rotor was used. Also known as electric 

speed controller or brushless speed controller. The ESC is a device that could control the 

speed by sending out signals to the stator to make the rotation of the motor. Simply put, it 

works in the opposite way to the rectifier. By detecting the back-EMF the motor creates 

(according to faradays law equation 9), a control algorithm inside the microchip that could 

calculate frequency output with even speed. However, with this type of configuration the 

controller does not know the position of the rotor and could therefore cause problems during 

start-up. 

 
𝜀 = −

𝑑𝜙𝐵

𝑑𝑡
 

 
(9) 

Capacitators inside the controller smoothens the DC pulses flowing in. The conversion from 

DC to AC current goes through a set of transistors called MOSFET’s. These transistors 

operate by switching the electronic signals rapidly. A microprocessor handles when and how 

the MOSFET’s are shifting with a certain frequency. The microprocessor handles the whole 

working procedure. MOSFET’s works with a very high efficiency and therefore the ESC has 

low losses [11]. The three phases in a typical BLDC machine which handles the voltage is 

described with the following equation (10). 

 

  
𝑈𝑎

𝑈𝑏

𝑈𝑐

  =   
𝑅𝑠 0 0
0 𝑅𝑠 0
0 0 𝑅𝑠

   
𝑖𝑎
𝑖𝑏
𝑖𝑐

  +   
𝐿𝑠 0 0
0 𝐿𝑠 0
0 0 𝐿𝑠

 
𝑑

𝑑𝑡
  
𝑖𝑎
𝑖𝑏
𝑖𝑐

  +   
𝜀𝑎

𝜀𝑏

𝜀𝑐

     

 

(10) 

Where 𝑈𝑎,𝑏,𝑐 describes the voltage over each phase, 𝑅𝑠 the resistance in each phase, 𝑖𝑎,𝑏,𝑐 the 

current in each phase 𝐿𝑠 the inductance and 𝜀𝑎,𝑏,𝑐 EMF [12]. 
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5 METHOD 

 

This section describes the approach of the whole experiment. From the first beginning to the 

final vibration test. All tests have been made in room temperature unless otherwise specified. 

The method chosen was to use a speed controller and convert an alternator in to a “hybrid 

brushless motor”. This method was also the plan for the whole experiment. After some 

background investigation of different types of controllers the speed controller chosen for this 

purpose was a JETI Spin pro 300 opto. Some tests were made twice to make sure that the 

outcome was realistic and could be redone with the same type of setup. In Appendix 9, a full 

description of the approach to make a conversion of an alternator and perform a full shaker 

test is described. 

5.1 ELECTRIC SPEED CONTROLLER 
 

Big companies such as ABB, Siemens, and Texas Instrument were examined to determine if 

there were any industry standards for the kinds of frequency converters that where needed 

(closest the chosen converter was Texas Instrument that had a development card that could 

handle 60V 80A). After careful evaluation of different control devices for the controlling the 

alternator a JETI Spin pro 300 opto electric speed controller was elected for the testing of the 

conversion for the alternator (figure 16). This device could handle up to 220 sustained current 

and a voltage level up to 59V. The reason for choosing a controller with both a high current 

and voltage (in relation to how much the windings in the stator can handle, what voltages it 

works with as a alternator) was because in the start of this project there was no knowledge 

about how the system would behave with a controller not specified for the conversion. 

 
Figure 16. Jeti Spin pro 300 opto [13] 

 

For this controller a communication terminal called JETIBOX was ordered. This specific 

terminal was mandatory to setup parameters for the ESC. To control the speed of the motor a 

servo tester was also ordered. A servo tester work in a similar way as a potentiometer. The 

difference is that the servo tester operates with a PWM signal instead of changing the internal 

resistance. 
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5.2 PRESTOLITE CONVERSION TO AN ELECTRIC MOTOR 
 

The first step in the conversion process was to uncouple the rectifier from the alternator so 

three phases from the stator were completely free. This was done in order to easily connect to 

the stator windings. The connection between B+ to the regulator was also removed (red and 

blue cable lug). This is shown in figure 17. 

 
Figure 17. Rectifier and regulator disconnected 

 

Then from the three phases the insulating material was scraped away so three cables with an 

area of 10 mm2  from the ESC was soldered to the stator. In figure 18 one of the three 

soldering is shown.  

 
Figure 18. Cable soldered to one of the stator phases 

 

From the brush holder two pins attached to the brushes were soldered to two cables for the 

magnetization of the rotor. A diode measurement was made to determine in which direction + 

and – had to be coupled a sa diode can only let current through in one direction (figure 19). 
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Figure 19. Left side figure shows + and – before soldering and right side after soldering.  

 

From the ESC the red JR connector was coupled to the JETIBOX (programming box) to set 

up parameters for the speed controller (the parameters could only be changed when the power 

to the potentiometer was off). After some testing the final set up for the parameters where 

made which are presented in results. When the power to the ESC was on, the programming 

box worked as a digital screen for reading voltage to the ESC, temperature of the ESC as well 

as rotational speed of the electric motor and throttle (0-100%). The black JR connector was 

coupled to the servo tester where the speed was regulated through a PWM signal. To the 

servo tester a constant 5V was coupled to trigger it on. To magnetize the rotor a third power 

supply was implemented. 

This was then coupled to the two pins from the brushes. Figure 20 below shows the first setup. 

 

 

Figure 20. First arrangement 
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5.3 MITSUBISHI CONVERSION TO AN ELECTRIC MOTOR 
 

An examination was also made of another alternator to see whether it was possible to convert 

different alternators of different build to an electric motor. This test was carried out on a 

Mitsubishi 24V, 100A alternator. Unlike the previous alternator the stator windings were 

attached inside the alternator housing. Therefore the first step was to unscrew the housing and 

pick out the rotor. Inside the housing the rectifier was mounted. The rectifier was superfluous 

in the conversion and was therefore removed. 

 

The Mitsubishi stator differs from the Prestolite stator where the four wires are connected to 

the rectifier. One of the wires is the Y-connection for the three voltages and was not needed 

when connected to the ESC. Just as for the Prestolite the magnetization of the rotor was made 

via the pins outside the alternator. Figure 21 shows conversion procedure of the Mitsubishi 

alternator.

