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    Abstract— This paper presents the simulation of a dc/dc 
converter based architecture for dual/high voltage automotive 
electrical power system. It overcomes some of the limitations of 
traditional automotive electrical power system topology that use 14V 
power net. The proposed system simulation model composed of a 
power generation system buffered by a 36V energy storage battery 
and interleaved buck converter. The effectiveness of the model is 
verified through simulation results using control-oriented simulator, 
MatLab/Simulink. 

    Keywords—Automotive power system, dc-to-dc power 
converter, electrical loads, and power generation 

 

І.   INTRODUCTION 

Electrical engineering progressed rapidly in the first half of 

the 19th century where the basics of electrical engineering 

were established. In 1800, Volta invented batteries, Ampere 

formulated the law between current and potential, Ohm 

discovered the relation between voltage, current and 

resistance, and Faraday demonstrated the connection between 

electricity, magnetism and force. 

 

 In 1899, Siemens invented the rotary generator and motor 

[1]. In 1906, the first car with a battery and a generator 

arrived on the market [2]. Five years later, General Motors 

developed a starter motor that enabled drivers to start an 

engine with a switch [1]. This had a major impact on 

convenience and acceptability of the automobile to the 

general public since all cars up to this time required hand 

cranking to start. Since then, all cars have been equipped with 

a battery, generator and electrical starter which form the three 

basic components of the Automotive Electrical Power System 

(AEPS).  

 

By 1920, electrical power is provided by an engine driven 

DC generator and a 6V lead-acid battery. The car had only a 

few loads namely starter, ignition device, horn, and some 

lamps [3]. The mean power consumption of these loads was 

less than 100W and was distributed via point-to-point wiring 

system, with loads controlled directly by manually operated 

primary switches located within the reach of the driver. Only 

the starter was switched indirectly by an electromechanical 

relay [4]. The transistor, invented at the bell telephone 

laboratories in 1948, paved the way for using electronic 

systems in cars.  

 

 

In 1952, during a meeting of the chief engineers of all the 

cars companies in North America, realized that unless 

something was done to improve the ignition system, there 

would be an epidemic of failed engines on the streets due to 

welded breaker points [5].  

 

The decision was made to increase the electrical system 

voltage from a 6V battery, with 7V DC nominal distribution 

potential, to 12V battery with 14V DC distribution level. The 

advantage of the voltage increase is to power more 

accessories and be able to wire cars with smaller wires.  

 

General Motors introduced the first 12V system in 1955 

followed by Ford and Chrysler [5]. However, during the 

period from 1960 to 1980, the most significant change was 

the replacement of the DC generator with the three-phase 

alternator-rectifier synchronous machine known as Lundell 

Alternator, and an increased use of relays. The advantages of 

the synchronous machine are: 

 

 Increased reliability as the mechanical commutator 

was not needed,  

 Increased generated power at low speeds, 

  Decreased weight per generated power unit. 

 

Though Chrysler Motor Co engineers invented the Lundell 

alternator in 1933, the one major technical breakthrough, 

which made this invention possible, was the availability of 

semiconductor diodes for efficient rectification. In 1961, 

Chrysler introduced the 12V alternator in high volume 

passenger cars. This move was followed quickly by GM in 

1963 and Ford in 1965 [5]. Since the Lundell alternator was 

introduced in 1961, the power demand had risen from 100W 

in 1912 to typically 500W in 1960 and by 1980 it increased to 

more than 1500W as more and more electrically powered 

devices were added [5]. This rapid growth in the electrical 

system is expected to continue due to several trends in the 

market, and are summarised below; 

 

 Introduction of the drive-by-wire concept, which 

replaces mechanical and/or hydraulic components by 

electrical devices. 

 Environmental regulations demand car 

manufacturers to develop propulsion systems, in 
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order to reduce fuel consumption and exhaust 

gasses. 

Today, the average electrical power consumption of a 

modern vehicle is between 750W and 1kW with peak loads 

up to 2kW, depending on the vehicle and its accessories [4,6]. 

