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Introduction

The complex interaction of the suspension, chassis, and braking systems on Porsche vehicles provides a driving experience like
no other in the world. Porsche chassis dynamics maximizes directional stability, safety, and performance while instilling driver
confidence. Properly setup and correctly functioning systems are critical. Getting maximum power to the road adequately and
predictably requires each system, from suspension to tires, to work in harmony.
This course provides vehicle-specific information that prepares you to successfully perform tire, wheel, and TPM system service.
The course also includes, steering suspension, and brakes system service, as well as vehicle dynamics and alignments.
Because of the continuing improvements in technology, it would be difficult for this course to cover all the chassis systems in
older Porsche vehicles. We will focus on current production and recently out of production models: Specifically, M.Y. 2008 and
newer Cayenne, M.Y. 2009 and newer Sports Cars, as well as today’s model line-up. For information on older chassis systems,
the technician should refer to the appropriate Service Information Technik book and the Workshop Manual.
Today’s basic mechanical systems are now combined with increasingly more complex electronic controls to achieve levels of
vehicle control previously unattainable. A solid understanding of the basics (mechanical and functional) is necessary to
understand how these systems work together.
We will discuss vehicle dynamics and tire basics as they relate to handling and alignment. As a technician, a thorough
understanding of these systems will enable you to identify and repair potential customer complaints, ultimately ensuring a safe
and satisfied customer.
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Wheels, Tires, and TPM
Tire Construction and Design

Other components may include bead chaffers and cap
plies; usually built into performance tires to enhance
cornering and stability at high speeds.
The outermost part of the tire is called the tread. The
rubber material used is referred to as tread compound,
which varies from one tire design to the next. A winter tire,
for example, has a compound that provides maximum
traction in cold weather. Competition tires, at the other
extreme, use a compound designed for very high
temperature ranges.

1
2
3
4
5
6
7
8
9

Tread - tread pattern and rubber compound
influence the tire's properties
Zero degree cap - reduces rolling resistance
Nylon binding - increases suitability for use at high
speed
Steel cord belt plies - increase deformation
resistance and driving stability
Carcass - encapsulates the tire inflation pressure
Inner liner - replaces the tube
Sidewall - protects the carcass from damage
Bead filler - improves steering precision, driving
stability, and driving comfort
Bead core - ensures a secure fit on the rim

This dual goal of traction and resistance to wear remains
one of the most challenging design parameters for tire
manufacturers. While tread designs vary tremendously, the
elements of the tread are consistent in their use. The tread
block provides traction at its leading and trailing edge.
Within the block, sipes are often molded or cut to provide
additional traction and water drainage. Grooves are built
into tread designs for channeling away water. Shoulder
designs provide protection as well as additional traction
during hard cornering.
Tire Dimensions

Radial tires offer superior handling, ride quality, and wear
over older, bias-type tires. The benefits of radial
construction are attributed to the design of the tire's
casing—the part of the tire underneath the tread that forms
the foundation of the tire. The casing is made up of a series
of cords (most typically polyester) that are combined to
form layers or plies.
The cords of these body plies run nearly parallel to each
other in a series of circular bands arranged in a radial
direction from bead to bead and across the tread of the
tire. There are usually one or two body plies in a passenger
car tire. These plies allow the tire sidewall to be very
flexible, and this flexibility permits the tread to better follow
road irregularities and to absorb road shocks. The radial
design also produces much less friction, resulting in much
longer tread life and lower rolling resistance.
One or more belts of woven synthetic or steel strands are
placed on top of the tire casings. These belts stiffen the
tread area and reduce tread squirm. This belt improves
traction, tread wear, and handling crispness. The belt also
protects the casing against impacts and punctures. The tire
beads have rigid steel hoops that create a stiff foundation
for an airtight seal and strong attachment to the wheel rim.
Page 1.2

Tire dimensions are the outer diameter (A), the crosssectional width (B), the rim diameter (D), and the crosssectional height (H). As a result of the compression of the
tire under load (by the quantity F), the static radius (R stat)
is slightly less than half the tire diameter (A).
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Performance Tires
Porsche cars utilize tires that offer a very high level of
steering response, grip, and cornering ability. Because
Porsche owners require a higher degree of performance
from their tires, the tires must be able to withstand
significantly higher temperatures. In order to provide allseason capability for enthusiasts, particularly relevant to the
Cayenne and Panamera, All Season Performance tires
feature performance enhancements as well as good
traction on snow and ice.

Sidewall Information
Important information about a tire can be found on its
sidewall. An alphanumeric code is molded into the sidewall
in large characters, which indicates the tire's size, speed
rating and load capacity.
A typical code is: 235 50 ZR 17 96W


Other Tread Types





Directional tires have tread patterns or internal construction
that is designed for one direction of rotation only. Traction
and water removal without hydroplaning can be greatly
improved if the tire will always be rotating in one direction.
The internal construction of the belts and plies can also
require directional usage. Arrows appear on the tire
sidewalls to indicate the proper direction. These tires must
be properly installed to rotate the right way when the
vehicle is driven.
An asymmetric tread pattern changes across the face of
the tire. This type of tire usually incorporates larger tread
blocks on the outer portion of the tread for increased
stability during cornering. The smaller inner tread blocks aid
in dissipating and channeling water.







Note!
Directional tires may be dismounted and remounted side to
side on the same vehicle axle. Asymmetrical tires typically
cannot be rotated. In addition, most Porsche sports cars
utilize different tire sizes for front and rear.



The first three digits 235 in this example indicate
the cross section width of the tire in millimeters.
The wider the tire, the higher this number will be.
The fourth and fifth digits denote the tire's aspect
ratio. This is the relationship between the tire's
sidewall height and cross section width, expressed
in percent. On this tire, the number 50 means that
the tire sidewall height is approximately 50% of the
tire cross section width. Lower profile performance
tires will have a lower aspect ratio number;
standard tires will have a higher number.
The next character is a letter indicating the speed
category rating. The Z rating is certified for use
above 149 mph (refer to Speed Ratings chart on
page TR-6). The maximum rated tire speed may be
qualified by the Speed Symbol following the Load
Index (refer to next page).
The next character R denotes radial ply tire
construction. Bias belted construction tires will
have a B and bias ply tires will have a D in this
space.
The two numeric digits following the tire speed
rating indicate the Wheel Rim Diameter suitable for
this tire. In this example, the measurement is 17
inches.
A Service Description that includes a Load Index
and Speed Symbol is also provided. This
information further defines the tire's maximum
speed vs. load capabilities.
The numerical digits of this rating are the Load
Index. This is a numeric value ranging from 0–279.
This number indicates the maximum load a tire can
carry at the maximum speed indicated by the
speed symbol letter (which follows the load index
numbers). In this example, the numbers 96 indicate
a 1,562 lbs. (710 Kg) maximum load.
The last character of this rating is the qualifier for
the basic speed category rating symbol (Z for this
example). The W indicates that a speed of 167
mph is permitted for brief periods.
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Load Index

Page 1.4

Suspension, Brakes and Alignment

Wheels, Tires, and TPM
Speed Ratings

The Uniform Tire Quality Grade (UTQG) ratings rank the
tire's performance based on tread wear, wet traction, and
temperature resistance tests.
The treadwear durability measurement tests the tire against
an industry standard rate of wear. Treadwear grades
typically range from 60 to 620 (in 20-point increments),
with higher numbers indicating longer tread life. Actual wear
can be affected by road conditions, climate, driver habits,
vehicle weight, and alignment.
The traction grade indicates a tire's braking performance.
The test is performed with wheels locked, straight ahead,
on wet asphalt and wet concrete. Possible grades are AA A - B - C, with AA indicating the best traction.
The temperature rating indicates a tire's ability to withstand
the buildup of heat under test conditions. Because tires are
constructed of rubber and other materials that can be
degraded by high temperatures, heat resistance is
important. Grades A - B - C may be assigned, with the best.

Maximum Load, Maximum Inflation
For passenger tires, the maximum load and maximum
inflation markings indicate the maximum load that can be
carried at the maximum cold inflation pressure.
DOT Markings
DOT markings signify that the tire meets or exceeds U.S.
Department of Transportation Tire Safety Standards and
that the tire is permitted for highway use. Typical markings:
DOT XB FU XJJX 479.
The characters are defined as follows:
DOT

Department of Transportation approval

XN

Fourth and fifth characters – tire manufacturer and
plant code

V9

Sixth and seventh characters – tire size code

XKAU

Eighth–eleventh characters – manufacturer's
optional symbols

0801

Date-of-manufacture code (8th week of calendar
year 2001).

Other Markings

Suspension, Brakes and Alignment
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Tire Development Criteria

Note!

Safety

Refer to the appropriate repair information for listings of
currently approved tires and specific tire applications.



Porsche recommends replacing tires every 6 years
regardless of mileage.








Both tires on the same axle should be replaced at the same
time. If a tire is damaged, and the matching tire is less than
30% worn, replace only the damaged tire.
Only tires with the same N number and design may be used
on the same vehicle. If a matching tire with the same N
number cannot be sourced, replace all four tires.
Force on Tires

Good grip in wet/dry conditions, while cornering
and braking (handling)
Load capacity reserves
High-speed stability (Vmax)
Non-aging
Hard-wearing
Aquaplaning
Tolerances

Economy





Mileage
Load capacity
Rolling resistance
Value for money

Comfort





Deflection
Rolling noise
Rolling comfort
Weight

Look




1
2
3
4
5

Maximum force
Longitudinal force
Cornering force
Resulting force
Road contact force

Page 1.6

Tread design
Sidewall design
Rim flange protection
Color

Items in red are issues that create conflict with the
development criteria.

Notes:
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Porsche Approved Original Equipment

Mixing N-Spec Tires

N-Specification Tire Information

Use only tire types tested by Porsche. Only tires with the
same manufacturer and with the same specification code
(e.g. N0, N1 …) should be mounted on the vehicle. Tires
should be replaced no less than in pairs on one axle at a
time. Only tires of the same tire make and type must be
used. Because many Porsche vehicles are fitted with
different sized tires on their front and rear axles, this
requires matching the tire brand, tire name, and Nspecification front to rear. While the tire manufacturers may
also build other tires featuring the same name, size, and
speed rating as the N-specification tires for non-Porsche
applications, these tires may not be branded with the
Porsche N-specification because they do not share the
same internal construction and/or tread compound
ingredients as the N-specification tires. Mixing tires is not
permissible and will affect vehicle performance and safety,
and can affect vehicle warranty.

Design and Testing
Porsche designs and manufactures some of the highest
performance vehicles in the world. Because of the essential
role that tires play in vehicle performance, Porsche has
integrated tires in the design process throughout vehicle
development. Porsche original equipment tires must
successfully pass the tire company’s laboratory tests, road
tests, and race track evaluations to confirm that the
prototype tires meet Porsche’s noise, hydroplaning,
handling, and high-speed durability requirements. Only upon
successful completion of these tests will tires be released
for production.
Branded as N-Spec
Production tires that have passed all of the tests and
received Porsche’s engineering department’s release can
be branded with an N-specification. The N-specification
brandings include: N-0 (N-zero), N-1, N-2, N-3, N-4, N-5, or
N-6. These markings on a tire’s sidewall clearly and
permanently identify them as approved by Porsche for their
vehicles. The N-0 marking is assigned to the first approved
version of a tire design. As that design is refined externally
or internally, the later significant evolutions will result in a
new generation of the tire to be branded with N-1, N-2, N-3,
etc., in succession. When a completely new tire design is
approved, it receives the N-0 branding and the succession
begins again.

Replacing N-Spec Tires
If a vehicle was originally delivered with N-specification tires
that have been discontinued and are no longer available, it
is recommended to replace all four tires to a higher
numeric N-specification design appropriate for that vehicle.
In case of tire damage such as cuts, punctures, cracks or
sidewall bulges that cause a single tire to be replaced for
safety reasons, the remaining matching tire on that axle
must not exceed 30 % wear. If the remaining tire has more
than 30 % wear from new, it should also be replaced. This
rule applies to all four tires on all-wheel drive vehicles.
Handling inconsistencies may result if this is not done.
Break-in of New Tires
Initially, new tires do not offer their full traction. Drivers
should therefore drive at moderate speeds during the first
60–100 miles (100–200 km). If new tires are installed on
only one axle, a noticeable change in handling occurs due
to the different tread depth of the other tires. This happens
especially if only rear tires are replaced. However, this
condition disappears as new tires are broken in. Drivers
should adjust their driving style accordingly.
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Tire Aging
Additionally, even though only the world’s highest
performance tires can earn the Porsche N-Spec approval,
eventually all tires will either wear out or age out. The
chemical additives that make rubber elastic lose their
effectiveness in the course of time and the rubber becomes
brittle and cracks. Considering the performance capabilities
of a Porsche, under no circumstances should tires older
than 6 years be used.
How is a Tire Selected for a Porsche?
The tires selected for a Porsche are chosen based on the
model (sports car, sedan, or SUV)‚ and the job the tires are
asked to do.
The 911 Carrera (997/991), Boxster and Cayman
(987,981) are examples of the world’s finest exotic
performance cars with some of the same capabilities found
in previous generations of racecars. For these vehicles
Porsche selects Maximum Ultra High Performance Summer
tires from the world's leading tire manufacturers:
Bridgestone, Continental, Michelin, Pirelli and Yokohama
The Panamera models can be both a high performance
vehicle and a luxury sedan. This is why the Porsche
engineers have made both high performance summer tires
and performance oriented all-season tires available,
depending on the customer's preferences.
Because Cayenne puts the sport in sport utility vehicle,
emphasis is placed on high limits of performance balanced
with the utility demanded by the Cayenne owner. Pirelli
Scorpion A/T All-Terrain tires are chosen for highway use in
all weather conditions, including snow and cold climates, as
well as for off-road use. Continental 4X4 Contact and Pirelli
Scorpion Zero tires are designed for highway use in all
weather conditions including snow and cold climates.
Bridgestone Turanza tires target a balance of performance
and ride comfort for highway summer conditions.
Continental 4X4 SportContact, Michelin 4x4 Diamaris, and
Pirelli PZero Rosso tires are chosen for sports-car-like
handling in both wet and dry summer conditions.
Decades of engineering excellence and racing heritage are
designed into each Porsche vehicle. All the technology and
innovation has to work through the four small contact
patches that allow the performance potential to be realized.
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Wheel Construction and Design
Wheel Designations
The rim is the outer part of the wheel to which the tire is
attached. The rim designation provides information
regarding the type and size of the rim.
For this example, an 8J x 16 H2 size rim will be used:
8

Rim width in inches

J

Contour of rim flange

X

Character for rim shape (x = drop-center rim)

16

Rim diameter in inches

H2

Double hump

Refer to the illustrations below:
A

Drop-center rim without hump (example: 5K x 15)

B

Drop-center with hump (example: 55 x 15 H1)

C

Drop-center with hump on both rim beads
(Example: 9J x 16 H2)

Wheel Offset

1 - Rim

2 - Wheel disk

3 - Rim flange

4 - Hub hole

5 - Hole for wheel bolts

6 - Drop center

a - Rim width

b - Rim diameter

c - Rim offset

d - Hole-circle diameter

Hump
If H1 or H2 is given at the end of the designation, the rim
has one (H1) or two (H2) humps. The continuous hump
along the bead of the drop-center rim is intended to prevent
the tire bead from sliding into the rim during hard cornering
or tire deflation.