 

Figure 21. Mitsubishi alternator in pieces and the assemble for wires 

 

Although this alternator’s performance was not suitable for it to work as a motor, some 

results could be presented. Not only was the conversion process time consuming, there were 

also major difficulties during start-up and to create high power. However, the Mitsubishi 

alternator could work in a vibration test but the decision to not use it further in this thesis was 

made. The final results from the performance etc. of the Mitsubishi alternator are presented in 

the result part.  

5.4 MANUFACTURE OF THE FIRST TEST RIG 
 

After some adjustment of parameters of the controller the next step was to create a temporary 

test rig for the Prestolite alternator and the Prestolite electric motor. In order to have as short 

distance as possible between the two machines a belt with the length of 648 mm, 10 ribs with 

a PK profile [14] was ordered. PK stands for the profile of the belt. Different companies uses 

different profiles. This was subsequently attached to the driving pulleys of the machines. 

Both driving pulleys had a diameter of 70 mm.  

Next the platform to mount the machines was manufactured from a square pipe. The holes in 

the platform where the motor and the alternator was mounted were customized to achieve as 

high tension in the belt as possible (figure 22). It was beneficial to have a high belt tension so 

no slip would occur between the belt and the pulley. Wheel bearings have also shown better 
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previous results with a higher belt tension. To make the testing as realistic as possible an 

artificial load was supplied to the system. With the artificial load a given current could be 

obtained from the alternator.  

 

Figure 22. Two Prestolite alternators coupled together via a belt 

5.4.1 Artificial load 

 

To take out a current from the untouched alternator, a battery pack (two 12 V batteries in 

series) was connected to it as figure 23 shows. The reason to use real vehicle batteries was 

that the alternator behaviour would mimic reality. B+ from the alternator together with the 

plus pole on the battery. From B+ a cable was connected to the 15 (enable) pin on the wiring 

harness plug to turn on the alternator. Usually this pin is connected to the ignition of the 

vehicle. From the frame (ground) of the alternator a cable was connected to the minus of the 

battery. In parallel with the batteries a load bank was connected. The load bank could 

produce a maximum power of 2400 W and/or a maximum continuous current of 200 A 

depending of the voltage input.  

 

Figure 23. Setup of the load connected to the alternator 
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To measure the current from the alternator a shunt was coupled in series with the ground 

cable. A shunt works in such a way that the voltage drop over the shunt corresponds to a 

given current passing. This specific shunt was marked to 200A @ 60 mV which means that 1 

mV corresponds to 3,33 A. The voltage over the alternator was also measured. Both with  

Fluke VOMs. This loading test was performed with four different setups. Both Prestolite and 

a Mitsubishi as electric motor and alternator. Results from the testing are described in the 

result part.  

5.4.2 Efficiency testing of the system 

 

To evaluate how the system would run in the final vibration test, a test with various loads was 

made. Before the load test was started the system was turned on without any load to charge 

the batteries until they were fully loaded. The only current flowing through the system was to 

compensate losses inside the batteries. The load test went from 0 A of load in steps of 10 A to 

the maximum of what the whole system could handle i.e. until it stopped.  

5.4.3 Temperature test 

 

Since the alternator is exposed to high temperatures due to that it is coupled directly to the 

engine block a temperature test was also performed. This test was not only performed 

because during the final shaker test the alternator also had to handle high temperatures but 

also to see how the cables would react to thermal cycling. The load on the alternator was set 

to 30 A so the arrangement was as realistic as possible. On both machines temperature 

sensors were coupled onto the cover to register how the surface temperature changed. First, 

the oven used was started from room temperature (21 ℃) and then gradually increased in 

temperature with steps of 20 ℃ up to 100 ℃. When the temperature had stabilized this was 

then recorded. When the oven had reached 100 ℃ and when the surface temperature had 

stabilized the oven was turned off but still with the rig system running. The temperatures of 

the machines are presented in the result part. 

5.5 FEEDBACK SYSTEM WITH BATTERIES IN SERIES 
 

External power supplies that could reach voltages up to 60V and at the same time work with 

a current up to 100 A was hard to get hold of. Therefore, a test method with batteries in series 

with a weaker power supply was tested. Advantageous with this type of setup was that the 

alternator where the output load was taken could be directly coupled to the batteries. Figure 

24 shows the arrangement of the setup with batteries and a power supply.  
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Figure 24. Feedback system 

 

Figure 24 illustrates the values of the current and voltage when the system had stabilized. The 

first power supply was set to exactly 30 V and maximum current. The batteries together with 

the power supply gave the total voltage around 57.9 V. The load levied out of the alternator 

was around 31.6 A. The alternator feedback current in to the closed loop system and the 

power supply provided it with the rest of the energy.  

The batteries had a resting voltage of ~24.4V but the operating voltage needed to be 

increased to 27.9V so the alternator could operate in the right range. By connecting a 

secondary power supply (set to ~28 V and max current) to the batteries the system increased 

the total voltage level and the start-up went smoothly. When everything had started the 

secondary power supply could be turned off and removed. When the system had started it re-

circulated the current and retained the voltage over the batteries at the wanted level. The 

advantage with this setup was that energy loss that occurred due to the conversion of electric 

energy from the electric motor to the alternator and then back to electric energy was small. 

This arrangement was also advantageous because the cut off voltage inside the programming 

box could be set to 55V, which meant that if somehow something happened and the alternator 

stopped charging, voltage drops, belt breaks, electric motor failures etc, the voltage level 

would decreases to 24.4 V (54.4V total for the system) and the system would stop. During the 

vibration test the safety of the system was important if something unusual should occur. 

5.6 INTEGRATED POWER SUPPLY 
 

Instead of having three different power supplies an integrated power supply was 

manufactured with the ESC inside. This power supply has an input for the main DC voltage 

of 48-59 V. Output for the rotor magnetization could be changed with constant current 

potentiometer which means that the voltage will change when the resistance inside the rotor 

change but the current will be the set value. The magnetization operates with a DC 0-2.5A. 

