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Abstract: This paper presents some facts focusing on some anomalies that appear at road electric vehicles. 
Application of photovoltaic cells sounds well, but the reality presents something else. Application of electric 
hub motors is a nice field of research but it is in contradiction with some basic rules of the dynamics of road 
vehicles. The list can be continued with some other problems that do not match the basic rules of engineering 
and technical sciences. In this paper I present also, a solar electric vehicle built at our department. 

 

1. INTRODUCTION 

Nowadays we can be the witnesses of the renaissance of the 
electric road vehicles. The reasons are well known: 
environment protection, climate change, finite resource stocks, 
and so on. The road vehicle is a mechatronic system. To 
develop a good car it needs knowledge from the fields of 
mechanics, electrical engineering and electronics and 
information technology. Very few specialists can tell about 
themselves that they are good in all these fields of science and 
technology. This is the reason that there are research teams 
containing specialists from wide domains of engineering. The 
problems appear when a small group of specialists having deep 
studies in only one field starts to develop something that 
belongs to other fields and needs some other deep knowledge. 
The road vehicle engineers learn a lot about the dynamics of 
the car and something about electric motors and drives. 
Electrical engineers learn a lot about electric motor and drives 
but mainly nothing about dynamics of mechanical systems, not 
speaking about cars. Let suppose there is an institute that has 
nice results in the domain of electric motors and drives starts 
to work in a project about electric road vehicles because the 
government supports this topic. If they do not involve car 
engineers in their project then it could appears some very 
interesting solutions, that may work well or not, but the 
sources are consumed. Of course a kind of “evolution” will 
select the right solutions, but I ask why are the engineers and 
specialists trained if their knowledge is not used to avoid 
unwanted results that might occur. It would be desirable to do 
the research work and development in an optimistic way, and 
the myths would not appear. Such kind of anomalies can be 
the application of photovoltaic cells to be the energy source of 
a road vehicle or the application of electric hub motors built in 
the wheel of a road vehicle. In this paper I would like to focus 
on these two problems, but I think there are several other 
anomalies and colleagues could speak a lot about their 
experiences. 

 

 

2. PHOTOVOLTAIC CELLS 

2.1. Solar Energy 

The average perpendicular incident power coming from Sun is 
1353 W/m2. This means that energy coming from Sun covers 
the energy need of the Earth by 20000 times. 

2.2. Photovoltaic cells 

Without entering deeply into the theory, photovoltaic cell is a 
semiconductor (e.g. Si) that converts the solar energy to 
electric energy. As every energy converter the photovoltaic 
cell also has efficiency. The theoretical value of the efficiency 
of the photovoltaic cell with one layer is 33.7%, at laboratory 
circumstances it was reached 25%, and in reality is about 18%. 
Very expensive multilayer GaAs photovoltaic cells can reach 
44% in concentrated light beam.  

 
Fig. 1. Photovoltaic cell. [1] 

It means we can get about (200…250) W electric energy 
from a photovoltaic panel which surface is 1 m2. 
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2.3. Power need of the road vehicle 

The motor of the road vehicle has to defeat the following 
forces: 

- aero-dynamical force, 

- rolling force, 

- ramp force, 

- inertia force. 

The formulas are well known and I do not think it is necessary 
to present them but we also know the power of the road 
vehicles. Let take a small passenger electric car: 
Smart Fortwo ED (electric drive) 2nd generation [2]: 
the continuous power of electric drive Pcontinuous=20 kW. 
 

 
Fig. 2. Smart Fortwo ED. [2] 

So to be able to deliver continuously a mechanical power of 20 
kW, it means we need about 25 kW of electrical energy - 
taking into the consideration the losses of electric motor and 
drive. It would result a solar panel with a surface of 100 m2 
that is enormous big. Using the solar energy to drive a vehicle 
it gives a special car (Fig. 3) instead of a passenger car (Fig. 
2.). 

 
Fig. 3. Sunswift IVy. [3] 

What happens if the Sun does not shine? It would need an 
intermittent energy storage possibility: a battery. We do not 

have to forget that batteries also have a certain efficiency, for 
example the efficiency of the lithium-ion battery is between 
(80…90) % [4].  
Moreover we have to realize that the Li resources of the Earth 
are limited. If we start to produce Li-ion batteries for electric 
vehicles the stocks will be depleted in 10 to 20 years and some 
destroyed ecosystems will remain, only. “Li-Ion powered cars 
are not “Green Cars” but Environmentally Destructive Cars” 
[5]. 

2.4. Experimental solar vehicle 

Students of our department participated at a race organized by 
company BOSCH at Miskolc, Hungary in 2010. The task it 
was to build an electric vehicle (an electromobil) powered by 
electric power tools: six battery powered drills.  
 

 
Fig. 4. Our students’ team with the vehicle at Bosch 

Electromobil Race  

After the race the vehicle remained at the department.  
Two years ago we started to build an electric drive for a 
general-purpose bicycle: 
 

 
Fig. 5. Electric drive for a general-purpose bicycle. 

Our department started projects in the field of solar energy, 
and we had the possibility to use a photovoltaic panel and to 
make some experiments. 
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So, last year we started to combine the vehicle built by the 
students, the electric drive developed for bicycle, and the 
photovoltaic panel and charger of the department. 
 

 
Fig. 6. Experimental solar electric vehicle. 

The photovoltaic panel has a surface of 0.6 m2 and it gives 80 
Wp at an efficiency of 13.5%.  

 
Fig. 7. The charger. 

