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Overview of Diagnosis

Functional Diagnosis Requirements

1 The objective of injector diagnosis is the detection and classification of errors which
can occur while supplying current to an injector as well as the introduction of a desired
substitute reaction in the error characteristic.

o Personal protection: Prevention of missed injections or wrong injection quantity which
can generate undesired engine torque. Occurrence of such errors must always lead to
immediate injection Shut Off.

0 Engine and component protection: Prevention of missed injections or wrong
injection quantity, which can damage the engine during combustion. In this case the
Common Rail System is significantly more critical than the Ul System. This is because
in the rail, a sufficiently high diesel pressure is always available for the injectors at any
point of time.

o Availability: Ensuring the maximum possible availability in the case of an error through
defined bank Shut Off or cylinder Shut Off.

o Exhaust gas: Prevention of an uncontrolled increase in the emission of toxic
substances.

o OBD: Supply the ECU-diagnosis management with information about injector
diagnosis status to fulfill OBD legislation.

o Service: Providing error information, as detailed as possible, for service in order to
ensure efficient and cost- effective repair.
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Overview of Diagnosis

Diagnosis Requirements

o0 Robust diagnosis — Reaction to every error: Even in the case of an error which occurs
but cannot be classified as a known error, a detection has to be always carried out and
it has to be at least classified as unknown bank/cylinder error. As a result, the applied
error reaction is then activated and a dangerous situation can be avoided

No detection of inexistence errors

Applicable Cylinder Shut Off

Applicable Bank Shut Off

Applicable Test Injections

O o o OO
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Overview of detectable errors by diagnosis (1)

- Ubatt

- Open Circuit (OC)
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Overview of detectable errors by diagnosis (2)

- Ubatt

Short Circuit Coil (SCHSLS) 5] 5]
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Overview of detectable errors by diagnosis (3)

- Ubatt

- Short Circuit High Side to Battery (SCHSBA) —

H-I* l}

SCHSBA

—1]
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Overview of Diagnosis

Overview of detectable errors by diagnosis (4)

- Ubatt

- Short Circuit High Side to Ground (SCHSGN) F
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SCHSGN

Gnd

—t—
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Overview of detectable errors by diagnosis (5)

- Ubatt

.
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- Short Circuit Low Side to Battery (SCLSBA) _l
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Overview of detectable errors by diagnosis (6)

- Ubatt

£+

- Short Circuit Low Side to Ground (SCLSGN)
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Overview of Diagnosis

Scheduling of the diagnosis

The injector energizing diagnostic function is performed once for each completed motor

cycle (each 720° crankshaft ). After a completed motor cycle all necessary diagnostic
information are available.

Example for 6 Cylinders, 2 Bank System

Cyl Cyl5 Cyl3 Cyl6 Cyl2 Cyl4  Cyl Cyl5
B1 B2 B1 B2 B1 B2 B1 B2

/“\\ /“\\ /”\\ /“\l /“\\ MJ f“\\ ke

Read SPI Info
from Chip

Injector

Injector
diagnosis

diagnosis
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Monitoring Overview (InjVlv_Mon) (1)

—

[ CY33x-error

\SPI-Communication ) coordinator

The error messages are transmitted from the power stage component CY33x via SPI to the
microcontroller and rearrange to calculate an error pattern.

Diesel SyStemS @ BOSCH
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Monitoring Overview (InjVIv_Mon)(2)

CY33x-error :
messages ro% Pattern- ]
SPI-Communication recognition e

The error pattern is now subjected to a pattern recognition. Logical operations are performed on
pattern and select matrix entries to check whether the error pattern matches one of the known
physical errors.
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Monitoring Overview (InjVlv_Mon) (3)

CY33x-error

messages Y -
SPI-Communication coordinator

If an error pattern is identified and classified, the system is Shut Off depending on the severity
of the error.
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Error messages transferred via SPI (1)

Example for 6 Cylinders, 2 Bank
System

CY33x-error

“Pattern Matrix ifﬂtﬂ.lxlaluu_f

messages
SPI-Communicati ysical
— CY33Xx
on rearrange X Pattern- error — Shut Off-
6 Cyl specific error | recognition || .. cin coordinator

InjVIiv_Mon
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Error messages transferred via SPI (2)

Structure of an internal CY33x cylinder error register

BIT CY33x ERROR
0 Maximal current in HS-Switch
1 Maximal current in LS-Switch
2 Differential current (HS-LS)
3 No load detected (open circuit)
4 Fast decay check failure
5 -
6 Current level error
7 Injection Finished

This information is displayed in the measuring point: InjVIv_stErrCyl$_mp
InjVIv_stErrCyl$_mp.Bit0...7 =1 -> The event took place
= 0 -> Default value
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Overview of Diagnosis
Error messages transferred via SPI (3)