From the power supply also the output for the three phases to the stator is applied. To be able 

to communicate with the ESC a D-sub connector was mounted (figure 25). 
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Figure 25.Custom made power supply  

 

Inside the power supply DC-DC converters handles the changes in voltage (see Appendix 

9.3). To protect the device diodes, fuses were implemented into the system. Outside the box, 

two fans was mounted, one blowing air in and the other out. The fans were important 

especially for cooling the ESC. The working temperature of the ESC increased quickly when 

the system was loaded.  

5.6.1 Controlling platform 

 

To control the system externally, a custom made platform was manufactured (figure 26). 

Advantages of being able to control the system from a distance was important especially in 

the final test where it was difficult to have an overview of the machines during start-up. 

Purchased components used were disassembled and then put together into a box. Two 

potentiometers were implemented into the box, one for the current in to the rotor and the 

other one for throttle of the converted alternator. Also implemented was an ON/OFF switch 

to turn on the system as well as three diodes which indicate in what mode the potentiometer 

is set on. In all tests made this setup was set MANUAL. For communication with the 

integrated power supply also here a D-sub connector was implemented.  
 

 
Figure 26. Controlling platform  
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5.6.2 D-sub connector and cable 

 

Since the connection between the integrated power supply and the controlling platform had 

twelve wires, a specially made D-sub connector was implemented. How the wires were 

soldered in the connector is presented in Appendix 9.1. 

 1,2,3 goes to the JETI box controller 

 4,5,6 to potentiometer of the stator throttle  

 8,15 constant voltage of 5 V to LED display to show current to rotor 

 10,12 signal from shunt coupled to show the current flowing to rotor (LED display) 

 13,14 to potentiometer of the stator constant 5 V (series with a switch on/off) 

 9,11 to potentiometer signal of the rotor  

5.6.3 Fixture to shaker bottom plate 

 

To shake the alternator and the electric motor together a customized fixture was needed. The 

fixture was mounted on the bottom plate of the shaker table. One important consideration was 

resonances that could occur. Hence, the fixture was rigidly constructed near the bottom plate 

to avoid the unwanted resonances. The shaker bottom plate has a diameter of 640 mm and the 

pattern between the holes where the fixture could be mounted was 50 mm in both x and y-

direction. One of the alternators were fixed and bolted directly to the bottom plate as shown 

in left side of figure 27. The fixture to the other machine has oval holes. This gave the 

possibility to move it in y-direction to tension the belt. The movement of the fixture in y-

direction was accomplished with 4 bolts positioned at the right side of the fixture. When a 

sufficiently high belt tension was achieved, the movable fixture was also bolted on to the 

shaker plate. 

 
Figure 27. Fixture for shaker plate and the machines 
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5.7 SAFETY SYSTEM FOR THE RIG 
 

To ensure that if something unexpected occurs during the final vibration test a safety 

equipment was manufactured. Two things were taken into consideration in the construction 

of the safety system. 

1. Turn of the power supply, which supplies the system with power, if something 

unexpected occurs.  

2. Turn the shaker table off if the rotation of the motor and alternator stops.  

There were two ways to determine whether the system was on or off. One was the potential 

over the batteries and the other the rotational speed. If the system was off the potential could 

be up to 25.2 V over the batteries and if the alternator was charging the batteries the voltage 

level was over 27 V. It meant that if the motor stopped rotating, the alternator stopped 

charging the batteries and the voltage dropped down to 24V. To control the behaviour of the 

alternator another controller was specifically build to control start and stop charging as shown 

in figure 28. 

 

Figure 28. Control unit for the alternator (with safety system implemented) 

 

If the ignition was on the yellow lamp turned on, if the batteries were charging the green 

lamp was on and if the red light was on the batteries were not charging (this occurred 

approximately at 700 rpm). In order to start charging the red button needed to be pushed 

down with the ignition toggle switch set to “ON”. The reason for this procedure was that 

during the start-up a delay from the alternator makes the red light shine for a moment. If the 

red light shines, inside the control unit two relays were implemented. One of them is coupled 

in a loop to a safety function of the shaker plate, which means that if loop breaks the shaker 

plate would turn itself off. The other relay is coupled via a cable to the back of the power 

supply. Even this cable was based on the same principle as the shaker plate loop. If the 

connection breaks the signal would turn off the power supply. A more detailed description of 

the system is described in Appendix 9.2. 
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5.8 FINAL METHOD TO PERFORM THE LAST VIBRATION TEST 
 

After some consideration a final setup was established. The method with one external power 

supply (50V 100A) that provides the system with electricity and an artificial load that obtains 

a given current was used. This type of setup was beneficial due to that the load can be 

controlled externally unlike the setup with batteries in series. Prestolite was chosen to be used 

as electric motor for the final test due to that it had the best characteristics. A more detailed 

description of the set-up arrangement can be found in Appendix 10. In Figure 29 a simple 

sketch over the final setup is shown.  

 
Figure 29. Final arrangement 

 

Before the start of the final vibration test some parameters were set to try to imitate a real 

driving situation as good as possible: 

 Controlling platform parameters: Appendix 9.4 

 Output load on tested alternator: ≈ 30 A 

 Rotor current in to electric motor: ≈ 1.15 A   

 Speed of rotation: 𝑖𝑑𝑙𝑖𝑛𝑔 𝑠𝑝𝑒𝑒𝑑 ×  𝑔𝑒𝑎𝑟𝑖𝑛𝑔 ≈ 640 𝑟𝑝𝑚 × 5 ≈ 3200 𝑟𝑝𝑚 

 Belt tension: ≈ 1200 N at room temperature 

 Fully loaded batteries @ 25.4V  

 50 V and 30-35 A in to the system (depending on the temperature inside chamber) 

As previously mentioned, the tension in the belt is critical during a shaker test, especially for 

the bearings. Therefore, the static tension in the belt was set to around 1200 N (compared 

with previous testing this was high) using a frequency meter instrument specifically designed 

for measuring belt tension. The tension in the belt leads to that the force on the bearings 

becomes twice as high (2400 N) as the belt tension was both on the upside and the downside 

of the belt. To set the right tension the following equation 11 was used [15]. 

