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ENTIRE PAGE CONFIDENTIAL

CP4 rating catalog for visual findings

Roller surface

= Functions = Wear caused by
» Support axial forces e Mixed friction
e Axial guidance of the roller or e Foreign bodies
lateral limitation = Types of wear
¢ Smoothing
e Abrasion
e Adhesion
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EA11003EN-00029[1] ENTIRE PAGE CON FIDENTIAL

CP4 rating catalog for visual findings

O Roller surface — Status Green

Rating Images Description

As new

i
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CP4 rating catalog for visual findings

Roller surface — Status Green

Rating Images Description

2

Used, smoothing of C
coating on roller center
identifiable
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EA11003EN-00029[3] ENTIRE PAGE CON FIDENTIAL

CP4 rating catalog for visual findings

. ) Roller surface — Status Green

Rating Images Description

3

Clear, broad smoothing on
center of roller
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CP4 rating catalog for visual findings

© Roller surface - Status Yellow

Rating Images Description

4

C coating starting to come

. / away from contact area
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CP4 rating catalog for visual findings

() Roller surface - Status Yellow

Rating Images Description

5

C coating up to @ 3mm
worn away, smoothing
pattern
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CP4 rating catalog for visual findings

© Roller surface - Status Yellow

Rating Images Description

6
C coating more than @ 3mm
worn away, smoothing
pattern
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CP4 rating catalog for visual findings

@® Roller surface - Status Red

Rating Images Description

v

C coating worn away + slight wear
from abrasive material (or slight
seizing) up to @ 3mm
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CP4 rating catalog for visual findings

@® Roller surface - Status Red

Rating Images Description

C layer entrained to large extent +
abrasive Material wear (or seizing)
more than @ 3mm
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CP4 rating catalog for visual findings

@® Roller surface - Status Red

Rating Images Description

C layer almost completely entrained
+ abrasive Material wear (seizing)
on whole face
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CP4 rating catalog for visual findings

@ Roller surface - Status Red

Rating Images Description

10  No occurrence Component breakage
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oo ENTIRE PAGE CONFIDENTIAL

Damage sequence creation, brake plates, roller

Damage sequence: Preliminary damage to brake plate results in subsequent
damage Abrasion wear to powertrain

Cause: Temperatures >140°C in gap between roller and roller support result
in deposit formation in roller support

Summer trial

Diesel Systems
1 Confidential | [ 10/08/2010 (| © Robert Bosch GmbH 2010. All rights reserved, including all use, exploitation,
rep tion, processing, distribution and in the case of pa 5

patent applications.




oo ENTIRE PAGE CONFIDENTIAL

Damage sequence creation, brake plates, roller

Cause variables that prevent warm-up of the roller and are therefore
potential causes of preliminary damage to the brake plate

Engine start
- Speed increase 400rpm/sec / 2000rpm/sec -
- Speed fluctuations

Inertia of roller 1 — Slippage roller/camshaft

Fuel viscosity

Temperature 11 ugs 11
v { (kerosene, gasoline) pps 11

Preliminary damage
middle brake plate roller

Fuel + temperature —
Deposit formation

Biodiesel - aged
additives (tune up)

— Lubricant shortage —
Hydrodynamic build-up {

Insufficient lubrication of contact bearing
Prevention of lubricant intake to contact bearing
— Hydrodynamic build-up ¥

Dry run/air in powertrain Brown discoloration roller/
——— ——— camshaft
Abrasion of oxides — pgs 11
Foam in fuel Powertrain empties at Smoothing camshaft — pcamshaft |
standstill —Slippage roller/camshaft

No lubricants in contact bearing
— Hydrodynamic build-up 44 No lubricants in contact bearing
— Hydrodynamic build-up 44

Diesel Systems ) BOSCH
Confidential | | 10/08/2010 |—I © Robert Bosch GmbH 2010. All rights reserved, including all use, exploitation, @

repraduction, processing, distribution and in the case of patent applications.
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EA11003EN-00130[2]

Damage sequence creation, brake plates, roller

Cause variable

Engine start

Fuel viscosity

Fuel+temperature
-= Deposit formation

Brown discoloration roller/camshaft

Dry warm-up/air in powertrain

Insufficient lubrication of contact
bearing

Diesel Systems
idential | [N 10/0¢

n, processing, distributi

Mode of action

'- Speed increase 400rpm/sec /
2000rpm/sec

- speed fluctuations Inertia of
rollert —

Temperature T —»uRS 1
v+ (kerosene, gasoline) -»uRS 11

Biodiesel - aged
Additives (tune up)

—» Lubricant shortage — Hydrodynamic
build-up 4

Abrasion of oxides —» uRS 11
Smoothingcamshaft — u camshaft +
— Slippage roller/camshaft/camshaft

Foam in fuel

No lubricants in contact bearing
—» Hydrodynamic build-up 44

Powertrain empties at

standstill

No lubricants in contact bearing
—» Hydrodynamic build-up 44

Prevention of lubricant intake to contact
bearing
—»Hydrodynamic build-up +

Finding

Start attempts 400rpm/s and 1200rpm/s OK

Mo backing in start for W19 application

Analytics/simulation of contact bearing
Friction coefficient check

Test bench start attempts

Field returns
Engine trials

Evacuation attempt biofuel, tuneup

Failed pumps/field pumps
Friction coefficient examinations
Oxide analysis: Hydrogen, oxygen, flucrine

Foamin fuel when tank fill level <16l and
GDK, GRV or China fuel
Warm-up trial, friction coefficient check
Vehicle trial

Pump empties at standstill
-Possible air leak: LP circuit, WDR
-Airin low pressure system, small circuit

Measures after simulation for hydrodynamics
not disadvantages, possible advantage only
provable in functional trials

mbH 2010. Al rights reserved, including all use, exploitation,

Possible measure

Repeat attempted needed

Roughness of roller support Rp1, C3.1+
Powertrain cooling RP2,
return from connector bore

Powertrain cooling RP2,
return from connector bore

Roughness of roller Rp1, C3.1+
Powertrain cooling RP2,

return from connector bore
Water separator, avoid air/foam

Low-pressure circuit design
Tank content =161

Leakage prevention valve in tank module

Improvernent to inlet geometry roller support
Lubrication bore/grooves in roller support
Reduction of wrap angle roller

Increase roller diameter

) BOSCH
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Robustness documentation, start behavior CP4

Test bench trials CP4.2 2x4.85 mm

80 starts, speed increased to 800 rpm, p_All 3.5 bar_rel, inlet delayed,

Rating: 1 /1

:",": ’ %? > 7

Rating: 5/ 1

Diesel Systems
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China Diesel, 22°
400rpm,<5min,2St.

0-300 bar,
4 starts

Rating: 5/ 4

fribution ar

Dry warm-up EN590 0-100rpm,

inTCD Outside TCD Rating: Discoloration/plates
Arctic, 80 °C, Kerosene, 80°C Kerosene, 80°C Kerosene+air, Dry run, 30°C
400 rpm/s 400 rpm/s 1200 rpm/s 80°C 400 rpm/s 400 rpm/s, 20 starts




ENTIRE PAGE CONFIDENTIAL

EA11003EN-00130[4]

Robustness documentation, start behavior CP4

Vehicle trials, Q7, CP4.2 2x4.85 mm, start trials + idle

inTCD Outside TCD  Rating: Discoloration/plates
EN590 howl- Gasoline 30%, first start (Audi) Kerosene, first Kerosene, 10°C, one-time trial Gasoline 70%,
ing trial start (Audi) 10°C one-time trial

Rating: 1 /1 Rating: 1 / 4 Rating: 1/ 4 Rating: 3 / 4 Rating: 3/ 6
China Diesel Kerosene, 80°C Operating conditions: see: - - Aged biodiesel
blown out - air in powertrain

-Vehicle run hot- on roll (80°C)
before switch-off

- Stand time 20 days at ap-
prox. 20°C

Trial planned

Rating: Rating: 3/ 5

Diesel Systems

5 Confidential | RO s-c/cHP2 IN0s/2010 | ehp_0443 | © Robert Bosch GmbH 2010. All rights reserved, including all use,
exploitation, reproduction, processing, distribution and in the case of patent applications
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LR profile for creating brake plates

LR profile:

LR profile for creating brake plates

3000

2500

2000 [ p. !
) T2l
—— [bar] UM

1500 —  _EFP

1000 . . . . I o = - - ; - - . i ml ON or open

500

OFF or closed

Time [s]

Diesel Systems ;:D) BOSCH
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LR profile for creating brake plates

Trial status:
Fuel T[;é;l Starts Remark RL L RL R RS L RS R CmSh LP CmSh UP
50% @120°C, . ' - '
B20 50% @140°C 54,000 Elements below 45
R4
EN590 80°C 9,900 b bt [-)
' Elements below 45°
Discoloration: Discoloration:
R1wear: R4 R1 wear: R4 R4
Fuel foams with A4 tank, idle/venting at
B20 140°C 18,000 standstill, mounting position (right i .
- o sl _| Plan, deadline: open |
Wear: Wear: wear wear“
. Fuel foams with A4 tank, idle/venting at .
EN%%?%“”“ 140°C 18,000 standstill, mounting position (right Plan § dead || ne: open
gasoline element vertical) BVE;?WL | m" | ﬂng | ;”;;?

Diesel Systems

7 Confidential | NN -S« | 10/06/2 I 143 | © Robert Bosch GmbH 2010. All rights reserved, including all use, exploitation,
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V-R4_2.0l: Inforimation about uie initial corninissioliltig

VW-R4 2.0l EUS
— CRS3.2 -

Information about the initial commissioning
of CRS with CP4.1 and pre-feed inline
electrical fuel pump in connection with cold
test.

27/06/2006

Note:
This slide replaces slides 14121d_Zu and 14150d_Z2u; 14911d_Zu
[Changes marked in "red"]




Vw-R4_2.0l: Information about uie initial cornimssiolilng

Note the following during assembly

> Cleanliness requirements, in particular, of feed lines into the diesel
fuel filter.

> Assembly and service information.

> Assembly instructions (e.g. tightening torques), also see the
relevant Component TKUs and offer drawings.

Initial filling of the injection system

> All TKU values must be enforced!

> recommended filling fluid: Diesel fuel compliant with DIN EN590 but
HFRR < 400um




Vw-R4_2.0l: Information about uie initial cornimssiolilig

Test for detecting ""'major leaks" in the fuel system

A pneumatic leak test can be carried out before the initial commissioning in
the cold test to detect any major leaks.

Background: For reasons of health, safety and cleanliness, the fuel system
needs to be checked for serious assembly defects (e.g. defective bolt
connections) prior to the engine being filled with diesel fuel in the cold test
bench.

Pneumatic leak test of injection system:

In the CP4 feed with an
unpressurized return line and stationary high-pressure pump with Sbar_rel for
t...S20secs.

the fuel system can undergo a pneumatic check.
The cleanliness requirements with respect to air must be respected here.




Vw-R4_2.0l: Information about uie initial cornimssiolilig

Recommended before ventilation, initial commissioning/cold test:

> Carry out an electrical test (e.g. CRI3.2: contacting,
capacity measurement at low voltages, etc.
{Note cable lengths and resistances of contact points})

Ventilation of CR systems for

- low-pressure circuits via CP4 return line,

- the high-pressure part (CP4, rail) via the suction/HP valve through
the DRVu in the overall return line.

For cold test commissioning:
> Control not via engine control unit »
engine test bench control needed
(Control of DRVu, ZME; CRI3.2 should not inject)




Vw-R4_2.0l: Information about uie initial cornimssiolilng

Ventilation of high-pressure pump CP4 (without reporting point)
with pre-feed electric fuel pump

The following framework conditions must be satisfied during CP4
ventilation:

> Drying running the high-pressure pump is not permissible!

> Also ensure min. filling/pre-pressure > 4.5bar_abs through pre-
feed electric fuel pump:

> Feed pressure: 4.5< p feed [bar _abs] = 7*
*(not a critical limit, but a larger value does not make sense)

> Volume flow > 80 I’h + HP quantity requirement
(Upper limit only restricted by max. feed pressure)

> max. return line pressure < 1.8bar_abs'(continuous operation
>1.8bar_abs can result in damage to the shaft seal ring).




Vw-R4_2.0l: Information about uie initial cornimssioiilig

> At 0 bar rail pressure, the max. drag speed’ n.,.=300...500
rpm. (RB recommendation n,=500 rpm.)

>An important prerequisite for the ventilation of the CP4 is that the
rail pressure approaches zero.

>If there is still a static pressure in the rail, one reason might be that
even the compression ratio of the elements are not sufficient to
pump the air.

>In this case, the only venting path is via the HP piston guide into
the interior which can take a very long time.

>If the rail pressure is zero, the result is a requisite pressure
difference of 3.1 < Ap [bar_rel] £ 5.1 via the suction and HP
valve.