Offset dictates how a wheel sits in relation to the hub.
Factory wheel offset is determined by the location of the
center line of the wheel bearings, and is listed on the wheel
near the valve stem.
Imagine looking down from above at a wheel and tire as it
sits installed on a car. If you cut the wheel exactly in half,
like slicing a bagel, that would be the centerline. Offset is
the distance from the centerline of the wheel to the wheel
hub mounting surface. Negative offset means the wheel hub
mounting surface is more toward the inside of the
centerline; zero offset means the hub mounting surface is
right on the centerline; and positive offset means the hub
mounting surface is more towards the outside of the car.
Offset is critical to handling, tire and suspension component
clearances, and wheel bearing life (and any wheel changes
must account for correct offset).

Suspension, Brakes and Alignment
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Tire Valve and Wheel Lock Alignment

Black Wheel Bolts as of M.Y.2012

The wheel shown is an example of a properly mounted
wheel and tire combination. The point of the crest in the
center of the wheel should always point toward the valve
stem, and the wheel lock should be placed on the wheel
bolt in line with the valve stem.
Wheel Mounting







Dimensionally the same as Silver Wheel Bolts
Can be retrofitted to older vehicles
DO NOT grease Black Wheel Bolts
New wheel bolt torque: 160 Nm (118 lb/ft)



Long Silver wheel bolts have red spherical cap for
identification
Long Black wheel bolts have black spherical cap
for identification



5 mm Wheel Spacers

Silver Wheel Bolts (M.Y. 1997–2011)







Always torque wheels with the vehicle off the
ground.
Always refer to the service information for proper
torque specifications and lug bolt size before
mounting wheels.
Always apply a thin coat of Optimoly TA (aluminum
paste) on the thread of the wheel bolts, on the
shank between the bolt head bearing surface and
spherical cap ring (arrows under the head).
Do not grease the spherical cap bearing surface of
the wheel bolts that face the wheel.




Standard on certain models, Optional equipment on
others
Use 5mm longer wheel bolts

17 mm Wheel Spacers



Spacers mount to hubs with wheel bolts
Wheels mount to spacers with lug nuts
o Steel lug nut with cover for Cayenne
o Alloy lug nut for Sports Cars

Central Bolt
Certain Models (example: 997 GTS, 997 Turbo S, (997
GT3)
 Not the same as Carrera GT
 Refer to Workshop Manual for torque procedure
 Right-hand thread for both sides of the vehicle
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Tire Pressure Monitoring (TPM) Systems

Mounting a Tire (with TPMS)

The advantages of the Tire Pressure Monitoring System are
as follows:

In general, the following must be noted:












Safety as a result of the two-stage warning system:
Early notification (gentle warning) when tire
pressure is 0.2–0.4 bar below required pressure.
Immediate warning (stern warning) when tire
pressure is > 0.4 bar below required pressure or if
pressure falls rapidly
Longer tire life (a pressure deficiency of 0.3 bar
can reduce the service life of a tire by up to 25%)
Reduced fuel consumption due to correct tire
pressure
Optimum handling
Convenient as the regular tire pressure checks are
no longer required













Tire temperature when removing/mounting the tire
must be approximately 68°F. (20°C.)
Before mounting, establish whether Tire Pressure
Monitoring (TPM) is installed
Always use new rubber valves (non-TPM)
Replace the metal valve for the TPM wheel
electronics only if you are changing the wheel
electronics
Note the rolling direction and the inner and outer
sides
Check the wheels for radial and lateral runout
damage
Check the sealing surface of the tire and the disc
wheel for cleanliness and any signs of damage
Use plenty of lubricant
Seating pressure should not exceed 4.0 bar
Use pump cages if available
When replacing only one tire, make sure that the
tread depth of the new tire does not differ from
that of the other tire on the axle by more than 30%

TPM Versions
TPM General
Vehicle Type
Model Year

TPM 1.5
997,987 M.Y.
2005

TPM 2.2

TPM 2.3

TPM 2.4

Cayenne M.Y.
2008

997, 987,
second
generation M.Y.
2009

Panamera 997,
987

Cayenne (E2)
as 0f M.Y.
2011

991, 981

Carrera GT,

TPM 2.5

TPM 2.6

TPM Feature

Digital

Digital, can be
triggered

Digital, can be
triggered

Digital, can be
triggered

Digital, can be
triggered

Digital, can be
triggered

Antenna

4 digital
antennas

1 central
antenna

1 central
antenna

1 central
antenna

1 central
antenna
integrated into
the control unit

1 central
antenna
integrated into
the control unit

Trigger

None

4 triggers (LIN)

4 triggers (LIN)

4 triggers (LIN)

4 triggers
(direct)

4 triggers
(direct)

Wheel
Electronics

Transmission
cycle rpm

Transmits as
required

Transmits as
required

Transmits as
required

Transmits as
required

Transmits as
required
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The low tire pressure warning system consists of the
following components:




Four wheel sensors
Four antennas
TPM control module

Data is sent from the wheel sensors to the control module
by radio transmission operating in the high-frequency (HF)
range. The exchange of information within the vehicle
periphery takes place over the CAN bus.
The wheel sensor is bolted to the valve stem using a Torx
bolt with thread locker. The additional weight of
approximately 30 grams can be equalized by balance
weights, so that special wheels are not required. The wheel
sensor can be reused when a wheel is replaced.
The following components are built into the wheel sensor:




Transmitting antenna
Pressure sensor, temperature sensor,
instrumentation and control electronics (integral)
Battery

Two different carrier frequencies are used for radio
transmission, depending on the country. The carrier
frequency approved for the US is 315 MHz, and is printed
on the sensors, antennas, and control modules. The low tire
pressure warning system only works with system
components having the same carrier frequency.

The TPM control module evaluates the tire pressures and
the changes in pressure and relays them to the vehicle
computer. If there is a warning, the pressure difference to
the specified pressure is displayed.
For example, specified 36 psi (2.5 bar), actual 32 psi (2.2
bar), difference = 4 psi (0.3 bar), so that the driver can
make up the pressure differential 4 psi (0.3 bar).
Remember that the specified tire pressure is a cold inflation
pressure. This system allows the user to correct tire
pressure while hot.
For safety reasons, the TPM menu can only be opened and
used with the vehicle stopped. The unfiltered actual
pressures can be displayed permanently in the main menu
while driving. The antennas have integrated self-diagnosis
capability. When a DTC is identified, it is stored in DTC
memory and displayed on the PIWIS Tester.

Important!

Antenna shown here

At regular intervals, a radio signal is sent from each of the
sensors mounted on the tire stems to the antennas
mounted in the wheel housings behind the wheel house
liners and relayed to the TPM control module.

Page 1.12

911 Carrera (997) TPM Control Module location

If a flat tire has been repaired using sealant, the
wheel sensor must be replaced.
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Basic Settings
For Basic Settings, the TPM menu is selected via the
onboard computer. The system must first be informed of
the type of tires currently mounted on the vehicle via the
Settings menu option. This option provides a choice of
summer or winter tires together with the relevant tire
dimensions. The basic configuration only has to be entered
once after a wheel or tire change and is then saved. For
reasons of safety, the TPM menu can only be called-up
when the car is stationary.
Learning Phase
After Basic Settings, the TPM must first recognize the
wheels and allocate the wheel position of each individual
wheel. For this purpose, every wheel electronics unit
transmits a fixed, unique code. The learning process only
takes place when the vehicle is in motion, because the
signals of a neighboring car also equipped with TPM could
otherwise be included.

The system takes approximately 6 minutes to recognize the
wheels. After an overall maximum of 30 minutes driving, the
control unit knows the position of each individual wheel and
also shows warnings accordingly. The wheel positions
remain stored until either another tire is selected in the TPM
menu, or until the system registers that different wheel
electronics units are installed in one or more wheel
positions (e.g. by changing wheels without renewed
selection via the menu).
If the TPM registers that wheels have been changed without
renewed selection, the driver is automatically alerted via the
TPM display: Wheel change? Check settings. After the
wheels have been learned by the TPM system, further
warnings are immediately indicated for each individual
wheel each time the vehicle is started, regardless of
whether it is stationary or in motion.

Notes:
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Tire Pressure Monitoring System (TPM) Generation
II—Cayenne M.Y. 2008

This new Tire Pressure Monitoring system (TPM) is standard
equipment for all Cayenne models in the North American
market. The most important additional function in the
system is the option for automatically and quickly detecting
the wheels mounted on the vehicle (own wheels) and their
installation positions.
The radio signals from the wheel electronics units are
requested by the control unit as required via the trigger
senders. The system detects the vehicle’s own wheels and
the installation position of the wheels by identifying the
trigger location and performing a statistical evaluation of
the wheel electronics information received.
The system comprises the following components.

Generation II Improvements:
Fast learning after wheel change
The wheels of a newly mounted set of wheels are assigned
within one minute—often even within a few seconds of
selecting the set of wheels in the Tire pressure menu and
the pressure values are displayed.
Fast recognizing after wheel change without
calibration
If the TPM system is not re-calibrated following a wheel
change, the system detects this within 3 minutes of driving
the vehicle, and generates the message: Wheel change?
Make new selection in order to ensure that the correct
nominal pressure is configured for the monitoring process
by selecting the correct tires.
Immediate pressure indication at drive off
The TPM control unit knows which wheel set is mounted on
the vehicle after the teaching process is complete. The tire
pressure values are available as soon as the vehicle is
started because the trigger cycle starts immediately after
the door is opened and the wheel electronics units have
sent the latest data to the control unit.

1
2
3
4
5

Control unit
Trigger senders
Wheel electronics
Central digital antenna
Left fuse carrier

Fast updating of the tire pressure display during
pressure correction
The differential pressure display filling information in the
Tire pressure menu is still available when the vehicle is
stationary in order to ensure that the tires are filled
correctly. As soon as this information is called up, a fast
pressure update is generated over a time span of 15
minutes and this update information shows the current tire
pressure every 10 seconds during tire pressure
adjustment.
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Control Unit
As in previous models, the control unit is
located above the mounting saddle for the
foot operated parking brake in the driver’s
footwell. The control unit analyzes the
incoming data from the antenna and forwards
the relevant information to the instrument
cluster. Because the data is transmitted via
cable from the central antenna, the control
unit is designed to pick up both frequencies
(433 RoW–315 MHz USA/Canada). If a new
control unit is installed, it must be coded
accordingly.
Control Unit

Input Signals via CAN




Vehicle speed
Outside temperature
Engine speed

Input Signals via Local Interconnect
Network (LIN)
Four wheel electronics units via the digital
central antenna







Output signals
Front left trigger
Front right trigger
Rear right trigger
Rear left trigger
Instrument cluster
TPM Inputs & Outputs

Notes:
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TPM (RDK) System Operation

1. The control unit activates the front left trigger (only the trigger in the left front wheel house receives this signal).
2. The trigger sends a 125 kHz signal to the wheel electronics. The impulse is limited so that only the wheel electronics in
the same wheelhouse (in this case the front left) receives the signal.
3. The electronic wheel unit in the front left sends out a data signal at 433/315 MHz, which is received by the central
antenna. The data protocol includes the wheel electronic ID, pressure on the tire, temperature of the tire air and battery
lifetime.
4. The data are digitized and sent via LIN to the control unit.

Notes:
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Triggers (trigger senders)

A trigger is located under the wheel housing liner in each of the four wheel housings. These four triggers send 125 kHz
command signals directly to their corresponding wheel electronics units to immediately transmit the desired information to a
central antenna.
When the vehicle is unlocked, the control unit initiates the first 125 kHz signal for each trigger in the four wheel housings, one
after the other, starting at the left front in clockwise direction. Then, the wheel electronics units are triggered approximately
every 60 seconds while the vehicle is moving. Because the range of the trigger coils is limited to the relevant wheel housing, any
possibility of interference affecting other wheels is almost totally eliminated. Depending on many and varied influences from the
immediate environment, such as reflections (wet roads, metal grates, guide rails, etc.), external interference (external
transmitters), a trigger signal can fail to reach the related wheel sensor or the feedback data protocol can get lost on its way to
the central antenna.
As soon as the initial trigger cycle from front left to rear right is completed, if the expected protocol had failed to materialize
from any wheel position, the control unit will immediately re-signal (repeatedly if necessary) the trigger at that wheel position.
This concept reduces system interference and the wheel electronics units are detected much faster.
Central Antenna

The digital central antenna (reception frequency 315 MHz) is secured close to the center of the underside of the left side
member under the vehicle. It is protected from stone damage by the sill cover. The signals received from the wheel electronics
units are digitized in the antenna and forwarded to the control unit via the LIN bus. The digital antenna has an integrated selfdiagnosis facility. This means that when a fault is detected, it is stored in the control unit fault memory and displayed on the
PIWIS Tester.
Wheel Electronics
The wheel electronics unit (wheel transmitter 315 MHz) is screwed to the rim using the wheel valve.
The wheel electronics unit is comprised of the following components: pressure sensor, temperature sensor, roll switch,
measuring and control electronics, receiver and transmitter as well as a battery.
The wheel electronics unit can be triggered and receives send requests from the TPM control unit via four triggers. This means
that the antenna always receives only one data protocol and this comes from the wheel electronics unit that received the
request to send. This gives the system added protection against interference affecting other antennas. Higher transmission
power is used due to the longer radio link to the central antenna.
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Tire Pressure Monitoring (TPM) Generation 2.4—Panamera (970)

The most important additional function offered by the TPM system in the Panamera model range is the ability to differentiate
between required pressure for comfort and standard required pressure (Vmax required pressure). Another important change
relates to the activation of the hard warning.
A “hard” warning in red text is only displayed:



If the tire pressure is more than 7 psi (0.5 bar) too low for the speed range from 0 - 100 mph (0 to 160 km/h)
If the tire pressure is more than 6 psi (0.4 bar) too low at speeds of more than 100 mph (160 km/h)

The dynamic warning is no longer used, i.e. no warning is issued when the tire pressure starts to drop quickly within a certain
time period. If one of the parameters mentioned above comes into effect, there is a slight time delay before the warning
appears.
Control Unit
The control unit is located at the right-hand side of the luggage compartment. The control unit analyzes the incoming data from
the antenna and forwards the relevant information to the instrument cluster. Because the data is transmitted via cable from the
central antenna, the control unit is designed to pick up both frequencies (433/315 MHz). If a new control unit is installed, it must
be coded accordingly.
Triggers (trigger senders)
The four triggers, which are located under the wheel housing liners in each of the four wheel housings, send a 125 kHz signal
directly to the wheel electronics units in order to transmit the desired information to a central antenna immediately. The request
to do this comes from the PSM control unit via a PWM signal.
Central Antenna
The digital central antenna (reception frequency 315/433 MHz) is mounted to the right side of the vehicle floor. The signals
received from the wheel electronics units are digitalized in the antenna and forwarded to the control unit via the Local
Interconnect Network (LIN bus).
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Wheel Electronics Unit
To avoid confusion with 1st generation wheel electronics, the new wheel electronics unit can be identified by the modified shape
of the housing and the small air filter. A modified data protocol ensures that the wheel electronics unit will not be detected if
incorrect part is installed and this is stored as a fault in the fault memory.
The external features of the new, trigger-activated wheel
electronics unit 1st generation versus 2nd generation
A - Wheel electronics unit 1st Generation
B - Wheel electronics unit 2nd Generation

Partial Monitoring

If a spare wheel without a wheel sensor is mounted in the event of a flat wheel, a unique allocation of the remaining wheel
electronics units can still be detected by the trigger system. In this case, the system remains active when an emergency spare
wheel or a spare wheel with no wheel sensor is used. If one or two sensors fail, for example due to sealant, the system
continues to monitor the wheels using the wheel electronics units that are still active.

