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SPECIFICATIONS
TIRE AND WHEEL RUNOUT SPECIFICATIONS

Tireand Wheel Runout Specifications

Specification
Application Metric English

Tire and Wheel Assembly - Lateral and Radial

o Off-Vehicle 1.27 mm 0.050 in

e On-Vehicle 1.52 mm 0.060 in
Wheel, Aluminum

o Lateral 0.762 mm 0.030in

o Radial 0.762 mm 0.030in
Wheel, Steel

o Lateral 1.143 mm 0.045 in

o Radial 1.015 mm 0.040 in
Wheel Hub/Axle Flange - Guideline 0.132 mm 0.0052 in
Wheel Stud - Guideline 0.25 mm 0.0101in
PROPELLER SHAFT RUNOUT SPECIFICATIONS
Propeler Shaft Runout Specifications

Stub Shaft
Front Runout | Center Runout Rear Runout Runout

Application| Metric | English | Metric | English | Metric | English | Metric | English
1 Piece
g[]%?te_"er 1.17 mn) 0.046 in|1.27 mm 0.050 in| 1.40 mm 0.055 in| - -
Guideline
1 Piece
Aluminum 11 17 mm0.046 in| - - |1.40 mmO0.055in - .
Graphite
IPropeller
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Shaft -
Guideline

2 Piece
System Fror
Propeller
Shaft with
Slip Yoke -
Guideline

0.76 mm0.030 in

0.76 mm0.030 in

0.71 mmO0.028 in

2 Piece
System Fror
Propeller
Shaft with
Stub Shaft -
Guideline

0.76 mm0.030 in

0.76 mn

10.030 in

0.13 mm0.005 in

Propeller
Shaft with
Slip Yoke -
Guideline

0.71 mm0.028 in

0.76 mn

10.030 in

0.89 MM 0.035 in

Propeller
Shaft with
Stub Shatft -
Guideline

0.76 mn

10.030 in

0.89 MM 0.035 in

0.13 mm0.005 in

These guidelines apply only to propeller systentk @ior 3 U-joints.

DRIVELINE RUNOUT SPECIFICATIONS

Driveline Runout Specifications

Specification
Application Metric English
Differential Pinion Input Shaft or Flange Pilot 0.05 mm 0.002 in
Torque Tube Input Flange 0.20 mm 0.008 in
Transmission or Transfer Case Output Flange 0.20 mm 0.008 in

These guidelines apply only to propeller shaftesystwith a constant velocity (CV) joint
rubber coupling or bolt-on U-joint yoke.
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DIAGNOSTIC INFORMATION AND PROCEDURES
DIAGNOSTIC STARTING POINT - VIBRATION DIAGNOSISAND CORRECTION

The information contained in this Vibration Diagigosnd Correction section is designed to ¢
various vehicle designs and configurations. Notaiitent will apply to all vehicles.

IMPORTANT: The following steps must be completed bef  ore using the analysis
tables or the symptom tables.

1. Perform the&/ibration Analyss- Road Testing table before using the other Vibration
Analysis tables or the Symptom tables in orderffecavely diagnose the customer's
concern.

The use of Vibration Analysis - Road Testing willsf provide duplication of virtually any
vibration concern and then identify the correctgadure for diagnosing the area of conc
which has been duplicated.

2. Review the following Vibration Diagnostic Process

3. Review the general descriptions to familiarizargelf with vibration theory and
terminology, the) 38792-A , Electronic Vibration Analyzer (EVA) 2 and tle88792-VS,
Vibrate Software. Se$pecial Tools. Reviewing this information will help you deterrain
whether the condition described by the customaristential operating characteristic or
not.

Refer to the following:

e Vibration Theory and Terminology

e Electronic Vibration Analyzer (EVA) Description and Operation
e Vibrate Software Description and Operation

o Reed Tachometer Description

Vibration Diagnostic Process

IMPORTANT: Using the following steps of the vibratio  n diagnostic process will
help you to effectively narrow-down and pin-point t he search for
the specific source of a vibration concern and to a rrive at an
accurate repair.

1. Gather specific information on the customer'satibn concern.
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2. Perform the road testing steps in sequence asfidd in Vibration Analysis Road Testin
in order to duplicate the customer's concern aatliate the symptoms of the concern ui
changing conditions. Observe what the vibratiotsfiélee and what it sounds like. Observe
when the symptoms first appear, when they changievaen they cease.

3. Determine if the customer's vibration concertnuly an abnormal condition or something
that is potentially an operating characteristithef vehicle.

4. Systematically eliminate or "rule-out" possib&hicle systems.

5. Focus diagnostic efforts on the remaining vetsgitem and systematically eliminate or
“rule-out" possible components of that system.

6. Make a repair on the remaining component or cowepis, which have not been eliminated
systematically and must therefore be the caudeeofibration.

7. Verify that the customer's concern has beenmditad or at least brought to an acceptable
level.

8. Again perform the road testing steps in sequasadentified in Vibration Analysis - Road
Testing in order to verify that the vehicle did hatve more than one vibration occurring.

Preliminary Visual/Physical I nspection

e Inspect for aftermarket equipment and modificatwh&h could affect the operation of t
vehicle rotating component systems.

e Inspect the easily accessible or visible compor@ritse vehicle rotating component
systems for obvious damage or conditions whichccoalise the symptom.

e Inspect the tire inflation pressures for the prqpessure.
Diagnostic Aids

Improper component routing or isolation or compds@hich are worn or faulty may be the
cause of intermittent conditions that are diffidoltduplicate. If the vibration concern could not
be duplicated by following the steps of the ViboatDiagnostic Process, refer\abr ation
Diagnostic Aids.

VIBRATION ANALYSIS- ROAD TESTING

Test Description
The numbers below refer to the step numbers odi#lggmostic table.

5: Obtaining rotational speed for the componentdirgat tire/wheel speed is critical to
systematically eliminating specific vehicle compiaingroups. These component rotational
cspeeds can be aenerated bv usind tRR792-VVS Vibrate Software or throuah calculatina
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them manually. Se$pecial Tooals.
14:

IMPORTANT: Be certain to OBSERVE for disturbances th  at match the
customer's description FIRST, then look atthe J 38  792-A
frequency which corresponds with that disturbance. See
Special Tools .

17: Accelerate to a speed high enough above the ggdld disturbance to allow for the
time needed to shift into NEUTRAL and for the emgia decrease in RPM to idle speed,
before coasting down through the disturbance range.

18: This test will either eliminate or confirm the @mgas a contributing cause of the
customer concern.

Vibration Analysis- Road Testing

Step Action Yes No
CAUTION:
Refer to Road Test Caution
Did you review the Diagnostic Starting Goto
Point - Vibration Diagnosis? Diagnostic
1 Starting Point -
Vibration

Diagnosis and
GotoStep 2 |Correction

Did the customer concern indicate that the
2 vibration occurs ONLY while the vehiclg
Is standing still? Go toStep 6 Go toStep 3

Visually inspect the tire and wheel

assemblies, steering components and
suspension components for any possibl¢
3 faults.
Are the tire and wheel assemblies, steering
components and suspension components in
good working condition? GotoStep 5 Go toStep 4

IMPORTANT:

Do NOT operate the vehicle until the faults are
corrected.

A\1”74

Correct the faults with the tire and whed
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assemblies, steering components, and/d
suspension components before
proceeding.Did you correct the faults wi
the tire and wheel assemblies, steering
components, and/or the suspension
components?

GotoStep 5

Go toStep 3

1. Obtain the drive axle final drive rat

2. IftheJ 38792-VS, Vibrate
Software, IS available, obtain the
transmission gear ratios. Sggecial
Tools.

3. IftheJ 38792-VSis NOT available,
take note of the tire size on each @
then calculate the tire rotational sp
for each size tire used and calculat
the propeller shatft rotational speeq
equipped. SeBpecial Tools. Refer
to Component Rotational Speed
Calculation.

Did you obtain the powertrain ratios for
use with thel 38792-V'S or calculate the
component rotational speeds) i88792-
VSis NOT available? Segpecial Tooals.

xle,

e

Go toStep 6

1. Install a scan tool.

2. With the scan tool, bring up the
Powertrain Control Module data lis
and select Engine Speed.

Is the scan tool operating properly?

—F

Go toStep 7

Goto

Diagnostic
System Check -

Vehicle

Using the] 38792-A , Electronic
Vibration Analyzer (EVA) 2 is the

preferred method for gathering necessary

vibration frequency data. S&pecial
Tools.

If the J 38792-A is not available, the
necessary vibration frequency data will

have to be obtained based on symptom

[9)
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observed during testing. Review
Symptoms- Vibration Diagnosis and

Correction to become familiar with the

possible frequency ranges. Review
Symptoms - Vibration Diagnosis and
Correction, as necessary throughout the
remainder of diagnostics.

Is thed 38792-A available for use? See
Special Tools.

Go toStep 8

Go toStep 9

Install thed 38792-A . SeeSpecial Tools.
Is thed 38792-A operating properly? Ses
Special Tools.

U

GotoStep 9

Go toElectronic
Vibration
Analyzer (EVA)

Description and

Operation

Did the customer concern indicate that 1
vibration occurs ONLY while the vehiclg
Is standing still?

Analysis-
Engine

B toVibration

Go toStep 10

10

Did the customer concern indicate that {
vibration occurs ONLY during heavy
acceleration at launch?

he

Go toStep 11

Go toStep 14

1. Install thel 38792-A sensor, if
available, to the pinion area of the
drive axle. Se&pecial Tools. Route
the sensor lead wire clear of rotatif
parts and loosely secure the wire @
of moving parts. If it is not possible
install thed 38792-A sensor, if
available, to the drive axle, install t

sensor to an exposed portion of the

floor panel or seat track in the areg
that the customer noted is most
respondent to the vibration.

2. Select a smooth, level road.

3. With the vehicle at a starstitl, apply|
the regular brake and place the
transmission in the lowest forward
gear.

g

174
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IMPORTANT:

Do not accelerate to the point of causing
the drive wheels to squeal, slip or hop -
this would obscure the results of the
test.

4. Release the regular brakes and
accelerate aggressively to 32 km/h
(20 mph).
5. Observe the vehicle for disturbances
that match the customer's descriptipn
and note the following conditions:
11 o The vibration frequency readif
if detected by thd 38792-A .
SeeSpecial Tools.
o The feel and/or sound of the
disturbance
6. If a reading could not be obtained by
theJ 38792-A , move the) 38792-A
sensor, if available, to another part
that is respondent to the vibration and
repeat steps 3-5. S&pecial Tools.
Were you able to duplicate the customer's
concern? GotoStep 12 | Go toStep 14
12 Is the vehicle primary driveline
configuration rear wheel drive? GotoStep 13 | GotoStep 14
Is the vehicle equipped with a solid drive Go toVibration
13 axle? Go toVibration |Analysis- Hub
Analyss- and/or Axle
Driveine Input
1. Install thel 38792-A sensor, if

available, to the component identif
by the customer as most responde
the vibration. Se&pecial Toals. If

no component was identified, insta
theJ 38792-A sensor, if available, t
the steering column. You may havg

O —

to

move the sensor to other locations
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14

. Select a smooth, level road and

. Observe the vehicle for disturbanc

. If the vibration seems to excite a

later.

slowly accelerate the vehicle up to
highway speed.

that match the customer's descripti
and note the following conditions:
e The vehicle speed
e The engine RPM
e The transmission gear range ¢
the specific gear

o The vibration frequency readif
if detected by thd 38792-A .
SeeSpecial Tools.

e The feel and/or sound of the
disturbance

particular component of the vehiclg
more than the steering column, the
move thel 38792-A sensor, if
available, onto that component anc
repeat steps 2 and 3. Sgmecial
Tools.

2S
on

ind

Were you able to duplicate the customer's
concern?

Go toStep 17

Go toStep 15

15

Is the vehicle equipped with selectable
four-wheel or all-wheel drive?

Go toStep 16

Go toStep 17

1. With thed 38792-A sensor still

. Select a smooth, level road and

. Observe the vehicle for disturbanc

installed in the same position,
activate/engage all-wheel drive. Se
Special Tools.

slowly accelerate the vehicle up to
highway speed.

1

2S

that match the customer's descripti
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and note the following conditions:
e The vehicle speed
e The engine RPM

the specific gear
o The vibration frequency readi
if detected by thd 38792-A .
SeeSpecial Tools.
¢ The feel and/or sound of the
disturbance

4. If the vibration seems to excite a
particular component of the vehiclg

move the] 38792-A sensor, if
available, onto that component and

repeat steps 2 and 3. Sgmecial
Tools.

concern?

e The transmission gear range and

more than the steering column, thep

Were you able to duplicate the customer's

Go toStep 17

Go toVibration
Diagnostic Aids

17

1. Accelerate the vehicle to a speed
higher than the speed at which the
disturbance occurs.

IMPORTANT:

If the vehicle is equipped with a
continuously variable type automatic
transmission, let the vehicle coast to a
stop before shifting back into gear.

2. Shift the vehicle into NEUTRAL an
allow the vehicle to coast down
through the disturbance range.

Does the disturbance still occur while
coasting-down in NEUTRAL?

Go toStep 19

Go toStep 18

1. Select a smooth, level road and
slowly accelerate the vehicle up to
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speed at which the disturbance
OCCurs.

one gear range.
3. Operate the vehicle at the same

2. Decelerate and safely downshift by

18 VEHICLE SPEED at which the
disturbance occurs.
Go toVibration
Does the same disturbance still occur WAnalysis- Hub |Go toVibration
going the same vehicle speed in a lowefand/or Axle Analysis -
gear range? Input Engine
If the J 38792-A is not available, refer to Goto
Symptoms- Vibration Diagnosis and Symptoms -
19 Correction. Vibration
Did theJ 38792-A detect a dominant Diagnosis and
frequency? SeBpecial Tools. Go toStep 20 |Correction
1. IftheJd 38792-VS IS available, use
the drive axle final drive ratio, the
specific transmission gear ratio and
the engine RPM to make a
comparison to the dominant
frequency reading recorded. See
Special Tools.
20 2. If thed 38792-VSis NOT available,
compare the dominant frequency
reading recorded to the component
rotational data which you calculated
previously. Se&pecial Tools.
Go toVibration
Does the frequency data clearly fall withinalysis- Tire
the tire/wheel parameters ONLY? and Whesl Go toStep 21
Does the frequency data clearly fall witho toVibration
21 the propeller shaft parameters ONLY? |Analysis-
Driveline Go toStep 22
Is the vehicle equipped with a solid drive
axle? Goto
22 Symptoms - Go toVibration
Vibration Analysis- Hub
Diagnosisand |and/or Axle
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Correction Input

COMPONENT ROTATIONAL SPEED CALCULATION

Tools Required

J 38792-A Electronic Vibration Analyzer (EVA) 2. S&pecial Tools.

Tire Rotational Speed

Determining Tire Revolutions Per Second at 8 km/h (5 mph) - Using EVA

Tire and wheel assembly rotational speed can keraat through using the38792-A . See
Special Toals. Perform the following steps using th&8792-A to obtain the rotational speed at

8 km/h (5 mph). Use the Enter key to advance amdE#it key to backup.

HwnhPRE

10.

On the Main Menu screen, select Auto Mode.

On the Suspected Source screen, select VehiekdSp

On the Tire Info Source screen, select ManuatyEnt

On the Tire Width screen, enter the specific vaitthe tires.

For example: For a P275/55R20 tire, enter 275.

On the Aspect Ratio screen, enter the speciiecisatio of the tires.
For example: For a P275/55R20 tire, enter 0.55.

On the Rim Diameter screen, enter the specificdiameter size.
For example: For a P275/55R20 tire, enter 20.0.

On the Driveshaft Configuration screen, enter F\&n if the vehicle is a rear wheel
drive.

The next screen will display the tire size jugteed for confirmation.

For example: 275 0.55 20.0 - Front Wheel Driveéhéf tire size displayed is correct, press
Enter.

On the Vehicle Speed Units screen, press Enseegard mph or km/h.

Press the Exit key several times slowly whiléchiag the backwards progression of the
screens. Stop at the Tire Info Source screen.
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11.
12.

On the Tire Info Source screen, select RPSwith
The next screen will display the revolutions gerond (RPS) at 8 km/h (5 mph) for that

specific tire size.

For example: The P275/55R20 will display 0.90 RPS.

Calculating Tire Revolutions Per Second at 8 km/h (5 mph) - Without EVA

If the J 38792-A is not available, the tire and wheel assemblytiaral speed can be calculated
approximately by performing the following stepseSpecial Tools.

1.

Convert the rim diameter size from inches toioasters.

For example: For a P275/55R20 tire, the rim diamat@0 in X 2.54 converts to 50.80
cm.

Calculate the radius of the rim by dividing ti diameter by 2.

For example: For a P275/55R20 tire, the rim diamat@0 in converted to 50.80 cm
divided by 2 = rim radius 25.40 cm.

Calculate the approximate tire sidewall heightriajtiplying the specific tire tread width
by the aspect ratio, then reduce 7 percent fromrheunt by multiplying by 93 percent to
approximate load on the tire reducing the sidehiljht.

For example: For a P275/55R20 tire, tread widthi2@bX aspect ratio as a decimal 0.55
=151 mm X 0.93 = approximate sidewall height 130wn.

Convert the calculated approximate tire sidewailjht from millimeters to centimeters.

For example: For a P275/55R20 tire, approximateved height 140.43 mm converts to
14.04 cm.

Calculate the approximate tire and wheel asseraliyis by adding the rim radius and
approximate sidewall height, both in cm.

For example: For a P275/55R20 tire, rim radius @8 + 14.04 cm = approximate tire
and wheel assembly radius 39.44 cm.

Calculate the approximate circumference of tleeand wheel assembly by multiplying 2 X
pi or 6.283185 X the approximate tire and wheedmbdy radius.
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For example: For a P275/55R20 tire, 6.283185 X @pprate tire and wheel assem!
radius 39.44 cm = approximate tire and wheel adsertnicumference 247.809 cm.

. Calculate the approximate revolutions per kil@nély dividing the number of cm in 1 km,
100,000 cm by the approximate tire and wheel adgerimoumference.

For example: For a P275/55R20 tire, 100,000 cnddiviby approximate tire and wheel
assembly circumference 247.809 cm = approximatauiens per kilometer 403.537.

. Calculate the approximate revolutions per secoftS)For Hz, by dividing the approxim:
revolutions per kilometer by the number of secdodsavel 1 km at a speed of 8 km per
hour, 450 seconds.

For example: For a P275/55R20 tire, approximatelutions per kilometer 403.537
divided by the number of seconds to travel 1 kangpeed of 8 km per hour, 450 seconds =
approximate RPS or Hz 0.897 rounded to 0.90.

Calculating Tire Revolutions Per Second or Hz at Concern Speed

A size P235/75R15 tire rotates ONE complete rewaiyper second (RPS) or 1 Hz, at a vehicle
speed of 8 km/h (5 mph). This means that at 16 Ki@¥mph), the same tire will make 2
complete revolutions in one second, 2 Hz and so on.

1. Determine the rotational speed of the tires in Iigwans per second (RPS) or Hertz (Hz,

8 km/h (5 mph), based on the size of the tireseiRefthe preceding Tire Rotational Speed
information.

For example: According to the Tire Rotational Spedarmation, a P275/55R20 tire
makes 0.90 revolutions per second or Hz at a \ebmted of 8 km/h (5 mph). This means
that for every increment of 8 km/h (5 mph) in védispeed, the tire rotation increases by
0.90 revolutions per second or Hz.

. Determine the number of increments of 8 km/h ph)that are present, based on the
vehicle speed km/h (mph) at which the disturbammeics.

For example: Assume that a disturbance occuryehiale speed of 96 km/h (60 mph). A
speed of 96 km/h (60 mph) has 12 INCREMENTS of &k mph):

96 km/h (60 mph) divided by 8 km/h (5 mph) = 12remoents

. Determine the rotational speed of the tires wlgions per second or Hz, at the specific
vehicle speed km/h (mph) at which the disturbaroeics.
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For example: To determine the tire rotational spee@b km/h (60 mph), multiply tr
number of increments of 8 km/h (5 mph) by the rettohs per second or Hz, for one
increment:

12 (increments) X 0.90 Hz = 10.80 Hz, rounded tadz1

IMPORTANT: If the J 38792-A is not available, compar e the calculated
rotational speed to the frequency range associated with the
symptoms of the vibration concern. See Special Tool s. Refer
to Symptoms - Vibration Diagnosis and Correction

4. Compare the rotational speed of the tires asytleeific vehicle speed at which the
disturbance occurs, to the dominant frequency osmbon the) 38792-A during testing.
SeeSpecial Tools. If the frequencies match, then a first-orderultsince related to the
rotation of the tire/wheel assemblies is present.

If the frequencies do not match, then the disturbanay be related to a higher order of
tire/wheel assembly rotation.

5. To compute higher order tire/wheel assembly imtakelated disturbances, multiply the
rotational speed of the tires at the specific uelspeed at which the disturbance occurs, by
the order number:

11 Hz X 2, for second order = 22 Hz second-ordefvtiheel assembly rotation related
11 Hz X 3, for third order = 33 Hz third-order findheel assembly rotation related

If any of these computations match the frequendh®tisturbance, a disturbance of that
particular order, relating to the rotation of thre/ivheel assemblies and/or driveline
components, also rotating at the same speed,gsrire

Calculating Propeller Shaft Revolutions Per Second or Hz at Concer n Speed

1. Determine the first order rotational speed ofdt@peller shaft system in revolutions per
second or Hz, based on the first-order rotatiopeéd of the tire/wheel assemblies and the
drive axle or axles final drive ratio or ratios.

11 Hz X 3.42 drive axle final drive ratio = 37.62 ,Hounded to 38 Hz, first-order
propeller shaft rotation related

2. Compare the rotational speed of the propelldtsshathe specific vehicle speed at which
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the disturbance occurs, to the dominant frequescyrded on thd 38792-A during
testing. Se&pecial Toals. If the frequencies match, then a fiostder disturbance related
the rotation of the propeller shaft is present.

If the frequencies do not match, then the distucbanay be related to the second-order of
propeller shaft rotation.

3. To compute a second order propeller shaft ratatated disturbance, multiply the first
order rotational speed of the propeller shaft atsgpecific vehicle speed at which the
disturbance occurs, by the order number of 2:

38 Hz X 2, for second order = 76 Hz second-ordepeiter shaft rotation related

If the computation matches the frequency of theuthance, a disturbance relating to the
second-order rotation of the propeller shaft iSeng

Component Rotational Speed Worksheet

Utilize the following worksheet as an aid in caltuig the first, second and third order of
tire/wheel assembly rotational speed and thedimdtsecond order of propeller shaft rotational
speed related disturbances that may be presdr wehicle.

If after completing the Tire/Wheel Rotation Workshehe frequencies calculated do NOT
match the dominant frequency of the disturbancerdsx during testing, either recheck the data
or attempt to rematch the figures allowing for 1&/Bm/h (1-5 mph) of speedometer error.

If the possible tire/wheel assembly and/or propeliaft rotational speed related frequencies
do not match the dominant frequency of the distucbathe disturbance is most likely
torque/load sensitive.

If after completing the Tire/Wheel Rotation Worksheone of the frequencies calculated DOES
match the dominant frequency of the disturban@edisturbance is related to the rotation of that
component group - tire/wheel assembly or propsheit related.




2007 Saturn Outlook XE

2007 GENERAL INFORMATION Vibration Diagnosis and Correction - Outlook

TIRE/WHEEL AND PROPSHAFT ROTATION

Vehicle Information
km/h

Complaint Speed: (mph) Year: Model:
Symptom: VIN:
Frequency: Engine: Trans:
Engine Speed: rpm Tire Size: Axle Ratio:
Gear; TPC Spec:
Tire/Wheel Speed
Vibration km/h & B(km/h) _ Increments of
Oceurs at: mph 4 5{mph}) = 8 km/h (5mph)
tire RPS” Tire/Wheel Speed,
8 kmjh (5mpn) N atokmh o RPS (Hz)
increments {5mph) = 1st order
(from chart)
1st order
x2 = 2nd crder
Ist order %3 - 3rd order

Propeller Shaft Speed Propeller Shaft Spesd

1st order
tire X = 1st order

(axle ratio)

1st order
propshaft x 2 = 2nd crder

*RPS=revolutions per second; equates to cycles per second (Hz).

Fig. 1: Identifying Tire/Whed Rotation Wor ksheet
Courtesy of GENERAL MOTORS CORP.

VIBRATION ANALYSIS-TIRE AND WHEEL

Test Description
The numbers below refer to the step numbers iditdgnostic table:

4. A build-up of foreign material on a tire and whassembly and/or a damaged,
abnormally or excessively worn tire and wheel ab$gigould cause a vibration
disturbance.

6: Tire and wheel assemblies that exhibit excessineut when measured while mounted
on the vehicle, may or may not be contributingrt@ausing a vibration disturbance. On-
vehicle runout, if present, could contribute tacause a vibration disturbance, but the cause
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of the or-vehicle runout may not be the tire and wheel assesn

7: Tire and wheel assemblies that exhibit excessineut when measured off of the vehicle
could cause a vibration disturbance.

9: Tire and wheel assemblies that exhibit marginabuiwvithin acceptable limits, but clo
to the maximum-when measured off of the vehicldastill be contributing to a vibration
disturbance, if its mating hub/axle flange alsailexfimarginal runout. When the tire and
wheel assembly and the hub axle flange are mountedch other, the combined stagkeof
their marginal amounts of runout could combinermdpice an excessive amount of runout,
which could cause a vibration disturbance.

14. Brake rotors and/or brake drums, if equipped, éxhtbit excessive imbalance could
contribute to or possibly cause a vibration dishinde.

15: A hub/axle flange and/or wheel studs that extakdessive runout could cause a
vibration disturbance.

16: When the tire and wheel assembly and the hubfiaxige are mounted to each other,
the combined stack-up of their marginal amountsindut could combine to produce an
excessive amount of runout, which could cause @atrdn disturbance. Match-mounting or
vectoring the tire and wheel assembly to the hld/Meange will modify the amount of
combined runout.

18: Force variation may be present in a tire and wasstmbly that exhibited acceptable
balance and runout. Force variation, if presenilccoontribute to or cause a vibration
disturbance.