With the addition of loads such as electric power steering, 

engine-cooling fan, water pump and electro-mechanical 

engine valves, the average power requirement could increase 

to 5kW by 2020. Bearing in mind that the existing generator 

concept is only capable of supplying around 1kW with a peak 

of 2kW [7]; The physical structure of the conventional 14V 

electrical power distribution system architecture (AEPS) is 

shown Fig.1  

 

 

 
 

Fig.1. The physical structure of the electrical power supply in 

a BMW 7-series 

                         

In the past, the increase in electrical power requirements 

has been met by an appropriate increase in the power rating 

of the alternator and the charge capacity of the battery. 

However, this approach will not be feasible due to a decrease 

of available space in engine compartments and the increase 

demand for fuel efficiency systems [4, 5, 7, 9]. In addition to 

this, the introduction of advanced loads which can only be 

operated at a high supply voltage due to their high power 

requirements, such as active suspension (12kW) and heated 

windshield (2.5kW), cannot be powered effectively with the 

present 14V systems. In fact, these high peak power loads, as 

well as some others, could benefit from power supply 

architecture with a higher-voltage electrical system. 

 

Therefore, the car industry has suggested new high supply 

voltage bus Power-Net topologies which could extend or 

replace the traditional 14V power net and is gaining 

widespread acceptance. However, simply changing the 

present 14V systems to a higher voltage is not practical in the 

short term since there is a large infrastructure already in place 

that supports and services the 14V components.  

 

In order to meet the growing electrical power demands with 

minimum fuel consumption and minimum environmental 

effects while keeping the electrical system compatible with 

the 14V infrastructures leads one to investigate dual-voltage 

architectures [8,9,10]. 

 

The introduction of high supply voltage bus provides 

important opportunities. First, it enables systems that 

traditionally have been driven directly by the combustion 

engine via, for example gears or belts, to be replaced with 

electrically driven systems, resulting in improvements in 

performance and efficiency. Second, it enables the 

introduction of new high-powered features and functions.  

 

II. SYSTEM MODEL DESCRIPTION 

The proposed dual-voltage supply centralised architecture 

system model with a single battery is shown in Fig 2.  

 
 

 
 

 

Fig.2. An implementation of a complete dc/dc converter                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

based architecture with a single battery 

 

1 Power generation 

 

The system model of Fig.2 is composed of Lundell 

alternator configured as a three-phase three-wire star 

connected wound-filed synchronous machine followed by an 

uncontrolled six-phase rectifier to generate the required DC 
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voltage. The dc output terminal voltage is used to supply the 

energy storage battery and the associated high power loads. 

The maximum electrical power capability of the alternator is 

limited to 4kW to meet the requirements of future automotive 

loads, safety, comfort/convenience, driving pleasure and 

reduced emission. 

  The output voltage of the system is controlled by regulating 

the machine's field excitation fi . The electrical frequency 

 is proportional to mechanical speed m and the number of 

machine poles. The magnitude of back emf voltage is 

proportional to both frequency and field current: 

                   fiKsV                                    ( 1 )                                   

Where: K is the constant of machine in V-s/ (rad-A) and 

depend on the machine geometry and the winding structure  

The equivalent circuit model is shown in Fig.3. Where Vg is 

the internally generated voltage and Zg , the total synchronous 

impedance and given by equation (2). 
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              Fig. 3: Synchronous generator model 

 

 

2 DC-to-DC Power Modules 

A switching converter is an electronic power system which 

transforms an input voltage level into another for a given load 

by the switching action of semiconductor devices. A highly 

power efficient dc-dc converters are strongly desired and 

have found widespread applications including aerospace, sea 

and undersea vehicles, electric vehicles (EV), Hybrid Electric 

Vehicle (HEV), and microprocessor voltage regulation. 

    The basic building block of the multi-cell interleaved 

converter is shown in Fig 2. This represents six-cell 

interleaved buck converters which are connected in parallel to 

a common output capacitor and shares a common load with 

the associated control system. The low-voltage side is 

connected to the 14V automotive electrical loads while the 

high-voltage side to the on-board power generator (alternator) 

with nominal input voltage of 42V, and a range between 30V 

t o  5 0 V  d u r i n g  n o r m a l  o p e r a t i o n .  