>Since the overflow valve is set to approx. 3.3 bar_rel, ventilation
with an electric fuel pump without a spinning CP4 is only possible
when the tolerances for the SV/HP valves are minimal.

E;‘_?é‘"E’SDO”E'VE LU © Roberl Bosch GmibH all rights reserved, also in the event of trade mark applications. We reserve all rights of disposal, —
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V-R4_2.0l: Information about uie initial corninissionltig

v

2>

Pump only allowed to be operated within the limit pressure
curve CP4 (Tab.1, Diag.1).

Table 1:
Pump speed [rpm] 100 1000 2000 3000 4000 4500 5000
Engine speed [rpm] 100 1000 2000 3000 4000 4500 5000
Rail pressure [bar] 300 1800 1800 1800 1800 1800 300
Diagram 1: Pressure limit curve CP4.1
2100
1800 / L L L \
1500
B / \
2 1200
2
: / \
@ 900
2
: / \
— 600
3]
. / \
300
0

100 1000 2000 3000 4000 4500 5000

Pump speed [rpm.]
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Vw-R4_2.0l: Information about uie initial cornimssiolilnig

Step 1) LP/HP ventilation:

Continue to fill the high-pressure pump while in a stationary position until
there are no more bubbles in the CP return line/overall return line.
(transparent feed and return lines recommended).

Instructions: Open metering unit non-energized; open DRVu non-energized;
more efficient ventilation though overall return line bottom/top without
counter-pressure. Pre-feed pressure > 4.5bar_abs.

Step 2) Safe ventilation of HP part:

Depending on the setting tolerance of the suction/HP valve, it may already
be completed in Step1 through electric feed pump pre-pressure.
Ventilation of suction/HP valve by rotating high-pressure pump with open
(no-current) DRVu until no bubbles are present in DRVu return.

> System ventilation is complete; the system is ready for use.




Vw-R4_2.0l: Information about uie initial cornimssiolilig

Venting steps in detail:

Step 1) Venting time without rotation speed: 10(...20%)s
(the low-pressure area is secure, the high-pressure area is only vented to a
limited extent depending upon the tolerance position of the suction/HP
valves.)

and

Step 2) Venting time with rotation speed (300 = ndrag [rpm] < 500%)
After pre-venting of low-pressure area: = 5 to 10s

> The following must hold for Steps 1) + 2): p_Rail=0 bar

*RB recommendation

E?Q'IE’SDOHE'VE ESUCUEUEE © Roberl Bosch GmbH all rights reserved, also in the event of trade mark applications. We reserve all rights of disposal, =
nciuaimng nant ol reproouction and dissemination (’(I ."'.‘ Bosc H




Vw-R4_2.0l: Information about uie initial cornmimssioiilnig

Ventilation
cold test commissioning in the engine plant

Step 1) Pre-venting of CP4.1 low-pressure area

QFeed = 135 - 220 I/h (electric fuel pump or test bench supply)
alternative
PFeed 2 4.5 bar_abs (< 7 bar_abs); RB recommendation: 5.0 bar_abs

additional increase preed increases Qreturn by 400 I/(h*bar)

Preturn <1.8(...2.0)u bar_abs (static)

tventilation 2 10 secs. (pure CP venting time)

Npump = 0 min-1 (Pump stationary [!])

PRail = 0 bar_rel (with respect to preturn), DRVU open, i.e. no flow through it
[!]

10 E?Q'IE’SDOHE'VE ESUCUEUEE © Roberl Bosch GmbH all rights reserved, also in the event of trade mark applications. We reserve all rights of disposal, =
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Viv-R4 2.0l: Inforimation about e initial corr.inissiom‘ng

Step 2) Final ventilation CP4.1 HP area

Qreeq = 135 — 220 I/h (electric fuel pump or test bench supply)

alternative

Preed 2 4.5 bar_abs (< 7 bar_abs)

PReturn <1.8(...2.0)u bar_abs (average pressure)

tventilation = 5 to 10 secs.

nPump -— 500 I'pm

PRail = 0 bar_rel (with respect to preturn), DRVU open, i.e. no flow through it
[!]

Times must be determined via trials on the engine directly at the final function test (EFT).

> System ventilation is complete; the system is ready for use.

11 E?Q'IE’SDOHE'VE ESUCUEUEE © Roberl Bosch GmbH all rights reserved, also in the event of trade mark applications. We reserve all rights of disposal, =
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Viv-R4 2.0l: Inforimation about e initial corr.inissiom‘ng

Tests for cold test commissioning:

Step 3) Measurement of rail pressure fluctuation, i.e. test whether
ventilation was performed correctly or measure the air escaping
during ventilation.

Step 4) Test (e.g. check high-pressure seal-tightness) with, e.g. a
1600 bar rail pressure and a pump speed of 1500 rpm. (i=1sN¢ =
Nengine). Proposal: Duration' 30 sec.

12 E:inéw-responswe ESUCUEUEE © Roberl Bosch GmbH all rights reserved, also in the event of trade mark applications. We reserve all rights of disposal, -
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Viv-R4 2.0l: Inforimation about e initial corr.inissiom‘ng

Proposal: Check HP seal-tightness in pure DRV operation (due to
ventilation; via DRVu is better)

Metering unit test: Function test by brief closing of metering unit »
Monitoring of pressure troughs (continuous flow 1.7+0.1A; non-cyclical)

The fuel must be left in the system at the conclusion of the cold test.
Tightly seal the feed and return connections of the injection system with
plugs for the engine transport, as HP and LP system shorted when DRVu
de-energized. This is intended to prevent the system from running out,
especially the rail running empty.

Note: Filling of leak oil rail in cold test not specified; not until first start or hot
test. Filling by means of control volume of injectors during injection.




VW-R4_2.0l: Info:

mation about uie inibal corminissiolilhy

Venting steps in detail:

No. | Electric Electric CP4 CP4 Rail DRVu Metering unit | Notes min. max. Q [I/h]
fuel fuel Return flow Engine pressure Duration | Durati (Feed
pump pump counter speed [bar] [sec.] on test
[bar_ab | [bar_rel] pressure [rpm] [sec.] bench)
s] [bar_abs]
1 min. 4.5 | min. 3.5 1.0-1.2 0 0 opened opened Ventilation in stationary position: 10 20 3301/h @
max.1.8 1=0A I1=0A CP-LP ventilation with electric fuel 4.0bar_rel
RB rec. RB rec. u (Max. pump pre-pressure CP feed; ensure
5.0 4.0 permissible fuel lubrication and ventilation of overall
current system up to CP return top/bottom.
1.7A20.1 A DRVu/overall return free of bubbles
non-cyclical.
max.60sec.)
2 min. 4.5 min. 3.5 1.0-1.2 (300...) 500 0 opened opened For reliable ventilation after suction/HP 5 10 1511/h @
max.1.8 =0A =0A valve, vent HP part until no bubbles in 3.5bar _rel
u the DRVu return
3 min. 4.5 min. 3.5 max.1.8 (300...) 500 Start regulate opened e Ventilation test, i.e. measurement of rail to be <180 151/h @
u (250) d I1=0A pressure fluctuation determin u 3.5bar_rel
If a stable starting pressure is not ed
reached after 60sec. cancel the test
4 min. 4.5 min. 3.5 max.1.8 Pressure/s | Pressure/ | regulate opened Leak test (temperature increase DRVu e 30 165/h @
u peed speed d I=0A... 0.7A return) U 3.5bar_rel
table1 table1

Proposal: Agreement of initial commissioning at customer end in vehicle plant with RB.

The sizes marked with a U are currently in the process of being defined.
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Viv-R4 2.0l: Inforimation about te initial corr.inissiom‘ng

Note the following re the air entry into the LP system before CP4:

If an air column of the CP4 is supplied (e.g. restart after running the tank empty, due to
disconnection of CP feed, after a filter replacement) the CP4 cannot feed air column to
the rail when the DRVu is closed; no pressure build-up possible.

In this case, the DRVu must be de-energized, i.e. open; only then is it possible to direct
the air column into the rail via the CP piston and to divert the air further across the
DRVu. Detectable in the case of CP4.1 »no build-up of pressure possible.

> A SWVis provided in the vehicle for this eventuality.

15 _ © Roberl Bosch GmbH all rights reserved, also in the event of trade mark applications. We reserve all rights of disposal,
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Version 3: CP4.1 + iniine elecﬁ‘ic fuel pump arter filter

Common Rail System (CRS3.2) 1800bar, (LP version 3) -temp-
low-pressure circuit VW 4 cyl. (2.01) with CRI3.2, CP4.1 with tank and inline electric fuel pump
after filter

Leckdlrall (LOL) mit Druck‘hallevenm (DHV) ap_&,

Injektoren I : Ap_ '\‘_ |[EKP-seilig )=0.3bar relativ

"CRI3 2

« [Injektorseiig)=10, 0bar relativ

P_Rickiauf <= 1.8(...2.0) bar absalut

pu ket <= 1.8 20) br o :|T”7; = S

T abhdengl =]
- Umschaltung {KF}

") = Uberstrémventil
(Einstelipunkt 3,3 +/- 0,1 bar bei 50 Iih)
Q_Lager <= 80 'h bei dp_CP =33 bar

>= 8mm fur Durchfiisse <=2201Mh

WIS Tankmodul TEE mit EKP,
RSV und zulaufbetriebene SP

-

g

;.

1

E

3

:

Druck- i
regel- = — 4§
ventil % 3
(DRV3u) 2 g
W e = ¢

.. I . E Rurmauch« 1,8(...2.0) bar absolut @ H

i = 3

. ? YL 1

e o , %

) i inine-EKP i

Rail Y : e PN -

Y —r—f a4 E_ ] s

l | . ' © £ o aien . Krafistofffilter w £

. g ! (mit KF und Wasserabscheider) Regler g

’ E P_Zuauf >= 4 5bar absolut $ON— g

- ' | [Rsv :

Hochdruck g
Niederdruck " 1

*) = optional b empfohlene Leitungs-Innendurchmesser %

3

-

-]
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German

English

Common Rail System (CRS3.2) 1800bar, (ND-Variante 3)

Common Rail System (CRS3.2) 1800 bar, (LP variant 3)

Niederdruckkreis VW 4Zyl. (2,01) mit CRI3.2, CP4.1 mit Tank- u. Inline-EKP

Low pressure circuit VW 4-cyl. (2.0 I) with CRI3.2, CP4.1 with tank

nach Filter and inline electric fuel pump after filter

-vorlaufig- -preliminary-

Leckalrail (LOL) mit Druckhalteventil (DHV) (injektorseitig)=10,0bar Leakage oil rail (LOL) with pressure retaining valve (DHV)
relativ (injector side)=10.0 bar relative

(EKP-seitig)=0,3bar relativ (Electric fuel pump side)=0.3 bar relative

Injektoren Injectors

P_Rucklauf <= 1,8 (...2,0) bar absolut

P_return <= 1.8 (...2.0) bar absolute

T-abhaengige Umschaltung (KF)

T-dependent changeover (KF)

Kraftstoffkthler (Luft) Fuel cooler (air)
Druckregelventil Pressure control valve
Druckregelventildl Pressure control valve oil
Rail Rail

Inline-EKP (RB)

Inline electric fuel pump (RB)

P_Zulauf >= 4,5bar absolut

P_inlet >= 4.5 bar absolute

Kraftstofffilter (mit KF und Wasserabscheider)

Fuel filter (with KF and water separator)

Regler Regulator
Hochdruck High pressure
Niederdruck Low pressure

= optional = optional

= Uberstrémventil = overflow valve

(Einstellpunkt 3,3 +/- 0,1 bar bei 50 I/h)

(setpoint 3.3 +/- 0.1 bar at 50 I/h)

Q-Lager <= 80 I/h bei dp_CP = 3,3 bar

Q-bearing <= 80 I/h at dp_CP = 3.3 bar

Empfohlene Leitungs-Innendurchmesser

Recommended inside line diameter

>= 8mm f(ir Durchfllisse <=220I/h

>= 8 mm for flow rates <=220 I'h

UIS Tankmodul TEE mit EKP

UIS tank module TEE with EKP

RSV und zulaufbetriebene SP

RSV and inlet-operated SP

BOSCH




Niederdruckkreis VW-R4 2.0l nach Motorenfertigung

Leckélrail (LOL) mit Druckhalteventil (DHV)

bp_@ ey (njeklorsedig)=10 Dbar ralstiv

Injektoren Hh g
: J | - Ap_ Oy (EKP-seitig)=0 3bar relatw
"CRI32 B 0oy (EP22Ng]

£ Te <0ckaur <= 18¢.. 2,0) bar abso T ]
RS LAt U Gesamtriicklauf
Druck-
regel-
ventil
(DRV3u)
l*_‘]_;l : P_Rucklauf<= 1,§(...2,0) bar absolut U
[} e L