InjVIv_stErrCyl$_mp.Bit0 - Maximal current in HS-Switch

PN |
} el | | | InjVIv_iThresMax_C
+ LGV
L
—_
t
b X "
Boosterphase

InjVIv_iThresMax_C (Threshold for over current detection of injection power stage) = 32.2 A

BOSCH
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Error messages transferred via SPI (4)
InjViv_stErrCyl$ _mp.Bit1 - Maximal current in LS-Switch

& & &
| ©2 lc'.! lca
| | | e cflow e v

InjVIv_iThresMax_C

zzzzzz

thi-hl

\.\u

-T- —

InjVIv_iThresMax_C (Threshold for over current detection of injection power stage) = 32.2 A
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Error messages transferred via SPI (5)
InjViv_stErrCyl$_mp.Bit2 - Differential current (HS-LS)

e |cz _[ca ]_ca
.
e Low e e

Ve

L
L
——— -
-_——
1 J—

N N

&, |
b '
InjVIv_stRegDmsk_C - To configure which current level should be use to detect a current
difference between HS and LS
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Error messages transferred via SPI (6)

InjViv_stErrCyl$_mp.Bit3 - No load detected (open circuit)

Imin = Umin / (Rs x (RR/Rv)) = 2,66 A

o
b=l

L ¥ ] L) L]

26A] | L

Check for1 >2.6 A

>—

The current in HS-Shunt and LS-Shunt must exceed Imin level during energizing time
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Error messages transferred via SPI (7)
InjViv_stErrCyl$ _mp.Bit4 — Fast decay check failure (C-System)

§ i e

]_cz lc: lc 4
fLx o Low e v

LNETZ

(8us)

InjVIv_stTiCy330Dec_C

InjVIv_stTiDelAftFastiIDec_C — Time limit for measuring duration of fast decay
InjVIv_stTiFastiDecErrMax_C — Max. allowed time for fast current decay

* =
. i
? =
> ’ LS-ON
t
seef 1" InjCrv_tiElecPse_{ (100us
;]/ . o jCrv_ti _G¢ (100ps)
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Error messages transferred via SPI(8)
InjViv_stErrCyl$ _mp.Bit4 — Fast decay check failure (C-System)

& & &

lcz lc: lca
ELXCI2 LOW B3R TN

L-NETZ

InjVIv_stTiDelAftFastiDec_C

o
b=l

L ¥ ] L) L]

’ LS-ON

InjVIv_stTiFastiIDecErrMax_C
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Error messages transferred via SPI (9)
InjVIv_stErrCyl$ _mp.Bit6 — Current Level Error

§ i e

]_cz lc: lc 4
fLx o Low e v

LNETZ

Low
Battery

o
b=l

9 /

False wiring

harness
SCLSGN
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Overview of Diagnosis
Error messages transferred via SPI (10)
InjVIv_stErrCyl$_mp.Bit7 — Injection Finished

ON Signal i

Information that CY33x internal state machine (without any error) performed a complete energizing

cycle.
This Bit can only be set if FastDecayCheck feature is enabled. The injection finished bit is set when
the pre-instruction FastDecayCheck is finished.
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Error messages transferred via SPI (11)

Structure of an internal CY33x bank error register

BIT CY33x ERROR
0 Booster voltage Over-range error
1 Booster voltage Under-range Error
2 Booster current-Low Error
3 Booster current-High Error
4 Booster Time-out Error
5 -
6 LS current Error
7 ON signal time out

This information is displayed in the measuring point: InjVIv_stErrBnk$_mp

InjVIv_stErrBnk$_mp.Bit0...7

Diesel Systems
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Overview of Diagnosis

Error messages transferred via SPI (12)

InjViv_stErrBnk$ mp.Bit0 - Booster voltage Over-range error

h
= <3 ca

CY33x

L¥ ] N W N
-:—.
————
——
|-||---||-|=E —3

InjVIv_uCMax_C (Threshold for booster over voltage of injector power stage) = 61,9V
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Error messages transferred via SPI (13)

InjViv_stErrBnk$_mp.Bit1 - Booster voltage Under-range error

h
= <3 ca

CY33x

L¥ ] N W N
-:—.
————
——
|-||---||-|=E —3

InjVIv_uCMin_C (Booster voltage low indicator of injection power stage) = 35-42 V
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Error messages transferred via SPI (14)

InjViv_stErrBnk$_mp.Bit2 - Booster current-Low Error

§ i e

]_cz lc: lc 4
fLx o Low e v

LNETZ

o
b=l

L ¥ ] L) L]