Note!

If a spare wheel with a wheel sensor is mounted, and this is confirmed by selecting Spare wheel in the Spare wheel menu, this
wheel will be incorporated into the monitoring process following a brief learning phase.
System cannot be Switched Off (Warning can be acknowledged)
The TPM system can no longer be switched off. As a result, if the pressure is deliberately reduced well below the nominal
pressure, e.g. for improved traction on extremely soft or sandy terrain, a flat wheel message will appear continuously in the
display. The hard (red) warning can be acknowledged with the new TPM generation. This clears the display so that any other
messages and information can be shown. The TPM light in the instrument panel remains activated until the tire pressure is
increased to the nominal pressure. Each time the ignition is switched off and on again, the hard warning re-appears as a
reminder and can be acknowledged again if necessary.

Note!
A complete description of the TPM system can be found in the Service Information Technik for the Boxster and Cayman, model
year 2009.
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Tire Pressure Monitoring (TPM) Generation 2.5
Cayenne, Cayenne S, Cayenne Turbo

Components
The system comprises the following components.

Run-flat Systems
All Cayenne models come with a space-saving tire repair
system comprising tire sealing compound and an electric
pneumatic compressor.
Tire Pressure Monitoring Generation 2.5
Timely detection of a gradual loss of pressure not only
increases driving safety, but can also prevent uneven tire
wear and high fuel consumption due to inadequate tire
pressure. The correct tire pressure additionally supports
safe driving and high driving dynamics.
With the tire pressure monitoring system (TPM Generation
2.5) provided as standard equipment on all Cayenne
models, the tire pressure of the running tire is monitored
permanently and separately for all four wheels. Compared
with the TPM Generation 2.2, which was installed in the
Cayenne from model year 2008, the antenna is now
integrated in the control unit in the new TPM Generation
2.5. The functions have not changed.

1
2
3

TPM control unit with integrated antenna
Trigger transmitters
Wheel electronics

Control Unit
The TPM control unit with integrated antenna is fitted on the outside on the vehicle underbody. The control unit is water-tight. The
underbody paneling serves as mechanical protection for the control unit. The location of the control unit on the outside of the
vehicle ensures that wheel electronics reception is not subject to interference as a result of various conditions in the passenger
or luggage compartment or due to metalized heat-insulating glass.

The control unit requests the four trigger transmitters to transmit in succession by means of a PWM signal. The 125 kHz signal
is received by the respective wheel electronics units. The data protocol transmitted by the wheel electronics is received by the
antenna integrated in the control unit.
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Tire Pressure Monitoring (TPM) Generation 2.6 911
Carrera, 911 Carrera S

Components
The system comprises the following components:

Tire Repair Systems
Like the previous models, the new 911 Carrera (991)
models come as standard with a space-saving tire repair
system comprising tire sealing compound and an electric
pneumatic compressor.
Tire Pressure Monitoring
Timely detection of a gradual loss of pressure increases
driving safety. It can also prevent uneven tire wear and
increased fuel consumption due to inadequate tire
pressure. The correct tire pressure additionally supports
safe driving and high driving dynamics.
Tire Pressure Monitoring (TPM Generation 2.6) continuously
monitors the tire pressure separately for all four wheels.
Compared with the TPM Generation 2.3, which was installed
in the Carrera as from model year 2009, the antenna is
now integrated in the control unit in the new TPM
Generation 2.6. The basic functions have not changed.

1
2
3

TPM control unit with integrated antenna
Trigger transmitters
Wheel electronics

Control unit
The TPM control unit with integrated antenna is mounted on the outside in the underbody area on the coolant lines. The control
unit is water-tight. The underbody paneling serves as additional protection for the control unit. The location of the control unit on
the outside of the vehicle ensures that wheel electronics reception is not subject to interference as a result of various conditions
in the passenger or luggage compartment or due to metalized heat-insulating glass. The control unit is available in the countrydependent frequency variants (433/315 MHz).

Speed Warning for Comfort Pressure
A lowered comfort air pressure can be used for increased driving comfort up to a maximum speed of 165 mph (270 km/h) or
100 mph (160 km/h) for so-called low-speed countries. This is also monitored by TPM. If the maximum speed for the set
comfort pressure is exceeded and the tire pressure falls below a critical value, the warning “Comfort pressure Reduce speed”
appears in the multi-function display.
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Brake System Overview
One of the fundamental control systems in the vehicle is the
braking system. Progressive control and predictability
under braking are essential, and Porsche engineers have
created different systems as required for the wide variety
of chassis and engine power. The Porsche driver does not
use the brakes only to stop the vehicle; but also to affect
weight transfer and thus control vehicle dynamics.
Additionally, the basic mechanical braking components are
now used with various electronic controls to provide
traction and handling controls.
To properly understand and diagnose the braking system,
certain fundamentals must first be understood. The
principles on which the hydraulic brake system functions
are based on the application of Pascal's law, which states
that the pressure exerted on a closed-circuit fluid is
transmitted evenly in all directions.

The second graphic shows a cylinder with a loaded force of
36 kg. To the right of this cylinder are eight other cylinders.
For this example, assume that when the 36 kg of force is
exerted on the left cylinder, the piston travels 20.3 cm. The
36 kg of force is evenly distributed across all eight
cylinders, causing each piston to move 2.54 cm.

In the graphic example, if you apply a force to the left-hand
piston with a given area, this force is transformed into a
pressure that is transmitted through the hydraulic fluid or
oil. This pressure then transforms back into an output force
over another given area for the right-hand pistons. In the
graphic below, nine pistons of equal size have equal
amounts of pressure supporting a weight of 100 grams.
The pistons all rest at the same height.

The first cylinder corresponds to the brake master cylinder
piston. The other pistons correspond to the brake wheel
cylinders or pistons.

In the vehicle, the total area of the brake caliper pistons is
much greater than the area of the master cylinder piston. In
this example, when the small master piston moves
downward 4 mm with a force of 20 kg, the large slave
piston moves upward one-fourth the distance (1 mm) but
with four times the force (80 kg).

Page 2.2

Suspension, Brakes and Alignment

Brakes
Brake Fluid

Brake Circuit Distribution

Brake fluid serves as a hydraulic medium for force
transmission in the braking systems. It must meet very high
standards in order to ensure safe functioning of the brakes.
These requirements are set down in various standards, (i.e.
SAE J 1703, FMVSS 116, IS0 4925, etc.). Porsche
specifies Super DOT 4 brake fluid. DOT 3 and DOT 4 brake
fluids are both glycol-based fluids, but DOT 4 has a higher
boiling point. DOT 5 brake fluid is silicone-based and is not
compatible and not recommended.

In order to guarantee sufficient braking power if a leak
occurs in the braking system, all Porsche vehicles are fitted
with dual circuit braking systems. The circuits are divided
into front/rear (i.e. black/white), or diagonal (i.e. a front
wheel and the diagonal rear wheel).

Equilibrium Boiling Point
The equilibrium boiling point is a measure of the thermal
load capacity of the brake fluid. The load can be very
extreme, particularly on the caliper pistons that have the
highest temperatures in the braking system. At
temperatures over the actual boiling point of the brake fluid,
steam bubbles are formed. It is then impossible to transmit
force in the brake system. The vapor compresses and the
brake pedal travel increases.

Front/Rear Division (i.e. black/white)

911 Carrera (997/991), and Boxster and Cayman
(987/981) vehicles use the front/rear division. With this
type, if a leak occurs in one circuit (i.e. front or rear), the
brakes at the opposite end of the vehicle continue to
function.
If the front wheel brake fails, the deceleration is less, due to
the relief of the rear axle. In addition, the vehicle may
swerve due to locking up of the rear wheels.

Notes:
Wet Boiling Point
The wet boiling point is the equilibrium boiling point of the
brake fluid when it has absorbed water under defined
conditions. Because brake fluid is hygroscopic, a marked
lowering of the boiling point results. Brake fluid can absorb
moisture from the atmosphere, so changing the brake fluid
in the vehicle every 1–2 years is absolutely necessary for
the safety of the braking system.
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brake circuit is pushed until it strikes the stop sleeve. When
the brake pedal is again depressed, the front brake circuit
piston is now moved forwards due to the force of pressure
of the adjacent rear piston. Now the pressure for the front
wheel brake circuit builds up and the vehicle is stopped.
Stepped Tandem Brake Master Cylinder

Diagonal Division

Diagonal division is used in Cayenne vehicles. With the
forward weight distribution in this arrangement, a front and
a rear wheel brake must be applied in order to achieve
sufficient deceleration. This brake circuit distribution was
also used in the Porsche 924 and 928 without ABS.
Brake Master Cylinder
Tandem Brake Master Cylinder

1.
2.
3.
4.
5.

Intermediate piston
Pressure spring to intermediate piston
Captive screw
Thrust rod piston
Stop sleeve

The stepped tandem brake master cylinder was developed
for dual circuit braking systems with a front/ rear brake
circuit distribution. With this type of master cylinder, if the
front axle brake circuit (which applies the greatest
proportion of braking force) fails, optimal braking can be
achieved using only the rear axle brake circuit without
exerting significantly greater pressure on the pedal (due to
an automatic pressure increase in this brake circuit).
This design has two different bore diameters for the two
brake circuits. The chamber with the larger cylinder
diameter (thrust rod piston chamber) is linked to the front
axle brake circuit, while the chamber of the smaller cylinder
diameter (intermediate piston chamber) is connected to the
rear axle brake circuit. When the brake pedal is depressed,
the fluid forced from the thrust rod piston also works on the
rear side of the intermediate piston, creating almost the
same pressure level in the intermediate piston circuit as in
the thrust rod piston circuit. The two pistons are not
connected to one another and can therefore provide a
different size stroke, depending on the different fluid
volume consumption.

Notes:

A tandem brake master cylinder includes two standard
brake master cylinders in series. One piston increases
pressure for the front brake circuit and the other piston
increases pressure for the rear brake circuit.
If one brake circuit fails because of a leak, the vehicle can
still be stopped with the other brake circuit. For example, if
the front brake circuit is leaking, both pistons and the brake
fluid between the pistons are pushed completely forward. At
this point, pressure builds up in the rear wheel brake circuit.
If the rear brake circuit is leaking, the piston for the rear
Page 2.4
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Rear Axle Brake Circuit Failure

Braking Force Regulator
During braking, the vehicle's center of gravity is moved
forward, and downforce on the rear axle is reduced. At a
certain deceleration or braking pressure, the rear axle
would over-brake, i.e. the wheel would lock up and the rear
of the vehicle may swerve. In order to prevent this, a
braking force regulator (proportioning valve) is installed in
the rear axle brake circuit.

If the rear axle brake circuit fails (intermediate piston brake
circuit, smaller cylinder diameter), the intermediate piston
moves forward without any significant resistance (only
overcoming spring resistance) until the peg of the
intermediate piston strikes the cylinder bottom. In this way,
the play (see S2 above) is overcome, and the hydraulic
braking pressure in the thrust rod piston circuit (front axle
brake circuit) is built up in the same ratio as in an intact
braking system.
Front Axle Brake Circuit Failure

1

Housing

2

Valve seat

3

Pressure spring

4

Steel disc

5

O-ring

6

O-ring

7

Guide sleeve

8

Spacer sleeve

9

Pressure spring

10 Guide disc

11 O-ring

12 Regulator piston

13 O-ring

14 Screwed connection w/
hexagon

Above a threshold design pressure, the braking force
regulator reduces outlet pressure to the rear wheels in
some ratio to inlet pressure.

Note:
The arrow on the regulator indicates the direction of fluid
flow. Since M.Y. 2002 with ABS 5.2, Porsche vehicles have
electronic brake force regulation. There is no longer a
brake force regulator installed.

If the front axle brake circuit fails (thrust rod piston circuit,
larger cylinder diameter), the thrust rod piston is moved
forwards without any significant resistance (only
overcoming spring resistance), until the stop sleeve strikes
the thrust rod piston. In this way the play (see S1 above) is
overcome and a direct, mechanical connection to the
intermediate piston is established. A considerably higher
hydraulic braking force is created in the functional
intermediate piston circuit (rear axle brake circuit) using the
same pedal force, thanks to the smaller effective cylinder
diameter.

Notes:
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1

Vacuum housing

2

Vacuum cylinder

3

Working piston

4

Air filter

4a Silencer
5

Directional control valve
housing

6

Radial sealing ring

7

Plunger return spring

8

Guide sleeve

9

Thrust rod

10 Reaction disk
11 Sealing ring
12 Valve piston
13 Piston rod
14 Pressure spring
15 Popped valve
Vacuum Brake Force Booster
A vacuum-assisted brake force booster is installed to allow short brake pedal travel with low effort, without impairing pedal feel.
The booster applies a portion of engine vacuum (approximately 0.5 bar) over a large surface area to produce the required
assist. Starting with M.Y. 2005, and as of M.Y. 2008, all Porsche vehicles use a vacuum pump instead of engine manifold
vacuum.

Notes:
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Vacuum Brake Force Booster Function
Release Position

The working piston is pushed completely over to the right.
The outside air duct (A) is closed, and the vacuum duct (U)
is open. The same level of vacuum exists on both sides of
the working piston.

the reaction force from the brake master cylinder and rests
on the poppet valve.

At this point a ready position is achieved; a slight change in
pedal pressure causes an increase or decrease in the
differential pressure on the working piston and therefore an
increase or decrease in braking.
Full Braking Position

Partial Braking Position

If the brake pedal is depressed, the first vacuum duct (U) is
closed by the poppet valve.
As the brake pedal continues to move, the outside air duct
(A) is opened. The vacuum behind the working piston is
reduced, and this provides support for the pedal force. If
the pedal pressure remains constant (partial braking),
vacuum is reduced until the valve piston is pushed back by

In full braking position the vacuum duct (U) is closed, and
the outside air duct (A) is continuously open. The greatest
possible differential pressure prevails on the working piston
and the greatest possible support. A further increase in
force on the brake master cylinder is only possible by using
greater pedal force.
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Mechanical Vacuum Pump
A mechanical vacuum pump is installed on the engine in 997/ 991, 987/ 981, Cayenne, and Panamera models. This pump
provides a high and constant level of vacuum supply and subsequent effective brake boost even in unfavorable conditions, e.g.
low air pressure at high altitudes, and in highly dynamic driving involving a high proportion of full-load operation, e.g. on race
tracks.

