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Abstract — The functional parameters of Tandem Master
Cylinder of a braking system are evaluated through Tandem
Master Cylinder Performance Test Rig.Tandem Master
Cylinder ensures required pressure buildup in the hydraulic
line of braking system.In existing Tandem Master Cylinder
Performance Test Rig, two areas have been identified for
improvement.First one is manual measurements of TMC
Crack-off hole test and Piston Return Time Test.Second one
is inability to achieve accurate travel ramp rate.Manual
measurement of TMC Crack-off hole test is overcome hy
incorporating pressure and travel sensor for data
measurement and also developing a new pneumatic
circuit. Manual measurement of TMC Piston Return Time
Test is overcome by designing and fabricating a new test
fixture assembly.To achieve accurate travel ramp rate, a
servo motor with inbuilt servo drive programming unit is
incorporated.To interface the servo drive program with
LabVIEW application for achieving the travel ramp rate and
test data capturing in LabVIEW.Comparison of existing test
method data and experimental new test sequence graphical
data can be generate based on the results, identify the test
quality improvement and accuracy.

Keywords — Tandem Master Cylinder, LabVIEW,
Kollmorgen Automation Suite, Performance Test rig, Virtual
Instrumentation.

I. INTRODUCTION

A Tandem Master Cylinder has to be designed to
provide pressurized fluid wvolume for braking in
automobiles.It works under the principal of Pascal’s law.This
device is to be mounted in line with vacuum booster.For
normal operation,the output force from vacuum booster is
used to operate TMC which in turn generates hydraulic
pressure for actuating wheel cylinder or brake caliper

HSE)

depending upon type of brake system(drum or disc).It has
two independent circuits’ viz., primary and secondary for
effective braking.In case of failure in one of the circuits,the
other will serve the purpose and hence partial braking will be
achieved.A Tandem Master Cylinder device performance can
be qualifying by performance test rig.In existing TMC
performance test rig is available to test the TMC crack-off
hole test and Piston Return Time test by manual operating
method and manual data capturing process.To avoid the
manual measurement due to human errors and improving the
testing quality standard by implementating new technique in
existing TMC performance test rig.In this new method of
testing development can be differentiate the test
quality,accuracy and test lead time.

By implementating the new concept in existing
sytem,design of pneumatic circuit for crack-off test and
fabrication of operating panel can be develop integrate with
existing test rig.For piston return time test,new test fixture to
be design for measuring the TMC input rod travel.Both real
time test data capturing process done through NI LabVIEW
software.The servo drive system is implementating for
higher accuracy and position control with respect to the
reference inputs.

Explanation about the existing test rig block diagram
function.NI labVIEW application is developed for test
logical sequence,parameter configuration,manual mode
operation, automode operation and test data capturing
operation.Servo Motor drive control inputs was connected to
NI digital output module.The servo drive control program
was taken by NI labVIEW application.The test data
capturing was taken by NI labVIEW application parallely.All
the modules like Digital input and output, analog input and
output were connected to NI module chassis.In this system
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all the control process for input,output and data capturing has
been programmed in sequencial logic in NI labVIEW
application.

Servo Drive

I Input I : NI Module I I Output I
Control On Pressure Solenoid Valves
Reset Load Servo On
Emergency Travel Servo Forward
Limit switch Vacuum sensors Servo reverse

Vacuum pump
On-Off

Fig 1: Block diagram of existing performance test rig

Therefore, the controlling of motor with respect to load,
travel and pressure set point not able to control accurately
and travel ramp rate tunning was not achieved in this
system.The major point found from the existing system is
delay in communication for motor control with respect to
sensors.Based on this control issue, some of the test
parameter was measured through manual operation.Two of
the test sequence Crack-off hole Test and Piston return time
test results were manual operation.