N \

Check for 1> 2.6 A

_T. —
InjVIv_stTiBstErrMin_C

InjVIv_stTiBstErrMin_C (I must exceed Imin level after this time) = 64 us
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Error messages transferred via SPI (15)
InjViv_stErrBnk$ mp.Bit3 - Booster current-High Error

h
= <3 ca

VIR VIRV '
L
———
——
bk

Applied to 66.6 A at EDC7UC31 (bigger than overlapping injections 2 x 25 A)
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Error messages transferred via SPI (16)
InjViv_stErrBnk$ mp.Bit4 - Booster Time-out Error

§ i e

]_cz lc: lc 4
fLx o Low e v

LNETZ

E -U -
T
> 1.
2 InjVIv_stTiBstErrMax_C
—{
+ - (0ldSG > 1R

Tem Rc
After the time InjVIv_stTiBstErrMax_C the current ! P 1

InjVIv_iLvlLo1_C is not reached. T Temp -9 TRL

—
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Error messages transferred via SPI (17)
InjViv_stErrBnk$_mp.Bit6 — LS current Error

R
[ L2 13
__GI
-
T
—le
[ =

Check for1 >26 A
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Error messages transferred via SPI (18)
InjViv_stErrBnk$ _mp.Bit7 — ON Signal time out

ON Signal

A
Y

InjVIv_tiTilnjMax_C

InjVIv_tiTilnjMax_C (Max. allowed time for active ON-signal)
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Error pattern (1)

“Pattern Matrix ifﬂtﬂ.lxlaluu_f

CY332-error CY332 ysical
messages rearranae Pattern- error — Shut Off-
SPI-C icati 2 error recognition i coordinator
-Communication ttern debouncin

InjVIiv_Mon
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Error pattern (2)

A CY33x error pattern is rearranged for each cylinder.

The following figure shows this arrangement for cylinder 1.in a 2 Bank system (Cylinders
1,2 and 3 in Bank 1)

at laast one injection on other cylinders of same bank occured i —— " ————,

Om O
at least ans injection on same bank accured BitOR
Injection on current cylinder occurad %
|

iniv_stEnClotoyt BT T 2l [ [ 1 T [ [ W[ [T [T T [ e[ [ T[]

InViv_stErrBnk1 InjViv_stErrCyl1_mp
l

OoTd
INVIv_SIEMCyl2_ mp  In[VIv_SIECYI3_mp

Diesel Systems BOSCH
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Pattern recognition sequence (1)

“Pattern Matrix ifﬁ&ﬂ.lxlz\uu_f

CY332-error CY332 ysical
messages rearrange Pattern- error — Shut Off-
SPI-C icati error recognition i coordinator
-Communication ttern debouncin

InjVIiv_Mon
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Pattern recognition sequence (2)

Structure of the pattern matrix

0

The pattern matrix InjViv_stErrMskPattern_C is composed of 32 entries which are
each 32 bits wide.

Error patterns which result from physical errors in the injector cables can be applied by
the pattern matrix. An entry in the matrix describes a pattern of a physical error.
The allocation of bits 0 to 26 to individual matrix entries refers to the same bits in the
CY33x error pattern (described in the Error pattern).

The most significant bits in each matrix entry indicate the physical error to which the
pattern belongs. Bit 27 indicates whether the pattern identifies a bank error or a
cylinder error. Bits 28 and 29 determine the error type and the error bit for the error
path. Bits 30 and 31 determine which of both bank and cylinder error paths (A or B) is
allocated to this pattern entry.

Entries 0 and 1 are used for errors that cannot be classified. Entries 2 to 31 can be
used for errors that can be classified.

Since entries 0 and 1 are used for unclassified errors, bits 0 to 26 are applied to 0.
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Pattern recognition sequence (3)

Structure of the pattern matrix

used for not | InjViv_stErrMskPattam_C[0]
classifyable emors| InjViv_stErrMskPattern C[1]
E B & y '
T not used
usad for | InjViv_stErMskPattern_C[2]
classifyable errors ‘ [ InjViv_stErrMskPattarn_C[3]
[ InjViv_stErrMekPattern_C[30]
p1 | | P4 1€ 8 0 InjViv_stErrMskPattem_C[21]
'._.IL—' A :
T Bank-fCylinder—related error T Pattern bits
{k Pattemn identifies a cylinder emor 0: related bit in CY33x-errorpattemn has to be 0
1: Pattemn identifies a bank emor 1: related bit in CY33x-arrorpattern has 1o be 1

Emartype in Errorpath

0Q: Pattemn is related to bit 0 (OSM_MAX)
01: Pattern is related to bit 1 {DSM_MIN)

10: Pattern is relatad to bit 2 (DSM_SIG)

11: Pattern is related o bit 3 {DSM_NPL)

Errorpath

00: Pattern is related to errorpath A
01: Pattern is related to errorpath B
10: Pattern is not related to any errorpath
11: Pattern is not related to any errorpath
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Pattern recognition sequence (4)

Structure of the select matrix

Diesel Systems
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The select matrix InjVIv_stErrMskSelect_C is composed of 32 entries, each 32 bits
wide.

