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Abstract - The development of an automated servo-controlled brake booster characteristics verification test rig for testing and 

measuring the parameters of the Brake booster, Tandem Master Cylinder and Brake booster with the tandem master at various 

vacuum conditions. The existing brake booster performance test rig is manually operated, has an uncontrolled feed rate due to 

the air cylinder used as an actuation system, less accuracy sensors are used, and the testing lead time is high. Boosters' return 

time to test is measured by a stopwatch; its measurement values varied based on person to person. By the existing test rig is able 

to measure the test parameters only for brake boosters. The focus of this project is to develop a rigged model based on the 

requirements of brake booster product specifications, simulate the brake booster mounting fixture with various boundary 

conditions and fabrication of fixture with the selection of a suitable servo mechanism. To achieve an accurate travel ramp rate, 

a servo motor with an inbuilt servo drive programming unit will be incorporated. Measurement system analysis will be taken to 

verify the data capturing of the newly developed test rig. 

Keywords - Test rig, FEA Analysis, Fixture development, Booster, ANSYS, LabVIEW. 

1. Introduction 
The conversion of kinetic energy into heat energy is a 

function of the frictional force generated by the frictional 

contact between brake shoes and the moving drum or disc of 

a braking system. The working of a Hydraulic barking system 

is based on Pascal's law. 

 

In the hydraulic system, the brake force is applied by the 

driver on the brake pedal. Here, the input load is converted 

into hydraulic pressure by the master cylinder then this 

hydraulic pressure from the master cylinder is transferred to 

the final brake drum or disc rotor through brake lines. Brake 

fluid is used in hydraulic brakes for the transmission of brake 

pedal force to stop, or de accelerates the vehicle. When the 

brake pedal is pressed, the high-pressure fluid from the master 

cylinder pushes the piston outward. The piston pushes the 

brake pad against the rotating disc. As the inner brake pad 

touches the rotor, the fluid pressure exerts further force, and 

the caliper moves inward and pulls the outward brake pad 

towards the rotating disc, which touches the disc. Now both 

the brake pads are pushing the rotating disc, a large amount of 

friction is generated in between the pads and the rotating disc 

and slows down the vehicle and finally lets it stop. When the 

brake pad is released, the piston moves inward; the brake pad 

moves away from the rotating disc. And the vehicle again 

starts to move. Brake boosters provide power assistance to the 

operator, during the brake application, in a hydraulic braking 

system, by boosting up input mechanical effort applied at the 

brake pedal using a vacuum. In the absence of a vacuum, the 

brake booster directly transfers the input effort to the hydraulic 

braking system. 
 

In this project, validate the brake booster and master 

cylinder as part level. For that new test, the rig is planned to 

develop without existing known issues.                              
 

2. Methodology  
The purpose of a literature review is to gain an 

understanding of the existing research and debates relevant to 

a topic or area of study and to present that knowledge in the 

form of a written report. Conducting a literature review helps 

us build our knowledge in our field. 
 

Based on the product specification and customer 

requirements brake booster testing fixture will be designed. A 

Servo motor with a control mechanism, and sensors for 

measuring load, travel and pressure will be selected. The 

fixture will be subjected to various boundary conditions with 

respect to load. Finalize fixture design for fabrication. These 

are the methodologies for the project. Use Model-Based 

Design with CREO software and ANSYS for FEA analysis. 
 

New load cells with high accuracy and STS pressure 

sensors are planned to incorporate into the test fixture for more 

accuracy. 

http://www.internationaljournalssrg.org/
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Fig. 1 Methodology flow chart 

 
2.1. Existing System 

In the existing system, a list of performance tests can be 

carried out. 

• Leak test at ambient condition 

• Input load Vs Output load Characteristics 

• Return time test 

• Breakage test 

 

Problems identified from the existing systems are as follows: 

From this above list of performance tests, one of the tests, 

i.e., the Piston Return Time test, can be tested through manual 

measurements. No graphical data is available for the Piston 

Return time test. 