The MPPT (maximum power point tracking) charger operates 
at a voltage of 12 V, its rated current is 6 A and the efficiency 
is 90% [6]. 
The battery we used is a simple lead-acid starter battery. Its 
voltage is 12 V, and the capacity is 44 Ah. 
The rated parameters of the PM brushed DC motor we used 
are 12 V, 5 A and the efficiency is about 70%. 
It can be observed that the system was designed in such a way 
that the solar panel should cover the power need of the DC 
motor. If the DC motor does not operate, the solar panel 
charges the battery. If the Sun does not shine, the battery 
powers the DC motor. In spite of the fact that the PM brushed 
DC motor is suitable to operate as a generator the experimental 
system was built without using totally this possibility. The 
electrical drive of the DC motor is a simple one quadrant DC 
chopper and it lets only some operating area when recharging 
of battery is possible. 

 
Fig. 8. Simple one quadrant PWM electric drive for PM 

brushed DC motor 

We connected a second diode in antiparallel with the chopper 
transistor. At higher RPM of the motor the induced voltage 
could be more than the battery voltage, a reverse current can 
charge the battery while a negative torque will appear. This 
means that in case of slopes it will operate as an engine brake 
meanwhile the battery will be charged. 

 

Fig. 9. Our PWM electric drive of the PM brushed DC motor 
with recharge possibility in certain operation conditions 

 

Fig. 10. Energetic block diagram 
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a) Motor does not operate, the solar panel charges the battery 

 

 

 

 

 

 

b) The solar panel powers the motor and charges the battery 

 

 

 

 

 

 

c) The solar panel powers only the motor, the battery is not 
charged 

 

 

 

 

 

 

d) Both solar panel and battery powers the motor, the battery 
is discharged 

Fig. 11. Different operating points of the system 

In Fig. 11. there are presented different operating cases 
(B=battery, S=Solar panel and M=motor). If the motor does 
not operate (a) the whole current of the solar panel charges the 
battery. If the motor operates at low power the battery maybe 
gets some charging current (b), or maybe not (c). If the motor 
operates at high power, the solar panel is not able to deliver 
enough current and the battery recovres the differences and it 
starts to discharge. In Fig. 12. there are presented cases when 
the RPM of the DC motor is so high that can recharge the 
battery shared with the solar panel (a) or only by itself (b). 

 

 

 

 

 

 

a) The battery is charged by both solar panel and motor 

 

 

 

 

 

 

b) The battery is charged only by DC motor at high RPM 

Fig. 12. Regenerative operations of the system 

The energetic strategy of the system has been resolved. We 
started to develop the electronic circuit of the electric drive of 
the motor. The PWM signal is obtained by comparing a 
triangle signal and a DC signal. The triangle signal comes from 
an astable multivibrator, while the DC signal comes from a 
simple potentiometer that divides the voltage of the battery. 
The output of the comparator drives a Totem Pole circuit. The 
output of the Totem Pole drives the gate of a Power MOSFET. 
The Power MOSFET is connected in series with the DC motor. 
A flyback diode is connected antiparallel with the DC motor 
to protect the Power MOSFET from the induced voltages when 
it is switched off. A diode connected antiprallel with the Power 
MOSFET is added to give the possibility of the regenerative 
braking at high RPM. There are also built in some protection 
elements in the circuit. If the temperature of the Power 
MOSFET or the temperature of the motor increase to higher 
values the electronic drive will switch off the power suplly of 
the DC motor.  The diagram of the electric circuit is presented 
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in Fig. 13., and the printed circuit board of the electric circuit 
is presented in Fig. 14. 

 
Fig. 13. The electric circuit of PWM controller. 

 
Fig. 14. The PCB of PWM controller. 

The characteristics of the PM brushed DC motor are presented 
in the Fig. 15. 

 

Fig. 15. PM brushed DC motor characteristics 

From Fig. 15. it can be concluded that the maximal torque of 
the motor is at very low speed. This is advantageous because 
it gives very good starting behaviour, but also means high 
values of the currnet and the efficiency is small. So we have to 
deal with heating problems. The power reaches its maximum 
at the midle value of the speed, but here the efficiency of the 
motor is still very small and the problem of heating still 
persists. The highest value of the efficiency is at 4000 RPM 
close to the maximum value of the speed. This could be a good 
operating point, but here both the torque and the power of the 
motor are rather small. 
 
 

There are also some mechanical constrains to be taken into 
consideration. The shaft speed of the DC motor is 4000 RPM. 
This corresponds about an 80 km/h speed of the vehicle if the 
shaft of the DC motor is connected directly to the shaft of 
wheel. At a such kind of speed the power needed to drive the 
vehicle would be much higher than what the DC motor could 
deliver. 

 

Fig. 16. Power need by vehicle and delivered by DC motor 
versus the speed 

A transmission had to be built in between the DC motor and 
the shaft of the wheel. The ratio was chosen to be 15, because 
in this case the power characteristics of the DC motor 
intersects the power characteristics of the vehicle at an 
operating point that corresponds to approximately 4000 RPM. 
This high value of the transmission rate results a rather low 
maximum speed of the vehicle. This is the maximum that 
could be obtained from a single 80 Wp solar panel. 