20: Vibration disturbances could be affected by oisfiabg caused by, components that are
susceptible to steering input and/or torque-loadtin

22: On-vehicle balancing or finish-balancing can bedu® reduce small amounts of
imbalance which may be present as a result ofdhémed stack-up of the tire and wheel
assembly with other components which may exhibiigmal balance.

Vibration Analysis- Tireand Whedl

Step Action Yes No
Has the Vibration Analysis - Road Testing Go toVibration
1 table been completed? Analyss- Road

GotoStep 2 |Testing

Based on the Vibration Analysis - Road
2 Testing table, is the concern fiksteer tirg
and wheel assembly related? Go toStep 4 Go toStep 3

Based on the Vibration Analysis - Road
3 Testing table, is the concern second-order

Go toVibration |
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or higher-order tire and wheel assembly
related?

/
Go toStep 18

Analysis- Road

Teding

Visually inspect the tire and wheel
assemblies for the following:

e Debris buildup, such as packed m{

undercoating, ice/snow buildup, ro
tar, etc.

o Damage, abnormal or excessive w

Refer toTireand Wheel Inspection.
Do any of the tire and wheel assemblie
exhibit any of the conditions listed?

ad

ear

UJ

GotoStep 5

Go toStep 6

1. Remove the debris from the tire ar
wheel assemblies.

2. Replace the damaged, abnormally
excessively worn wheels or tires a
necessary.

Did you complete the repair or
replacement?

nd

[ Or

I~

]

Go toStep 23

Measure the on-vehicle runout of the tir
and wheel assemblies. ReferTtwe and
Wheel Assembly Runout M easur ement

- On-Vehicle.

Does the runout measurement indicate
runout concern?

e

a
Go toStep 7

Go toStep 12

Measure the off-vehicle runout of the tir
and wheel assemblies. ReferTiwe and
Wheel Assembly Runout M easur ement

- Off Vehicle.

Does the runout measurement indicate
runout concern?

e

a
Go toStep 19

Go toStep 8

Is the vehicle equipped with run-flat tire

S0 toStep 12

Go toStep 9

Are any of the tire and wheel assembly
runout measurements marginal; within
acceptable limits, but close to the
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maximum?

Go toStep 10

Go toStep 15

10

IMPORTANT:

Ensure that each tire and wheel assembly that
is match- mounted is properly balanced before
reinstalling to the vehicle.

1. Match-mount the tire-to-wheel for
each tire and wheel assembly with
marginal runout. Refer tbire-to-
Wheel M atch-M ounting

(Vectoring).

2. Measure the runout of each match
mounted tire and wheel assembly.
Refer toTire and Whed Assembly
Runout M easurement - Off
Vehicle.

Were you able to significantly reduce th
amount of tire and wheel assembly rung

e
U0 toStep 11

Go toStep 19

11

Re-measure the on-vehicle runout of th
tire and wheel assemblies. RefeiTioe
and Wheel Assembly Runout

M easurement - On-Vehicle.

Does the measurement indicate a runotl
concern?

al

-

It
Go toStep 15

Go toStep 23

12

Inspect the balance of the tire and whe
assemblies. Refer tbire and Whesel
Assembly Balancing - Off Vehicle.

Are any or the tire and wheel assemblig
out of balance?

D

S
Go toStep 13

Go toStep 14

13

Balance the tire and wheel assemblies
necessary. Refer fhire and Wheel
Assembly Balancing - Off Vehicle.

Were you able to achieve balance?

as

Go toStep 23

Go toVibration
Diagnostic Aids

1. Inspect the brake rotors and brake

drums, if equipped, for damage.
2. Inspect the balance of the brake

rotors and brake drumes, if equipped.

Refer toBrake Rotor/Drum
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14

Balance Inspection.

3. Replace brake rotors and/or brake

174

drums, if equipped, that are damaged

and/or out of balance.

Did you find and correct a condition?

Go toStep 23

Go toStep 17

15

1. Measure the runout of the hub/axl
flanges and the wheel studs, if
equipped.

2. Inspect the wheel bolts, if equipped,

for straightness and damage.

3. Refer toHub/Axle Flange and
Whed Stud Runout Inspection.

U

4. If the inspection procedure indicates

a runout concern, replace the
appropriate components:

e Wheel studs, if equipped
e Wheel bolts, if equipped
o Wheel bearing/hub assembly

Did you find and correct a condition?

Go toStep 23

Go toStep 16

16

1. Match-mount the tire and wheel
assemblies-to-hub/axle flanges. Rg
to Tireand Whedl Assembly-to-
Hub/Axle Flange M atch-
Mounting.

2. Re-measure the on-vehicle runout
tire and wheel assemblies. Refer t
Tireand Wheel Assembly Runout
M easurement - On-Vehicle.

Were you able to significantly reduce th
amount of on-vehicle tire and wheel
assembly runout?

pfer

of

e

Go toStep 23

Go toStep 2

17

Inspect for radial and lateral force
variation. Refer td'ireand Whed

Assembly Isolation Test.
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the tire and wheel assemblies as the ca
of the disturbance?

Were you able to isolate one or more of

use
Go toStep 19

Go toStep 20

18

Inspect for radial and lateral force
variation. Refer td'ire and Whed
Assembly |solation Test.

Were you able to isolate one or more o
the tire and wheel assemblies as the c3
of the disturbance?

f
use
Go toStep 19

Go toStep 21

19

Replace any tires and/or wheels that w
isolated as the cause of the disturbance
necessary.

Did you complete the replacement?

D

re
2, AS

Go toStep 23

20

Perform the Vibration AnalysisHub/Axle
Input table. Refer t¥ibration Analyss -
Hub and/or Axlelnput.

Did you find and correct a condition?

Go toStep 23

Go toStep 22

21

Perform the Vibration AnalysisHub/Axle
Input table. Refer t¥ibration Analyss -
Hub and/or Axlelnput.

Did you find and correct a condition?

Go toStep 23

Go toVibration
Diagnostic Aids

22

Finish-balance the tire and wheel
assemblies on-vehicle. Referfae and
Wheel Assembly Balancing - On-

Vehicle.
Did you complete the on-vehicle finish
balancing?

Go toStep 23

23

1. Install or connect any components

during diagnosis.

2. Performthe Vibration Analysis -
Road Testing table. Refer to
Vibration Analysis- Road Testing.

that were removed or disconnected

Is the vibration still present?

Go toStep 2

System OK

VIBRATION ANALYSIS - DRIVELINE

Vibration Analvsis- Drivdine
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Step Action Yes No
Has the Vibration Analysis - Road Go toVibration
1 Testing table been completed? Analysis- Road
GotoStep 2 |Teding
Did you duplicate a vibration concern
2 that occurs only during heavy
acceleration at launch? Go toStep 3 Go toStep 4
Is the vehicle equipped with a solid dr{ve
3 axle and at least 1 [dint in the propellg
shaft system? GotoStep 26 | GotoStep 4
Did you record frequency data from the
38792-A , Electronic Vibration Analyzg
4 (EVA) 2, during the Vibration Analysis|-
Road Testing procedure? S§zecial
Tools. GotoStep5 | GotoStep 10
Based on the Vibration Analysis - Road
5 Testing table, is the concern first order,
sixth order or a slightly higher multiple
first order driveline related? Go toStep 6 Go toStep 8
6 Is the vehicle equipped with a rear
mounted transaxle assembly? GotoStep7 | GotoStep 11
Inspect the drive axle for proper
v operation. Refer to the appropriate Drive
Axle diagnosis information.
Did you find and correct a condition? | Go toStep 32 | Go toStep 2
Based on the Vibration Analysis - Road
8 Testing table, is the concern second o
driveline related? GotoStep 9 | GotoStep 10
9 Does the vehicle driveline contain any|U- Go toVibration
joints” Go toStep 26 |Diagnostic Aids
Based on the Vibration Analysis - Road Go toVibration
10 Testing table, is the concern a noise th@b toVibration |Analysis- Road

IS not felt?

Diagnostic Aids

Testing

1. Inspect the following components

for wear and/or damage:

e Inspect the propeller shafts
dents, damage, missing

b

or
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weights, and/or undercoating.

e Inspect the U-joint or joints,
equipped, for excessive weg
looseness, and/or damage.

e Inspect the prop shaft const:
velocity (CV) joint or joints, |
equipped, for excessive weg
looseness, and/or damage.

e Inspect the prop shaft coupl
assembly or assemblies, if
equipped, for excessive weg
looseness, and/or damage.

e Inspect the prop shaft suppdg
bearing, if equipped, for
damaged rubber component
worn bearings, looseness,

and/or a deformed or cracke

bracket.

e Inspect the drive axle mount
if equipped, for excessive
wear, looseness, and/or
damage.

2. Replace any of the components
found to be worn or damaged.

Did you find and correct a condition?

\r,

ANt

\r,

Go toStep 32

Go toStep 12

12

Attempt to duplicate the vibration in the

stall. Refer toVibration in Service-
Stall Test (Non-Torque Sensitive).

Were you able to duplicate the vibratig

NGB0 toStep 16

Go toStep 13

13

Perform theéVibration in Service-Stall
Tes (Torque Sensitive).

Were you able to duplicate the vibratig

DNGo toStep 14

Go toVibration
Diagnostic Aids

14

Is the vehicle front wheel drive with ar
all wheel drive system?

Go toStep 15

Go toVibration
Diagnostic Aids

15

1. Remove the propeller shaft.
2. Performthe/ibration in Service-
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Stall Test (Torque Sensitive).

Is the vibration still present?

Go to Transfer
Case diagnosis
information

Go to Drive Axle
diagnosis
information

16

Was the vibration most evident under
transmission or the transfer case, if
equipped?

the

Go toStep 17

Go toStep 20

17

1. If the driveline joint at the
transmission or transfer case is a
joint, measure the prop shaft rung
at the end closest to the transmis
or transfer case. Refer Ryopeller
Shaft Runout M easurement.

2. If the driveline joint at the
transmission or transfer case is a
joint, measure the runout of the
transmission or transfer case outf
flange. Refer t@ransfer Case
Output Flange Runout
M easurement.

3. If the driveline joint at the
transmission or transfer case is a
coupler assembly, inspect the
coupler assembly for excessive
weatr, looseness, missing or broks
fasteners, and/or damage. Meast
the runout of the transmission or
transfer case output flange. Refel
Transfer Case Output Flange
Runout M easurement.

4. Replace components as necessa

Did you find and correct a condition?

U-
put

put

2N
ire

to

ry.
Go toStep 19

Go toStep 18

1. Inspect the powertrain mounts fo
the following:

e Loose and/or missing fasten
e Improper alignment
e Cracked, dry-rotted, and/or

1
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oil-soaked insulators

e Twisted, broken, torn, and/or

collapsed insulators

e Bent, twisted, and/or
deformed brackets

2. Replace the powertrain mounts gs

necessary.

Did you find and correct a condition?

Go toStep 19

Go toStep 20

19

Perform theVibration in Service-Stall
Test (Non-Torque Sensitive).

Is the vibration still present?

Go toStep 20

Go toStep 32

20

1. Inspect the prop shaft U-joint or
joints, if equipped, for excessive
weatr, looseness, and/or damage

2. Inspect the prop shaft CV joint of
joints, if equipped, for excessive
weatr, looseness, and/or damage

3. Inspect the prop shaft coupler
assembly for excessive wear,
looseness, broken or missing
fasteners, and/or damage

4. Inspect the prop shaft support
bearing assembly, if equipped, fo
damaged rubber components, wq
bearings, and/or a deformed or
cracked bracket.

5. If the driveline joint at the drive
axle is a UYoint, measure the runo
of the complete prop shaft or sha
Refer toPropéeller Shaft Runout
M easurement.

6. If the driveline incorporates a
torque tube attached to the drive
axle and the joint at the torque tu

Is a CV joint, coupler assembly or

=

Irn

fts.

be

bolt-on U-joint yoke, measure the
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runout of the torque tube input
flange. Refer t@ orque Tube
Input Flange Runout

M easurement.

7. Replace components as necessary.

Did you find and correct a condition? | Go toStep 21 | Go toStep 22

Perform theéVibration in Service-Stall
Test (Non-Torque Sensitive).

Is the vibration still present? GotoStep 22 | Go toStep 32

1. Measure the runout of the drive 3
pinion input flange or shaft:

o If the driveline joint at the
drive axle is a U-joint and if
the U-joint yoke is Not a bolt
on type, refer t¢inion
Flange Runout
M easurement .

o If the driveline joint at the
drive axle is a U-joint and if
the U-joint yoke IS a bolt-on
type, refer tdDifferential
Pinion Input Shaft Runout
M easurement .

o If the driveline incorporates a
torque tube attached to the
drive axle, refer to
Differential Pinion Input
Shaft Runout
M easurement .

o If the driveline joint at the
drive axle is a coupler
assembly or a CV joint, refel
to Differential Pinion Input
Shaft Runout
M easurement .

2. For a direct-mount drive axle,
inspect the mounts and/or bushings
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for excessive wear, looseness,
and/or damage.

3. Replace excessively worn or

Did you find and correct a condition?

damaged components as necessary.

Go toStep 23

Go toStep 24

23

Perform théVibration in Service-Stall
Test (Non-Torque Sensitive).

Is the vibration still present?

Go toStep 24

Go toStep 32

24

Re-index the prop shaft. Perform the
following steps:

1. Raise and support the vehicle.

case output shaft flange and the
drive axle input flange.

3. Remove the prop shatft.

4. Rotate the prop shaft 180 degree
both of the flanges.

5. Reinstall the prop shatft.
6. Attempt to duplicate the vibration
in the stall. Refer to theibration

in Service-Stall Test (Non-
Torgue Sensitive).

2. Mark the position of the prop shaft
to both the transmission or transfer

Was the vibration reduced or eliminated@o toStep 32

Go toStep 25

25

Return the prop shatft to it's original
position and balance the prop shaft. R
to Driveline System Balance

Adjustment (Using EVA) or Driveline

System Balance Adjustment (Without

EVA).

system?

Were you able to balance the driveling

Go toStep 32

Go toVibration
Diagnostic Aids

Inspect the following components for

wear and/or damage:
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e Inspect the prop shafts for dents,
damage, missing weights, and/or
undercoating.

e Inspect the U-joint or joints for
excessive wear, looseness, and/q
damage.

e Inspect the prop shaft support
bearing, if equipped, for damage(
rubber components, worn bearing
looseness, and/or a deformed or
cracked bracket.

e Replace components as necessal

Did you find and correct a condition?

r

JS,

Iy.

Go toStep 32

Go toStep 27

27

Is the drive axle a direct-mount?

Go toStep 29

Go toStep 28

28

1. Measure the vehicle trim height.

2. Adjust the vehicle trim height if
necessary.

Refer to the vehicle trim height
inspection procedures.Did you find an
correct a condition?

d
Go toStep 32

Go toStep 29

29

1. Measure the prop shaft angles.
Refer toDriveline Working
Angles M easurement.

2. If necessary, adjust the prop shat
angles. Refer t®riveline
Working Angles Adjustment.

Did you find and correct a condition?

—

Go toStep 32

Go toStep 30

30

Does this prop shaft system have only
U-joint?

Go toVibration
Diagnostic Aids

Go toStep 31

1. Inspect the prop shafts for proper

phasing. Refer t&ropeller Shaft
Phasing Inspection.

2. If necessary, correct the prop sha

Aft
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phasing. Refer t€ropeller Shaft
31 Phasing Correction.

Go toVibration
Did you find and correct a condition? | Go toStep 32 |Diagnostic Aids

1. Install or connect any components
that were removed or disconnected
during diagnosis.

2. Performthe Vibration Analysis -

32 Road Testing table. Refer to

Vibration Analysis - Road

Testing.

Is the vibration still present? GotoStep 5 System OK

VIBRATION ANALYSIS- HUB AND/OR AXLE INPUT

Test Description

The numbers below refer to the step numbers odiflggostic table:

2. This test will determine the effect of turning in@n the vibration.
6: This test will determine the effect of an initreavy torque load on the vibration.

7: Damaged or worn wheel drive shafts may causese moivibration that may be
transferred into the passenger compartment.

8: Damaged or worn wheel bearings may cause a noisbration that may be transferred
into the passenger compartment.

9: Damaged or worn suspension components may causseaor vibration that may be
transferred into the passenger compartment.

10: Damaged or worn powertrain mounts and/or exhaashta may cause a noise or
vibration that may be transferred into the passecgapartment.

11: Incorrect trim height may cause binding and/cernf@rence between components that
may produce a vibration.

Vibration Analysis- Hub and/or AxleInput

Step Action Yes No
CAUTION:
Refer to ROAD TEST CAUTION .

Has the Vibration Analysis - Road Testi¢g Go toVibration




2007 Saturn Outlook XE

2007 GENERAL INFORMATION Vibration Diagnosis and Correction - Outlook

table been completed?

Go toStep 2

Analyss- Road

Teding

1. Operate the vehicle at the speed o
vibration concern.

2.
drive the vehicle through slow,

then in the other direction.

Observe the vehicle for changes in
vibration disturbance.

Select a smooth, level surface, sug
an empty parking lot or a remote
road.

vehicle through sharp turns; 360
degrees first in one direction, then
the other direction.

Observe the vehicle for changes in
vibration disturbance.

Did the characteristics of the vibration
change significantly-become worse or g

14

While maintaining the vehicle at the
concern speed if possible, drive the

14

While maintaining the concern speged,

sweeping turns - first in one direction,

h as

D

the regular brake and place the
transmission in the lowest forward
gear.

IMPORTANT:
Do not accelerate to the point of causing

the drive wheels to squeal, slip or hop,

away-during these steps? GotoStep 3 GotoStep 6

Did you hear a clicking noise and/or fee| a

shudder during these steps? Go toStep 7 Go toStep 4

Did you hear a growling noise during these

steps? Go toStep 8 Go toStep 5

Did you hear a popping noise during thgse

steps? GotoStep 9 | GotoStep 13
1. With the vehicle at a stand-still, apply
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this would obscure the results of the
test.

Release the regular brakes and
accelerate aggressively to 32 km/h
(20 mph).

Observe the vehicle for changes in
vibration disturbance.

Did you feel a shudder or shaking during
these steps?

A=~ 1

Go toStep 7

Go toVibration
Diagnostic Aids

1. Inspect the wheel drive shafts, if
equipped, for damage, abnormal
and/or excessive wear.

If the inspection indicated that a
wheel drive shaft is damaged,

replace the shatft.

Did you find and correct a condition?

abnormally and/or excessively worn,

Go toStep 13

Go toStep 9

1. Inspect the wheel bearings for weg
and/or damage. Refer ERONT
WHEEL BEARING AND HUB
REPLACEMENT or REAR
WHEEL BEARING AND HUB
REPLACEMENT (FWD) .

Replace any of the wheel bearings
found to be worn and/or damaged.

Did you find and correct a condition?

=

Go toStep 13

Go toStep 12

1. Inspect the following suspension
components for wear, damage,
looseness and/or possible contact
other vehicle components:

e Struts/shock absorbers
e Springs
¢ Bushings
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¢ Insulators

2. Replace any of the suspension
components found to be worn,
damaged, loose and/or contacting
other vehicle components.

Did you find and correct a condition?

Go toStep 13

Go toStep 10

10

1. Inspect the powertrain mourgegine

mount differential, if equipped-and
any powertrain braces for the
following conditions:

e Improper alignment

e Cracked, dry-rotted, and/or oi
soaked insulators

e Twisted, broken, torn, and/or
collapsed insulators

brackets

2. Replace powertrain mounts as
necessary.

3. Inspect the exhaust system
components for the following:

= Heat Shields
= Joints and/or couplings:

straps

= Bracket and/or insulator
mounting

¢ Inadequate clearance to body
and/or chassis components

e Loose and/or missing fasteners

e Bent, twisted, and/or deformed

e Loose and/or missing fasteners

Nuts, bolts, studs, clamps

transmission, transfer case and direct-

Inspect with the exhaust syste

m




2007 Saturn Outlook XE

2007 GENERAL INFORMATION Vibration Diagnosis and Correction - Outlook

both COLD and HOT; in
NEUTRAL, FORWARD and
REVERSE gears

e Improper alignment

¢ Disconnected and/or missing
insulators

e Cracked, dry-rotted, and/or oi
soaked insulators

e Stretched, twisted, broken, tor

and/or collapsed insulators

e Bent, twisted, cracked, and/orn
deformed brackets

4. Repair, replace, and/or realign
exhaust system components as
necessary.

Did you find and correct a condition?

Go toStep 13

Go toStep 11

11

Inspect the vehicle trim height and adjug
necessary. Refer ibBRIM HEIGHT
INSPECTION procedure.

Did you find and correct a condition?

Go toStep 13

Go toStep 12

12

Is the vehicle primary driveline
configuration rear wheel drive equipped
with a direct-mount drive axle or front
wheel drive and equipped with all-whee
drive?

Go toVibration

JAnalysis -
Drivdine

Go toVibration
Diagnostic Aids

13

1. Install or connect any components
were removed or disconnected dun
diagnosis.

2. Performthe Vibration Analysis -
Road Testing table. Refer to
Vibration Analysis- Road Testing.

ing

Is the vibration still present?

Go toStep 2

System OK

VIBRATION ANALYSIS - ENGINE
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Test Description

The numbers below refer to the step numbers odi#lggmostic table.

2. If powertrain related DTCs are present, there b@&ag powertrain performance
condition present which could be a contributingseaio the customer's concern.

5: Making comparisons of the customer's vehicle arttequally equipped, same model
year and type, KNOWN GOOD vehicle will help detamenif certain disturbances may be
characteristic of a vehicle design.

Vibration Analysis- Engine

Step Action Yes No
CAUTION:
Refer to WORK STALL TEST CAUTION .
Has the Vibration Analysis - Road Go toVibration
1 Testing table been completed? Analysis - Road

GotoStep 2 [Testing
Using a scan tool, determine if ango toDiagnostic

DTCs are set. Starting Point -
2 Were any DTCs set? Vibration
Diagnosis and
Correction Go toStep 3

1. Block the front wheels.

2. Apply BOTH the service
brakes and the park brake.

3. With the scan tool and tlde
38792-A , Electronic
Vibration Analyzer (EVA) 2,
if available, still installed, stg
the engine. SeBpecial Tools.

4. Place the transmission in
NEUTRAL or PARK.

5. Slowly increase the engine
RPM to the level at which the
disturbance is most noticeah

6. Record the engine RPM

obtained on the scan tool and
the most dominant frequency

<<
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reading if obtained on the
38792-A , if available. See
Special Tools.

Place the transmission in
DRIVE.

Slowly increase the engine
RPM to the level at which th
disturbance is most noticeah

Record the engine RPM
obtained on the scan tool an
the most dominant frequency
reading if obtained on thk
38792-A , if available. See
Special Tools.

If no frequency data was

obtained or if thel 38792-A
Is not available, place the

transmission into REVERSE,
then repeat steps 8 and 9. §
Special Tools. Reverse-
loading of the powertrain ma
increase or change the
characteristics of the vibratic

10.

Were you able to duplicate the

d

<<

ee

y

Go toVibration

customer's concern? GotoStep 4  |Diagnostic Aids
Did theJ 38792-A detect a Go toVibration
dominant frequency or was a Analysis-

significant vibration present? See

Engine/Accessory

Special Tools.

Isolation

GotoStep 5

Compare the test results of the
customer's vehicle to the results ¢
the same tests run, at the same
engine RPM, on an equally-
equipped, same model year and
type, KNOWN GOOD vehicle.
Refer toVehicle-to-Vehicle
Diagnostic Comparison.

f
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1.

10.

11.

Install a scan tool into the
known good vehicle.

Install the] 38792-A , if
available, into the known go
vehicle; place the sensor in
exactly the same location as
was placed in the customer's
vehicle. Seé&pecial Tools.

Block the front wheels.

Apply BOTH the service
brakes and the park brake.

Start the engine.

Place the transmission in
NEUTRAL or PARK.

Slowly increase the engine
RPM to the level at which the
disturbance was most
noticeable in the customer's
vehicle.

Record the engine RPM
obtained on the scan tool and
the most dominant frequency
reading if obtained on the
38792-A , if available. See
Special Tools.

Place the transmission in
DRIVE.

Slowly increase the engine
RPM to the level at which the
disturbance was most
noticeable in the customer's
vehicle.

Record the engine RPM
obtained on the scan tool and
the most dominant frequency
reading if obtained on the
38792-A , if available. See

t

4

<<

<<
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Special Tools.

12. If no frequency data was
obtained or if thel 38792-A
Is not available, place the
transmission into REVERSE,
then repeat steps 10 and 11
SeeSpecial Tools. Reverse-
loading of the powertrain may
increase or change the
characteristics of the vibratic

Go toVibration

Analyss-
Did both of the vehicles exhibit th&o toVibration Engine/Accessory
same characteristics? Diagnogtic Aids  [Isolation

ENGINE ORDER CLASSIFICATION

Engine First Order Classification

1. Convert the engine speed in revolutions per mi(lRPM), recorded during duplication of
the disturbance into Hertz, revolutions per sed®felS), by dividing the RPM by 60
seconds. Refer to the following example:

1,200 RPM divided by 60 = 20 Hz (or RPS)

2. Compare the dominant frequency in Hz, recordechdutuplication of the disturbance w
the engine speed just converted into Hz, to determithey are related.

3. If the dominant frequency in Hz, recorded dudnglication of the disturbance and the
engine speed, converted into Hz, ARE related, #imeengine FIRST ORDER related
disturbance is present. Engine first order distocba are usually related to an imbalanced
component. Refer tengine Order Related Disturbances.

4. If the dominant frequency in Hz, recorded dudnglication of the disturbance and the
engine speed, converted into Hz, are NOT relakesh determine if the disturbance is
related to the engine's firing frequency. Proceeirigine Firing Frequency Classification.

Engine Firing Frequency Classification

Engine firing frequency is a term used to descitfeenumber of firing pulses (one firing pulse =
one cylinder firing) that occur during ONE comple¢®olution of the crankshaft, multiplied by
the number of crankshaft revolutions per second, Hz
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1. Calculate the engine firing frequency.

e To determine the firing frequency of a 4-strokeieagluring ONE complete
revolution of the crankshaft, multiply the engipesd, converted into Hz, by HALF
of the total number of cylinders in the engine.

e For example: The engine speed, converted into 14,20 Hz; if the vehicle was
equipped with a V8 engine, 4 of the 8 cylinders Mactually fire during ONE
complete revolution of the crankshatft.

