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ALD(- S Situation in the Field in ~

ENTIRE PAGE G IDENTIAL

Status: 11/25/2009

Summary

=3

Status:

Faulty pumps indicate ingress of fuel as a result of smoothed camshafts caused by
slippage and wear on the shaft sealing ring

In some cases, coatings and signs of wear were found on the piston.

It was agreed that "good" pumps would be replaced. The analysis of the
production data offers an initial indication of C coating batches.

Further action:

Deployment of the FCT in - to clarify the market-specific special features. 100%
return of all field complaints worldwide Detailed analysis of the systems replaced
by FCT, including fuel, will continue. Further analysis of the production data.
Analysis of the differences in the systems of different vehicle types. Ishikawa
diagram is produced (see slide 2) and will be systematically

processed.

Special features:

50% of the vehicles analyzed failed after a short distance after

refuelling. In 2 out of 10 cases water was found in the fuel.
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.. . ENTIRE PAGE GONFEIDENTIAL
Di- CP4 Situation in the Field in ceopener Status: 11/25/2009

oved

. Influence unconfirmed

CP4.2 vs. CP4.1 Import procedure CP4 components O Open
\ 3.1 Roller support
Ot Tra 2.1 Transport —— . Influence confirmed

1.2 Number of pistons 2.2 Start-up
3.3 Cam roller (texture, form)
1.3 Cam stroke 2.3 Service life
3.4 Camshaft (surface of cam path, form}
1.4 Clutch
3.5 Casing
1.5 Assembly
3.6 Assembly
1.6 End customer

(rental car,...) 3.7 Piston return spring

3.8 Cylinder head

3.9 High pressure piston

, CP4.2 drivetrain
damage in

5.6 Oxication stability 5.5.2 Summer/winter diesel
5.5.1 Temperature dependence
5.5 Lubrication
properties
; ? 5.4.2 Summer/winter diesel
5.4.1 Temperature dependence
5.4 Viscosity

5.3 Particles (< 10 um)

4.2.2 Airingress

4.3 Load collective 21 opflow vs. Tetim

4.2.1 dp flow vs. retum
4.2 Low pressure circuit

—O 4.1 Inlet temperature

4.0 Load collective

5.1.3 Salts (chem. reaction)

4.1.1 Coolant

5.1.2 Formation of coating
5.1.1 Increase in proportion of bicdiesel

5.2 Additives
5.1 Biodiesel

6.0 Vehicle type/model
5.0 Water (free, in solution)

Shift lines Fuel Operating conditions / system / environment
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ENTIRE PAGE C(

¢;D{- T4 Situation in the Field in =™ Status: 11/25/2009

Operating conditions / Environment / System

Local FCT team in [

Status: 10 vehicles analyzed.
Complete systems from 9 cars sent to Bosch for
analysis

Result: 100% drivetrain damage

Nothing unusual in low pressure circuits

Further action: Analysis of other vehicles
Analysis of delivery stores

Special features: Procedure for venting pumps after repairs
(examples) was not generally known.
50% of the vehicles analyzed failed after a short
distance after




ENTIRE PAGE G IDENTIAL

$D{- Ci4 Situation in the Field in ™ Status: 11/25/2009

Components, fuels

Findings

Status: 29 pumps analyzed, 9 from FCT action.
System components and fuels under analysis.

Result: CP4: partial coating,high level of WDR wear and
signs of wear on the piston. Splinters in the suction
valve Major smoothing of the cam shafts on 3 not
fully destroyed pumps.

Further action: Detailed analysis of the components and fuels.
Analysis the splinters in the suction valves.

Special features: none
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ENTIRE PAGE G IDENTIAL

ALCD(- T4 Situation in the Field in " Status: 11/25/2009

CP4 components

Production data analysis

Status: Data preparation of cam roller, roller supoort and cam shaft
for 2 pump FD (unusual / not unusual) complete.

Result: All parameters, e.g. roughness, straightness,... no
significant differences.
Focus on 2 batches C coating for roller support from the
critical period

Further action: Detailed analysis of these 2 batches of roller shoes
Analysis of other production parameters

Special features: C-coating deposits from ATMO after production correlated
with unusual features, date 03/2008. Further analysis
required

s T . () BOSCH




ENTIRE PAGE G IDENTIAL

$D{- CF4 Situation in the Field in 7 Status: 11/25/2009

Operating conditions / Environment / System
Obtain 40 good pumps

Status: Vehicles identified, importer to contact owners.
Importer has new pumps for replacement.

Result: t.b.d.
Further action: First returns not expected before week 50.
Special features: none
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ENTIRE PAGE CONEIDENTIAL

Di- i Situation in the Field in ™ Status: 11/25/2009

AQUA: Active quality analysis Audi, marke‘l:- Confidential

Status: 10/09-20.11.09 15 :10 ) Without PR numbers
Sourceluser: - - MY 2008 - 2010, Offset: all (max. 3) CUSTOMER NO. 2374