Each entry of this matrix corresponds to the entry bearing the same number in the
pattern matrix.

The select matrix entries determine which CY33x error pattern bit is significant for the
recognition of the physical error currently under consideration. A 1 means that the
corresponding bit of the component error pattern is used for pattern recognition
and viceversa. A 0 means that the corresponding bit of the pattern is not relevant for
this physical error.

Bits 27 to 31 are not used.

Same as the pattern matrix, entries 0 and 1 handle errors which cannot be classified.

BOSCH
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Pattern recognition sequence (5)

Structure of the select matrix

used for not InjViv_stErrMskSelect C0]
classifyable errors InjViv_stErridskSealact_C[1]

not usad T Selection bits

02 related bit in CY33x-arrorpattern cannot release an UnKnown emor
1: related bit is relevant for releasing unknown errors

used for | [ InjViv_stErrMskSelect_C[2]
dlassifyable errors| | InjVlv_stErMskSelect_Cf3]
[ ' ' InjViv_stErmskSelect_C[30]
p1 [ [ pa 16 8 0 Jinjviv_stErmskSelect C{31]

" not used T Selaction bits

0 related bit in CY33x-emorpattern has no meaning
1: related bit in CY33x-errorpattemn is relevant
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Pattern recognition sequence (6)

0 First, the CY33x error pattern of each cylinder is bitwise X-ored (Exclusive-Or
operation) with the pattern matrix. The result now contains a 0 for all bits which
matched in the error pattern and in the pattern matrix entry and a 1 for all the others.

Pattern Matrix [i] 1 1 1 0 0 1 0 0
Pattern Error 1 0 0 0 0 1 1 0
Pattern Matrix [i]
XOR 0 1 1 0 0 0 1 0
Pattern Error
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Pattern recognition sequence (7)

1 The result is then connected bitwise to the relative select matrix entry (identical index)
to perform a logical AND operation. All bits which have no significance for the current
error are set to 0 and all others retain their values.

Select Matrix [i] 1 0 0 1 1 1 0 0
After XOR 0 1 1 0 1 0 1 0
Select Matrix [i]
AND 0 0 0 0 1 0 0 0
After XOR
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Pattern recognition sequence (8)

1 If the result of the logical operation is zero, then the error (which is defined in this entry
of the pattern/select matrix) is recognized.

1 From entry 31 to entry 2 of the pattern and select matrices, the logical operations are
carried out. Here, several errors can be recognized.

1 In the measuring points InjViv_numldxErrCyl%_mp (% = cyl. number) the system can
display at which indices of the pattern/select matrix a match occurred. The bit number
in the measuring point InjVIv_numldxErrCyl%_mp corresponds to the entry number
of the pattern/select matrix.
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Pattern recognition sequence (9)

Example of ,,Error identified*

Select
Matrix [i] 1 0 0 1 1 1 0 0
Patern
Matrix [i] 1 1 1 0 0 1 0 0
Pattern 1 1 o | o | 0o |l o | 1|10
Error
XOR 0 0 0 0 .

Diesel Systems
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Pattern recognition sequence (10)

Example of ,,Error not identified*

Diesel Systems
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ction,

Select

Matrix [h] L 0 L L L 0 0

Patern

Matrix [h] L 1 ! C L 0 0

Pattern 1 0 0 0 1 1 0

Error

XOR 0 0| 0| o =10
ERROR NOT

IDENTIFIED

BOSCH
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Pattern recognition sequence (11)

Example of unclassifiable error

Entries 0 and 1 of the pattern and select matrices are reserved for unclassifiable bank and
cylinder errors.

If no pattern of the classified errors of the pattern/select matrix matched, the error pattern
is checked for an unclassifiable error. The error pattern is compared bitwise to the relative
select matrix entry to perform a logical AND operation. If the result of the AND- operation
is zero, no error is detected.