= Multiply the converted engine speed (20 Hz) by inders firing.
20 Hz X4 =80 Hz

= The engine firing frequency for a V8 engine atdhiginal engine speed of 1,2
RPM, recorded during duplication of the disturbaneeuld be 80 Hz.

= In like manner, a @ylinder engine would have a firing frequency ofté0 at the
same engine speed of 1,200 RPM.

20 Hz X3 =60 Hz

2. Compare the dominant frequency in Hz, recordechdutuplication of the disturbance w
the engine firing frequency in Hz, just calculatexdetermine if they are related.

3. If the dominant frequency in Hz, recorded dudnglication of the disturbance and the
engine firing frequency in Hz, just calculated AR#ated, then an engine FIRING
FREQUENCY related disturbance is present. Engmagfirequency disturbances are
usually related to improper isolation of a companBefer toEngine Order Related
Disturbances.

4. If the dominant frequency in Hz, recorded dudnglication of the disturbance and the
engine firing frequency in Hz, just calculated BI@T related, then determine if the
disturbance is related to another engine ordesititzgion. Proceed to Other Engine Order
Classification.

Other Engine Order Classfication

1. Multiply the engine speed, converted into Hzprded during duplication of the
disturbance by different possible order-numbetsemothan 1 (first order) or the number
used to determine the firing frequency of the emgin

2. Compare the dominant frequency in Hz, recordechdutuplication of the disturbance w
the other possible engine orders just calculatedetermine if they are related.

3. If the dominant frequency in Hz, recorded dudnglication of the disturbance and one of
the other engine order frequencies in Hz, justutaled ARE related, then an engine rel
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disturbance of that order is present. If an engateged disturbance is present that is N
related to first order or firing frequency, thewrauld be related to an engine driven
accessory system. Proceed to Engine Driven Acdesdeelated to Engine Order.

Engine Driven Accessories Related to Engine Or der

Engine driven accessory systems can be relatguetifis engine orders depending upon the
relationship of the accessory pulley diameter éodfankshatft pulley diameter. For example:

o If the crankshaft pulley measured 20 cm (8 in)iangeter and one of the engine driven
accessory pulleys measured 10 cm (4 in) in diaméten that accessory pulley would
rotate 2 times for every one rotation of the craakspulley. If that accessory system was
not isolated properly or was not operating propetiywould be identifiable as a 2nd order
engine related disturbance.

e In like manner, if an engine driven accessory puieasured 5 cm (2 in) in diameter, then
that accessory pulley would rotate 4 times for yege rotation of the crankshatft pulley. If
that accessory system was not isolated propemMyasmot operating properly, it would be
identifiable as a 4th order engine related disturba

Engine driven accessories that contribute to, xcesl by or are the sole cause of a disturbance
are usually doing so because of improper isolatiahcauses a transfer path into the passenger
compartment or to another major component of tikclebody.

Using the] 38792-VS , Vibrate Software, accurately measuring the diarseof the accessory
pulleys and the crankshaft pulley and performimgappropriate diagnostic procedures
completely will lead to the specific accessoryaystvhich is either contributing to or causing
the customer's concern. S§gecial Tools.

Engine Order Related Disturbances

Engine Arrangement
L4 L4 90 Degre
Engine |W/O Balance|With Balance With Bal
Order Shaft Shaft L5 L6 60 Degree V6 Shaf
Abnormal - | Abnorn
1/2 Abnormal - | Abnormal - | Abnormal - | Abnormal - | Likely Single| Likely Si
Order | Likely Single| Likely Single| Likely Single| Likely Single| Cylinder Cylind
Torque| Cylinder Cylinder Cylinder Cylinder |Misfire and/on Misfire a
Sensitive  Misfire Misfire Misfire Misfire EGR/Fuel EGR/F
Variance Variar
Abnormal - | Abnormal - | Abnormal - | Abnormal - | Abnormal - | Abnorn
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1t Likely Likely Likely Likely Likely Likel
Order Component| Component| Component| Component| Component| Compo
Imbalance | Imbalance | Imbalance | Imbalance | Imbalance | Imbala
Abnormal - | Abnorn
Likely Bank tgLikely Be
11/2 Possible Possible Possible Possible Ec?lg/nll(uel EGBS?;
Order [Engine Driver Engine DriverEngine Driver Engine Driver Variance Variar
Torque| Accessory | Accessory | Accessory | Accessory . .
Sensitivé  Related Related Related Related Possible Possil
Engine DriverlEngine L
Accessory | Access
Related Relat
Characteristi¢ Characteristi¢c Charactt
2nd of Engine : : : of Engine of Eng
Order | Arrangement E P_osablg P_osablg P_osablg Arrangement; Arrange
Non _Possible |EN9INe Driver Engine Driver Engine Driver ™~ Possible - Poss
T . Accessory | Accessory | Accessory .
orque| Powertrain Related Related Related Powerf[raln Power_t
Sensitive  Isolation Isolation Isolati
Related Related Relat
Characteristi¢ Characteristi¢
-ENGINE | - ENGINE
FIRING FIRING
FREQUENCYFREQUENCY
2nd - Possible | - Possible Possible Possible Possible Possil
Order | Powertrain | Powertrain |Engine Driver Engine Driver Engine Driver Engine C
Torque| Isolation Isolation Accessory | Accessory | Accessory | Access
Sensitive  Related Related Related Related Related Relat
Possible Possible
Engine Driver Engine Driver
Accessory | Accessory
Related Related
Characteristi¢
- ENGINE
21/2 | Possible Possible FIRING Possible Possible Possil
Order |Engine Driver Engine DriveflFREQUENCYEngine Driver Engine Driver Engine L
Torque| Accessory | Accessory | - P055|b|_e Accessory | Accessory | Access
Sensitive  Related Related | Powertrain | Related Related Relat
Isolation
Related
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Possible
Engine Driver
Accessory
Related
Characteristi¢ Characteristi¢ Charactt
- ENGINE | - ENGINE | - ENGI
FIRING FIRING FIRIN
FREQUENCYFREQUENCYFREQUE
3rd Possible Possible Possible - Possible - Possible - Poss
Order |Engine Driver Engine Driver Engine Driver, Powertrain | Powertrain | Powert
Torque| Accessory | Accessory | Accessory | Isolation Isolation Isolati
Sensitive  Related Related Related Related Related Relat
Possible Possible Possil
Engine Driven Engine DriverlEngine C
Accessory | Accessory | Access
Related Related Relat:
Characteristi¢ Characteristi¢
- Minimal - Minimal
Amount - of | Amount - of
Engine Engine
4th Arrgnge_r;le nt Arrgnge_r;le nt Possible Possible Possible Possil
Order P OSSILE - -~ FOSsIbe Engine Driverl Engine Driverl Engine Driver Engine L
owertrain | Powertrain
Torq_qe Isolation Isolation Accessory | Accessory | Accessory | Access
Sensitive Related Related Related Related Related Relat
Possible Possible
Engine Driver Engine Driver
Accessory | Accessory
Related Related

VIBRATION ANALYSIS - ENGINE/ACCESSORY ISOLATION

Test Description

The numbers below refer to the step numbers odi#lggmostic table.

5: Alloose, damaged, misaligned or defective powertrsulator and/or bracket may
create a transfer path into the passenger compartme

6: A loose, damaged, misaligned or defective extgissem insulator and/or bracket may
create a transfer path into the passenger compartme
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7: Incorrectly seated and/or aligned powertrain campts and/or exhaust system
components may create a transfer path into thepgesscompartment. When loosening
powertrain mounts in order to re-bed the powertodiserve the following: Do not loosen
the mount bracket-to-engine bolts/nuts, do notdndbee mount bracket-to-vehicle frame
bolts/nuts if mount brackets are used. Loosen thantrto-mount bracket bolts/nuts if
mount brackets are used or loosen the mount-ttedldibles in vehicle frame bolts/nuts if a
direct-mount design is used.

8: Non+otating engine driven accessory component systamso longer produce a unic
disturbance.

9: Non-rotating engine driven accessory componemsodonger produce a unique
disturbance. If a disturbance is still present,thatcharacteristics have been altered, it is
possible that these component systems are actagrassfer path for engine firing
frequency or a first order engine disturbance.disturbance is still present, but the
characteristics have NOT been altered, it is N®&lyi that these component systems are
acting as a transfer path for engine firing freqyeor a first order engine disturbance.

10: If the mark placed on the face of an engine draesessory pulley seems to stand still
while running this test, then that accessory syssesither responding to an existing
frequency, such as engine firing pulses or creatidgturbance.

11: A loose, damaged, misaligned or defective enginel accessory system insulator
and/or bracket may create a transfer path intpdlssenger compartment.

12: Removing the engine driven accessory and bracKatackets from the engine allows a
thorough inspection to determine if any conditiare present that may create a transfer
path into the passenger compartment.

Vibration Analysis- Engine/Accessory |solation

Step Action Yes No
CAUTION:
Refer to WORK STALL TEST CAUTION .
Were you sent here from the Vibration Go toVibration
1 Analysis - Engine table? Analysis -

GotoStep 2 |Engine

Is thed 38792-A , Electronic Vibration
2 Analyzer (EVA) 2, available? S&pecial
Tools. Go toStep 3 GotoStep 5

1. Using the engine RPM and freque
data recorded for the customer's
vehicle, determine the order of
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engine rotation to which the
disturbance is related.

2. Determine the possible causes of the

disturbance as it relates to a spec
order of engine rotation.

Refer toEngine Order
Classfication.Does the Engine Order

Classification table indicate that the
disturbance is of the same order as the
engine firing frequency?

fic

GotoStep 5

Go toStep 4

Does the Engine Order Classification t3
indicate that the disturbance is likely
related to engine driven accessories?

Go toStep 8

Go toStep 5

Inspect the powertrain mounts-engine,
transmission, transfer case and direct-
mount drive axle, if equipped-and any
powertrain braces for the following
conditions:

e Loose and/or missing fasteners
e Improper alignment

o Cracked, dry-rotted, and/or oil-
soaked insulators

e Twisted, broken, torn, and/or
collapsed insulators

e Bent, twisted, and/or deformed
brackets

Realign or replace powertrain mounts 4
indicated by the inspection.
Did you find and correct a condition?

S

Go toStep 13

Go toStep 6

Inspect the exhaust system component
the following:

e Loose and/or missing fasteners
o Heat Shields

5 for
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o Joints and/or couplings:

Nuts, bolts, studs, clamps,
straps

o Bracket and/or insulator
mounting

e Inadequate clearance to body and
chassis components

/or

Inspect with the exhaust system both

COLD and HOT; in NEUTRAL,
FORWARD and REVERSE gears

e Improper alignment

¢ Disconnected and/or missing
insulators

o Cracked, dry-rotted, and/or oil-
soaked insulators

e Stretched, twisted, broken, torn,
and/or collapsed insulators

e Bent, twisted, cracked, and/or
deformed brackets

Repair, replace, and/or realign exhaust
system components as indicated by the
inspection.

Did you find and correct a condition?

Go toStep 13

GotoStep 7

Perform the Powertrain Mount Balanceg
Procedure if available or perform the
following procedure to re-bed the
powertrain:

1. Loosen, but do not remove, all
powertrain mounts and exhaust
system hangers.

2. Ensure that the exhaust flexible

coupling, if equipped, moves freely
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3. Start the engine.

4. Settle the powertrain by shifting the
transmission from DRIVE to
REVERSE.

5. Place the transmission into
NEUTRAL.

6. Turn OFF the ignition.

7. Tighten all of the loosened fasteners
with the powertrain in a relaxed
position.

Did you complete the operation? Go toStep 13

NOTE:

Do not run the engine for longer than 60
seconds with the accessory drive belt or belts
removed or overheating and/or damage may
result.

1. Remove the engine accessory driye
belt or belts.

2. Block the front wheels.

3. Apply BOTH the service brakes and
the park brake.

4. With the scan tool still installed, st
the engine.

5. Place the transmission in NEUTRAL
or PARK.

6. Increase the engine RPM to the level
recorded during duplication of the
disturbance.

7. Allow the engine to idle, then place
the transmission in DRIVE.

8. Increase the engine RPM to the level
recorded during duplication of the
disturbance.

9. Turn OFF the ignition.
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10. Install the engine accessory drive

Was the disturbance significantly reduc
or eliminated?

belt or belts.

ed
Go toStep 10

Go toStep 9

Were the characteristics of the disturba
altered but still present?

Go toStep 11

Go toStep 15

1. Mark the face of the suspected

accessory pulleys, including any
related idler pulleys, near the oute
edge with a paint mark.

. Install the] 38792-25 , Inductive
Pickup Timing Light to thed 38792-
A . SeeSpecial Tools.

For information on the use of the
EVA features, refer t&lectronic
Vibration Analyzer (EVA)
Description and Operation.

. Block the front wheels.
. Apply BOTH the service brakes a
the park brake.

. With the scan tool and tl3e38792-
A, still installed, start the engine.
SeeSpecial Tools.

. Select the Smart Strobe feature gn

theJ 38792-A . SeeSpecial Tools.

. Enter the recorded frequency of tf
disturbance as the initial frequenc)
for strobe operation.

. Have an assistant place the
transmission in NEUTRAL or
PARK.

. Slowly increase the engine RPM {
the level recorded during duplicati
of the disturbance, then maintain t

-

~

0

hat
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10

10.

11.

12.

13.

14.

Did you identify an engine driven
accessory system as being related to th
frequency of the disturbance?

speed.

Using thel 38792-25 , check each
the suspected accessory pulleys tq
determine if any of them is related
the frequency of the disturbance. §
Special Toals.

Check each of the accessory systg
both engaged and under maximun
load and disengaged or under
minimum load.

Allow the engine to idle, then plac
the transmission in DRIVE.

Slowly increase the engine RPM 1
the level recorded during duplicati
of the disturbance, then maintain t
speed closely.

Using thel 38792-25 , check each
the suspected accessory pulleys tq
determine if any of them is related
the frequency of the disturbance. §
Special Toals.

Check each of the accessory systg
both engaged and under maximun
load and disengaged or under
minimum load.

Turn OFF the ignition.

O

See

M,

—

e

o

hat

O

See

M,

—

e
Go toStep 11

Go toVibration
Diagnostic Aids

Inspect the components of the engine
driven accessory system for the followit

e Loose and/or missing fasteners

ng.

o Heat Shields, if equipped
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o Joints and/or couplings:

Nuts, bolts, studs, clamps,
straps

o Bracket and/or insulator
mounting

¢ Inadequate clearance to body and/or
chassis components

Inspect with the accessory system
both under a LOAD and NOT
loaded

e Improper alignment
e Bent or damaged pulleys

e Disconnected and/or missing
insulators

e Cracked, dry-rotted, and/or oil-
soaked component insulators

e Stretched, twisted, broken, torn,
and/or collapsed component
insulators

e Bent, twisted, cracked and/or
deformed component brackets

Repair, replace, and/or realign the engjne
driven accessory system components ds
indicated by the inspection.
Did you find and correct a condition? | Go toStep 13

Go toStep 12

1. Remove the engine driven accesspry
and bracket or brackets from the
engine.

2. Thoroughly inspect the accessory
bracket or brackets, bolts/nuts/studs
and the accessory itself for signs qf
the following:




2007 Saturn Outlook XE

2007 GENERAL INFORMATION Vibration Diagnosis and Correction - Outlook

12

Did you find and correct a condition?

Bent, twisted, cracked and/or
deformed conditions

Replace any of the components
found to exhibit any of these
conditions.

Reinstall the components to the
engine.

Go toStep 13

Go toStep 17

13

Check the vehicle to determine if the
disturbance is now significantly reduce
or eliminated. Perform the following
steps:

1.

2.

. Place the transmission in DRIVE.

} ==

Install a scan tool into the customer's

vehicle.

Install the] 38792-A , if available,
into the customer's vehicle; place
sensor in exactly the same locatio
it was originally placed in the
vehicle. Seé&pecial Tools.

Block the front wheels.

Apply BOTH the service brakes a
the park brake.

Start the engine.

Place the transmission in NEUTR/
or PARK.

Slowly increase the engine RPM t
the level at which the disturbance
was most noticeable.

Record the engine RPM obtained
the scan tool and the most doming
frequency reading if obtained on tl
J 38792-A , if available. See
Special Tools.

the

AL

0

on
Nt
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10. Slowly increase the engine RPM {
the level at which the disturbance
was most noticeable.

Record the engine RPM obtained
the scan tool and the most doming
frequency reading if obtained on tl
J 38792-A , if available. See
Special Tooals.

If the disturbance has been
significantly reduced or eliminated
confirm the results by placing the
transmission into REVERSE, then
repeat steps 10 and 11. Reverse-
loading of the powertrain may
increase or change the characteris
of the vibration.

11.

12.

Has the disturbance been significantly

o

on

Nt

reduced or eliminated? GotoStep 18 | Go toStep 14
Have you investigated powertrain
14 Isolation as a possible cause of the
disturbance? GotoStep 15 | GotoStep 5
Have you investigated engine driven |Go toVibration
15 accessories as a possible cause of the |Analysis -
disturbance? Engine Balance| Go toStep 16
16 Is thed 38792-A available? Se8pecial Go toVibration
Tools. Go toStep 8 |Diagnostic Aids
Replace the engine driven accessory
17 component causing the disturbance. -
Did you complete the replacement? Go toStep 18
1. Install or connect any components
that were removed or disconnected
during diagnosis.
18 2. Performthe Vibration Analysis -

Road Testing table. Refer to
Vibration Analysis - Road

Teting.
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Is the disturbance still present? Go toStep 2 System OK

VIBRATION ANALY SIS - ENGINE BALANCE

Test Description
The numbers below refer to the step numbers odi#lggmostic table.

4. If sufficient clearance exists to separate thestrassion torque converter from the en
flywheel/flexplate, then further tests can be usedolate the transmission from the engine.

5: An engine flywheel/flexplate that has excessiverkd runout, when combined with the
mass of the transmission torque converter, canyoeod disturbance.

6: An engine flywheel/flexplate that is loose at &mgine crankshaft or that is cracked or
damaged, when combined with the mass of the traagmitorque converter, can produce a
disturbance.

7. This step is designed to isolate the transmigsoim the engine to determine if the
disturbance is related to the engine ONLY.

9: Re-indexing the transmission torque converteh¢oenngine flywheel/flexplate alters the
balance relationship between the torque convengtlee rear of the engine.

11: Placing thel 38792-A sensor onto the underside of the engine oil pamgathe
FRONT and the REAR edge allows for a determinaitome made, which will help to
narrow down the cause of the disturbance.Speeial Tools.

13: An engine flywheel that has excessive lateral utinehen combined with the extra
mass of the clutch pressure plate and clutch dpleie, can produce a disturbance.

14: The clutch pressure plate and the engine flywaieeemarked for proper indexing of the
heavy-spot of one to the light-spot of the othemproper indexing of the pressure plate to
the flywheel can produce a disturbance.

15: An engine flywheel that is loose at the enginekshaft or that is cracked, damaged
and/or missing balance weights; and/or a clutcksore plate and clutch driven plate that
has loose springs, cracks, warpage, damage and®ngrbalance weights - can produce a
disturbance when their mass is combined.

16: An engine flywheel that is loose at the enginekshaft or that is cracked, damaged
and/or missing balance weights; and/or a clutckgore plate and clutch driven plate that
has loose springs, cracks, warpage, damage and®ngrbalance weights - can produce a
disturbance when their mass is combined.

17: Re-indexing the pressure plate to the engine #elhlters the balance relationship
between the pressure plate/flywheel assembly ancetr of the engine.
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18: An engine flywheel/flexplate that is damaged, hgsed, and/or imbalanced, can
produce a disturbance.

19: An engine crankshaft balancer that is damagealigmed, and/or imbalanced, can
produce a disturbance.

Vibration Analysis- Engine Balance

Step Action Yes No
CAUTION:
Refer to WORK STALL TEST CAUTION .
Were you sent here from the Vibrat Go toVibration
1 Analysis - Engine/Accessory Isolation Analysis-
table? Engine/Accessory

Go toStep 2 |Isolation

Is thed 38792-A , Electronic

2 Vibration Analyzer (EVA) 2, Go toVibration
available? Se8pecial Toals. Go toStep 3 |Diagnostic Aids
3 Is the vehicle equipped with a manyal
transmission? Go toStep 11 Go toStep 4

1. Raise and support the vehicle
Refer toLifting and Jacking
theVehicle.

2. Remove the flywheel/flexplatet
to-torque converter bolts access
cover, if equipped.

3. Determine if sufficient clearance
exists to separate the
transmission torque converter
away from the engine
flywheel/flexplate and safely
secure the torque converter from
accidentally engaging with the
flywheel/flexplate.

Is there sufficient clearance to
separate and safely secure the
transmission torque converter away
from the engine flywheel/flexplate?| Go toStep 5 Go toStep 11
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1.

7.
8.

With the flywheel/flexplate-to-

torque converter access cover

still removed and with the
vehicle still raised, mark the
position of the transmission
torque converter in relation to
the engine flywheel/flexplate.

Disconnect the torque converter

and move it away from the
flywheel/flexplate.

Secure the transmission torqu

converter away from the engine

flywheel/flexplate to avoid

accidental engagement with the

flywheel/flexplate.
Lower the vehicle, start the

engine and allow the engine tc

idle.

Raise and support the vehicle
Refer toLifting and Jacking
the Vehicle.

. Visually inspect the
flywheel/flexplate for excessive

lateral runout.
Lower the vehicle.
Turn OFF the ignition.

Did the flywheel/flexplate exhibit
excessive lateral runout?

D
-

Go toStep 8

Go toStep 6

1.

Raise and support the vehicle
Refer toLifting and Jacking

theVehicle.
2. Inspect the flywheel/flexplate f

the following:

e Looseness at the engine
crankshatft

e Cracks and/or damage
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Did the flywheel/flexplate exhibit any

e Missing balance weights

of the conditions listed? Go toStep 8

GotoStep 7

1

8

. With the transmission torque
converter still secured away frt
the engine flywheel/flexplate to
avoid accidental engagement
with the flywheel/flexplate,
lower the vehicle.

Block the front wheels.

. Apply BOTH the service brakes
and the park brake.

With the scan tool and tle
38792-A still installed, start the
engine. Se&pecial Tools.

Place the transmission in
NEUTRAL or PARK.

Slowly increase the engine RRM
to the level at which the
disturbance is most noticeable|

Record the engine RPM
obtained on the scan tool and the
most dominant frequency read
if obtained on thed 38792-A .
SeeSpecial Tools.

. Turn OFF the ignition.

Has the disturbance been significantly
reduced or eliminated? GotoStep 9

Go toStep 11

1.

If the flywheel/flexplate is loos
at the engine crankshatft, tighten
the flywheel/flexplate mounting
bolts in sequence and to
specification.

If the flywheel/flexplate is
cracked, damaged, and/or hag

D
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Did you complete the tightening or
replacement? Go toStep 20

missing balance weights, replgce
the damaged flywheel/flexplate.

L4

1

10.

11.

. Apply BOTH the service brakes

. With the scan tool and tle

. Raise and support the vehicle
Refer toLifting and Jacking
theVehicle.

Re-index the transmission torque
converter to the engine
flywheel/flexplate, 120 degree
from its original position.

Reconnect the transmission
torque converter to the engine
flywheel/flexplate.

Lower the vehicle.
Block the front wheels.

U

and the park brake.

38792-A still installed, start the
engine. Se&pecial Tools.

Place the transmission in
NEUTRAL or PARK.

Slowly increase the engine RRM
to the level at which the
disturbance is most noticeable|

Record the engine RPM
obtained on the scan tool and the
most dominant frequency read
if obtained on thed 38792-A .
SeeSpecial Tools.

If the disturbance is still
noticeable, re-index the torque
converter again to obtain the
least amount of disturbance.




2007 Saturn Outlook XE

2007 GENERAL INFORMATION Vibration Diagnosis and Correction - Outlook

Has the disturbance been significantly

reduced or eliminated?

Go toStep 20

Go toStep 10

10

Replace the out-of-balance
transmission torque converter.

Did you complete the replacement? Go toStep 20

11

1.

na

10.

Is the disturbance greater along the

. Apply BOTH the service brake

. With the scan tool and tle

Raise and support the vehicle
Refer toLifting and Jacking
the Vehicle.

Position the) 38792-A sensor
onto the underside of the engir

oil pan, along the FRONT edgg.

SeeSpecial Tools.
Lower the vehicle.
Block the front wheels.

and the park brake.

38792-A , still installed, start th
engine. Se&pecial Tools.

Place the transmission in
NEUTRAL or PARK.

Slowly increase the engine RF
to the level at which the

disturbance is most noticeablel

Record the engine RPM
obtained on the scan tool and
most dominant frequency read
if obtained on thd 38792-A
from the underside of the engil
oil pan. Seépecial Tools.

Repeat steps 1 through 9, plag
theJ 38792-A sensor onto the
underside of the engine oil par
along the REAR edge. See
Special Tools.

D

S

'M

the

|
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FRONT of the engine?

Go toStep 19

Go toStep 12

12

Is the vehicle equipped with an
automatic transmission?

Go toStep 18

Go toStep 13

13

1. Raise and support the vehicle
Refer toLifting and Jacking
theVehicle.

2. Remove the flywheel inspectig
cover.

3. Start the engine. Allow the
engine to idle.

4. Visually inspect the engine
flywheel clutch surface for
excessive lateral runout.

Does the engine flywheel clutch
surface exhibit excessive lateral
runout?

n

Go toStep 18

Go toStep 14

14

Inspect the clutch pressure plate to

factory indexing.
Is the clutch pressure plate properly
indexed to the engine flywheel?

engine flywheel mounting for propef

~

Go toStep 16

Go toStep 15

15

1. Remove the clutch pressure pl

engine flywheel.

2. Inspect the engine flywheel fof
the following:

e Looseness at the engine
crankshatft

e Cracks, warpage and/or
damage

e Missing balance weights

3. Inspect the clutch pressure plg
and clutch driven plate for the
following:

e Loose and/or damaged

and clutch driven plate from the

clutch driven plate dampe

\te

-
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springs

e Loose and/or damaged
clutch pressure plate
diaphragm springs

e Cracks, warpage and/or
damage

e Missing balance weights

Do any of the above conditions exigt®%o toStep 18

Go toStep 17

16

1. Remove the clutch pressure pl

and clutch driven plate from the

engine flywheel.