] Rail ‘ v <+— CP-Zulauf

e

‘ P_Zuauf>=4.5bar absolul

——— Hochdruck
Niederdruck
*) = oplional
**) = Uberstramventl
(Einstellpunkt 3.3 +/- 0,1 bar bei 50 1/h)
Q_Lager <= 80 I/hbeidp CP = 33 bar

emplohlene Leitungs-Innendurchmesser
>= Bmm fir Durchfiusse <=220lh
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German

English

Common Rail System (CRS3.2) 1800bar, (ND-Variante 3)

Common Rail System (CRS3.2) 1800 bar, (LP variant 3)

Niederdruckkreis VW 4Zyl. (2,01) mit CRI3.2, CP4.1 mit Tank- u. Inline-EKP

Low pressure circuit VW 4-cyl. (2.0 I) with CRI3.2, CP4.1 with tank

nach Filter and inline electric fuel pump after filter

-vorlaufig- -preliminary-

Leckalrail (LOL) mit Druckhalteventil (DHV) (injektorseitig)=10,0bar Leakage oil rail (LOL) with pressure retaining valve (DHV)
relativ (injector side)=10.0 bar relative

(EKP-seitig)=0,3bar relativ (Electric fuel pump side)=0.3 bar relative

Injektoren Injectors

P_Rucklauf <= 1,8 (...2,0) bar absolut

P_return <= 1.8 (...2.0) bar absolute

T-abhaengige Umschaltung (KF)

T-dependent changeover (KF)

Kraftstoffkthler (Luft) Fuel cooler (air)
Druckregelventil Pressure control valve
Druckregelventildl Pressure control valve oil
Rail Rail

Inline-EKP (RB)

Inline electric fuel pump (RB)

P_Zulauf >= 4,5bar absolut

P_inlet >= 4.5 bar absolute

Kraftstofffilter (mit KF und Wasserabscheider)

Fuel filter (with KF and water separator)

Regler Regulator
Hochdruck High pressure
Niederdruck Low pressure

= optional = optional

= Uberstrémventil = overflow valve

(Einstellpunkt 3,3 +/- 0,1 bar bei 50 I/h)

(setpoint 3.3 +/- 0.1 bar at 50 I/h)

Q-Lager <= 80 I/h bei dp_CP = 3,3 bar

Q-bearing <= 80 I/h at dp_CP = 3.3 bar

Empfohlene Leitungs-Innendurchmesser

Recommended inside line diameter

>= 8mm f(ir Durchfllisse <=220I/h

>= 8 mm for flow rates <=220 I'h

UIS Tankmodul TEE mit EKP

UIS tank module TEE with EKP

RSV und zulaufbetriebene SP

RSV and inlet-operated SP

BOSCH




ENTIRE PAGE CONFIDENTIAL
EA11003EN-00206[0]

CP4 drivetrain damage

2 x CP4.2 drivetrain damage cases in US vehicle endurance runs

1 x 45,700 mis in GQ VW endurance run (7L69D025); details p. 2, 3
Pump data: Series pump 0445 010 613; date of manufacture 22/01/2008; copy number 898
Analysis result: Drivetrain damage (cat. 2)

1 x 162,000 km in Audi endurance run (AU716E218); details p. 4, 5, 6

Data: Sample pump 0445B20169 07, date of manufacture 782 ( = February 2007);
copy no. 4254

Analysis result: Drivetrain damage (category 2) with red deposits

Notes:

Pumps corresponds to old production status -> without straightedge testing & without
improved roller support visual inspection catalog for detection of irregularities -> thus, higher
potential for failure with regard to fuels with a low viscosity

Pumps have a roller with supplier 1 -> since WK 20 2008, only supplier 2
Precautionary exchange action on US vehicles done by mid-2008

Overview of all implemented / planned production measures on page 7/8

Diesel systems ) BOSCH
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CP4 drivetrain damage

1) Damage hypothesis for VW GQ failure (7L69D025, 45 700 mls)

Stiff right roller due to manufacturing abnormalities in combination fuel with low viscosity
(lubricant film thickness is not sufficient).

Stiffness of the right roller leads to slip between the roller and cam (braking flats) and
overload of C coating (main loading zone) with final turned tappet.

The right tappet damages the camshaft bearing surface and thus, the left tappet
assembly.

Further analysis steps @ R.B.
Survey of undamaged areas (right roller support, roller) 01.20.2009
Detailed microscopic analysis (adhesion of coating on right roller support) 01.23.2009

Inquiries @ Audi

Data on fuel quality (HFRR, kinematic viscosity, water) available?
Refueling data of the last locations known?

Was water found in the water separator?

Diesel systems ) BOSCH
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CP4 drivetrain damage

Pictures of VW GQ failure (7L69D025, 45. 700 mls)
RIIr to the left Roller to the right

Type plate

Roller support to the left  Roller support to the right Camshaft

Diesel systems
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CP4 drivetrain damage

2) Damage hypothesis for Audi failure (AU716E218, 162,000 km)

Stiff rollers due to fuel with low kinematic viscosity (lubricant film thickness is not
sufficient).

Stiffness of the rollers leads to slip between the rollers and cams (braking flats) and
overload of C coating (main loading zone) with final turned tappets.

Further analysis steps

Analysis of the brownish deposits 01.15.09; finished
Result: Corrosion detected -> presence of free water suspected
Survey of undamaged areas (right roller support, roller) 01.20.2009

Detailed microscopic analysis (adhesion of coating on roller support) 01.23.2009

Inquiries @ Audi

Data on fuel quality (HFRR, kinematic viscosity, water) available?
Refueling data of the last locations known?

Was water found in the water separator?

Diesel systems ( 'Q’ BOSCH
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CP4 drivetrain damage

Pictures of Audi failure (AU716E218, 162,000 km, date of manufacture:
February 2007)

Brownish deposits (corrosion?)

Intake valve

Intake valve disk Metering unit

=]
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CP4 drivetrain damage

Pictures of Audi failure (AU716E218, 162,000 km, date of manufacture:
February 2007)

Roller to_th Ift Roller to the right Type plate

Diesel systems (H’ BOSCH
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CP4 drivetrain damage

Implemented production measures

Kundenausfille Triebwerkschaden FD-KW

Customer failures - drivetrain damage -
date of manufacture WK

10,05 Maine Wisdervenw endung von Stédsl rach n 0. Sroressprozess
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23.07. Zx-Morkage mit 5* Torsiorsvorhak

23.07. Treckenes Brgressen Rolenschun

2

3,07 Unbeschic szﬂ!"rlﬂ [EhEV)

Il 28,08

- 8

24.90. %

J erilSngen J'ﬂ Prafiourkt hohe .asl

TR L

(]

Tl epm Kunge
2007 365 ppm
H200&: &5 ppm

Anzahl AusBille

om

Il stana: kwasizooe

Triedwerk

(]

~rifrataiog l?E

05.10.
10.05.
14.05.
05.23.
29.05.
30.05.
18.06.
20.06.
09.07.
23.07.
23.07.
23.07.
28.08.
01.10.
16.11.
12.13.

No reuse of tappet after not OK Press-in process
Click-clack test prior to delivery

Click-clack test

Delta T and Delta Tmax test on test bench
Click-clack test at the end of line of installation
New switching step between flushing and testing
Simultaneous noise measurement

Omission of retest on friction coefficient test bench
Optimization of test bench sequence (n > 500 rpm)
Cylinder head assembly with 5° torsion suspension
Dry pressing in of roller support

Uncoated spring plate (BMW)

Introduction of delay time during assembly of roller tappet.
Extension of high-load inspection point

Test program V7.2 (BMW)

Friction coefficient test + /- 10°

72 (VW) Skhiprifemaion 35
T2 Prdig W2 Aud)
[ 17 53 Ubnanaiang LIT Sl <201 /502 saf Zwil efmes

00

Ppm EW

00

ra

Number of failures
Status:

ppm customer drivetrain:

'3 Ogt C-Smchchiuyg
05 Ul L :--awuu wuf Zaed] ol vant

2T Nace Weach
Vwrspainleres

[

12.13. Improved visual inspection rail system

12.21.07. Tappet position query during assembly

01.02.08 New visual inspection catalog rail system

11.1.08 Test program V7.2 (VW) visual check catalog of rail
system

1.2. Test program V7.2 (Audi)

17.03. Switching of roller at -507 / 508 to second source supplier
1.5. Cleaning cloth for straightedge testing

1.5. Visual inspection of roller after C coating.

1.5. Optimized C coating

05.15. Switching of roller at -611 / 613 to second source supplier
10.29 New washing transport frame

All on-field

All 0-km

ppm all / WK

Diesel systems
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CP4 drivetrain damage

Planned production measures
A) Avoidance of C coating entrainment (pressing in of roller support)

» Crash trials with roller tappets contaminated with C coating particles D. 09.01

B) Large-scale functional testing with increased load (high rail pressure, low engine
speed to increase "detection" in coordination with Audi T.09.01

D) Detection of metal chips with objective system D. 09.04

C) Process to avoid melting-induced surface defects on the roller
New substrate holder of roller; trials have started, long-term measure

Diesel systems =) BOSCH
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Status CP4 drivetrain damage @ VW & Audi

Quality situation CP4.1 @ VW & Audi

Drivetrain damage to VW / Audi CP4.1 (-507/-508 or 03L 130 755/ 03L 130 755 A)
0- km and on-field / date of manufacture WK

18000
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5 : §RERE
Drivetrain on-field FD-KW Failures CP4.1@R4 in IN: Cause is under

Drivetrain 0-4 km
Production quantity
ppm

review

A

» Significant decline since CW 20
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Status CP4 drivetrain damage @ VW & Audi

Drivetrain damage VW/Audi CP4.2 (-611/613 and/or 059 130 755 AB / AG)
0 km and on-field / date of manufacture WK
U-EM UNG Fam Jru-Kw
7003
N
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A .'Signiﬁcant decline since WK 20
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Audi 0-km
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Status CP4 drivetrain damage @ VW & Audi

Summary
Significant decline in CP4 drivetrain damage - especially on-field since WK 20 2008

Adopt measures to prevent or detect faults in the plant. Other measures are being
implemented.
Transition to roller from secondary source supplier shows significant improvement

Non-responsive content

removed

New finding:
Influence on coefficient of friction in conjunction with fuels with a low viscosity.

Further optimization of robustness increase planned, especially for first source

supplier by switching to Giintert manufacturing process.

This explains the difference in failure rate between CP4.1 and CP4.2, as CP4.1 are

equipped exclusively with Giintert rollers.

Since WK 20 2008 primarily RB internal failures and ZP7 failures (0-km). Causes of
these failures are being analyzed.
) BOSCH
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Status CP4 drivetrain damage @ VW & Audi

CP4 drivetrain damage: Damage mechanism:

« unacceptably high mixed friction between roller and roller support cause "local" contacts
during operation

» the C coating is disrupted (wear and erosion of the C coating), the coefficient of friction
between the roller and roller support increases

« Wwhen coefficient of friction between roller and roller support > coefficient of friction between

roller and cam -> braking flats
» Abrasive wear, particle formation -> drivetrain damage

Intensification factors: Fuel with a low viscosity, elevated spots on the roller (e..g melting-
induced surface defects) and in the roller support (e.g. metal spatter) surface of roller / roller
support

Roller support surface <

Hydrodynamic lubricant film = f || — Roller surface

(clearance, surface, fuel)

~ Elevated spots
(metal spatter on the roller support; melting-induced surface
defects on the roller)

) BOSCH
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Status CP4 drivetrain damage @ VW & Audi

Measures to detect and prevent elevations

Detection of melting-induced surface defects on the roller

=> Straightedge testing for detection of minute raised portions on the rollers
(WK15/2008)

= (Cleaning cloth with straightedge testing (WK 18 / 2008)

= Visual inspection for roller after C coating (WK 18 / 2008)

Detection of metal spatter in roller support
= Optimized roller support visual inspection catalog (WK 18 / 2008)

Avoiding melting-induced surface defects on the roller and metal spatter in roller
support

=> Optimierung der Abdeckungen in der C-Beschichtungsanlage zur Vermeidung von
Aufwilrfen an Rollenschuhen (WK 50/2008)

(=) BOSCH
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Status CP4 drivetrain damage @ VW & Audi

Friction coefficient examinations
Task
= Determination of coefficient of friction with different roller suppliers & fuels

Results

= Supplier 1 @ EN590 is comparable with supplier 2, significantly worse with low-
viscosity fuels (Sweden diesel, Arctic diesel)

-> Supplier 2 shows little effect on the fuel viscosity
= Influence of different surface coefficients of the rollers explainable

Note: Switching from supplier 1 to supplier 2

@ CP4.1 WK 12/08(Fe); WK 04/08(Jihlava plant)
@ CP4.2 WK 20/08(Fe): WK 44/08(Jihlava plant)

