MSC Software | CASE STUDY

Case Study: Meritor
Adams Used to Simulate New Control
Strategy that Reduces Truck Stopping
Distance by over 30%
Overview
Regulators are continually increasing the performance
standards required of automobile manufacturers. An
example is FMVSS 105 and 121 which define the
performance of braking systems and are intended to
ensure safe braking performance under normal and
emergency conditions for heavy trucks and trailers.
A typical change in these regulations is to reduce the
distance required to stop the truck under emergency
conditions. This can be achieved by designing bigger,
heavier, more expensive brakes. Ragnar Ledesma,
Principal Engineer for Meritor, took a different approach by
addressing the algorithms used to control anti-lock braking
systems used in nearly all medium- and heavy-duty trucks.

Evaluate the performance of AntilockBraking Systems (ABS) using Adams

“We use Adams as our primary multibody simulation tool because it has
demonstrated the ability to simulate a wide range of very complicated applications
with a high level of accuracy. Adams provided virtual testing of the new braking
algorithm on a vehicle system-level model, making it possible to evaluate its
performance without expensive prototype iterations.”
Ragnar Ledesma, Principal Engineer, Meritor

Overview
ABS systems are based on the mu-slip curve
which defines the relationship between
longitudinal tire slip and braking torque. The
point in the mu-slip curve where maximum
braking torque occurs varies from tire to tire
but typically is in the area of 10% to 15% tire
slip. As the pressure exerted by the brakes
increases, tire slip increases past this optimal
point and the available braking torque is
reduced. The purpose of the ABS system is
to keep the braking pressure from increasing
substantially past the point at which maximum
braking torque occurs. Besides increasing
braking torque, ABS systems also enable
the tires to continue to roll which helps
the driver maintain steering capability.
ABS systems typically estimate longitudinal
tire slip by comparing the velocity of each
individual wheel to the velocity of the vehicle.
The velocity of each wheel can be easily
measured with a sensor. The velocity of the
vehicle cannot be directly measured so a
reference velocity that serves as an estimate
of the vehicle velocity is calculated by an
algorithm that uses as input the speed of each
individual wheel as well as other factors such

as steering wheel angle, yaw rate and whether
the car is in the braking or accelerating mode.
The current generation of anti-lock braking
systems are limited by the fact that they
utilize discrete control systems with only three
states – increase pressure, reduce pressure
and hold pressure constant. This limits their
ability to maximize braking torque during the
entire braking event with the result that the tire
slip ratio undergoes considerable fluctuations
above and below the optimal value.

Challenge
Ragnar Ledesma, Principal Engineer for
Meritor, had the idea of using a more
sophisticated sliding mode control, also
known as a variable structure control, to
continuously control the brake pressure
applied to each wheel with the goal of
maintaining longitudinal slip very closely
to the optimal value throughout the entire
braking event. He developed a decentralized
strategy that controls the brake torque
in each wheel independently of the other
wheels, decoupling the vehicle into separate
subsystems. Each subsystem has only one
control input variable (brake torque), based
on one controlled variable, the tire slip
ratio. The other states of the system include
the tire braking force, the wheel angular
velocity and the spindle fore-aft velocity.
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Benefits:
• Leveraged Adams-Controls
Integration to provide virtual testing of the new braking algorithms
used in the ABS system
• Achieved a reduction in truck
stopping distance by over 30%
using current disc braking
systems
• Evaluated the truck braking
performance without many
expensive prototypes iterations
In order to evaluate and demonstrate the
effectiveness of this approach, Ledesma
faced the challenge of accurately simulating
the operation of the control system and
the vehicle during a braking event.