2. Inspect the engine flywheel for
the following:

e Looseness at the engine
crankshatft

e Cracks, warpage and/or
damage

e Missing balance weights

3. Inspect the clutch pressure plg
and clutch driven plate for the
following:

e Loose and/or damaged
clutch driven plate damps
springs

e Loose and/or damaged
clutch pressure plate
diaphragm springs

e Cracks, warpage and/or
damage

e Missing balance weights

Do any of the above conditions exis

\te

=

it%S0 toStep 18

Go toVibration
Diagnostic Aids

17

Re-index the pressure plate to the
engine flywheel.
Did you complete the re-indexing?

Go toStep 20
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Replace the engine flywheel/flexplate.

18 Did you complete the replacement? Go toStep 20

Replace the engine crankshaft
19 balancer.
Did you complete the replacement? Go toStep 20

Check the vehicle to determine if the
disturbance is now significantly
reduced or eliminated. Perform the
following steps:

1. Install or connect any
components that were removed
or disconnected during diagno

2. Install a scan tool into the
customer's vehicle.

3. Install the] 38792-A , if
available, into the customer's
vehicle; place the sensor in
exactly the same location as it
was originally placed in the
vehicle. Seé&pecial Toals.

20 4. Block the front wheels.

5. Apply BOTH the service brakas
and the park brake.

6. Start the engine.

7. Place the transmission in
NEUTRAL or PARK.

8. Slowly increase the engine RRM
to the level at which the
disturbance was most noticeal

9. Record the engine RPM
obtained on the scan tool and the
most dominant frequency read
if obtained on the 38792-A , if
available. Se&pecial Tools.

10. Place the transmission in
DRIVE.

e.
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11.

12.

13.

Has the disturbance been significar

Slowly increase the engine RPM

to the level at which the

disturbance was most noticealp

Record the engine RPM
obtained on the scan tool and
most dominant frequency read
if obtained on the 38792-A , if
available. Se&pecial Tools.

If the disturbance has been
significantly reduced or
eliminated, confirm the results
placing the transmission into
REVERSE, then repeat steps

and 12. Reverse-loading of the

powertrain may increase or
change the characteristics of tl
vibration.

e.

the

11

14

tly

reduced or eliminated? Go toStep 21

Go toVibration
Diagnostic Aids

21

Perform the Vibration AnalysisRoagGo to
Testing table. Refer tdibration Vibration
Analysis- Road Testing. Diagnostic

Is the disturbance still present? Aids

System OK

VIBRATION DIAGNOSTIC AIDS

IMPORTANT: If you have not reviewed the Diagnostic S

tarting Point - Vibration

Diagnosis and completed the Vibration Analysis tabl es as
indicated, refer to Diagnostic Starting Point
and Correction BEFORE proceeding.

- Vibration Diagnosis

The diagnostic information contained in this DiagiioAids section will help you determine the
correct course of action to take for the follow#hgiain conditions. Refer to the appropriate

condition from this list:

e Vibration Diagnostic Aids - Vibration Intermittent or Not Duplicated

e Vibration Diagnostic Aids - Vibration Duplicated, Component Not Identified
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e Vibration Diagnostic Aids - Vibration Duplicated, Difficult to |solate/Balance

Component
e Vibration Diagnostic Aids - Vibration Duplicated, Appear sto Be Potential
Operating Characteristic

VIBRATION DIAGNOSTIC AIDS- VIBRATION INTERMITTENT OR NOT DUPLICATED

IMPORTANT: If you have not completed the Vibration A nalysis tables as
indicated and reviewed Vibration Diagnostic Aids, r efer to
Vibration Diagnostic Aids BEFORE proceeding.

If you have not been able to duplicate the vibrationcern or have only been able to duplicate
the concern intermittently, review the followindanmation.

Most vibration concerns that cannot be duplicateddae to either specific conditions that are
not present during the duplicating attempts ortduaot following the procedures designed to
duplicate concerns properly and in the sequenceatsatl.

Specific Conditions Can Affect the Condition

Consider the following conditions which may not &doeen present while attempts were made to
duplicate the vibration concern. Attempt to obtaiore specific information from the customer

as to the EXACT conditions that are present whey &xperience the vibration which they are
concerned about. Attempt to duplicate the vibrationcern again while recreating the EXACT
conditions necessary, except those which poseetysaincern or are outside the boundaries of
normal operating conditions, such as loading tlecle beyond its designed weight ratings, etc.

Most attempts to duplicate a vibration concernmaaee after the vehicle has been driven to the
repair facility and perhaps even sat inside thédlmg for a time; the vehicle may be too warm to
detect the concern during duplication efforts. ®pposite could also occur; perhaps the vehicle
has sat out in the cold for a time and fails t@hefall operating temperatures during attempts to
duplicate the concern.

Temper ature, Ground-Out, Accessory Load

Flat Spotson Tires

Tires which have sat and been cool for a time earldp flat spots.
Irregular Wear on Tire Treads

Tires which have sat and been cool for a time valktiffer and anv irreaular wear conditions
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will be more noticeable than they will be oncetihes have warmed and softer
Exhaust System Growth

Exhaust systems may exhibit a ground-out conditiben cool which goes away once the system
is hot. The opposite may be true that the exhgstra is fine when cool but a ground-out
condition occurs once the system reaches operaiimgeratures. Exhaust systems can grow by
21/2-5 cm (1-2 in) when hot.

Engine-Driven Accessory Noises

IMPORTANT: When a stethoscope equipped with a probe Is used to assist in
identifying possible vibrating components, the resu lts must be
compared to the sound quality of the same accessory ,ina
equally-equipped, same model year and type, KNOWN G OOD
vehicle and under the same conditions. Refer to Veh __icle -to-
Vehicle Diagnostic Comparison

A stethoscope equipped with a probe can be usad additional means to assist in identifying
accessories which may be causing or contributiragvidoration concern.

¢ Belt Whipping

An engine accessory drive belt or belts could ekhilvhipping condition if a belt is
deteriorating and deposits are building up on tigerside of the belt.

e Loose Mounting Brackets or Component Ground-Out

Engine-driven accessories such as a generatower gbeering pump or an air conditioning
compressor could exhibit noise conditions due tizeeiloose mounting brackets or due to
related components of the system in a ground-auditton during certain operation of that
accessory system.

e Cold or Hot

Accessories could exhibit noise conditions wher educh go away once they are fully
warmed-up or the opposite may be true.

e Load on an Accessory Component

Accessories could exhibit a noise condition whitder a heavy load - perhaps when
combined with a cool or fully warmed-up condition.
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o Bent or Misaligned Pulleys

Bent or mis-aligned pulleys in one or more engingen accessory systems could contri
to a noise or vibration condition.

o Fluid Level in Accessory Systems

Accessories could exhibit a noise condition duart@bnormal amount of fluid containec
the system of which the accessory is a part. Fample:

o An improper power steering fluid level could produmises in the power steering
system.

o An improper air conditioning refrigerant level ar excessive amount of refrigerant
oil could produce noises or possibly vibrationthe air conditioning system.

e Incorrect Fluid Type in Accessory Systems

Accessories could exhibit a noise condition duthéoincorrect type of fluid contained in
the system of which the accessory is a part.

Vehicle Payload

The vibration concern may only occur when the Mehgcarrying heavy payloads or towing a
trailer; the vehicle may have been empty durindidagon efforts.

Heavy Payload

The vehicle may have been empty during attempdsipdicate the vibration concern, but the
customer may actually experience the vibration eomevhile the vehicle is carrying a large
payload.

Trailer Towing
The customer may experience the vibration concelsnvehile towing a trailer.

Roadway Selection

The selection of roadways used to perform the titmaduplication procedures is likely to be in
the near vicinity of the repair facility and mayt poovide a road surface that is similar enough to
the surface on which the customer usually drivesséhicle.

The customer may only experience the vibration paréicular roadway. Perhaps the roadway is
overly crowned or is very bumpy or rough.
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VIBRATION DIAGNOSTIC AIDS- VIBRATION DUPLICATED, COMPONENT NOT IDENT
IDENTIFIED

IMPORTANT: If you have not completed the Vibration A nalysis tables as
indicated and reviewed Vibration Diagnostic Aids, r efer to
Vibration Diagnostic Aids BEFORE proceeding.

Aftermarket Add-On Accessories

Aftermarket accessories which have been addeckteethicle can actually transmit and magnify
INHERENT component rotational frequencies, if theessories were not installed correctly.

An accessory should be installed in such a wayitigisolated from becoming a possible
transfer path into the rest of the vehicle. Fomaple, if a set of running boards has been inst:
improperly and they are sensitive to a particulegiiency of a rotating component, the running
boards could begin to respond to the frequencyaatuhlly create a disturbance once the
amplitude of the frequency reaches a high enougit,ggrobably at a higher vehicle speed.

If the same set of running boards were installeery-isolated properly-the transfer path
would be removed and the disturbance would no lobggresent.

VIBRATION DIAGNOSTIC AIDS- VIBRATION DUPLICATED, DIFFICULT TO
ISOLATE/BALANCE COMPONENT

IMPORTANT: If you have not completed the Vibration A nalysis tables as
indicated and reviewed Vibration Diagnostic Aids, r efer to
Vibration Diagnostic Aids BEFORE proceeding.

If you have duplicated the vibration concern butehad difficulty in balancing a component or
isolating a component, refer to the following imf@tion.

Most vibration concerns are corrected or elimindbedugh correcting excessive runout of a
component, correcting balance of a component tatisg a component which has come into
abnormal contact with another object/component.

Components which can generate a lot of energy mndx@eriencing excessive runout, imbale
or ground-out can produce a vibration with a strengugh amplitude that the vibration can
transmit to components which are closely relaténs fiype of a condition is usually related to
and sensitive to torque-load. The most likely sydteat could exhibit this type of a condition is
the driveline.
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Driveline Tor que-Load Conditions

An drive axle that has internal conditions suckxa®ssive runout of components, misalignment
of components, imbalance, etc., can produce vimatbncerns which may be transmitted into
the propeller shaft or shafts. This sort of a viloraoccurrence can increase or decrease in
severity based primarily upon torque-load, butalan be affected by cold or hot conditions.

The propeller shaft and other related componenysamenay not pass inspections for wear or
damage, runout, alignment, etc., depending upothehéhere is only one vibration source or
more than one.

Difficult to System Balance the Driveline

If after following the Vibration Analysis - Drivele table you were instructed to system balance
the driveline and you experienced difficulty in dgiso while CAREFULLY following the
procedures indicated-the EVA strobe readings sedtadp changintien the axle differential 1
which the propeller shaft is attached should bpestied to have internal problems which are
being transmitted to the propeller shaft. Refah&appropriate drive axle diagnosis informat
for internal axle diagnostics.

VIBRATION DIAGNOSTIC AIDS- VIBRATION DUPLICATED, APPEARSTO BE POTEN
POTENTIAL OPERATING CHARACTERISTIC

IMPORTANT: If you have not completed the Vibration A nalysis tables as
indicated and reviewed Vibration Diagnostic Aids, r efer to
Vibration Diagnostic Aids BEFORE proceeding.

Check Service Bulletins

If BOTH of the following statements are TRUE, tleeck service bulletins for the condition
identified. If the condition has already been idfesd and investigated prior to this vehicle and
has been determined to be something that is rgtanuoperating characteristic or that perha
not design-intent, there will likely be adjustmentsorrections identified which will address the
condition.

e You CAREFULLY followed the steps indicated througlviewing the Diagnostic Starting
Point -Vibration Diagnosis and completing the Vibrationalysis tables identified and y
have duplicated the vibration concern.

¢ You have come to the conclusion through compangtma very equally-equipped, same
model year and type, KNOWN GOOD vehicle that thet@mer's concern is a condition
that appears to be a potential operating charatiteof the vehicle.
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SYMPTOMS - VIBRATION DIAGNOSIS AND CORRECTION

IMPORTANT: Perform the following steps in sequence B EFORE using these
symptom tables.

1. Begin the diagnosis of a vibration concern byawing Diagnostic Starting Point -
Vibration Diagnosis and Correction to become familiar with the diagnostic processluse
to properly diagnose vibration concerns.

2. Performthe/ibration Analysis- Road Testing table before using these symptom tabl
order to duplicate and effectively diagnose thearusr's concern.

Symptom Tables

Refer to a Vibration Analysis table as indicatedha following symptom tables, based on the
most dominant characteristic of the customer'satibn concern, felt or heard, that is evident
during the appropriate condition of the occurrence.

Vibration Symptomsthat are Felt

Typical
Frequency Condition of
Category Description Range Occurrence Area of Focus
Vehicle Speed
Sensitive
Still occurs during |Go toVibration
coast down in Analysis-Tire
_ NEUTRAL and Whesl
Can sometimes be Vehicle Speed
:Seeenri(r)uz]f\?vléler:althseeat Sensitive Go toVibration
: Affected b Analysis -
Shake |or console. 5-20 Hz torque/loaﬁ Dpiﬂel?:e
SRheflﬁ;[Te]d tzgngg:glogy Vehicle Speed Go toVibration
waddle, shudder, hdp Sensitive Analysis - Hub
’ ’ Affected by steering |[and/or Axle
input [nput
Engine Speed ioatjo—\(lbratlon
Sensitive ANAYSS -
Engine
Vehicle Speed
Sensitive
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Roughness

Similar to the feeling
of holding a jigsaw.

20-50 Hz

Still occurs during

Go toVibration

Affected by steering

coast down in Analyss-Tire
NEUTRAL and Whesl
Vehicle Speed

Sensitive Go toVibration
Affected by Analyss-
torque/load Driveline
Vehicle Speed Go toVibration
Sensitive Analysis- Hub

and/or Axle

input Input

Engine Speed ,EO;IOM

Sensitive ANalys's -
Engine

Vehicle Speed

sleep".
Highest vibration

frequency range that

can still be felt.

100 Hz

Affected by steering

Similar to the feeling Sensitive Go toVibration
of holding an electri¢ Affected by Analysis -
razor. torque/load Driveline
May be felt in the Vehicle Speed Go toVibration
Buzz |hands through the | 50-100 Hz |Sensitive Analysis- Hub
steering wheel, in the Affected by steering |[and/or Axle
feet through the floor input [nput
S;;}rzst.he seat of the Engine Speed igioglsb_ratlon
Sensitive ANAYSS -
Engine
Vehicle Speed
May produce a "pin Sensitive Go toVibration
> | Affected by Analysis -
2228233?]'%? may put torque/load Driveline
" Vehicle Speed Go toVibration
Tingling hands or feet "to Greater tha Sensitive Analvss- Hub

and/or Axle

input nput
, Go toVibration
Engine Speed S
Sensitive @@;
Engine

Vibration Symptomsthat are Heard
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Typical
Frequency Condition of
Category Description Range Occurrence Area of Focus
Usually heard as an
interior noise similar :
to the noise of a \S/:Eg}‘iﬁ:peed
SOW“ng baﬂl rolléng Still occurs during
own an alley, deep :
coast down in : .
punderor s EoTRAL | [Sooviraon
and Whesl
o Related
terminology - Vehicle Speed
rowling, : :
oaning Aftected by Go toVibration
roaring, torque Oa An.ajx-SS_
rumbling, Driveline
humming
« May not be Vehicle Speed
accompanied by Sensitive _ |Go toVibration
a perceptible Affected by steering |Analysis- Hub
vibration Input and/or Axle
(roughness) Input
Similar to the sound :
Vehicle Speed
Ellbumblel_oee or Sensitive _ _
owing air across the Go toVibration
top of a bottle Affected by Analysis -
' torque/load Drivaine
o Related Vehicle Speed
terminology - enicle spee - -
Mgr%rs]gr humming,gy 60-120 Hz |Sensitive ig;lo\(lbrgtlzn
buzzing, Affected by steering q /VSZ-I u
resonance input aneror AXe
Moy be Input
° ay
accompanied by Engine Speed Go toVibration
a perceptible Sensitive Analyss -
vibration (buzz) Engine

Vehicle Speed
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torque/load - 4WD
mode

Sensitive Go toVibration
Affected by Analyss-
torque/load Drivdine
Vehicle Speed Go toVibration
Similar to the sound Sensitive Analysis- Hub
Howl the wind howling. 120-300 HZ \¢to cted by steering |and/or Axle
input [nput
Engine Speed GO;JOM
Sensitive M
Engine
Vehicle Speed
Sensitive Go to
Affected by Transmission
Similar to the sound torque/load - 2WD |diagnostic
: mosquitoes, turbine mode information
Whine engines or vacuum 300-500 I_IZVehicIe Speed
cleaners. Sensitive
Affected by Go to Transfer

Case diagnostic
information

VEHICLE-TO-VEHICLE DIAGNOSTIC COMPARISON

Comparing the customer's vehicle to a KNOWN GOOABiale that is essentially identical will
help determine if the customer's concern may beactexistic of a vehicle design. To arrive at a
valid conclusion, the comparison must be perforomer the same conditions, using the same

criteria, on a vehicle that has the same optiotertras the customer's vehicle.

The comparison vehicle must match the customehnisiean the following areas:

Model Year

Make

Model

Body style

Powertrain configuration
Driveline configuration
Final drive ratio
Tire/wheel size and type
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e Suspension package
o Trailering package

o GVW rating

¢ Performance options
e Luxury options

TIRE AND WHEEL INSPECTION

Fig. 2: Identifying Tire Performance Criteria (TPC) Rating M arkings
Courtesy of GENERAL MOTORS CORP.

The tires on all new production models have apgadormance criteria (TPC) rating number
molded on the sidewall. The TPC rating will appagsia 4-digit number preceded by the letters
TPC SPEC on the tire wall near the tire size. Aasgment tire should have the same TPC

rating.
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Fig. 3: Identifying Types Of Tire Wear
Courtesy of GENERAL MOTORS CORP.

CalloutsFor Fig. 3

Callout Component Name

1 Hard Cornering/Underinflation

Incorrect Alignment/Lack of Rotation

Incorrect Alignment/Non-uniform Tire

2
3
4 Heavy Acceleration/Over inflation
5 Wear Indicator

Inspect the tire and wheel assemblies for thevieiig conditions:

o Unusual wear such as cupping, flat spots, and/@rdrel-toe wear

These conditions can cause tire growl, tire holap@ng noises, and/or vibrations

throughout the vehicle.

e Proper inflation to specifications for the vehicle
e Bulges in the sidewalls

Do not confuse bulges, which are an abnormal comgitvith normal ply splices which are

commonly seen as indentations in the sidewall.
e Bent rim flanges
TIRE AND WHEEL ASSEMBLY RUNOUT MEASUREMENT - ON-VEHICLE

1. Raise and support the vehicle.
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2. Closely inspect each tire for proper and eve Iseating.

3. If any of the tire beads were not properly or eyaglated, reseat the tire bead, then prc
to step 4. Refer thire and Wheel Removal and Installation .

Fig. 4 Measuring Tire& Whed Assembly Radial Runout
Courtesy of GENERAL MOTORS CORP.

4. Wrap the circumference of each tire with taperiihe center tread area.
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Wrapping the tread with tape allows for a smootth arcurate reading of radial runout
be obtained.

. Position the dial indicator on the taped portiotheftire tread such that the dial indicat
perpendicular to the tire tread surface.

. Slowly rotate the tire and wheel assembly oneptet® revolution in order to find the low
spot.

. Set the dial indicator to zero at the low spot.

. Slowly rotate the tire and wheel assembly oneemomplete revolution and measure the
total amount of radial runout.

Specification: Maximum tire and wheel assembly radial runout asneed orvehicle: 1.5:
mm (0.060 in)




2007 Saturn Outlook XE

2007 GENERAL INFORMATION Vibration Diagnosis and Correction - Outlook

10.

11.
12.

Fig. 5: Measuring Tire& Whed Assembly Lateral Runout
Courtesy of GENERAL MOTORS CORP.

Position the dial indicator on a smooth portibthe tire sidewall, as close to the tread as
possible, such that the dial indicator is perpamédicto the tire sidewall surface.

Slowly rotate the tire and wheel assembly omepdete revolution in order to find the low
spot. Ignore any jumps or dips due to sidewalcsggili

Set the dial indicator to zero at the low spot.
Slowly rotate the tire and wheel assembly oneernomplete revolution and measure the
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13.

14.

total amount of lateral runout. Ignore any jumpsligs due to sidewall splices and attair
average runout measurement.

Specification: Maximum tire and wheel assembly lateral runoueasared on-vehicle:
1.52 mm (0.060 in)

Repeat steps 4 through 12 until all of thedimd wheel assembly radial and lateral runout
measurements have been taken.

Lower the vehicle.

TIRE AND WHEEL ASSEMBLY RUNOUT MEASUREMENT - OFF VEHICLE

1.
2.

a

Raise and support the vehicle.

Mark the location of the wheels to the wheel stk mark the specific vehicle position
each tire and wheel - LF, LR, RF, RR.

Remove the tire and wheel assemblies from thieleeh
Closely inspect each tire for proper and eveuwl lseating.

If any of the tire beads were not properly or eyelated, reseat the tire bead, then prc
to step 6. Refer thire and Wheel Removal and Installation .

Mount a tire and wheel assembly on a spin-typeelbalancer.

Locate the tire and wheel assembly on the balamitera cone through the back side of the
center pilot hole.
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Fig. 6: Measuring Tire& Whed Assembly Radial Runout
Courtesy of GENERAL MOTORS CORP.

. Wrap the outer circumference of each tire wigetél) in the center tread area.

Wrapping the tread with tape allows for a smoott arcurate reading of radial runout to
be obtained.

. Position the dial indicator on the taped portiotheftire tread such that the dial indicat
perpendicular to the tire tread surface.
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9. Slowly rotate the tire and wheel assembly onepteta revolution in order to find the low
spot.

10. Set the dial indicator to zero at the low spot.

11. Slowly rotate the tire and wheel assembly oneernomplete revolution and measure the
total amount of radial runout.

Specification: Maximum tire and wheel assembly radial runout asneed off-vehicle:
1.27 mm (0.050 in)
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12.

13.

14.
15.

16.

17.

18.

Fig. 7: Measuring Tire& Whed Assembly Lateral Runout

Courtesy of GENERAL MOTORS CORP.

Position the dial indicator on a smooth portbthe tire sidewall, as close to the tread as
possible, such that the dial indicator is perpamédicto the tire sidewall surface.

Slowly rotate the tire and wheel assembly omepdete revolution in order to find the low
spot. Ignore any jumps or dips due to sidewalcsggili

Set the dial indicator to zero at the low spot.

Slowly rotate the tire and wheel assembly oneernomplete revolution and measure the
total amount of lateral runout. Ignore any jumpsligs due to sidewall splices and attair
average runout measurement.

Specification: Maximum tire and wheel assembly lateral runoueasared off-vehicle:
1.27 mm (0.050 in)

Repeat steps 6 through 15 until all of thedimd wheel assembly radial and lateral runout
measurements have been taken.

If ANY of the tire and wheel assembly runout sigaments were NOT within
specifications, proceed to step 19.

If ALL of the tire and wheel assembly runout ssaments WERE within specifications,
then the off-vehicle tire and wheel assembly rum®abnsidered acceptable.
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19.

\_\\

3

Fig. 8: Measuring Whed Radial Runout (Off-Vehicle, Tire M ounted)

Courtesy of GENERAL MOTORS CORP.

Position the dial indicator on the horizontaleowsurface of the wheel rim flange - with the
tire still mounted - such that the dial indicateperpendicular to the rim flange surface.

Wheel runout should be measured on both the inkaraaddutboard rim flanges, unless
wheel design will not permit. Ignore any jumps grsddue to paint drips, chips or welds.
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20. Slowly rotate the tire and wheel assembly omeptete revolution in order to find the low
spot.
21. Set the dial indicator to zero at the low spot.

22. Slowly rotate the tire and wheel assembly oneernomplete revolution and measure the
total amount of wheel radial runout.

Specification:
o Maximum aluminum wheel radial runout - measureevefiicle, tire mounted: 0.762
mm (0.030 in)
o Maximum steel wheel radial runout - measured offfisle, tire mounted: 1.015 mm
(0.040 in)

o__...-u ‘\_f_' :-....__o

Fig. 9: Measuring Whed Lateral Runout (Off-Vehicle, Tire M ounted)
Courtesy of GENERAL MOTORS CORP.
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23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

Position the dial indicator on the vertical owgarface of the wheel rim flange - with the
tire still mounted - such that the dial indicateperpendicular to the rim flange surface.

Wheel runout should be measured on both the inkaraaddutboard rim flanges, unless
wheel design will not permit. Ignore any jumps grsddue to paint drips, chips or welds.

Slowly rotate the tire and wheel assembly omepdete revolution in order to find the low
spot.
Set the dial indicator to zero at the low spot.

Slowly rotate the tire and wheel assembly oneernomplete revolution and measure the
total amount of wheel lateral runout.
Specification:
o Maximum aluminum wheel lateral runout - measurde/elicle, tire mounted: 0.762
mm (0.030 in)
o Maximum steel wheel lateral runout - measured effiele, tire mounted: 1.143 mm
(0.045 in)

Repeat steps 19 through 26 until all of the Wwireskal and lateral runout measurements
have been taken on each of the - tire and whesskenablies with assembly runout
measurements which were NOT within specifications.

If any of the wheel runout measurements were Mdiin specifications, proceed to
Measuring Wheel Runout - Tire Dismounted.

For any of the wheel runout measurements whiElR®/within specifications, while the -
tire and wheel assembly runout measurements were NOT within fp&tons, replace th
tire, then balance the assembly. ReféeFite and Whee Assembly Balancing - Off

Vehicle.

After replacement of any tires, always remeageeunout of the affected tire and wheel
assembly or assemblies.

Using the matchmarks made prior to removalaihttte tire and wheel assemblies to the
vehicle.

Lower the vehicle.

Wheel Runout M easur ement - Tire Dismounted

1.

On the tire and wheel assembly or assemblieswhtel runout measurements - tire
mounted - which were NOT within specifications, knaach tire and wheel in relation to
each other.
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2. Dismount the tire from the wheel. ReferftRE M OUNTING AND DISMOUNTING
procedures.