 𝐹𝑏𝑒𝑙𝑡 = 4 ∙ 𝑘 ∙ 𝐿2 ∙ 𝑓2 (11)  

 

𝐹𝑏𝑒𝑙𝑡  is the tension [Nm], k is the weight per meter for the belt [kg/m], L is the span length 

between the two pulleys and f  is the measured frequency for the belt. 
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5.8.1 Test procedure 

 

The final accelerated vibration test was started from the y-direction with the thermal cycling 

inside the chamber. A PSD spectrum, which was especially designed for the alternator was 

used to measure the vibration levels set on the alternator. An accelerometer sensor was 

mounted in two places. One near the alternator so the direction that the sample was run in 

could be compared to the PSD input accelerometer signal. Figure 30 shows how a typical 

alternator setup may look with the new test method. 

 
Figure 30. Two alternators mounted on a shaker table. One acting as a motor and the other as an alternator  

 

After a period of operation in y-direction, the test had to be stopped because the belt tension 

was too high. This caused the bottom plate to bend which in turn caused some wear in the 

slip table. However, the test could be run again after changing the oil which is located in 

between the slip table and the magnesium table which it was resting on. The oil function was 

to reduce friction between these surfaces. Thereafter the clamping force between the 

alternators was reduced to around 200 N (400 N for the bearings) to ensure that the table did 

not bend again.  

A short time after the first problem next stop occurred. The lamp function in the safety 

equipment turned on and both the vibration table and the power supply stopped. Since the 

safety system was trigged through the lamp function the test was started again. However, the 

test was interrupted a third time so a new safety system had to be developed. 

The new safety device worked in a similar way as the first safety device as it turned off both 

the vibrator and the power supply. The difference with this equipment was that if the voltage 

over the batteries went under 25.7 V the relays were trigged (red light) and the shutdown 

function went on. If the voltage were between 26-27 V the yellow light turned on but without 

switching of the power supply and the vibrator. 27 V and over the green light indicated that 

the charging was on. In order to log if the lamp signal went on during further testing, an 

analog output was implemented. If the signal from the lamp came on it corresponded to an 

output of 0 V.  

The new safety device indicated several interruptions so the decision was taken to first 

change the regulator on the regular untouched alternator that was put into testing. This in 
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order to evaluate if that had some impact on the drivability of the alternator. The alternator 

could run quite a while longer with the new regulator before the next interruption occurred.  

Because it was difficult to identify where the problem occurred, a measurement device called 

Dewetron with 8 analog inputs was implemented in to the system. All data from the device 

could then be logged on to a computer for further investigation. Data that were logged was 

the following: 

1. current from the power supply in to the system, (75 A shunt @ 60 mV) 

2. current in to the rotor on the converted alternator, (10 A shunt @ 60 mV) 

3. current the load bank take out from the alternator , (75 A shunt @ 60 mV) 

4. current flowing directly from the alternator, (clamp meter 1A corresponds to 1 mV) 

5. temperature inside the chamber 

6. voltage over the batteries 

7. voltage over the lamp 

8. voltage over the 15 (ignition) 

Current was measured with three different shunts and one clamp ampere meter that was put 

in series with the logging cables. The logged data is presented in the result part. Figure 31 

below shows the Dewetron device were all the measurement data was logged. In the left side 

of the figure the new safety device is displayed. 

 
Figure 31.Dewetron measurement device  

 

Since several interruptions occurred at 100 % PSD level, it was reduced with steps in 10 % in 

order to distinguish at what percent level the phenomenon occurred. Lack of time led to that 

only one direction was tested. Because of the high number of interruptions the y-direction 

could not be tested for the whole time period. 
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6 RESULTS 

This chapter presents the results of all the tests made. All collected data were first written 

down in a notebook and then converted in to files depending on which program that were 

used. Results presented have been judged objectively. More tests have been made to achieve 

the following results, but all have not been relevant for the report and therefore have not been 

presented in the results. All data collected were the best possible approximations. 

6.1 ELECTRIC MOTOR CONVERSION 
 

To set parameters inside the ESC the JETIBOX (programming box) was used. The following 

values were set for the best performance for the converted alternators to rotate as smooth as 

possible. These parameters were used for testing and not for the final vibration test. Some of 

the parameters could differ from the final test. Starting from MAN Setting. 

 Temp protection 80°C  

 Brake  OFF no need of braking  

 Operation Fast Responsedue to need of a rapid response in fast power changes 

 Motor Pole No. 16 on Prestolite and 12 on Mitsubishi 

 Gear 1:1. Same radius on the driving pulley for the electric motor and the 

alternator 

 Motor Timinghad the best performance at 30° for Prestolite and 0° for Mitsubishi 

 Switching Rate  8 kHz. Lowest PWM switching rate leads to smaller heat losses 

inside the ESC 

 Acceleration from 0-100 % set to around 3.0 s. This parameter was set to how fast 

the rotating speed goes from zero rpm to max rpm. The reason why it was not set to a 

lower value was because the power supply got a higher peak current during this time 

which was not favourable for it 

 Direct Voltage used an external power supply and not a battery pack 

 Off Voltage Set a value around 2 volt less then what the power supply in to the 

ESC was set to 

 Cut off was set to slow down (if something happened to the system and the voltage 

somehow fell down to the off voltage set, the system just slowed down) 

 Initial Deflection Auto  

 Throttle curve Linear due to that the system started easier with linear response 

during start-up procedure of the electric motor 

 Motor Direction of Rot. Right because the alternator operated clockwise  

 Start-up Power Automatic (initial power from start up from zero rpm) 

 Set-up with Transmitter ON, which enabled display function on the JETIBOX 

during operation 

The best possible behaviour was achieved with the parameters above. The most critical 

parameters for the start-up (except for the magnetization inside the rotor) were motor timing 

and throttle curve. The motor timing function worked as a pre-ignition inside a combustion 

engine. The current pulse was send out in the pole a short time unit before pulsating the next 
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pole which means that the pulsation of the coil is always present. This position was optimal 

for the magnetic pulses. A notable observation for the Prestolite was also that with a higher 

motor timing a higher rotational speed was achieved compared to 0° with the same current in 

the rotor.  