Select 0 0
Matrix
[0-1]
Pattern 0 0
Error
AND
D

Manuel Gil - DS/ECP4| 15/03/2008 | © Robert Bosch GmbH 2007. All rights reserved, also regarding any disposal, exploitation, reproduction,
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Error Debouncing (1)

“Pattern Matrix ifﬂtﬂ.lxlaluu_f

CY332-error CY332 ysical
messages rearrange Pattern- error — Shut Off-
SPI-C icati error recognition i coordinator
-Communication ttern debouncin

InjVIiv_Mon
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Error Debouncing (2)

Error detected

Error Name No error detected

DebToOK _C

DebToDef C

Counter \

Pre_Ok

; Def
Pre_De
Dfp_Name OK OK
Fid is set
Fid _Name Fid is not set
Diesel Systems
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Error Debouncing (3)

Overview of DSM - Dfp_Name_mp

Bit

Meaning

Error type: Max = maximum error (eg. signal range check high).

Error type: Min = minimum error.

Error type: Sig = signal error.

Error type: Npl = not plausible error.

Error flag corresponding to error path. Equivalent to the result of the logical OR of all error
type bits. It indicates that the last pre-debounced test result of the error path was an error.

Cycle flag corresponding to error path. It indicates that the error path has already been
completely tested since terminal 15 was activated (or an error has occurred).

*

appendix.

Diesel Systems
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Error Debouncing (4)

Overview of DSM - Dfp_Name_mp

Bit Meaning
6 Substitution value flag of the error path. It means that the signal corresponding to the
error path is only a substitute value at the moment (and not a real-time value).
7 Memory flag corresponding to error path. It means that the error path has been stored
into the error memory.
8 Debounce active Flag. Set as long as pre-debouncing for the error path is active (defect
or healing pre-debouncing). Functional for all pre-debounces which use the library functions.
9 Zpf (cycle since power fail):
- is reset when the error memory is deleted.
- is set in the after run if:
- the error path was tested during the driving cycle and it has not stored in the memory.
- the error path is already present in the memory, then no error must be present in the
error path through out the driving cycle.
If the bit was set once, it stays set until the error memory is deleted again.
10-15 | not used.

Diesel Systems
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Error Debouncing (5)
Overview of DSM - Fid_Name_mp

1 Permission (Bit 0) is equal to 1 for non-inhibited Fids. If a Fid is inhibited due to an error, the
permission becomes 0.

1 Bit1-3: Free

1 Bit4 - 7 indicate the number of defective paths that inhibit the Fid. Limit value for the display is
15.

For more information about DSM functions, see:

http://ganga.ban.in.bosch.com/edc16asw/01 DSM/dsm docus/

Manuel Gil - DS/ECP4| 15/03/2008 | © Robert Bosch GmbH 2007. All rights reserved, also regarding any disposal, exploitation, reproduction,
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InjVIv_Mon Labels (1)

Measuring points

o Dfp_InjViv_Bnk%$_mp (% =1,..., number of banks $ = A, B) (Error path $ for
Bank %)

o Dfp_InjViv_Cyl%$_mp (% =1,..., number of cylinder $ =A, B) (Error path $ for
Cylinder %)

o InjVlv_numldxErrCyl%_mp (% = 1,..., number of cylinder) (Indices of detected
patterns for cylinder %)

o InjVlv_stErrCyl%_mp (% = 1,..., number of cylinder) (internal CY33x cylinder error
register for cylinder %)

Manuel Gil - DS/ECP4| 15/03/2008 | © Robert Bosch GmbH 2007. All rights reserved, also regarding any disposal, exploitation, reproduction, \1- [
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InjVIv_Mon Labels (1)

Output values

0 InjViv_stErrBnk% (% =1,..., number of banks ) (internal CY33x bank error
register for Bank %)

o InjVlv_stErrClctCvl% (% = 1,..., number of cylinder) (Cumulative error message for
cylinder %)

Manuel Gil - DS/ECP4| 15/03/2008 | © Robert Bosch GmbH 2007. All rights reserved, also regarding any disposal, exploitation, reproduction,
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InjVIv_Mon Labels (2)

Application parameters

1]

InjVlv_DebBnk$%Def C ($=A,B %=0,1,2,3) (Defect debounce for bank error
path $, %=0=> Bit MAX, %=1=> Bit MIN, ...)

InjVlv_DebBnk$%Ok C ($=A,B %=0,1,2,3) (Healing debounce for bank error
path $, %=0=> Bit MAX, %=1=> Bit MIN, ...)

InjViv_DebCvl$%Def C ($=A,B %=0,1, 2, 3) (Defect debounce for cylinder
error path $, %=0=> Bit MAX, %=1=> Bit MIN, ...)

InjViv_DebCvI$%O0Ok C ($=A,B %=0,1, 2, 3) (Healing debounce for cylinder
error path $, %=0=> Bit MAX, %=1=> Bit MIN, ...)