9x7 9x1 Vacuum Pump

Supplemental Electric Vacuum Pump
Hybrid models of Cayenne and Panamera have a 12V electric vacuum pump in addition to the mechanical vacuum pump.
The combustion engine may not be running when the brakes are used.

Notes:
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Brake Caliper

Monobloc Brake Caliper

When the brakes are applied, hydraulic pressure is applied
to pistons on both sides of the fixed caliper. The pistons
move inward, forcing the brake pads against the rotating
brake rotor. The piston seals deform as the pistons move.
Friction between the pads and rotor create the stopping
action. The vehicle’s energy of motion (kinetic energy) is
changed to heat energy, which is given off by the brake
components.
When the brakes are released, the pistons retract and the
piston seals return to their rest shape. Piston movement is
very small. As pads wear, the pistons move inward to
maintain running clearance with the rotor.

1
2
3
4
5
6
7
8
9

Caliper
Piston seal
Hydraulic fluid connecting channel
Brake pad
Brake disc
Dust seal
Piston
Inlet port from master cylinder
Mounting flange

Porsche uses patented Monobloc brake calipers, which are
a development of the Porsche four-piston calipers. Benefits
include high structural rigidity, the best possible heat
dissipation, reliability proven on the race track, and
reduction of unsprung weight.
The weight reduction when using the Monobloc concept is
mainly due to the fact that the caliper connection bolt is no
longer present, and also to the new pad guidance system
using bolts set in the housing. These bolts support the
brake pads. The system is resistant to corrosion because
of low contact between the brake pad carriers and the
guide bolts.
These characteristics guarantee rapid response and
release of the brake after activation, in order to achieve
rapid cooling of the brake disc. Features such as individual
pad wear monitoring and the external housing connection
line for cooling the brake fluid increase operating safety and
reduce the risk of failure due to the formation of vapor
bubbles.
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Brake Discs

Two-part Floating Disc

Brake discs consist of high-quality cast iron (e.g. GG20 Mo
Cr). They are resistant to wear, warping from heat, and
crack formation. In order to achieve a maximum heat
radiation surface and cooling air flow rate, the brake discs
are fitted with internal cooling ducts and are often
perforated. The cooling air passes from inside to outside.
The cooling ducts are designed in either radial or involute
form.

911 Turbo Brake Disc Shown

A special feature of the 911 Turbo brake disc is the twopart floating disc/hat design that minimizes vibration.

Note:

The brake disc may not be separated from the mounting
hat. Also, do not tighten the screws (see arrows in photo
above for location) even if they appear loose (refer to the
Workshop Manual for more information).

Notes:

The involute design achieves a type of suction effect on the
outside. However, these brake discs must run in a certain
direction of rotation (see graphic). Because of the direction
of rotation and the involute design, there are left and right
brake discs.
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Brake Disc Inspection (Perforated Discs Only—Not
Applicable to PCCB)

Minimum Thickness of Brake Disc (Standard Discs)

Visual Check and Crack Assessment
Perforated discs may crack from thermal fatigue (changes
from thermal expansion). The perforation holes in the
friction disc crack in a radial direction.

Measure the thickness of the brake discs with the
micrometer or brake disc measuring gauge within the brake
surface, at approximately eight points.
Minimum Thickness of Brake Disc (Perforated Discs)

The maximum permissible perforation crack length is 5 mm
(0.20 in.). Longer cracks or cracks starting at the edges of
the friction discs affect brake feel and reduce the strength
of the discs: the discs must be replaced.

Due to the perforated brake discs and the corresponding
contact pressures of the brake linings, the perforated brake
discs generally suffer greater wear on the inside and
outside. For this reason, a test for minimum thickness
measurement should be carried out in these areas.

Arrows = Zone of greatest wear on the brake disc friction
surface
A = Perforation friction zone
B = Smooth friction edge zone

Note:

The thickness of the cracks in the graphics is exaggerated
(for better visibility).
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Brake Disc Lateral Runout (Standard and Perforated
Discs)

Brake Pads

Follow the test conditions listed in the repair instructions to
attach adapter and dial gauge. Attach the dial gauge with
some initial tension. Place the probe on the greatest
diameter of the brake surface.
Turn the brake disc and at the same time read the lateral
runout on the gauge. For the permissible lateral runout of
the disc refer to the appropriate Workshop Manual.

Brake pad friction linings should be corrosion and wear
resistant, and the dust created from use must be
environmentally friendly and asbestos-free.

Notes:

The disc brake lining consists of a carrying plate on which a
friction lining is mounted. An intermediate layer influences
heat transmission from the lining to the plate. The lining is
under mechanical stress from pressure (contact pressure
from the caliper pistons) and shearing (from the turning
brake disc). Under high load, the friction causes thermal
stresses that encourage the formation of cracks. The
different coefficients of expansion of the friction material
and the lining carrying plate, leads to warping of the linings
and hence to various mechanical stresses that increase
crack formation. Changing exposure to mechanical and
thermal stresses also causes material fatigue. The most
suitable composition of the friction lining can therefore, only
be an acceptable compromise.
Black paint on the carrying plate prevents rusting under the
friction lining. For this reason, care should be taken to avoid
damaging the paint. The linings are provided with colored
lines which identify a certain coefficient of friction. It is
important, to install brake linings with the same color
coding on each axle.
Porsche brake linings must be made relatively hard due to
the high stresses they experience, but this also means that
squealing may occur. Brake squealing noises result from
what is called the stick-slip effect: the lining and the disc
become interlocked because of surface roughness, release
and interlock again. The slip-stick effect produces frictional
vibrations.
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Parking Brake

Porsche Ceramic Composite Brake (PCCB)

The parking brake is a small drum brake located in the rear
disc brake rotor hub (hat). The two parking brake shoes are
actuated mechanically (cables) or electrically. More
information about the electric parking brake is provided
later in this chapter.
Consult the Workshop Manual for servicing both mechanical
and electrical parking brake.

Notes:

The Porsche ceramic composite brake (PCCB) brake disc is
made of a mixture of carbon fiber, graphite, and silicon.
The Porsche 911 GT2 and 911 Turbo were the first mass
produced vehicles to receive this brake system.
The two disc halves are made of carbon fiber combined
with graphite and resin. These halves are then combined in
a high vacuum with liquid silicon at a temperature of
approximately 3092°F (1700°C). During this process. the
liquid silicon permeates the carbon fiber and ensures the
high strength of the created material. The created ceramic
brake disc has a high degree of hardness (9.7), which is
comparable to that of a diamond (degree of hardness: 10).
The specific weight of this ceramic material is 2.4, whereas
gray iron is quite a bit higher at 7.87. The lower achieved
mass also reduces the thermal retention capacity. To
compensate, the disc diameter is increased. After all the
necessary strengthening, the ceramic brake is still 36.38
lbs. (16.5 kg) lighter than the comparable gray iron brake
discs. The perforated and involute internally ventilated
brake discs are attached to a stainless steel carrier hat.
PCCB brakes are available for all Porsche model lines;
Sports Cars, Cayenne, and Panamera.
The life expectancy has been significantly increased
to a service life of approximately 200,000 miles
(300,000 km) due to the ceramic composition.
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Brakes
The new brake pad composition in conjunction with the
PCCB brake discs ensures high and constant brake
coefficients. In addition, the new pads have twice the
service life of conventional brake pads.
The front axle uses reinforced six-piston brake calipers, and
the rear axle uses four-piston brake calipers. The aluminum
Monobloc fixed calipers are painted yellow. The brake discs
are bolted to a separate carrier. The disc and carrier
should, however, never be separated. An arrow on the
carrier indicates the direction of rotation.

PCCB Inspection
The ceramic brake discs are sensitive to knocks and
impacts. The brake discs must never be struck (especially
at the edges) when they are mounted and detached. This
also applies when wheels are mounted.

Advantages:










50% reduction in rotating and unsprung masses
compared to conventional brake discs of the same
diameter
High life expectancy for brake components (brake
discs should last up to approximately 200,000
miles)
Quick response, whether brakes are hot or cold
Constant friction coefficients, resulting in the
highest fading stability
Excellent responsiveness in wet conditions
High resistance to corrosion
Safety reserves during extreme stresses

Important:
Two locating bolts (part number 999.571.074.30)
must always be installed before the wheels are
mounted. This will help prevent damage to the brake
discs.

Notes:
Information




Irrespective of wear, a brake disc change can be
necessary on the brake disc surfaces due to edge
damage.
Only one brake disc may need to be replaced if the
friction area surface of the other PCCB brake disc
is still completely OK.

The following criteria apply to edge damage assessment:
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Max. permissible width/depth = 2 mm
Max. permissible length = 10 mm
Max. three damaged edge areas permissible
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Brakes
Tension Relaxation Cracks

PCCB Brake Disc—9x7 and 9x1 Sports Cars

Tension relaxation cracks in PCCB brake discs form during
the manufacturing process as a result of differing
expansion rates of the friction layer and carrier. These
cracks are characterized by a fine pattern of cracks across
the entire friction surface. These are not fatigue cracks.
PCCBs with pronounced tension relaxation cracks do not
need to be replaced.
Tension relaxation cracks may be present in new brake
discs and do not represent a safety risk. The friction layer
will not flake off due to these cracks, and different crack
patterns may appear on each disc surface.
PCCB Disc Wear

PCCB brake disc wear characteristically occurs after long
periods at high loads, i.e., on the track. The brake discs
must be changed for the complete axle if flaked-off areas
(not the sum of smaller areas) on the disc surface are
greater than 0.16 in2 (1 cm2).

The optional PCCB brakes for the 911 Carrera/S (997),
Boxster S (987) and Cayman S (987) have been further
optimized compared to 9x6 versions. The most important
changes concern the shape of the inner cooling ducts and
the material composition: the familiar involute shape of the
inner cooling ducts has been modified to increase the
ventilation effect of the rotating rotor. This results in an
even higher air flow and a subsequent improvement in
brake cooling. Finally, optimization of the fiber
reinforcement has led to a further marked improvement in
abrasion resistance, particularly when the brake is
subjected to high loads. For the customer, these
improvements mean increased performance and an even
longer service life for the brake system.
Together with the newly developed brake linings, the
ceramic brake disks of 350 mm in diameter ensure very
high and above all constant friction values during braking.
With the support of six-piston aluminum Monobloc calipers
on the front axle and four-piston calipers on the rear axle,
brake response is even faster and more precise while
requiring markedly less force to be applied to the brake
pedal.
All of these improvements carry over into the 9x1
generation Sports Cars.

Suspension, Brakes and Alignment
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Brakes
PCCB Disc Brakes—Panamera

Electric Parking Brake (EPB)

Similar to other Porsche models, the high-performance
ceramic brake system Porsche ceramic composite brake
(PCCB), is also available as an option on Panamera
vehicles.

The Electric Parking Brake, was introduced on the 2010
Panamera, and has since been incorporated into all new
models. The electric parking brake can be activated
manually using a switch located to the left of the steering
wheel. The parking brake can only be deactivated while
pressing the foot brake (and clutch pedal). It is also
released automatically following manual activation when the
driver’s intention to drive off is detected via the accelerator
pedal.

For the Panamera S and Panamera 4S models, this brake
system is designed with a brake disc diameter of 390 mm
at the front and 350 mm at the rear, while the system used
on the Panamera Turbo has a brake disc diameter of 410
mm at the front and 350 mm at the rear. Six-piston
aluminum Monobloc fixed caliper brakes are also used here
on the front axle and four-piston aluminum Monobloc fixed
caliper brakes on the rear axle of all Panamera models.

Notes:

1
2
3
4
5
6
7
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Housing with connector
Rotary encode
Motor
Housing for mechanical components
Planetary gear
Pinion
Expander mechanism
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Brakes
EPB Functions

Note!

Activating when the vehicle is stationary
Conditions:




Vehicle speed less than 1.5 mph (2.2 km/h)
At least one valid wheel signal per axle
Press switch

Display: Function light comes on in the instrument cluster
and on the switch
Emergency stop
If at least one valid wheel signal is not available on each
axle, the electric parking brake can be clamped under the
following conditions and the vehicle is stopped safely:



Ignition off
Switch pressed for longer than 10 seconds

Releasing When the Vehicle Is Stationary




Emergency braking—vehicle deceleration of 0.8 g
Conditions:




Ignition on
Brake pedal (also clutch pedal in vehicles with
manual
transmission) pressed
Pull switch

Display: Function light goes out (on instrument cluster and
switch)






Conditions:










(Drive Off Assistant)

Function light flashes (instrument cluster and
switch)
Warning sounds
Message in the instrument cluster: Emergency
braking

Servicing EPB


Releasing when driver’s intention to drive off is
detected

Vehicle speed greater than 2 mph (3.5 km/h)
One valid wheel signal per axle
Press switch continuously

Display:


Conditions:



If the driver’s door is not closed or the driver’s seat belt is
not fastened, the electric parking brake will not be released
automatically when the driver attempts to drive off. A
message appears on the multi-function display in the
instrument panel: Release electric parking brake. The brake
warning light on the instrument panel and the indicator light
on the switch start to flash. The parking brake must be
released manually.

Bedding in the shoes, activated using the PIWIS
Tester
Calibration of the system, activated using the PIWIS
Tester
Driving to assembly position, activated using the
PIWIS Tester
Consult the Workshop Manual

Notes:

Driver’s intention to drive off detected (Porsche
Doppelkupplung (PDK) = selector lever in position
D or
R, manual transmission = clutch pressed)
Gradient angle > 5 degrees
Driver’s seat belt fastened
Driver’s door closed

Display: Function light goes out (on instrument cluster and
switch)
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Steering Systems
Emergency Release Function of the Electric Parking Brake

Emergency release procedure using the actuator:
1. Loosen the oval-head screw on the back of the actuator using an Allen key (a/f/3).
2. Access the emergency release screw using an Allen key (a/f/ 3).
3. Complete approximately 300 turns counter-clockwise until the torque increases noticeably. The fully released position of
the brake shoes is then reached.
Notes:
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Steering Systems
Conventional System

increased, the steering effort also goes up (low power
assistance).

Rack-and-pinion Steering Gear
Rack-and-pinion steering with power assistance is used in all
Porsche vehicles since M.Y. 1990. The steering gear ratio
is model specific in each case. Beginning with M.Y. 2003
Cayenne and M.Y. 2005 9x7 Sports Cars, Porsche has
used steering racks with a variable ratio. This provides for
more precise control close to the center position (ex
16.7:1) and faster response with increased steering wheel
input (ex 12.7:1). The variable steering ratio both
increases comfort at high speeds and makes parking
maneuvers easy.

991 and 981 Electric Power Steering
All 9X1 models feature a variable rack-and-pinion steering
gear with speed-sensitive, electromechanical power
steering with no hydraulic components. Compared with a
hydraulic power steering system, this system offers the
advantage of a reduction in fuel consumption. This is
achieved thanks to the fact that energy is only required
when the driver uses the steering. It also improves comfort
and safety thanks to additional new functions.
Feedback is provided to the driver via the steering wheel
and negative or unnecessary interference is filtered out.
Active resetting of the steering ensures that the steering
wheel automatically returns to the center position even at
low speeds.
When braking on road surfaces with different coefficients of
friction under the left and right wheels, a steering pulse is
output in the desired steering direction. This makes it easier
for the driver to stabilize the vehicle and remain on the
intended course. As a result of extensive lightweight design
measures (e.g. tie rods in aluminum and weight
optimizations to many individual components), the weight of
the new electromechanical power steering is practically the
same as that of the previous hydraulic steering system.
Power Steering Plus

Rack-and-pinion Steering Gear with Variable Steering Ratio

Power Assistance
Historically, power steering assistance has been provided
by a hydraulic pump, driven by the crankshaft accessory
belt. Because the mid-1990s, power steering systems
have been filled with Pentosin fluid. In most cases, there is
a power steering fluid cooler built in the return circuit. This
can be either a radiator or a length of pipe folded-over
several times (sometimes known as a trombone cooler).