 

Input Travel ramp rate not achieved by the existing air 

cylinder actuating system. Unable to achieve the exact ramp 

rate as per standard. Test sequence operation and data 

acquisition program has been developed in the NI lab view 

system. The dedicated motion controller is not available in this 

system. Therefore, the set point of load, pressure, and travel 

reference values are not reached with respect to the set travel 

ramp rate. 

 

Existing syscon make Load cell sensor accuracy value is 

0.25% and capable of 100 samples per second can be 

measured. Therefore, the accuracy of test data measurement is 

reduced. Existing Test ramp rate results are not in controlled 

value. 

 

By the existing test rig is able to measure the test 

parameters only for brake booster alone with less accuracy. 

 

• Controlled feed rate is not available now. 

• Automated testing is not available. 

• Additional requirements mentioned by the latest 

customer specifications are unavailable (for ex, cut-off 

travel, Booster + TMC combined tests, and travel-

related tests). 

 

Fig. 2 Block diagram – Existing system 

 

2.2. Proposed System 

In this project, a servo-controlled actuation system with a 

lead screw mechanism is planned to achieve the controlled 

ramp rate and return time test setup incorporated with the 

fixture mechanism to operate to avoid manual measurement—

selection of pressure sensors and linear potentiometers for data 

acquisition. A new HBM makes load cell was planned to 

procure and incorporate into the test fixture for more accuracy. 

Hence the number of sampling data measurements can be 

increased. Configuration of digital I/O's, analog input signals 

and output signals in NI lab View program. Selection of servo 

motor with inbuilt motion control drive unit for installation in 

an existing test rig to achieve the travel ramp rate.  

 

3. Analysis 
3.1. Design Calculation 

3.1.1. Design of Brake Booster Fixture 

Fixture design depends on the below parameters: 

• Brake booster input and output load 

• Servo motor input load 

3.1.2. Brake Booster Input and Output Load 

Brake booster input and output load (taken from product 

drawing) 

Brake booster input load = 2500 N  

Booster ratio = 6.7 

Vacuum = 600 mmHg 

Booster output load = 7850 N 

For TMC input load: 

TMC die = 28.57 mm 

TMC area = π/4*28.57*28.57 

 = 640.75 mm2 

Max delivery pressure = 140 bar 

Required input load = 8970.5 N 

Servo motor selection was made based on the booster testing 

requirements 

SIMULATION

MATERIAL PROCUREMENTS

FIXTURE DESIGN

SELECTION OF SERVO UNIT, SENSORS

PRODUCT TESTING REQUIREMENTS

LITERATURE REVIEW AND PROBLEM IDENTIFICATION MANUAL SWITCH

3/2 SOLENOID VALVE

AIR CYLINDER

INPUT LOAD,LVDT

BOOSTER OUTPUT
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Fig. 3 Servo motor 

 

A servo motor is a rotary actuator that allows for precise 

control of angular position. It consists of a motor coupled to a 

sensor for position feedback. It also requires a servo drive to 

complete the system. The drive uses the feedback sensor to 

control the rotary position of the motor precisely. 

 

3.1.3. Calculation of Servo Motor with Gearbox Output 

Ramp Rate 

Table 1. Calculation of ramp rate 

Parameters Unit 

Servo motor-rated speed 4000 RPM 

Gearbox ratio 5 

Gearbox output speed 800 RPM/13.33RPS 

Ball screw pitch 5mm 

Max travel per second 66.66mm 

 

3.2. FEA Analysis  

Based on the product specification, the fixture design has 

arrived, and the fixture model has been generated by CREO 

software. 

Boundary Conditions: 

Case: 1 

 
 

 

Summary: 

1) 15000N is applied at the Booster mounting plate. 

2) [The input force applied by the servo motor to 

check VBV performance is 2500N, but due to air 

pressure and diaphragm, the load is multiplied up 

to a max of 15000N. Therefore, 15000N is 

applied] 

3) Fixed support is given at the base rivet holes. 

 

Case: 2 

 
Summary: 

1) 12000N is applied at the Bearing rivet holes 

2) [The max. load of the servo motor is 12000N. 

