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Magneto-­‐Rheological	
  Powertrain	
  Mounts

• Exclusive	
  technology
– 2010	
  model	
  year	
  introducJon	
  on	
  911	
  GT3	
  and	
  911	
  Turbo
– Vehicle	
  Dynamics	
  InternaJonal	
  2009	
  InnovaJon	
  of	
  the	
  Year

• Use	
  magneto-­‐rheological	
  fluid
– MR	
  mount	
  fluid	
  designed	
  and	
  patented	
  by	
  Delphi	
  and	
  transferred	
  to	
  BWI	
  Group
– This	
  fluid	
  is	
  designed	
  specifically	
  for	
  powertrain	
  mount	
  parameters	
  and

durability
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Compromise,	
  Refinement	
  vs.	
  Dynamics
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• The	
  ride	
  dynamics	
  of	
  a
typical	
  passenger	
  car	
  is
selected	
  somewhere
between	
  a	
  touring	
  sedan
and	
  sport	
  sedan.

• Contribu?ng	
  into	
  the
selec?on	
  is	
  that	
  passive
hydraulic	
  moun?ng
systems	
  are	
  designed	
  to
a	
  single	
  level	
  of	
  s?ffness
and	
  damping.

Standard
Vehicle
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  REFINEMENT

Ideal	
  DYNAMICS
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• GOAL	
  from	
  GT3	
  engineers:	
  “On
the	
  track	
  the	
  car	
  must	
  provide
extraordinary	
  dynamics,	
  yet	
  on
road	
  it	
  must	
  be	
  sufficiently
comfortable	
  to	
  use	
  every	
  day.”

• Controllable	
  MR	
  Mounts
allowed	
  the	
  vehicle	
  to	
  adapt
depending	
  upon	
  driving
situa?on.

• For	
  instance	
  on	
  smooth	
  roads
mounts	
  can	
  be	
  soT	
  to	
  improve
isola?on,	
  or	
  during	
  hard
cornering	
  event	
  can	
  be
controlled	
  to	
  reduce	
  powertrain
movement.
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Porsche	
  AdverJsement
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Control	
  Strategy
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• Global	
  and	
  Local	
  Control
Strategy
– Feedback	
  using	
  integrated
sensor

– Determine	
  vehicle	
  status	
  -­‐
CAN	
  bus
• Torque	
  reacJon	
  events
• Road	
  condiJons
• Idle
• Thro=le	
  posiJon
• Engine	
  rotaJonal	
  speed	
  (RPM)

• Clutch	
  posiJon

– Determine	
  opJmal	
  mount
seang	
  for	
  given	
  vehicle
state



Fluid	
  Technology

• MR	
  Mount	
  contains	
  an	
  electromagne?c	
  to	
  generate	
  a	
  variable	
  magne?c
flux	
  across	
  the	
  fluid	
  passage.

• Coil	
  state
– When	
  the	
  coil	
  is	
  off,	
  MR	
  fluid	
  is	
  not	
  magneJzed,	
  thus	
  iron	
  parJcles	
  are

randomly	
  dispersed.
– When	
  coil	
  is	
  energized	
  parJcles	
  align	
  in	
  direcJon	
  of	
  magneJc	
  flux.

• Sheer	
  stress	
  required	
  to	
  move	
  fluid	
  is	
  propor?onal	
  to	
  magne?c	
  field.
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Local	
  Control	
  ON	
  OperaJon
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• The	
  objec?ve	
  is	
  to	
  op?mize	
  enclosed
area	
  of	
  the	
  pressure	
  displacement
curve.
• Pressure	
  varies	
  with	
  molded	
  assembly

sJffness.

F
o
r
c
e

K*
SoT
Control
Firm

Bulge	
  rate

Displacement

• Hysteresis	
  loop	
  defines	
  base	
  component
level	
  soTware	
  to	
  control	
  mount.



Dynamic	
  Rate	
  and	
  Damping
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MR	
  technology	
  allows	
  dynamic	
  rate	
  to
be	
  instantly	
  changed

• Dynamic	
  rate	
  (K*)	
  can	
  be	
  instantly	
  changed
between	
  the	
  molded	
  assembly's	
  base
dynamic	
  rate	
  and	
  bulge	
  rate.

MR	
  mounts	
  provide	
  high	
  damping
over	
  a	
  broad	
  range

• Unlike	
  conven?onal	
  hydraulic	
  mounts	
  which
provide	
  peak	
  damping	
  at	
  a	
  single	
  frequency
and	
  amplitude,	
  and	
  cannot	
  generate
damping	
  at	
  small	
  amplitudes.



Transient	
  Events

• Vehicle	
  test	
  data	
  for	
  ver?cal	
  excita?on	
  event
– Control	
  ON	
  vs.	
  Control	
  OFF	
  mount	
  displacement	
  versus
Jme	
  data
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• Transmissibility	
  Ra?o	
  is	
  a	
  func?on	
  of	
  output	
  to	
  input.

– Output	
  force	
  to	
  input	
  force
– Output	
  displacement	
  to	
  input	
  displacement

• An	
  MR	
  Mount’s	
  transmissibility	
  performance	
  can	
  be	
  varied	
  by
using	
  different	
  control	
  algorithms	
  and	
  current	
  levels.

Transmissibility
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Input	
  Force	
  and	
  Displacement

Output	
  Force	
  and	
  Displacement



• Performance	
  can	
  be	
  varied	
  by	
  using
different	
  control	
  algorithms	
  and
current	
  levels.

• Isola?on
– reducing	
  the	
  sJffness	
  and	
  damping	
  as	
  much

as	
  possible	
  at	
  frequencies	
  above	
  the	
  natural
frequency	
  of	
  the	
  system.

• Control
– controlling	
  the	
  natural	
  frequency	
  moJon	
  of

the	
  suspended	
  mass	
  we	
  would	
  like	
  to
increase	
  the	
  damping	
  as	
  much	
  as	
  possible	
  at
the	
  natural	
  frequency.

• Reduced	
  tuning	
  ?me
– tuning	
  changes	
  made	
  electronically	
  instead

of	
  with	
  mount’s	
  track	
  or	
  molded	
  assembly
thus	
  reducing	
  vehicle	
  tuning	
  Jme.

– Number	
  of	
  mount	
  sets	
  reduced	
  because
performance	
  is	
  changed	
  via	
  algorithm
instead	
  of	
  hardware.

Transmissibility
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Future:	
  Compromise,	
  Refinement	
  vs.	
  Dynamics
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Future	
  compression	
  mounts
developments	
  geared
towards	
  increasing

refinement	
  capabili?es.