Power Steering Plus, a speed-sensitive power-steering
system, is available as an option for all 911 Carrera (991)
models. At low speeds, Power Steering Plus facilitates
much easier and more comfortable maneuvering and
parking. To ensure the typical Porsche steering response,
requirements with regard to the basic mechanical design
and electronic control quality have been significantly
enhanced. The new power steering for the 911 Carrera
models is characterized by a compact design, highly
dynamic response and extremely precise steering in any
driving situation.

Starting with 2010 Panamera, Porsche has been working to
improve the efficiency of the power steering systems. This
contributes to better fuel economy.
Servotronic
Servotronic is a vehicle speed-dependent power steering
system. When equipped, less steering effort (high power
assistance) is required for parking, traveling at low speeds,
and while off-road (Cayenne). When the vehicle speed is
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Design and Function of the Power Steering

DC Motor with Integrated Control Unit
For steering assistance, the steering system features a DC
motor with an integrated control unit mounted parallel to
the steering gear.

1
2
3
4
5
6
7
8

Housing with steering rack
Steering spindle connection
Torque sensor
Steering pinion
Sensor cable
Electronic control unit
Electric motor
Power steering gear

The steering gear consists of the rack with pinion drive. The
toothing of the rack is produced with different modules and
meshing angles. The steering responds as usual in the
center position (driving straight ahead).
On the other hand, the steering ratio is smaller at larger
torque angles (to the right and left) and the steering is
therefore more direct.

1
2
3
4
5
6
7

Small toothed disc/electric motor
Toothed belt
Steering rack/ball thread
Large toothed disc/ball recirculating nut
Ball recirculating nut
Balls/ball chain
Return channel

To convert the rotational drive movement of the electric
motor into linear movement of the steering rack (3), a
paraxial drive in conjunction with a toothed belt drive (2) and
recirculating ball gear are used. Both drive stages operate
with a very high degree of efficiency. The ball thread drive
uses a system with duct return. The ball chain (6) is
returned via a duct integrated in the recirculating ball nut
(5). The ball thread generates little noise during operation.
This allows a rigid connection between the steering and the
sub-frame of the vehicle, resulting in a very direct steering
feel.
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Steering Systems
Torque Sensor
The torque sensor measures the torque applied to the
steering wheel by the driver. The steering assistance of the
electric motor is calculated in the control unit. The sensor
(4) is located on the steering pinion (3). A magnetic ring is
attached to the steering spindle (2), which is connected to
the steering pinion via the torsion bar (1).

1
2
3
4

Notes:

Torsion bar
Steering spindle
Steering pinion
Sensor unit

When the driver applies a torque to the steering wheel, the
torsion bar rotates, as does the magnet for the sensor. The
sensor consists of magnetoresistive elements, which
change their resistance when there is a change in the field
direction. The voltage range of the resistances when the
magnet rotates produces a sinusoidal characteristic. The
measuring range of the sensor extends from +/- 8 to +/10 Nm. At higher steering torques, a mechanical angle
limiter prevents overloading of the torsion bar. Using this
information, the steering torque and steering speed of the
driver are calculated and transmitted as an electrical signal
to the steering control unit.
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Control Unit and Sensors

Operating Principle
Steering assistance is activated when the combustion
engine is started (rpm > 450). The steering torque applied
by the driver is detected by the torque sensor and
transmitted to the control unit. Using the steering torque
and other input variables, such as the steering angle and
vehicle speed, the control unit calculates the necessary
assistance torque, which is applied by the motor. The
assistance torque generated by the motor is supplied to the
steering rack via the recirculating ball steering gear as an
axial force.
Steering Pulse
The new steering pulse for all 911 Carrera models is a
safety-oriented driver assistance function, which assists the
driver in certain driving situations (e.g. when braking on μ
split). When braking on surfaces with different coefficients
of friction, an undesired yawing moment can build up
around the vertical axis of the vehicle. If the driver does not
respond appropriately to this situation, a brief steering
torque pulse is output in the corresponding steering
direction in order to stabilize the vehicle. The driver
intuitively steers in the direction stipulated by the pulse in
order to ensure improved braking stability.

Suspension, Brakes and Alignment
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Steering Systems
Safety and Diagnosis
The driver is informed about a steering assistance failure or
restricted steering assistance via the display on the
instrument cluster.

Note!
The end stop can assume the following three teach-in
statuses:






Learning status 0: Not learned
Learning status 1: Learned when the vehicle is
stationary (workshop)
Learning status 2: Learned when travelling slowly
(fully taught)
The teach-in status can go from status 0 via 1 to 2,
or directly from status 0 to 2
The current teach-in status can be read out via the
diagnosis function

Power Steering Plus
Teaching the End Stops
The steering end stops must be re-taught following
replacement of the steering rack or the entry of a new
vehicle identification number. For this purpose, the steering
wheel must be turned to the left-right stop when the vehicle
is stationary or travelling slowly.
Basic conditions:










The alignment is correct.
The steering-angle sensor is calibrated.
The steering system is fully installed in the vehicle;
the connectors are attached.
The vehicle is on a level surface. (Axles must not
be relieved by the lifting platform.)
The steering movement of the front wheels is not
restricted by obstacles.
The vehicle is stationary.
The combustion engine is running.
The brake (incl. parking brake) is not applied.
The steering wheel is in the center position
(straight ahead).
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The electromechanical power steering is available with the
optional Power Steering Plus function. It provides steering
assistance between 0 and 30 mph (0 and 50 km/h) for
enhanced comfort, particularly while parking and
maneuvering thanks to less steering effort being required.
The steering torque, the active return (automatic reset to
steering wheel center position), and the steering damping
are adapted according to the driving situation, e.g. at low
speeds.
Notes:
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Controlled ZF Power Steering Pump

Design

2010 Panamera was the first Porsche vehicle to get ondemand power steering assistance. This was
accomplished with the use of a new power steering pump.

Unlike normal ZF vane-type pumps, the curve ring (5) in the
rotor set in the VARIOSERV pump can be adjusted and can
generate a variable geometric flow rate thanks to the
varying eccentricity. The curve ring is adjusted according to
engine speed based on the pre-existing differential pressure
between the left (12) and right chambers (13). A control
valve (11) with integrated pressure control fitted at a right
angle to the shaft (2) essentially controls how it works.
Function
When the pump speed is reached, the pump delivers a
constant volume flow to the hydraulic power steering when
the engine is idling. An increasing change in engine speed
causes the pump pressure, which is rising internally, to
open the control valve (11), apply pressure on the curve
ring (5) and reduce eccentricity to the rotor (3). As a result,
the pump chambers become smaller and only produce a
reduced geometric flow rate. This restricted pump function
prevents an overproduction of pressure oil and as a result,
significantly less energy is used at higher pump speeds due
to reduced power consumption.

1. Housing
3. Rotor
5. Curve ring
7. Intake chamber
9. Cover
11. Control valve

2. Shaft
4. Vane
6. End plate
8. Pressure chamber
10. Outer ring
12. Left chamber

This makes it possible to simplify cooling measures in the
steering system. When the change in engine speed in the
vehicle is falling, the pressure that exists between the left
and right chambers increases the eccentricity between the
rotors (3) and the curve ring (5). As a result, the geometric
flow rate increases continuously again.

Notes:

13. Right chamber
The pump delivers a constant volume flow to the hydraulic
power steering when the engine is idling. An increasing
change in engine speed causes the pump pressure, which
is rising internally, to open the control valve (11), apply
pressure on the curve ring (5), and reduce eccentricity to
the rotor (3). As a result, the pump chambers become
smaller and only produce a reduced flow rate.
The development objective of this type of pump was to
support the automotive industry in its endeavor to achieve
the CO2 and fuel consumption limit values, particularly in
top-of-the-range, mid-size and luxury class vehicles. There is
also room for improvement by reducing the steering oil
temperature and protecting the pump from possible
overload.
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Electrical Connection for Servotronic Power Steering, Cayenne Version Shown Here
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Servotronic Control Unit Structure
Cayenne E1 up to M.Y. 2010

Servotronic Control Unit Structure
Cayenne E2 M.Y. 2011
Panamera M.Y. 2010 – on

The on-board body control module (BCM) receives information about speed and vehicle variant via the gateway. The Servotronic
valve is controlled via a corresponding PWM signal. The steering remains fully functional in the event of an electrical malfunction.
If the power supply fails, the converter valve opens to maximum—maximum hydraulic feedback (high-speed characteristic).
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Steering Systems
Cayenne S Hybrid and Panamera S Hybrid Power
Steering

Hybrid Power Steering

Steering Pump

Because power steering assistance is required when driving
with electrical power, the hybrid vehicles are equipped with
electro-hydraulic power assistance. The required hydraulic
pressure is provided by a demand-controlled hydraulic
pump, which is powered via the 12V vehicle electrical
system.

Installation position
1
2
3
4

Reservoir
Electric pump
Suction line
Pressure line

The hydraulic system is operated with Pentosin

The hydraulic pressure is delivered by an electrically driven
gear pump. The demand controlled pump only generates
the energy required for power assistance in response to a
steering command from the driver and otherwise remains in
standby mode, e.g. when driving straight ahead. This
contributes to a reduction in fuel consumption when
compared with a purely hydraulic system. The
electrification of the unit means that the function is
guaranteed even in driving modes with the combustion
engine switched off. The Servotronic also functions when
maneuvering in purely electric mode.
The pump drive power is controlled for optimum fuel
consumption according to the vehicle speed, steering
angle, and most importantly the steering angle dynamics.
Efficient control means that cooling of the power steering
fluid is not required.
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Electrical Connections – Inputs and Outputs

Notes:
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Suspension Systems
Hardware and Layout
Introduction

Rear Suspension: 911 Carrera

Porsche vehicles have always used fully independent
suspension systems. The details have changed from model
to model and as the vehicles have evolved. This chapter
will cover the basic layout of the systems used to help the
technician better understand what is required to correctly
align the vehicles. In addition, we will cover the more
advanced technologies where the hard parts are
concerned, i.e. from a service and replacement
perspective. The diagnostics will be covered in the
Advanced Chassis class (P45).
Sports Cars
911 Carrera (997/991), Boxster and Cayman (987/981)

Since the mid-1990s, 911 Carrera models and variants
have used a multi-link set up for the rear suspension. This
provides the mechanical sophistication to help counteract
the rear weight bias inherent in the 911 design. Special
attention has been given to the rear axle kinematics to
improve stability.
The rear axle camber and toe for the mid- and rear-engine
cars are adjusted with eccentric bolts.
Front-Engine models
Cayenne: (9PA/92A), Panamera (970)

Front Suspension:
The 9x7/9x1 Sports Car front suspension is a MacPherson
design. The basic set up uses a coil spring and damper in
one strut assembly. All-wheel drive and GT variants of the
911 Carrera differ in details and hard parts from the basic
rear-wheel drive layout, but are conceptually similar.
The front axle camber is adjusted by moving the upper strut
mount in and out.
Rear Suspension: Boxster and Cayman
The rear suspension layout of the mid-engine cars is
essentially a repeat of the front MacPherson strut axle
turned around. The early cars shared many of the same
parts, i.e. the front left wheel carrier had the same part
number as the rear right. This is a simple solution to the
challenges of building a mid-engine chassis while remaining
cost effective. Due to the inherent handling qualities of midengine cars, a more elaborate design is not needed.

Front Suspension:
While none of the front suspension hard parts cross over
from Cayenne to Panamera, it could be said that the frontengine vehicles have very similar concepts. Both vehicle
designs use a double wishbone suspension on the front
axle, i.e. the spring-strut assembly is a separate piece from
the wheel carrier.
The front camber and caster are adjusted with eccentric
bolts on the lower control arms.
Rear Suspension:
Like the Carrera models, the Cayenne and Panamera both
use multi-link designs on the rear axle, though slightly
different layouts when compared to each other. The
Cayenne has a toe link behind the axle centerline, like the
997, while the corresponding part on the Panamera is
ahead of the axle centerline, like the 991.
For the rear axles of both front-engine vehicles, camber and
toe are adjusted with eccentric bolts.
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Porsche Active Suspension Management (PASM)

911 Carrera/S (991)
General
PASM is a shock absorber system for active and continuous
damper control at the front and rear axle. It regulates the
damping force for each wheel individually, depending on
driving style and driving conditions. PASM is standard
equipment on the 911 Carrera S.

Body Acceleration Sensors (4_30_11)

Porsche active suspension management (PASM) has been
revised and enhanced on the new 911 Carrera models
(991). In contrast to the previous models, there are four
additional height sensors on the front and rear axle and
another front left body acceleration sensor for even more
precise control. The result is significantly enhanced comfort
in both programs.

Uneven road surfaces act on the chassis via the wheels and
cause vertical movements and vertical accelerations of the
vehicle body. By actions such as steering, acceleration and
braking etc., the driver also produces pitch, roll and yaw
reactions of the vehicle. The body acceleration sensors
detect the body movements and transmit them to the
control unit. For optimum detection of these movements,
two of the sensors are attached to the suspension strut
domes on the right and left (Fig. 4_29_11). A third sensor
is mounted at the rear left close to the suspension strut
mount (Fig. 4_30_11).

Design and Function

Height Sensors (4_31_11)

Body Acceleration Sensors (4_29_11)

The height sensors are used in addition to the body
acceleration sensors for detecting and evaluating rolling
and pitching movements. The road conditions are also
determined according to the angular velocity and
transmitted to the control unit.
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Suspension Systems
Control Unit – 911 Carrera/S (991)
The signals from the body acceleration sensors and height
sensors as well as information about lateral acceleration,
steering angle, brake pressure, engine torque, and vehicle
speed are supplied to the control electronics. Based on this
data, the required damping force for each wheel is
calculated individually in just a few milliseconds and
individual damper control is initiated. As a result, only the
actually required damping forces are set in all driving
situations, thereby reducing body movements.

wheel in both programs. PASM is controlled by regulating
the fluid flow in the dampers. In Comfort mode, for
example, the fluid can flow freely and damper control is
comfort-oriented.
Depending on the selected mode, the flow paths close or
are narrowed and the fluid is prevented from flowing
through. This principle allows the damping force and vehicle
handling to be controlled continuously or at the push of a
button.

