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]
Simulation of large motion test events M.

Simulation of vehicle dynamics resulting from large-motion test events can be
difficult in the test laboratory.

Completely accurate simulation of these events would require a full-scale motion
simulator.

In most cases, some compromise between test accuracy and test complexity/cost
will be required.

Different techniques can be used to simulate large motion events in the
laboratory.

Fixed-reaction testing
- Vehicle body or chassis does not move. Body is used as the test fixture (not part of test)
“Longstroke” test systems

- Large displacement mechanical simulators can move vehicles several meters

- Frequency-shifting, or time compression of the test event to reduce motion requirements

Active restraint systems

- Body reaction fixtures that provide chassis restraint forces only when needed
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Traditional methods for simulating large motion MTS
events —

Fixed-reaction testing

The vehicle chassis or body is used as a test fixture, or is completely replaced by a
generic test fixture.

- Only able to accurately simulate chassis subsystem loading (suspension, steering, etc).

- Component loading at chassis interface can be non-representative - poor results.

- No body motion: Components affected by body or chassis acceleration may not be adequately
tested.
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Traditional methods for simulating large motion MTS

events —
“Longstroke” inertial-loading systems

Full vehicle durability simulators have been developed with up to 1.5 meters
horizontal displacement range.

- Spindle input loads are reacted primarily by body and chassis inertia.
- Capable of simulating limited maneuvering events (braking, cornering, etc).

- Costly: Longstroke durability systems require large test areas and high oil volume.
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Traditional methods for simulating large motion Y

MTS
events —

“Longstroke” inertial-loading systems

Practical Limitation: Duplication of complete vehicle loading from
maneuvering events can require many meters of simulator displacement

Required Simulator Displacement vs Frequency
(for mountain road course event)
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Even for “longstroke” simulators, other techniques such as event

modification and/or restraint techniques are still required to perform large
motion event simulation.
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Traditional methods for simulating large motion MTS

events
Example: dynamic test event modification
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Simulation of large motion events M.

Active Restraint Systems

Active Restraints are dynamic restraint fixtures that allow selected test input loads to
be reacted through the vehicle body or chassis to the ground.

Fixtures are typically attached to a robust, non-test-critical location on the vehicle chassis to
minimize non-representative durability issues during testing.

Restraint attachment topics:
Kinematics

To react body forces only (i.e. no moment reaction), restraint fixtures will usually be
designed to focus the reaction force through the estimated body center-of-gravity
(C.G.). This usually requires a complex restraint fixture to avoid introducing undesired
moments into the body.

For reaction of both force and moments, the choice of body attachment locations can be
more general, and the restraint fixture kinematics can be simplified.

Restraint Coupling

Various mechanical or control techniques can be used to reduce undesirable body loads
when the vehicle restraint is not required.
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Active Restraint systems

Center-of-Gravity (CG) Restraint

MTS
B

»»Spindle loads into the vehicle are reacted by body-mounted fixture that focuses
reaction loading though the calculated vehicle CG.

»»Restraint is designed to react only selected vehicle degrees-of-freedom loading:

- Typically Longitudinal, Lateral, and Yaw. Roll or Pitch can also be constrained.

»The addition of the restraint beam can significantly change the specimen dynamics.

- Fixture beam mass can affect vehicle roll and heave response.

- Fixture beam can add to the body stiffness.

be certain.
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Active Restraint systems \1RE=]

Center-of-Gravity (CG) Restraint Systems

C.G. restraint systems with body kinematic compensation can help to minimize
incorrect suspension loads as the body rolls or pitches.

Example:
Body initial condition
jid—‘
Basic C.G. restraint system Kinematic-compensated C.G. system
Vertical forces can “lift” the body Restraint force vectors remain
under roll conditions as the horizontal under roll conditions. No
restraint strut angles change. vertical body forces are introduced.
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Active Restraint systems MITS

I -

CG Restraint with body kinematic compensation

Eliminates strut attachments for vehicle fixture beam.
. Struts can change vertical loads into the body as angles change due to body roll & heave.

Restraint frame reacts only horizontal forces from the beam. Maintains restraint
load focus through body CG for all body positions.