InjVlv_stErrMskPattern_C (Pattern matrix for pattern recognition)

InjVlv_stErrMskSelect C (Select matrix for pattern recognition)

Manuel Gil - DS/ECP4| 15/03/2008 | © Robert Bosch GmbH 2007. All rights reserved, also regarding any disposal, exploitation, reproduction,
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Particularity for CV-System (1)
Split injection - No FDE (only U-System)

| The FD (Fast Decay) time specifies how fast

the magnetic residual energy of the injector
gets dissipated. This influences the closing
time of the injector needle.

The FD check test must take place.

Imax

t

FDE Check

Fast Decay Check
without Split-Injections

Diesel Systems B O H
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Imax

Particularity for CV-System (2)
Split injection - No FDE (only U-System)

Energizing 1

Energizing 2

Presently, in the U-Systems it is possible that
the energizing time exceeds the specification
of powerstage module (aprox.15 ms). In this

case long injections are split-up in several

energizes. This leads to a FD error
,FDE /W\/\ recognition that should not be stored.
\

FDE Check1

t

FDE Check2

Fast Decay Check with
Split-Injections

Diesel Systems
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Particularity for CV-System (3)

Booster Time-out Error |79

0 The error "Booster Time-out Error" can appear if:
. the DC-DC converter has a big loss in performance.
. because of a very low temperature at start of engine ("Cold Start") in combination
with aged electrolytic capacitors (“false error”). With a warmed up EDC this "false
error‘ does not appear any more.

1 In case of "Cold Start", no error should be stored in the EDC.

Manuel Gil - DS/ECP4| 15/03/2008 | © Robert Bosch GmbH 2007. All rights reserved, also regarding any disposal, exploitation, reproduction,
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Agenda

o Vision general of diagnosis

0 Solenoid Valve Monitoring of CR- & U-System

0 Outcomes of the Short Circuits

. No Error

Open Circuit

Short Circuit High Side to Battery

Short Circuit High Side to Ground

Short Circuit Low Side to Battery

Short Circuit Low Side to Ground

Short Circuit High Side to Low Side
0 Solen0|d Valve Monitoring Shut Off

o Application procedure

o Actual platform application

o Peculiarity 8 Cvlinder software with multiplexer

Diesel Systems @5@
5 8 Manuel Gil - DS/ECP4| 15/03/2008 | © Robert Bosch GmbH 2007. All rights reserved, also regarding any disposal, exploitation, reproduction,
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No Error

Current at Injector and from Battery to ECU for an Ul-System (N2
Injector) PEpem

Zeitbasis  Trigger Anzeige Cursor

Messung Mathe Analyse Ulilities Hilfe

A
Measuwre P1:max(C1) P2:min(C1) P3:pkpk(C1) P4:max(C3) P5:min(C3) PE:pkpk(C3)
value 128V -B3 mv 134V =90V =90V =00V
v v v U U U
Zeithasis -680 ps| [Trigger
1.00MS 100 MSis JFlanke Positiv
112012005 10:13:14 AM

Diesel Systems
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Open Circuit (1)
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Open Circuit (2)

Cylinder specific error - InjViv_stErrCyl$ _mp

BIT CY332 ERROR aC. |1.C.
0 Maximal current in HS-Switch 0 0
1 Maximal current in LS-Switch 0 0
2 Differential current (HS-LS) 0 0
3 No load detected (open circuit) 1 0
4 Fast decay check failure 0 0
5 - 0 0
6 Current level error 1 0
7 Injection Finished 1 1

a.C. : Active Cylinder — CY33x-error message of the Cylinder with the physical error

i.C. : Inactive Cylinder — CY33x-error message of one of the Cylinder in the same bank
as the Cylinder with the physical error

Manuel Gil - DS/ECP4| 15/03/2008 | © Robert Bosch GmbH 2007. All rights reserved, also regarding any disposal, exploitation, reproduction,
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Open Circuit (3)

Bank specific error - InjViv_stErrBnk$ _mp

BIT CY332 ERROR
0 Booster voltage Over-range error 0
1 Booster voltage Under-range Error 0
2 Booster current-Low Error 1
3 Booster current-High Error 0
4 Booster Time-out Error 0
5 - 0
6 LS current Error 0
7 ON signal time out 0

Manuel Gil - DS/ECP4| 15/03/2008 | © Robert Bosch GmbH 2007. All rights reserved, also regarding any disposal, exploitation, reproduction, ] [
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Short Circuit High Side to Battery (1)
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Short Circuit High Side to Battery (2)

Current at HS of the Injector

Datei Vertikal Zeitbasis Trigger Anzeige Cursor Messung Mathe

o
LX)