The driver is able to choose between the Normal and Sport
programs via the PASM chassis button in the center
console. In vehicles equipped with the optional Sport
Chrono package, an even sportier set-up for the PASM
chassis can be selected using the SPORT PLUS button.
Depending on the mode and the current road and driving
conditions, PASM individually regulates the optimum
damping force for each wheel as required. The required
damping force is always calculated and applied for each
PASM - Inputs & Outputs
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Cayenne with Air Suspension—911 Carrera (997) and
Boxster/Cayman (987) with PASM Chassis

While Porsche Stability Management (PSM) monitors the
forces acting on the vehicle to help maintain the ideal line
through a corner, Porsche active suspension management
(PASM) also continuously modifies the damping force on all
four struts to compensate for steering inputs and road
conditions.
911 Carrera (997) & Boxster/Cayman (987) Models
The 911 Carrera (997) & Boxster/Cayman (987) Models
are the first vehicles in both series to offer a chassis with
actively adjustable dampers. The PASM chassis is optional
on the 911 Carrera (997), Boxster/S (987), and Cayman S
(987), and standard on the 911 Carrera S (997). The PASM
springs are shorter and stiffer than the standard chassis.
The driver can choose between two programs, Normal and
Sport, via a button on the center console. The function light
in the button comes on with the Sport setting. At the same
time, a damper icon appears in the instrument cluster
display together with the text: PASM Sport. When the
normal program is reactivated, the damper icon appears
accompanied by the text: PASM Normal. The text and icon
remain visible for 4 seconds and then disappear.

Operating Principles of PASM
PASM selects the required damper hardness for each
individual wheel from a stored map in both the Normal and
the Sport program. Possible damper settings range from
comfortable to very sporty. Both programs, which overlap
slightly in some areas, are additionally superimposed with
five software modules to provide optimum damper settings
for all driving conditions.
The system automatically selects the appropriate damper
setting based on the PASM program selected and the
driving condition identified. The Normal program offers
comfortable settings with low damper forces. Special
control algorithms in the PASM software modules enable
the chassis to offer greater active driving safety in extreme
driving situations, even with the Normal program.
To increase driving safety at higher speeds, the
dampers are automatically switched to a harder
damper setting as speed increases.
The dampers switch to a hard setting when Sport mode is
activated. This improves agility and steering precision on
uneven surfaces. If the system detects an uneven driving
surface in Sport mode, it immediately switches to a softer
setting to improve contact with the road surface. PASM
selects the optimum damper setting from the Sport map.
Extremely hard damping is not always the ideal solution in
every driving condition (for example, softer damping may
prevent bouncing and shifting of the vehicle, depending on
the driving surface). The intentional overlap between the
Normal and Sport maps allows a noticeably soft setting to
be selected even in the Sport map, if necessary. The
customer gets an active sports chassis that automatically
responds to the actual road surface and switches from a
hard, sporty damping setting to a comfortable range as
necessary. PASM switches back to the original
characteristic as soon as the road surface is smooth
enough.

PASM combines two chassis in one; one with equal
measures of sportiness and comfort; and one entirely
dedicated to sportiness and the race circuit.
Normal mode (the basic setting when the vehicle starts)
provides the same comfort as the standard chassis, while
approximating the sportiness of the sport chassis when
interventions are made with active PASM.

Suspension, Brakes and Alignment
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The following is a detailed description of the five software
modules overlapping Normal and Sport mode.
Lane Change Module
The damper forces at both axles are immediately increased
in response to rapid steering movements, for example
sudden evasive maneuvers. This reduces body tilt and
instability, thereby significantly improving vehicle control
even in extreme situations.
Vertical Control Module
In the Normal program, the damper force is increased as
soon as the vertical movement of the body, for example
when driving over uneven surfaces, rises over a specific
threshold value. This prevents body instability. In the Sport
program, the damping is slightly reduced automatically to
improve contact between the road and the wheels as body
movements increase. This also results in a noticeable
increase in comfort.
Lateral Acceleration Module
If specific, speed-dependent thresholds for lateral
acceleration are exceeded when cornering in the Normal
program, the damper force is increased by different,
defined amounts for each side of the vehicle. This prevents
vehicle instability and significantly increases driving
precision. In the event of large vertical movements and high
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lateral acceleration at the same time, the higher of the
vertical-control and lateral-acceleration damping values is
set. This happens if, for example, the damping in the Sport
program was previously decreased by the vertical control
module.
Brake Module
PASM switches to harder damping at the start of a braking
operation to reduce vehicle nose-dive when braking. This
way, higher brake forces can be transmitted to the road
faster. It switches back to a softer setting (this setting is
different for the front and rear axle) after a specific amount
of time. The result is improved road contact, and thus a
shorter braking distance, particularly when braking on
uneven surfaces.
Load Change Module
Damper characteristics for the front and rear axle are
individually switched when accelerating heavily, releasing
the throttle or changing lanes. In Normal mode, the
dampers are briefly switched to a harder damping setting in
these driving conditions. This avoids excessive lifting or
diving at the front of the vehicle (pitching). In Sport mode, a
softer damper characteristic is briefly selected if necessary
to improve traction when accelerating, particularly on
uneven surfaces.

Suspension, Brakes and Alignment
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PASM Inputs & Outputs – 997/987

Cayenne Air Suspension Inputs & Outputs

(continued )
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PASM Components – 911 Carrera/S (997), Boxster/S
(987) & Cayman S (987)

PASM Shock Absorbers

The PASM system comprises the following components:
 PASM control unit
 One button for selecting the program (Normal or
Sport)
 Two acceleration sensors for detecting vertical
movement of the body (one at the damper-dome at
the front right and one at the rear left); further
signals such as lateral acceleration, steering angle,
travel speed, brake pressure, engine torque, etc.
are read in via the CAN bus
 Four dampers with continuously adjustable
damping force (each with one bypass valve)
The system measures body movements via one
acceleration sensor on each axle (front and rear). Values
such as lateral acceleration, steering wheel angle, vehicle
speed and information on possible braking operations are
provided by the PSM via the CAN bus. Engine rpm and
torque values are provided by the Motronic via the CAN
bus. The PASM control unit is installed on the front wall
(passenger's side footwell) at the right.

Unlike conventional dampers, PASM map-controlled
dampers also have an electrically actuated hydraulic bypass
valve.

Acceleration Sensor

Acceleration Sensor (see arrow in above photo)

The acceleration sensors are attached to the front right and
rear left spring strut domes, respectively. This arrangement
allows lift, pitch, and roll movements of the body to be
measured.

The damping effect is provided by the oil in the damper
flowing through a piston valve when the vehicle moves. The
smaller the valve cross section, the harder the damping.
With the PASM damper, oil can flow through a bypass valve
as well as through a fixed valve in the main piston. The flow
can be increased or reduced by opening and closing the
valve via a slide, producing continuous adjustment of the
damper force.
In the event of a system failure, the valve automatically
closes. PASM is then in the hardest damper setting and
thus the safest mode from a driving dynamics point of view
(fail-safe principle).
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Notes:
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Early Cayenne (9PA) PASM with Air Suspension

The Cayenne is available with a pneumatic suspension
system with shock damping force control. Three damping
programs are available. Comfort, Normal, and Sport, can
be selected individually, by a toggle switch.

The accelerometers for the body are mounted at the front
in the area of the left and right upper wheelhouse and at the
right rear on the baggage compartment floor, at the height
of the wheelhouse. The arrangement allows body lift, pitch,
and roll motions to be detected. The accelerometers for the
axles are mounted on the left and right front struts. The
wheel sensors measure the vertical acceleration of the front
axle. Rear axle acceleration is simulated in the control
module from these readings.
The sensors operate on the capacitive measurement
principle i.e. a mass oscillates between two condenser
plates, changing the capacitance of the condensers.
Internal electronics evaluate these signals, which are fed to
the control module.
Continuous Damping Control (CDC)
Damping force in the jounce and rebound stage for the CDC
twin-tube, gas-pressure shock absorber can be adjusted
over a wide range with an electrically controlled valve
mounted at the shock absorber. Changing the current
applied to the magnetic winding modifies oil flow through a
valve. Damping force can be changed within milliseconds.

The control system for damping force control reads the
condition of the road or the motion of the vehicle, and the
characteristic curves for the individual shock absorbers are
shifted in accordance with the calculated damping
requirements. Damping force is adjustable, adapting
damping force to the driving situation and road condition
within milliseconds. The system attempts to adjust damping
force while keeping the body level.

This control requires recognition of body movement and
road input. Accelerometers on the body transmit pitch, lift
and roll motions to the control module. Vehicle speed,
steering angle, braking, and road dynamics and are also
evaluated. The required damping force is calculated from
this information and adjusted to the Skyhook control
strategy. This means that the body is level as much as
possible.
To increase stability during steering maneuvers and lane
changes, damping is increased when yaw is detected.
Lateral acceleration is determined from steering angle and
road speed inputs.

1.

Compressor

2.

Valve body

3.

Rear struts

4.

Front Struts

5.

Suction-vent line to air filter

6.

Pressure reservoir

7.

Pressure reservoir

8.

Tire inflation connection
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Adaptive Control is divided into the following modules.

Diagnostics

Acceleration Module

The control module continuously monitors all the
components, such as sensors, solenoids, compressor, and
pressure conditions in the air system and their functions. If
a fault is detected, the air suspension and damper controls
are not switched off completely following fault evaluation.
Instead, closed-loop control goes to a specified emergency
strategy.

Linear acceleration is determined from the CAN driver
request signal. Damping force is increased to prevent squat
under acceleration.
Braking Module
Damping force is regulated from information about braking
pressure and changes in braking pressure. Dive under
braking is reduced.
Stationary Module
When the vehicle is stationary, the shock absorber valves
are de-energized to conserve energy.

If needed, control activities are limited; and in an extreme
case, the vehicle is lowered down to the shock absorber
stops.
The driver is informed of the failure by a warning light in the
instrument cluster. Following fault detection, tests to
restore the system are performed cyclically or after an
ignition OFF/On cycle. When complete functionality has
been restored, the system self-regulates back to normal
operation. Errors are saved in the memory and are stored
permanently.

PASM Components – Cayenne
1 - Control module
2 - Valve unit
3 - Compressor with temperature
sensor
4 - Compressor relay
5 - PSM control module
6 - Control unit
7 - Height sensor
8 - Accelerometer, wheel
9 - Accelerometer, body
10 - Switch doors/tailgate
11 - Proportioning valve for damping
control
F1-F4 - Air struts

Suspension, Brakes and Alignment
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Panamera Adaptive Air Suspension with PASM
Compared with a steel spring suspension with PASM,
adaptive air suspension offers the following advantages:






Wide setup range between comfort and sportiness by
enabling/disabling the air volume
Total load balancing: constant vehicle height and full
compression travel regardless of load (leveling system)
Additional lift function at low speeds up to 20 mph (30
km/h) (height adjustment)
Better day-to-day usability
Sporty look and reduced drag at low level

The height adjustment feature allows the air suspension to
vary the ground clearance of the Panamera by setting it to
three different levels: from Normal level (basic air
suspension level) to High Level or Low Level. It takes
approximately 4 seconds to switch to the next lower or next
higher level. The running-gear setup is shown on the multifunction display for approximately 4 seconds. The leveling
system automatically ensures a constant vehicle position
regardless of how the load is distributed.

Note!

PASM Button Comfort - Not Pressed

Vehicle Level
Normal Level (basic level of the system)
Max. Ground Clearance: 144 mm
Spring Rate: Soft
Damping: Comfort

Automatic level control must be switched off when driving
onto a lifting platform or when raising one wheel. Level
control can only be switched off when the vehicle is
stationary. Level control is switched on automatically at a
speed of more than approximately 4 mph (7 km/h).
Switching off level control
1. Switch on ignition.
2. Press and hold the button for approximately 10
seconds. A message (Control off) appears on the multifunction display in the instrument panel.

PASM Button Comfort - Pressed Once

Switching on level control
1. Lower the vehicle.
2. Switch on ignition.
3. Press and hold the button for approximately 10
seconds. A message (Control on) appears on the multifunction display in the instrument panel.
Porsche active suspension management (PASM) optimally
regulates the damping force. Modified software tuning
enables a particularly fast build-up of damping forces and
as a result, a harder damper rate is selected in Sport
mode.
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Vehicle Level
Normal Level
Spring Rate: Soft
Damping: Sport
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PASM Button Comfort - Pressed Twice

High Level Button

Vehicle Level
Low Level
Spring Rate: Hard
Damping: Sport

Vehicle Level
High Level (20 mm higher than normal)

In addition to selecting a harder damper rate, a harder
spring rate is also set in Sport Plus mode. The driver
therefore has a sports chassis at the press of a button.

The manually selectable high level can be used to raise the
vehicle by approximately 20 mm in order to drive safely
over high speed bumps or steep ramps into parking
garages. To ensure that the Panamera is not driven in High
Level on public roads, the chassis automatically goes back
to Normal Level when a speed of 20 mph (30 km/h) is
reached.

Notes:
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Air Suspension Overview

The Panamera features a closed air-spring system with a
compressor, solenoid block with integrated pressure
sensor, and a pressure accumulator. To raise the vehicle,
air is pumped into the spring units by the electric
compressor. When lowering the vehicle, the excess air is
not released outwards, but is fed back into the 5.2-liter
pressure accumulator. This system makes the Panamera
particularly energy-efficient and easy to control with a
control speed of at least 10 mm per second, depending on
load.
The adaptive air suspension system includes the following
components:
 Closed air supply system for better energy usage and
faster level switching
 Electrically driven compressor, uncoupled from the
interior, with temperature sensor
 Solenoid valves for controlling the air-spring volume
 Light-alloy pressure accumulator
 Two fully load-bearing air springs with an outer guide
and integrated dampers on the front axle
 Two free-standing air springs and separate dampers on
the rear axle
 Air springs with switchable additional volume
 Four level sensors (spring travel sensors) for recording
body movements
 PASM control unit
Note!
The air suspension is filled with nitrogen.
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Control Unit
Location: Luggage compartment, left
Function: System control, diagnosis, monitoring
Level Sensor (4 x)
Location: Front and rear control arms
Function: Determining vehicle level
Compressor
Location: Behind the rear axle
Function: Pumps the air between the pressure reservoir and
air springs in order to raise or lower the vehicle; if the air
pressure falls below the required pressure, air is drawn in
via the air cleaner
Pressure Reservoir (5.2 liter)
Location: Under the rear apron
Function: Stores the required air volume
Valve Block
Location: To the left of the compressor.
Function: Supplies air to the relevant components; if the air
pressure exceeds a certain nominal value, air is released
via a release valve.
Intake Filter
Location: To the right of the compressor.
Function: Cleans the aspirated air.
Release Damper
Location: At the left, above the valve block.
Function: Prevents noise when releasing air.

Suspension, Brakes and Alignment
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Compressor – On Rear of Auxiliary Support

Air Release Damper—Left of the Tank

Valve Unit – Rear Left, Next To the Compressor

Pressure Reservoir at the Rear under The Rear Apron

Filling the Air System Following Repairs

Required tools:
Installation Position Of Intake The Air Filter—Right Of The Tank

 Intermediate piece (special tool)
 Connection to nitrogen bottle
 Nitrogen bottle with pressure regulator and pressure
gauge

Suspension, Brakes and Alignment
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For instructions on draining and filling, see Workshop
Manual.
Front Axle Additional Air Volume
In the air suspension system, the air bellows generally acts
as the spring. The newly developed, lightweight adaptive air
suspension system has a selectable additional air volume
for changing the spring rate. This additional air volume is
integrated into the spring strut together with the shock
absorber on the front axle and can be enabled and disabled
by an electric valve. The total air volume in the
Comfort setting is approximately 2.2 liters. Closing the
valve reduces the volume to approximately 1.1 liters. This
increases the spring rate significantly, thereby enabling
extremely varied vehicle handling ranging from comfortable
to particularly sporty. The spring rate also becomes more
progressive during the course of compression travel.