Customer no. / Groups: High-pressure fuel pump

CAMA|CAMB|CANA|CANB|CANC|CAND|CASA|CASB|CASC|CASD|CCWA|CCWB|CDYA|CDYB|CDYC|CGKA|CGKB

My MIS 0 MIS 1 MIS 3 MIS 6 MISS MIS12 MIS 18 MY Replacement g SA10 SA17 SAS50 SA1E8
2008 0.0 1.7 20 10,3 180 278 738 2008 1000% 7O7% T749% 5.0 % 75% 21%
2009 0.1 0.2 1.2 43 B2 13.8 2009 ©80% B853% B813% 147% 27% 13%
2010 0.0 0.0 57 2010 100.0% 100.0% 50 % 50 %
Diff%  -100 -100 104.41 MEC ERR  MAJOR LEAK MINOR
_Spot check vehicles Vehicle suppression: ; sy
b 3 2 o -] 3 3 & 2 ] - =] [ = = = s o 2 e - =
- ™~ o~ 2 L] Lo o~ oy oy - L] o P w0 w0 w @« -~ w -~ -
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S
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CP42 AU all engine codes V5 ITA 08-10

Vehicles: 2.389+12.041+5.434-20864 Sold:t 3.386+11.357+3.740~15.433;S%p.; 2.335+7.730+2.800-12 855 MY: 2008+200%+201C=Total
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ENTIRE PAGE CONEIDENTIAL

ALD- Si4 Situation in the Field in""™ Status: 12/2/2009

Summary

> Status of new information since last update on 11/26/09:

20 fuel samples were examined as part of a fuel survey INSIENESIN- 1he
proportion of biodiesel was increased (implementation B7) in 07/2009. There is
evidence of old fuel on the market; in 4 samples the oxidation stability was outside
of tolerance levels and the TAN (acidity coefficient) is generally higher than usual
by a factor of 2. Free water was found in 3 out of 12 fuel samples from faulty
pumps and in one case the TAN was also elevated.

Traces of corrosion, black/ brown coatings and polished camshafts were found, a
clear indication of tribochemical wear. A probable failure hypothesis was drawn up
(see slide 6).

The analysis of the production and C coating data indicated nothing unusual.
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ENTIRE PAGE G

ALDI- CP4 Situation in the Field in""™" Status: 12/2/2009

Summary

- Further action:
Detailed analysis of the fuel injection systems replaced by FCT, including fuel and

fuel filters, will continue. Further analysis for as yet unspecified influences in
production is being carried out on the basis of reference samples.

First results of analysis of system differences in different vehicle types offer no
answers, more detailed analysis in train.
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ENTIRE PAGE CONEIDENTIAL

Di- Ci*4 Situation in the Field in Status: 12/2/2009

. Influence unconfirmed
Import CP4

procedure components O Open

3.1 Roller support

VW vs. Audi CP4.2 vs. CP4.1

1.1 Transmission 2.1 Transport

. Influence confirmed

Comparison between
longitudinal and
transverse installation

3.2 Governor
1.2 Number of pistons 2.2 Start-up
3.3 Cam roller {texture, form)
1.3 Cam stroke 2.3 Senvice life
3.4 Camshaft (surface of cam path, form)
1.4 Clutch
3.5 Casing
1.5 Assembly
3.6 Assembly
1.6 End customer
(rental car,...)

1.7 CP4.2 fails twice as
often as CP4.1

3.7 Piston retumn spring

3.8 Cylinder head

3.9 High pressure piston

» CP4.2 drivetrain

5.6 Oxidation stability —O 55.2 summefwinterdiesel damage "_
5.5.1 Temperature
5.5 Lubrication 422 Airingress

properties
5.4.2 Summer/winter diesel
5.4.1 Temperature
5.4 Viscosity

5.3 Particles (< 10 pm)

4.3 Load collective 4.2.1 dp flow vs. retum

4.2.1 dp flow vs. return
4.2 Low pressure circuit

5.1.3 Salts (chem. reaction)

4.1.1 Coolant

5.1.2 Formation of coating 4.1 Inlet temperature

5.1.1 Increase in proportion of

5.2 Additives

5.1 Biodiesel 4.0 Load collective

6.0 Vehicle type/model
5.0 Water (free, in solution)

Shift lines Fuel Operating conditions / system / environment
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ENTIRE PAGE CONEIDENTIAL

AUD(- Ci*4 Situation in the Field in™™ Status: 12/2/2009

Operating conditions / Environment / System

Local FCT team z';;-af.'.:

Status:

Result:

Further action:

Special features:
(examples)

Diesel Systems
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Complete fuel injection systems from 16 vehicles
including fuel filters and fuel pumps from supply stores
have been sent to Bosch for analysis.

100% drivetrain damage.
7/7 analyses of low pressure circuits showed nothing
unusual.

FCT team will stand down until new information
requires further action.

Free water found in the fuel in 3 vehicles.
2 vehicles with deposits in the tank (swirl pot)

) BOSCH




ENTIRE PAGE CONEIDENTIAL

iD{- Ci?4 Situation in the Field in ™ Status: 12/2/2009

Components, fuels

Findings

Status: 29 pumps analyzed, 9 from FCT action.
Detailed analysis carried out. 7 damage hypotheses
developed.

Resuli: 8/9 signs of corrosion, 8/9 black coating,
4 polished camshafts, 9/9 feature 90° turned tappet.
Most likely damage hypothesis (see slide 6) is
therefore tribochemical wear and tear.

Further action: Further detailed analysis of components and fuels
from FCT action.

Special features: Water and acid (twice as high as usual) found probably

from spilled biodiesel.