In this interleaved six-cell dc/dc converter architecture, the 

cells are switched with the same duty ratio, but with a relative 

phase shift or time interleaved of 60° introduced between 

each cell in order to reduce the magnitude of the output ripple 

at the output port of the converter. The overall output current 

is achieved by summation of the output current of the cells. 

With the phase of 60° the output of the converter is found to 

be continuous.  

   Ripple reduction helps to reduce the filtration requirements 
needed to contain any EMI the converter produces and 

thereby decrease the constraints on the electronics 

components connected to the low-voltage bus. Furthermore, 

due to the equal sharing of the load current between cells, the 

stress in the semiconductor switches is reduced and thereby 

reliability is improved. Another advantage is the ability to 

operate the converter when a failure occurs in one cell as well 

as the possibility to add new cell to the converter with 

minimum effort. 

III. ELECTRICAL LOAD ON THE SYSTEM 

The extent of electrical loading has increased progressively 

with the development of the passenger car, the electrical 

loads, with their typical power and current requirements at 

various voltages are analytically analyses using Excel 

software with an attempt to forecast the power requirement 

for the immediate future demand, is summarised in Table 1. 

 
TABLE 1 

: List typical power found in present vehicle system and current 
draw at various voltage system is given for comparison 

 

Some of the electrical loads are required for running the 

engine, such as the motor management system, ignition 

system and fuel pump. For safety, such as lighting and air bag 

and for driver and passenger comfort such as window heating, 

audio and navigation systems. Moreover, a differentiation can 

be made between constant or continuously operated electrical 

loads such as, water pump, fuel pump, engine radiator cooler 

and the transmission oil circulation pumps, long term loads 

current 

@ 56V 

current 

@ 42V 
current 

@ 28V 

current 

@ 14V 

Power 

(W) 
Type Of Load 

164.57 219.41 329.14 658.29 9216  Motors (Present) 

177.68 236.90 355.36 710.71 9950  Motors (Future) 

14.79 19.71 29.57 59.14 828  Solenoids (Present) 

35.71 47.62 71.43 142.86 2000  Solenoids (Future) 

11.96 15.95 23.93 47.86 670 Lamps 

4.11 5.48 8.21 16.43 230 Electronic loads (Present) 

0.46 0.62 0.93 1.86 26 Electronic loads (Future) 

26.43 35.24 52.86 105.71 1480 Generic loads (Present) 

6.61 8.81 13.21 26.42 370 Generic loads (Future) 

16.43 21.90 32.86 65.71 920 Heaters (Present) 

80.36 107.14 160.71 321.43 4500 Heaters (Future) 

539.11 718.78 1078.2 2156.4 30190 TOTAL 
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such as, e.g. head lamps, heated rear windows and short-term 

loads such as turn signals, stop lamp, etc.  

 

In addition, the use of some of the electrical loads is 

seasonal, such as, air conditioners in the summer and seat 

heating in the winter. Furthermore, exterior car lighting 

legislation requires minimal performance and is among the 

loads that must be powered even under worst-case situations. 

Safety systems such air bags, belt tensioning, collision 

warning and night vision systems are low power consumer. 

These systems are frequently on standby mode and some may 

never see operation in the life of the vehicle. However, they 

are mission critical and must be provided with sufficient 

power under worst-case scenarios. The loads relating to 

comfort and convenience, such as AC compressor and seat 

heater fall into the non-essential category while, braking, 

safety and power train systems have the highest priority. 

Infotainment system, the combination of information 

technology and entertainment, is a system that is normally not 

considered a large power consumer in the vehicle.  