6.1.1 Rotor parameters 

 

Rotor current was essential for the rotating speed, which in turn determined the magnetization 

inside the rotor. With a full throttle on the ESC changing the current in the rotor could still 

change the rotational speed. The ESC tried to compensate the weaker magnetic field by 

increasing the rotational speed. This specific speed controller is designed to detect the signals 

created from the back-EMF. Hence, regulating the frequency of the pulses to the stator 

windings with a given current. Electronic speed controllers are made for permanent magnet 

synchronies motors and not a motor where the magnetic field may differ inside the rotor. 

Therefore it was very important that there was always a rotor current flowing when the 

system was on. Otherwise the controller could be damaged.  

6.1.2 Start-up 

 

In the start-up of the electric motor the current to magnetize the rotor was set to somewhere 

between 1-1.4A. Sometimes the start was easier with low magnetization and sometimes vice 

versa depending on in what position the rotor was standing compared to the stator. A factor 

that also affected the start was the inertia. If the converted alternator was coupled to another 

alternator with a load, the inertia was higher and it became impossible to start. 

To make the electric motor rotate was quite difficult due to the ESC not being made to work 

specifically for alternator, but instead for a permanent magnet synchronous motors. Rotor 

geometry was not distinctive for the magnetic field from the north pole claw to the south pole 

claw. Also the angle between north and south pole of the rotor made it difficult for the 

controller pulses to the stator to know in which position the rotor stood. Hence, in the 

beginning of the start-up of acceleration, the start for rotation was not regular. Something that 

also affects the start-up was the voltage to the controller. The higher the voltage was, the 

easier the start-up was. ESC can handle voltages between 18-59V. 

6.2 VOLTAGE TO CONTROLLER TEST 
 

In order to decide in which voltage region the controller worked most reliably, different 

voltages to the ESC were tested. This test was performed with a Prestolite as a converted 

alternator and also as a regular alternator. As table 1 and Figure 32 shows a linear behaviour 

for how much load the system can handle at different voltages to the controller.  
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Controller voltage [V] 28 38 48 58 

Load power [W] 967 1653 2318 2972 

Power supply IN [A] 68.4 82.6 90.7 96.1 

Shunt [A] 35 60 85 109.6 

Generator [V] 28.15 28.2 28.2 28.08 

Velocity [RPM] 1694 2156 2662 3036 

Rotor Current [A] 0.97 1.1 1.21 1.38 

 

Table 1. Varying voltage of the controller from 28-58V 

 

The outcome from these measurements was used to evaluate in what voltage region the last 

vibration test would be performed to reach the wanted load. Values obtained were barely 

reached before the system collapsed. 

 
Figure 32. Bar graph of four different voltages to controller, 28-58V 

6.3 TEMPERATURE CHAMBER TEST 
 

The results from the temperature test shows that the temperature on the machines follows the 

temperature inside the cabinet quite well. However when the cabinet was turned off the 

temperature rose for both machines because the fan inside the cabinet was turned off. All 

temperatures were measured when the temperature had stabilized. Table 2 describes 

temperatures measured.  

Temp. cabinet  °C 21 40 60 80 100 100 (OFF) 

Electric machine  °C 21 47 69 88 109 125 

Alternator  °C 21 53 74 92 111 125 

 

Table 2 

 

 

Increase of temperature inside the electric machine also increased the resistance inside the 

rotor according to equation 5. Hence this would decrease the current in to the rotor which in 
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turn also decreases the magnetic field. Therefore the rotating speed increased due to higher 

temperatures from around 3800 rpm to 4400 rpm in the end of the test. Power supply 

controlling the voltage was set to a specific voltage value and did not vary. After this 

phenomenon the magnetization of the rotor was changed to vary the current and not the 

voltage to a specific value. 

6.4 EFFICIENCY TEST 
 

Results below represent four different cases of data when the alternator has been loaded. 

Starting from 0 current and then until the system stops. Compilations of efficiency for all 

cases are described further below. Tension in the belt was about the same in all cases and the 

voltage for all tests was set to 58 V. 

Table 3 below shows the test made with a Prestolite as a motor and an alternator. The 

maximum load reached was 110 A out of the system. Most likely because the power supply 

collapsed and therefore the system could not be loaded more (PS max 100 ampere). 

Maximum power out and maximum power in: 

𝑃𝑜𝑢𝑡 = 𝑈𝑜𝑢𝑡 ∙ 𝐼𝑜𝑢𝑡 = 28.1 ∙ 110 = 3091 𝑊 

𝑃𝑖𝑛 = 𝑈𝑖𝑛 ∙ 𝐼𝑖𝑛 = 58 ∙ 96.1 = 5574 𝑊 

Current in to the rotor was set to 1.38 A in order to have the same magnetization through all 

measurements. A tendency shown in the table below was that the higher the load the lower 

the rotational speed became. Also the voltage dropped with an increased load. 

 

Load [A] 0 10 20 30 40 50 60 70 80 90 100 110 

Load 
power [W] 

0 282 559 837 1113 1387 1653 1922 2189 2453 2713 2972 

Power 
supply [A] 

13.2 18.2 23.8 29.9 36.2 42.9 50.1 57.7 66 74.1 83.7 96.1 

Shunt [A] 1 10.5 20.3 30.3 40.3 50 60 70 80 89.7 99.5 110 

Generator 
[V] 

28.4 28.37 28.4 28.3 28.3 28.26 28.23 28.2 28.17 28.1 28.1 28.1 

Velocity 
[RPM] 

3586 3454 3410 3366 3322 3278 3256 3232 3190 3102 3056 3036 

 

Table 3. Results from a Prestolite as electric motor and Prestolite alternator 

 

Just as in the previous test the Prestolite was used as a motor but the Mitsubishi 100A as an 

alternator. Rotor current was set constant to 1.38 A. Both the rotational speed and the voltage 

decreased with the higher load. The alternator almost reached the maximum current. The 

reason why it didn’t reached a higher value was probably because at that certain speed the 

alternator could not produce any more current. 

