
Alternator charging and power distribution system 
 

1. Overview: 
 

This example shows a typical automotive charging and power distribution system. Due to the 

technological advancements in electrical/electronics industry, the electrical content and hence the electrical 

loads in automobiles tend to increase. An automobile under extreme operating conditions (like night driving in 

rainy and dense traffic) can consume a lot of electrical energy. Therefore, the alternator and the battery need to 

be adequately sized for meeting the vehicle electrical loads under extreme conditions without draining the 

battery. 

A charging system is modeled using the behavioral alternator model, lead acid battery, fuses and self-heating 

wires for the harness connections. The alternator positive output is connected to the battery positive terminal 

and to the vehicle electrical loads through appropriate circuit protection devices, for example fuses. The 

alternator and battery are the key components of a charging system. This example illustrates the application of 

an alternator model for a charge-balance calculation under a worst driving condition (High load demand and low 

vehicle speed) using a lead acid battery with typical electrical loads and some self-heating wire harness 

considerations. The electrical loads were modeled using load building blocks from the Saber parts library and 

using the "Load Profile Editor" tool in Saber. An arbitrary load profile was set up to switch the electrical loads 

"ON" and "OFF". A standard, typical, city drive cycle is being used from the "Drive Cycle Editor" tool to evaluate 

the system performance. This example helps to examine the adequacy of the alternator and battery ratings to 

the load demand under the worst-case scenario. The downfall of the State-Of-Charge (SOC) level of the battery 

under worst driving condition, the temperature rise in the cables, the effect of alternator temperature on its 

output, and the adequacy of fuse ratings for given loads can also be analyzed. 

 
 
 

 
 

Figure 1: Alternator charging and distribution system. 



2. Alternator: 

A typical automotive alternator is a subsystem (assembly) that consists of an electromechanical 

rotor/stator assembly with electrical rectification and regulation components. Normally, automotive alternators 

come with built in rectifiers and regulators and are belt driven by the internal combustion (IC) engine. In this 

example, a 14.4 Volt and 100 Ampere alternator has been modeled. The readily available “gen_table_1.sin” 

Saber template, with rotational velocity, thermal case connection points, and percent-usage test point, has been 

used to characterize the alternator. The thermal pin of this model is confined to only determining the maximum 

current the generator can provide for a given rotor speed. It does not have any other effects (static or dynamic) 

on the generator and its performance. Detailed effects, or second and third order effects, such as belt slippage, 

rotor inertia, torque saturation, ripple, specific losses, etc..., are not modeled in this level-1 generator. For 

detailed information, please see the template description. 

As the alternator is located very close to the IC engine in the vehicle, and because of the self-

heating, the temperature of the alternator during its operation will be much higher than the ambient 

temperature and typically it is in the order of 100 degrees Celsius. So, the alternator output current delivery 

capacity for a given rotor speed will also depend on its temperature. For characterizing the alternator using the 

template “gen_table_1.sin”, the following information is used from the alternator specification. For more details 

on the template “gen_table_1.sin”, please see the template information or “help on part” file. 
 

S.No Parameters Values/Details 

1 Ampere Rating 100 A 

2 Pulley Ratio used 3 

3 Generator output 
current Vs RPM 
data 

 The generator generation current (imax) is a function of temperature (Celsius) 
and the generator rotor speed (RPM). In this example, this information is 
provided to the model in the form of a 3-D look-up table through an ASCII file 
(e.g. generator_xyz.ai_dat) 

 This .ai_dat file couples with the TLU (Table Look Up) tool in Saber. This file 
can be imported and exported in and out of the TLU tool. 

 For the format of the current vs. RPM data within the .ai_dat file, please see 
the template description of “gen_table_1.sin”. 

 This ai_dat file can be found in the installation directory of this example. 

4 Zero ampere speed 
in RPM 

1800 RPM 

5 Alternator 
temperature 

varied from 27 ⁰ C to 100 ⁰ C 

6 Regulator set 
voltage 

14.4 Volts 

7 Performance 
efficiency data 

 Overall efficiency performance is entered as a function of rotor speed. This 
information is provided to the model in a 2-D look-up table through an ASCII 

file (e.g. efficiency_xyz.ai_dat) 

 This ai_dat file couples with the TLU (Table Look Up) tool in Saber. This file 
can be imported and exported in and out of the TLU tool. 

 For the format of the efficiency vs. RPM data within the .ai_dat file, please 
see the template description of “gen_table_1.sin”. 