Further work

= Detailed geometric analysis and repetition of friction coefficient tests with "marginal”
rollers 1 & 2

o e (-) BOSCH
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Status CP4 drivetrain damage @ VW & Audi

Results from friction coefficient tests

Roughness - nominal Roughness - tolerance
value patterns

; . Viscosity Friction coefficient Friction coefficient
Rusldedignation; at 40 °C [mm?/s] at 300 rpm (600 N) at 300 rpm (600 N)
EN590 2.88 0.01 0.01
GDK570 1.92 0.01 0.04
Sweden diesel 1.94 to 2.07 0.01 0.04
Arctic diesel 1.44 0.02 0.06
Limit: / 0.035 0.035

Finding: Marginal rollers (roughness) in combination with fuels with low
kinematic viscosity show abnormal friction.
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Status CP4 drivetrain damage @ VW & Audi

Measures package for reduction of drivetrain damage

Feuerbach plant launch Einfiihrung JhP
No. | Measures to reduce drivetrain damage Legend
1 | Noreuse of tappet after OK press-in process
2 | Click-clack test prior to delivery Implementation overshot
3 Click-clack test the schedule
_4 | DeltaT and Delta Tmax test on test bench
5 | Click-clack test at the end of line of installation
6 | Review new switching process between flushing and inspection
7 | Simultaneous noise measurement Implementation is not
8 Omission of retest coefficient of friction test rig target-oriented
9 | Optimization of test rig sequence (n > 500 rpm) and/or effectiveness
10 | Cylinder head assembly with 5° torsi |0n  suspension is reviewed

11 | Dry pressing in of roller support
12 | Uncoated spring plate (Customer C)
13 | Introducing delay time during roller tappet assembly
14 | Extension of high- load mspectlon point
15 | Testing pomt V7.2 (Customer C)
16 Improved visual mspectlon of roller support
17 | Friction coefficient test + /-10°
18 I_Tappet pos:tlon query during assembly
n catalog for roller support
|sual |nspect n catalog for rcller supporl.

21 | Test program V? 2 (Audi)

22 | Switching of roller for models ... 507/...508
23 | Straightedge testing, visual inspection catalog for roller support
24 | Cleaning cloth with straightedge testing

25 | Visual inspection of the roller after Ccoating

26 | Optimization of the C-coating

27 | Switching of roller for models ... 611/...613 to second source supplier
28 | New washing and transport frame for the roller | 10/29/2008 K4/08 | K4/0¢
29 | Graphite / boron nitride dE[JOSIlS hoider in C-coatmg system 12.12.2008 K50/ 12.12.2008 K50/0¢

30 | Camera system for detecting metal spatter on roller support [ wk19/09 | WK19/09

31 | Modified rail system holding tool when pressing in the tappet body 24.11.2008 NK48/0E WK6/09
Optimized substrate holder to prevent melting-induced surface defects on from WK from WK

— ~ WK20

32 i
roller, at the earliest 32/09 32/09
.’:.|_.:i\.
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Cleanliness status FeP/JhP CP4, Status WK11/2009

FeP: Residual contamination CP4 in the high-pressure range according to particle classes
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FeP: Residual contamination CP4 in the low-pressure range according to particle classes
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Cleanliness status FeP/JhP CP4, Status WK11/2009

FeP: Residual contamination CP4 in the high-pressure range according to particle classes
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Cleanliness status FeP/JhP CP4, Status WK11/2009

JhP: Residual contamination CP4 in the high-pressure range according to particle classes
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Cleanliness status Bosch FeP/JhP CP4, Status WK11

JhP: Residual contamination CP4 in the high-pressure range according to particle classes
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Cleanliness status FeP/JhP CP4, Status WK11/2009

FeP: Visual check of MU4 (Failure rate due to particles in %)
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Cleanliness status Bosch FeP/JhP CP4, Status WK11

JhP: Visual check of MU4 (Failure rate due to particles in %)
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Cleanliness status FeP/JhP CP4, Status WK11/2009

FeP: CP4 product, internal rail pressure failures with particles detected
in the intake valve / non-return valve
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Cleanliness status FeP/JhP CP4, Status WK11/2009

FeP: CP4 product, internal rail pressure failures with particles detected
in the intake valve / non-return valve
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Cleanliness status FeP/JhP CP4, Status WK11/2009

JhP: CP4 product, internal rail pressure failures with particles detected
in the intake valve / non-return valve
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Cleanliness status Bosch FeP/JhP CP4, Status WK11

JhP: CP4 product, internal rail pressure failures with particles detected

- in the intake valve / non-return valve N
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Cleanliness status FeP/JhP CP4, Status WK11/2009

FeP: Particle complaints confirmed in CP4 at VW/Audi
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Cleanliness status Bosch FeP/JhP CP4, Status WK11

JhP: Particle complaints confirmed in CP4 at VW/Audi
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Cleanliness status FeP/JhP CP4, Status WK11/2009

FeP/JhP: Measures for reducing residual contamination:
Housing and flange manufacturing for CP4

Introduction FeP Introduction JhP
Measure to reduce residual dirt Housing |Flange

=
5

Date WK Date WK

Detachment of joint bore Metering unit CH

Housing holder on robot gripper

Ventilation of vacuum chamber, dry cleaning system

Housing holder on onward transport

Processing, clamping concept

Chamfer on 90 degree cutting (external contour)

Outlet, processing of clamping concept (external contour)

Optimized version of gripper pins (housing holder in dry cleaning system)
Floating housing holder (in x, y and z direction in the dry cleaning system)

LA LA LA A L LR

© |o|N|e|o|s WM

»

MU barreling out "acute-angled” intersection
O-ring recess, cyl. intake Head

Axial “lubrication indent with inclined cast
Processing of installation clamping surface
Chamfer towards tappet
“Press” chamfer to the sleeve 11212008 | | 3/
Incorporation of a radial groove X |l postgonad. |° 1T ‘pestooned | |
Deburring of the outward size 19 chamfer edge X : B
Replacement of the cast casting stamp in “embossed” |
Cleaning chamber is flushed after every cleaning process (3 cleaning levels) X
Application of 45 degree chamfer to blank

Cast optimization in clamping concept

Cast chamfer on DMC surface

Discharge treatment Clamping concept

Use of ball cutter to improve burr situation, cylinder head intake for MU

Introduced Introduction to plan_lmpiementation is not effective/ effectiveness will be checked

.

r"'//] Bosc H
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Cleanliness status FeP/JhP CP4, Status WK11/2009

FeP/JhP: Measures for reducing residual contamination:
Assembly and preassembly of CP4

No, Statemen Measure to reduce residual dirt m Assembly] hitoduction ek fnoducion :
Deadline WK Deadline WK

1 |Optimization of the press stamp to avoid particles as the stamp moves backwards X T

2 |Milk runner: Statement concerning empty gripper container from filling with suction gun X

3 |Clearing of the metering unit support in the area of the MU strainer to avoid picking up particles X

4 |Reduction of the area of the support of the MU lubrication unit to avoid picking up particles X

5 |Masking MU and intake bore to avoid particles from being picked up during transport and handling in main <

assembly

6 |Remove pinch points on housing supports to prevent production of particles X

7 _|Reduction flange surface for avoiding absorption of particles X

8 |Workpiece support: Reduction of the area of the support of the roller tappet as a mandrel to avoid picking up particles X

9 |Housing delivered in a blister pack instead of steel frame to avoid producing particles X

10 |Fix the control conscle position to avoid collisions with the station frame X

11 Clad the guide rails of the safety door to avoid carrying particles on roller tappets %

12 |Masking intake bore in the cylinder head to avoid particles from being picked up during transport and ”

handling in main assembly
13 Pneumatic purging of pre-assembled cylinder head to remove particles from assembly processes in retumn »
|intake valve and intake valve

14 |Optimize the cylinder head geometry to avoid the creation of splintering during the screwing process X
15 |Optimize the EOL test (better detection of functional testing) X 18
16 |Improved bolting process locking screw=> monitoring by the laser measurement system X 4/30/2009 4/30/2009 18
17 |Addition of the MU with reduced degree of freedom X 5/31/2009 22 5/31/2009 22

Legend: _I ntroduction to plan_lmpiementation is not effective/ effectiveness will be checke{d

15

tion, editing,
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A dukNon-responsive content removed
To:
CC:

Date: 7/19/2007 6:27:25 PM
Subject: Re: Minutes from OEM meeting on CP4.x turned tappet from 7/13/2007 - Item 4
Inspection oil quality CP4

Dear §
Regarding your question relating to the HFRR value, please consider the following:

- Inspection oil contains anti scuff additives. The effect is specified and must be proven by the supplier in a FBBD (Four
Ball Bearing) test.

- HFRR is a standardized test used to determine wear (ball on plate). In other words, it is a measure of the

amount of wear. The test runs in the mixed friction area.

- It is possible to measure wear and friction in the HFRR test. However, a correlation of these

parameters cannot be proven. This is partly due to the wide dispersion of the HFRR results in the test

per se and also to the fact that different wear mechanisms (tribochemical wear/abrasive wear/adhesive wear)

are involved here.

- This means that the HFRR value is not a suitable parameter with which to assess friction behavior.

- The HFRR value is relatively high for the inspection oil used in order to ensure a certain running in (abrasion/ smoothing
of the surface tips of the parts).

Friction is affected by the following parameters:

- For the hydrodynamic element of friction: f (viscosity of the inspection oil) --> viscosity is specified and is tested (per
delivery batch)

- Impurities in the inspection oil:

1. Caused by particles: --> inspection oil is filtered or tested with regard to contamination in the circuit (on a weekly basis).
2. Chemicals in the inspection oil: --> The chemical composition is tested using the FTIR (Fourier Transform Infrared
Spectrometry) spectrum (per delivery batch)

- In our opinion therefore, the key parameters that influence the friction properties of the inspection oil are monitored.

Best regards / Mit freundlichen GriiRen / Cordiali saluti

Non-responsive content removed

Robert Bosch GmbH, Domicile: Stuttgart, Court of Registry: Local District Court Stuttgart
Commercial Register No. 14000

Chairman of the Supervisory Board: Hermann Scholl; Management: Franz Fehrenbach, Siegfried
Dais; Bernd Bohr, Wolfgang Chur, Rudolf Colm, Gerhard Kimmel, Wolfgang Malchow, Peter Marks;
Volkmar Denner, Peter Tyroller
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*Thursda 007 12:54 PM

Mhon-responsive content removed

As discussed, please reply.

Best regards / Mit freundlichen GriiRen

Non-responsive conten
removed

ot Non-responsive content removed

Sent:Thursday, July 19, 2007 8:08 AM
B[:INon-responsive content re

feerOved
Subject: ANS: Minutes from OEM meeting on CP4.x turned tappet from 7/13/2007 - Item 4 Inspection oil quality CP4

Hello-

Why is the lubrication not being monitored? | thought that was the whole idea?

Sent:Wednesday, July 18, 2007 6:26 PM
1l:ENOn-resnonsive content removed
Non-responsive content removed

[INon-responsive content removed
Non-responsive content removed

Subject:Minutes from OEM meeting on CP4.x turned tappet from 7/13/2007 - Item 4 Inspection oil quality CP4

Hello,
In the meeting on 7/13/2007, a presentation on the monitoring of the inspection oil quality at RB was requested.

1) Inspection oil used: Shell V-Oil 1404 (trade name)

2) The following parameters are monitored: appearance, viscosity, color, density. These are verified by the supplier
by means of a certificate.

In the goods receiving inspection at RB, these parameters and the water content and the FTIR spectrum are determined.