Therefore, 12000N is applied at the Lead screw 

nut lock; in this case, there will be a vacuum inside 

VBV] 

3) Fixed support is given at the base rivet holes. 

 

CASE 1-Stress Results 

 
Fig. 4 CASE 1-Stress results 
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Summary: 

 

1) The max. equivalent vonMises stress (315 MPa) is 

induced in the weld region 

2) The vonMises stress induced in the Booster 

mounting plate is 129MPa, which is below Mild 

Steel yield strength 370MPa. 

CASE 1-Deformation Results 

 

Fig. 5 CASE 1- Deformation results 

 

 

The max. total deformation of 0.586mm is noted in the 

Booster mounting plate at 15000N 

CASE 2-Stress Results 

 

Fig. 6 CASE 2- Stress results 

 

The max. equivalent vonMises stress(216 MPa) is 

induced in the weld region. 

 

The vonMises stress induced is less than Mild Steel 

yield strength 370MPa. 

CASE 2-Deformation results 

 
 

Fig. 7 CASE 2- Deformation results 
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The max. total deformation of 0.299mm is noted in the 

Lead screw nut block at 12000N. 

 

4. Results 
It is observed that the induced vonMises stresses in both 

cases are less than the Mild Steel yield limit (370 MPa). 

The deformation observed is 0.586mm and 0.299mm for 

case 1&2, respectively. 

 

 

Table 2. Simulation results 

Cases Load 

(N) 

Max. vonMises 

Stress (MPa) 

Allowable stress 

(Mpa) 

Factor of 

safety 

(FOS) 

Deformation (mm) Remarks 

Case1 15000  315 370 1.17 0.586 Safe 

Case2 12000  216 370 1.71 0.299 Safe 

5. Conclusion 
In this project, the testing requirement of the brake 

booster, tandem master cylinder and VTMC were identified 

with various customer requirements as well as JASO 

standards. The brake booster test fixture's design, modeling, 

and simulation were completed successfully. The Sensors, 

Servo motor and gearbox selection were completed, and 

procurements are in progress. 

 

Future work 
Proving the proto-model development, testing is the only 

way of approach. So below works are planned for the next 

phase of the project. 

• Fabrication of brake booster test fixture. 

• NI program will be generated with respect to brake 

booster testing requirements. 

• Hardware and software will be integrated for data 

logging and communication through the NI program 

with the servo drive system. 

• Followed by it, a measurement system analysis will be 

made for the developed brake booster test rig. 

• The test will be conducted with respect to brake booster 

specifications. 

• Test results are analyzed and concluded. 

 

Acknowledgement 
Author knowledges to Mr.S. Vinoth kumar, Teaching 

fellow, Department of automobile engineering, Madras 

Institute of Technology, Anna University-Chennai, for his 

valuable guidance, suggestion, and immense support for the 

smooth progress of the project. 

 

References 
[1] Keshav Bimbraw, "Autonomous Cars: Past Present and Future A Review of the Developments in the Last Century the Present Scenario 

and the Expected Future of Autonomous Vehicle Technology," 12th International Conference on Informatics in Control, Automation and 

Robotics, vol. 1, pp. 191-198, 2015. [Google Scholar] [Publisher Link] 

[2] Y. Masuda et al., "Development of an Electronically Controlled Brake System for Fuel-Efficient Vehicles," SAE World Congress and 

Exhibition, pp. 12-16, 2016. [CrossRef] [Google Scholar] [Publisher Link] 

[3] Selim A. Oleksowicz et al., "Regenerative Braking Strategies Vehicle Safety and Stability Control Systems: Critical Use-Case 

Proposals," Vehicle System Dynamics, vol. 51, no. 5, pp. 684-699, 2013. [CrossRef] [Google Scholar] [Publisher Link] 

[4] E. V. Bunyaeva et al., "A Method for Improving the Energy Efficiency of an Alternating Current Electric Locomotive in the Regenerative 