Y

Measure P1:max(C1) P2:min(C1) P3:pkpk(C1)
value 538Y -156 m¥ 553V
status v v v

1.00 Vidiv

Diesel Systems

P4:max(C2)
177y
v

PS:min(C2) PE:pkpk(C2)
-563 mv 233Y
v v

Zetthasis -300 ps| [Trigger [Ci[DC]
100 psfdiv | Stop 294 Y
1.00 MS 1.0 GSis JFlanke Posttiv

142012005 10:22:26 AM
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Short Circuit High Side to Battery (3)

Current at LS of the Injector

Vertikal Zeith Trigger Anzeig > 7 ng  Mathe An e Utilities Hilfe

A
Measuwre P1:max(C1) P2:min(C1) P3:pkpk(C1) P4:max(C2) P5:min(C2) PE:pkpk(C2)
value 438 mv 125 mv 563 my 1.70% -547 m¥ 225Y
status v v v v v v

i C Zetthasis -198 ps| [Trigger [C2[DC]

1.00 Vidiv ) | 100 psidiv | Normal 870 my

-3.000 V ofst| £ 00 ¥ atst 100MS  1.0GSis |Flanke  Negativ
LeCroy vt for Tridgey

Diesel Systems
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Short Circuit High Side to Battery (4)
Cylinder specific error - InjViv_stErrCyl$ _mp

BIT CY332 ERROR aC. |1.C
0 Maximal current in HS-Switch 0 0
1 Maximal current in LS-Switch 0 0
2 Differential current (HS-LS) 0 0
3 No load detected (open circuit) 1 1
4 Fast decay check failure 0 0
5 - 0 0
6 Current level error 1 1
7 Injection Finished | |

SCHSBA is a Bank Error — No CY33x-error message differences between a.C. and i.C.

Manuel Gil - DS/ECP4| 15/03/2008 | © Robert Bosch GmbH 2007. All rights reserved, also regarding any disposal, exploitation, reproduction, ] [
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Short Circuit High Side to Battery (5)

Bank specific error - InjViv_stErrBnk$ _mp

BIT CY332 ERROR
0 Booster voltage Over-range error 0
1 Booster voltage Under-range Error 0
2 Booster current-Low Error 0
3 Booster current-High Error 1
4 Booster Time-out Error 0
5 - 0
6 LS current Error 0
7 ON signal time out 0

Diesel Systems
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Short Circuit High Side to Ground (1)
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Short Circuit High Side to Ground (2)

Current at HS of the Injector

An; e or ung Mathe

Verti asis Trigger

Strom_SG
F
Measuwre P1:max(C1) P2:min(C1) P3:pkpk(C1) P4:max(C2) P5:min(C2) PE:pkpk(C2)
valug 619V -125 my 631V 672my -109 my 781 my
v v v v v

Zethasis -144 ps| [Trigger
50.0 psidiv | Stop 294V
500 kS 1.0 GS/s Flanke Positiv

1/20/2005 10:24:07 AM

Diesel Systems @ BOSCH
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Short Circuit High Side to Ground (3)
Cylinder specific error - InjViv_stErrCyl$ _mp

BIT CY332 ERROR aC. | 1.C
0 Maximal current in HS-Switch 0 0
1 Maximal current in LS-Switch 0 0
2 Differential current (HS-LS) 0 0
3 No load detected (open circuit) 1 1
4 Fast decay check failure 0 0
5 - 0 0
6 Current level error 1 1
7 Injection Finished 1 |

SCHSGN is a Bank Error — No CY33x-error message differences between a.C. and i.C.

Diesel Systems
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Short Circuit High Side to Ground (4)

Bank specific error - InjViv_stErrBnk$ _mp

BIT CY332 ERROR
0 Booster voltage Over-range error 0
1 Booster voltage Under-range Error 0
2 Booster current-Low Error 0
3 Booster current-High Error 1
4 Booster Time-out Error 0
5 - 0
6 LS current Error 0
7 ON signal time out 0

Diesel Systems
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Short Circuit Low Side to Battery (1)

Current flow if active Cylinder is powered

lcz Ic: lca

| ‘ | BXOS Low
-
o

+u Lz 5
-
L4
-
4
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Short Circuit Low Side to Battery (2)

Current flow if active Cylinder is not powered

L™

o Y @

Diesel Systems
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Short Circuit Low Side to Battery (3)

Current at HS of the Injector

Datei Vertikal Zeitk Trigger Anzeige Cursor Messung Mathe

F Y

P1:max(C1) P2:min(C1) P3:pkpk(C1) P4:max(C2) P&:min(C2) PE:pkpk(C2)
469 mY 156 203V 434 mv -219mv 703 mY
v v v v v v
] Zetthasis  -1.50 ms] [Trigger [
"R
fiset] -1.000 ¥V ofst 100MS 200 MSis JFlanke Positiv
I i e
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Short Circuit Low Side to Battery (4)