1. EXISTING TEST METHOD CONCEPT
A. Crack-off hole test

The test condition of crack-off hole test is to apply air
pressure of 2+0.1 bar to TMC outlet ports (primary and
secondary). Route the supply ports to container filled with
water.Gradually apply stroke to the input rod and observe
the stroke to the input rod and observe the stroke at which
the air bubble pop out stops.The TMC input rod stroke value
is manually noted by visually identifying the air bubble pop
out stop condition.Therefore, human error can be vary by
manual and no graphical data available for this test.Below
test setup condition shown in figure 2.

Fig 2: Existing test method of crack-off hole test

B. Crack-off hole test results

Crack-off Travel in mm
Trials | Spec. | TMC-1linmm | TMC-2inmm
Pri. Sec. Pri. Sec.
1 1.8+0.6 1.1 0.9 1.0 1.1
2 mm 1.0 0.9 1.1 0.9
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Pri. — TMC primary travel, Sec. — TMC secondary travel

C. Piston Return Time test

The test condition of piston return time test is to bleed the
master cylinder with brake fluid. Traverse the piston to the
ful stroke by opening the outlet ports. Close the outlet port
and allow the piston to return its initial position. Time taken
for full stroke to home position shall be measured.
Acceptance criteria is piston should returnto home position
from full stroke condition in 1.5sec maximum.The
measurement of time value is noted by using stopwatch
manually. Therefore, human error can be vary due to manual
measurement. Unable to measure the exact time of piston
return time for TMC.Below test setup condition shown in
figure 3.

Fig 3: Existing test method of piston return time
test

D. Piston Return Time test results

Trial Piston return travel time in sec
e L. TMC -1 TMC -2
S Specification . .
in mm in mm
1 0.90 0.90
2 1.5 sec 0.97 0.95
3 1.1 0.97

I1l. PROPOSED NEW TEST METHOD CONCEPT

A. Block diagram of proposed concept

The proposed concept of block diagram shown in the
figure  below.To avoid the human error for
measurement.New servo drive inbuilt programming
controller is integrated along with pressure sensor, travel
sensor and loadcell also accompanied in this existing
system.For achieveing accurate ramp rate and delay in the set
point achievement.Therefore, more accurate test result and
graphical data can be gathered with the NI system program.



H.Venkatesh et al. / IIME, 8(5), 41-46, 2021

Servo Drive
Inbuilt
Programmable
Controller

Pressure
Load
Travel

Communication

I Input I

‘Vacuum sensors

I NI Module I l Output I

Control On
Reset
Emergency
Limit switch

Solenoid Valves
Servo On
Servo Forward
Servo reverse
Vacuum pump
On-Off

Fig 4: Block diagram of proposed concept

In this concept, test sequence program developed for
both crack-off test and piston return time test.Test parameter
configuration program has been included in existing program
as per test condition.Dedicated kollmorgen automation Suite
programming software used for controlling the servo motor
drive control parameter.The transfer of test control parameter
from NI LabVIEW application to Kollmorgen automation
Suite via MODBUS communication.

B. Configuration of new test sequence in NI labVIEW

a) LabVIEW:It is a system development software for
applications that can require measurement, testing, control,
and control steps with quick access to hardware and data
insights.It is a laboratory virtual instrument engineering
workbench like oscilloscope, and multimeters etc.It consists
of variety of tools for collecting, analyzing, displaying, and
data storing as well as troubleshooting the program code.The
software platform consists of front panel, elements palette,
operating and display elements, block diagram, connectons,
constants, control and display elements, block diagram
nodes, functionality palette, and VIs functions.

b) Configuration of Test Sequence:Test parameter
configuration has been created for various test sequence as
per test requirements.Creating the tets sequence,entry of test
parameter for servo motor forward and reverse ramp rate,
travel set limit for forward and load parameter.Test
parameter edit, save, save as, create, and delete option
provided for user operation. Automode option is used for
testing the configured tets sequence.Each test consists of
several test sequence which has a unique name provided by
user. This test sequence has been automately updated in
automode sequence, whereas user can select the required test
sequence to conduct the test.
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Fig 5: Crack-off test parameter entry screen
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Fig 6: Piston return time test parameter entry screen