Braking Mode," Russian Electrical Engineering, vol. 87, no. 2, pp. 73-76, 2016. [CrossRef] [Google Scholar] [Publisher Link] 

[5] Z. Liu et al., "Methods of Measuring Regenerative Braking Efficiency in a Test Cycle," SAE International Journal of Alternative 

Powertrains, vol. 6, no. 1, pp. 103-112, 2017. [Google Scholar] [Publisher Link] 

[6] CS Nanda Kumar, and Shankar C Subramanian, "Cooperative Control of Regenerative Braking and Friction Braking for a Hybrid Electric 

Vehicle," Proceedings of the Institution of Mechanical Engineers, Part D: Journal of Automobile Engineering, vol. 230, no. 1, pp. 103-

116, 2016. [CrossRef] [Google Scholar] [Publisher Link] 

 

 

https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Autonomous+Cars%3A+Past+Present+and+Future+A+Review+of+the+Developments+in+the+Last+Century+the+Present+Scenario+and+the+Expected+Future+of+Autonomous+Vehicle+Technology&btnG=
https://ieeexplore.ieee.org/abstract/document/7350466
https://doi.org/10.4271/2016-01-1664
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Development+of+an+Electronically+Controlled+Brake+System+for+Fuel-Efficient+Vehicles&btnG=
https://www.sae.org/publications/technical-papers/content/2016-01-1664/
https://doi.org/10.1080/00423114.2013.767462
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Regenerative+Braking+Strategies+Vehicle+Safety+and+Stability+Control+Systems%3A+Critical+Use-Case+Proposals&btnG=
https://www.tandfonline.com/doi/abs/10.1080/00423114.2013.767462
https://doi.org/10.3103/S1068371216020024
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+Method+For+Improving+the+Energy+Efficiency+of+An+Alternating+Current+Electric+Locomotive+in+the+Regenerative+Braking+Mode&btnG=
https://link.springer.com/article/10.3103/S1068371216020024
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Methods+of+Measuring+Regenerative+Braking+Efficiency+in+A+Test+Cycle&btnG=
https://www.jstor.org/stable/26169154
https://doi.org/10.1177/0954407015581082
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Cooperative+Control+of+Regenerative+Braking+and+Friction+Braking+For+A+Hybrid+Electric+Vehicle&btnG=
https://journals.sagepub.com/doi/abs/10.1177/0954407015581082?journalCode=pidb


A Gopinath et al. / IJME, 9(6), 8-13, 2022 

 

13 

[7] Farshid Naseri, Ebrahim Farjah, and Teymoor Ghanbari, "An Efficient Regenerative Braking System Based on Battery/Supercapacitor 

for Electric Hybrid and Plug-in Hybrid Electric Vehicles with Bldc Motor," IEEE Transactions on Vehicular Technology, vol. 66, no. 5, 

pp. 3724-3738, 2017. [CrossRef] [Google Scholar] [Publisher Link] 

[8] Bernhard Eichhorn, Steffen König, and Thorsten Ullrich, "Electronic Brake Control for Greater Active Safety," Auto Tech Review, vol. 4, 

no. 4, pp. 30-33, 2015. [CrossRef] [Google Scholar] [Publisher Link] 

[9] S. Ko, C. Song and H. Kim, "Cooperative Control of the Motor and the Electric Booster Brake To Improve the Stability of an in-Wheel 

Electric Vehicle," International Journal of Automotive Technology, vol. 17, no. 3, pp. 447-456, 2016. [CrossRef] [Google Scholar] 

[Publisher Link] 

[10] Jiweon Ko et al., "Development of Brake System and Regenerative Braking Cooperative Control Algorithm For Automatic-Transmission-

Based Hybrid Electric Vehicles," IEEE Transactions on Vehicular Technology, vol. 64, no. 2, pp. 431-440, 2015. [CrossRef] [Google 

Scholar] [Publisher Link] 

[11] E. Jack, and S Robert, Automotive Technology, Delmar Publishers, 1992. [Google Scholar] 