 

Fig. 17. The power versus speed of the vehicle and the 
electric drive 
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[A]    (left 

axis); 
2175,117

556; 
25,83202

716

Current 
[A]    (left 

axis); 
2228,169

203; 
25,24256

441

Current 
[A]    (left 

axis); 
2281,220

851; 
24,65310

166

Current 
[A]    (left 

axis); 
2334,272

499; 
24,06363

89

Current 
[A]    (left 

axis); 
2387,324

146; 
23,47417

615

Current 
[A]    (left 

axis); 
2440,375

794; 
22,88471

34

Current 
[A]    (left 

axis); 
2493,427

442; 
22,29525

065

Current 
[A]    (left 

axis); 
2546,479

089; 
21,70578

789

Current 
[A]    (left 

axis); 
2599,530

737; 
21,11632

514

Current 
[A]    (left 

axis); 
2652,582

385; 
20,52686

239

Current 
[A]    (left 

axis); 
2705,634

033; 
19,93739

964

Current 
[A]    (left 

axis); 
2758,685

68; 
19,34793

689

Current 
[A]    (left 

axis); 
2811,737

328; 
18,75847

413

Current 
[A]    (left 

axis); 
2864,788

976; 
18,16901

138

Current 
[A]    (left 

axis); 
2917,840

623; 
17,57954

863

Current 
[A]    (left 

axis); 
2970,892

271; 
16,99008

588

Current 
[A]    (left 

axis); 
3023,943

919; 
16,40062

313

Current 
[A]    (left 

axis); 
3076,995

566; 
15,81116

037

Current 
[A]    (left 

axis); 
3130,047

214; 
15,22169

762

Current 
[A]    (left 

axis); 
3183,098

862; 
14,63223

487

Current 
[A]    (left 

axis); 
3236,150

51; 
14,04277

212

Current 
[A]    (left 

axis); 
3289,202

157; 
13,45330

936

Current 
[A]    (left 

axis); 
3342,253

805; 
12,86384

661

Current 
[A]    (left 

axis); 
3395,305

453; 
12,27438

386

Current 
[A]    (left 

axis); 
3448,357

1; 
11,68492

111

Current 
[A]    (left 

axis); 
3501,408

748; 
11,09545

836

Current 
[A]    (left 

axis); 
3554,460

396; 
10,50599

56

Current 
[A]    (left 

axis); 
3607,512

043; 
9,916532

851

Current 
[A]    (left 

axis); 
3660,563

691; 
9,327070

099

Current 
[A]    (left 

axis); 
3713,615

339; 
8,737607

347

Current 
[A]    (left 

axis); 
3766,666

987; 
8,148144

594

Current 
[A]    (left 

axis); 
3819,718

634; 
7,558681

842

Current 
[A]    (left 

axis); 
3872,770

282; 
6,969219

09

Current 
[A]    (left 

axis); 
3925,821

93; 
6,379756

338

Current 
[A]    (left 

axis); 
3978,873

577; 
5,790293

586

Current 
[A]    (left 

axis); 
4031,925

225; 
5,200830

833

Current 
[A]    (left 

axis); 
4084,976

873; 
4,611368

081

Current 
[A]    (left 

axis); 
4138,028

52; 
4,021905

329

Current 
[A]    (left 

axis); 
4191,080

168; 
3,432442

577

Current 
[A]    (left 

axis); 
4244,131

816; 
2,842979

825

Current 
[A]    (left 

axis); 
4297,183

463; 
2,253517

072

Current 
[A]    (left 

axis); 
4350,235

111; 
1,664054

32

Current 
[A]    (left 

axis); 
4403,286

759; 
1,074591

568

Current 
[A]    (left 

axis); 
4456,338

407; 
0,485128

816

Torque 
[Nm] 
(right 

axis); 0; 1

Torque 
[Nm] 
(right 
axis); 

53,05164
77; 

0,9882…

Torque 
[Nm] 
(right 
axis); 

106,1032
954; 

0,9764…

Torque 
[Nm] 
(right 
axis); 

159,1549
431; 

0,9646…

Torque 
[Nm] 
(right 
axis); 

212,2065
908; 

0,9528…

Torque 
[Nm] 
(right 
axis); 

265,2582
385; 

0,9410…

Torque 
[Nm] 
(right 
axis); 

318,3098
862; 

0,9292…

Torque 
[Nm] 
(right 
axis); 

371,3615
339; 

0,9174…

Torque 
[Nm] 
(right 
axis); 

424,4131
816; 

0,9056…

Torque 
[Nm] 
(right 
axis); 

477,4648
293; 

0,8938…

Torque 
[Nm] 
(right 
axis); 

530,5164
77; 

0,8821…

Torque 
[Nm] 
(right 
axis); 

583,5681
247; 

0,8703…

Torque 
[Nm] 
(right 
axis); 

636,6197
724; 

0,8585…

Torque 
[Nm] 
(right 
axis); 

689,6714
201; 

0,8467…

Torque 
[Nm] 
(right 
axis); 

742,7230
678; 

0,8349…

Torque 
[Nm] 
(right 
axis); 

795,7747
155; 

0,8231…

Torque 
[Nm] 
(right 
axis); 

848,8263
632; 

0,8113…

Torque 
[Nm] 
(right 
axis); 

901,8780
109; 

0,7995…

Torque 
[Nm] 
(right 
axis); 

954,9296
586; 

0,7877…

Torque 
[Nm] 
(right 
axis); 

1007,981
306; 

0,7760…

Torque 
[Nm] 
(right 
axis); 

1061,032
954; 

0,7642…

Torque 
[Nm] 
(right 
axis); 

1114,084
602; 

0,7524…

Torque 
[Nm] 
(right 
axis); 

1167,136
249; 

0,7406…

Torque 
[Nm] 
(right 
axis); 

1220,187
897; 

0,7288…

Torque 
[Nm] 
(right 
axis); 

1273,239
545; 

0,7170…

Torque 
[Nm] 
(right 
axis); 

1326,291
192; 

0,7052…

Torque 
[Nm] 
(right 
axis); 

1379,342
84; 

0,6934…

Torque 
[Nm] 
(right 
axis); 