Solution
Ledesma made the decision to use Adams
because Meritor uses Adams on a regular
basis to simulate a wide range applications

An estimate of the braking force is required
to compute the equivalent control torque.
This is obtained by using an adaptive
nonlinear observer. This is a set of differential
equations set up to emulate a specified plant,
in order to obtain estimates for the state
variables of the system, given measured
time histories of plant inputs and outputs.
Figure 1: Panic stop with conventional ABS: 1) top graph shows angular velocity of the wheel 2) second
from top graph shows first derivative of top graph – angular acceleration of wheel 3) third from top shows
control state – increase, hold or decrease 4) fourth from top shows brake pressure at master cylinder

Figure 2: Adams model of the tractorsemi-trailer combination

involving vehicle handling and stability, ride
performance and prediction of dynamic
loads on suspension components and
axles. “We use Adams as our primary
multibody simulation tool because it has
demonstrated the ability to simulate a wide
range of very complicated applications with
a high level of accuracy,” Ledesma said.
“Adams provided virtual testing of the new
braking algorithm on a vehicle system-level
model, making it possible to evaluate its

performance without expensive prototype
iterations.” 1D simulation software was
used to model the control system and this
software was integrated with Adams.
To evaluate the new control concept,
Ledesma modeled a loaded tractor-semitrailer with a total gross vehicle weight of
76,500 lbf undergoing a panic stop from 60
mph. Direct measurements are performed
within the simulation for the wheel angular

velocities and spindle fore-aft acceleration
at each wheel end. The spindle acceleration
signals are numerically integrated to estimate
the spindle fore-aft velocity. The simulation
assumes that the brake systems can deliver
the required brake torque. The peak values
of the required brake torque are: 12,000
N-m at 55 mph for the front axle, 20,000
N-m at 55 mph for the tandem drive axles,
and 14,600 N-m at 55 mph for the trailer
tandem axles. Current disk and drum brakes
can meet these torque requirements.

Results/Benefits
The simulation showed the proposed control
system brings the vehicle to a complete stop
in less than 4 seconds in a stopping distance
of 177 feet (54 meters), demonstrating a
way to meet the requirements of a tougher
regulation without major changes to braking
hardware. The results show a nearly constant
deceleration response at the driver seat
as opposed to the cyclical response with
conventional ABS braking. The explanation
for the improved performance is explained
by the simulation results. The wheel angular
velocities and tire slip ratios do not fluctuate
from their desired values, hence the new ABS
control system can sustain maximum braking
forces almost over the entire braking cycle.

Figure 3: Wheel angular velocities in panic stop from 60 mph

About Meritor
Meritor is a leading global supplier of
drivetrain, mobility, braking and aftermarket
solutions for commercial vehicle and industrial
markets. The company’s Commercial
Truck & Industrial group supplies drivetrain
systems and components including axles,
drivelines, braking and suspension systems,
primarily for medium- and heavy-duty
trucks in North America, South America
and Europe. The Aftermarket & Trailer group
supplies new and remanufactured axles,
brakes, suspensions, transmissions and
components for aftermarket customers.
Figure 4: Vehicle speed and distance traveled, panic stop from 60 mph

For more information on Adams and for additional Case Studies, please visit www.mscsoftware.com/adams
Corporate
MSC Software Corporation
2 MacArthur Place
Santa Ana, California 92707
Telephone 714.540.8900
www.mscsoftware.com

Europe, Middle East,
Africa
MSC Software GmbH
Am Moosfeld 13
81829 Munich, Germany
Telephone 49.89.431.98.70

Asia-Pacific
MSC Software Japan LTD.
Shinjuku First West 8F
23-7 Nishi Shinjuku
1-Chome, Shinjuku-Ku
Tokyo, Japan 160-0023
Telephone 81.3.6911.1200

Asia-Pacific
MSC Software (S) Pte. Ltd.
100 Beach Road
#16-05 Shaw Tower
Singapore 189702
Telephone 65.6272.0082

The MSC Software corporate logo, MSC, and the names of the MSC
Software products and services referenced herein are trademarks or
registered trademarks of the MSC Software Corporation in the United
States and/or other countries. All other trademarks belong to their
respective owners. © 2013 MSC Software Corporation. All rights reserved.

MERITOR*2015MAR*CS