Rear Axle Additional Air Volume
The air spring on the rear axle (RA) is designed as a
freestanding spring and works according to the same
principle as the springs on the front axle (FA).

Small Air Volume

1
2
3
4
5
6
7
8

Basic air tank
Air tank for additional volume
Electric control valve
Air bellows (spring)
Additional spring
Supporting mount
Air connection
Rolling contour

Larger Air Volume
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Air Suspension with PASM Inputs and Outputs

Input Signals:

Output Signals:

 Power supply for terminal 15, 30, and 31
 Body acceleration sensors and level sensors provide
information about body movements, vertical
movements, and vertical acceleration as well as
pitching, rolling and/or yawing
 Level sensors determine the vehicle level - level
control/ride height adjustment
 The pressure sensor records the current air pressure in
the individual components (pressure accumulator, airspring elements)
 The temperature sensor records the ambient
temperature of the compressor (compressor protection)
 Signals such as lateral acceleration, steering angle,
brake pressure, engine torque, and driving speed are
sent to the control unit via CAN so that the vehicle setup
can be adjusted accordingly
 Door status - no adjustments can be made while the
doors are open and any adjustments that are in
progress are interrupted when a door is opened

 Damper valves - PASM control
 Additional valve - increases/reduces the air volume spring rate adjustment
 Valve block - activates solenoid valves for controlling the
air volume (vehicle height)
 Release valve in the valve block - releases air in the
event of overpressure
 Change-over valves in the compressor - raise or lower
the vehicle
 Compressor relay - switches compressor on/off

The Sport, PASM, and High Level buttons send an analog
signal into the A/C control unit and via CAN and the
gateway control unit into the PASM control unit

Suspension, Brakes and Alignment
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Cayenne E2 as of M.Y. 2011 Air suspension

In all Cayenne models, the driver can activate the different
manually selectable levels by means of the separate rocker
switch on the center console. This makes it possible to
further enhance the off-road suitability of the Cayenne by
setting a greater fording depth as well as larger
approach/departure angles.

The new air suspension is also designed as a closed
system, where the air is stored temporarily in a pressure
accumulator when the height level is changed. Intermediate
storage of the air saves energy thanks to the use of a
compressor that has been optimized for the new demands.
In addition, changes in the height setting are performed
more quickly after manual or automatic selection. The new
air suspension system with PASM features new software

A.
B.
C.
D.
E.

High Level II
High Level I
Normal Level
Low Level
Loading Level

Notes:
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Ground Clearance with Standard Tires
Height level

Activation
Cayenne, Cayenne S

Cayenne Turbo

High Level II

268 mm

273 mm

High Level II

238 mm

243 mm

Normal level

210 mm

215 mm

Manual up to 19 mph (30 km/h)
Manual up to
50 mph (80 km/h)
Manual
Manual / via Sport

Low level

188 mm

193 mm

button and automatic
as from 86 mph (138 km/h)

Low Level II

178 mm

183 mm

Loading Level

158 mm

163 mm

Automatic as from
130 mph (210 km/h)
Manual at standstill

Component Overview

1
2
3
4
5
6
7
8
9
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Control unit
Valve block
Compressor
Level sensor
Body acceleration sensor
Air-spring struts, front
Pressure accumulator (5.2 l)
Air-spring struts, rear
Intake line
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The Cayenne features a closed air suspension system with a compressor, solenoid block with integrated pressure sensor and a
pressure accumulator. To raise the vehicle, air is pumped into the spring units by the electric compressor. When lowering the
vehicle, the excess air is not released to the outside, but is fed back into the 5.2-liter pressure accumulator by the compressor.
This system makes the Cayenne particularly energy-efficient and also ensures fast suspension control.
The adaptive air suspension system includes the following components:








Closed air supply system for better energy utilization and faster level adjustment
Electrically driven compressor with air drier, isolated from the interior
Solenoid valves for controlling the air-spring volume
Light-alloy pressure accumulator
Two fully load-bearing air springs with outer guide and integrated dampers on the front and rear axles
Level sensors (spring travel sensors) for detecting body movements
PASM and air control integrated in one control unit
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Front Axle Lift System
As of M.Y. 2010, the Front Axle Lift System is optionally
available for 997 GT3, GT3 RS, and GT3 RS 4.0 models.
Here is an excerpt from the Owner’s Manual:
The front axle lift system enables the body to be
electropneumatically raised at the front by about 1.18 in.
(30 mm) (front edge of front spoiler). Raising the front of
the vehicle helps prevent damage to the body when driving
through multi-level parking garages with steep ramps, or
when driving over speed bumps.
Readiness for operation
The front axle lift system is operational when the engine is
running and the vehicle is at a standstill or up to a speed of
approximately 30 mph (50 km/h).The vehicle is
automatically lowered to the basic level again when a speed
of approximately 30 mph (50 km/h) is exceeded.

The LIFT logo also appears next to the digital speedometer
when the front axle is fully raised.
Caution!
Risk of damage through uncontrolled lowering of the
front axle at engine standstill.
In this particular system, the retaining position cannot
be maintained in the upper position over an extended
period without active replenishing of the pressure
accumulator or engine operation.
Always park the vehicle in the lowered position.
Lowering front axle
Press button in the center console.
The vehicle is lowered to the basic level.
The light-emitting diode in the button and in the tachometer
goes out.

Raising front axle




Press button in the center console.
The vehicle is raised at the front axle within
approximately 3 seconds.
When the lift function is activated, the light-emitting
diode in the button is lit.

Caution!
Risk of damage through bottoming out the vehicle.
Do not lower the vehicle when it is positioned above an
obstacle.
Notes on operation





When raised, the damping properties of the front axle
change and noise may be heard in the area of the front
axle coil springs during steering movements.
The doors must be closed when lowering the front axle.
The blowing-off procedure may result in system-related
hissing noise. This does not represent a malfunction in
the lift system.

Suspension, Brakes and Alignment
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During extended vehicle immobilization, the pressure
accumulator may be completely emptied. In this case, the
first time the axle is raised, a period of up to 2 minutes may
elapse before the vehicle height is reached and LIFT is
displayed.
A flashing LED in the button indicates that the system is
currently not available. The automatic overload protection
may be active.

The speed threshold of 30 mph (50 km/h) has been
exceeded. The system will be available again once the
speed falls below the threshold.
If automatic lowering is actuated by exceeding a speed of
approximately 30 mph (50 km/h) in combination with hard
acceleration, the required lowering duration may mean that
“LIFT not lowered” is displayed. The display goes out again
as soon as the front axle has been completely lowered.

The system will be available again following a brief coolingdown phase. The cooling-down phase may be extended
when outside temperatures are very high.
Front-Axle Lift Module
1
2
3

4
5
6
7
8

Electro-pneumatic function
module
Pressure accumulator (not
available as a spare part)
Pressure switch (switches
pneumatic compressor
on/off when the engine is
running)
Pneumatic compressor (not
available as a spare part)
Pressure switch (do not
confuse No. 5 and No. 6)
Pressure switch (do not
confuse No. 5 and No. 6)
Valve block unit (not available
as a spare part)
Right and left pressure lines
(two pieces each) for frontaxle spring strut (underside of
damper)

Function
The pump assembly is located in the center tunnel, just behind the front axle (above the coolant pipes). The assembly contains
a 2.0-liter pressure accumulator, electric pump, valve block, and pressure switches. The system works with up to 17 bar (247
psi) of air pressure, and is connected to the two front PASM dampers. The system is controlled by the rear BCM, located under
the left front seat.
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Basics of Vehicle Dynamics

Forces

Porsche vehicles are designed around driver and vehicle
interaction, with an emphasis on performance. Porsche
vehicles respond quickly and predictably to driver inputs,
and provide the driver with optimum feedback, balanced
against noise, vibration, and ride harshness. In other words,
safety and performance is maximized, while instilling driver
confidence.
Properly set up and correctly functioning systems are
critical. Each system, from suspension to tires, must work
in harmony.
Why do tires wear?
Forces acting on a tire: wear depends on slip in longitudinal
and transverse direction e.g. if a vehicle accelerates
normally, 2% slip is established between the road and the
tires. With optimum acceleration, slip of approximately 20%
is ideal, i.e. wear increases accordingly.
All of the vehicles outputs ultimately interact through the
tires. The forces acting on a tire include the vertical load
induced by the chassis, longitudinal forces induced by the
brakes and by power transmitted from the engine, and
lateral forces induced by cornering.

Kamm’s Friction Circle: when the forces exceed the circle
of traction in any direction the tire(s) will lose traction. All
factors have to be considered when designing a vehicle’s
suspension system; tires, wheels, control arms, weight,
loadss and alignment.

Vertical loads include the weight of the chassis, plus
increases or decreases in this force induced by inertial
loads from bumps, crests, dips, and banked and offcambered surfaces, and downforce from aerodynamics.
Porsche engineers limit the amount of unsprung weight to
minimize these effects and increase road feel.
When a vehicle is driven on a curve, centrifugal force tries
to push the vehicle to the outside of the corner. The vehicle
resists this centrifugal force through the interaction of the
tires on the road surface (the contact patch). The tire is
able to generate a given maximum horizontal force under
any given conditions. Any combination of lateral and
longitudinal forces greater than this will cause the tire to
slide and the reactive forces available will decline from
peak.
If the tire is generating its maximum grip longitudinally
(braking or accelerating), it will not be able to generate any
lateral (turning) grip. Similarly, if it is generating 100%
lateral grip, there will be no longitudinal grip available. If the
tire is generating a combination of longitudinal and lateral
forces at its maximum, any increase in force in one
direction must be accompanied by a decrease in force in
the other direction.
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Contact Patch

changes shape with changes in tire width and diameter; the
size (area) of the contact patch is largely defined by the
weight on that tire.
As lateral forces increase, the contact patch distorts. This
affects the nature of the forces that are generated. As
longitudinal forces increase, the contact patch also distorts,
but in a different way.
Weight Transfer
A vehicle in a steady-state condition (i.e., not accelerating,
braking, or turning) generates a certain amount of
downward force through each wheel. Porsche generally
designs the vehicles to account for this balance, using
larger width tires on the rear of the vehicle.
On acceleration, weight is transferred from the front wheels
to the rear, through the suspension. Conversely, weight is
transferred to the front wheels on braking. With cornering,
weight is transferred to the side of the vehicle on the
outside of the corner.
Sport (Wide) Tire

Porsche designs typically have a low center of gravity
and stiffer suspensions, which limit the amount of
weight transfer.

Notes:

Comfort (Tall) Tire

The contact patch is the portion of the tire in contact with
the road at any time. The shape of the tire's contact patch
and the distribution of vertical loads on this patch determine
the amount of force that the tire is able to generate against
the road surface.
Tire pressure and camber affect the way the vertical loads
are distributed on the tire. This load distribution is referred
to as the tire contact patch or available grip. Ideally, the
loads will be evenly distributed across the tire. However, if
either or both edges of the tire have a lighter load than the
rest of the tire, the contact patch is reduced. If the middle
part of the tire has a lighter load than the edges, the
contact patch, is also reduced.
A small-diameter, wide tire will have a short, wide contact
patch and will tend to be more affected by camber and
pressure. A large-diameter, narrow tire will have a long,
narrow contact patch and will tend to be less affected by
camber and pressure. The larger the contact patch, the
more grip will be available. Contact patch, however, only
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Slip Angle

Understeer

Slip angle (y) is the direction the tire is pointing, versus the
direction the tire is traveling. Some level of slip angle is
required for turning.

a - Wheel centerline
b - Direction of travel
y - Slip angle
L - Wheel contact forces/lateral
The direction a tire is traveling (b) is a line tangent to the
radius of the corner, measured at the tire. The difference
between the tangent and the centerline (a) of the tire is the
slip angle. Slip angle varies between front and rear tires.
Yaw angle is the same concept, but it refers to the vehicle,
instead of individual tires.

Understeer refers to a vehicle with a greater slip angle at
the front tires than at the rear, while cornering. Understeer
is often referred to as push, where the car does not
respond fully to steering input, but instead continues
straight.
Oversteer

Even at lower speeds and cornering loads, vehicles develop
slip angles at the front and rear tires, and therefore the
vehicle develops a yaw angle. Comparing the slip angles of
the front and rear tire pairs defines the vehicles tendency to
understeer or oversteer.
The best handling car is one that is more neutral, rather
than oversteering or understeering. Ultimate traction from a
tire occurs in a narrow range of slip angle, typically at about
a 7 to 10 degree slip angle. The most controllable tires will
exhibit a generally linear relationship between slip angles
and cornering forces.

Oversteer refers to a vehicle with a greater slip angle at the
rear tires than at the front tires, while cornering. An
oversteering vehicle tends to turn faster than expected, the
rear of the vehicle may come around.
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Neutral Steer

A vehicle that exhibits similar slip angles at the front and
rear will exhibit neutral steer. A vehicle with neutral steer
will tend to move through a corner without going into
understeer or oversteer conditions.
What affects slip angle, and thus creates understeer and
oversteer? The traction available at a particular tire at a
particular time, is greatly affected by suspension design.
Notes:

Toe In Positive

Toe Out Negative

Toe describes the position of the wheels on one axle in
relation to each other (total toe) or to the vehicle axis
(single toe) in plain view. It is given either as a dimension
(total toe only) or as an angle (total and single toe). If the
distance between the front of the two tires is smaller than
the distance between the back of the two tires, the axle has
toe in, or positive toe. If the rear of the tires are closer
together than the fronts, the axle has toe-out, or negative
toe.
Excessive toe-in will introduce understeer when entering a
corner, because the inside front tire is pointed away from
the turn. Excessive toe-out will introduce oversteer when
entering a corner, because the inside front tire is pointed
toward, or into, the turn.
If the tires are toed-in too much, the tread will wear, starting
from the outside edges. If they are toed-out, the wear will
start from the inside. This type of wear is called feathering
and can be felt by running one’s hands across the tread of
the tire.

Toe
Suspension, Brakes and Alignment
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Toe Difference Angle

Scrub Radius
Scrub radius is the moment arm of the arc of steering
travel or the distance from the pivot point and the center of
the tread at ground level. Think of it as a door hinge; The
further the edge of the door is from the hinge, the more it
sweeps or scrubs across the floor.
Positive Scrub Radius

The toe difference angle is the difference between the
steering angles of the inside and outside front wheels as
they follow different turn radii. The inside wheel must be
steered more than the outside wheel when turning. This is
called the Ackermann principle. This value is not adjustable
and depends upon steering geometry. If it is not within
specifications, usually a steering arm is bent.
Why Toe?