1432,394
488; 

0,6816…

Torque 
[Nm] 
(right 
axis); 

1485,446
136; 

0,6699…

Torque 
[Nm] 
(right 
axis); 

1538,497
783; 

0,6581…

Torque 
[Nm] 
(right 
axis); 

1591,549
431; 

0,6463…

Torque 
[Nm] 
(right 
axis); 

1644,601
079; 

0,6345…

Torque 
[Nm] 
(right 
axis); 

1697,652
726; 

0,6227…

Torque 
[Nm] 
(right 
axis); 

1750,704
374; 

0,6109…

Torque 
[Nm] 
(right 
axis); 

1803,756
022; 

0,5991…

Torque 
[Nm] 
(right 
axis); 

1856,807
669; 

0,5873…

Torque 
[Nm] 
(right 
axis); 

1909,859
317; 

0,5755…

Torque 
[Nm] 
(right 
axis); 

1962,910
965; 

0,5637…

Torque 
[Nm] 
(right 
axis); 

2015,962
612; 

0,5520…

Torque 
[Nm] 
(right 
axis); 

2069,014
26; 

0,5402…

Torque 
[Nm] 
(right 
axis); 

2122,065
908; 

0,5284…

Torque 
[Nm] 
(right 
axis); 

2175,117
556; 

0,5166…

Torque 
[Nm] 
(right 
axis); 

2228,169
203; 

0,5048…

Torque 
[Nm] 
(right 
axis); 

2281,220
851; 

0,4930…

Torque 
[Nm] 
(right 
axis); 

2334,272
499; 

0,4812…

Torque 
[Nm] 
(right 
axis); 

2387,324
146; 

0,4694…

Torque 
[Nm] 
(right 
axis); 

2440,375
794; 

0,4576…

Torque 
[Nm] 
(right 
axis); 

2493,427
442; 

0,4459…

Torque 
[Nm] 
(right 
axis); 

2546,479
089; 

0,4341…

Torque 
[Nm] 
(right 
axis); 

2599,530
737; 

0,4223…

Torque 
[Nm] 
(right 
axis); 

2652,582
385; 

0,4105…

Torque 
[Nm] 
(right 
axis); 

2705,634
033; 

0,3987…

Torque 
[Nm] 
(right 
axis); 

2758,685
68; 

0,3869…

Torque 
[Nm] 
(right 
axis); 

2811,737
328; 

0,3751…

Torque 
[Nm] 
(right 
axis); 

2864,788
976; 

0,3633…

Torque 
[Nm] 
(right 
axis); 

2917,840
623; 

0,3515…

Torque 
[Nm] 
(right 
axis); 

2970,892
271; 

0,3398…

Torque 
[Nm] 
(right 
axis); 

3023,943
919; 

0,3280…

Torque 
[Nm] 
(right 
axis); 

3076,995
566; 

0,3162…

Torque 
[Nm] 
(right 
axis); 

3130,047
214; 

0,3044…

Torque 
[Nm] 
(right 
axis); 

3183,098
862; 

0,2926…

Torque 
[Nm] 
(right 
axis); 

3236,150
51; 

0,2808…

Torque 
[Nm] 
(right 
axis); 

3289,202
157; 

0,2690…

Torque 
[Nm] 
(right 
axis); 

3342,253
805; 

0,2572…

Torque 
[Nm] 
(right 
axis); 

3395,305
453; 

0,2454…

Torque 
[Nm] 
(right 
axis); 

3448,357
1; 

0,2336…

Torque 
[Nm] 
(right 
axis); 

3501,408
748; 

0,2219…

Torque 
[Nm] 
(right 
axis); 

3554,460
396; 

0,2101…

Torque 
[Nm] 
(right 
axis); 

3607,512
043; 

0,1983…

Torque 
[Nm] 
(right 
axis); 

3660,563
691; 

0,1865…

Torque 
[Nm] 
(right 
axis); 

3713,615
339; 

0,1747…

Torque 
[Nm] 
(right 
axis); 

3766,666
987; 

0,1629…

Torque 
[Nm] 
(right 
axis); 

3819,718
634; 

0,1511…

Torque 
[Nm] 
(right 
axis); 

3872,770
282; 

0,1393…

Torque 
[Nm] 
(right 
axis); 

3925,821
93; 

0,1275…

Torque 
[Nm] 
(right 
axis); 

3978,873
577; 

0,1158…

Torque 
[Nm] 
(right 
axis); 

4031,925
225; 

0,1040…

Torque 
[Nm] 
(right 
axis); 

4084,976
873; 

0,0922…

Torque 
[Nm] 
(right 
axis); 

4138,028
52; 

0,0804…

Torque 
[Nm] 
(right 
axis); 

4191,080
168; 

0,0686…

Torque 
[Nm] 
(right 
axis); 

4244,131
816; 

0,0568…

Torque 
[Nm] 
(right 
axis); 

4297,183
463; 

0,0450…

Torque 
[Nm] 
(right 
axis); 

4350,235
111; 

0,0332…

Torque 
[Nm] 
(right 
axis); 

4403,286
759; 

0,0214…

Torque 
[Nm] 
(right 
axis); 

4456,338
407; 

0,0097…

Efficiency 
[%] (left 
axis); 0; 

0,000833
333

Efficiency 
[%] (left 
axis); 

53,05164
77; 

0,012138
381

Efficiency 
[%] (left 
axis); 

106,1032
954; 

0,023437
667

Efficiency 
[%] (left 
axis); 

159,1549
431; 

0,034730
98

Efficiency 
[%] (left 
axis); 