T . () BOSCH




ENTIRE PAGE.CONEIDENTIAL

AUEH- C#4 Situation in the Field in Status: 12/2/2009

Failure hypothesis 4: Fuel additives -> Tribochemicals

Chain of events Indicators Number of local actions

Indicators FAME (acid)

Reactive components in
the fuel (additive, acid + y "
water) > Water indicators —— 8 out of 9 pumps
Formation Surface smoothing, cams 360° 4 out of 9 pumps

and _|
Bruss shaft seal very worn

removal of oxides

2 out of 3 pumps

reddish brown or black coating
(e.g. camshaft bearing)

v

7 out of 8 pumps

v

Reduction
Frictional coefficient of

roller contact
(safety clearance

frictional Co‘rﬁdem cam - Transfer of material to the cam(adhesion)
rolickroliersupnort ieduced) | | - central wear and tear on roller support and 5 out of 9 pumps
y cam roller
Macroscopic S_Iiding of - Abrasion on cam roller
cam roller (slippage) ®| - Wearon roller support with pressing profile
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ENTIRE PAGE.CONEIDENTIAL

AL:D0- T4 Situation in the Field ir Status: 12/2/2009

CP4 components

Production data analysis
Status: Data preparation of cam roller, roller support and cam shaft

for 2 pump FD (unusual / not unusual) complete. Detailed
analysis of C coating batches carried out.

Result: Nothing unusual in any parameters (see slides 8 and 9).

Further action: Analysis of previously unspecified influenced on the basis of
reference samples.

Special features: none
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N _ ~ ENTIRE PAGE CONFEIDENTIAL
A~ T4 Situation in the Field in

Roller support

rol

er

Status: 02.12.2009

Designation Data Scope of Comparison

available in spot check | Jan/Feb 2008
Oct/Nov 2008

@ extent of wear SPC 3 of 480

before C layer

Parallelism Paper 3 of 480

after C layer

Straightness Paper 3 of 480

after C layer

Straightness Paper 3 of 480

after C layer

Straightness Paper 3 of 480

after C layer

Roundness Paper 3 of 480

after C layer

Rmr Paper 3 of 480

after G layer

Rpmax SPC 3 of 480

after C layer

Rvmax Paper 3 of 480

after C layer

8
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Designation Data Scope of Comparison
available in spot check Jan/Feb 2008
Oct/Nov 2008
Surface Incoming 3 per goods in
texture goods data in process
SAP, elec. Approx. 10,000
readable
Rmrmax Incoming 3 per goods in
goods data in process
SAP, elec. Approx. 10,000
readable
Parallelism Incoming 3 per goods in
goods data in process
SAP, elec. Approx. 10,000
readable
Roundness Incoming 3 per goods in
goods data in process
SAP, elec. Approx. 10,000
readable
9] Incoming 3 per goods in
goods data in process
SAP, elec. Approx. 10,000
readable




ENTIRE PAGE CONFIDENTIAL

ALD(- T4 Situation in the Field in™ Status: 12/2/2009

Camshatft Tappet module

Designation Data Scope of Comparison
. " 5 available spot check Jan/Feb 2008
Designation Data Scope of Comparison in P Oct/Nov 2008
available in spot check Jan/Feb 2008
Oct/Nov 2008 Frictional Central 100%
fici
Parallglism Paper 1 of 96 Gt computer
- 90° angle Central 100%
Parallelism SPC 1 of 96 computer
Straightness SPC 1 of 96
Deviation in form Paper 10of 96 No values available from v
pcd 1 C coating
Deviation in form Paper 1of 96 No values available from
period 1
Designation Data Scope of Review period Nov. 2007 -
Surface texture Paper 10f 96 available | spotcheck | March 2008
in..
Surface texture SPC 1 of 96 Coating Excel 3 of 2880
thickness
Surface texture Paper 1 of 96 Adhesion Excel 3 of 2880

Diesel Systems
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ENTIRE PAGE CONFIDENTIAL

AUD(- T4 Situation in the Field in™ Status: 12/2/2009

Operating conditions / Environment / System
Obtain 40 good pumps

Status: Vehicles identified, importer to contact owners.
Importer has new pumps for replacement.

Result: t.b.d.
Further action: First returns not expected before week 50.
Special features: none

Diesel Systems

tial - 02.12.2009 | @ Robert Bosch GmbH 2008. All rights reserved, including in relation to all disposal, reuse, reproduction
,as wella Istrat its

10




ENTIRE PAGE CONFIDENTIAL

AUDI- CP4 Situation in the Field in Status: 12/2/2009

AQUA: Active quality analysis Audi, market: - Confidential
Status: 10/09-20.11.09 15 :10 Without PR numbers

Source/user: MY 2008 — 2010, Offset: all (max. 3) CUSTOMER NO. 2374
Customer no. / Groups: High-pressure fuel pump
CAMA|CAMB|CANA|CANB|CANC|CAND|CASA|CASB|CASC|CASD|CCWA|CCWB|CDYA|CDYBI|CDYC|CGKA|CGKB

MY MISO MIS1 MIS3 MISE MISS MIS12 MIS 18 MY Replacement LB SA10 SA17 SAS50 SA18
2008 0.0 17 30 10.2 12.0 27.8 73,8 2008 100.0% 7087% 749% 150% 75% 21%
2009 0.1 0@ 1.0 4.3 8.2 138 2009 ©06.0% 853% 8123% 147% 27% 13%
2010 0.0 0.0 57 2010 100.0% 1000% 50% 50%
Diffe  -100 =1 1044 MEC ERR MAJOR LEAK MINOR
Spot check vehicles Vehicle suppression]
2 -3 2 = R 2 3 a 2 & - B o 2 X [ [ ° 2 o < 5
- ™~ o~ L ] (] (] o~ wr uw s o o ~ o w w o« ~ w r~ -
80
Model year2008 Model year 200p Model year2p10
. 60 -4
ﬁ ,"'
2 \ r A
g \ 7 7
2 \ / /
o 40 2 #
Q A ! /
% L\ J ,'Q.
E \ ) g ,_ﬁ‘ \
o |
] l" { / » NN \,/
Q 20 < 1 li' va i P Al
\/ > A 1. &
N ¥ P s / NN \ 59
°\\\/ b das AR ML - -
oV e - i B § e 1 -, 3
— P ’/“n.“ o .. ST . x " / o PO o e N & "x..‘
0 \ _i’[, - =y ] . ‘h—‘”‘: e i e " $ — ."x § £ 1 e q n
10 11 12 o az a3 0s 05 s 07 08 oz 10 11 12 a1 az 03 o4 0s 06 o7
2007 2008 200%