[12] Jack Erjaec, Automotive Brakes, Natef, 2004. [Google Scholar] [Publisher Link] 

[13] S. P. Jung et al., “Development of the Brake System Design Program for a Vehicle,” International Journal of Automotive Technology, 

vol. 9, no. 1, pp. 45–51, 2008. [CrossRef] [Google Scholar] [Publisher Link] 

[14] K. Jeon et al., “Development of a Fail-Safe Control Strategy Based on Evaluation Scenarios for an FCEV Electronic Brake System,” 

International Journal of Automotive Technology, vol.13, no.7, pp. 1067-1075, 2012. [CrossRef] [Google Scholar] [Publisher Link] 

[15] L.M. Ho et al., “The Electronic Wedge Brake-Ewb,” SAE Paper. No. 2006-01-3196, 2006. [CrossRef] [Google Scholar] [Publisher Link] 

[16] J. K. Ahn et al., “Analysis of A Regenerative Braking System for Hybrid Electric Vehicles Using an Electro-Mechanical Brake,” 

International Journal of Automotive Technology, vol. 10, no. 2, pp. 229-234, 2009. [CrossRef] [Google Scholar] [Publisher Link] 

[17] Reza Hoseinnezhad, and Alireza Bab-Hadiashar, “Recent Patents on Measurement and Estimation in Brake-by-Wire Technology,” Recent 

Patents on Electrical Engineering, vol. 2, pp. 54-64, 2008. [Google Scholar] [Publisher Link] 

[18] J. G. Kim et al., “ABS/ESC/EPB Control of Electronic Wedge Brake,” SAE Paper. No. 2010-01-0074, 2010. [CrossRef] [Google Scholar] 

[Publisher Link] 

[19] W. Hwang, K. Han, and K. Huh, “Fault Detection and Diagnosis of the Electromechanical Brake Based on Observer and Parity Space,” 

International Journal Automotive Technology, vol. 13, no. 5, pp. 845-851, 2012. [CrossRef] [Google Scholar] [Publisher Link] 

[20] A. Semsey, and R Roberts, “Simulation in the Development of the Electronic Wedge Brake,” SAE Paper. No. 2006-01-3196, 2006. 

[CrossRef] [Google Scholar] [Publisher Link] 

[21] Y. H. Ki et al., “Design and Implementation of a New Clamping Force Estimator in Electro-Mechanical Brake Systems,” International 

Journal Automotive Technology, vol. 14, no. 5, pp. 739-745, 2013. [CrossRef] [Google Scholar] [Publisher Link] 

[22] Henry Hartmann et al., “ eBrake-the Mechatronic Wedge Brake,” SAE Paper. No. 2002-01-2582, vol. 111, no. 6, 2002. [Google Scholar] 

[Publisher Link] 

[23] A.R Plummer, “Model-in-the-Loop Testing,” Proceeding of Institute of Mechanical Engineering Part I: Journal Systems and Control 

Engineering, vol. 220, no. 3, pp. 183-199, 2006. [CrossRef] [Google Scholar] [Publisher Link] 

[24] Richard Roberts et al., “Testing the Mechatronic Wedge Brake,” SAE Paper. No. 2004-01-2766, 2004. [Google Scholar] [Publisher Link] 

[25] Vimal Rau Aparow et al., “Model-in-the-Loop Simulation of Gap and Torque Tracking Control Using Electronic Wedge Brake Actuator,” 

International Journal of Vehicle Safety, vol. 7, no. 3-4, pp. 390-408, 2014. [CrossRef] [Google Scholar] [Publisher Link] 

[26] M. A. A. Emam et al., “Performance of Automotive Self Reinforcement Brake System,” Journal of Mechanical Engineering, vol. 1, no. 