Fig 7: Automode screen

The configured test parameter entry screen figure shown in
above for crack-off test ,piston return time test and
automode screen.Main Navigation button provided for user
can jump from current mode to mainmode screen.In
Automode screen configured test sequence can select and
test start option is provide to the start the test sequence. In
this automode real time time data can dynamically data like
senors values pressure, travel, load, and vacuum. The test
running message was updated sequencing process like
status of test Home condition OK, Emergency push button
applied, Control ON and Reset.
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C. Integration of kollmorgen automation Suite and NI

LabVIEW

AKD PDMM- Programmable drive,multi-axis master used in
this project. It provides an integrated servo drive and
automation controller.Ilt combines one AKD servo axis, a
master controller that can supports up to seven or more
addition axes, and the full automation capability of
kollmorgen automation suite in a single compact package
system.This KAS suite includes drives, motors,software, and
feedback devices to perform fully automate and control every
axis of tour entire software application.This platform chosed
for this proposed concept and separate front control panel
and back end program developed for servo motor drive
control applications.In this drive for feedback control
separate analog module provided for sensor connection based
on the refernce point can control the servo motor drive and
digital module also available for control signal like servo
drive on, servo forward, reverse and reset. Front end
operating panel is shown in the below figure.

}‘_‘ Kolimorgen Automation Suite
% Control Panel ACTUAL
5! #  Machine STATE E-STOP PT-1-SET POINT 71 [ 183105
= Intialised
: fato Moce Q ® Power PT-2- SET POINT 72 [0.12207
n ]- e @ Running LVOT SETPOINT [ 42.4 0073242
] v sop ® FAULT
) LOAD SET POINT [ 5000 [1.88361
i pr—
awees [0 e [0 ] REV SPEED 5 SERVO VELOCITY (mmvs)
R — -0.331933
o | 0 FWD SPEED 0.2
= — e )
ESTOP  AMAN ssa»:-:ev sskv:sw: '_\':T RESET  ceovoposiTion [ 0000072
|

Fig 8: Kollmorgen Automation Suite — Control panel

The above figure denotes the status of drive condition
like initializing, power, running, and fault.Machine state can
be identify by slider bar which position it is in automode,
manual, and off state.If manual mode selected jog mode is
enabled for manual operation.If automode selected based on
the test sequence parameter like servo forward speed, reverse
speed with respect to pressure, travel, and load set point will
work.Actual values of all sensors were displayed in the
control panel.

IV. IMPLEMENTATION OF NEW TEST METHOD
AND RESULTS

A. New test method of Crack-off test:

a) Test condition:Connect 0.2 bar air supply to the outlet
ports (primary and secondary) and travel the push rod at a
feed rate of 0.2+0.1mm/s and measure pressure value by
pressure transducer at outlet port (primary and secondary).
Once pressure reaches from 0.2 to 0.3 bar(back pressure) to
measure push rod stroke and load.Acceptance criteria is
1.8+0.6mm travel, crack -off pressure at 0.2 to 0.3bar.

b) Test Setup: Below test setup shows the crack-off test
operating panel.
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Fig 9: Crack-off test operating panel

It consists of pneumatic circuit for back pressure
concept.Digital pressure switch is provided for setting the
pressure in both circuits.Flow control valve provided for
setting the flow pressure when the TMC inlet and outlet open
to atmosphere condition.Shut-off valve is fixed in the
pressure sensor manifold for open and close purpose.Air
filter with regulator 5 micron is provided for main circuit of
pneumatic devices. Five litre stainless reservoir for avoiding
pressure undulation. Two low pressure sensor is used in this
circuit for data capturing with respect to travel.One sensor is
fixed primary port manifold and another sensor is fixed in
secondary port manifold.

) Test Results:Below test result shows the crack-off travel
and pressure data at which the hole presence from home
position of TMC.Therefore, the graphical data gives the
accurate data compare to previous test method manual entry
data.Test quality standard improved and travel ramp rate is
achieved.