Vehicles:3.289+12.041+5.434=-20.864; Sold: 3.356+11.357+3.740~16.483;51p.: 2.335+7.730+2.300~12.8565; MY:2008+200%+2010 =Total
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. ; __ ENTIRE PAGE CONFIDENTIAL
ALED0- 4 Situation in the Field in Status: 12/2/2009

Summary

=

Status of new information since last update on 11/26/09:

20 fuel samples were examined as part of a fuel survey in Northern - The
proportion of biodiesel was increased (implementation B7) in 07/2009. There is
evidence of old fuel on the market; in 4 samples the oxidation stability was outside
of tolerance levels and the TAN (acidity coefficient) is generally higher than usual
by a factor of 2. Free water was found in 3 out of 12 fuel samples from faulty
pumps and in one case the TAN was also elevated.

Traces of corrosion, black/ brown coatings and polished camshafts were found, a
clear indication of tribochemical wear. A probable failure hypothesis was drawn up

(see slide 6).

The analysis of the production and C coating data indicated nothing unusual.

Diesel Systems
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ENTIRE PAGE CONFIDENTIAL

ALD(- T4 Situation in the Field in ' Status: 12/2/2009

Summary

> Further action:
Detailed analysis of the fuel injection systems replaced by FCT, including fuel and

fuel filters, will continue. Further analysis for as yet unspecified influences in
production is being carried out on the basis of reference samples.

First results of analysis of system differences in different vehicle types offer no
answers, more detailed analysis in train.

Diesel Systems

2 Confidential _ 02.12.2009 | @ Robert Bosch GmbH 2008. All rights reserved, including in relation to all dispesal, reuse, reproduction
of special industrial property rights

processing and distribution, as well as reg



ENTIRE PAGE CONFIDENTIAL

Di- T4 Situation in the Field in | Status: 12/2/2009

Influence unconfirmed
Import CP4 .

procedure components O Open

3.1 Roller support

VW vs. Audi CP4.2 vs. CP4.1

1.1 Transmission 2.1 Transport

Comparison between
longitudinal and
transverse installation

. Influence confirmed

1.2 Number of pistons 2.2 Start-up
3.3 Cam roller (texture, form)
1.3 Cam stroke 2.3 Senvice life
3.4 Camshaft (surface of cam path, form)
1.4 Clutch
3.5 Casing
1.5 Assembly
3.6 Assembly
1.6 End customer
(rental car,...)

1.7 CP4.2 fails twice as
often as CP4.1

3.7 Piston return spring

3.8 Cylinder head

3.9 High pressure piston

. CPA4.2 drivetrain

interdissel damage in i}

4.2.2 Airingress

—Q 5528
5.6 Oxidation stability .54 TosiipérEn K

dependence

5.5 Lubrication
properties

5.4.2 Summer/winter diesel 4.2.1 dp llow vs. retum

4.3 Load collective
5.4.1 Temperature dependence 4.2.1 dp flow vs. retum

5.4 Viscosity 4.2 Low pressure circuit
5.3 Particles (< 10 um) 5.1.3 Salts (chem. reaction)
5.1.2 Formation of coating

5.1.1 Increase in proportion of biodiesel

4.1.1 Coolant

1 4.1 Inlet temperature
5.2 Additives

5.1 Biodiesel 4.0 Load collective

6.0 Vehicle type/model
5.0 Water (free, in solution)

Shift lines Fuel Operating conditions / system / environment
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ENTIRE PAGE CONFIDENTIAL

AUD{- P4 Situation in the Field in | Status: 12/2/2009

Operating conditions / Environment / System

Local FCT team in GG

Status:

Resuli:

Further action:

Special features:
(examples)

Dlesel Systems

02.12.2009 | ® Rober

N pors jec

Complete fuel injection systems from 16 vehicles including fuel
filters and fuel pumps from supply stores have been sent to
Bosch for analysis.

100% drivetrain damage.
7/7 analyses of low pressure circuits showed nothing unusual.

FCT team will stand down until new information requires further
action.

Free water found in the fuel in 3 vehicles.
2 vehicles with deposits in the tank (swirl pot)
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ENTIRE PAGE CONFIDENTIAL

AL:D(- CP4 Situation in the Field in= Status: 12/2/2009

Components, fuels

Findings
Status: 29 pumps analyzed, 9 from FCT action.

Detailed analysis carried out. 7 damage hypotheses developed.
Result: 8/9 signs of corrosion, 8/9 black coating,

4 polished camshafts, 9/9 feature 90° turned tappet.
Most likely damage hypothesis (see slide 6) is therefore
tribochemical wear and tear.

Further action:  Further detailed analysis of components and
fuels from FCT action.

Special features: Water and acid (twice as high as usual) found probably from
spilled biodiesel.