 

Moreover, not all electrical loads are all activated at the 

same time. The first few minutes, during the start-up is 

generally characterised by a high demand, followed by a 

sharp drop in electrical load requirements. Generally, when 

the requested electric load is higher, it causes more fuel 

consumption, the total fuel consumption increases almost 

proportionally with requested electric load. Table.2 provides 

a list of important features/loads that are available on most 

modern Jaguar vehicles and indicates their current 

consumption in the 14V system  

 
TABLE 2 

Average current consumption of electrical loads in a Jaguar car  

 
Current 

consumption (A) 
Description of loads 

18-25 Engine running 

0-5 Adaptive damping in suspension 

33-50 Heated front screen 

14-25 Heated rear screen+ mirrors 

8 Heated wiper park 

0-30 Cabin ventilation park 

0-40 
Lighting (side lights, main/high beam, front/rear fog 

lights, brake lights) 

1.5/5 Windscreen wipers, low/high speed 

6/8 Heated seats, front/rear 

6 Heated steering wheel 

0-40 Engine cooling fan 

4 Air conditioning compressor clutch 

1-20 In-car entertainment(radio, CD, DVD) 

0.5-1 Navigation system 

 

In this dual-voltage supply centralised architecture system 

proposed, the output power at the 42V voltage bus delivers is 

3kW, this amount has the ability to operate high power loads 

more efficiently with a decrease in wiring harnesses, 

consequently less weight and lower losses. While the 

interleaved six-phase dc/dc buck converter is used as power 

source for existing 14V loads, delivers a current of 71A at 

1kW. Examples of some electrically assisted functions in 

future vehicles and existing 14V loads are shown in Table 3 

 
TABLE 3 

Example of electrical loads in present and future vehicle system 

 

42V Voltage Bus-3kW 14V Voltage Bus-1kW 

X-by-wire 

Steer-by-wire 

    Brake-by-wire 

Pumps 

  Water pump 

  Oil pump 

  Fuel pump            
Electric air conditioning 

Electric active suspension 

Electrically catalytic converter 

 

 

Motors  

   Small motors  

   Very small motors  

Lighting system:  

  Internal lights 

  External lights  

Electronic control units (ECU)  

Key-off loads 

 

III. SYSTEM SIMULATION MODEL 

 

Through modelling and simulation of sub-systems and then 

the whole system, automotive manufactures can reduce 

manufacturing costs in terms of reduced delivery time of 

products, improved engineering development processes and 

gain a competitive advantage.  

 Fig 2 shows the complete model of the DC dual-voltage 

supply centralized architecture system with a single battery. 

The proposed complete system is composed of the 42V 

voltage alternator, and the interleaved six-phase buck 

converter, load dump circuit and the PID controller The 

deigned parameters used in the simulation are tabulated in 

table Tables 4. To indicate the effectiveness of the developed 

model, the simulation results for system voltage/current, load 

dump control, and system response to a step change in the 

load are validated against the dual/high-voltage automotive 

electrical power system specification, tabulated in Table 5. 

 
TABLE 4 

 Component specifications Of the dc/dc converter based architecture 
 

DC/DC Converter 42V Alternator 

Value Parameter  Name Value Parameter Name 

42V Input voltage, Vi 133.65e-3 Winding resistance, Rs 

14V Output voltage,Vo 0.729e-3 H Stator inductance, Ls 

6 Number of phases, N 1V Diode drops, Vd 

2.4 µH Inductor value, L 3.6A Field current, If 

300 µF Capacitor value, C 1.286e-2 Machine constant, K 

0.196Ω Load resistance, RL 700:1800 Alternator speed, N 

100 kHz frequency, ƒs 12 Number of poles, P 

1kW Output power 42V Alternator voltage, Eo 
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TABLE 5 

Dual-voltage electrical power system voltage specifications 
 

Electrical System Parameter 14V Bus 42V Bus 

Battery Voltage 12V 36V 

Maximum Dynamic Over -Voltage(Load 
Dump) 

20V 58V 

Maximum Static Over–Voltage ( Ripple) 16V 52V 

Maximum Operating Voltage 14.3V 43V 

Nominal Operating Voltage 14V 42V 

Minimum Operating Voltage 12V 33V 

Power Electronics Voltage Rating 100-75V 60-40V 

 