212,2065
908; 

0,046018
098

Efficiency 
[%] (left 
axis); 

265,2582
385; 

0,057298
789

Efficiency 
[%] (left 
axis); 

318,3098
862; 

0,068572
808

Efficiency 
[%] (left 
axis); 

371,3615
339; 

0,079839
898

Efficiency 
[%] (left 
axis); 

424,4131
816; 

0,091099
788

Efficiency 
[%] (left 
axis); 

477,4648
293; 

0,102352
194

Efficiency 
[%] (left 
axis); 

530,5164
77; 

0,113596
814

Efficiency 
[%] (left 
axis); 

583,5681
247; 

0,124833
334

Efficiency 
[%] (left 
axis); 

636,6197
724; 

0,136061
418

Efficiency 
[%] (left 
axis); 

689,6714
201; 

0,147280
715

Efficiency 
[%] (left 
axis); 

742,7230
678; 

0,158490
853

Efficiency 
[%] (left 
axis); 

795,7747
155; 

0,169691
438

Efficiency 
[%] (left 
axis); 

848,8263
632; 

0,180882
054

Efficiency 
[%] (left 
axis); 

901,8780
109; 

0,192062
259

Efficiency 
[%] (left 
axis); 

954,9296
586; 

0,203231
587

Efficiency 
[%] (left 
axis); 

1007,981
306; 

0,214389
541

Efficiency 
[%] (left 
axis); 

1061,032
954; 

0,225535
595

Efficiency 
[%] (left 
axis); 

1114,084
602; 

0,236669
191

Efficiency 
[%] (left 
axis); 

1167,136
249; 

0,247789
732

Efficiency 
[%] (left 
axis); 

1220,187
897; 

0,258896
585

Efficiency 
[%] (left 
axis); 

1273,239
545; 

0,269989
076

Efficiency 
[%] (left 
axis); 

1326,291
192; 

0,281066
483

Efficiency 
[%] (left 
axis); 

1379,342
84; 

0,292128
039

Efficiency 
[%] (left 
axis); 

1432,394
488; 

0,303172
919

Efficiency 
[%] (left 
axis); 

1485,446
136; 

0,314200
245

Efficiency 
[%] (left 
axis); 

1538,497
783; 

0,325209
072

Efficiency 
[%] (left 
axis); 

1591,549
431; 

0,336198
389

Efficiency 
[%] (left 
axis); 

1644,601
079; 

0,347167
107

Efficiency 
[%] (left 
axis); 

1697,652
726; 

0,358114
057

Efficiency 
[%] (left 
axis); 

1750,704
374; 

0,369037
979

Efficiency 
[%] (left 
axis); 

1803,756
022; 

0,379937
514

Efficiency 
[%] (left 
axis); 

1856,807
669; 

0,390811
192

Efficiency 
[%] (left 
axis); 

1909,859
317; 

0,401657
426

Efficiency 
[%] (left 
axis); 

1962,910
965; 

0,412474
494

Efficiency 
[%] (left 
axis); 

2015,962
612; 

0,423260
526

Efficiency 
[%] (left 
axis); 

2069,014
26; 

0,434013
491

Efficiency 
[%] (left 
axis); 

2122,065
908; 

0,444731
177

Efficiency 
[%] (left 
axis); 

2175,117
556; 

0,455411
167

Efficiency 
[%] (left 
axis); 

2228,169
203; 

0,466050
821

Efficiency 
[%] (left 
axis); 

2281,220
851; 

0,476647
245

Efficiency 
[%] (left 
axis); 

2334,272
499; 

0,487197
263

Efficiency 
[%] (left 
axis); 

2387,324
146; 

0,497697
38

Efficiency 
[%] (left 
axis); 

2440,375
794; 

0,508143
737

Efficiency 
[%] (left 
axis); 

2493,427
442; 

0,518532
073

Efficiency 
[%] (left 
axis); 

2546,479
089; 

0,528857
659

Efficiency 
[%] (left 
axis); 

2599,530
737; 

0,539115
241

Efficiency 
[%] (left 
axis); 

2652,582
385; 

0,549298
96

Efficiency 
[%] (left 
axis); 

2705,634
033; 

0,559402
265

Efficiency 
[%] (left 
axis); 

2758,685
68; 

0,569417
805

Efficiency 
[%] (left 
axis); 

2811,737
328; 

0,579337
308

Efficiency 
[%] (left 
axis); 

2864,788
976; 

0,589151
426

Efficiency 
[%] (left 
axis); 

2917,840
623; 

0,598849
557

Efficiency 
[%] (left 
axis); 

2970,892
271; 

0,608419
631

Efficiency 
[%] (left 
axis); 

3023,943
919; 

0,617847
837

Efficiency 
[%] (left 
axis); 

3076,995
566; 

0,627118
311

Efficiency 
[%] (left 
axis); 

3130,047
214; 

0,636212
727

Efficiency 
[%] (left 
axis); 

3183,098
862; 

0,645109
807

Efficiency 
[%] (left 
axis); 

3236,150
51; 

0,653784
702

Efficiency 
[%] (left 
axis); 

3289,202
157; 

0,662208
205

Efficiency 
[%] (left 
axis); 

3342,253
805; 

0,670345
759

Efficiency 
[%] (left 
axis); 

3395,305
453; 

0,678156
165

Efficiency 
[%] (left 
axis); 

3448,357
1; 

0,685589
914

Efficiency 
[%] (left 
axis); 

3501,408
748; 

0,692586
974

Efficiency 
[%] (left 
axis); 

3554,460
396; 

0,699073
842

Efficiency 
[%] (left 
axis); 