Diesel Systems
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ENTIRE PAGE CONFIDENTIAL

AUEH- C#4 Situation in the Field in | Status: 12/2/2009

Failure hypothesis 4: Fuel additives -> Tribochemicals

Chain of events Indicators Number of local actions

Indicators FAME (acid)

Reactive components in

the fuel (additive, acid + v
water) > Water indicators —— 8 out of 9 pumps
Formation Surface smoothing, cams 360° 4 out of 9 pumps

and
_‘—b Bruss shaft seal very worn

removal of oxides 2 out of 3 pumps

reddish brown or black coating

b A (e.g. camshaft bearing)
Reduction

Frictional coefficient of

roller contact
(safety clearance frictional

7 out of 8 pumps

v

coefficient cam roller/roller - Transfer of material to the cam (adhesion
SeRpUT {odaor | | - central wear and tear on roller s(upport angi 5 out of 9 pumps
cam roller
Macroscopic sliding of - Abrasion on cam roller
cam roller (slippage) | - Wearon roller support with pressing profile

Diesel Systems
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FIDENTIAL

ALD(- TF4 Situation in the Field i ' Status: 12/2/2009

CP4 components

Production data analysis

Status: Data preparation of cam roller, roller support and cam
shaft for 2 pump FD (unusual / not unusual) complete.
Detailed analysis of C coating batches carried out.

Result: Nothing unusual in any parameters (see slides 8 and 9).
Further action: Analysis of previously unspecified influenced on the

basis of reference samples.

Special features: none

Diesel Systems
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ENTIRE PAGE CONFID

AUD[- CP4 Situation in the Field in

Roller support

ENTIAL

rol

er

Status: 12/2/2009

Designation Data Scope of Comparison
available in spot check | Jan/Feb 2008
Oct/Nov 2008

@ extent of wear SPC 3 of 480

before C layer

Parallelism Paper 3 of 480

after C layer

Straightness Paper 3 of 480

after C layer

Straightness Paper 3 of 480

after C layer

Straightness Paper 3 of 480

after C layer

Roundness Paper 3 of 480

after C layer

Rmr Paper 3 of 480

after C layer

Rpmax SPC 3 of 480

after C layer

Rvmax Paper 3 of 480

after C layer

Diesel Systems
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Designation Data Scope of Comparison
available in spot check Jan/Feb 2008
Oct/Nov 2008
Surface Incoming 3 per goods in
texture goods data in process
SAP, elec. Approx. 10,000
readable
Rmrmax Incoming 3 per goods in
goods data in | process
SAP, elec. Approx. 10,000
readable
Parallelism Incoming 3 per goods in
goods data in process
SAP, elec. Approx. 10,000
readable
Roundness Incoming 3 per goods in
goods data in process
SAP, elec. Approx. 10,000
readable
%) Incoming 3 per goods in
goods data in | process
SAP, elec. Approx. 10,000
readable

BOSCH



ENTIRE PAGE CONFIDENTIAL

Status: 12/2/2009

Camshatft Tappet module

Designation Data Scope of Comparison
Designation Data Scope of Comparison ::fallable spot check gﬂ;ﬁ: 2008
available in spot check Jan/Feb 2008
Oct/Nov 2008 Frictional Central 100%
Parallelism Paper 1 of 96 coefficient computer
Parallol b ; 90° angle Central 100%
arallelism SPC of 96 computer
Straightness SPC 1 of 96
Deviation in form Paper 1 of 96 No values available from .
pr 1 C coating
Deviation in form Paper 1 of 96 No values available from
period 1
Designation Data Scope of Review period Nov. 2007 -
Surface texture Paper 1 0f 96 available | spot check March 2008
in..
Surface texture SPC 1 of 96 Coating Excel 3 of 2880
thickness
Surface texture Paper 1 of 96 Adhesion Excel 3 of 2880

Diesel Systems
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ENTIRE PAGE CONFIDENTIAL

ALDI(- TF4 Situation in the Field in " Status: 12/2/2009

Operating conditions / Environment / System
Obtain 40 good pumps

Status: Vehicles identified, importer to contact owners.
Importer has new pumps for replacement.

Result: t.b.d.
Further action: First returns not expected before week 50.
Special features: none

Diesel Systems
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ENTIRE PAGE CONFIDENTIAL
AUDI- CP4 Situation in the Field in

Status: 12/2/2009

AQUA: Active quality analysis
11.09 15 :10

Audi, market-

MY 2008 — 2010, Offset: all (max. 3)
Customer no. / Groups: High-pressure fuel pump

tent remove

My MIS 0

Confidential
Without PR numbers
CUSTOMER NO. 2374

CAMA|CAMB|CANA|CANB|CANC|CAND|CASA|CASB|CASC|CASD|CCWA|CCWBI|CDYA|CDYBI|CDYC|CGKA|CGKB

MIS1 MIS3 MISE MISS MIS12 MIS 18 MY Replacement LB SA10 SA17 SAS0 SA18
2008 0.0 17 30 102 12,0 27.8 73.8 2008 1000% 707% 749% 150% 75% 21%
2009 0.1 08 1.0 4.3 8.2 138 2009 ©08.0% B853% B813% 147% 27% 13%
2010 0.0 0.0 57 2010 100.0% 1000%  50% 50%
Diffe  -100 =1 104,41 MEC ERR MAJOR LEAK MINOR
Spot check vehicles Vehicle suppression: su
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®
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= \ i /
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Q A ! /
% L\ /! ;'Q
g \ 7 / P 4 ﬁ‘ \
1 ! '_‘ 7 N
o \ Y
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2007 2008 200%