 This ai_dat file can be found in the installation directory of this example. 



Note: 
 

1. As you can see in the Figures 2 & 3 below, it is very easy to import the alternator performance ASCII data 

files (.ai_dat files) into the TLU tool for editing or for creating a new alternator performance 

characteristics (e.g. upgrade to a higher capacity alternator by merely scaling this characteristic in TLU). 

After editing, the.ai_dat files can be saved using File-> Export option. 

2. The corresponding TLU models can also be created based on these ASCII data files. For reference, a TLU 

model for the alternator current output (generator_temp_vs_rpm_vs_current.ai_tlu) was created in the 

TLU tool and included in this example. You can find this TLU model in the installation directory of this 

design example. 
 

 
Figure 2- Alternator current output curve. 

 

3. The alternator efficiency curve is shown in Figure 3. Power depletion (losses such as iron losses, copper 
losses, mechanical, temperature, etc.) are lumped into the generator efficiency. The overall efficiency 
performance is entered as a function of rotor speed (RPM). Since efficiency is determined only from 
rotor speed, and not as a function of, both rotor speed and generator load current, the efficiency may 
be overstated (e.g. 40% when actual is 30%). Consequently, the simulation results may offer a best-case 
efficiency. However prior comparative analyses with some manufacturer data have indicated that this 



discrepancy becomes less for generators > 30 Amps or so. For more details, please refer to the template 
description of “gen_table1” template. 

 

 
Figure 3- Alternator efficiency curve. 

 
4. The “gen_table1” template (Alternator model) uses only ASCII data files and TLU is shown here merely 

for illustrating the ease of editing and viewing the alternator performance ASCII data files. 
 

3. Battery: 
 

The readily available 12V lead acid battery template “batt_pb_2_v2.sin” has been used to characterize 

the battery. For simulation, the battery is assumed to be at 90% SOC (Initial State of Charge) at the start of the 

simulation. 
 

The following basic parameters are used to characterize the battery. 
 

# Parameters Values 

1 Nominal amp-hour capacity (ah_nom) 100 AHr (20 Hour rate) 

2 Current (amps) used to determine nominal amp-hour capacity (inom) 5 Amps 



4. Drive Cycle: 
 

A standard, typical, city drive cycle is being used from the "Drive cycle Editor" tool to evaluate the 

system performance. The "Drive cycle Editor" characterizes the vehicle speed as a function of time. The "Drive 

cycle Editor” tool also includes many known industry standard drive cycles in the Library (under the, File menu). 

These may be loaded, and used or altered to fit any specific driver and environmental condition profile. In this 

example, the city drive cycle “CYC_WVUCITY” (Duration: 1408 sec) has been used. The drive cycle profile can be 

easily modified, and re-saved. New drive cycles may also be characterized and developed from scratch. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4- CYC WV CITY Drive cycle 
 

5. Vehicle Engine Model 
The converter template “veh_eng_0” takes tire diameter, gearshift, and vehicle speed information as 

input and computes the engine velocity on the output driveshaft. The model assumes that engine power is 

always sufficient to achieve the demanded vehicle speed. This template uses predefined values for tire diameters 

and gear ratios. However, these can be modified to suit the drive train/vehicle specifications. Please see the 

template information of “veh_eng_0” for more details. 

Also, users are encouraged to examine the model “veh_eng_1” (not used in this example). This is a 

model of a converter that computes an engine power take off shaft angular velocity when a vehicle speed profile 

is applied to its input. The template also predicts instantaneous and cumulative fuel consumption, based on user 

supplied fuel consumption data. 



 

6. Load Profile: 
Loads include various heaters, fans, lights, audio system, speed dependent loads such as EMVT 

(Electromechanical Valve Train), and ignition. This initial load profile can be used, altered, and supplemented to 

fit any specific vehicle type, driver and environmental condition profile. The electrical loads were modeled using 

load building blocks from Saber parts library and using the "Load Profile Editor" tool in Saber. The Load Profile 

Editor is a characterization tool that allows you to define and save new load parameters. The Load Profile Editor 

characterizes resistance, power and current load models as a function of either speed or time. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5- Load profile editor 

 
The rainy-night load profile was made such that all the loads are staggered and most of the loads are 

active during the drive cycle. Head lights, wiper, rear defogger, electric heater and the ignition loads remain 
active throughout. All the loads associated with front lighting (high beam, low beam, parking and front fog 
lamps) are lumped together under head lamp load. Vehicle electrical loads are supplied through appropriate 
circuit protection devices like fuses. Users can also refer to the “Fuse Characterization Tool”. This provides an 
easy interactive way to characterize the fuse model. The graphical interface is also useful in understanding the 
functionality of the model. 