Attached are the results of the goods receiving inspection in 2007
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<<VV1404_AnfrageCP4_VW.pdf>>
Best regards / Mit freundlichen Griizen

Non-responsive content removed

70442 Stuttgart
GERMANY

www.bosch.com

Non-responsive conte
nt removed

Domicile: Stuttgart, Court of Registry: Local District Court Stuttgart Commercial Register No. 14000
Chairman of the Supervisory Board: Hermann Scholl; Management: Franz Fehrenbach, Siegfried Dais;
Bernd Bohr, Wolfgang Chur, Rudolf Colm, Gerhard Kimmel, Wolfgang Malchow, Peter Marks;
Volkmar Denner, Peter Tyroller
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Pa nter Chart Okm and field failures CP4.1 for all plants (VW and AUDI), FeP Status: 4/9/2008

Production period Jan 07] Feb 07] Mar 07] Apr 07 | May 07] June 07 Jul 07 | Aug 07] Sept 07 Oct 07 Nov 07| Dec 07] Jan 08] Feb 08] Mar 08[voorunsoroiomot [ "
Supply Qty to Gyor/
Chemnitz/Salzgitter 0 155 0 168 3000 1,084 976 1701 3,168 6432| 13056 9191] 13.92d 13,248] 12,192 75,589
Drivetrain damage/ |Okm 1 2 3 6 79
Turned tappet Field 0 0
Okm 1 2 1 1 5 66
Particles IV Fiold T 1 13
. Okm 0 0
Particles NRV Fiold 0 0
Okm 5 5 66
MU O-ring damaged Field 2 2 26
Okm 1 1 13
Leaky shaft seal Field 0 0
Okm 0 0
Crack on cylinder head Field 0 0
Chemnitz pressure retaining test |Okm 1 1 2 1 3 7 15 198
hot OK, RB OK according to spec|Field 0 0
oK di ificati Okm L 1 2 26
according to specification Field 0 0
Customer error Okm 2 2 26
(shaft seal folded) Field 0 0
Okm 0 0
£h:8. Field 0 0
Total Okm 1 0 0 1 2 0 1 2 2 13 10 0 1 0 3 36
of complaints Field 0 0 0 0 0 0 0 0 1 2 0 0 0 0 0 3
Total ppm-auota ppm Okm - 0 0 5,952| 6,667 0 1,025 1,176 631 2,021 766 0 72 0 246 476
pRvg ppm Field| - 0 0 0 0 0 0 0| 316 311 0 0 0 0 0 40
Total number of ack { Okm 0 0 0 0 1 0 0 0 1 10 1 0 1 0 3 17
edged complaints Field 0 0 0 0 0 0 0 0 1 2 0 0 0 0 0 3
K ledaed ta [PPM Okm - 0 0 0| 3,333 0 0 0 316 1,555 77 0 72 0 246 225
acknowledged ppm-quota r, - Eeld| - 0 0 0 0 0 0 0 316 311 0 0 0 0 0 40

acknowledged complaints

Non-responsive content pc_CP41_all plants Gyor_Chemnitz_Salzgitter
v s e el
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Paynter Chart Okm and field failures CP4.1 for Chemnitz and Salzgitter plants (VW), FeP Status: 4!9!200.

[Production period Jan 07| Feb Of' Mar 07| Apr Df' May 07| June 07 Jul 07| Aug 07| Sept 07 Oct 07| Nov 07| Dec 07] Jan D§| Feb 08| Mar 08 |No of units 07/01-08/01 PP
Supply Qty (..507)
(to Chemnitz / Salzgitter) 0 100 0 168 246 384 864| 1,317 2,880 4,704 5376 4800 5472 1920 2,688 30,919

Drivetrain damage/ |Okm 1 2 3] 97
Turned tappet Field 0 0
Okm 0 0
Particles IV Field 0 0
Okm 0 0
Particles NRV Field 0 0
Okm 0 0
MU O-ring damaged Field 1 1 32
Okm 1 1 32
Leaky shaft seal Fiold 0 0
Chemnitz pressure retaining test not  |0km 1 1 2 1 3 I 15 485
OK, RE OK according to spec. Field 0 0
OK according to specification Okm 1 1 2 65
Field 0 0
Customer error Okm 0 0
(shaft seal folded) Field 0 0
Okm 0 0
t.b.d. Field 0 0

Total Okm 1 0 0 1 2 0 5] 2 1 6 7 0 0 0 0 21

of complaints Field 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1
Total ppm-quota ppm Okm 0 0 0 5,952 8,130 0 1,157 1,519 347 1,276 1,302 0 0 0 0 679]
ppm-q ppm Field 0 0 0 0 0 0 0 0 0 213 0 0 0 0 0 32

Total number of acknowl- 0Okm 0 0 0 0 1 0 0 0 0 3 0 0 0 0 0 4

edged complaints Field 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1
ppm Okm 0 0 0 0 4,065 0 0 0 0 638 0 0 0 0 0 129
B e oo Ficid 0 0 0 0 0 0 0 0 o 213 0 0 0 0 0 32I

acknowledged complaints

Non-responsive content removed

pc_CP41_Chemnitz_Salzgitter
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Paynter Chart Okm and field failures CP4.1 for Gyor plant (AUDI), FeP Status: 4/9/2008 - .

[Production period Jan 07 Feb 07| Mar 07| Apr 07| May 07 June 0f Jul 07 Aug 07| Sept 07 Oct 07| Nov 07| Dec 07| Jan 08 Feb 08 Mar 0B|Noof unis 07010803 S
Supply Qty (..507)
yor) 0 55 0 0 54 698 112 384 288| 1,728| 7.680| 4,391 8448 11,328 9,504 44,670
Drivetrain damtgaf Okm 3 3 67|
Turned tappe Field 0 0
Okm 1 2 1 1 5 112
Eesticlos iy Field 1 1 22
- Okm 0 0
Particles NRV Fiold 0 0
Okm 5 5 112
MU O-ring damaged Field 1 1 >5
Okm 0 0
Crack on cylinder head Fiold 0 0
OK according to specification gll:rd g g
Customer error (shaft |Okm 2 2 45
seal folded) Field 0 0
Okm 0 0
th.d. Field 0 0
Total Okm 0 0 0 0 0 0 0 0 1 7 3 0 1 0 3 15
of complaints Field 0 0 0 0 0 0 0 0 1 1 0 0 0 0 2
ppm Okm 0 0 0 0 0 0 0 0] 3.472] 4,051 391 0 118 0 316 336
Tatal ppen-guotn ppm Field 0 0 0 0 0 0 0 o 3472 579 0 0 0 0 0 45,
ooy Eackriowt Okm 0 0 0 0 0 0 0 0 1 7 1 0 1 0 3 13
pdgencompisints Field 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 2
ppm Okm 0 0 0 0 0 0 0 o] 3472] 4051 130 0 118 0 316 291
acknowledged ppm-quotal - Ficld 0 0 0 0 0 0 0 o 3472] 579 0 0 0 0 0 45|

acknowledged complaints

Non-responsive content removed
pc_CP41_Gyér
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Paynter Chart 0km and field failures CP4.1 and CP4.2 for all plants (AUDI and VW), FeP Status: 4/9/2008 .

[Production period Jan 07] Feb 07 Mar 07] Apr0 7] May 07 June O] Jul 07] Aug07] Sept 0] Oct 07 Nov 07 Dec 07] Jan 08 | Feb. 08]March 08No of units 0710108103 i
Production volume (..
507/611 77 189 149 277 756| 1,636 3,023 1,905 5678 12,498 19,032 12,091 20544| 21,120 18,816 117,791
Drivetrain damage/  |Okm 3 3 2 3 11 93
Turned tappet Field 0 0
Okm 1 2 1 1 5 42
Particles IV Field 1 1 8
; Okm 1 1 8
Particles NRV Eioid 0 0
Okm 5 5 42
MU O-ring damaged Fiold > 2 7
Okm 0 0
Crack on cylinder head Fiold 3 7 > 7
Okm 1 1 8
Leaky shaft seal Fiold 0 0
Chemnitz p e retaining test |OKM 1 1 2 1 3 7 15 127
not OK, RB OK according to
spec. Field 0 0
Okm 1 1 1 1 4 34
OK according to specification Field 0 0
Customer error Okm 2 2 17
(shaft seal folded) Field 0 0
Okm 0 0
hhd, Field 0 0
Total Okm 1 0 0 1 4 0 1 3 6 13 11 0 1 0 3 44
of complaints Field 0 0 0 0 0 0 0 0 2 2 1 0 0 0 0 5
] pm Okm 12.987 0 0] 3,610 5,291 0 331] 1,675] 1,057] 1,040 578 0 49 0 159 374
Total ppmrguiota Epm Field 0 0 0 0 0 0 0 0 352] 160 53 0 0 0 0 42
Total number of acknowl- [Okm 0 0 0 0 3 0 0 1 4 10 1 0 1 0 3 23
edged complaints |Field 0 0 0 0 0 0 0 0 2 2 1 0 0 0 0 5
pm Okm 0 0 0 0] 3968 0 0 525 704 800 53 0 49 0 159 195
[PEeviedaed pororgucia I'_Epm Field 0 0 0 0 0 0 0 o _352] _160] 53 0 0 0 0 a2

acknowledged complaints

Non-responsive content removed pc_CP41_a_CP42_all plants
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hart 0km and field failures CP4.1 and CP4.2 for Gyor plant (AUDI), FeP Status: 4/9/2008 .

[Production period Jan 07] Feb 07] Mar 07] Apr 07| May 07] June 0J Jul 07] Aug 07] Sept 07 Oct 07] Nov 07] Dec 07] Jan 08 Feb 08] Mar 08]No of units 07/01-08/03 oo
Supply Qty (..507/611)
to Gydr 72 55 45 90 504 1,148 490/ 1,728 2,304| 5,184 14,016] 8903 15072 19,200 16,128 84,939
Drivetrain damage / Okm 2 3 3 8 94
Turned tappet Field 0 0
Okm 1 2 i 1 5 59
Particlon IV Field 1 7 12
. Okm 1 1 12
Particles NRV Field 0 0
Okm 5 5 59
MU O-ring damaged Fiold 1 3 3
" Okm 0 0
Crack on cylinder head Fiold 1 7 > 54
Customer error Okm 2 24
(shaft seal folded) Field 0 0
OK according to specifi- |0km 1 1 12
cation Field 5 =
0Okm 0 0
t.b.d. Field 0 0
Total Okm 0 0 0 0 2 0 0 1 5 7 3 0 1 0 3 22
of complaints Field 0 0 0 0 0 0 0 0 2 1 1 0 0 0 0 4
] pm Okm 0 0 0 0] 3,968 0 0 579] 2,170 1,350 214 0 66 0 186 259
Fotel ppwquicta ppm Field 0 0 0 0 0 0 0 o 868|193 71 0 0 0 0 47
Total number of acknowl- |Ukm 0 0 0 0 2 0 0 1 4 T, &l 0 i | 0 3 19
edged complaints [Field 0 0 0 0 0 0 0 0 2 1 1 0 0 0 0 4
pm Okm 0 0 0 o] 3968 0 0 579]  1736] 1350 71 0 66 0 186 224
Beawiedged ppulqlon E;pm Field 0 0 0 0 0 0 0 o] s8e8] 193 71 0 0 0 0 a7

acknowledged complaints

Non-responsive content removed

pc_CP41_a_CP42_Gyor
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Paynter Chart Okm and field failures CP4.2 for Gyér plant (AUDI), FeP

Status

: 4/9/2008 - .

[Production period Jan 07 Feb 07 Mar 07] Apr 07] May 07] June 0] Jul 07] Aug 07] Sept 07 Oct 07| Nov 07] Dec 07] Jan 08 Feb 08] Mar 08]Noof units o7ioi-06/0s ooM
Supply Qty (611)

to Gyér 72 0 45 90 450 450 378 1,344 2,016] 3.456| 6,336 4,512 6,624| 7,872 6,624 40,269
Drivetrain damage/ |Okm 2 3 5 124
Turned tappet Field 0 0
; Okm 0 0
Particles IV Field 0 0
: Okm 1 1 25
Particles NRV Fiold 0 0
5 Okm 0 0
MU O-ring damaged Field 0 0
Okm 0 0
Crack on cylinder head Field 7 " > 50
OK according to specification Okm 1 1 25
Field 0 0
Customer error Okm 0 0
Field 0 0
t.b.d. Okm 0 0
Field 0 0

Total Okm 0 0 0 0 2 0 0 1 4 0 0 0 0 0 0 7

of complaints Field 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 2
Total ppm-quota ppm Okm 0 0 0 0 4,444 0 0 744 1,984 0 0 0 0 0 0 174
ppm-q ppm Field 0 0 0 0 0 0 0 0 496 0 158 0 0 0 0 50

Total number of acknowl Okm 0 0 0 0 2 0 0 1 3 0 0 0 0 0 0 6

edged complaints Field 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 2
ppm Okm 0 0 0 0 4,435 0 0 832 1,562 0 0 0 0 0 0 149
acknowiedgedippmuetal g 0 0 0 0 0 0 0 o 521 o 786 0 0 0 0 50

acknowledged complaints
80
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Agenda
6th Steering Committee VW / Bosch on

07/15/2008 in

Sales House

oo @ BOSCH

6th Steering Committee VW / Bosch

Non-responsive content remov
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3. Status of projects:

X=¥INon-responsiv

3.1 R4 EA189 Gen1
=]=fje content rem
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4. Development status
4.4  Project status VW
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CP4.x: US fuel trial

ENTIRE PAGE CONFIDENTIAL

Type PNR | Vers |Pump N Msiatus | WOR | coldseal | Piten| CR progr 02118 | 02/25 12015 01112 | 01/19 | 01/26 | D2/02 |02i08 |02/16 D6/08
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Date: 2/15/2010, 10:22:00 AM
Subject: Statement from laboratory on peculiarities of -fuel

For your information:
(DF stand for diesel fuel; Gs stand for gasoline)

Best regards

MNon-responsive content

Non respons ive content removed

Subject:Re: Slides for meeting on 02/12/2010
Hi all,

For your information.