Vehicles:3.239+12.041+5.434-20.864; Sold: 3.386+11.357+3.740~-18.433,Stp.; 2.335+7.730+2.300~12.8565; MY:2005+2002+2010
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ENTIRE PAGE GONEIPDENTIAL

AUD(- T4 Situation in the Field in 5@ Status: 12/2/2009

Summary

=5

Status of new information since last update on 12/2/09:

20 fuel samples were examined as part of a fuel survey in The
proportion of biodiesel was increased (implementation B7) in 07/2009. There is
evidence of old fuel on the market; in 4 samples the oxidation stability was outside of
tolerance levels and the TAN (acidity coefficient) is generally higher than usual by a
factor of 2-3. Additional information from the analysis of the fuels and linings brought
along by the FCT team Algae found in the first sample, which can form acid as
metabolic by-product

Signs of corrosion, black/brown coatings and polished camshafts. The new
information also points to tribochemical wear on other faulty mechanisms (no. 2 + 3)
1. Tribochemical wear

2. Deposit/ coatings from algae and oxidation products and therefore a significant
deterioration in frictional coefficient.

3. Corrosion on the surface of cams and roller

Diesel Systems
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ENTIRE PAGE GONEIPDENTIAL

ALED[- T4 Situation in the Field in goyeen Status: 12/2/2009

Summary

> Further action:

Continuation of the detailed analysis of fuel injection systems replaced by FCT,
including fuel and fuel filter Further analysis for influences as yet unspecified in the
drawing in production is being carried out on the basis of reference samples. For
this, 50 reference samples will be analyzed in detail (production data and visual
inspection)

Different problems between longitudinal and transverse installations and between
Audi and VW involving the same pump are to be analyzed, in particular in relation
to system differences (how does water reach the pump?)

Evaluations will take the form of an Ishikawa diagram.

Diesel Systems
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ENTIRE PAGE GONEIPDENTIAL

AUDI- T4 Situation in the Field in sz Status: 102/2/2009

Operating conditions / Environment / System

Mon-responsive c

Local FCT team ﬂtent removed

Status: 18 vehicles examined at local level and 4 systems
received from damaged parts stores. Complete fuel
injection systems including fuel filters and fuel pumps
have been sent to Bosch for analysis.

Result: 12/12 cases of drivetrain damage from local actions.
2/4 cases of drivetrain damage from damaged parts
stores systems
7/7 analyses of low pressure circuits showed nothing
unusual.

Special features: Free water found in the fuel in 3 vehicles.
4 vehicles with deposits in the tank (swirl pot)
- 1x reddish, sticky coatings,
- 1x white flocculation,
- 2x dark/ black particles

Diesel Systems
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ENTIRE PAGE GONEIPDENTIAL

AUDI- T4 Situation in the Field in .=~ Status: 12/2/2009

- Fuels
Findings

Status: 20 fuel samples analyzed from survey.
10 fuel samples analyzed from FCT.

Result: Survey:
Oxidation stability was found to be outside the tolerance in 4 fuel samples and the

TAN (acid coefficient) is generally 2-3 times higher than usual, probably due to
spilled biodiesel.

FCT:
Oxidation stability was found to be outside the tolerance in 2 fuel samples.

In the first analysis of the coatings, algae were found in the fuel.

Other coatings from other pumps are under analysis and probably also contain
algae. Fuels containing microorganisms always contain free water. This is also
consistent with the slight acidification of another fuel sample from the same
damage scenario. Algae develop acids as metabolized material.

Dleselw @ BOSCH
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ENTIRE PAGE GONEIPDENTIAL

AUDI- R4 Situation in the Field in .= Status: 12/2/2009

> Components
Findings

Status:

Result:

Diesel Systems

16 pumps analyzed.
Various damage hypotheses developed.

The analysis of the pumps produced the following picture

- 14/16 signs of corrosion

- 11/16 black coating on cams and bearings (under analysis)
- 6 camshafts smoothed (polished)

- 16/16 feature two tappets turned by 90°

- 2/3 Bruss shaft seals very worn

Most probable damage hypothesis is therefore tribochemical wear and
jammed roller due to residue (such as soaps) -> anti-algal products.

() BOSCH




ENTIRE PAGE CQNFIDENTIAL

AUELH- C#4 Situation in the Field in s Status: 12/2/2009

Failure hypothesis: Fuel additives -> Tribochemicals

Chain of events Indicators Number of local actions

Indicators FAME (acid)

Reactive components in

the fuel (additive, acid + vt

water) > Water indicators 14 out of 16 pumps
Formation Surface smoothing, cams 360° 6 out of 16 pumps

and
_|—' Bruss shaft seal very worn

removal of oxides

2 out of 3 pumps

reddish brown or black coating
(e.g. camshaft bearing)

v

11 out of 16 pumps

v

Reduction
Frictional coefficient of
roller contact

(safety clearance frictional T : : : "
coerricient cam rollerjroler - Transfer of material to the cam
support feduced) (adhesion) 6 out of 16 pumps
B <o = CPOMNITAL VWO A A0 Tea0 O T ST
batrseconts ong o : - Abrasiboam caberoller
cam rofler iSlippage - Wear on roller support with pressing

profiie

Diesel Systems
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ENTIRE PAGE CONFIDENTIAL
Status: 12/2/2009

AUEH- C#d Situation in the Field in

Failure hypothesis 3: Biodiesel -> adhesions

Chain of events Indicators

Rise in proportion of
biodiesel in ltaly

A A

Formation of .
deposits

brown deposits
(FAME indicators)

4

Adhesions between
roller/roller support

Y

sluggish cam roller

- Transfer of material to the cam (adhesion)

- central wear and tear on roller support and cam
¥ roller
Macroscopic sliding of - Abrasion on cam roller
cam roller (slippage) 'l - Wear on roller support with pressing profile

Diesel Systems




ENTIRE PAGE COQO.