   Figure 6- Fuse Tool 
 

7. Cables: 
 

A dynamic thermal wire template, wirep, was used to model all relevant electrical load connectivity, as 

well as the battery cables. This template assumes that all electrical power generated in the wire is dissipated 

into heat. Energy lost electrically through resistance inherent in the cable is converted to thermal energy, which 

is lost through thermal conduction (through both axial length and insulation) and wire self-heating. The wirep 

template does not include convection and radiation effects. It has several failure modes which are 

considerations of dielectric breakdown of the insulation, as well as insulation and conductor melting. 

 

8.  System performance requirements:  

For illustration, the following have been set as the minimum required system performance requirements. 

 

 

 

 

 



S.No  Parameter  Performance 
requirements  

1  Minimum Bus Voltage  9 Volts  

2  Maximum Bus Voltage  16 Volts  

3  Minimum SOC (State Of Charge) for the Battery  0.85  

 

Setting up the drive cycle and verifying these system performance requirements by lab or road test would be 

extremely costly and time consuming. Saber simulation helps to replicate the worst driving condition (High load 

demand and low vehicle speed) very easily and to check these system performance parameters efficiently and 

accurately. 

 

9. Simulation/Analysis Results:  
 

9.1 Verification of Initial Design:  
 

 The Experiment Analyzer feature in SaberRD enables automating various analyses and post processing. 
Under "Simulate" tab, select the "Experiment” from the pull-down menu. This will bring up an additional pull-down 
menu where user can select the required experiment that was already set-up and run it. Upon running the selected 
experiment, you will have access to the corresponding Experiment report and the signals for plotting in the 
"Results" section. You can open them by double clicking on them.  

Let us examine the system performance for this above initial design. For this purpose, an experiment has 

already been set up to automatically perform the simulation, plot the signals of interest, perform measurements 

and check if the system performance requirements are met. Run the experiment named 

“Step1_Verify_Initial_Design”. After simulation completes, you can see the Experiment Report and the signals in 

the Results tab. You can open them by double clicking on them. You can observe from the experiment report that 

the performance criterion for the minimum Battery SOC is NOT met while others are met. 

 

The calculated minimum SOC after simulation is 0.79 whereas the acceptable minimum set limit is 0.85 

(i.e. 85%). This is because the battery is not fully charged at the beginning of this drive cycle and the battery SOC at 

the start was only 90%. During the drive cycle, the load demand is high and the battery current is negative for most 

of time indicating that battery is discharging to meet the load demand. This may pose a problem if this drive cycle 

were to continue with the given or an even more aggressive user load profile. An under-rated (i.e. overloaded) 

generator will not be able to keep the battery sufficiently charged. In these circumstances the charging system 

designer can revisit the battery and alternator ratings to arrive at optimal ratings to supply the given vehicle 

electrical loads, without either over or under designing them. The charging system designer can also employ power-

management scheme to meet the system performance criteria. 

 



 

 

9.2 Verification of Design Changes:  

For design improvement illustration, the pulley ratio of the Alternator is being increased from 2 to 3 and 

the design is being rechecked to see if the system performance criteria are met. When the alternator pulley ratio 

is increased, the alternator speed proportionally increases for the given vehicle speed and thereby delivers more 

current.  

To check the impact of the pulley ratio increase, run the experiment named “Step2_Verify_Design_Changes”. Once 

the simulation completes, open the experiment report. You can observe that, the criterion on Battery SOC is met 

this time, but a fuse for heater loads has blown as it was not adequately sized. 

 

Note: Fuse_Blown_time=0.0 means fuse is not blown. Only a non-zero value of 

time here denotes that the fuse is blown at that time instance. 

You will also notice the following information about the fuse blow in the simulation transcript window. 

 



 

 

You can also plot the signals from graph “Heater_load_analysis_waveforms” to see the increase in current in the 
heater fuse compared to experiment 1 when pulley ratio is increased. You can use vertical marker at 785 sec from 
Measurement tool to view the values of currents and voltages when the fuse is blown. The waveforms also show 
that it’s a slow-blow fuse because it doesn’t blow immediately though the current through the fuse was more 
than its current rating. 

