
Modeling, Simulation and Analysis of an 
ABS/ASR System 

 Introduction 

 

Figure 1:ABS/ASR Design 

The ABS system spans four technological boundaries: electronics, magnetic, mechanical, and hydraulic. 

This span is not just conceptual; the actual models and system effects are described in terms that are 

native to their domains. To simplify the explanation of this ABS system, we will focus on one wheel in 

detail. A typical analysis is performed using the designs below and results are analyzed. 

List of designs: 
Design name Description Top level 

Design 
Yes/No 

abs_a1_new_v2.ai_dsn Hydraulic Design No 

abs_a2_new_v2.ai_dsn Mechatronic Design which shows current control 
module to look at currents through the solenoids 
 

No 

abs_a3_new_v4.ai_dsn ABS System for one wheel 
 

Yes 

Note: The accompanying demonstration example is called “ABS”, and the design file is called 

“abs_a3_new_v4.ai_dsn”. 



The hydraulic system works as follows: when the brake pedal is pressed, an actuator in the pedal builds 

up fluid pressure. The lower valve, valve_in is open and allows fluid to flow through rigid and flexible lines, 

where it fills the brake cylinder and displaces the brake shoe. If the brake locks up, it is detected by a 

wheel sensor, and fed into the micro-computer, uC. The computer commands the input valve, valve_in to 

close, and the return valve, valve_out to open. The computer also starts up a pump which pulls fluid away 

from the brake cylinder, thereby preventing lock-up. Returned fluid is stored in an accumulator, and some 

is also fed back to the brake pedal, providing some "feel" for the brake operator. 

The scope of the example is to improve the design through simulation. In the nominal one wheel abs 

circuit results, look at p_brake signal which shows high overshoots, which should be reduced without 

losing too much response time. By sensitivity analysis identify the sensitive parameter and improve the 

system performance. 

Transient analysis experiment (Nominal): 

 

Execute the experiment “nominal” from Simulate tab and see the results as below. 



Transient Analysis Result:  

 

Figure 2:Brake pressure at pedal and wheel 

From the result, we see high overshoots in the pressure signal measured at the brake shoe. This must be 

reduced to improve overall system performance. 

• 1bar = 10^5 Pascal or N/m2 

The other signals of interest are as shown below. Using the same design, the motor inrush current, the 

Mosfet’s drain current and Mosfet’s junction temperature signals can be analyzed. 

Abs kicks in here 

Abs releases here Abs kicks in here 



 

Figure 3: Typical result of sensor, valve_in, valve_out, Motor supply, Motor current 



 

Figure 4:Typical result of Mosfet Gate, drain current, power dissipation, junction temperature 

Sensitivity Analysis: 
Open experiment “Sensitivity” and execute. 

Sensitive analysis experiment (Sensitivity): 
 

 



 

Figure 5:Sensitivity Analysis Report 

The report shows how sensitive is the overshoot of the brake pressure to a 1% change of the following 

parameters. The most sensitive parameter is “area of the orifice”. 

Brake pressure with different orifice area   

(resulting Risetime/Overshoot Vs Orifice area): 
From the sensitive analysis report we see that the overshoot of signal p_brake is very sensitive to change 

in orifice area. The design is further analyzed by varying the orifice area. 

Open experiment Vary_orifice_area and execute. 



Vary analysis experiment (Vary_orifice_area): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6:Brake pressure with varied orifice area 

From the results, we see that with reducing orifice area, we can reduce the overshoot in p_brake but the 

response time is slow. So, an orifice area of 800n is chosen optimally to see the improvement in the 

system. 

BRAKE PRESSURE 



Improved system with orifice area=800n: 

 

Execute the experiment “Nominal_new” from Simulate tab. It runs a nominal analysis first to capture the 

present result and then alters the orifice area parameter to new value=800n and runs a transient analysis. 