A positive scrub radius produces toe-out when braking as a
result of kinematics. Disturbing force lever arm is the
distance from the center of the wheel and the king pin axis.
Positive scrub radius has a long Disturbing force lever arm.
Negative Scrub Radius

The toe is specified or measured either as individual toe or
total toe. A small amount of positive toe (toe in) is desired
on sports cars due to the need for some lateral force on
each wheel. This stabilizes the front end and makes the
vehicle turn more precisely.
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A negative scrub radius produces toe-in when braking as a
result of kinematics. Disturbing Force Lever Arm is defined
as the distance between the wheel center and the king pin
axis. Negative scrub radius produces a short disturbing
force radius arm.
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Camber and Steering Axis Inclination

Effects of Negative Camber

Camber

Generally, a certain amount of negative camber is desired
to give the best handling. This ensures that the outside tire
will be generally vertical under cornering.

Camber is the tilt of the wheel relative to vertical as viewed
from the front of the vehicle. With positive camber, the top
of a tire tilts outward from the body. With negative camber,
the top of the wheel tilts inwards.
Too much positive camber will cause tire wear on the
outside of the tread. Too much negative camber will wear
the inside of the tread. If there is too much of a difference
between the camber settings on the front wheels, the
vehicle will tend to pull to the side with the most positive
camber.

Negative camber: cone-rolling effect produces a pull
towards toe-in.
Steering Axis Inclination

Effects of Positive Camber

Positive camber: cone-rolling effect produces a pull
towards the outside.
Steering axis inclination is the angle between the steering
pivot axis of the wheel suspension (tilted inwards at top)
and the vertical viewed from the front of the vehicle.
Steering axis inclination angle, like caster, causes the front
of the car to lift slightly when steered. The weight of the
vehicle attempts to force the steering back to the straight
ahead position for improved centering.
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Rear Axle Camber During Cornering

Caster

Caster is the forward or rearward tilt of an imaginary line
drawn through the upper and lower steering pivot points.
The line extends through the upper and lower ball joints on
vehicles with front control arms, and through the lower ball
joint to the center of the strut mount on cars with struts.
If the angle tilts toward the rear of the vehicle, the wheel
has positive caster. If the angle is too far to the front of the
vehicle, the wheel has negative caster. Generally, a certain
amount of positive caster is designed in to give the front
wheels a tendency to return to center after cornering.
Caster offset is the difference between the steering pivot
axis and the center line of the wheel. Caster offset
increases with increased caster.

Negative camber at the rear axle improves cornering
stability. Too much negative camber can overheat tires not
designed to handle it (street tires). High straightaway
speeds cause down force and increases negative camber.
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Caster settings allow balancing low speed steering effort
and high speed stability. Increased positive caster will
increase low speed steering effort, but improve high speed
stability. Conversely, too little caster will cause a car to
wander. Caster also tends to cause an increase in the
amount of negative camber as the steering angle is
increased. Generally, caster does not affect tire wear. If
there is too great a difference between the caster settings
on the front wheels, the vehicle will tend to pull to the side
with the least positive caster.
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Thrust Angle

Ride Height

Thrust angle is the angle between the thrust line and
centerline of the vehicle. If the thrust line is to the right of
the centerline, the angle is said to be positive. If the thrust
line is to the left of center, the angle is negative. It is
caused by rear wheel or axle misalignment and causes the
vehicle to dog-track when driving straight. It is the primary
cause of an off-center or crooked steering wheel.
Correcting rear toe alignment is necessary to eliminate the
thrust angle. Thrust angle is important for setting up/aiming
the adaptive cruise control.

Vehicle ride height should be checked before an alignment
is performed. This should be done under DIN unladen
weight conditions and on a level surface.
If no wheel load balance is available, the vehicle's height
must be set by adjusting the right and left measurements
as precisely as possible. This usually produces a uniform
wheel load on the left and right.

Note:

Current Porsche vehicles that have adjustable ride height
are Carrera GT, 911 GT2 (997), and 911 GT3 (997).
If wheel load balances are available, the wheel load
differences can be kept as low as possible. The wheel load
is increased by increasing the installed spring preload on
one side (raising the vehicle), and decreased by decreasing
the installed spring preload on one side (lowering the
vehicle). A change in wheel load is always transmitted
diagonally to the other side of the vehicle, i.e. if the wheel
load is decreased or increased, the same also happens at
the wheel located diagonally opposite.
.
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Alignment
Correct steerability and good vehicle handling results from proper settings of toe, camber, kingpin inclination, caster, and toe
difference angle. Performing a vehicle alignment adjusts front and rear camber and toe. Many models also have adjustable front
caster.
Alignment Preparation
Before checking and adjusting vehicle alignment, ensure the following:






Tires are in good condition, and at proper inflation pressure
Suspension components are not damaged or worn, especially ball joints and bushings, and wheel bearings do not have
excessive play
Body structure is not damaged/bent
Adjust vehicle weight per DIN unladen weight conditions: full fuel tank, spare wheel and tool kit in luggage compartment
Check and adjust ride height if adjustable

Notes:
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Adaptive Cruise Control (ACC)

General Information


Operating Principle
In terms of functionality, adaptive cruise control (ACC) is
based on the conventional cruise control principle. A
distance regulator is superimposed on the cruise control,
i.e. if the system does not detect a vehicle in front, the
desired speed is set. If a vehicle is detected in front, the
ACC attempts to keep the time gap with this vehicle as
constant as possible. The distance is measured via a radar
sensor. The brakes and engine are used as drive links. The
driver can use an operating lever to change the desired
speed and time gap with respect to the vehicle in front and
also to accelerate and decelerate.






ACC optional, only available with Porsche
Doppelkupplung (PDK)
ACC is based on the standard cruise control
functionality (cruise control = maintaining a
constant speed)
ACC controls speed and distance by activating
brakes & engine
The ACC control unit is connected to the gateway
via CAN crash risks, and communicates via: CAN
drive, CAN chassis, CAN comfort, and CAN MMI

Designed as a comfort system, the ACC function supports
the driver, particularly on multi-lane highways, in congested
traffic and in the event of road construction or speed
restrictions. Automatically adapting the vehicle speed to the
speed of the vehicle in front increases versatility and
comfort compared with a conventional cruise control
system. The driver is incorporated into the ACC system’s
control loop by means of the appropriate controls and
displays and if necessary is clearly requested to assume
control of the vehicle speed.
Because the ACC is aligned to the thrust angle of the
vehicle, the radar unit must be recalibrated after performing
a vehicle alignment.

Notes:
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Adaptive Cruise Control (ACC)—Control Unit.

The ACC control unit is connected to the vehicle electrical
system voltage via terminal 15 and is therefore only active
when the ignition is switched on.
The radar sensor includes four antennas, that scan the area
in front of the vehicle. The antennas are integrated into the
housing of the ACC control unit and have a transmitter and
receiver frequency of 76.5 GHz. Objects that are moving in
the direction of travel reflect the emitted radar waves back
to the sensor’s antennas. Stationary objects are ignored.
Vehicles that change lane are also detected.

ACC Topology

Page 5.12.
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ACC Distance Regulation Function
The distance between the vehicle with ACC and the vehicle in front can be set in four intervals using the operating lever. These
intervals are 1.0, 1.25, 1.75, and 2.25 seconds. If you multiply this time value by the current speed, the result is the distance
between the ACC vehicle and the one in front.
If there is no vehicle in front, the ACC vehicle is in automatic acceleration (cruise control) mode. The regulator is located in the
ACC control unit and not in the engine control unit as in vehicles with conventional cruise control.
If a vehicle in front enters the detection area of the ACC vehicle (changes lane), the ACC vehicle enters into tracking mode. The
tracking regulator (in the ACC control unit) manages engine control unit requests via a coupling interface and PSM requests via
an acceleration interface.

Notes:

Activating ACC
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In automatic acceleration mode, the adaptive cruise control
maintains any selected speed between approximately 19
and 130 mph (30 and 210 km/h) without the driver having
to use the accelerator. If a vehicle travelling slower than the
selected speed is detected in the same lane, the adaptive
cruise control automatically maintains a specific distance.
The adaptive cruise control applies the brakes if the
distance between it and the vehicle in front is too small and
accelerates if the distance increases.
The ACC function includes full cruise control functionality
and is activated by pressing on the ACC on/off button on
the bottom left operating lever of the combined steering
column module (CSCM). The ACC system behaves like a
cruise control system if no vehicle is detected in front.
When a vehicle has been detected in front, the ACC system
enters into distance regulation mode.

1
2
3
4

Set/increase desired speed
Reduce desired speed
Interrupt (OFF)
Operational readiness on/return to set speed (RESUME)

The speed that can be set by the driver ranges from 19 to
130 mph (30 to 210 km/h). The ACC is active in the speed
range from 0 to 130 mph (210 km/h). If necessary, the
ACC applies the brakes until the vehicle comes to a stop.

Notes:
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Deactivating ACC









ACC Detects the Following Obstacles

On/OFF switch
PSM switched off
Brake pedal pressed
Accelerator pedal pressed (no control), accelerator
pedal released, automatic ACC control
No forward gear engaged
Electric parking brake (EPB) pressed
Door open
Driver’s seat belt not fastened




Only moving objects (no stationary obstacles)
Almost all standard road vehicles that can drive
faster than the ACC minimum speed, e.g.:
o Passenger vehicles
o Light/heavy utility vehicles/semi truck/trailers
o Vehicles with trailers
o Buses/RVs
o Motorcycles

ACC is deactivated under the following individual
conditions:
The off switch on the operating lever is set to “OFF”, the
brake pedal is pressed. A CAN signal from the PSM control
unit is communicated to the ACC. The accelerator pedal is
pressed, e.g. when passing. The automatic control system
is disabled, automatic braking is discontinued. Once the
accelerator pedal is released, ACC automatically takes
control again. No forward gear is engaged, EPB is pressed,
specific deactivation if a door is open or the driver’s seat
belt is not fastened. ACC applies the brakes until the vehicle
comes to a stop. However, the vehicle is not held stationary
and ACC is deactivated two seconds after the vehicle
comes to a stop.
Adaptive cruise control is not available:







When the ignition is switched off
When PSM is switched off
When the driver’s door is opened and the seat belt
on the driver’s side has not been taught
When large steering wheel movements are made,
e.g. when parking or maneuvering
When the Porsche Doppelkupplung (PDK) selector
lever position is N
When uphill or downhill gradients are greater than
20%

If one of these situations arise while adaptive cruise control
is switched on, it is switched off. A corresponding message
will then appear on the multi-function display.
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The radar sensor of the adaptive cruise control detects
objects within a narrow, cone-shaped area in front of the
vehicle. As a result, the detection of obstacles can be
restricted. The system may brake too late or unexpectedly.

Staggered vehicles/vehicles cutting in
If other vehicles are moving in and out of the ACC vehicle’s
lane, these vehicles will only be detected when they are fully
in the relevant lane.
Vehicles with a small cross section/narrow vehicles
Narrow or small vehicles are not detected or detected too
late.
Entering or exiting a corner
When entering or exiting a corner, vehicles are not detected
or detected too early or the vehicle responds to vehicles in
neighboring lanes.
Vehicles with large projections
In the case of vehicles with oversized loads with large
overhangs (e.g. lumber trucks), the end of the vehicle may
not be detected correctly.

Setting the Distance

This is speed-sensitive and can be preselected in four
stages. Adjustments are made using the rocker switch (Z)
on the ACC operating lever. Press downwards to decrease
the distance and upwards to increase it.
The distance (four bars in display) represents time intervals:





Stage 1 = 1 second
Stage 2 = 1.25 seconds
Stage 3 = 1.75 seconds ~ half the speed reading
Stage 4 = 2.25 seconds

In Stage 1 the vehicle tends to accelerate and brake more
dynamically and more gently in the highest stage. When
terminal 15 is off/on, the time gap corresponding to the
statutory minimum distance (1.75 seconds) is preset by
default or the driver preselects a personalized setting using
the key.

Note!
When adjusting the distance, the ACC main menu in the
adaptive cruise control is displayed temporarily in the multifunction display.
Increasing the distance – Move the rocker switch upwards.
The distance is increased. The number of orange segments
in the distance display increases.
Decreasing the distance – Move the rocker switch
downwards. The distance is decreased. The number of
orange segments in the distance display decreases.
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Feedback and Display







Any braking intervention by the ACC is indicated to
the vehicles behind, by the brake lights.
Vehicle passing (over take) requests are indicated
visually to the driver (flashing) and acoustically via
the instrument cluster (please brake, brake
immediately).
The passive or off status is indicated by the
acronym displayed in ACC menu in the instrument
cluster. The desired speed that is set (A) and a
vehicle in front is displayed permanently to the
driver in the instrument cluster (D).
If a vehicle in front is detected and the distance
with respect to this vehicle is adjusted, a vehicle
symbol is displayed in the multi-function display. As
described earlier, the distance is displayed in four
stages.

A - Status display and desired speed
B - Current speed
C - Progress bar showing speed control range (0–100 mph,
0–160 km/h)
D - Vehicle detected in front
E - Desired distance from vehicle in front
F - Current distance from vehicle in front
G - Current speed of vehicle travelling in front
ACC passive = Distance warning when control intervention
is not active
ACC active = Vehicle passing (over take) request when
control intervention is active

The ACC system does not perform any safety functions and
is therefore not a tool for preventing collisions, providing
distance warnings, detecting the end of a tailback (no
adjustment for stationary objects) for Stop & Go operation
(no Full Speed Range (FSRA) ACC) and is not to be used
where there is poor visibility (fog) or any kind of icy roads.

Important!
The driver maintains full responsibility for steering the
vehicle at all times. Consequently, the driver can switch off
the ACC distance regulator at any time (using the operating
lever or by actuating the brake). If the situation is unclear,
the driver must assume the longitudinal control switch is off
ACC.

In cases where the system has detected that braking
assistance is required from the driver, the red warning
“Distance!” and "Please brake!" appears on the ACC screen.
An acoustic warning also sounds.
The corresponding warnings or instructions are displayed in
the instrument cluster if the conditions for operating the
ACC are not met, e.g. if there is an ABS or PSM
intervention, or if the parking brake is pulled while driving.
The system intervenes only to apply the brakes and
completes the initiated braking maneuver before switching
off. If required, the system can then be used again,
provided the prerequisites for operating the ACC are met.
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System and Multi-function Display Error Messages
ACC not available – Adaptive cruise control is not
available, e.g. when maneuvering.
ABS/PSM intervention – Adaptive cruise control was
deactivated because of an ABS or PSM intervention.
Electric parking brake – Adaptive cruise control was
deactivated because the electric parking brake was
activated.
Selector lever position – Adaptive cruise control was
deactivated because the Porsche Doppelkupplung (PDK)
selector lever is not in position D or manual position M.

Engine speed – Adaptive cruise control was deactivated
because the engine speed limit was reached in manual
position M of the Porsche Doppelkupplung (PDK) selector
lever.
Gradient too steep – Uphill or downhill gradients > 20%:
ACC cannot be enabled because the gradient of the road is
too steep.
Stationary object – Operation is not possible because a
stationary object was detected ahead.
PSM switched off – Adaptive cruise control is not available
because PSM was switched off.

Not possible while stationary – Vehicle is stationary, e.g.
while setting the desired speed.
Diagnosis and Calibration Positioning

Notes:
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