Due to the increase in pulley ratio, the bus voltage is increased and hence also the voltage across the heater load is 
increased. Due to the increased voltage, we see an increased power and hence increased current through the 
heater fuse. This caused the 30A rated heater fuse to blow after a certain time. 

 

 
9.3 Verification of Final Design:  

 Now let us correct the heater loads fuse rating from 30 A to 50 A and reexamine the system performance. 
Please run the experiment named “Step3_Verify_Final_Design”. Once the simulation completes, open the 
experiment report. You can observe that all the specification criteria are met. The experiment Report can also be 
exported to Excel for reporting and documentation purpose. 

 



You can also plot the signals to analyze them. Charge balance, Vehicle speed, total load current, battery current, 
alternator output current, bus voltage and SOC are shown below. 

 

 
 

 You can observe that the bus voltage is rising (towards the regulator set voltage of 14.4 volts) in the 
beginning and then it drops down at ~ 60 seconds. This is because; most the loads come ON at ~ 60 seconds. Also, 
notice that battery is consuming about 55 Amperes of charging current from the alternator at the beginning. This is 
because the battery is not fully charged and is at only 90 % SOC. During the drive cycle, the load demand is high and 
the battery current is negative for most of time indicating that battery is discharging to meet the load demand. At 
the end of the drive cycle (at 1408 seconds), as the loads drop down, the bus voltage again starts rising. For the 
given load profile and the drive cycle, the bus voltage varies from 12.527 volts to 13.719 volts which is well within 
the 12V system specifications of “9V < Bus voltage < 16 V”.  
 
 
 
 
 
 



 
 
 
 Based on the above results, we see that whenever the load demand is more than what the alternator can 
supply, the battery supplies the balance current to the loads. Whenever the load demand is less than what the 
alternator can supply, the alternator charges the battery. Also, observe that, the alternator is delivering ~ 57 
Amperes at the end of the drive cycle when the vehicle is idling. Though the vehicle speed is zero at this point, the 
alternator rotor speed is 2400 RPM (Engine Idle speed 800 RPM X pulley ratio 3 = 2400 RPM) and hence the 
alternator produces ~ 57 Amperes corresponding to its temperature and rotor speed. Most of this 57 Amps is 
consumed by the partially discharged battery for charging. The Battery current is negative for most of the time 
during the drive cycle, which indicates that the battery is discharging to meet the high load demand. 

 
A plot of the alternator temperature, output current (i_out), imax and alternator utilization percent is given below. 
 

 

 
 

 Observe that imax and the generator output current, i_out are the same. This indicates that the generator is 
working at maximum capacity over the duration of this drive cycle. We have assumed that the battery was not fully 
charged at the beginning of this drive cycle and the battery SOC at the start was only 90%. So, the alternator has the 
job of not only meeting the heavy electrical loads during the drive cycle but also to charge the partially discharged 
battery. The percent signal further illustrates that the generator is at 100% usage over the duration of this drive 
cycle. This indicates that the generator is stressed, and is likely an indication that the lifetime will be shortened, 
which could affect the warranty.  
 



 
 
 
The current through the alternator cable (i.e. current supplied by the alternator) and the temperature rise of this 
cable are shown below. 
 

 
 
Additional things that you might want to try:  
 
 If an adequate gauge size is not chosen for cables for a given load current, the Saber simulation gives 
information about cable melting in the simulation transcript window, which helps for robust design. The blow time 
can also be plotted. You may also want to modify the alternator rating, temperature of the alternator, regulator set 
voltage, initial battery SOC, nominal ampere hour capacity of the battery, drive pattern, and electrical load profile to 
see the impact on the system performance. 
 
 
 
 
 
 
 
 
 



 
 
 

10. Conclusion:  
 

 A high-level 12V-automotive charging system is simulated and examined for system performance criteria with 
an examination of potential pitfalls in the current design implementation. This design is an introduction to the goal of 
development and application of meaningful load profiles with various drive cycles, and using simulation to develop 
sizing guidelines for the generator and battery based upon the overall system power requirements. It is now 
reasonably straightforward to apply and test various cost-effective strategies to improve system performance. It is 
possible to reduce time and costs of the hardware design and test prototyping cycle. Many "what-if" studies and 
virtual prototype iterations can be performed before physical implementation. Furthermore, once the preliminary 
issues of the high-level design are worked out, more detailed virtual prototyping can be introduced for various sub-
system components, thereby making the overall simulation study more realistic, all the while making the design more 
robust. 
 
 

 
 
 
 
 

 
 

 