3. Mount the wheel on a spin-type wheel balancer.
4. Locate the wheel on the balancer with a conautiirohe back side of the center pilot hole.

O

Fig. 10: M easuring Wheel Radial Runout (Off-Vehicle, Tire Dismounted)
Courtesy of GENERAL MOTORS CORP.

5. Position the dial indicator on the horizontaldnsurface of the wheel rim flange - with the
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~

tire dismounte(- such that the dial indicator is perpendiculahi®im flange surfact

Wheel runout should be measured on both the inkeraddutboard rim flanges. Ignore any
jumps or dips due to paint drips, chips or welds.

Slowly rotate the wheel one complete revolutimornder to find the low spot.
Set the dial indicator to zero at the low spot.

Slowly rotate the wheel one more complete relmiuand measure the total amount of
wheel radial runout.

Specification:

¢ Maximum aluminum wheel radial runout - measureevefficle, tire dismounted:
0.762 mm (0.030 in)

¢ Maximum steel wheel radial runout - measuredvefiicle, tire dismounted: 1.015 n
(0.040 in)
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Fig. 11: Measuring Wheel Lateral Runout (Off-Vehicle, Tire Dismounted)
Courtesy of GENERAL MOTORS CORP.

9. Position the dial indicator on the vertical insarface of the wheel rim flange - with the
tire dismounted - such that the dial indicatoreggendicular to the rim flange surface.

Wheel runout should be measured on both the inkeaddutboard rim flanges. Ignore any
jumps or dips due to paint drips, chips or welds.

10. Slowly rotate the wheel one complete revolutioarder to find the low spot.
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11. Set the dial indicator to zero at the low spot.

12. Slowly rotate the wheel one more complete reéiaritand measure the total amount of
wheel lateral runout.

Specification:
¢ Maximum aluminum wheel lateral runout - measurde/elicle, tire dismounted:
0.762 mm (0.030 in)

¢ Maximum steel wheel lateral runout - measured effiele, tire dismounted: 1.143
mm (0.045 in)

13. Repeat steps 2 through 12 until all of the whaeilal and lateral runout measuremertise-
dismounted - have been taken on each wheel withutumeasurements - tire mounted -
which were NOT within specifications.

14. If any of the wheel runout measurements - tisexdunted - were NOT within
specifications, replace the wheel.

Always measure the runout of any replacement wheels

15. For any of the wheel runout measurements whielR®/within specifications, while the -
tire and wheel assembly runout measurements were NOT within fp&tons, replace th
tire, then balance the assembly. ReféeFite and Whee Assembly Balancing - Off
Vehicle.

16. Using the matchmarks made prior to dismountegite or tires, mount the tire or tires to
the wheel or wheels, then balance the assemblsserndlies. Refer tdire and Whesel
Assembly Balancing - Off Vehicle.

Always measure the runout of any of the tire andetlassemblies which have had the tires
dismounted and mounted.

17. Using the matchmarks made prior to removalalhttte tire and wheel assemblies to the
vehicle.

18. Lower the vehicle.
BRAKE ROTOR/DRUM BALANCE INSPECTION

1. Support the vehicle drive axle on a suitableth8sefer toLifting and Jacking the
Vehicle.

2. Remove the tire and wheel assemblies from the @oxle. Refer tdire and Wheel
Removal and Installation .
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CAUTION: Refer to WORK STALL TEST CAUTION

. Reinstall the wheel nuts in order to retain trekb rotors.
. Run the vehicle at the concern speed while itggefor the presence of the vibration.

NOTE: Do not depress the brake pedal with the brake rotor s and/or the
brake drums removed or with the brake calipers repo  sitioned
away from the brake rotors or damage to the brake s  ystem may
result.

. If the vibration is still present, remove thearstfrom the drive axle, then run the vehicle
back to the concern speed.

. If the vibration is eliminated when the brakeorstare removed from the drive axle, repeat
the test with one rotor installed at a time. Repldne rotor that is causing or contributin
the vibration concern.
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Fig. 12: View Of Brake Drum
Courtesy of GENERAL MOTORS CORP.

. If a brake rotor was replaced as a result ob¥alhg the previous steps or if necessary to
confirm the results obtained during the previoapstand/or to check the non-drive axle
components, perform the following:
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1. Mount the brake rotor/drum on a balancer in #meesmanner as a tire and wheel
assembly.

IMPORTANT: Check brake rotors/drums for static imbal  ance only;
ignore the dynamic imbalance readings.

2. Inspect the rotor/drum for static imbalance.

There is not a set tolerance for brake rotor/draticsimbalance. However, any brake
rotor/drum measured in this same manner whiches 8¢ g (3/4 0z.) may have the potential to
cause or contribute to a vibration. Rotors/drumspacted of causing or contributing to a
vibration should be replaced. Any rotor/drum tlsataplaced should be checked for imbalant

the same manner.

HUB/AXLE FLANGE AND WHEEL STUD RUNOUT INSPECTION

Tools Required

J 8001 Dial Indicator Set or equivalent

Inspection Procedure

1. Raise and support the vehicle. Refelitiing and Jacking the Vehicle.

2. Mark the location of the wheels to the wheel samt$ mark the specific vehicle position
each tire and wheel - LF, LR, RF, RR.

3. Remove the tire and wheel assemblies from thieleeliRefer tol' ire and Wheel Removal
and Ingtallation .

4. Remove the brake rotors and/or brake drums fremwehicle. Clean the mounting surfaces

of the brake rotors, the brake drums, if equipp®titae hub/axle flanges of any loose
debris, rust and corrosion.
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10.

11.

(e
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Fig. 13: Measuring Wheel Hub/Axle Flange Runout

Courtesy of GENERAL MOTORS CORP.

Position the) 8001 or equivalent, on the machined surface of the Whd®'axle flange
outside of the wheel studs.

Rotate the hub one complete revolution in orddind the low spot.
Set the) 8001 or equivalent, to zero at the low spot.

Rotate the hub one more complete revolution aggbore the total amount of wheel
hub/axle flange runout.

Specification - Guideline: Wheel hub/axle flange runout tolerance guidelin&32 mm
(0.005 in)

If the runout of the wheel hub/axle flange IShvitspecification and the vehicle is
equipped with wheel studs, proceed to step 13.

If the runout of the wheel hub/axle flange |$himi specification and the vehicle is
equipped with wheel bolts, proceed to step 19.

If the runout of the wheel hub/axle flange isgnzal, the wheel hub may or may not be the
source of the disturbance.
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12. If the runout of the wheel hub/axle flange isessive, replace the wheel hub/axle flange.
Measure the runout of the new wheel hub/axle flange

e

N3

Fig. 14: Measuring Whee Stud Runout
Courtesy of GENERAL MOTORS CORP.
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13.

14.
15.
16.

17.

18.

19.
20.
21.

22.

Position thed 8001 or equivalent, in order to contact the wheel mmgrstuds.
Measure the stud runout as close to the flangesssibe.

Turn the hub one complete revolution to regigteeach of the wheel studs.
Zero the] 8001 or equivalent, on the lowest stud.

Rotate the hub one more complete revolutiomagakure the total amount of wheel stud -
stud circle - runout.

Specification - Guideline: Wheel stud runout tolerance guideline: 0.254 mi1( in)

If the runout of the wheel studs - stud ciraemarginal, the wheel studs may or may nc
contributing to the disturbance.

If the runout of the wheel studs - stud ciraleexcessive, replace the wheel studs as
necessary. Measure the runout of the new whed.stud

Inspect the threads and the tapered seat portieach of the wheel bolts for damage.
Wheel bolts exhibiting damaged threads and/oadad tapered seats require replacement.

Place the threaded portion of each wheel bottgeh straight edge to inspect for
straightness.

Wheel bolts that are not straight require reptaent.

TIRE AND WHEEL ASSEMBLY ISOLATION TEST

Force Variation

Force variation refers to a radial or lateral mosetof the tire and wheel assembly which acts
much like runout, however, force variation hasaonadth variations in the construction of the
tire. These variations in tire construction mayiatly cause vibration in a vehicle, even though
the tire and wheel assembly runout and balancebmayithin specifications.

Radial Force Variation
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Fig. 15: Identifying Radial Force Variation
Courtesy of GENERAL MOTORS CORP.

Radial force variation refers to the differenceha stiffness of a tire sidewall as the tire radate
and contacts the road. Tire sidewalls have sorffieests due to splices in the different plies of
tire, but these stiffness differences do not cayseblem unless the force variation is excessive.
Stiff spots (1) in a tire sidewall can deflectra tand wheel assembly upward as the assembly
contacts the road.

Lateral For ce Runout
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Fig. 16: Identifying Tire Wobble/Waddle
Courtesy of GENERAL MOTORS CORP.

Lateral force variation refers to the differencéha stiffness or conformity of the belts within a
tire as the tire rotates and contacts the roaé. deits may have some stiffness or conformity
differences, but these differences do not causelagm unless the force variation is excessive.
These variations in the belts of the tire can defilee vehicle sideways or laterally. A shiftedtl
inside a tire may cause lateral force variation.

In most cases where excessive lateral force van&xists, the vehicle will display a wobble or
waddle at low speeds, 8-40 km/h (5-25 mph), on@osinroad surface.

Isolation Test Procedure
Perform the following test in order to determinéoifce variation is present in the vehicle.

1. Substitute a set of KNOWN GOOD, pre-tested theé &heel assemblies of the same size
and type for the suspected original assembliegrReT ire and Whed Removal and
Installation .

2. Road test the vehicle to determine if the vilorats still present. Refer Mibration
Analysis- Road Testing.

3. If the vibration is still present while using tkikown good set of tire and wheel assemblies,
then force variation is not the cause of the vibrat
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4. If the vibration is eliminated when using the Yamogood set of tire and wheel assemblies,
install one of the original tire and wheel asseashlising the matchmarks made prior to
removal. Refer tdireand Whedel Removal and Ingallation . Road test the vehicle to
determine if the vibration has returned. Refe¥ibration Analysis- Road Testing.

5. Continue the process of installing the origina &ind wheel assemblies one at a time, then
road testing the vehicle, until the tire and wrassembly or assemblies which is causing the
vibration has been identified.

6. Replace the tire or tires on the vibrataausing tire and wheel assembly or assemblies
balance the assembly or assemblies. Reférr®and Wheed Assembly Balancing - Off
Vehicle.

VIBRATION IN SERVICE-STALL TEST (NON-TORQUE SENSITIVE)

Tools Required

J 38792-A Electronic Vibration Analyzer (EVA) 2. S&pecial Tools.

Test Procedure

NOTE: Do not fill the propeller shaft with foam, oil or any other substance
in order to correct a vibration. Filling the propel ler shatft is only
effective in reducing an unrelated condition called Torsional Rattle.
Filling the propeller shaft should only be done in strict adherence
to the procedure outlined in corporate bulletins th at address
Torsional Rattle. Failure to follow the correct pro cedure will induce
a vibration and/or affect the structural integrity of the propeller
shaft. The propeller shaft will then have to be rep  laced.

1. Turn the ignition ON but do not start the engine.
Place the transmission in NEUTRAL.

3. Raise and support the vehicle. Support the @dxle or axles at curb height. Refer to
Lifting and Jacking the Vehicle.

4. Remove the tire and wheel assemblies from thieleelRefer tol'ire and Wheel Removal
and Installation .

5. Remove the brake rotors or drums, if equippefthe drive axle or axles.

6. Inspect the propeller shaft or shafts. All prégreshafts should be free of undercoating
before continuing.

N




2007 Saturn Outlook XE

2007 GENERAL INFORMATION Vibration Diagnosis and Correction - Outlook

0

10.
11.

12.

13.

14.

NOTE: Do not depress the brake pedal with the brake rotor s and/or the
brake drums removed or with the brake calipers repo  sitioned
away from the brake rotors or damage to the brake s  ystem may
result.

Have an assistant start the engine.
Place the transmission in the highest forward.gea

Accelerate and decelerate the vehicle througbgbed range at which the vibration was
first noted during the Vibration Analysis-Road Tegtprocedure.

Record whether the vibration was present amthat speed.

If the vibration is present, determine which ehthe propeller shaft is vibrating the most.
Hold the vibration sensor of tl3e38792-A Electronic Vibration Analyzer (EVA) 2, up to
the pinion nose and the transmission or transtes talshaft housing. S&pecial Tools.

If the vehicle is equipped with a multiple-pigmepeller shaft, hold the vibration sensor of
theJ 38792-A up to the propeller shaft support bearing asseotb@ssemblies to inspect
for vibration. Seé&pecial Tools.

If the transmission or transfer case output $twafsing is vibrating, hold the vibration
sensor of thd 38792-A up to the transmission crossmember under thentissien mount.
SeeSpecial Toals. If there is no vibration on the crossmember, thertransmission mount
is working properly.

Record which end of the propeller shaft is wibgathe most and how severe the vibration
IS. The inspection will be a reference by whiclugige future progress.

VIBRATION IN SERVICE-STALL TEST (TORQUE SENSITIVE)

Tools Required

J 38792-A Electronic Vibration Analyzer (EVA) 2. S&pecial Tools.

Test Procedure

NOTE: Do not fill the propeller shaft with foam, oil or any other substance

in order to correct a vibration. Filling the propel ler shaft is only
effective in reducing an unrelated condition called Torsional Rattle.
Filling the propeller shaft should only be done in strict adherence
to the procedure outlined in corporate bulletins th at address
Torsional Rattle. Failure to follow the correct pro cedure will induce
a vibration and/or affect the structural integrity of the propeller
shaft. The propeller shaft will then have to be rep laced.
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10.

11.

12.

13.

14.

Turn the ignition ON but do not start the engine.
Place the transmission in NEUTRAL.

Raise and support the vehicle. Support the doide or axles at curb height. Refer to
Lifting and Jacking the Vehicle.

Remove the tire and wheel assemblies from thieleeffiRefer tol ire and Wheel Removal
and Ingtallation .

Remove the brake rotors or drums, if equippemnfihe drive axle or axles.

Hold the vibration sensor of tli€38792-A Electronic Vibration Analyzer (EVA) 2, agail
the pinion nose. Segpecial Tools.

NOTE: Do not depress the brake pedal with the brake rotor s and/or the
brake drums removed or with the brake calipers repo  sitioned
away from the brake rotors or damage to the brake s  ystem may
result.

Have an assistant start the vehicle.
Place the transmission in the highest forward.gea

Accelerate and decelerate the vehicle througbgbed range at which the vibration was
first noted during the Vibration Analysis - Roadsfieg procedure.

If a vibration is present, note th&8792-A reading during acceleration or deceleration.
SeeSpecial Tools.

Note as to whether or not the pinion nose visrahder load during acceleration or
deceleration.

If the vibration is not reproduced, reinsta# tirake rotors and/or drums and the wheel/tire
assemblies to put an additional load on the syddamiorm steps 7-11 and check the
components again.

If the vibration is still not reproduced withtoos and/or drums reinstalled, lightly apply the
brakes to further load the system while maintaitinggvibration concern speed.

If the pinion nose vibrates under acceleratiotiezeleration and other driveline
components have been eliminated as a cause, tlaiotbmay be an internal axle problem.

TRANSFER CASE OUTPUT FLANGE RUNOUT MEASUREMENT

Tools Required

J 7872 Magnetic Base Dial Indicator Set or equivalent

Pr ocedur e
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IMPORTANT: This measurement procedure is intended to measure
transmission or transfer case output flange runout for systems
with a constant velocity (CV) joint, rubber couplin g or bolt-on U-
joint yoke at the transmission or transfer case.

1. Place the transmission in NEUTRAL.
Raise and support the vehicle. Refelitiing and Jacking the Vehicle.

3. If equipped with a CV joint, measure the transmisor transfer case output flange radial
runout on the machined surface of the prop sharfit i€V joint housing, as close to the
flange as possible:

1. Clean the surface of the prop shaft front CVtjbiwusing just rear of the transmission
or transfer case output flange.

2. Mount a dial indicator sed, 7872 or equivalent and position the dial indicator to
contact the prop shaft front CV joint housing aselto the transfer case output flange
as possible.

4. If equipped with a rubber coupling or bolt-ondikt yoke, measure the transfer case ot
flange radial runout on the machined surface ofltrege pilot area:

1. Mark the position of the prop shaft to the traissian or transfer case output flange.
2. Separate the propshaft from the transmissioraosfier case output flange.
3. Clean the surface of the flange pilot area.

4. Mount a dial indicator sed, 7872 or equivalent and position the dial indicator to
contact the pilot area as close to the end ofitbé gs possible.

Rotate the transmission or transfer case ouggmgeé by hand to locate the low spot.

Set the dial indicator to zero on the low spot.

Rotate the flange or shaft by hand and recoraii@unt of radial runout.

Compare the runout of the flange or shaft tatineut tolerance specifications guideline.

If the transmission or transfer case output #anmout exceeds the specification, the flange
or shaft requires replacement.

N

© o ~N o U

PROPELLER SHAFT RUNOUT MEASUREMENT

Tools Required

e J 7872 Magnetic Base Dial Indicator Set or equivalent
o J 8001 Dial Indicator Set or equivalent

IMPORTANT:
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e This measurement procedure is intended to measure

propeller shaft runout for prop shaft systems with 2 or 3 U-
joints only. This is not for prop systems with only 1 U-joint or
with only constant velocity (CV) joints, and/or cou pler
assemblies.

o When measuring runout of propeller shafts, do not i nclude
fluctuations on the dial indicator due to welds or surface
irregularities.

o Always inspect the runout of any replacement propel ler
shatft.

M easur ement Procedure

—

Fig. 17: Identifying Propédler Shaft Runout M easur ement Points
Courtesy of GENERAL MOTORS CORP.

1. Raise and support the vehicle. On vehicles wilid sixles, ensure that the drive axle is
supported at ride height - vehicle body supporieduspension components. Ensure the
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wheels are free to rotate. ReferlLtidting and Jacking the Vehicle .
2. Place the transmission in NEUTRAL.

3. Clean the circumference of the propeller sha#tharfts of any debris and/or undercoating
along the front (1), center (2) and rear (3) posti

Inspect the propeller shaft or shafts for deddsage, and/or missing weights. Any
propeller shaft that is dented or damaged requag@acement.

4.
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Fig. 18: M easuring Runout Of Propéler Shaft
Courtesy of GENERAL MOTORS CORP.

5. For 1-piece and 2-piece prop systems, mount #&2 or equivalent or th@ 8001 or
equivalent, to the vehicle underbody or to a serstand positioned just clear of thgdiht

yoke weld on the prop shatft.
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Fig. 19: Identifying Propdler Shaft Runout M easur ement Points
Courtesy of GENERAL MOTORS CORP.

6. Rotate the drive axle pinion flange, torque tinpeit flange, transmission output or transfer
case output flange by hand while taking runout onegsents of the prop shaft or shafts.
prop shaft will rotate more easily in one directitban in the other. If necessary, the tire
wheel assemblies and even the brake caliper asesrobh be positioned and supported
aside or the brake drums can be removed from tlie drle to provide easier rotation of
the prop shaft or shafts.

7. For all prop systems, measure and record theitateach U-joint welded yoke location
(1, 3) and at the center (2) of each prop shatt.

8. For 1-piece prop systems, proceed to step 10.
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Fig. 20: Identifying Dial Indicator & Stub Shaft Splines
Courtesy of GENERAL MOTORS CORP.

9. For 2-piece prop systems, perform the followimgpections and measurement of the stub
shaft:
1. Mark the mating position for each end of the psba@ft containing the slip yoke, then
remove the shaft.

2. Inspect the prop shaft support bearing asserBblip( damaged rubber components,
worn bearing or bearings or a damaged/cracked éradhich could be affecting the

runout of the propeller shafts.
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3.

5.

6.

If the support bearing assembly exhibited aripe$e conditions, it requires
replacement before proceeding.

Inspect the support bearing assembly (3) ford@mwsmissing shims/washers if
equipped. Reinstall correctly or replace any shuashers as necessary to ensure
proper alignment of the support bearing assembly.

Position the) 7872 or equivalent (1) or thé 8001 or equivalent (1), approximately
13 mm (1/2 in) from the end of the stub shatft (3).

Record the runout measurement at the stub ghisies

10. Compare the prop shaft runout measurementsdegtdo the runout tolerance
specifications.
11. If the prop system has a U-joint at the transomsor transfer case output flange and if the

prop shaft runout measurements exceed runout takerspecifications for that prop shaft at
that location or at the stub shaft if part of trent shaft, perform the following:

1.

Inspect the deflection of the transmission or fiEansase output shaft for indication:s
a worn or damaged bushing which could be affe¢hagunout of the prop shatft.

A leaking transmission or transfer case outputt el may be an indication of an
output shaft bushing concern.

If the transmission or transfer case output shaghing is found to be worn or
damaged, the bushing must be replaced before phocee

If the transmission or transfer case output $haghing was replaced; re-measure and
record the runout of the prop shaft at the sam&tilmes measured previously.

Compare the prop shaft runout re-measuremerdsded to the runout tolerance
specifications.
If the prop shaft runout re-measurements stdeexl runout tolerances at the same

location or at the stub shatft, if part of the frehaft, the prop shaft requires
replacement before proceeding. Check the runaieafeplacement prop shatt.

If the transmission or transfer case output shaghing was not found to be worn or
damaged, the prop shaft requires replacement bpfooeeding. Check the runout of
the replacement prop shatft.

12. If the prop system has ajtint at the drive axle pinion or torque tube inflahge and if th
prop shaft runout measurements exceed runout taerspecifications for that prop shaft at
that location or at the stub shaft if part of tearrshatft, perform the following:

1. Mark the mating position for each end of the priagits then remove the shaft from

pinion input or torque tube input flange.

2. Rotate the shaft 180 degrees from its originaitjom.
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3. Reinstall the shaft to the pinion or torque tirpait flange.

4. Re-measure and record the runout of the shfeatame locations measured
previously.

5. Compare the shaft runout re-measurements rectodéd runout tolerance
specifications.

6. If any of the runout re-measurements still exaemout tolerances, perform the
following:

1. Inspect the pinion or torque tube input flange uirio determine if it is affectir
the runout of the prop shaft. Refer to the appatprprocedurel orque Tube
Input Flange Runout M easur ement, Pinion Flange Runout M easur ement
or Differential Pinion Input Shaft Runout M easurement .

2. If the pinion or torque tube input flange runexteeds runout tolerances, the
flange must be re-indexed or replaced to bringuheut within tolerances
before proceeding.

3. If the pinion or torque tube input flange wasmaexed or replaced, return the
prop shatft to its original relationship when reafighg the shaft to the flange.

4. If the first measurement of pinion or torque tuiait flange runout was within
tolerances, the prop shaft requires replacemeiciCiine runout of the
replacement prop shatft.

5. If the pinion or torque tube input flange wasnm#exed or replaced, re-measure
and record the runout of the shaft at the sameitosameasured previously.

6. Compare the shaft runout re-measurements rectodbd runout tolerance
specifications.

7. If any of the runout re-measurements still exdbéedunout tolerances, remove
and rotate the shaft 180 degrees from it's originaition to the pinion or torque
tube input flange that has been re-indexed or cepla

8. Reinstall the shaft then re-measure and recerduthout of the shaft at the same
locations measured previously.

9. Compare the shaft runout re-measurements rectodbd runout tolerance
specifications.

10. If any of the shaft runout re-measurementsestideed the runout tolerances, the
shaft requires replacement. Check the runout ofgpcement prop shatft.

13. For 2-piece prop systems; if the prop shaftutineeasurements at the welded yoke mating
to the slip yoke exceed runout tolerance specifinatfor that prop shaft at that location,
perform the following:

1. If the stub shatft is keyed to ensure proper ailggt of the slip yoke, then the prop




2007 Saturn Outlook XE

2007 GENERAL INFORMATION Vibration Diagnosis and Correction - Outlook

shaft requires replaceme

If the stub shaft is not keyed, mark the matiogifoon for each end of the prop shatft,
then remove the slip yoke from the stub shaft.

Rotate the shaft 180 degrees from it's originaltpn.
Reinstall the slip yoke to the stub shatft.
Remeasure and record the runout of the shaft at #ieads yoke to slip yoke locatic

Compare the shaft runout re-measurements rectodid runout tolerance
specifications.

7. If the prop shaft runout re-measurements stdeexl runout tolerances at the welded
yoke mating to slip yoke location, the prop shafjuires replacement. Check the
runout of the replacement prop shatft.

N

o 0 AW

TORQUE TUBE INPUT FLANGE RUNOUT MEASUREMENT

Tools Required

J 7872 Magnetic Base Dial Indicator Set or equivalent

IMPORTANT: This measurement procedure is intended to measure torque tube
runout for systems with a constant velocity (CV) jo int, rubber
coupling or bolt-on U-joint yoke at the torque tube

M easur ement Procedure

1. Place the transmission in NEUTRAL.
2. Raise and support the vehicle. Refet iiding and Jacking the Vehicle.

3. If equipped with a CV joint, measure the torqueetinput flange radial runout on the
machined surface of the prop shaft rear CV joinisiiay, as close to the flange as possible:

1. Clean the surface of the prop shaft rear CV jomising just ahead of the torque tube
input flange.

2. Mount a dial indicator sed, 7872 or equivalent and position the dial indicator to
contact the prop shaft rear CV joint housing aselo the torque tube input flange as
possible.

4. If equipped with a rubber coupling or bolt-ondiAt yoke, measure the torque tube input
flange radial runout on the machined surface ofltrege pilot area:

1. Mark the position of the prop shaft to the tortukee input flange.
2. Separate the propshaft from the torque tube iignge.
3 Clean the surface of the flanae nilot area
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4. Mount a dial indicator sed, 7872 or equivalent and position the dial indicator to
contact the pilot area as close to the end ofitbé s possible.

Rotate the torque tube input flange by hand ¢at®the low spot.

Set the dial indicator to zero on the low spot.

Rotate the flange by hand and record the amduadal runout.

Compare the runout of the flange to the rundetramce specifications guideline.

If the torgue tube input flange runout exceedssfecification, the flange requires
replacement.

© 00N O

PINION FLANGE RUNOUT MEASUREMENT

Tools Required

¢ J 8001 Dial Indicator Set or equivalent
e J 23409 Dial Indicator Extension or equivalent. Sggecial Tools.
¢ J 35819 Flange Runout Gage. S8gecial Tools.