1, pp. 4-10, 2012. [Google Scholar] [Publisher Link] 

[27] Kwangjin Han, Myoungjune Kim, and Kunsoo Huh, “Modeling and Control of an Electronic Wedge Brake,” Proceedings of the Institution 

of Mechanical Engineers, Part C: Journal of Mechanical Engineering Science, vol. 226, no. 10, pp. 2440-2455, 2012. [CrossRef] [Google 

Scholar] [Publisher Link] 

[28] Venkata Ramesh Mamilla, and M.V. Mallikarjun, “Control of Electro-Mechanical Brake with Electronic Control Unit,” International 

Journal of Electronic Engineering Research, vol. 1, no. 3, pp. 195-200,2009. [Google Scholar] [Publisher Link] 

[29] W. G. Li et al., “Design of Hill Start Auxiliary System Controller Based on Atmega32,” Journal of Machinery and Electronics, vol. 10, 

p. 008, 2009. 

[30] Poh Ping Em, Khisbullah Hudha, and Hishamuddin Jamaluddin, “Automatic Steering Control For Lanekeeping Maneuver: Outer-Loop 

and Inner-Loop Control Design,” International Journal of Advanced Mechatronic Systems, vol. 2, no. 5/6, pp. 350-368, 2010. [CrossRef] 

[Google Scholar] [Publisher Link] 

[31] S. Mehta, and J. Chiasson, “Nonlinear Control of a Series Dc Motor: Theory and Experiment,” IEEE Transactions on Industrial 

Electronics, vol. 45, pp. 134-141, 1998. [CrossRef] [Google Scholar] [Publisher Link]

 