Best regards

Nrm responsive content rem

rom
Sent:Wednesday, February 10, 2010, 11:22 AM

Non-responsive content removed

Subject:ANS: Slides for meeting on 02/12/2010

I'm afraid everything isn't really specified precisely.
One thing after another:

# Brown deposits: It looks like aged DF, possibly decomposition products from FAME. Theoretically limited through the
maximum residue levels or soiling.
# Sugar solution: doesn't belong in DF at all, but is not explicitly forbidden.

# Cellulose fibers/plastic particles: depending on size, they should get caught up in the fuel filter; otherwise only solid particles
with max. 24 mg/kg are defined in EN 590.
# Carbonyl compounds: biodiesel belongs to this class of compounds

# Free water: 200ppm water content is allowed, this low quantity dissolves in B7; therefore, no free water should be present. If
free water is found, then the general water content of the B7 DF is too high.
# Biodiesel: up to 7% allowed in DF

# Algae: = biological contamination, results from water + biodiesel. The fuel had some water input (see above limits) and
might have been stored for too long, creating ideal conditions for growth of algae/bacteria/fungus. This is not mentioned
explicitly in the EN, however (only indirectly through water, Ox stability and solid particles).

# Fuel components: are not mentioned explicitly, but only defined through the so-called “ash content” with max. 0.01 %m/m.

# TAN: is not defined for DF/biodiesel blend. TAN for pure biodiesel (B100) is defined.

# red. boiling temperature: is generally not defined; the conventional value of approx. 160-170°C is generally maintained
through the product mix in the refinery. (If Gs or other light volatiles are blended, it may not be possible to achieve the flash
point of min. 55°C.)
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Audi meeting on 02/12/2010

Result of fuel analyses

Results of fuel analyses and deposits from
24 vehicles (... Audi pumps).

Braun, smeary, gel-like deposits 1 ] | ; i

Sugar solution 4

Cellulose fibers 4

Carbonyl compounds (esters, |
soaps) |

Free water

Biodiesel |

Plastic particles |

|
|
I
l
|
l
|

1

1
Algae l. ]2

4
Increased fuel components (P, : 5
Zn, Mn, Ca) ! 3

TAN increased

Reduced boiling temperature L:I ’

Number

Diesel Systems _ ' \ BOSCH
h 4 ) aha " v

With best wishes

Non-responsive content removed

Non-responsive content removed

Sent:Wednesday, February 10, 2010, 9:17 AM

TO Non-responsive content removed

Subject:Re: Slides for meeting on 02/12/2010

See slide 11.
What is allowed according to the standard?

With best wishes

Non-responsive content remove
(l



EA11003EN-01800[0]

‘m8-10
06-8
04-6
m2-4

Number of reports *

ENTIRE PAGE CONFIDENTIAL

Audi cP4.2 failures|iil]
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J1]1 HNon-responsive content removed
To:

CC:

Date: 5/26/2010, 1:38:46 PM
Subject: Findings CP4.1 & B
Attachments: Uberblick Befundung Riicklieferung |JJj.Stand-2010-05-26 pdf

Hi all,

It's popped up in the BR4-CR again - like with the V6, but in a weakened form:
o The most cases of drivetrain damage up to 05/2008 (AWP 1)

° Significant improvement from late 2008
or 06/2009 (AWP 2) at the latest — failure 09/2009 !!!
® And it's high time for the intake valve strainer.
Hello

Please send the information tolil

Attention: Preliminary information!!
Best regards

N on-responsive content removed

Sent:Wednesday, May 26, 2010, 2:06 PM
Non-responsive content removed

Non-res;
d

Subject:Repeat findings CP4 gl
Dear Sirs,
Please find attached the initial preliminary analysis results from the CP4
pumps sent back from # Total: 139 pieces
of which: 35 x CP4.
gpreilmmary findings)
04 x CP4:2 (open)
Mit freundlichen GriaBen / Best regards

Mon-responsive content rem
oved

Robert Bosch GmbH
Non-responsive content remov
ed

Domicile: Stuttgart, Court of Registry: Local District Court Stuttgart, Commercial Register No. 14000;
Chairman of the Supervisory Board: Hermann Scholl; Management: Franz Fehrenbach, Siegfried Dais;
Bernd Bohr, Rudolf Colm, Volkmar Denner, Gerhard Kimmel, Wolfgang Malchow, Peter Marks,

Peter Tyroller; Uwe Raschke
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Customer family
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Non-responsive content

Diagnosis of return delivery CP4 rcnoved

Preliminary diagnosis CP4.1

Number of complaints Quantity

Preliminary finding after preliminary diagnosis CP4.1
14 total: 35 pieces
of which: 27 x drivetrain damage
12 4 x OK
4 x non-starter
10
Result |
8 @ Drivetrain damage
B non-starter
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6
4
2
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Non-responsive content removed

From:
To:

CC:

Date: 10/8/2010, 1:14:30 PM
Subject: ANS: IQIS:230003014652 QTS 3731540 _Info.

We will invite you to the next appointment and get you up to date on the latest information; this e-mail ping pong just
doesn’'t make sense.
We don'’t have any problem with the current status after clean date in the customer service case - where did you get that

from? Everything beyond that will be given to you as quickly as possible, but according to priority, beginning with the AWP
countries as a DIN 590 country, is not among them. Otherwise, please clarify with Qi whether you really assume
the same necessity. Until then, we will continue with the additional measures in CP4.1 deveiopment.

Regards

Non-responsive content removed

Non-responsive content removed

Non-responsive content removed

Sent: Fri Oct 08 13:32:35 2010
Subject: ANS: IQIS:230003014652_QTS 3731540_Info.

Hello-

Sorry, but I'm not aware of any CP4.1 task force.
And I'm not familiar with any coordination with Audi colleagues (QA) either.
The fact is that | don’t get information from you until asking several times (if at all); | just had to get that off my chest.

On the CP4.1 in

Our importer expects a fast CS solution, so customers get a “reliable” pump that will not fail a second time.
Can we offer him an AWP pump that will fit the “old series” in the field?

If | am reading your lists correctly, then the 03L 130 755 A is not slated for RP1; does the lift fit at all?

O

Could we produce a larger lot of gen. 1 pumps in advance for‘S?

Best regards

Non-responsive content removed
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EA11003EN-018
Non-responsive content removed

Subject:ANS: 1QIS:230003014652_QTS 3731540_Info.

Hello [

Let's please stop the unproductive mail correspondence on the CP4 failures with the large distribution list immediately, and
check and coordinate our statements better in future. The task force for the CP4.1 failures, which consults the Audi
colleagues regularly, has currently reached a status that can only conditionally confirm your statements after a detailed
examination. We and AUDI are in the same place in the failure analysis and therefore support the same corrective
measures that you are already familiar with as “anti-wear packages”. The only difference is the implementation of the RP
packages in the field, where across-the-board introduction is planned by 03/2011 for the CP4.1, due to the project variety
and volume requirements in association with limited capacity on the Bosch side. We are regularly tracking this at Bosch, so
it should not be conveyed to Bosch from a variety of instances.

The evaluation of the cases of damage in the-market carried out in AQUA confirms the effectiveness of the
measures introduced so far. The failure figures have declined rapidly in manufacturing year 2010.

While it is correct that we have recorded a large number of failures in 2010, most of them are due to pumps with DM before
the clean date To respond to this and if you want to prevent further failures with the old design status, you will have to
request a field cleanup.

We hope to further improve the field situation through the anti-wear packages that have already been approved and sched-
uled, and are also working on further anti-wear measures together with Bosch, which are currently in the development and
validation phase.

P.S. BOSCH has been intentionally left out of the e-mail distribution list.

Best wishes,

Non-responsive content rem
oved

From: Non-responsive content removed

Sent:Thursday, October 07, 2010, 10:14 AM
Non-responsive content removed

Subject:Re: IQIS:230003014652_QTS 3731540_Info.

....and even _has encountered (relatively late / 28,000 km) drivetrain damage cases with the CP4.1 (iransverse
installation MY10), without any indication of poor fuel quality.

Best regards

[ iBNon-responsive content removed
Sent:Wednesday, October 06, 2010, 5:11 PM

Non-responsive content removed
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WNARE®
ponsive content removed

Subject:IQIS:230003014652_QTS 3731540_Info.

Hello,
Please find attached information on the analysis of the CP4 pump
Fault scope

RB Part no. 0445.010.507
AUDI partno.  03L130755

SN: BPT 0260

DM: 10/16/2009

ML: 05

IQIS: 230003014652

Ref. no: IGG000006033-001

Customer ref. no. QTS 3731540

Engine no. CBAB 05204

Vehicle No.: WAUZZZSPSAA_
Mileage: 27.818 km

Failure country:

Description of problem
No specification from AUDI

RB analysis:

Roller support worn

No deposits or corrosion traces
Fuel analysis OK

RB finding
Drivetrain damage
Complaint was acknowledged as Bosch defect

Regards

Non-responsive content removed
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Activities to reduce drivetrain damage

Number of failures
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Activities to reduce drivetrain damage

N

Number of failures

14

12

10

0w

Drivetrain damage VW/Audi CP4.2(-611/613)
0-km and field / date of manufacture WK
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Activities to reduce drivetrain damage

20

10

Number of failures

Customer failures - drivetrain damage DM-WK

05.10. No reuse of tappet after - not OK Press-in process

05.10. Click-clack testing before delivery

— 44
m All fields
@ All 0-km
- ppm-all/WK

ppm Customer Drivetrain:
2007: 287 ppm
2008: 71 ppm

Status: WK 36/2008

05.14. Click-cla::k testing on_ |
T elta Tmax Testing on test bench
Clll:k-c!ack testing at the end of the assembly |

05 30. New switch process between flushing and checking

06.18. Ongoing noise measurement

06.20. Delete repeat test Friction value test ng

07.09. Optimization test bench run (n>500 rpm}

07.23. CH assembly with 5° torsion suspension

07.23. Dry press-in of roller support

07.23. Uncoated Spring plate (BMW)

| 08.28. Introduce dwell time for assembly of roller support

] 10.01. Extend test point - high load

w— 381

ing and distribution, as we

| 11.16. test prg V7.2 (BMW)

12.13. Improved visual inspection RS

12.13.friction testing +/- 10°

| 12.21.07 tappe t position query in assembly

| 07.02.08 New visual inspection catalog RS

2.1. Testing V7.2 (Audi)

[07-77.08 Test prg. V7.2 (VW) visual inspection catalog RS

I 74, Haiine test Visual nspecton catalog RS

WK

5.1. Cleaning cloth for hairline test
5.1 Visual inspection roller after G coating

5.1. optimized C coating

900

800

700

600

500

400

300

200

ppm /WK
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Activities to reduce drivetrain damage

Drivetrain damage failures DM-WK

10.05. No reuse of tappet after - not OK Press-in process |
20 05.10. Click clack testing before delivery | 900
2.14. Click-clack testing on — 075
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D6.20. Delete repeat test Friction value test rig il
phimization test bench run (n=500 rpm) 700
w654 [07-23 CH aSSembly With 5° Torsion Suspension
07.23. Dry press-in of roller support
07.23. Uncoated Spring plate (BMW) 600
[08-Z8  Tntroduce dwell fime Tor assembly of roller support
[10.01. Extend test point - high Toad
[11.76. test prg V7.2 (BMW) 500
ws| 12.13. Improved visual inspection RS
12.13 friction testing +/- 10°
[12.27.07 tappe t position query in assembly 400
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Q situation of drivetrain damage CP4 (09/10/2008)

« Clear decline in the failure figures since DM WK 12 in Okm
and field with CP4.1 for VW/Audi

« Clear decline in the failure figures since DM WK 12 in Okm and field
with CP4.2 for VW/Audi

« Drivetrain damage continues to be found in internal testing

Diesel Systems
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Activities to reduce drivetrain damage

Task force activities to reduce drivetrain failures
1) Metal splashes

1.1) Avoiding metal splashes

Graphite / boron nitride covers on bracket in the C-coating unit

. Testing new unit as of WK 36
o If test successful, planned introduction as of WK 42
1.2) Recognizing metal splashes

. Feasibility study for objective measurement processes (completed )
. Check received quotes&, technical detailed discussions WK 43

. Decision about series launch WK 44

3) Avoid C coating spreading

New washing / transport frameworks

. First 100 (completed )
. Complete conversion WK 40

Diesel Systems
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VW Q meeting - CP4 drivetrain damage

4) Avoiding “fusing”
Test new brackets in the C coating with spring centering for better contacting
> Sample, testing, modification, if necessary manufacture

again Objective series introduction if testing positive WK48

5) Change to construction layout
. Change to the coating for on the roller end from C3 to C2
(testing W24 D4, VW package 3)
. Improve secure fit of the roller support / tappet bodies
R.B. internal testing WK43