3607,512
043; 

0,704959
535

Efficiency 
[%] (left 
axis); 

3660,563
691; 

0,710130
072

Efficiency 
[%] (left 
axis); 

3713,615
339; 

0,714440
716

Efficiency 
[%] (left 
axis); 

3766,666
987; 

0,717704
842

Efficiency 
[%] (left 
axis); 

3819,718
634; 

0,719677
614

Efficiency 
[%] (left 
axis); 

3872,770
282; 

0,720031
36

Efficiency 
[%] (left 
axis); 

3925,821
93; 

0,718317
307

Efficiency 
[%] (left 
axis); 

3978,873
577; 

0,713903
936

Efficiency 
[%] (left 
axis); 

4031,925
225; 

0,705873
425

Efficiency 
[%] (left 
axis); 

4084,976
873; 

0,692838
657

Efficiency 
[%] (left 
axis); 

4138,028
52; 

0,672599
314

Efficiency 
[%] (left 
axis); 

4191,080
168; 

0,641443
611

Efficiency 
[%] (left 
axis); 

4244,131
816; 

0,592581
364

Efficiency 
[%] (left 
axis); 

4297,183
463; 

0,512117
826

Efficiency 
[%] (left 
axis); 

4350,235
111; 

0,366470
348

Efficiency 
[%] (left 
axis); 

4403,286
759; 

0,048369
793

Efficiency 
[%] (left 
axis); 

4456,338
407; -

1,070808
627Rotational speed [RPM]

12 VDC

Power [W]
(left axis)

Current [A]
(left axis)

Torque
[Nm] (right
axis)

Efficiency
[%] (left
axis)

vehicle; 
0; 0

vehicle; 
1; 

5,455851
337

vehicle; 
2; 

10,94681
07

vehicle; 
3; 

16,50798
611

vehicle; 
4; 

22,17448
56

vehicle; 
5; 

27,98141
718

vehicle; 
6; 

33,96388
889

vehicle; 
7; 

40,15700
874

vehicle; 
8; 

46,59588
477

vehicle; 
9; 

53,31562
5

vehicle; 
10; 

60,35133
745

vehicle; 
11; 

67,73813
014

vehicle; 
12; 

75,51111
111

vehicle; 
13; 

83,70538
837

vehicle; 
14; 

92,35606
996

vehicle; 
15; 

101,4982
639

vehicle; 
16; 

111,1670
782

vehicle; 
17; 

121,3976
209

vehicle; 
18; 

132,225

vehicle; 
19; 

143,6843
236

vehicle; 
20; 

155,8106
996

vehicle; 
21; 

168,6392
361

vehicle; 
22; 

182,2050
412

vehicle; 
23; 

196,5432
227

vehicle; 
24; 

211,6888
889

vehicle; 
25; 

227,6771
476

vehicle; 
26; 

244,5431
07

vehicle; 
27; 

262,3218
75

vehicle; 
28; 

281,0485
597

vehicle; 
29; 

300,7582
69

vehicle; 
30; 

321,4861
111

vehicle; 
31; 

343,2671
939

vehicle; 
32; 

366,1366
255

vehicle; 
33; 

390,1295
139

vehicle; 
34; 

415,2809
671

vehicle; 
35; 

441,6260
931

vehicle; 
36; 469,2

vehicle; 
37; 

498,0377
958

vehicle; 
38; 

528,1745
885

vehicle; 
39; 

559,6454
861

vehicle; 
40; 

592,4855
967

vehicle; 
41; 

626,7300
283

vehicle; 
42; 

662,4138
889

vehicle; 
43; 

699,5722
865

vehicle; 
44; 

738,2403
292

vehicle; 
45; 

778,4531
25

vehicle; 
46; 

820,2457
819

vehicle; 
47; 

863,6534
079

vehicle; 
48; 

908,7111
111

vehicle; 
49; 

955,4539
995

vehicle; 
50; 

1003,917
181

vehicle; 
51; 

1054,135
764

vehicle; 
52; 

1106,144
856

vehicle; 
53; 

1159,979
565

vehicle; 
54; 

1215,675

vehicle; 
55; 

1273,266
268

vehicle; 
56; 

1332,788
477

vehicle; 
57; 

1394,276
736

vehicle; 
58; 

1457,766
152

vehicle; 
59; 

1523,291
834

vehicle; 
60; 

1590,888
889

vehicle; 
61; 

1660,592
425

vehicle; 
62; 

1732,437
551

vehicle; 
63; 

1806,459
375

vehicle; 
64; 

1882,693
004

vehicle; 
65; 

1961,173
547

vehicle; 
66; 

2041,936
111

vehicle; 
67; 

2125,015
805

vehicle; 
68; 

2210,447
737

vehicle; 
69; 

2298,267
014

vehicle; 
70; 

2388,508
745

vehicle; 
71; 

2481,208
038

vehicle; 
72; 

2576,4

vehicle; 
73; 

2674,119
74

vehicle; 
74; 

2774,402
366

vehicle; 
75; 

2877,282
986

vehicle; 
76; 

2982,796
708

vehicle; 
77; 

3090,978
639

vehicle; 
78; 

3201,863
889

vehicle; 
79; 

3315,487
564

vehicle; 
80; 

3431,884
774

vehicle; 
81; 

3551,090
625

vehicle; 
82; 

3673,140
226

vehicle; 
83; 

3798,068
686

vehicle; 
84; 

3925,911
111

vehicle; 
85; 

4056,702
611

vehicle; 
86; 

4190,478
292

vehicle; 
87; 

4327,273
264

vehicle; 
88; 

4467,122
634

vehicle; 
89; 