https://doi.org/10.1109/TVT.2016.2611655
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=An+Efficient+Regenerative+Braking+System+Based+on+Battery%2FSupercapacitor+For+Electric+Hybrid+and+Plug-in+Hybrid+Electric+Vehicles+with+Bldc+Motor&btnG=
https://ieeexplore.ieee.org/abstract/document/7572053
https://doi.org/10.1365/s40112-015-0896-7
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Electronic+Brake+Control+For+Greater+Active+Safety&btnG=
https://link.springer.com/article/10.1365/s40112-015-0896-7
https://doi.org/10.1007/s12239-016-0046-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Cooperative+Control+of+the+Motor+and+the+Electric+Booster+Brake+To+Improve+the+Stability+of+an+in-Wheel+Electric+Vehicle&btnG=
https://link.springer.com/article/10.1007/s12239-016-0046-5
https://doi.org/10.1109/TVT.2014.2325056
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Development+of+Brake+System+and+Regenerative+Braking+Cooperative+Control+Algorithm+For+Automatic-Transmission-Based+Hybrid+Electric+Vehicles&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Development+of+Brake+System+and+Regenerative+Braking+Cooperative+Control+Algorithm+For+Automatic-Transmission-Based+Hybrid+Electric+Vehicles&btnG=
https://ieeexplore.ieee.org/abstract/document/6819438
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Automotive+Technology&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Automotive+Brakes&btnG=
http://sutlib2.sut.ac.th/sut_contents/H95946.pdf
https://doi.org/10.1007/s12239-008-0006-9
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Development+of+the+Brake+System+Design+Program+for+a+Vehicle&btnG=
https://link.springer.com/article/10.1007/s12239-008-0006-9
https://doi.org/10.1007/s12239-012-0109-1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Development+of+A+Fail-Safe+Control+Strategy+Based+on+Evaluation+Scenarios+For+An+Fcev+Electronic+Brake+System&btnG=
https://link.springer.com/article/10.1007/s12239-012-0109-1
https://doi.org/10.4271/2006-01-3196
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=the+Electronic+Wedge+Brake-Ewb&btnG=
https://www.sae.org/publications/technical-papers/content/2006-01-3196/
https://doi.org/10.1007/s12239-009-0027-z
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Analysis+of+A+Regenerative+Braking+System+For+Hybrid+Electric+Vehicles+Using+An+Electro-Mechanical+Brake&btnG=
https://link.springer.com/article/10.1007/s12239-009-0027-z
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Recent+Patents+on+Measurement+and+Estimation+in+Brake-By-Wire+Technology&btnG=
https://www.ingentaconnect.com/content/ben/eeng/2009/00000002/00000001/art00007
https://doi.org/10.4271/2010-01-0074
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Abs%2FEsc%2FEpb+Control+of+Electronic+Wedge+Brake&btnG=
https://www.sae.org/publications/technical-papers/content/2010-01-0074/
https://doi.org/10.1007/s12239-012-0085-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fault+Detection+and+Diagnosis+of+the+Electromechanical+Brake+Based+on+Observer+and+Parity+Space&btnG=
https://link.springer.com/article/10.1007/s12239-012-0085-5
https://doi.org/10.4271/2006-01-0298
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Simulation+in+the+Development+of+the+Electronic+Wedge+Brake&btnG=
https://www.sae.org/publications/technical-papers/content/2006-01-0298/
https://doi.org/10.1007/s12239-013-0081-4
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Design+and+Implementation+of+A+New+Clamping+Force+Estimator+in+Electro-Mechanical+Brake+Systems&btnG=
https://link.springer.com/article/10.1007/s12239-013-0081-4
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ebrake-the+Mechatronic+Wedge+Brake&btnG=
https://www.jstor.org/stable/44719395
https://doi.org/10.1243/09596518JSCE207
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Model-in-the-Loop+Testing&btnG=
https://journals.sagepub.com/doi/abs/10.1243/09596518JSCE207?journalCode=piia
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Testing+the+Mechatronic+Wedge+Brake&btnG=
https://parshinpn.ru/ru/blog/electronic-wedge-brake-ewb-articles/sv_estop_sae_brake_colloquium_2004.pdf
https://doi.org/10.1504/IJVS.2014.063250
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Model-in-the-Loop+Simulation+of+Gap+and+Torque+Tracking+Control+Usin&btnG=
https://www.inderscienceonline.com/doi/abs/10.1504/IJVS.2014.063250
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Performance+of+Automotive+Self+Reinforcement+Brake+System&btnG=
https://d1wqtxts1xzle7.cloudfront.net/55564295/4_Performance_of_Automotive_Self_Reinforcement_Brake_System-libre.pdf?1516204039=&response-content-disposition=inline%3B+filename%3D4_Performance_of_Automotive_Self_Reinfor.pdf&Expires=1683697512&Signature=OqbZAwhwfeZb9nHzQArvg3GlmIKB8Vmp83eYLgyeu6WMs8Bd3QGPxQhQ~n8Va61gPmYtlsoZku~C8Ve2ciyE5Nyp7j4ULKEXedNka8tEVFpXUghSBzVSIFIDCDHy6jT8LjiRfnZWAe26TGvmZ6NfptdQNILN~HzHvFaLfddfIBOJOnoVr8EHy3Fl4aWnoCCI~2gGps8FvqrRKxp29smWw8JjHb61cGE2py1AXhdz9Ain3STKosOSRnpjGNwGjYe5z8pvBQFlwm1pnB-wf4gQAzSrMYw12p9FuWPq2O29yfFKt-D3kwHIug3hWEikg4S11nleppAbqSZu78HI~7rEag__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.1177/0954406211435584
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Modeling+and+Control+of+An+Electronic+Wedge+Brake&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Modeling+and+Control+of+An+Electronic+Wedge+Brake&btnG=
https://journals.sagepub.com/doi/abs/10.1177/0954406211435584?journalCode=picb
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Control+of+Electro-Mechanical+Brake+with+Electronic+Control+Unit&btnG=
https://www.idc-online.com/technical_references/pdfs/electronic_engineering/Control%20of%20Electro-Mechanical%20Brake%20with%20Electronic%20Control%20Unit.pdf
https://doi.org/10.1504/IJAMechS.2010.037101
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Automatic+Steering+Control+For+Lanekeeping+Maneuver%3A+Outer-Loop+and+Inner-Loop+Control+Design&btnG=
https://www.inderscienceonline.com/doi/abs/10.1504/IJAMechS.2010.037101
https://doi.org/10.1109/41.661314
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nonlinear+Control+of+a+Series+Dc+Motor%3A+Theory+and+Experiment&btnG=
https://ieeexplore.ieee.org/abstract/document/661314