 

 

Load [A] 0 10 20 30 40 50 60 70 80 90 94 

Load 
power [W] 

0 280 561 840 1117 1392 1665 1929 2197 2461 2561 
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Power 
supply [A] 

11.1 16.9 22.8 29.8 37.5 46 55.3 66.1 78.1 89.5 96.1 

Shunt [A] 0.7 10.3 20 30.3 40 49.7 60 69.7 79.7 90 93.7 

Generator 
[V] 

28.46 28.46 28.44 28.43 28.42 28.39 28.35 28.3 28.3 28.2 28.2 

Velocity 
[RPM] 

3608 3542 3432 3366 3322 3278 3256 3234 3212 3168 3102 

 

Table 4. Results from a Prestolite as electric motor and Mitsubishi alternator  

 

For the results presented below (table 5) both machines used was from Mitsubishi. The best 

performance was achieved with a rotor current at 1.11 A. Rotational speed compared with the 

Prestolite was about 1000 rpm less. Maximum output with this setup was 50 A. Start-up with 

the Mitsubishi converted motor was very difficult. 

 

Load [A] 0 10 20 30 40 50 

Load power 
[W] 

0 280 561 840 1117 1392 

Power supply 
[A] 

7.4 13.3 20 27.6 37.2 52.1 

Shunt [A] 0.4 10.2 20.2 30.2 40.2 50.2 

Generator [V] 28.45 28.45 28.44 28.42 28.4 28.38 

Velocity [RPM] 2580 2520 2430 2340 2250 2160 

 

Table 5. Results from a Mitsubishi as electric motor and Mitsubishi alternator  

 

Table 6 below where the Mitsubishi was also used as a converted alternator but with a 

Prestolite as an alternator shows almost the same tendency as with a Mitsubishi alternator. 

The only difference was that the Prestolite could take out a little higher current. This because 

that the efficiency at that specific rotational speed is higher for the Prestolite. Same 

magnetization current was used as in previous test.  

 

Load [A] 0 10 20 30 40 50 57 

Load power 
[W] 

0 279 559 837 1109 1382 1570 

Power supply 
IN [A] 

9 14.5 20.4 26.8 34.2 42.9 54.6 

Shunt [A] 0.6 10.2 20.2 30.2 40 50 57 

Generator [V] 28.37 28.3 28.32 28.3 28.27 28.2 28.2 

Velocity 
[RPM] 

2580 2490 2430 2340 2310 2220 2160 

 

Table 6. Results from a Mitsubishi as electric motor and Prestolite alternator  

 

Figure 33 shows a summary efficiency graph over four different tests made. This graph 

describes the whole system. The first name in the box in right corner (figure 33) is the motor 

in each test. The second one is the alternator.  

𝜂 =
𝑃𝑜𝑢𝑡

𝑃𝑖𝑛
=

𝑈𝑜𝑢𝑡 ∙ 𝐼𝑜𝑢𝑡

𝑈𝑖𝑛 ∙ 𝐼𝑖𝑛
 



 

 

 

35 

 

 

 
Figure 33. Efficiency test, four different combinations 
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6.5 FINAL VIBRATION TEST ACCORDING TO SCANIA TEST METHOD 
 

In accordance with previous test results the final vibration setup has been performed in the 

following way as described below. Results from voltage test (chapter 6.2) showed that the 

voltage needed to be as high as possible to work stable. Rotor current to the converted 

alternator was set to a fixed value.  

The supposed final test was meant to work for all three axes without any unwanted stops with 

the setup described in chapter 5.8. If something unexpected occurred the shaker table and the 

system would shut down. However, the final vibration test led to many stops during the 

testing procedure. A large part of these stops made that the test object stood still during a 

longer time because the safety system was designed to stop at unexpected occurrences. In the 

final phase of testing the safety system was uncoupled to identify why system failure 

occurred. Down below some results from the final tests are shown: 

 The converted alternator did not have any problems to work properly and had no 

impact on the interruptions during testing. No major deviations in the rotational speed 

during test. 3200 rpm to 3000 rpm depending if the load was on or not.  

 Because of too high belt tension during the first test the belt tension was set to a lower 

value as it actually was supposed. This in turn was not favourable for the bearings 

inside the alternator. Previously, it has been shown that a higher load on bearings 

could increase the life length. 

 Changing regulator on the tested alternator made the sample run for 6 more hours 

before next stop occurred. 

 Small insulation fragments from one of the rotors released from surface. Probably due 

to the high 𝑔𝑟𝑚𝑠 values in the PSD.  

 During start-up of the vibration test the PSD level in the program was stepped up by 

increasing the percent of the level by 10%, 25%, 50% 75% and 100%. The PSD level 

in which region the system failed, could not be determined because it varied from one 

test to another. Sometimes the shutdown occurred at 75 % of the given PSD level.  

 Functional test performed with a high load on the tested alternator after several 

interruptions were made. Load test showed that the alternator was fully operational 

afterwards. The regulator functioned normally when not subjected to vibrations.  

 

Figure 34 below describes measurement data gathered with the Dewetron device from a PSD 

level test made with one of the alternators. The first part in the figure from 100 s to around 

135 s is where the vibrations were on. Suddenly the alternator stopped charging and the 

charging level went down to 0 A. Not before (185 s) when the vibrations were turned off did 

the alternator start to charge again. However, this was without the applied load. Variations in 

the rotational speed during the interruption were small. 

The blue line shows the output current for the artificial load from the tested alternator. Since 

the voltage did not change immediately over the batteries (artificial load shut down was set to 

25.6 V) a delay occurred and therefore small times lag before it went down to zero load. Both 

the voltage over the ignition (15) and the batteries shows the same tendency. The reason for 
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measuring the ignition voltage was because if the alternator loses contact with the batteries, 

the alternator would shut down. Lamp (black line) went from operating voltage to zero 

voltage at the same time as the alternator stopped charging. Red curve shows the output 

current directly measured from the output from the alternator. This value was a little higher 

than the load current from the load bank due to the losses in batteries. When the load 

decreased, the rotor current also increased (brown curve), but fluctuated more when no load 

was active. Temperature inside chamber was reasonably stable. The power supply current 

(green line) also fluctuated due to the induced vibrations and became more stable when the 

vibrations were turned off. 