AUD{- C?4 Situation in the Field in~~ Status: 12/2/2009

Failure hypothesis: Algae* -> Corrosion

Chain of events

Indicators

Microorganisms/ algae
in fuel

> Fuelffilter analyses

v

Acid build-up due to metabolized
product from algae

Corrosion

Y

!

Corrosive attack
Camshaft/roller

'

Increase friction coefficient /
camshaft surface damage / roller

Wear/ roller fatigue /
camshaft

*In cases of microbiological growth in fuels, there must always be a free water phase. The
microorganisms live in water and feed from the ‘organic' material in the boundary layer

between the water and fuel.

Diesel Systems




ENTIRE PAGE C IDENTIAL

ALD{- T4 Situation in the Field in =" Status: 12/2/2009

Operating conditions / Environment / System
Obtain 40 good pumps

Status: Vehicles identified, importer to contact owners.
Importer has new pumps for replacement.

Result: t.b.d.
Further action: First returns not expected before week 50.
Special features: none

Diesel Systems
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ENTIRE PAGE CONFIDENTIAL

Di- i Situation in the Field in Status: 12/2/2009

AQUA: Active quality analysis Audi, market:- Confidential
Status: 10/09-20.11.09 15 .10 Without PR numbers
MY 2008 - 2010, Offset: all (max. 3) CUSTOMER NO. 2374

Customer no. / Groups: High-pressure fuel pump
CAMA|CAMB|CANA|CANB|CANC|CAND|CASA|CASB|CASC|CASD|CCWA|CCWB|CDYA|CDYB|CDYC|CGKA|CGKB

S IE s e on-responsive content removed

MY MISO MIS1 MIS3 MIS6 MISS MIS12 MIS 18 MY Replacement LB SA10 SA17 SAS50 SA18
2008 0.0 1.7 38 10,3 180 278 738 2008 1000% 797% 748% 150% 75% 21%
2009 0.1 0.2 1.9 43 82 12.8 2009 ©06.0% B853% B13% 147% 27% 13%
2010 0.0 0.0 57 2010 100.0% 1000°% 50 % 50 %
Diff%  -100 10 14 MEC ERRMAJOR LEAK MINOR
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3. optimized C coating
4. Improved texture of cam roller (new
subcontractor)
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ENTIRE PAGE GONEIDENTIAL

AUDI- CP4 Situation in the Field in&as™ Status: 12/2/2009

Bills
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01.08.2009
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ENTIRE PAGE GONEIDENTIAL

ALED0- T Situation in the Field ingmet e Status: 12/10/2009

Summary

=5

Status of new information since last update on 12/2/09:

20 fuel samples were examined as part of a fuel survey in Northern Italy. The
proportion of biodiesel was increased (implementation B7) in 07/2009. There is
evidence of old fuel on the market; in 4 samples the oxidation stability was outside of
tolerance levels and the TAN (acidity coefficient) is generally higher than usual by a
factor of 2-3. Additional information from the analysis of the fuels and linings brought
along by the FCT team Algae found in the first sample, which can form acid as
metabolic by-product

Signs of corrosion, black/brown coatings and polished camshafts. The new
information also points to tribochemical wear on other faulty mechanisms (no. 2 + 3)
1. Tribochemical wear

2. Deposit/ coatings from algae and oxidation products and therefore a significant
deterioration in frictional coefficient.

3. Corrosion on the surface of cams and roller

Diesel Systems
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ENTIRE PAGE GONEIDENTIAL

ALED[- T34 Situation in the Field ingmet e Status: 12/10/2009

Summary

> Further action:

Continuation of the detailed analysis of fuel injection systems replaced by FCT,
including fuel and fuel filter Further analysis for influences as yet unspecified in the
drawing in production is being carried out on the basis of reference samples. For
this, 50 reference samples will be analyzed in detail (production data and visual
inspection)

Different problems between longitudinal and transverse installations and between
Audi and VW. involving the same pump, are to be analyzed, in particular in relation

to system differences (how does water reach the pump?)

Evaluations will take the form of an Ishikawa diagram.

Diesel Systems




ENTIRE PAGE GONEIDENTIAL

AUDI- C74 Situation in the Field in™ Status: 12/10/2009

Operating conditions / Environment / System
Local FCT team in ltaly

Status: 18 vehicles examined at local level and 4 systems received from
damaged parts stores. Complete fuel injection systems including
fuel filters and fuel pumps have been sent to Bosch for analysis.

Result: 12/12 cases of drivetrain damage from local actions.
2/4 cases of drivetrain damage from damaged parts stores systems
7/7 analyses of low pressure circuits showed nothing unusual.

Special features: Free water found in the fuel in 3 vehicles.
4 vehicles with deposits in the tank (swirl pot) -
- 1x reddish, sticky coatings,
- 1x white flocculation,
- 2x dark/black particles

Diesel Systems
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ENTIRE PAGE GONEIDENTIAL

AUDI- C4 Situation in the Field in™ Status: 12/10/2009

- Fuels
Findings

Status: 20 fuel samples analyzed from survey.
10 fuel samples analyzed from FCT.