4610,061
51

vehicle; 
90; 

4756,125

vehicle; 
91; 

4905,348
212

vehicle; 
92; 

5057,766
255

vehicle; 
93; 

5213,414
236

vehicle; 
94; 

5372,327
263

vehicle; 
95; 

5534,540
445

vehicle; 
96; 

5700,088
889

vehicle; 
97; 

5869,007
703

vehicle; 
98; 

6041,331
996

vehicle; 
99; 

6217,096
875

vehicle; 
100; 

6396,337
449

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 0; 
0

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 1; 
3,294035

817

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 2; 
6,509476

599

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 3; 
9,646322

349

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 4; 
12,70457

306

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 5; 
15,68422

875

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 6; 
18,58528

939

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 7; 
21,40775

501

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 8; 
24,15162

559

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 9; 
26,81690

114

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
10; 

29,403…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
11; 

31,911…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
12; 

34,341…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
13; 

36,692…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
14; 

38,964…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
15; 

41,158…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
16; 

43,273…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
17; 

45,309…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
18; 

47,267…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
19; 

49,146…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
20; 

50,947…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
21; 

52,669…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
22; 

54,313…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
23; 

55,878…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
24; 

57,364…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
25; 

58,772…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
26; 

60,101…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
27; 

61,352…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
28; 

62,524…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
29; 

63,617…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
30; 

64,632…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
31; 

65,568…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
32; 

66,426…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
33; 

67,205…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
34; 

67,905…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
35; 

68,527…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
36; 

69,070…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
37; 

69,535…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
38; 

69,921…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
39; 

70,228…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
40; 

70,457…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
41; 

70,607…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
42; 

70,679…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
43; 

70,672…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
44; 

70,586…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
45; 

70,422…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
46; 

70,179…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
47; 

69,858…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
48; 

69,458…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
49; 

68,979…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
50; 

68,422…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
51; 

67,787…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
52; 

67,072…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
53; 

66,279…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
54; 

65,408…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
55; 

64,458…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
56; 

63,429…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
57; 

62,322…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
58; 

61,136…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
59; 

59,872…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
60; 

58,528…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
61; 

57,107…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
62; 

55,607…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
63; 

54,028…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
64; 

52,370…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
65; 

50,634…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
66; 

48,820…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
67; 

46,926…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
68; 

44,954…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
69; 

42,904…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
70; 

40,775…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
71; 

38,567…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
72; 

36,281…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
73; 

33,916…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
74; 

31,473…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
75; 

28,951…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
76; 

26,350…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
77; 

23,671…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
78; 

20,913…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
79; 

18,077…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
80; 

15,162…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
81; 

12,168…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
82; 

9,0968…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
83; 

5,9460…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
84; 

2,7167…

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
85; 0

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
86; 0

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
87; 0

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
88; 0

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
89; 0

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
90; 0

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
91; 0

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
92; 0

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
93; 0

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
94; 0

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
95; 0

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
96; 0

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
97; 0

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
98; 0

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
99; 0

DC mot + 
mech 
drive 

(efficienc
y < 

100%); 
100; 0

P
o

w
er

  
[W

]

Speed of the vehicle [km/h]

vehicle

DC mot +
mech drive
(efficiency
< 100%)

vehicle; 
0; 0

vehicle; 
1; 

5,455851
337

vehicle; 
2; 

10,94681
07

vehicle; 
3; 

16,50798
611

vehicle; 
4; 

22,17448
56

vehicle; 
5; 

27,98141
718

vehicle; 
6; 

33,96388
889

vehicle; 
7; 

40,15700
874

vehicle; 
8; 

46,59588
477

vehicle; 
9; 

53,31562
5

vehicle; 
10; 

60,35133
745

vehicle; 
11; 

67,73813
014

vehicle; 
12; 

75,51111
111

vehicle; 
13; 

83,70538
837

vehicle; 
14; 

92,35606
996

vehicle; 
15; 

101,4982
639

vehicle; 
16; 

111,1670
782

vehicle; 
17; 

121,3976
209

vehicle; 
18; 

132,225

vehicle; 
19; 

143,6843
236

vehicle; 
20; 

155,8106
996

vehicle; 
21; 

168,6392
361

vehicle; 
22; 

182,2050
412

vehicle; 
23; 

196,5432
227

vehicle; 
24; 

211,6888
889

vehicle; 
25; 

227,6771
476

vehicle; 
26; 

244,5431
07

vehicle; 
27; 

262,3218
75

vehicle; 
28; 

281,0485
597

vehicle; 
29; 

300,7582
69

vehicle; 
30; 

321,4861
111

vehicle; 
31; 

343,2671
939

vehicle; 
32; 

366,1366
255

vehicle; 
33; 

390,1295
139

vehicle; 
34; 

415,2809
671

vehicle; 
35; 

441,6260
931

vehicle; 
36; 469,2
vehicle; 

37; 
498,0377

958

vehicle; 
38; 

528,1745
885

vehicle; 
39; 

559,6454
861

vehicle; 
40; 

592,4855
967

vehicle; 
41; 

626,7300
283

vehicle; 
42; 

662,4138
889

vehicle; 
43; 

699,5722
865

vehicle; 
44; 

738,2403
292

vehicle; 
45; 

778,4531
25

vehicle; 
46; 

820,2457
819

vehicle; 
47; 

863,6534
079

vehicle; 
48; 

908,7111
111

vehicle; 
49; 

955,4539
995

vehicle; 
50; 

1003,917
181

vehicle; 
51; 

1054,135
764

vehicle; 
52; 

1106,144
856

vehicle; 
53; 