A System Output Voltage and Load Current 

Fig. 4 shows the representation of the two buses at different 

level of voltages and powers. The steady-state simulation 

current drawn by the multiple system buses is very close to 

71A. Indicating that the complete system model is able to 

respond and produce the desired output voltages and required 

level of currents. The initial very small peak seen in Fig.4 is 

less than the maximum steady-state over voltage (52V) 

shown in Table5. Moreover, since the transient voltage 

variations on each bus are very small, the ability to use low 

cost semiconductors switches to control the various loads is 

promising. 
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Fig 4: Voltage and current of the two buses 

 

B.  Load Dump Control 

The dynamics of the complete dc/dc converter-based 

system architecture, that is, the behaviour of the system due 

to transients is simulated. The simulation concentrates on the 

load dump since it tends to be the worst case scenario 

transients in the automotive electrical power system. 

 

 Fig. 5 shows the transient response of the complete system 

to a load dump on the 42V bus at 6000 rpm (cruising speed). 

The transient is induced by disconnecting the 36V battery to 

initiate the load dump transient at time t=0.01s. The peak 

transient voltage on the 42V bus seen in Fig.5 is 

approximately 54.46V which is less than the 74.8V peak 

voltage observed with single 42V power system architecture 

[7]. The reason for the relative stability is due to the 

remaining of the 14V loads. The 14V bus voltage undershoot 

is 13.69V and the overshoot is 14.28V.  

Fig 5: Dual architecture load dump of 42V system battery 

 

The results show that the performance of the system is 

stable and well behaved under load dump and the output 

voltage remains within the desired specified limits presented 

in Table 5. 

 

The load dump transients can be further suppressed by the 

use of the load dump controller circuit. The voltage 

suppressed by the use of the voltage limiting circuit is shown 

in Fig.6 

 

Fig 6: Dual architecture load dump of 42V battery with 

voltage limit circuit 
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It can be seen that the voltage decreases to 45V on the 42V 

bus and less overshot/undershoot on the 14V bus. The small 

transient voltage variation on each bus leads to the use of low 

cost semiconductor devices as switches to control the flow of 

energy to the electrical loads 

 

C. Response to a Step Change in the Load 

 
Fig. 7 shows the simulation of the dynamic response of the 

system to a step change in load on the 42V bus at 6000 rpm 

(cruising speed). The transient is induced by sudden change 

of the 42V bus load from 50% to 75% and 100% and then 

back from 100% to 75% and 50%. The loading in the 14V 

bus remains at its nominal value of 71A. The voltage on the 

42V bus deviates from its nominal by approximately 3V  

 

 

Fig 7: Dynamic response of the system to step change in load on 

the 42V voltage bus 

 

This load step change has little effect on the 14V bus; this 

is due to the efficient output regulation. The transient voltage 

deviations observed on the 42V bus in this simulation are 

within the preliminary voltage limits specifications that were 

given in Table 5. 

 

The behaviour of the system during the load step change on 

the 14V bus is shown in Fig 8 from 50% to 75% and 100% 

and than back from 100% to 75% and 50%. 

 

 The undershot is 13.3V while the overshoot is 

approximately14.7V. The voltage on the 42V bus with 3kW 

load also deviates from its nominal by approximately 1V. 

These transient output voltages remain within the allowable 

specification reported in Table5. 

 

 

 

Fig 8: Dynamic response of the system to step change in load on 

the 14V voltage bus 

 

IV. CONCLUSION 

In this paper, a model for a dc-dc based architecture was 

developed and implemented in Matlab/Simulink The 

simulation results demonstrates the high performance features 

of the dc-dc based architecture system in meeting the future 

predicated load demand and also leads to reduction in weight 

and volume of wire harness components as well as fuel 

saving while complies with the standards regarding dual-

voltage electrical power system specifications. 

.  

It is anticipated that the effectiveness of the system 

proposed here will be of value in future dual-voltage 

automotive electrical systems. Nevertheless, the dc/dc 

converter-based system centralized architecture that was 

developed is equally applicable to electrical power system for 

military vehicles, trucks and buses, but the standards are 

different due to different voltage levels,  
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