IMPORTANT: This measurement procedure is intended to measure drive axle
pinion flanges with 1-piece U-joint yokes only, not bolt-on yokes.

If equipped with a system balanced flange, uséall@ving procedure, System Balanced Fla
If equipped with a non-system balanced flangetheseecond procedure, Non-System Balanced
Flange.

System Balanced Flange
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Fig. 21: Identifying Pinion Flange Balance Weight
Courtesy of GENERAL MOTORS CORP.

System balanced drive axles utilize a deflectorgdesn the pinion flange, that is able to hold
system balance weights on its outside diameter.

1. Raise and support the vehicle, with the wheels fo rotate. Refer toifting and Jacking
theVehicle.
2. Remove the propeller shaft from the pinion flange
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J 35819

Fig. 22: Identifying J 35819
Courtesy of GENERAL MOTORS CORP.

3. Install the] 35819 to the pinion flange. Sefpecial Tools.

4. Assemble and install tHe8001 and thel 23409 to the drive axle and to tle35819 . See
Special Tools.

IMPORTANT: The dial indicator will display inverted readings. You are
measuring the inside diameter of the flange, notth e outside
diameter. The highest reading on the dial indicator Is the low
spot; the lowest reading is the high spot.

5. Rotate the pinion flange 360 degrees and zerdi#théndicator on the low spot.
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10.

11.

12.

Rotate the pinion flange again and record thed tonhout.

IMPORTANT: All runout measurement tolerances provide  d are to be used
as guidelines. The measurement tolerances provided and
their effect on vibration correction may vary for e ach vehicle.

If the system balanced pinion flange runout mesgsent is between 0.00-0.38 mm (0.00-
0.015 in), the pinion flange is considered withteeptable runout limits.

If the system balanced pinion flange runout mesgsent exceeds 0.00-0.38 mm (0MO4E
in), the pinion flange must be re-indexed 180 degr replaced.

If the drive axle utilizes a crush-type sleevechiave pinion bearing preload, the pinion
flange can only be removed and installed 1 timereethe crush-type sleeve must be
replaced. Sleeve replacement requires removalrstallation of the ring and pinion gear
set. If there is evidence that the pinion has bemoved and installed previously, replace
the sleeve.

If the pinion flange has been re-indexed, re-omreathe pinion flange runout.

If the runout re-measurement of the re-indexaibip flange still exceeds the tolerance
guidelines, the pinion flange requires replacement.

IMPORTANT: Inspect the runout of any replacement pin  ion flange.
If the pinion flange was replaced, check theutiof the replacement pinion flange.

IMPORTANT: If the pinion flange was re-indexed or re  placed, the driveline
MUST be system balanced.

If the pinion flange was re-indexed or replasgdiem balance the driveline. Refer to
Driveline System Balance Adjustment (Using EVA) or Driveline System Balance
Adjustment (Without EVA).

Non-System Balanced Flange
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Fig. 23: Identifying Pinion Flange (Dust Slinger Design)
Courtesy of GENERAL MOTORS CORP.

Drive axles that are non-system balanced use ampil@inge dust slinger design, that is able to
hold a runout compensation weight on the face efiilst slinger.

1. Raise and support the vehicle, with the wheels fo rotate. Refer toifting and Jacking
theVehicle.

2. Remove the propeller shaft from the pinion flange
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J 35819

Fig. 24: Identifying J 35819
Courtesy of GENERAL MOTORS CORP.

3. Install the] 35819 to the pinion flange. Sefpecial Tools.

4. Assemble and install tHe8001 and thel 23409 to the drive axle and to tle35819 . See
Special Tools.

IMPORTANT: The dial indicator will display inverted readings. You are
measuring the inside diameter of the flange, notth e outside
diameter. The highest reading on the dial indicator Is the low
spot; the lowest reading is the high spot.

5. Rotate the pinion flange 360 degrees and zerdi#théndicator on the low spot.
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6. Rotate the pinion flange again and record tha tahout.

IMPORTANT: All runout measurement tolerances provide  d are to be used
as guidelines. The measurement tolerances provided and
their effect on vibration correction may vary for e ach vehicle.

7. If the pinion flange runout is 0.15 mm (0.006 an)less, there should not be a runout
compensation weight. If there is a compensatioglteremove the weight.

8. If the pinion flange runout is greater than Ond& (0.006 in) but less than 0.28 mm (0.011
in) and the runout compensation weight is at or tlealow spot, no further action is
necessary. If the runout compensation weight i@hot near the low spot, remove the
weight.

9. If the pinion flange runout is greater than 0n&& (0.011 in) but not greater than 0.38 mm
(0.015 in) and the runout compensation weight o aitear the low spot, no further actio
necessary. If the runout compensation weight i@hot near the low spot, remove the
weight and re-index the pinion flange until theauinis 0.25 mm (0.010 in) or less.

If the drive axle utilizes a crush-type sleevechiave pinion bearing preload, the pinion
flange can only be removed and installed 1 timereethe crush-type sleeve must be
replaced. Sleeve replacement requires removalrstallation of the ring and pinion gear
set. If there is evidence that the pinion has bemved and installed previously, replace
the sleeve.

10. If after re-indexing the pinion flange, it istraossible to achieve runout of 0.25 mm (0.010
in) or less, the pinion flange requires replacement

IMPORTANT: Inspect the runout of any replacement pin  ion flange.

11. If the pinion flange was replaced, check theutiof the replacement pinion flange.
DIFFERENTIAL PINION INPUT SHAFT RUNOUT MEASUREMENT

Tools Required

J 7872 Magnetic Base Dial Indicator Set or equivalent

IMPORTANT: This measurement procedure is intended to measure drive axle
pinion input shaft runout for systems with a consta nt velocity
(CV) joint, rubber coupling or bolt-on U-joint yoke at the drive
axle
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M easur ement Procedure

N

© o N o

10.

Place the transmission in NEUTRAL.
Raise and support the vehicle. Refelitiing and Jacking the Vehicle .

If equipped with a CV joint, measure the drivéegxnion input shaft radial runout on the
splined surface of the prop shaft rear CV jointdnag, as close to the flange as possible:

1. Clean the surface of the prop shaft rear CV jomising just ahead of the torque tube
input flange.

2. Mount a dial indicator sed, 7872 or equivalent and position the dial indicator to
contact the prop shaft rear CV joint housing aseclo the drive axle input flange as
possible.

If equipped with a rubber coupling or bolt-ondiAt yoke, measure the differential pinion
input shaft radial runout on the machined surfddbeflange pilot area:

1. Mark the position of the prop shaft to the diade input flange.
2. Separate the propshaft from the drive axle ifipoge.

3. Clean the surface of the flange pilot area.
4.

Mount a dial indicator sed, 7872 or equivalent and position the dial indicator to
contact the pilot area as close to the drive aletiflange as possible.

If equipped with a torque tube, measure the fadnout on the machined surface of the
splined shatft:

1. Remove the torque tube assembly from the vehicle.
2. Clean the surface of the splined shaft.

3. Mount a dial indicator sed, 7872 or equivalent and position the dial indicator to
contact the machined area as close to the en@ sh#ft as possible.

Rotate the drive axle input shaft by hand toti®tlae low spot.

Set the dial indicator to zero on the low spot.

Rotate the shaft by hand and record the amouaidddl runout.

Compare the runout of the shaft to the runoetréwice specifications guidelines.

If the drive axle input shaft runout exceedssecification, the flange requires
replacement.

DRIVELINE WORKING ANGLESMEASUREMENT

Tools Required

e J 23498-A Driveshaft Inclinometer or equivalent. S§gecial Tools.
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o J 23498-20 Driveshatft Inclinometer Adapter or equivalent. Special Tools.

IMPORTANT: This measurement procedure is intended to measure U-joints

working angles only, not constant velocity (CV) joi nt or coupler
assembly working angles.

IMPORTANT: This procedure is intended to be used for  vehicles where the
following conditions are met:

e Vehicle trim heights are within specification guide lines.

o The vehicle exhibits no signs of aftermarket modifi cations
that may affect driveline working angles.

e The vehicle exhibits no signs of accident damage wh ich may
affect the position of the drive axle or axles, the propeller

shaft support bearing, if equipped or the transmiss ion or
transfer case, if equipped.

g

.-

N/

Fig. 25: Identifying Working Angles (One-Piece Propeller Shaft)
Courtesy of GENERAL MOTORS CORP.

The working angle of a {#int is formed by the difference between the amgleany 2 shafts th
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intersect. Propeller shaft systems that havejoint have 1 working angle; systems with -
joints have 2 working angles and so on. In a tydi-piece prop system with 2 U-joints, the
working angles are front (1) and rear (2):

e The front working angle (1) is formed by the ingatson of the transmission or transfer «
output shaft and the prop shatft.

o The rear working angle (2) is formed by the intetisae of the prop shaft and the drive axle
pinion.

IMPORTANT: When measuring and evaluating U-joint wor  king angles, observe
the following:

o No U-joint working angle should be equal to zera.ahgle of O degrees will cause
premature U-joint wear due to a lack of rotatiorh&f needle bearings in the U-joint.

o No U-joint working angle should exceed 4 degrees.

e Prop systems containing only 1 U-joint: The U-joardrking angle should be within the
range specified in this procedure.

e Prop systems containing 2 or 3 U-joints: The 2 ldtjangles each formed with the prop
shaft that contains 2 welded yokes are designedricel each other during operation. T
2 working or cancelling U-joint angles should b&&do each other within the range
specified in this procedure provide effective cHlatien of the U-joints.

e Prop systems containing 3 U-joints: Thediht angle formed by the prop shaft that cont
only 1 welded yoke is an odd or non-cancelled aridies working angle should be within
the range specified in this procedure.

o Always orientate thd 23498-A so that it faces the same side of the vehicledah
measurement taken. S§eecial Tools.
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Fig. 26: Identifying Propdler Shaft M easurement Recording Points
Courtesy of GENERAL MOTORS CORP.

e Be sure to accurately record the measurements takardiagram, similar to the one shc

M easur ement Procedure

IMPORTANT: If it is necessary to use the J 23498-20 or equivalent adapter, first
verify the accuracy of the J 23498-20 or equivalent by inspecting
the angle of an accessible joint using the J 23498- A or equivalent,
then inspecting the same joint angle using the J 23  498-20 or
equivalent. See Special Tools

1. For vehicles with solid axles, ensure that tHecle has a full tank of fuel or the equivalent
amount of weight in the correct location to simelatfull tank. The weight of 3.8 L (1 gal)
of gasoline is approximately 2.8 kg (6.2 Ib).

2. Raise and support the vehicle. On vehicles wailild sxles, ensure that the drive axle is
supported at ride height-vehicle body supporteduspension components. Suspension
travel will not affect driveline angles on vehiclegh direct-mounted drive axles. Ensure
the wheels are free to rotate. RefeL téting and Jacking the Vehicle.

3. For vehicles with 2-piece prop shaft systempaosthe lateral alignment of the propeller
shafts before proceeding:

1. From underneath the propeller shafts, look ddwréngth of the shafts from front to
rear. Inspect the alignment of the shafts to edaéro
2. From underneath the shafts, if the propellertslae not aligned to each other in a
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straight line, then the lateral alignment of theppshafts needs to be adjusted be
proceeding.

The propeller shaft support bearing assembly caelbeated slightly to one side in
order to improve the alignment of the shafts. Em$at you do not create a ground-
out condition against the exhaust or any other cmapt.

4. Place the transmission in NEUTRAL.
5. Clean any corrosion or foreign material fromthpint bearing caps.

6. Remove any of the U-joint bearing cap snap ringsmay interfere with the correct
placement of thd 23498-A or equivalent. SeBpecial Tools.

Fig. 27: Measuring Angle Of Drive Axle Pinion
Courtesy of GENERAL MOTORS CORP.

7. For all prop systems perform the first measurémen
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10.

11.
12.

13.

14.

1. Rotate the prop shaft to align the rear-most yiakeges vertically.

2. Install theJ 23498-A or equivalent to the lower U-joint bearing capled rear-most
yoke. Seespecial Toals. This yoke may be part of a prop shaft, torque taput
shaft or a drive axle pinion shaft. Measure andnethe angle of the shatft.

For prop systems with 2 or 3 U-joints, perforis tidditional measurement:

Without rotating the prop, install tle23498-A or equivalent to the lower U-joint bearing
cap of the forward-most, vertically-aligned yokeeSpecial Tools. This yoke may be pa

of a prop shaft, transmission output shaft or asfex case output shaft. Measure and record
the angle of the shaft.

For all prop systems perform the second measumteme

1. Rotate the prop shaft 1/4 turn to vertically malige flanges of the forward yoke that
mates to the rear-most yoke.

2. Install thel 23498-A or equivalent to the lower U-joint bearing capha forward
mating yoke. Se8pecial Tools. This yoke may be part of a prop shaft, transomssi
output shaft or a transfer case output shaft. Meaamud record the angle of the shatft.

For prop systems with 3 U-joints, perform thdgliéional measurement:

Without rotating the prop, install tle23498-A or equivalent to the lower U-joint bearing
cap of the forward-most, vertically-aligned yokeeSpecial Tools. This yoke may be pa
of a transmission output shaft or a transfer cageub shaft. Measure and record the angle
of the shatft.

Remove thd 23498-A or equivalent. Segpecial Tools.

Install any U-joint bearing cap snap rings thate removed prior to installing tle23498-
A or equivalent. Segpecial Tools.

Calculate the U-joint working angle at eachrsgetion of two shafts.

Subtract the larger number from the smaller toiolitee working angle. For example: If
the drive axle pinion has an angle of 16 degredgt@connecting propeller shaft has an
angle of 13 degrees, then the working angle ofitiiatsection is 3 degrees.

For prop systems with 1 U-joint; compare thekiag angle to the following specification
guideline:

Specification Guideline: Prop systems containing only 1 U-joint: The U-joarorking
angle should be between 1/2 and 3/4 degrees.
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15. For prop systems with 2 or 3 U-joints; compaeedifference between the working angles
of the cancelling U-joints to the following specdtion guidelines:

Specification Guideline: Allowable range of difference between cancellinrgplut
working angles: 0.25 to 1.0 degrees

16. For prop systems with 3 U-joints; compare thekwg angle of the odd or non-cancelled
U-joint to the following specification guideline:

Specification Guideline: Prop systems containing 3 U-joints: The odd or-camcelled U-
joint working angle should be between 1/10 anddE@rees.

17. Any working angle that is not within the spesafion guidelines requires adjustment.
PROPELLER SHAFT PHASING INSPECTION

Tools Required

J 23498-A Driveshaft Inclinometer or equivalent. S§gecial Tools.

IMPORTANT: This inspection procedure is intended to inspect propeller shaft
systems with 2 or 3 U-joints only.

Correct phasing of a propeller shaft refers toréhative alignment of the U-joint yoke flanges to
each other to provide proper cancellation of theibks. The yokes should be directly aligned to

within the range specified in this procedure.
Inspection Procedure

1. Raise and support the vehicle. On vehicles waiild sixles, ensure that the drive axle is
supported at ride height-vehicle body supporteduspension components. Ensure the
wheels are free to rotate. RefeiLtdting and Jacking the Vehicle.

2. Place the transmission in NEUTRAL.

3. Clean any corrosion or foreign material fromthpint bearing caps.

4. Remove any of the U-joint bearing cap snap ringsmay interfere with the correct
placement of thd 23498-A or equivalent. SeBpecial Tools.
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Fig. 28: Inspecting Rear Propdler Shaft For Proper Phasing
Courtesy of GENERAL MOTORS CORP.

5. Inspect the prop shaft for proper phasing.

1. Rotate the prop shaft or shafts to align thet sludkfe flanges vertically.

2. Install thel 23498-A or equivalent to the lower U-joint bearing capte rear Uoint
of the shaft. Se8pecial Tools. Thed 23498-A or equivalent should be aligned
perpendicular to the propeller shaft. Special Tools.

3. Set the indicator line on tl3e23498-A or equivalent to 15, the horizontal reference.
SeeSpecial Toals.

4. Rotate the propeller shaft slightly to centerlibbble to the indicator. The U-joint is
now vertical.
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5. Without disturbing the setting on th&3498-A or equivalent, remove tle23498-A
or equivalent from the rear U-joint bearing cape Segecial Tools.
6. Install thel 23498-A or equivalent to the lower U-joint bearing capha front U-
joint of the same shaft. S&pecial Tooals.
7. Observe and record the reading of the front bkjeith theJ 23498-A or equivalent
still set to 15, the horizontal reference. Special Tools.
6. For prop systems with 3 U-joints, rotate the tshb# turn and repeat steps 5.1-5.7 for the
other prop shatft.
7. If the difference between the front and rear idtfoof a welded yoke propeller shaft is 3
degrees or less, the propeller shaft is properdggdh
8. If the difference between the front and rear idtfoof a welded-yoke propeller shatft is
greater than 3 degrees, the propeller shaft isretibnstructed improperly or damaged from
twisting. Refer tdPropeller Shaft Phasng Correction.
9. If the difference between the welded yoke anulysbke of a propeller shaft is 1.5 degrees
or less, the prop shatft is properly phased.
10. If the difference between the welded yoke aidysike of a propeller shaft is greater than
1.5 degrees, the propeller shatt is either cortstduenproperly or damaged from twisting.
Refer toPropeller Shaft Phasing Correction.

REPAIR INSTRUCTIONS

TIRE AND WHEEL ASSEMBLY BALANCING - OFF VEHICLE

CAUTION: Failure to adhere to the following precauti  ons before tire
balancing can result in personal injury or damage t 0
components:

o Clean away any dirt or deposits from the inside of the
wheels.

e Remove any stones from the tread.
o Wear eye protection.
e Use coated weights on aluminum wheels.

Tire and Wheel Assembly Balancer Calibration

Tire and wheel balancers can drift out of calimatver time or can become inaccurate as a
result of heavy use. There will likely not be amsual evidence that a calibration problem exists.
If a balancer is not calibrated within specificag@nd a tire and wheel assemblv is balanced on
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that machine, the assembly may actually be imbat

Tire and wheel assembly balancer calibration shbaldhecked approximately every 2 weeks, if
the machine is used frequently, and/or whenevebdlence readings are questionable.

Tire and Wheel Assembly Balancer Calibration Test

IMPORTANT: If the balancer fails any of the steps in  this calibration test, the
balancer should be calibrated according to the manu facturer's
instructions. If the balancer cannot be calibrated, contact the
manufacturer for assistance.

Check the calibration of the tire and wheel assgipblancer according to the manufacturer's
recommendations or perform the following test.
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Fig. 29: View Of Tire& Whed Assembly Balancer
Courtesy of GENERAL MOTORS CORP.

1. Spin the balancer without a wheel or any of thepéers on the shatft.
2. Inspect the balancer readings.

Specification: Zero within 7 g (1/4 0z.)
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3. If the balancer is within the specification rangalance a tire and wheel assembly - that is

within radial and lateral runout tolerances - taRXE, using the same balancer.

4. Atter the tire and wheel assembly has been bathraddd an 85 g (3 0z.) test weight to the

wheel at any location.
5. Spin the tire and wheel assembly again. Noteghdings.

e In the static and dynamic modes, the balancer gleall for 85 g (3 0z.) of weight,
180 degrees opposite the test weight.

e In the dynamic mode, the weight should be callesfothe flange of the wheel
opposite the test weight.

6. With the assembly imbalanced to 85 g (3 oz.)lecifte balancer 5 times.
7. Inspect the balancer readings:

Specification: Maximum variation: 7 g (1/4 o0z.)

8. Index the tire and wheel assembly on the balasieEt, 90 degrees from the previous
location.

9. Cycle the balancer with the assembly at the oeation.
10. Inspect the balancer readings:

Specification: Maximum variation: 7 g (1/4 o0z.)

11. Repeat steps 8 through 10 until the tire andelhndesembly has been cycled and checked at

each of the 4 locations on the balancer shatft.

Tire and Wheel Assembly Balancing Guidelines

IMPORTANT: Tire and wheel assemblies which exhibite  xcessive runout can
produce vibrations even if the assemblies are balan  ced.
It is strongly recommended that the tire and wheel assembly
runout be measured and corrected if necessary BEFOR  E the
assemblies are balanced.

If the runout of the tire and wheel assembliesudyet been measured, referMioe and Wheel
Assembly Runout M easurement - Off Vehicle before proceeding.

There are 2 types of tire and wheel balance:

Static Balance
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Fig. 30: View Of Static Balance
Courtesy of GENERAL MOTORS CORP.

Static balance is the equal distribution of wemtaund the wheel circumference. The wheel
balance weights (2) are positioned on the wheetder to offset the effects of a heavy spot (3).
Wheels that have static imbalance can nroduce ichwuaction called tramb.
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Dynamic Balance

Fig. 31: View Of Dynamic Balance
Courtesy of GENERAL MOTORS CORP.

Dynamic balance is the equal distribution of weghteach side of the tire and wheel assembly
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centerline. The wheel balance weights (2) are ipogitl on the wheel in order to offset
effects of a heavy spot (3). Wheels that have dymanibalance have a tendency to move from
side to side and can cause an action called shimmy.

Most off-vehicle balancers are capable of checkioidp types of balance simultaneously.

As a general rule, most vehicles are more sensiigiatic imbalance than to dynamic imbala
however, vehicles equipped with low profile, wideatd path, high performance tires and wheels
are susceptible to small amounts of dynamic imlualaAs little as 14-21 g (1/2-3/4 oz.)
imbalance is capable of inducing a vibration in sa@hicle models.

Balancing Procedure

IMPORTANT: When balancing tire and wheel assemblies,  use a known good,
recently calibrated, off-vehicle, two-plane dynamic balancer set
to the finest balance mode available.

1. Raise and support the vehicle. Refelitiding and Jacking the Vehicle.

2. Mark the location of the wheels to the wheel samt$ mark the specific vehicle position
each tire and wheel - LF, LR, RF, RR.

3. Remove the tire and wheel assemblies one ateaainth mount on a spin-type wheel
balancer. Refer tdireand Wheel Removal and Installation .

4. Carefully follow the wheel balancer manufactwarstructions for proper mounting
techniques to be used on different types of wheels.

Regard aftermarket wheels, especially those incatpgy universal lug patterns, as
potential sources of runout and mounting concerns.

5. Be sure to use the correct type of wheel balamaghts for the type of wheel rim being
balanced. Be sure to use the correct type of coateel balance weights on aluminum

wheels. Refer tdWhed Weight Usage.
6. Balance all four tire and wheel assemblies asedo zero as possible.

7. Using the matchmarks made prior to removal, lingte tire and wheel assemblies to the
vehicle. Refer td'ireand Wheel Removal and Ingtallation .

8. Lower the vehicle.

Wheel Weight Usage

Tire and wheel assemblies can be balanced usimey ¢ite static or dynamic method.
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Clip-on Weights

1

2

3
Fig. 32: Identifying Clip-On Whedl Weight Types
Courtesy of GENERAL MOTORS CORP.
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IMPORTANT: When balancing factory aluminum wheels wi  th clip-on wheel
balance weights, be sure to use special polyester-  coated weights.
These coated weights reduce the potential for corro  sion and
damage to aluminum wheels.

These coated weights reduce the potential for smmaand damage to aluminum wheels.

e MC (1) and AW (2) series weights are approved & an aluminum wheels.
o P (3) series weights are approved for use onstestls only.
o T (4) series coated weights are approved for usmtnsteel and aluminum wheels.
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Fig. 33: View Of Attaching Clip-On Wheel Weight
Courtesy of GENERAL MOTORS CORP.

IMPORTANT: Use a nylon or plastic-tipped hammer when
on wheel balance weights to minimize the possibilit

to the polyester coating.

installing coated clip-

y of damage

The contour and style of the wheel rim flange wétermine which type of clip-on wheel weight
(1) should be used. The weight should follow thetoor of the rim flange. The weight clip

should firmly grip the rim flange.
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Wheel Weight Placement - Clip-on Weights

Fig. 34: View Of Whed Welght Placement - Static Balancing
Courtesy of GENERAL MOTORS CORP.

When static balancing, locate the wheel balancght®bn the inboard flange (2) if only 28 g (1
0z.) or less is called for. If more than 28 g (1) ezcalled for, split the weights as equally as
possible between the inboard (2) and outboarddhyés.

When dynamic balancing, locate the wheel balaneghtgeon the inboard (2) and outboard (1)
rim flanges at the positions specified by the wibedhncer.

Adhesive Weights
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Fig. 35: Identifying Adhesve We ght Whed Placement
Courtesy of GENERAL MOTORS CORP.
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IMPORTANT: When installing adhesive balance weights on flangeless wheels,
do NOT install the weight on the outboard surface o f the rim.

Adhesive wheel balance weights may be used onrfaatominum wheels. Perform the followi
procedure to install adhesive wheel balance weights

1. Determine the correct areas for placement oivtieel weights on the wheel.

o When static balancing, locate the wheel balancght®rlong the wheel centerline
on the inner wheel surface if only 28 g (1 oz.)ess is called for. If more than 28 g
0z.) is called for, split the weights as equallypassible between the wheel centerline
and the inboard edge of the inner wheel surface (2)

o When dynamic balancing, locate the wheel balaneghtgealong the wheel centerline
and the inboard edge of the inner wheel surfacat(f)e positions specified by the
wheel balancer.

2. Ensure that there is sufficient clearance betileemheel weights and brake system
components.

IMPORTANT: Do not use abrasives to clean any surface  of the wheel.

3. Using a clean cloth or paper towel with a genpuapose cleaner, thoroughly clean the
designated balance weight attachment areas ofaainyston, overspray, dirt or any other
foreign material.

4. To ensure there is no remaining residue, wip®atence weight attachment areas again,
using a clean cloth or paper towel with a mixturéadf isopropyl alcohol and half water.

5. Dry the attachment areas with hot air until theel surface is warm to the touch.
6. Warm the adhesive backing on the wheel balangghtggo room temperature.

7. Remove the protective covering from the adhdsaeking on the back of the balance
weights. DO NOT touch the adhesive surface.