The resulting waveforms are overlapped as shown. Here you can see the improvement of the system. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7:Brake_pressure of improved system 

BRAKE PRESSURE 

IMPROVED BRAKE 
PRESSURE 



Modeling of Various Components of the Design in Detail 

WHEEL & PEDAL Models: 

 

Figure 8: Wheel and Pedal hierarchical models 

The wheel model is realized with a brake shoe model which is built using a a spring acting extend actuator 

model and mechanical stop_t model. The hydraulic actuator behavior is such that hydraulic pressure 

creates a positive force between the two mechanical pin connections when the distance between them 

is within the user input "stroke”. The sensor signal is kept as a simple PWL voltage source to represent the 

wheel lock and release. It gives either a 5V which is no wheel lock or 0V signal at wheel lock. 

The pedal model is realized with a force pulse source to represent the driver input for braking and a spring 

acting extend actuator model. This actuator provides fluid displacement as a function of applied 

mechanical force to the brake pedal. 

ABS12_120 DC MOTOR Model: 
The ABS motor model is modeled using the Datasheet information and DCPM tool from Saber. The details 

are as below. The datasheet is available in the design folder. 

 



 

Figure 9:ABS12-120 datasheet specification 

 

Figure 10::ABS12-120 performance curves from datasheet 



The DCPM motor tool is a virtual test-bench that allows users to characterize DCPM motor models for 

simulation in saber.  

Step 1: Invoke DCPM Characterization Tool 
On the Model tab, in the Modeling Tools group, click on the DCPM Motor Tool. 

Step 2: DCPM Motor Characterization 
Open the Scanned Data Utility and choose the Speed_Steady-State option in the Scan Tool Manager 

window. The Scan Tool Manager window is shown below in figure 5. And then click on “OK” button. 

 

Figure 11:ScanTool Manager window 

Import a Graphic version of the performance curves from the datasheet and scan the data. Set the axis, 
to match the datasheet characteristic. For more information on how to use scanned data utility, please 
refer to the online help “SaberRD Modeling User Guide > Model Characterization > Scanned Data Utility”. 
You can use Toggle Anchor Objects for best fitting of the curves. 

Similarly scan the torque/current curves into the tool.  
 

Step 3: Compare the characteristic of the measured performance with that of the model’s 

performance 
After a few iterations of adjusting the model performance parameters it is found that both the curves 
match reasonable well for the following modified performance parameters.  
a. Stall-Trq = 1.255 N-m  

b. NoLd-Spd = 5705 RPM  

c. Stall-Cur = 64.99 Amps (read from Torque/Current characteristic)  

d. NoLd-Cur = 2.52 Amps  

e. Voltage = 12 Volts  
 
Check the Current (Torque), Output Power boxes below the graph window and click the Refresh View 
button. This will give you a complete view of the standard motor characteristics of the new motor model. 
Figure 7 shows the torque-speed, torque-current and torque-output power characteristics of the new 
motor model. 
 



 

Figure 12: DCPM modeled motor for ABS12-120 motor specifications 

 

Here due to the inconsistencies of the datasheet info we do not see a perfect match of Speed(torque) 

curve for given Stall torque, no-load speed, stall current etc. Saber tool identifies this inconsistency and 

warns the user when he tries to edit the info. 

Step 4: Placing the DCPM motor model 
Save the motor model and click the Place Part button to place it on your schematic. Figure 8 shows the 

DCPM motor model placed in a schematic. 

IRF130 MOSFET MODEL: 
The MOSFET model is modeled using the Datasheet information and Modeling tool from Saber. The details 

are as below. Complete user guide for MOSFET model architect tool is given in SaberRD online help 

document (link: SaberRD Modeling User Guide > Model Characterization > Power MOSFET Tool). The 

datasheet is available in the design folder. 

 



 

Figure 13:IRF130 datasheet specification 

 

Figure 14:IRF130 saturation, transfer, internal capacitance curves from datasheet 

As explained in help document, static characteristic (Vds-Id) from manufacturer datasheet is scanned and 

loaded in the tool. The axis ranges are set as well as the Vgs sweep values. Click the Toggle Anchor 

Objects icon from the icon bar to enable the anchor objects drag and drop feature. Manipulate the 



anchor objects to fit the target curves. Once a reasonably good fit is obtained, fine tune the match by 

clicking the Optimizer on the view control bar. Final match obtained are given below. 