Result: Survey:
Oxidation stability was found to be outside the tolerance in 4 fuel samples and
the TAN (acid coefficient) is generally 2-3 times higher than usual, probably
due to spilled biodiesel.

FCT:

Oxidation stability was found to be outside the tolerance in 2 fuel samples

In the first analysis of the coatings, algae were found in the fuel.

Other coatings from other pumps are under analysis and probably also
contain algae. Fuels containing microorganisms always contain free water.
This is also consistent with the slight acidification of another fuel sample from
the same damage scenario. Algae develop acids as metabolized material.

4 Dleselsysﬁs @ BOSCH




ENTIRE PAGE GONEIDENTIAL

AUDI- CP4 Situation in the Field in™ Status: 12/10/2009

> Components

Findings
Status: 16 pumps analyzed.
Various damage hypotheses developed.
Result: The analysis of the pumps produced the following picture

- 14/16 signs of corrosion

- 11/16 black coating on cams and bearings (under analysis)
- 6 camshafts smoothed (polished)

- 16/16 feature two tappets turned by 90°

- 2/3 Bruss shaft seals very worn

Most probable damage hypothesis is therefore tribochemical wear and
jammed roller due to residue (such as soaps) -> anti-algal products

Diesel Systems
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ENTIRE PAGE-GQNFIDENTIAL

AUEH CP4 Situation in the Field ins™ "™ Status: 12/10/2009

Failure hypothesis: Fuel additives -> Tribochemicals

Chain of events Indicators Number of local actions

Indicators FAME (acid)

Reactive components in

the fuel (additive, acid + vt

water) > Water indicators 14 out of 16 pumps
Formation Surface smoothing, cams 360° 6 out of 16 pumps

and
_|—' Bruss shaft seal very worn

removal of oxides

2 out of 3 pumps

reddish brown or black coating

b A (e.g. camshaft bearing)
Reduction

Frictional coefficient of

roller contact
(safety clearance frictional

11 out of 16 pumps

v

coefficient ftamdm"eg)'o"e' - Transfer of material to the cam (adhesion) 6 out of 16
on AL i - central wear and tear on roller support and outo pumps
T cam roller
Macroscopic S}Idlﬂg of - Abrasion on cam roller
cam roller (slippage) "| - Wear on roller support with pressing profile

Diesel Systems
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ENTIRE PAGEQC@MFJDENTIAL

AUEH C%9 Sjtuation in the Field in & Status: 12/10/2009

Failure hypothesis 3: Biodiesel -> adhesions

Chain of events Indicators

Rise in proportion of
biodiesel in ltaly

A A

Formation of .
deposits

brown deposits
(FAME indicators)

4

Adhesions between
roller/roller support

Y

sluggish cam roller

- Transfer of material to the cam (adhesion)
- central wear and tear on roller support and cam

'T — roller
Macroscopic sliding of - Abrasion on cam roller
cam roller (slippage) - Wear on roller support with pressing profile

Diesel Systems




ENTIRE PAGE GONEIDENTIAL

AUDI- CP4 Situation in the Field in™ Status: 12/10/2009

Failure hypothesis: Algae* -> Corrosion

Chain of events Indicators
Microorganisms/ algae < Fuelffilter analyses
in fuel
'
Acid build-up due to metabolized :
product from algae > Corrosion
v
Corrosive attack
Camshaft/roller
!
Increase friction coefficient / | Wear/ roller fatigue /
camshaft surface damage / roller camshaft

*In cases of microbiological growth in fuels, there must always be a free water phase. The
microorganisms live in water and feed from the ‘organic' material in the boundary layer

between the water and fuel.
v ) BOSCH
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ENTIRE PAGE GONEIDENTIAL

AUDI- CF4 Situation in the Field in™ Status: 12/10/2009

Operating conditions / Environment / System
Obtain 40 good pumps

Status: Vehicles identified, importer to contact owners.
Importer has new pumps for replacement.

Result: t.b.d.
Further action: First returns not expected before week 50.
Special features: none

Diesel Systems
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ENTIRE PAGE GONEIDENTIAL

ALD(- CF4 Situation in the Field in& Status: 12/10/2009

AQUA: Active quality analysis Audi, market: - Confidential

Customer no.;'Groups High- pressure fuel pump

CAMA|CAMB|CANA|CANB|CANC|CAND|CASA|CASBI|CASC|CASD|C CWA[C CWBI|CDYA|CDYB|CDYC|CGKA|CGKB

My MIS 0 MIS 1 MIS 3 MIS & MISS MIS12 MIS 18 MY Replacement LB SA10 SA17 SAS50 SA18
2008 0.0 1.7 38 10,3 18,0 278 738 2008 1'000% 787% T7498% 15.0 % 75% 21%
2009 0.1 0.9 1.8 43 B2 138 2009 08.0 % B53% 81.3% 14,7 % 27 % 13 %
2010 0.0 0.0 57 2010 100.0% 1000°% 50 % 50 %
Diff%  -100 10 14 MECERR MAJOR LEAK MINOR
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4. Improved texture of cam roller (new subcontractor)
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ENTIRE PAGE CONEIPDENTIAL

AUDI- CP4 Situation in the Field in& ™ Status: 12/10/2009
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ENTIRE PAGE CONFIDENTIAL

ALED- C54 Situation in the Field in™ Status: 12/16/2009

Summary

> Status of new information since last update on 12/10/09:

Other analyses in the fuel samples from local factions in-support the results from

the fuel survey in Northern -and 