 

 

Figure 34. Summary graph of measurement data from one of the alternator tested, load current, ignition (15), 

current out from alternator, lamp, power supply current in, temperature, voltage over batteries and rotor 

current 

  



 

 

 

38 

 

7 DISCUSSION AND CONCLUSION 

A new test method to perform a vibration test on an alternator during operation has been 

tested in this thesis project. The concept that was developed has one alternator acting as a 

motor coupled via a belt to a regular alternator. On the regular alternator a load similar used 

in a truck was set. Previously, to perform a vibration test on an alternator during operation the 

motor has not been attached to the shaker table and such a setup has not been effective at all. 

This new method based on using one alternator as a motor is very unique due to the fact that 

the alternator has not originally been developed to act as a motor. This converted alternator 

showed performance up to almost 6 kW of power which was beyond expectations. Overall 

the method has shown good results and can be used further when performing vibration tests 

on an alternator. This equipment could not only be used for vibration testing, but also for 

other purposes.  

The magnetization of the rotor i.e. how much current entering the rotor has a big impact on 

how much load the converted alternator can endure. Too low magnetization lead to system 

failure during load and too high leads to a lower rotational speed and made the motor 

movement tough. The limit was subtle.  

A huge impact on how the motor operates during start-up and when putting load on was the 

voltage into the controller (ESC). The higher voltage, the better the system worked. Control 

parameters for commutation also played a major role when putting the alternator in to 

rotation. 

Since the system rotates, a large amount of the mechanical energy was converted to heat. 

Factors were mainly belt and drive friction losses. Despite this, the overall efficiency of the 

system was very good considering the amount of components involved and their respective 

losses. 

The fact that the Mitsubishi could not handle the same amount of load as Prestolite was 

obvious. Also the start-up for the Mitsubishi was very hard. This was probably due to the 

design of the stator windings. So, the aforementioned along with the lesser number of poles 

could be the reason.  

In the final test the regulator lost contact with the rotor during vibrations and couldn’t resume 

charging. The reason for this phenomenon could be due to several causes. Either the brushes 

lost contact with the rotor or something inside stopped working during vibrations. Since the 

regulator worked flawlessly when the vibrations were off the cause could be linked to the 

vibrations. It was not possible to find any connection to the percent of the PSD level. 

Sometimes the shutdown occurred down to 75 % of PSD level and sometimes it worked 

during longer time periods at 100 % PSD level. 

Lastly, the main idea with this project was achieved. A totally new test method has been 

developed. The conversion time to convert the alternator in to a motor (applies to Prestolite) 

could be done in a couple of hours and were therefore an effective method to drive an 

alternator. 
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7.1 FUTURE WORK 
 

Now when this test method has shown good results during vibration test the equipment that 

has been used can be further developed. This can be done by using some electronic platform 

which can be programmed for the next generation of test equipment. A more advanced 

controlling during the shaker test could be done. This can be controlled by for example 

microcontrollers such as an Arduino or a Raspberry pi.  

To get rid of the bending of the bottom plate a new fixture need to be designed. This fixture 

needs to be more robust to take out all the tension from the belt without significant bending 

of the bottom plate. Thereafter a complete test in all directions needs to be performed to 

really ensure that the alternator meets Scania’s requirements. Due to the high number of 

interruptions a further analysis of what really made these occur is required. A more in-depth 

observation of the regulator located on the alternator. One way can be to in some way log the 

current flowing to the rotor via the brushes and investigate if that have some impact on the 

interruptions. 

Since the alternator stopped charging during vibrations this smart programmable 

microcontroller described can be used to turn of the shaker table and turn on the load if an 

interruption arise and then restart the test again without physically having to put everything 

on again. This method can save a lot of time during the testing of the alternator. Also the W 

plug from the wiring harness plug can be measured to log the rotational speed from the tested 

alternator. This can then be compared to the speed of the alternator that has been converted. 
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9 APPENDIX 1 

9.1 D-SUB 

 

 

9.2 DRAWING FOR CONTROLLING SAFETY OF THE SYSTEM 
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9.3 POWER SUPPLY AND CONTROL UNIT OF THE MAGNETIZATION 
 

The right side drawing describes the red circled area on the left side drawing. Drawings are 

made by Jan Hellgren. 
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9.4 PARAMETER SETUP FOR CONTROLLER TO PERFORM THE FINAL TEST  
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10 APPENDIX 2 

This guide describes how to convert an alternator into a motor and perform a vibration test. 

The conversion procedure is specifically made for a Prestolite alternator. 

 

Step 1, unscrew bolts and screw from the lid: 

This conversion is made on a Prestolite 24V, 

150 A alternator. To remove the plastic cover, 

first unscrew the two bolts and the Phillips 

screw shown in figure 1. 

 

 

 

 

 

 

Figure 1.Removal of plastic cover 

 

 

Step 2, remove cables and connections: 

First remove the connection cable connecting 

the rectifier and the regulator. Then use a 

soldering iron to heat up the three phases 

shown with an arrow in figure 2. When the tin 

is heated up bend the connected wire away 

from the stator winding. Then scrape away the 

insulation material that’s left on the stator 

windings.  

 

 

Figure 2.  
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Step 3, soldering of stator winding: Drill a 

hole in the plastic cover where the cables can 

go through. One for each cable. Next step is to 

solder three wires with a cross sectional area of 

at least 10 mm2, 4 m long heat resistant wire to 

the stator winding sticking out from the 

regulator. Figure 3 gives an idea of what the 

solder should look like. By first wrapping a 

steel wire around the interconnection the 

soldering will be strengthened.  

Figure 3.  

 

Step 4, soldering connection to rotor: To 

magnetize the rotor open the small cover on the 

side of the alternator and solder two heat-

resistant wires (suggested a red and a black 

cable 2.5mm2, 4 m long). Before soldering, 

measure with a multimeter the direction of + and 

– (on the pins) with the diode symbol on the 

measurement device (diode can only lead 

current in one direction). Also make a hole on 

the small cover for the wires. Be careful so that 

the wires coupled to the brushes do not come off 

during soldering. Figure 4 shows the end result.  