035

0.3 +
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~——'Pri crack off reverse” ||

! ——'sec crack off reverse

01+

Primary & Secondary Crack Off Pressure(bar)

35 a as 5

TMCinput Travel(mm)

Fig 10: Crack-off test (TMC Travel Vs Pressure
Sensor)
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Crack-off Travel in mm
Trials | Spec. | TMC—-1inmm | TMC -2 in mm
Pri. Sec. Pri. Sec.
1 1.8+06 | 2.0 1.6 1.9 1.6
2 mm 2.0 1.6 1.9 1.6

Pri. — TMC primary travel, Sec. — TMC secondary travel

B. New test method of Piston Return Time test:

a) Test condition: Bleed the master cylinder with brake
fluid. Traverse the piston to the full stroke by opening the
outlet ports.Close the outlet port and allow the piston to
return to initial position. Time taken for full stroke to home
position shall be measured.Acceptance criteria is piston
should return to home position from full stroke condition in
1.5sec Maximum.

b) Test Setup: Below test setup indicates the piston return
time test fixture assembly for measuring the piston travel.

Fig 11: Piston return time test fixture assembly

The above fixture assembly consists of guide rod with
ball bearing bush which is located in the guide rod mounting
plate. There is no fixed connectivity between TMC piston and
guide rod assembly for measuring the piston return
travel. Therfore, the TMC piston real travel value can be
achieved.With the help of TMC return force only the piston
can travel to home position at that time guide rod can move
along with this TMC force.Logic behind in this test is motor
will reach its home position very fast, guide rod will move
with the help of TMC return force only. Travel sensor is
fixed in the guide rod assembly with the help of mounting
plate.Through the travel sensor, we can measure the TMC
piston travel with respect to time.

c) Test Results:Below test result shows the piston return time
travel and time data to find the time taken to reach home
position.Therefore, the stop watch manual time measurement
method can be eliminated and improved with graphical data.
Accuracy tets method and quality is improved.

PRT Test - Time Vs TMC Input Travel

®

—— TMC Input travel REV

.

1.12 sec - TMC piston reaches
home condition

®
1
T

TMC Input travel REV [MM]
1]
|
T

50
Rev Time [SEC]

Fig 12: Piston return time test (Time Vs TMC
piston return travel)

Piston return time test results

Trials | TMC input rod return time in sec
1 1.12
2 1.14

PRT Test specification :1.5 sec maximum

C. Benefits of PRT Test:

S.No | Before Implementation After Implementation
Unable .to measure the Able to measure the exact
1 exact time of return .
time of PRT test
travel
2 It leads :gs\lljvlrtong test Exact test result measured

3 Reduced testing quality

Enhanced testing quality

There is no proper setup

Developed proper test setup

4 for PRT for PRT
Unable to get the Dz_;lta acquisition program
5 . included for best data
graphical test data .
capturing
6 Manual entry of test Manual intervention avoided
results (not error free)
7 No travel ramp rate Controlled travel ramp rate
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V. CONCLUSION
This paper has introduced a new method for testing the

TMC crack-off hole presence can be find easily and another
new technique for finding the TMC piston return time
measurement with graphical data plots.This technique can be
applicable for various componets also in terms of travel
measurement in critical area. Back pressure concept is used
for crack-off test effectively it is working nad graphical data
shows the effective and accuracy results.From this



H.Venkatesh et al. / IIME, 8(5), 41-46, 2021

achievement we can save the manual operating time, testing
time and data analyzing time.Same time for other
performance test would be improved by implementating the
inbuilt servo programming system.Use of NI labVIEW
application for test sequence operation and data capturing
can be improve the performance as well as reliability of the
system.

VI. FUTURE WORK

Number of logical test sequence will be develop for
further new test requirements.Additional sensor will be
include for new test concept where as analog input channels
are available.Automatic report generation in LabVIEW
software based on user requirements.Band width entry for
test  parameter in  real time data  analysis
purpose.Vacuumbooster with tandem master cylinder will be
test in future for that need to develop and design product
mounting plate and extension rod.
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