 

Figure 15: Model Architect example MOSFET IRF130 

 

Figure 16: Model Architect MOSFET Tool VDS_Id curves 



Follow the same procedure to match the Vgs-Id curves and capacitance curves. Now, if you can add more 

temperature to the model for e.g. 1750C. Go to Edit > Add Temperature and repeat the process  

 

 

Figure 17: Model Architect MOSFET Tool VGS_Id curves 

 

Figure 18: Model Architect MOSFET Tool VDS_VGS_Id surface 



 

Figure 19: Model Architect MOSFET Tool capacitance curves 

 

IRF130 MOSFET Thermal MODEL: 

 

Figure 20:IRF130 thermal impedance curves from datasheet  



The MOSFET thermal model is modeled using the Datasheet information and Modeling tool from Saber. 

The details are as below. Complete user guide for Thermal Impedance Tool is given in SaberRD online 

help document (link: SaberRD Modeling User Guide > Model Characterization > Thermal Impedance 

Tool).  

Thermal impedance curve given datasheet is scanned and loaded in the tool. The duty cycle values 

are set and number of RC cells is chosen as 3 to begin with. Run optimizer for better fit. If needed,  

the number of cells on the left-hand side of the tool can be increased to obtain good fit. 

 

Figure 21: Model Architect Thermal Impedance Tool Zth curves 

Design of Hydraulics “abs_a1_new_v2.ai_dsn” 
Design of Hydraulic Department which shows the response times, overshoots and overall performance. 



 

Figure 22: ABS Hydraulic system testbench 

 

 

Figure 23: Hydraulic testbench typical result 



In Figure 23, the brake pedal is applied at 0.5s. The pressure builds and the brake locks up at 0.7s. This 
lock-up is detected in the wheel, and reported to the uC, which commands the drive electronics for 
valve_in to close the valve, and for valve_out to open. The pressure then drops, unlocking the brake, 
which is sensed and reported to the uC, which resets the valves to their braking settings. With the brake 
pedal still applied, the pressure quickly builds back up until locking is again detected between 0.8s and 
0.9s. Once again the uC commands a pressure drop until the brakes are no longer locked. Of special 
interest to the designer of this ABS system is the level of the pressure spikes due to hoses flexing. These 
high spikes may result in resizing components along the hydraulic path. 

Four of the hydraulic component models which make up the ABS are: 

 Fluid chamber 

 Spring acting extend actuator 

 Accumulator 

 2-way valve 

The help about these components is given in SaberRD online help document (link: Hydraulic System 

Operation and Models).  

 

 

 

 



Design of Electronics “abs_a2_new_v2.ai_dsn” 

 

       

Figure 24:ABS Mechatronic system testbench 



 

Figure 25: Mechatronic system typical result for solenoid current 

The electronic design uses the sensor signal and actuates the valves and simultaneously uses the hold 

current reduction module to reduce the peak solenoid current. 

Drive Electronics/ECU Model: 

 

Figure 26: ECU 



The ECU model is built based on the above electronic schematic. Here additionally the high side motor 

drive MOSFET along with the thermal impedance model is added inside the ECU.For simplicity, open loop 

control is used to drive the MOSFET to synchronize it with the valve actuation. 

 

Four Wheel Sytem layout can be built further using the theory above: 

 

Figure 27: A Four-Wheel ABS system Layout 

Summary 
It has been shown here how a virtual prototype of a multi domain system can be built to test an application 

using Saber. Because the whole system is included, even the valves (magnetics), hydraulic lines and drive 

electronics, it is possible to tune design parameters to improve the system performance in an optimized 

way. The design can be extended to make a complete four wheel ABS system following the same steps. 

 