Figure 4.  

 

Step 5, replace the cover: Refit the plastic 

cover on the converted alternator and use a 

clamp to attach the cables rigidly to the chassis. 

Protect the cables by using a shrink tubing for 

the rotor magnetization cables and a protective 

hose around the stator cables. Figure 5 shows a 

suggestion of how it could look.  

 

 

 

 

 

Figure 5.  
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Step 6, contacts for the cables: At the other end of the cables connect banana plugs as 

shown in Figure 6. Both for the three stator and the two rotor cables.  

 

Figure 6.  

 

Step 7, mounting alternators on the shaker 

plate: Start with the regular alternator, which 

effectively is the DUT. Use two of the four 

custom made fixture blocks to attach the 

alternator on to the shaker plate as figure 7 

shows. Attach it rigidly to the bottom plate with 

four bolts (M8) on each side of the alternator 

and also four long bolts (M8) to attach the 

alternator to the fixture. 

 

 

 

Figure 7.  

 

Before next step use a belt (ordered from Momentum-industrial) with PK profile, 730 mm 

long and 10 ribs between the converted alternator and the regular alternator Figure 8. 

 
Figure 8. 
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Step 8, tighten the belt between alternators: Take now the converted alternator and fasten 

it to the bottom plate with the two remaining fixtures (oval holes). These fixtures can be 

moved along the oval holes so the belt between the machines can have the correct tension. 

This fixture does not handle higher tensions and is limited to 300 N. Use a measurement 

device to set the right tension. A frequency meter can be used to achieve the right tension. To 

tension the belt use the four bolts indicated by the arrows in Figure 9. Then screw the fixture 

to the bottom plate when the tension is correct.  

 
Figure 9. 

 

Step 9, connect batteries and load bank: Connect fully loaded batteries (24V) with a fuse in 

series with the alternator as Figure 10 describes. B+ to + pole of the batteries and ground to 

the – pole of the batteries. To load the alternator as in a real vehicle an artificial load is 

implemented into the system. How the load is set is described later on in the text. It is very 

important that there is a fuse in series with the plus-cable. 

 

Figure 10 
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Before doing the following steps the security cable from the vibration equipment should be 

connected to the connector on the left side of Figure 11. 

 

Figure 11. Safety device system 

 

 

Step 10, connect safety system: From the 

safety device system connect the cable which 

fit the back of the alternator to the connection 

terminal and lock it with the grey latching. 

Then use the red + cable and the black – cable 

and connect it as Figure12.  

 

 

 

 

Figure 12. 

 

 

Step 11, connect to integrated power supply: 

Connect from the converted alternator the 

three-phase cables and the rotor cables to the 

integrated power supply. Figure 13 shows the 

integrated power supply with the inputs for the 

cables.  

 

 

 

Figure 13. 
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From the front the setup should now look similar as the following Figure 14. The only 

difference should be that there are bolts in every hole coupled to the shaker plate.  

 

Figure 14.  

 

The power supply used in this setup is a Sorensen-SGI 50V 100A. Setting is 50V and 50A 

max.  

Step 12, connect the safety system to power 

supply: From the safety system mentioned 

before (Figure 11), connect the other cable to 

the back of the power supply shown in Figure 

15 by first unscrewing the protection cover 

over the D-connector at the back of the power 

supply. Also connect the grounding, + and - 

cable from the power supply to the integrated 

power supply Figure 13. Note, safety system 

works only with a Metek Sorensen power 

supply because of the D-sub connection in the 

back which is coupled to the safety system. 

Figure 15. 

Step 13, connection to control unit: The final 

component to connect is the control unit for the 

whole system (Figure 16). This is done by 

coupling the control unit to the integrated 

power supply (Figure 13) with the supplied 

black D-sub cable. Important that the on/off 

button has to be off and throttle needs to be 

turned fully to the left.  

 

 

Figure 16. 
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Before turning on the power supply, check if everything is correctly connected. Settings on 

the power supply are set to 50V and 50A max. See figure 17. 

 

Figure 17. 

 

The final arrangement should look similar to Figure 18. 

 
Figure 18. 

 

Step 14: When the system is on the display on the control unit should show “SPIN 300PRO 

Opto”, the voltage to the system (~50V) and temperature. First start to set the parameters as 

in Appendix 8.5. This is done by navigating with the 4 small buttons on the control unit. Next, 

use the other potentiometer (magnetizing rotor) to set the current in to the rotor. It’s VERY 

important that the current never goes down below 0.7A. The starting current can be 

somewhere between 1.0-1.4 A. Turn on the system by pushing the ON/OFF button. The red 

light above the MANUAL should now be on. If not, press the MODE button to navigate so 

that it does. Simultaneously a “beep” should occur from the converted alternator. Turn then 

carefully the throttle button so the system starts to rotate. The rotational direction must be to 

the right (clockwise). If the motor starts to rotate in the other direction just change the order 

of input stator cables to the integrated power supply (Figure 13). The start-up can sometimes 

be difficult so if it is not starting directly turn the throttle back and start up smoothly again 

using the same procedure. Changing the current to a higher or a lower value can also help the 

system to start. When the machines are running with the wanted speed, the throttle should 

show 100%, as well as temperature inside the integrated power supply, voltage to the system 

and rpm will be displayed on the control unit. A recommendation is to have at least a velocity 
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over 3000 rpm. By changing the current to the rotor carefully the machines will change the 

speed.  

 

Step 15, alternator control system activation: 

To activate the alternator to start loading, hold 

down the red button while turning on the 

ignition (Figure 18). The red light will light up 

for a short time and then go off. When the red 

light has turned off the red button can be 

released.  

Figure 18. 

 

Step 16, load bank setup: In order to load the 

alternator as in a real vehicle an artificial load 

bank is connected in parallel with the batteries. 

Use the CC (constant current), battery buttons as 

in Figure 19. The first red arrow indicates the 

load taken from the alternator and the second 

red arrow, U-low which is set to around 26-27.5 

V. This because if system failures occurs the 

artificial load will stop loading and goes in to 

standby. In the black circle the voltage over the 

alternator is shown.  

Figure 19. 

 

 