8. Apply the wheel balance weights to the wheelsgneto place with hand pressure.

9. Secure the wheel balance weights to the whehlav@0 N (21 Ib) force applied with a
roller.

TIRE AND WHEEL ASSEMBLY BALANCING - ON-VEHICLE

Tools Required

J 38792-A Electronic Vibration Analyzer (EVA) 2. S&pecial Tools.
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If after following the tire and wheel vibration digostic process, some amount of tire and w
vibration is still evident, an on-vehicle high-sgespin balancer may be used to perform an on-
vehicle balance in an attempt to finish balancditkeand wheel assemblies, wheel hubs, brake
rotors, brake drums, if equipped and wheel triregfiipped, simultaneously. On-vehicle
balancing can also compensate for minor amountssafual runout encountered as a result of
mounting the tire and wheel assembly on the vehad@®pposed to the balance which was
achieved on the off-vehicle balancer.

In order to perform an on-vehicle balancing procedoarefully follow the on-vehicle balancer
manufacturer's specific operating instructions @ar@fully consider the following information
before proceeding:

Balancing Procedure

o Vehicles equipped with low profile, wide tread pdilgh performance tires and wheels are
susceptible to small amounts of dynamic imbalance.

o When performing an on-vehicle balance, great carg be taken when placing the wheel
balance weights on the wheels. If the wheel balar@ghts are not placed accurately, they
can actually induce dynamic imbalance and thugass the severity of the vibration.

e Inspect the vehicle wheel bearings to ensure tiegtare in good condition.

e Thoroughly inspect all on-vehicle balancing equipt@nd ensure that it is fully within the
manufacturer's recommended specifications.

e Do not remove the off-vehicle balance weights. ptapose of on-vehicle balance is to fine
tune the assembly balance already achieved oftegmiot to start over.

o Leave all wheel trim installed whenever possible.

o If the on-vehicle balancer calls for more than 5@ gz.) of additional weight, split the
weight between the inboard and outboard flangéseoivheel, so as not to upset the
dynamic balance of the assembly achieved in theatficle balance. For wheel balance
weight information, refer tdire and Whed Assembly Balancing - Off Vehicle.

o If available, tape-off an area on top of the fesderd the quarter panels, then place the
vibration sensor of thé 38792-A on the fender or quarter panel above the spdod#@nd
wheel assembly while it is being on-vehicle balan&@eeSpecial Tools.

TheJ 38792-A will provide a visual indication of the amplitudéthe vibration and the
effect that the on-vehicle balance has onit.

TIRE-TO-WHEEL MATCH-MOUNTING (VECTORING)
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Fig. 36: View Of Tire-To-Whedl M atch-M ounting
Courtesy of GENERAL MOTORS CORP.

IMPORTANT: After remounting a tire to a wheel or after replaci ng a tire and/or a
wheel, remeasure the tire and wheel assembly runout in order to
verify that the amount of runout has been reduceda  nd brought to
within tolerances. Ensure that the tire and wheela  ssembly is
properly balanced before reinstalling to the vehicl e.

1. Mark the location of the high spot (3) on the t&is determined during the off-vehicle tire
and wheel assembly runout measurement.

2. Place a reference mark (2) on the tire sidevdhealocation of the valve stem (5).
o Always refer to the valve stem as the 12 o'clochitpm.
o Refer to the location of the high spot (3) by Iteck position on the wheel, relative to
the valve stem.
3. Mount the tire and wheel assembly on a tire nmechnd break down the bead. Do not
dismount the tire from the wheel at this time.

4. Rotate the tire 180 degrees on the rim so teatdlve stem reference mark (8) is now at
the 6 o'clock position in relation to the valvast®). You mav need to lubricate the bead
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in order to easily rotate the tire on the wh
. Reinflate the tire and seat the bead properly.

. Mount the assembly on the tire balancer and remedse runout. Mark the new locatior
the assembly runout high spot on the tire.

. If the assembly runout has been reduced andhgwiolerance, no further steps are
necessary. Balance the tire and wheel assembiyjritill the assembly to the vehicle.
Refer to the following:

e Tireand Wheel Assembly Balancing - Off Vehicle
e Tireand Whedl Removal and Installation

. If the clock location of the high spot remainé@anear the original clock location of the
high spot (7) and the assembly runout has NOT beslurced, the wheel is the major
contributor to the assembly runout concern.

/3

Fig. 37: View Of Match-Mounting Tire-To-Whed
Courtesy of GENERAL MOTORS CORP.
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9. If the clock location of the high spot has movealyever the assembly runout has NOT
been reduced, perform the following steps:

1. If the clock location of the high spot (7) is natvor near a position 180 degrees from
the original clock location of the high spot, tive is the major contributor to the
assembly runout concern.

2. If the clock location of the high spot is nowtietween the 2 extremes, then both the
tire and the wheel are both contributing to thermrsdy runout concern. Rotate the
an additional 90 degrees in both the clockwisethadounterclockwise directions to
obtain the lowest amount of assembly runout.

TIRE AND WHEEL ASSEMBLY-TO-HUB/AXLE FLANGE MATCH-MOUNTING

IMPORTANT: After remounting a tire and wheel assembl vy to a hub/axle flange,
remeasure the tire and wheel assembly on-  vehicle runout in order
to verify that the amount of runout has been reduce  d and brought
to within tolerances.

1. Mark the location of the high spot on the tird arheel assembly as determined during the
on-vehicle tire and wheel assembly runout measureme

2. Place a reference mark on the wheel stud thatased closest to the wheel valve stem.
o Always refer to the reference mark on the wheel asithe 12 o'clock position.

o Refer to the location of the high spot by its clpdsition on the tire and wheel
assembly, relative to the marked wheel stud.

3. Remove the tire and wheel assembly from the Rigbflange. Refer t@'ire and Whesl
Removal and Installation .

4. Rotate the tire and wheel assembly as closeGal&§rees as possible on the hub/axle
flange, so that the wheel valve stem is now appmately at the 6 o'clock position in
relation to the marked wheel stud.

5. Reinstall the wheel lug nuts to secure the mk\@heel assembly in the new position. Refer
to Tireand Whed Removal and Installation .

6. Remeasure the tire and wheel assembly on-vetietait. Mark the new location of the
assembly on-vehicle runout high spot on the tiefeRtoTire and Wheel Assembly
Runout M easurement - On-Vehicle.

7. If the assembly on-vehicle runout has been retlaod is within tolerance, no further steps
are necessary.

8. If the assembly runout has NOT been reducedoperthe following steps:
1. If the clock location of the high spot remain¢@dmanear the original clock location of
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the high spot, the hub/axle flange and/or the brak&/drum mounting flange is tl
major contributor to the assembly on-vehicle ruremsicern.

2. If the clock location of the high spot is nowoatnear a position 180 degrees from the
original clock location of the high spot, the taled wheel assembly is the major
contributor to the assembly on-vehicle runout comce

3. If the clock location of the high spot is nowtaetween the 2 extremes, then both the
tire and wheel assembly and the hub/axle flange@nt&ibuting to the assembly on-
vehicle runout concern. Rotate the tire and whesgrably as close to an additiona
degrees as possible in both the clockwise andaieterclockwise directions to
obtain the lowest amount of assembly on-vehicleutin

DRIVELINE SYSTEM BALANCE ADJUSTMENT (USING EVA)

This procedure is designed to fine-tune the balaheepropeller shaft while it is mounted in the
vehicle. Small amounts of residual imbalance whmhid be present in other related driveline
system components could be compensated for aslagkgerforming this procedure. The end
result of properly fine-tuning a propeller shaftaree may be either a significant reduction or an
elimination of a vibration disturbance that is tethto the first-order rotation of a propeller shaf

Fine-tuning the balance of a propeller shaft cdniraachieving a more balanced total driveline
system.

IMPORTANT: The runout of the propeller shaft to be b  alanced and the runout of
the components that the propeller shaft mates to mu st be within
tolerances before an attempt should be made to perf ~ orm this
procedure.

If J 38792-A Electronic Vibration Analyzer (EVA) 2 is availablase the following procedure,
Adjustment Procedure Using EVA. S8gecial Toals. If the EVA 2 is not available, use the
second procedure, Adjustment Procedure Without EVA.

Tools Required

e J 38792-A Electronic Vibration Analyzer (EVA) 2. S&pecial Tools.

e J 38792-20 20-Foot Timing Light Power Cord Extension. SSpecial Tools.
e J 38792-25 Inductive Pickup Timing Light or equivalent. S§gecial Tools.
e J 38792-27 6-Foot EVA Power Cord Extension. Sggecial Tools.

Adjustment Procedure Usng EVA
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NOTE: Do not depress the brake pedal with the brake  rotors and/or the
brake drums removed or with the brake calipers repo  sitioned away
from the brake rotors or damage to the brake system may result.

1. Raise and support the vehicle; ensure that the detle or axles are supported at ride he
- vehicle body supported by suspension components.

2. With the tire and wheel assemblies and the bratdoes and/or brake drums removed from
the drive axle or axles, start the engine and @ik all engine accessories.

3. Place the transmission in forward gear.

4. Run the vehicle at the speed which causes theviboation in the propeller shaft; observe
which end of the propeller shaft exhibits the gesbamount of vibration disturbance.

5. Turn the engine OFF to slow and stop the rotaifdhe propeller shatt.

Fig. 38: View Of Marking Circumference Of Propdler Shaft At Four Points 90
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10.

11.

12.

13.
14.

15.

16.

Degrees Apart

Courtesy of GENERAL MOTORS CORP.

Mark the circumference of the propeller shaftt{ilpe balanced at four points 90 degrees
apart (2), nearest the end that exhibited the ggeatnount of vibration. Number the marks
1 through 4.

Install thel 38792-A , theJ 38792-27 , thed 38792-25 or equivalent and th&38792-20

to the vehicle. SeBpecial Tools.

Connect the clip of th&38792-25 or equivalent, onto the trigger wire of th&8792-A .
SeeSpecial Tools.

Mount the] 38792-A vibration sensor to the bottom of the drivelinenponent nearest to
the end of the propeller shaft that exhibited tteatest amount of vibration. S8gecial
Tooals.

Ensure that the side of the sensor marked UP tgeard and that the sensor is positioned
as close to horizontal as possible.

Plug the vibration sensor cord into Input Aledd 38792-A . SeeSpecial Toals. Input B i
not used with the strobe function.

Run the vehicle at the speed which causes teeuiwation in the propeller shaft; observe
the frequency readings displayed onit88792-A . SeeSpecial Toals.

IMPORTANT: Do NOT continue with fine-tuning the bala  nce of a propeller
shaft if the dominant frequency displayed is not re lated to
the first-order rotational speed of the propeller s haft.

Verify that the dominant frequency displayedimJ 38792-A matches the recorded
frequency of the vibration concern. Sggecial Tools.

Record the amplitude reading of the dominamnjueacy displayed.

Using the strobe function of tAe38792-A , select the correct filter range to use for the
balance adjustment, so that the dominant frequewncyd be near the middle of the filter

range. Se&pecial Tools. Use the full range filter only as a last resbdrie of the specific
range filters will not cover the frequency adeqlyate

TheJ 38792-A display will show the dominant frequency, the atode and the selected
filter range. Se&pecial Tools.
Aim theJ 38792-25 or equivalent, at the marks placed on the propstiaft. Se&pecial

Tools. When activated, the strobe effect will appedrdeze the marks placed on the
rotating propeller shaft. Record which of the nuraldemarks appears to be at the botto
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17.
18.

19.
20.

21.

22.

the propeller shaft or the 6 o'clock position. Tgosition identifies the light spot of tl
propeller shatft.

Turn the engine OFF to slow and stop the ratadidhe propeller shaft.

Install a band-type hose clamp as a weight, thegthead of the clamp directly on the light
spot.

Run the vehicle at the speed which causes teeuiwation in the propeller shatft.

Using thel 38792-25 or equivalent, observe the positioning of the regullaced on the
propeller shaft. Se$pecial Tools.

If the marks on the propeller shaft now appeandve erratically, compare the current
amplitude of the vibration frequency to the origiamnplitude recorded previously.

If the amplitude has decreased from the amplitederded, the balance achieved may be
sufficient and the vehicle should be road testedetermine the effect on the vibration
concern.

If the clamp head over the original light sp@njow near the top of the propeller shatft,
within 180 degrees - near or below the 12 o'clozsitppn - of the original position at the
bottom of the propeller shaft - 6 o'clock positidhe position of the weight needs
adjusting. Perform the following steps:

1. Move the position of the clamp head toward tlec®ck position.

2. Using thel 38792-25 or equivalent, recheck the positioning of the ettgy shaft
marks. Se&pecial Tools.

3. If necessary, continue to move the position efdlamp head toward the 6 o'clock
position and recheck progress until an improvenmebalance is achieved.




2007 Saturn Outlook XE

2007 GENERAL INFORMATION Vibration Diagnosis and Correction - Outlook

Fig. 39: View Of Postioning Clamps On Prope€ller Shaft

Courtesy of GENERAL MOTORS CORP.

23. If the clamp head over the original light spestill positioned at the bottom of the
propeller shaft - 6 o'clock position - additionadight is required. Perform the following
steps:

1.

2.

Add a second clamp to the propeller shaft, ree#é first clamp and with the clamp
heads aligned.

Using thel 38792-25 or equivalent, recheck the positioning of the eitgy shaft
marks. Se&pecial Tools.

If the clamp heads over the original light spog now 90 to 180 degreeat-or abov
the 9 o'clock or the 3 o'clock positions - from tingginal position at the bottom of the
propeller shaft - 6 o'clock positiorless total weight is required. Proceed to step..
Move the position of the clamp heads an equédmtie on either side of the light spot
between 1 and 120 degrees apart from each otlhedtice the total amount of weight
in relation to the light spot.

Using thel 38792-25 or equivalent, recheck the positioning of the jeitgy shaft
marks. Seé&pecial Tools.

If necessary, continue to move the position efdlamp heads an equal distance on
either side of the light spot to a maximum of 12@rmes apart from each other, until
the greatest improvement to balance is achieved.
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7. If improvement has been made to the balanceegbibpeller shaft, but the balance is
still not satisfactory, still more total weight mag required. Perform the following
steps:

1. Add a third clamp to the propeller shaft, nexth® first and second clamps and
with the clamp head directly on the light spot.

2. Move the position of the first and second clampdsesn equal distance on eitl
side of the light spot between 1 and 120 degress &pm each other to arrive
at a total amount of weight greater than two weaightit less than three weights
in relation to the light spot.

3. Using thel 38792-25 or equivalent, recheck the positioning of the ettmgy
shaft marks. Segpecial Tools.

4. If necessary, continue to move the position offitis¢ and second clamp heads
equal distance on either side of the light spat totaximum of 120 degrees apart
from each other, until the greatest improvemeiitaiance is achieved.

8. If a third clamp was used on the propeller shatt suificient balance could still not
achieved, the propeller shaft requires replacement.

24. If the clamp head over the original light spomow 90 to 180 degrees - at or above the 9
o'clock or the 3 o'clock positions - from the angji position at the bottom of the propeller
shaft - 6 o'clock position - less total weightaguired. Perform the following steps:

1. Add a second clamp to the propeller shaft, reste first clamp and with the clamp
heads aligned.

2. Move the position of the clamp heads an equédmtie on either side of the light spot
between 120 and 180 degrees apart from each otheduce the total amount of
weight in relation to the light spot.

3. Using the] 38792-25 or equivalent, recheck the positioning of the jettgy shaft
marks. Se&pecial Tools.

4. If necessary, continue to move the position efdlamp heads an equal distance on
either side of the light spot to a maximum of 1&@rmes apart from each other, but
not less than 120 degrees apart, until the greatpsbvement to balance is achieved.

25. If the marks on the propeller shaft now appeandve erratically, compare the current
amplitude of the vibration frequency to the origiaanplitude recorded previously.

If the amplitude has decreased from the amplitederded, the balance achieved may be
sufficient and the vehicle should be road testedetermine the effect on the vibration
concern.

Adjustment Procedure Without EVA
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NOTE: Do not depress the brake pedal with the brake  rotors and/or the

10.

11.

brake drums removed or with the brake calipers repo  sitioned away
from the brake rotors or damage to the brake system may result.

Raise and support the vehicle; ensure that the detle or axles are supported at ride he
- vehicle body supported by suspension components.

With the tire and wheel assemblies and the braices and/or brake drums removed from
the drive axle or axles, start the engine and @ik all engine accessories.

Place the transmission in forward gear.

Run the vehicle at the speed which causes thewboation in the propeller shaft; observe
which end of the propeller shaft exhibits the gesbamount of vibration disturbance.

Carefully hold a piece of chalk up to the endhefpropeller shaft in order to just make
contact as the shaft rotates.

Turn the engine OFF to slow and stop the rotaifdhe propeller shaft.
Observe the location of the chalk mark on theeller shaft.

o If the chalk mark circles the entire propeller sladtier the first attempt, remove the
mark from the shaft and repeat steps 2 througbuchtthe chalk more gently to the
propeller shatft.

o If the chalk mark circles the entire propeller sladtier the second attempt, runout of
the propeller shaft may not be the cause of thiarisnce. Proceed to step 16.

o If the chalk mark is only on a small portion of fh@peller shaft, the mark identifies
the heavy spot of the propeller shaft. The heaay spthe propeller shaft will deflect
downward during rotation. Place a small mark orstiegt 180 degrees, directly
opposite the heavy spot and identify the mark edight spot. Proceed to step 8.

Install a band-type hose clamp to the propehaftas a weight, with the head of the clamp
directly on the light spot or 180 degrees, direoftposite the heavy spot.

Observe the amount of disturbance to the prapsHiait.

o If the amount of disturbance to the propeller shpfiears to be significantly reduced,
the balance achieved may be sufficient and theckeebhould be road tested to
determine the effect on the vibration concern. fidgwd of the clamp can be moved
very slightly, if necessary to refine the balanckieved.

o If the amount of disturbance to the propeller shpfiears to be almost unchanged or
even increased, proceed to step 10.

Add a second clamp to the propeller shaft, teettte first clamp and with the clamp heads
aligned.

Observe the amount of disturbance to the prepsiiaft.
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o If the amount of disturbance to the propeller shpfiears to be significantly reduced,
the balance achieved may be sufficient and thecheebhould be road tested to
determine the effect on the vibration concern. id®d of the clamps can be moved
very slightly an equal distance apart on eitheg sitithe light spot or moved slightly
while still aligned, if necessary to refine thedrale achieved.

o If the amount of disturbance to the propeller shpfiears to be almost unchanged or
even increased, proceed to step 12.

12. Move the position of the clamp heads an eq#dudte on either side of the light spot
between 1 and 120 degrees apart from each otlhedtice the total amount of weight in
relation to the light spot.

13. Observe the amount of disturbance to the prepsiiaft.

o If the amount of disturbance to the propeller shpfiears to be significantly reduced,
the balance achieved may be sufficient and thecheebhould be road tested to
determine the effect on the vibration concernelfassary, continue to move the
position of the clamp heads an equal distancetbareside of the light spot to a
maximum of 120 degrees apart from each other, tngigreatest amount of reduction
in the vibration disturbance is achieved.

o If the amount of disturbance to the propeller shpfiears to be almost unchanged or
even increased, proceed to step 14.

14. Add a third clamp to the propeller shaft, nexthe first and second clamps and with the
head of the clamp directly on the light spot.

15. Observe the amount of disturbance to the prepsiiaft.

o If the amount of disturbance to the propeller shpfiears to be significantly reduced,
the balance achieved may be sufficient and thecheebhould be road tested to
determine the effect on the vibration concernelfassary, continue to move the
position of the first and second clamp heads aalatjstance on either side of the
light spot to a maximum of 120 degrees apart franoihether, until the greatest
amount of reduction in the vibration disturbancaakieved.

o If the amount of disturbance to the propeller shpfiears to be almost unchanged or
even increased after a third clamp was used oprteller shaft, the propeller shaft
likely requires replacement.

16. If the heavy spot of the propeller shaft cowdlre identified, install a band-type hose
clamp to the propeller shaft as a weight, withitbad of the clamp directly in-line with an
existing factory-installed weight.

17. Observe the amount of disturbance to the prepsiiaft.

o If the amount of disturbance to the propeller shpfiears to be significantly reduced,
the balance achieved may be sufficient and thecheebhould be road tested to




2007 Saturn Outlook XE

2007 GENERAL INFORMATION Vibration Diagnosis and Correction - Outlook

determine the effect on the vibration concern. fid®d of the clamp can be moy
very slightly, if necessary to refine the balanckieved.

o If the amount of disturbance to the propeller shpfiears to be almost unchanged or
even increased, proceed to step 18.

18. Move the head of the clamp 180 degrees, diregihppsite the factory-installed weight.
19. Observe the amount of disturbance to the prepsiiaft.

o If the amount of disturbance to the propeller shpfiears to be significantly reduced,
the balance achieved may be sufficient and thecheebhould be road tested to
determine the effect on the vibration concern. figwd of the clamp can be moved
very slightly, if necessary to refine the balanckieved.

o If the amount of disturbance to the propeller shpfiears to be almost unchanged or
even increased, the propeller shaft may requiracement.

DRIVELINE SYSTEM BALANCE ADJUSTMENT (WITHOUT EVA)

This procedure is designed to fine-tune the balaheepropeller shaft while it is mounted in the
vehicle. Small amounts of residual imbalance whimhid be present in other related driveline
system components could be compensated for aslagkgerforming this procedure. The end
result of properly fine-tuning a propeller shaftaree may be either a significant reduction or an
elimination of a vibration disturbance that is tethto the first-order rotation of a propeller shaf

Fine-tuning the balance of a propeller shaft cdniraachieving a more balanced total driveline
system.

IMPORTANT: The runout of the propeller shaft to be b  alanced and the runout of
the components that the propeller shaft mates to mu st be within
tolerances before an attempt should be made to perf ~ orm this
procedure.

Adjustment Procedure

NOTE: Do not depress the brake pedal with the brake  rotors and/or the
brake drums removed or with the brake calipers repo  sitioned away
from the brake rotors or damage to the brake system may result.

1. Raise and support the vehicle; ensure that the detle or axles are supported at ride he
- vehicle body supported by suspension componBefsr toLifting and Jacking the
Vehicle.

2. With the tire and wheel assemblies and the bratogs and/or brake drums removed from
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10.

11.

the drive axle(s), start the engine and turn OFErajine accessorie
Place the transmission in forward gear.

Run the vehicle at the speed which causes thevboation in the propeller shaft; observe
which end of the propeller shaft exhibits the gesbamount of vibration disturbance.

Carefully hold a piece of chalk up to the endhefpropeller shaft in order to just make
contact as the shaft rotates.

Turn the engine OFF to slow and stop the rotaifdhe propeller shatft.
Observe the location of the chalk mark on theeller shaft.

o If the chalk mark circles the entire propeller sladtier the first attempt, remove the
mark from the shaft and repeat steps 2 througbuchtthe chalk more gently to the
propeller shatft.

o If the chalk mark circles the entire propeller sladtier the second attempt, runout of
the propeller shaft may not be the cause of thiarisnce. Proceed to step 16.

o If the chalk mark is only on a small portion of fh@peller shaft, the mark identifies
the heavy spot of the propeller shaft. The heaay spthe propeller shaft will deflect
downward during rotation. Place a small mark orstiegt 180 degrees, directly
opposite the heavy spot and identify the mark edight spot. Proceed to step 8.

Install a band-type hose clamp to the propehaftas a weight, with the head of the clamp
directly on the light spot or 180 degrees, direoftposite the heavy spot.

Observe the amount of disturbance to the prapsHiait.

o If the amount of disturbance to the propeller shpfiears to be significantly reduced,
the balance achieved may be sufficient and thecheebhould be road tested to
determine the effect on the vibration concern. fidgwd of the clamp can be moved
very slightly, if necessary to refine the balanckieved.

o If the amount of disturbance to the propeller shpfiears to be almost unchanged or
even increased, proceed to step 10.

Add a second clamp to the propeller shaft, teettte first clamp and with the clamp heads
aligned.

Observe the amount of disturbance to the prepsiiaft.

o If the amount of disturbance to the propeller shpfiears to be significantly reduced,
the balance achieved may be sufficient and thecheebhould be road tested to
determine the effect on the vibration concern. fid®d of the clamps can be moved
very slightly an equal distance apart on eitheg sitithe light spot or moved slightly
while still aligned, if necessary to refine thedrale achieved.

o If the amount of disturbance to the propeller shpfiears to be almost unchanged or
even increased, proceed to step 12.
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12.

13.

14.

15.

16.

17.

18.
19.

Move the position of the clamp heads an equ#dudce on either side of the light spot
between 1 and 120 degrees apart from each otlhedtice the total amount of weight in
relation to the light spot.

Observe the amount of disturbance to the prepsiiaft.

o If the amount of disturbance to the propeller shpfiears to be significantly reduced,
the balance achieved may be sufficient and thecheebhould be road tested to
determine the effect on the vibration concernelfassary, continue to move the
position of the clamp heads an equal distancetbareside of the light spot to a
maximum of 120 degrees apart from each other, tngigreatest amount of reduction
in the vibration disturbance is achieved.

o If the amount of disturbance to the propeller shpfiears to be almost unchanged or
even increased, proceed to step 14.

Add a third clamp to the propeller shaft, nexthe first and second clamps and with the
head of the clamp directly on the light spot.

Observe the amount of disturbance to the prepsiiaft.

o If the amount of disturbance to the propeller shpfiears to be significantly reduced,
the balance achieved may be sufficient and thecheebhould be road tested to
determine the effect on the vibration concernelfassary, continue to move the
position of the first and second clamp heads aalatjstance on either side of the
light spot to a maximum of 120 degrees apart franhether, until the greatest
amount of reduction in the vibration disturbancaakieved.

o If the amount of disturbance to the propeller shpfiears to be almost unchanged or
even increased after a third clamp was used oprteeller shaft, the propeller shaft
likely requires replacement.

If the heavy spot of the propeller shaft cowddlre identified, install a band-type hose
clamp to the propeller shaft as a weight, withitbad of the clamp directly in-line with an
existing factory-installed weight.

Observe the amount of disturbance to the prepsiiaft.

o If the amount of disturbance to the propeller shpfiears to be significantly reduced,
the balance achieved may be sufficient and theckeebhould be road tested to
determine the effect on the vibration concern. fidgwd of the clamp can be moved
very slightly, if necessary to refine the balanckieved.

o If the amount of disturbance to the propeller shpfiears to be almost unchanged or
even increased, proceed to step 18.