Diesel Systems

BOSCH
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VW Q meeting - CP4 drivetrain damage

VW/Audi counts 75 (+20 since 08/01/2008) field failures worldwide

. 44 not submitted failures

. 30 of RB confirmed failures
« 25xCP4.2
« 5xCP4.1

Focus: CP4.2

» Vehicles affected: Audi Q7; Audi B8; VW Touareg
+ Focus counties
« DM of the confirmed failed pumps: before 05/07/2008

Comment: Introduce last production measures 05/01/2008
(offset can be explained by parts breaking off & Optimize testing -> efficiency)

e Hairline testing 04/07/2008
e  Cleaning cloth for hairline testing 05/01/2008
«  Visual inspection of roller after C coating 05/01/2008
e«  Optimize C coating 05/01/2008

Diesel Systems

elation to all dis | luction, processing and distribution, as well as registration of special industrial property rights
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VW Q meeting - CP4 drivetrain damage

KT anaIySiS Of the CP4 drivetrain damage (focus on Non-responsive content removed
(Version 09/09/2008, confirmed failures based on list from Mr. |l

Failure hypothesis(es)
Combination of pump components with production susceptibilities in connec-

tion with country-specific influencing factors High
Fuel, transport (aiiitttastisiselll \nd other markets?) Medium
&/ or

Drive torsional vibrations (stronger torsional vibrations on 2.7 | ?) Low

&/ or

Engines from the Audi plant (only 1 x VW Tiguan) Medium

. The following lists key activities and questions concerning the confirmation / refutation
of the above-mentioned failure hypotheses. Detailed tracking will take place via OPL

at MNon-responsive content removed

Diesel Systems




ENTIRE PAGE CONFIDENTIAL

EA11003EN-02035[9]

VW Q meeting - CP4 drivetrain damage

Activities
Analyze [l fuel (basic map of failures) 10/06/2008; =
Engine measurements at Audi (min. / max. belt tension) 9/26/2008;
. Simulation of belt tension (completed )
. Reappear-tests 10/6/2008; .
« Marginal roller with min. belt tension
« Marginal roller with kerosene in the fuel
Testing of coverings on pumps
Provocation test with water (completed )
(Background: Drivetrain damage without visible traces of corrosion possible?)
Test air entry with Q7 NDKL (simulation leasing vehicle) 9/24/2008;

Diesel Systems
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EA11003EN-02035[10]

VW Q meeting - CP4 drivetrain damage

Focus questions to Audi
Is Audi more affected than VW (influence of engines / vehicle plant)?
Update VW model vs. delivery figures in list from Mr. ||l

09/10/2008 il

How are vehicles transported from VW/Audi to ERE=EET IR 10/06/2008; .

What is the failure situation Inline EFP? 9/15/2008; —

Are failures on leasing vehicles (random sample)?

Is fuel from vehicles being adulterated en-route?
(random sample after delivery)

Diesel Systems
1 1 Confidentia! NN o/ 10/2005 I - ot Bosch GmbH 2007. All rights reserved, including in
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A

. Good pumps

N o o R wN R

. Proof of robustness: Stribeck curves

Non-responsive content removed

Ishikawa of influencing factors
Analysis of failed pumps / fuels
Component sensitivity

Hypothesis
Anti-wear package 1

Assessment of measures

Diesel Systems
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1) Ishikawa of influencing factors

Non-responsive content removed

I
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Audi meeting on 02/12/2010

ENTIRE PAGE CONFIDENTIAL

Ishikawa - drivetrain damage CP4.2-

Component sensitivity

CP4.2vs. CP4.1 O Import procedure CP4

( ) 2.1 Transport
L

_.3.1 Roller support _. 3.1.1 Metal spatters 2008
—@ 3.2 Tappet body

.3.3 Roller {texture, form)
_® 3.4 Camshaft (surface of cam path, form)
—@ 3.5 Casing

@ 3.6 Assembly

3.7 Piston return spring

—O 1.1 Transmission
@ 1.2 Number of pistons
C 1.3 Cam stroke
_{ )1,!1 Installatign

2.2 Start-up

() 2.3 senvice life

1.4.4 Position of piston:

when shutting off
1.5 Internal flows

:‘a 3.8 Cylinder head

1.7 Start-up behavior

3.9 High pressure piston

@ Influence unconfirmed

O open

. Influence confirmed

_. 3.3.3 Fusing 2008

- CP4.2 drivetrain

5.0 Water (free, in solution) 5.6 Oxidation stability

_.5.5 Lubrication properties

—/_O 5.4.2 Summerfwinter diesel
5.4 Viscosity

5.3 Particles (< 10 pm) 1.3 Aged biofuel
., s 5_.5'2'2 Nafta
5.2 Additive 1.2 Formation of coating
_. 5.1 Biodiesel .1.1 Increase in

proportion of biodiesel

. 4.3 Load collective

) 4.2 Low pressure circuit

_J 4.1 Inlet temperature

F% Operating conditions / system / environment

Diesel Systems
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Audi meeting on 02/12/2010
Ishikawa - drivetrain damage CP4.2 -

@ Influence unconfirmed
3.1.1.3 Roughness
3.1.1.2 Roughness 3.2 Tappet bOdy O open

3.1.1.1 Texture

3.1 Roller support

() 3.1.1 Component pre-machining 3.2.1 Perpendicularity

. Influence confirmed

3.2.2 Friction coefficient
3.1.2.3 Service life
3.1.2.2 Roughness
3.1.2.1 Roughness

™ 3.2.3 Outer diameter

)
~— 3.2.4 Inner diameter / press-in assembly roller sup-
h_/ port (shape, roughness)

3.1.2 Component finishing
3.1.3.3 Metal spatters
3.1.3.3 Texture

3.1.3.2 Bond strength (local)
3.1.3.1 Bond strength (global)
3.1.3 C layer

Drivetrain damage due to
"~ component function sensibility|

3.3.3.4 Fusing
3.3.3.3 Shape
3.3.3.2 Roughness
3.3.3.1 Roughness

3.3.3.3 Shape
3.3.3.2 Roughness
3.3.3.1 Roughness

3.3.3 Surface

3.3.3 Surface

() 3.3.2 Supplier T 3.3.2 Supplier

[

J 3.3.1 Material o/ 3.3.1 Material

3.4 Camshaft 3.3 Roller

Diesel Systems
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Audi meeting on 02/12/2010

Summary of areas of action from Ishikawa:

1. Fuelinfluence
2. Component sensitivity: Metal spatters / fusing
3. Differences between CP4.2 — CP4.1 in application and design

Diesel Systems
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2) Analysis of failed pumps / fuels

Non-responsive content removed

ittt

Diesel Systems

6 Confidential ASURES s IEVERv I Cllgclylelcle

| € Robert Bosch GmbH 2009, All rights reserved, also regarding any

disposal, exploitation, reproduction, processing, distnbution, as well as for the registration of special industrial property rights.




EA11003EN-02106(6] ENTIRE PAGE CONFIDENTIAL

Audi meeting on 02/12/2010

Non-responsive
content removed

Determination of causes for failure focus

Analysis of field pumps and fuel samples from jill

» FAME deposits

Corrosion indicators, evidence of water

Free water in fuel sample

Cellulose residue, algae, glycerin

Heavy wear of shaft seal

Good pumps with preliminary damage Nedtg

VvV V V VYV VY

Diesel Systems

11 of 54 pumps

45 of 54 pumps
4 of 24 samples
9 of 24 pumps
17 of 17 pumps
6 of 13 pumps
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3) Component sensitivity

Non-responsive content removed

ittt

Diesel Systems

8 Confidential ASURES s IEVERv I Cllgclylelcle

| € Robert Bosch GmbH 2009, All rights reserved, also regarding any

disposal, exploitation, reproduction, processing, distnbution, as well as for the registration of special industrial property rights.




EA11003EN-02106[8]

ENTIRE PAGE CONFIDENTIAL

Audi meeting on 02/12/2010

Number of failures

Overview of failures, internal test bench & Field

. == ppm All internal WK

(failure peaks)

ge from TOP list Audi 611 by pump DM

Failures with drivetrain damage / DM WK
W All RB series test bench

=+ All by prod. date

=~ Of which
- OF which
Of which

=
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Audi meeting on 02/12/2010

Component sensitivity

1. Metal spatters in roller support C3 coating
Metal spatters significantly reduced through optimization of plants
5/2008 Sensitivity to small metal spatters with EN590/ BDF570
verified from 5/2008.

2. Roller with fusing
To select rollers with fusing, the straightedge test was introduced in
5/2008.
The conversion of the roller edge end to C2 in 5/2009 eliminated
the fusing.

Diesel Systems
10 SR T \on-responsive content removed
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ENTIRE PAGE CONFIDENTIAL

4) Good pumps

Non-responsive content removed
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Audi meeting on 02/12/2010

TF AUDI [il}: Good pump (2009-CP4_0685)

5,125 km (no failure)

Summary analysis results

— Transfer of material from roller
to cam

— Braking flat from non-starter

Interpretation:
Roll does not start when en-
gine is started (sluggish)

6 of 13 OK pumps from[il] have the
same symptoms.
Preliminary damage does not necessarily

result in failure (failure primarily due to
continued driving with poor fuel).
Experience from initial reappear tests.

Left roller Right roller

Diesel Systems
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5) Hypotheses

Non-responsive content removed
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ENTIRE PAGE CONFIDENTIAL

Audi meeting on 02/12/2010

Causal chain

Deposit formation

Potential damage based on hypotheses 3 and 4
(aged fuel with presence of water)

Indicators

biodiesel

Reactive components in
the fuel (additive, acid +
water)

v

Number of
pumps from

FAME indicators,

biodiesel deposits proven +—— 3 of 24 pumps

A4

11 of 54 pumps

Indicators of corrosion/water

45 of 54 pumps

free water in fuel sample

Deposits (brown,

A 4

Bruss shaft seal very worn

smeary, gel-like)

\J A 4 i

Adhesions between
roller/RS

v

sluggish roller

A 4

Sugar solution, fuel residuals,
glycerin, algae, cellulose fibers

Spring plate 360° worn, CH
support surface 360° worn
Skew tracks on cam

—— 17 of 17 pumps

+— 9 of 24 pumps

Currently in detailed diagnosis

4 of 24 pumps

v

Macroscopic sliding

- Material transfer on cam (adhesion)
- medium wear roller and RS

—t+— 27 of 39 pumps

— 44 of 103 RS

of roller (slippage)

Diesel Systems

A4

- Abrasion wear on roller
- Wear on RS with pressing profile

—1— 53 of 103 rollers
—+1— 26 of 103 RS
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Audi meeting on 02/12/2010

Differences between CP4.2 and CP4.1
Hypotheses: Based on poor start-up of the pump (analysis of good pumps),

the following hypotheses for the differences can be examined:

1. Different start/pressure build up speed between 4-cylinder and 6-cylinder
engine -> start-up worse with poor-quality fuels

2. Different position of roller on cam when shutting down engine. Mount-
ing situation of pump on 4/6-cylinder engine

3. Belt tension during pump start-up (pre-tension)

4. Different flow patterns in pump interior (no influence)

Further work:

High-speed camera & start-up examinations with poor quality fuel 2/26/2010
Damage case with stopped (seized) roller can be reproduced with

reappear test and Arctic Diesel.

Diesel Systems

15




A11003EN-02106]15 ENTIRE PAGE CONFIDENTIAL

6) Anti-wear package 1

Non-responsive content removed
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Audi meeting on 02/12/2010

Anti-wear package 1 (task; features)

Assignment

Increase robustness of drivetrain by increasing the height of the lubricating film
between roller support bore and roller.

Features of anti-wear package 1

1) Reduction of roller support roughness in combination with change to C2 layer
on roller support.

2) Reduction of roller play by shifting average tolerance and tolerance range of
roller support bore.

Results from simulation: Increase in robustness of ~ 50%*

(*compared to today’s borderline tolerances)

Further work: Verification & RP1 by WK8

Diesel Systems
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Audi meeting on 02/12/2010

Introduction of anti-wear package 1 in current series

Status
Basic test of C2.1 layer incl. release for 3 customers with EN590 & ASTM975 (US fuel)
available. No engine start/stop test for ASTM975. Verification with poorly lubricating

fuel (kerosene, Arctic, aged biodiesel, ...) started.