1159,979
565

vehicle; 
54; 

1215,675

vehicle; 
55; 

1273,266
268

vehicle; 
56; 

1332,788
477

vehicle; 
57; 

1394,276
736

vehicle; 
58; 

1457,766
152

vehicle; 
59; 

1523,291
834

vehicle; 
60; 

1590,888
889

vehicle; 
61; 

1660,592
425

vehicle; 
62; 

1732,437
551

vehicle; 
63; 

1806,459
375

vehicle; 
64; 

1882,693
004

vehicle; 
65; 

1961,173
547

vehicle; 
66; 

2041,936
111

vehicle; 
67; 

2125,015
805

vehicle; 
68; 

2210,447
737

vehicle; 
69; 

2298,267
014

vehicle; 
70; 

2388,508
745

vehicle; 
71; 

2481,208
038

vehicle; 
72; 

2576,4

vehicle; 
73; 

2674,119
74

vehicle; 
74; 

2774,402
366

vehicle; 
75; 

2877,282
986

vehicle; 
76; 

2982,796
708

vehicle; 
77; 

3090,978
639

vehicle; 
78; 

3201,863
889

vehicle; 
79; 

3315,487
564

vehicle; 
80; 

3431,884
774

vehicle; 
81; 

3551,090
625

vehicle; 
82; 

3673,140
226

vehicle; 
83; 

3798,068
686

vehicle; 
84; 

3925,911
111

vehicle; 
85; 

4056,702
611

vehicle; 
86; 

4190,478
292

vehicle; 
87; 

4327,273
264

vehicle; 
88; 

4467,122
634

vehicle; 
89; 

4610,061
51

vehicle; 
90; 

4756,125

vehicle; 
91; 

4905,348
212

vehicle; 
92; 

5057,766
255

vehicle; 
93; 

5213,414
236

vehicle; 
94; 

5372,327
263

vehicle; 
95; 

5534,540
445

vehicle; 
96; 

5700,088
889

vehicle; 
97; 

5869,007
703

vehicle; 
98; 

6041,331
996

vehicle; 
99; 

6217,096
875

vehicle; 
100; 

6396,337
449

duty 
100%; 0; 

0

duty 
100%; 1; 
41,15805

872

duty 
100%; 2; 
64,63223

487

duty 
100%; 3; 
70,42252

845
duty 

100%; 4; 
58,52893

947
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100%; 5; 
28,95146
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100%; 6; 

0
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78; 0
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100%; 
79; 0

duty 
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83; 0
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84; 0
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100%; 
85; 0
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86; 0

duty 
100%; 
87; 0
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100%; 
88; 0
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100%; 
89; 0
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100%; 
90; 0
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100%; 
91; 0
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100%; 
92; 0
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100%; 
93; 0
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100%; 
94; 0
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100%; 
95; 0
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100%; 
96; 0
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100%; 
97; 0
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100%; 
98; 0
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100%; 
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100%; 
100; 0

duty 
83%; 0; 0

duty 
83%; 1; 

33,52312
38

duty 
83%; 2; 

48,98611
221

duty 
83%; 3; 

46,38896
523 duty 

83%; 4; 
25,73168

287

duty 
83%; 5; 0
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83%; 6; 0
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83%; 7; 0
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83%; 8; 0
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83%; 9; 0
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83%; 10; 

0
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0
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3. ELECTRIC HUB MOTORS 

3.1. Electric motors 

There are several kinds of electric motors that convert the 
electrical energy to mechanical energy. Because of the quite 
bad energy density and the limited capacity of energy storage 
of the battery it is very recommended to use such kind of 
electric motor that has permanent magnets (PM) instead of 
electric excitation windings, for example brushless direct 
current (BLDC) motor or PM synchronous motor. It is well 
known that nowadays there are very good magnets as the 
SmCo or NdFeB, but they have very bad mechanical and 
chemical characteristics, due to their materials and 
manufacturing process. These permanent magnets give strong 
magnetic field, but they can crack or break very easy. Also 
they are very sensible to corrosion. So, the PM should be 
protected against mechanical shocks and chemical agents. 

3.2. Road vehicle wheels and the suspension 

The suspension contains a spring that holds the car body. Its 
function is also to keep the wheel on road when the vehicle 
runs on a road which surface is not smooth. To be able to fulfil 
this task it is important the mass of the wheel should be low as 
possible. The masses and the spring of the suspension form an 
oscillating system. If the mass of the wheel is too big and there 
is a bump on the road it could happen the wheel will jump. 
This means it will lose the mechanical contact with the road 
and the vehicle would not be controlled for a certain period of 
time. If the spring is too strong then the car is not comfortable 
enough for the passengers. 

3.3. Electric hub motors 

The trend to build in the PM electric motor in the wheel is not 
suitable because: 

- the mass of the wheel will increase and 

- the PM gets a lot of mechanical shocks. 

 
Fig. 18. Electric hub motor at a Lohner-Porsche car from 

1900 [7]. 

Of course there are special cases when an electric hub motor 
can be applied very well. Good examples are the trolleys 

working in a smooth industrial area, railway vehicles or special 
racing cars, where it can be ensured the smoothness of the road 
surface. 

   
 a) b) 

Fig. 19. Electric hub motor developed  
a) by Siemens [8] and b) by Protean Electric [9]. 

4. CONCLUSIONS 

The car is a complex system. Development of parts of the car 
can be done in a way to take into consideration knowledge 
from different areas of technical sciences and engineering. The 
photovoltaic cells are not enough to power a passenger car. 
The electric hub motors does not match the requirements of the 
dynamics of the suspension. 
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