Move the head of the clamp 180 degrees, diregihpsite the factory-installed weight.
Observe the amount of disturbance to the prepsiiaft.
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o If the amount of disturbance to the propeller shpfiears to be significantly reduced,
the balance achieved may be sufficient and thecheebhould be road tested to
determine the effect on the vibration concern. figwd of the clamp can be moved
very slightly, if necessary to refine the balanckieved.

o If the amount of disturbance to the propeller shpfiears to be almost unchanged or
even increased, the propeller shaft may requiracement.

DRIVELINE WORKING ANGLESADJUSTMENT

IMPORTANT: This procedure is intended to be used for  vehicles where the
following conditions are met:

e Vehicle trim heights are within specification guide lines.

o The vehicle exhibits no signs of aftermarket modifi cations
that may affect driveline working angles.

e The vehicle exhibits no signs of accident damage wh ich may
affect the position of the drive axle or axles, the propeller
shaft support bearing, if equipped or the transmiss ion or
transfer case, if equipped.

Drive axle wind-up may cause a launch shudder tiondeven when all of the driveline working
angles are within specifications. Drive axle winglaccurs when heavy torque during
acceleration causes the pinion nose to pivot upviaxdessively worn or damaged axle moun
components and/or overloading or unevenly loadiegvehicle may contribute to a launch
shudder condition.

1. For solid axles equipped with a leaf spring saosjo®, inspect the leaf springs, mount
bushings and mounting hardware for excessive wedamage.

2. For solid axles equipped with a non-leaf sprumgpension, inspect the suspension links and
link mounts and/or bushings for excessive wearaonabe.

3. For direct-mount axles, inspect any axle mouatkets for damage and inspect the axle
mounts and/or bushings for excessive wear or damage

4. Inspect the structure to which the suspensi@atlads to ensure no deformities or damage
exists.

5. Inspect the propeller shaft support bearing asseior damaged rubber components, worn
bearings, and/or a deformed/cracked bracket.

6. Inspect the propeller shaft support bearing assemmd mounting bracket, if equipped, for
loose or missing shims. Reinstall correctly or aeplany shims as necessary to ensure
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8.

9.

proper alignment of the support bearing assen

Inspect the structure to which the support beaassgmbly attaches to ensure no deforn
or damage exists.

Inspect any transmission or transfer case mawakbt or brackets for damage and inspect
the mount or mounts for excessive wear, damagéoraddformities.

Inspect the structure to which the transmissramamsfer case attaches to ensure no
deformities or damage exists.

10. Repair or replace parts as indicated by thegtgms.
11. If excessively worn or damaged parts were redaor replaced, re-measure the driveline

working angles and road test the vehicle to ensoper operation of the driveline system.

PROPELLER SHAFT PHASING CORRECTION

One Piece Propeller Shaft Phasing Corr ection

An out of phase single-piece propeller shaft iy wgwusual. If the phasing inspection procedure
revealed that prop shaft is not phased corretiywelded yokes are in the wrong position ol
shaft is damaged due to twisting and the propslieft requires replacement to restore proper
cancellation of the U-joints.

M ultiple-Piece Propeller Shaft Phasing Correction

1.

If the phasing inspection procedure revealedahabp shaft is not phased correctly to the
mating slip yoke, the end yoke is welded on invheng position, the slip yoke is mis-
aligned to the stub shaft or the shaft is damagedal twisting.

If the shatft if visibly damaged, it requires ra@ment.
If the shaft exhibits no visual physical defemtslamage, perform the following:

1. Remove the slip yoke from the stub shaft to dater if it is possible to reinstall the
slip yoke in a different position on the stub shaft

2. If the stub shatft is keyed to ensure proper aiggnt of the stub shaft and the slip yoke,
then the propeller shafts require replacementdimre proper cancellation of the U-
joints.

3. If the stub shaft is not keyed, attempt to rgrathe front shaft and slip yoke to each
other. Repeat the inspection procedure to configmrésults.

4. If proper phasing cannot be obtained, the prepshaft requires replacement to
restore proper cancellation of the U-joints.

DESCRIPTION AND OPERATION
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VIBRATION THEORY AND TERMINOLOGY

Vibration Theory

The designs and engineering requirements of vehinalee undergone drastic changes over the
last several years.

Vehicles are stiffer and provide more isolatiomirmad input than they did previously. The
structures of today's stiffer vehicles are lesseqisble to many of the vibrations which could be
present in vehicles of earlier designs, howevérations can still be detected in a more modern
vehicle if a transfer path is created between aing component and the body of the vehicle.

There are not as many points of isolation fronrt@l in many vehicles today. If a component
produces a strong enough vibration, it may overcihimexisting isolation and the component
needs to be repaired or replaced.

The presence/absence of unwanted noise and vibiatioked to the customer's perception of
the overall quality of the vehicle.

Vibration is the repetitive motion of an objectckand forth or up and down. The following
components cause most vehicle vibrations:

e A rotating component
e The engine combustion process firing impulses

Rotating components will cause vibrations when ssige imbalance or runout is present. Du
vibration diagnosis, the amount of allowable imbaor runout should be considered a
TOLERANCE and not a SPECIFICATION. In other wortlie less imbalance or runout the
better.

Rotating components will cause a vibration conedgnan they not properly isolated from the
passenger compartment: Engine firing pulses caletexted as a vibration if a motor mount is
collapsed.

A vibrating component operates at a consistent(kagh, mph or RPM). Measure the rate of
vibration in question. When the rate/speed is daterd, relate the vibration to a component that
operates at an equal rate/speed in order to pingi@rsource. Vibrations also tend to transmit
through the body structure to other componentstefbiee, just because the seat vibrates does not
mean the source of vibration is in the seat.

Vibrations consist of the following three elements:
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e The source - the cause of the vibration
o The transfer path - the path the vibration tratrisugh the vehicle
e The responder - the component where the vibrasidelti

Fig. 40: Identifying Unbalanced Tire Vibration
Courtesy of GENERAL MOTORS CORP.

In the preceding picture, the source is the unlsaldtire. The transfer path is the route the
vibrations travels through the vehicle's suspensystem into the steering column. The responder
IS the steering wheel, which the customer repartstaating. Eliminating any one of these three
elements will usually correct the condition. Degiftem the gathered information, which

element makes the most sense to repair. Addingaelio the steering column may keep the
steering wheel from vibrating, but adding a braceat a practical solution. The most direct and
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effective repair would be to properly balance the

Fig. 41: Identifying Exhaust Pipe Noise
Courtesy of GENERAL MOTORS CORP.

Vibration can also produce noise. As an examplesider a vehicle that has an exhaust pipe
grounded to the frame. The source of the vibrasidhe engine firing impulses traveling through
the exhaust. The transfer path is a grounded andsap exhaust hanger. The responder is the
frame. The floor panel vibrates, acting as a |lapgaker, which produces noise. The best repair
would be to eliminate the transfer path. Alignihg exhaust system and correcting the grounded
condition at the frame would eliminate the trangfaih.

Basic Vibration Ter minology
The following are the 2 primary components of vilma diagnosis:

e The physical properties of objects
o The object's properties of conducting mechanicaign

The repetitive up and down or back and forth moveéraéa component cause most customer
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vibration complaints. The following are the comneamponents that vibra

e The steering wheel
e The seat cushion

e The frame

e The IP

Vibration diagnosis involves the following simplatlne:

1. Measure the repetitive motion and assign a valtlegoneasurement in cycles per secor
cycles per minute.

2. Relate the frequency back on terms of the ratatispeed of a component that is operating
at the same rate or speed.

3. Inspect and test the components for conditicatsdhuse vibration.

For example, performing the following steps willjhndemonstrate the vibration theory:
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Fig. 42: Demondgrating Vibration Theory
Courtesy of GENERAL MOTORS CORP.

1. Clamp a yardstick to the edge of a table, leaabmgut 50 cm (20 in) hanging over the edge
of the table.

2. Pull down on the edge of the stick and releaskewhserving the movement of the stick.

The motion of the stick occurs in repetitive cyclBse cycle begins at midpoint, continues
through the lowest extreme of travel, then back thesmidpoint, through the upper extreme of
travel and back to the midpoint where the cyclariseggain.

The cycle occurs over and over again at the sar@rdrequency. In this case, about 10 cycles
in one second. If we measure the frequency toatette number of complete cycles that the

yardstick made in one minute, the measure woultiObeycles x 60 seconds = 600 cycles per
minute (cpm).

We have also found a specific amount of motionngplaude, in the total travel of the yardstick




2007 Saturn Outlook XE

2007 GENERAL INFORMATION Vibration Diagnosis and Correction - Outlook

from the very top to the very bottom. Redo the expent as follows

1. Reclamp the yardstick to the edge of a tablejigabout 25 cm (10 in) hanging over the
edge of the table.
2. Pull down on the edge of the stick and releaskewhserving the movement of the stick.

The stick vibrates at a much faster frequency:y&les per second (1,800 cycles per minute).

Cycle

Fig. 43: Identifying Powertrain Vibration Cycles

Courtesy of GENERAL MOTORS CORP.

CalloutsFor Fig. 43

Callout Component Name
1 1st Cycle
2 2nd Cycle
3 3rd Cycle
4 Time
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Fig. 44: Identifying Vibration Cycles|In Powertrain Components
Courtesy of GENERAL MOTORS CORP.

CalloutsFor Fig. 44

Callout Component Name
1 Spindle
2 Pinion Nose

The word cycle comes from the same root as the wiocte. A circle begins and ends at the <
point, as thus, so does a cycle. All vibrationssesirof repetitive cycles.

Frequency




2007 Saturn Outlook XE

2007 GENERAL INFORMATION Vibration Diagnosis and Correction - Outlook

YVANEYAY

Fig. 45: Ildentifying Vibration Frequency
Courtesy of GENERAL MOTORS CORP.
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CalloutsFor Fig. 45

Callout Component Name
1 Amplitude
2 Reference
3 Time in Seconds
4 1 Second

Frequency is defined as the rate at which an exanirs during a given period of time. With a
vibration, the event is a cycle and the periodroétis 1 second. Thus, frequency is expressed in
cycles per second.

The proper term for cycles per seconds is Hert3.(Has is the most common way to measure
frequency. Multiply the Hertz by 60 to get the @gbr revolutions per minute (RPM).

Amplitude
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Fig. 46: Identifying Vibration Amplitude
Courtesy of GENERAL MOTORS CORP.

CalloutsFor Fig. 46

Callout Component Name
1 Maximum
2 Minimum
3 Zero-to-Peak Amplitude
4 Peak-to-Peak Amplitude

Amplitude is the maximum value of a periodicallyyag quantity. Used in vibration diagnost
we are referring it to the magnitude of the distmde. A severe disturbance would have a high
amplitude; a minor disturbance would have a lowldoge.

Amplitude is measured by the amount of actual meveror the displacement. For example,
consider the vibration caused by an out-of-balaviweel at 80 km/h (50 mph) as opposed to 40
km/h (25 mph). As the speed increases, the amplincteases.

FreeVibration
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Free vibration is the continued vibration in theexre of any outside force. In the yards
example, the yardstick continued to vibrate evésr diie end was released.

Forced Vibration
Forced vibration is when an object is vibratingtomrously as a result of an outside force.

Centrifugal Force Dueto an Imbalance

90 180 270 360 90

Fig. 47: Identifying Centrifugal Force
Courtesy of GENERAL MOTORS CORP.

CalloutsFor Fig. 47

Callout Component Name
1 Location of Imbalance (Degrees)
2 Centrifugal Force Acting on Spindle

A spinning object with an imbalance generates &ifegal force. Performing the following ste
will help to demonstrate centrifugal force:

1. Tie a nut to a string.
2. Hold the string. The nut hangs vertically dugravity.
3. Spin the string. The nut will spin in a circle.
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Centrifugal force is trying to make the nut fly waird, causing the pull you feel on your hand
unbalanced tire follows the same example. Thesilta imbalance in the tire. The string is the
tire, wheel and suspension assembly. As the ve$jpded increases, the disturbing force of the
unbalanced tire can be felt in the steering whbelseat and the floor. This disturbance will be
repetitive (Hz) and the amplitude will increase .gher speeds, both the frequency and the
amplitude will increase. As the tire revolves, ittibalance or the centrifugal force, will
alternately lift the tire up and force the tire dovard, along with the spindle, once for each
revolution of the tire.

Natural or Resonant Frequency
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Fig. 48: View Of Natural Frequency
Courtesy of GENERAL MOTORS CORP.

The natural frequency is the frequency at whicblgect tends to vibrate. Bells, guitar strings
and tuning forks are all examples of objects thatltto vibrate at specific frequencies when

excited by an external force.
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Suspension systems and even engines within thetspdiatve a tendency to vibrate at cer
frequencies. This is why some vibration complanaisur only at specific vehicle speeds or
engine RPM.

The stiffness and the natural frequency of a n&ltbave a relationship. Generally, the stiffer the
material, the higher the natural frequency. Theosjip is also true. The softer a material, the
lower the natural frequency. Conversely, the greaiemass, the lower the natural frequency.

Resonance
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Fig. 49: Ildentifying Resonance Frequency Graph
Courtesy of GENERAL MOTORS CORP.

CalloutsFor Fig. 49
Callout Component Name
1 Frequency - CPS
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Suspension Frequency
Unbalanced Excitation
Point of Resonance
Problem Speed

abhlwiN

All objects have natural frequencies. The natuedudency of a typical automotive front
suspension is in the 10-15 Hz range. This natuegliency is the result of the suspension design.
The suspension's natural frequency is the sanevathicle speeds. As the tire speed increases
along with the vehicle speed, the disturbance edehy the tire increases in frequency.
Eventually, the frequency of the unbalanced tirk iniersect with the natural frequency of the
suspension. This causes the suspension to viliileantersecting point is called the resonance.

The amplitude of a vibration will be greatest & goint of resonance. While the vibration may

be felt above and below the problem speed, thathr may be felt the most at the point of
resonance.

Damping

Fig. 50: Identifying Low & High Damping
Courtesy of GENERAL MOTORS CORP.

CalloutsFor Fig. 50

Callout Component Name
1 Low Damping
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2 High Damping

Damping is the ability of an object or materiallissipate or absorb vibration. The automotive
shock absorber is a good example. The functioheoghock absorber is to absorb or dampen the
oscillations of the suspension system.

Beating (Phasing)
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Fig. 51: Identifying Beating Or Phasing
Courtesy of GENERAL MOTORS CORP.

Two separate disturbances that are relatively ¢together in frequency will lead to a condition
called beating or phasing. A beating vibration ¢od will increase in intensity or amplitude in
a repetitive fashion as the vehicle travels aeadst speed. This beating vibration can produc
familiar droning noise heard in some vehicles.

Beating occurs when 2 vibrating forces are addinggich other's amplitude. However, 2
vibrating forces can also subtract from each atlariplitude. The adding and subtracting of
amplitudes in similar frequencies is called beatingnany cases, eliminating either one of the
disturbances can correct the condition.

Order

Order refers to how many times an event occursigurirevolution of a rotating component.
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Fig. 52: Identifying First-Order Vibration
Courtesy of GENERAL MOTORS CORP.

For example, a tire with 1 high spot would creatksturbance once for every revolution of the
tire. This is called first-order vibration.
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Fig. 53: Identifying Second-Order Vibration
Courtesy of GENERAL MOTORS CORP.

An oval-shaped tire with 2 high spots would creathBsturbance twice for every revolution. This
is called second-order vibration. Three high spatsld be third-order and so forth. Two first-
order vibrations may add or subtract from the diaraplitude of the disturbance, but that is all.
Two first-order vibrations do not equal a secondeor Due to centrifugal force, an unbalanced
component will always create at least a first-onderation.

ELECTRONIC VIBRATION ANALYZER (EVA) DESCRIPTION AND OPERATION

Tools Required

J 38792-A Electronic Vibration Analyzer. Segpecial Tooals.
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TheJ 38792-A , electronic vibration analyzer (EVA), is a 124vpbwered hand-held device,
similar to a scan tool, which receives input frame#tached vibration sensor or accelerometer
and displays the most dominate input frequency(igs)o three) on its liquid crystal display. -
vibration concern frequency(ies) are obtained thindhe use of th& 38792-A while following

the Vibration Analysis Diagnostic Tables. The frexacy(ies) obtained, when applied to the
Vibration Analysis Diagnostic Tables, are used pamary input to help determine the source of
the vibration concern.

EVA Vibration Sensor

TheJ 38792-A vibration sensor incorporates a 6. Special Tools.1 m (20 ft) cord, that allov
the sensor to be placed on virtually any compoaottite vehicle where a vibration concern is
felt.

The J 38792-A contains 2 sensor input ports which can be aetilvatdividually to allow for 2
individual vibration sensor inputs. S8pecial Tools. The vibration sensors can then be plact

2 different locations in the vehicle and their sadual inputs can be read without having to st
test, move the sensor and resume the test. Thad Bsabration sensors can help in more quickly
finding and recording an accurate frequency oftheation concern and in more quickly making
comparisons between 2 different areas of a sirigonent or a vehicle system, during the
diagnostic process.

EVA Vibration Sensor Placement

Proper placement of th#e38792-A vibration sensor (accelerometer) is critical teusa that
proper vibration readings are obtained byXl38792-A . SeeSpecial Tools. The vibration
sensor should be placed on the specific vehiclgoooent identified as being the most respor
to the vibration. If no component has been idesdifinstall the sensor to the steering column
starting point.

EVA Vibration Sensor-to-Component Attachment

IMPORTANT: The J 38792-A vibration sensor must be at tached to vehicle

components in the manner indicated in order to achi eve accurate
frequency readings of the vibration disturbance. Se e Special
Tools .

The vibration sensor of thk38792-A is designed to pickup disturbances which primardgur
in the vertical plane, since most vibrations afeifethat same up-and-down direction. The
38792-A vibration sensor is therefore directional sensiamd must be attached to vehicle
components such that the side of the sensor m&iRad always facing upright and the sensor
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body is as close to horizontal as possible. Thsosanust be installed in the exact same pos
each time tests are repeated or comparisons aetmadther vehicles.

The J 38792-A vibration sensor can be attached to vehicle coeisnn various ways. For non-
ferrous surfaces, such as the shroud of a steewlnogin, the sensor can be attached using pu
hook and loop fasteners. For ferrous surfacesehsor can be attached using a magnet supplied
with the sensor.

EVA Software Cartridge

TheJ 38792-A uses a software cartridge, the J 38792-60, whiatiges various information to
theJ 38792-A . SeeSpecial Tools. The J 38792-60 provides the&8792-A with an additional
feature which can be selected and utilized totasstBagnosing vibration concerns.

IMPORTANT: The Auto-Mode function of the J 38792-A ¢  artridge, J 38792-60, is
designed to be used in SUPPORT of the Vibration Ana  lysis
Diagnostic Tables ONLY.

This support-feature is available through 3H#8792-A Auto-Mode function. Segpecial Tools.
When selected, th&38792-A will prompt the user to select which one of 2 eéhsystems
(vehicle speed or engine speed), is the SUSPEC®HI2es of the vibration concern. Using the
inputted vehicle data parameters along with the ohmsinate vibration frequency obtained, it
will identify a SUSPECTED source of the vibratiamcern, such as first-order tire and wheel.
This can be a useful feature when used in conpmetith the Vibration Analysis Diagnostic
Tables, to confirm results obtained through thgnilatic process.

EVA Smart Strobe Function

TheJ 38792-A can be used to identify some rotating componesteisnis which exhibit

imbalance IF the component rotational speed isidmainant frequency of the vibration concern.
SeeSpecial Tools. Thed 38792-A is equipped with a strobe light trigger wire whgam be use
with an inductive pickup timing lightl 38792-25 or equivalent included with the J 38792-KIT

or available separately. Using the Smart Strobetimn enables the user to input the vibration
frequency to which the strobe will flash. By maxkiihe suspected rotating component, such as a
pulley, adjusting the strobe frequency to matchdi@inant vibration frequency at the engine
RPM noted during diagnosis and then operatingiigene at that specific RPM, the mark on the
object will appear to be stationary if that objesambalanced.

EVA Srobe Balancing Function

TheJ 38792-A can be used to identify the light spot on a priepeahaft IF the propeller shaft
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rotational speed is the dominant frequency of theation concern. Segpecial Tools. TheJ
38792-A is equipped with a strobe light trigger wire whadn be used with an inductive pickup
timing light, J 38792-25 or equivalent included with the J 387REF or available separately a

in conjunction with the) 38792-A vibration sensor to identify the light spot onrageller shaft
and to help in making a determination as to whepglter shaft balance is obtained.

Aver aging/Non-Aver aging M odes

The EVA provides 2 modes of displaying the most itate frequencies which the EVA
vibration sensor (accelerometer) detects; averagidgion-averaging (instantaneous).

The averaging mode uses multiple vibration santplesn over a period of time and then disg
the most dominant frequencies which have been gedraut. Using the averaging mode
minimizes the distractions caused by a suddentudorérequency being displayed that is not
related to the concern vibration, such as fromhotgs or from uneven road surfaces.

The non-averaging (instantaneous) mode is moréigerts vibration disturbances than the
averaging mode. Using the non-averaging mode wilkgate instantaneous frequency displays
which are not averaged across multiple samplesaperiod of time; the specific vibration
frequencies that occur at a specific moment dutiagnostic testing will be displayed at that
moment. The non-averaging (instantaneous) mod&efsluwhen measuring a vibration
disturbance that exists for only a short periotiroé or during acceleration/deceleration testing.

When operating the EVA in the averaging mode alerly the Auto Mode, "A" will be
displayed along the top of the screen to the lethe vibration sensor input port being used.
When operating the EVA in the averaging mode asdMhnual Mode, "AVG" will be displaye
along the top center of the screen.

When operating the EVA in the non-averaging (irstagous) mode along with the Auto Mode,
“I" will be displayed along the top of the screertlte left of the vibration sensor input port be
used. When operating the EVA in the non-averagimgigntaneous) mode and the Manual Mode,
the top center of the screen will be blank.

EVA Display
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Fig. 54: View Of EVA Display
Courtesy of GENERAL MOTORS CORP.

The most dominant input frequencies, up to threegived from thd 38792-A vibration sensor,
are displayed in descending order of amplitudengthe SeeSpecial Tools.

The frequency readings are displayed along theilddt of the screen, followed to the right by
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either a bar graph or the suspected source oilihgtion- depending upon the mode selec

then the amplitude reading for each frequency albagight side of the screen. The top row of
the screen indicates the units of measure beipipgtied for the frequencies along the left side
and for the amplitudes along the right side. Tlertav also indicates the vibration sensor input
port which was selected on the keypad (A or B)whith mode was selected: averaging or non-
averaging (instantaneous).

The frequency(ies) can be displayed in either rgiais per minute (RPM) or revolutions per
second; Hertz (Hz). The selected display type (RPMz) will be indicated at the left side of
the screen, above the frequency readings.

When the AUTO MODE function is not in use, a baadr is displayed next to each frequency to
provide a quick visual indication of the relative@itude strength.

When the AUTO MODE function is being used, the saspd source of the vibration is displa
next to each frequency to provide support to thgrmbstic process.

The actual amplitude strength of each frequendysjgayed at the right side of the screen and
shown in G's-of-acceleration force.

VIBRATE SOFTWARE DESCRIPTION AND OPERATION

TheJ 38792-VS, Vibrate Software, is a computer software progvanch is designed to be
used in support of the Vibration Analysis diagrnottibles, along with th&38792-A , Electronic
Vibration Analyzer (EVA) and a scan tool, to hefpdetermining the source of a vibration
concern. Se&pecial Tools. Thed 38792-VSis designed to provide quick calculations and
produce a chart of the rotational speeds and freyuganges for specific vehicle systems and
components, based upon vehicle data parametetsadpay the user.

TheJ 38792-V S uses the vehicle data parameters, such as axiematnber of engine cylinders,
etc. to create the base chart, depicting the oglsttips of the various vehicle systems and/or
components. The chart view can be modified to stiata related to vehicle speed only, engine
speed only or both vehicle speed and engine sp&ediser can then plot the dominant frequ
reading obtained on tlk38792-A which correlates with the vibration concern areléhgine
RPM obtained on a scan tool which correlates vihdoncern. Segpecial Tools. Once these
pieces of data are correctly plotted, the charltpuint to the source of the vibration concern,
which should confirm the results obtained throughfollowing the Vibration Analysis
diagnostic tables.

REED TACHOMETER DESCRIPTION
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Fig. 55: Identifying Reed Tachometer
Courtesy of GENERAL MOTORS CORP.

The reed tachometer consists of 2 rows of reedsged side-by-side. Each reed is tuned to
vibrate or resonate when it is excited by a spe@iéquency. The reeds are arranged by their
specific resonant frequency, increasing from efight, ranging from 10-80 Hz. This
arrangement allows for a visual display of the ndashinate frequencies which fall within this
range.

The reed tachometer can be a helpful diagnostichoaever it is extremely sensitive to extel
inputs that are not related to the vibration comcsuch as rough road surfaces, etc. and it is
difficult to master its use. Due to these condgidhe reed tachometer has limited diagnostic
capability.

Due to the limited diagnostic capability, limitedagdability and increasing costs of the reed
tachometer, it is NOT recommended as the primayttouse in diagnosing a vibration concern.

When diagnosing a vibration concern, useXB8792-A , electronic vibration analyzer (EVA).
SeeSpecial Tools. Thed 38792-A has been designed to overcome the shortcominge reed
tachometer. Refer tlectronic Vibration Analyzer (EVA) Description and Operation.
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SPECIAL TOOLS AND EQUIPMENT

SPECIAL TOOLSAND EQUIPMENT

Special Toolsand Equipment

[Hlustration

Tool Number/Description

J 7872
Magnetic Base Dial Indicator Set

J 8001
Dial Indicator Set

J 23409
Dial Indicator Extension - 7 5/8 in
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J 23498-A
Driveshaft Inclinometer

J 23498-20
Driveshaft Inclinometer Adapter
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J 35819
Flange Runout Gage

J 38792-A
Electronic Vibration Analyzer 2

J 38792-VS
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Vibrate Software

J 38792-20
20-Foot Timing Light Power Cord Extensfon




2007 Saturn Outlook XE

2007 GENERAL INFORMATION Vibration Diagnosis and Correction - Outlook

J 38792-25
Inductive Pickup Timing Light
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J 38792-27
6-Foot EVA Power Cord Extension