Open items

Verification of reduced play

* Risk assessment with DRBFMpositive done
« Borderline part provision done
« Functional & endurance runs see schedule

Diesel Systems
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Audi meeting on 02/12/2010

Diesel Systems

N n

Will be revised & submitted later

Verification of RP1 in overload tests WK5
Level Target number  Status End date
Tappet “good” after visual inspection of C3 RS 2 150h WK5
Tappet “bad” after visual inspection of C3 RS 2 150h WK5
Best of series C2.1 with RP1 (24pm)|| 2 150 WK6
20 WK
36 400h WK
12 || 1,000h WK
24 2,000h Done WK
Done WK

| € Robert Bosch GmbH 2009, All rights reserved, also regarding any
1on, as well as for the registration of special industrial property rights.
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/) Robustness increase based on Stribeck curves

Non-responsive content removed
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Audi meeting on 02/12/2010

Comparison of layer system* C3-C2.1 on friction coefficient test bench at
EN 590 BDF 65 Kerosene

€3 RS - Giin. Roller measurement 07/29/2009, EN590 €3 RS - Glin. Roller 7 C3 RS - Giin. Roller measurement 07/27/2009, kerosene
== Ruofler standstl
hta —— Roter standsill 014 —— Roter standsil 0.14 o lestingpoin
= festing paint ® lesting pont -
—— averagevalue C3
012 —4—average value C3 012 == average value C3 = 012 1 - | L]
=} . VETAGE VEUE C21
k4 —8— average value C21 E == gyerage valua C2.1 o
g o — 3 01 S i
£ £ £ 0
] 3 2
S .08 | c 008 e 0,088
8 ) g
ke s 8
& 0.06 & 006 - L 0.06
0,04 . 0.04 0.04
0.02 0.02 + 0.02
Q - _| 0 — 0 : : :
1] 100 200 300 400 500 B0 700 o 100 200 300 400 500 60O 700 0 100 20 300 400 500 600 700
Roller speed Roller speed Roller speed
Average value of all ts; water: M t 08/19/08 Average value pared to Super; 09/11/088
m—Roler standstill
0.14

— & e Assessment criterion:
0.12

. pree MW 0 friction coefficient
0.1 i -

E 0,127
g
- g o1
% : _g
g £ 0.088
5 0.06 &
- 0.06 |
£ 004 :
- o
0.02 szl
0 = . . . - - | ol . - - . X = *
0 100 200 300 400 500 600 700 0 10 200 300 400 500 600 700 average comparable play
Roller speed
Roller speed
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Audi meeting on 02/12/2010

Examination with viscosity 1.4mm?/s @40°C (Arctic Diesel)
Testing point 300rpm

0.04
et 26 0/0
c 0.035
Q2
- ﬂ
E 0.03
Q
o
QO 0025
c
(o)
= 002 Oave.
2
|
L 0.015

0.01

0.005 New New

Py LTL
UTL
0
C2.1/46pm C2.1/37uym C2.1/22pm
Diesel Systems 77BN
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8) Assessment of measures

Non-responsive content removed
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Audi meeting on 02/12/2010

Effectiveness of robustness system:

. " .
Fuel quality Problem pf;::jction RP1 | LLPx Water separator
EN590 / BDF520 +** +4** ++
BDF650 Lubricity (+)** | +** +
Kerosene Viscosity - (+) +
Aged fuel Gumming i ) +*
Lubricity
Viscosity
Water > 200ppm Lubricity - - - +
Corrosion
*LLPx: Dependent on examination of differences between Cp4.2 and CP4.1, as well as results of

FCF and WCF test with RP1. Definition of measures in the next 8 weeks.

** with C coated piston (USA)

Diesel Systems
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A

. Good pumps

N o o R wN R

. Proof of robustness: Stribeck curves

Non-responsive content removed

Ishikawa of influencing factors
Analysis of failed pumps / fuels
Component sensitivity

Hypothesis
Anti-wear package 1

Assessment of measures
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1) Ishikawa of influencing factors

Non-responsive content removed
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Audi meeting on 02/12/2010

ENTIRE PAGE CONFIDENTIAL

Ishikawa - drivetrain damage CP4.2 -

Component sensitivity

CP4.2vs. CP4.1 O Import procedure CP4

( ) 2.1 Transport
L

_.3.1 Roller support _. 3.1.1 Metal spatters 2008
—@ 3.2 Tappet body

.3.3 Roller {texture, form)
_® 3.4 Camshaft (surface of cam path, form)
—@ 3.5 Casing

@ 3.6 Assembly

3.7 Piston return spring

—O 1.1 Transmission
@ 1.2 Number of pistons
C 1.3 Cam stroke
_{ )1,!1 Installatign

2.2 Start-up

() 2.3 senvice life

1.4.4 Position of piston:

when shutting off
1.5 Internal flows

:‘a 3.8 Cylinder head

1.7 Start-up behavior

3.9 High pressure piston

@ Influence unconfirmed

O open

. Influence confirmed

_. 3.3.3 Fusing 2008

- CP4.2 drivetrain

5.0 Water (free, in solution) 5.6 Oxidation stability

_.5.5 Lubrication properties

—/_O 5.4.2 Summerfwinter diesel
5.4 Viscosity

5.3 Particles (< 10 pm) 1.3 Aged biofuel
., s 5_.5'2'2 Nafta
5.2 Additive 1.2 Formation of coating
_. 5.1 Biodiesel .1.1 Increase in

proportion of biodiesel

. 4.3 Load collective

) 4.2 Low pressure circuit

_J 4.1 Inlet temperature

F% Operating conditions / system / environment
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ENTIRE PAGE CONFIDENTIAL

Audi meeting on 02/12/2010

Ishikawa

drivetrain damage CP4.2

3.1.1.3 Roughness

3.1 Roller support 3.2 Tappet body

3.1.1.2 Roughness
3.1.1.1 Texture

( ) 3.2.1 Perpendicularity

k‘ 3.1.1 Component pre-machining
() 3.2.2 Friction coefficient
3.1.2.3 Service life

3.1.2.2 Roughness
3.1.2.1 Roughness

() 3.2.3 Outer diameter

~— 3.2.4 Inner diameter / press-in assembly roller sup-
_J port (shape, roughness)
3.1.2 Component finishing

3.1.3.3 Metal spatters
3.1.3.3 Texture
3.1.3.2 Bond strength (local)

3.1.3.1 Bond strength (global)
3.1.3 C layer

@ Influence unconfirmed

O open

. Influence confirmed

Drivetrain damage due to

3.3.3.3 Shape
3.3.3.2 Roughness
3.3.3.1 Roughness

3.3.3 Surface 3.3.3 Surface

T 3.3.2 Supplier

() 3.3.1 Material

3.3 Roller

> component function sensibility|

3.3.3.4 Fusing
3.3.3.3 Shape
3.3.3.2 Roughness
3.3.3.1 Roughness
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Audi meeting on 02/12/2010

Summary of areas of action from Ishikawa:

1. Fuelinfluence
2. Component sensitivity: Metal spatters / fusing
3. Differences between CP4.2 — CP4.1 in application and design

Diesel Systems
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2) Analysis of failed pumps / fuels

Non-responsive content removed
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Audi meeting on 02/12/2010

Mon-responsive ¢

Determination of causes for failure focus gl

Non-responsive

Analysis of field pumps and fuel samples from gl

» FAME deposits

Corrosion indicators, evidence of water
Free water in fuel sample

Cellulose residue, algae, glycerin
Heavy wear of shaft seal

Non-responsive ¢

Good pumps with preliminary damage - ez

VvV V V VYV VY

Diesel Systems

11 of 54 pumps

45 of 54 pumps
4 of 24 samples
9 of 24 pumps
17 of 17 pumps
6 of 13 pumps
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3) Component sensitivity

Non-responsive content removed
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Audi meeting on 02/12/2010

Number of failures

Overview of failures, internal test bench & Field

. == ppm All internal WK

(failure peaks)

ge from TOP list Audi 611 by pump DM

Failures with drivetrain damage / DM WK
W All RB series test bench

=+ All by prod. date

=
0 b et P S e -
M fep OM  Mow  Das ot Ok Mow Da™ Jan Fes M Ax M A
= o o % om o om o

B E)a;e“l; rr;'a;lu}actule

) BOSCH

¢ Robert Bosch GmbH 2009. All rights reserved, also regarding any

5 for the registration of special industnal property nghts




EA11003EN-02109(9] ENTIRE PAGE CONFIDENTIAL

Audi meeting on 02/12/2010

Component sensitivity

1. Metal spatters in roller support C3 coating
Metal spatters significantly reduced through optimization of plants
5/2008 Sensitivity to small metal spatters with EN590/ BDF570
verified from 5/2008.

2. Roller with fusing
To select rollers with fusing, the straightedge test was introduced in
5/2008.
The conversion of the roller edge end to C2 in 5/2009 eliminated
the fusing.

Diesel Systems
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4) Good pumps

Non-responsive content removed
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Audi meeting on 02/12/2010

TF AUDI i} Good pump (2009-CP4_0685)

5,125 km (no failure)

Summary analysis results

— Transfer of material from roller
to cam

— Braking flat from non-starter

Interpretation:
Roll does not start when en-
gine is started (sluggish)

6 of 13 OK pumps from
same symptoms.
Preliminary damage does not necessarily

result in failure (failure primarily due to
continued driving with poor fuel).
Experience from initial reappear tests.

Left roller Right roller

Diesel Systems
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5) Hypotheses

Non-responsive content removed
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Audi meeting on 02/12/2010

Causal chain

Deposit formation

Potential damage based on hypotheses 3 and 4
(aged fuel with presence of water)

Indicators

biodiesel

Reactive components in
the fuel (additive, acid +
water)

v

Number of
pumps from

FAME indicators,

11 of 54 pumps

biodiesel deposits proven +—— 3 of 24 pumps

A4

Indicators of corrosion/water

45 of 54 pumps

free water in fuel sample

Deposits (brown,

A 4

Bruss shaft seal very worn

smeary, gel-like)

\J A 4 i

Adhesions between
roller/RS

v

sluggish roller

A 4

Sugar solution, fuel residuals,
glycerin, algae, cellulose fibers

Spring plate 360° worn, CH
support surface 360° worn
Skew tracks on cam

4 of 24 pumps

—— 17 of 17 pumps

+— 9 of 24 pumps

Currently in detailed diagnosis

v

Macroscopic sliding

- Material transfer on cam (adhesion)
- medium wear roller and RS

—t+— 27 of 39 pumps
— 44 of 103 RS

of roller (slippage)

Diesel Systems

A4

- Abrasion wear on roller
- Wear on RS with pressing profile

—1— 53 of 103 rollers

——— 26 of 103 RS
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Differences between CP4.2 and CP4.1
Hypotheses: Based on poor start-up of the pump (analysis of good pumps),

the following hypotheses for the differences can be examined:

1. Different start/pressure build up speed between 4-cylinder and 6-cylinder
engine -> start-up worse with poor-quality fuels

2. Different position of roller on cam when shutting down engine. Mount-
ing situation of pump on 4/6-cylinder engine

3. Belt tension during pump start-up (pre-tension)

4. Different flow patterns in pump interior (no influence)

Further work:

High-speed camera & start-up examinations with poor quality fuel 2/26/2010
Damage case with stopped (seized) roller can be reproduced with

reappear test and Arctic Diesel.

Diesel Systems
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6) Anti-wear package 1

Non-responsive content removed
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Anti-wear package 1 (task; features)

Assignment

Increase robustness of drivetrain by increasing the height of the lubricating film
between roller support bore and roller.

Features of anti-wear package 1

1) Reduction of roller support roughness in combination with change to C2 layer
on roller support.

2) Reduction of roller play by shifting average tolerance and tolerance range of
roller support bore.

Results from simulation: Increase in robustness of ~ 50%*

(*compared to today’s borderline tolerances)

Further work: Verification & RP1 by WK8

Diesel Systems
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Introduction of anti-wear package 1 in current series

Status
Basic test of C2.1 layer incl. release for 3 customers with EN590 & ASTM975 (US fuel)
available. No engine start/stop test for ASTM975. Verification with poorly lubricating

fuel (kerosene, Arctic, aged biodiesel, ...) started.

Open items

Verification of reduced play

* Risk assessment with DRBFMpositive done
« Borderline part provision done
« Functional & endurance runs see schedule

Diesel Systems
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Will be revised & submitted later

Verification of RP1 in overload tests WK5
Level Target number  Status End date
Tappet “good” after visual inspection of C3 RS 2 150h WK5
Tappet “bad” after visual inspection of C3 RS 2 150h WK5
Best of series C2.1 with RP1 (24pm)|| 2 150 WK6
20 WK
36 400h WK
12 || 1,000h WK
24 2,000h Done WK
Done WK

| € Robert Bosch GmbH 2009, All rights reserved, also regarding any
1on, as well as for the registration of special industrial property rights.
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/) Robustness increase based on Stribeck curves

Non-responsive content removed
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Comparison of layer system* C3-C2.1 on friction coefficient test bench at
EN 590 BDF 65 Kerosene

€3 RS - Giin. Roller measurement 07/29/2009, EN590 €3 RS - Glin. Roller 7 C3 RS - Giin. Roller measurement 07/27/2009, kerosene
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