Results in more accurate body pitch & roll. g =
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Active Restraint systems \1RE=]

Longitudinal CG Restraint

Designed to react only longitudinal forces due to braking and acceleration.
Simple connections to body, does not restrict access to vehicle doors, etc.

Minimal impact on body mass or stiffness.
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Active Restraint systems \1RE=]

Body Decoupling: Reducing undesired attachment forces

A major concern with using a restraint system are the undesired effects that
attachment forces can have on the test specimen:

Changes in free body response

Unexpected durability problems at attachment locations

To minimize the attachment forces when the restraint is not required, different
restraint “decoupling” techniques can be used:

Mechanical — detaching the restraint from the specimen
‘Virtual’ — using control techniques to reduce restraint loads

Compliant — minimizing coupling for smaller motions
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Active Restraints — Body decoupling MTS

Mechanical decoupling

Example: Low-mass restraint strut and bell-
crank can be decoupled from actuator by

deflating the connecting air spring.

- Bell-crank can move freely with vehicle when
restraint is not required.

. Results in minimal attachment forces when air-
spring is deflated.

Air-spring connection can be tuned for
“compliant de-coupling” as well.

October 24, 2008 15




Active Restraints — Body decoupling MTS

‘Virtual’ decoupling

Example: Restraint fixture provides a rigid reaction force up to a transition frequency
(e.g. 2 Hz). At higher frequencies, control methods are used to synchronize restraint
motion with body motion, eliminating restraint loads.

Force measurements at the restraint attachments must be used to achieve synchronized
restraint motion. When interface forces = zero, restraint & body motion are synchronized.

RPC control is used to generate a restraint drive signal to achieve zero force.

The restraint motion may need to be updated (re-iterated) during testing if higher frequency
body motion needs to change over time.
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Active Restraints — Body decoupling MTS

Compliant decoupling

Example: MTS “Downforce” restraint fixture uses nitrogen-charged accumulators to
create compliance in the hydraulic oil control volume.

- Restraint allows application and control of large low-frequency forces.
- High attachment compliance results in small force changes due to small motions.

- Adapts well to changes in body response as testing configuration changes.
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Motocross “jump & landing” event simulation

Motocross jump event is difficult to simulate

MTS
B

Vertical vehicle dynamics

Jumps generate significant vertical
suspension loading during launch and
landing.

- Vehicle acceleration via spindle inputs
(unidirectional)

No suspension loads are generated while
air-borne.

- Vehicle inertial reaction forces generated in one
direction only

- Vehicle repositioning force is due to only to
gravity
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Special Restraint Applications M.

ATV & Motorcycle “jump & landing” simulation

Restraint requirements for ATV and motorcycles are unique relative to
most other vehicle simulation applications:

Asymmetrical Dynamics

Vertical acceleration forces acting on the vehicle are not symmetrical during
the jump & landing event. Therefore, time-compression techniques such as
used for “longstroke” simulation cannot be used.

Restraint + Chassis Positioning

The ATV & motorcycle restraint system must not only react vertical forces, it
must also position chassis correctly for jounce & rebound impact forces to
occur.

High Frequency Control

Restraint systems typically react body forces due to low-frequency
maneuvering. The ATV & motorcycle restraint must also control high-
frequency impact body forces.
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ATV & Motorcycle Active Restraint .
Restraint Attachment
Two foot-peg struts introduce primary l l
forces for chassis restraint & positioning. Restraint
Chassis vertical Smulator SN St

input input

Chassis roll (for ATV)

Front strut applies loading necessary to
generate chassis pitch motion and moment
restraint.

Strut forces can be controlled to desired
values when not required for chassis
restraint.

Front strut load can be controlled to zero
force.

Foot-peg strut loads can be controlled to zero
or used to match measured rider input force.

Chassis restraint

1 l control mode “Decoupled” chassis restraint control (minimize restraint loads)
0
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Simulation Frequency (Hz)
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Active Restraint Load Simulation
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Black trace: track loads
Blue trace: lab test loads

Left foot-peg

Right foot-peg

Handlebar
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