Current at LS of the Injector

Datei 2 i igge Cursor Messung Mathe Analyse Ulilities Hilfe

A
Measure P1:max(C1) P2:min(C1) P3:pkpk(C1) P4:max(C2) P&:min(C2) PE:pkpk(C2)
value 278V -125mv 291V 375my -688 mv 1068Y

v v v v v v
Zettbasis -143 ps| [Trigger [

50.0 psidiv | Stop 153Y

500 kS 1.0 GS/s fFlanke Positiv

14202005 10:43:56 AM
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Short Circuit Low Side to Battery (5)
Cylinder specific error - InjViv_stErrCyl$ _mp

BIT CY332 ERROR a.C. | 1.C.
0 Maximal current in HS-Switch 0 0
1 Maximal current in LS-Switch 1 0
2 Differential current (HS-LS) 0 X
3 No load detected (open circuit) 0 0
4 Fast decay check failure 0 0
5 - 0 0
6 Current level error 0 0
7 Injection Finished 1 1

X= 0 or 1 depending on the environment conditions, short circuit impedance...

Manuel Gil - DS/ECP4| 15/03/2008 | © Robert Bosch GmbH 2007. All rights reserved, also regarding any disposal, exploitation, reproduction, ] [
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Short Circuit Low Side to Battery (6)

Bank specific error - InjViv_stErrBnk$ _mp

BIT CY332 ERROR
0 Booster voltage Over-range error 0
1 Booster voltage Under-range Error 0
2 Booster current-Low Error 0
3 Booster current-High Error 0
4 Booster Time-out Error 0
5 - 0
6 LS current Error 0
7 ON signal time out 0
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Short Circuit Low Side to Ground (1)

Current flow if active Cylinder is powered
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Short Circuit Low Side to Ground (2)

Current flow if active Cylinder is not powered
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Short Circuit Low Side to Ground (3)

Current at HS of the Injector

Datei Vertikal Zeitbasis Trigger Anzeige Cursor

Messung Mathe Analyse Ulilities Hilfe

P
Measure P1:max(C1) P2:min(C1) P3:pkpk(C1) P4:max(C2) P5:min(C2) PE:pkpk(C2)
value 216V -125my 228V 641 my 141 my 781 mv
status v 4 4 4 v v

Zetthasis -400 ps| [Trigger [Ci]DC]

i 500 m fdiv 200 psidiv | Stop 158 Y

: 3.000 ¥ ofst -1.000 V ofst 1.00MS 500 MSis JFlanke Positiv
LeCroy

1/20/2005 10:33:53 AM

Diesel Systems
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Short Circuit Low Side to Ground (4)
Cylinder specific error - InjViv_stErrCyl$ _mp

BIT CY332 ERROR azZ | 1.Z
0 Maximal current in HS-Switch 0 1
1 Maximal current in LS-Switch 0 0
2 Differential current (HS-LS) 1 1
3 No load detected (open circuit) 0 0
4 Fast decay check failure 0 0
5 - 0 0
6 Current level error 0 0
7 Injection Finished 1 1

Diesel Systems
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Short Circuit Low Side to Ground (5)

Bank specific error - InjViv_stErrBnk$ _mp

BIT CY332 ERROR
0 Booster voltage Over-range error 0
1 Booster voltage Under-range Error 0
2 Booster current-Low Error 0
3 Booster current-High Error 0
4 Booster Time-out Error 0
5 - 0
6 LS current Error 0
7 ON signal time out 0

Diesel Systems
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Short Circuit High Side to Low Side (1)
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Overview of Diagnosis

Short Circuit High Side to Low Side (2)

Current at HS of the Injector = Current at LS of the Injector

Datei Vertikal Zeitbasis Trigger Anzeige Cursor

Messung Mathe Analyse Ulilities Hilfe

1=

Strom_SG

F Y
Measure P1:max(C1) P2:min(C1) P3:pkpk(C1) P4:max(C2) P&:min(C2) PE:pkpk(C2)
value 525V =219 mv 547V 188 mv -47 mY 234 m¥
v v v v v v
Zetthasis -13.1 ps| [Trigger [Ci[DC]
- .00 psidiv Stop 358V
50.0kS 1.0 GS/s fFlanke Positiv
1/20/2005 10:50:44 AM

Diesel Systems

84

Manuel Gil - DS/ECP4| 15/03/2008 | © Robert Bosch GmbH 2007. All rights reserved, also regarding any disposal, exploitation, reproduction,
editing, distribution, as well as in the event of applications for industrial property rights.

(&) BOSCH



Overview of Diagnosis

Short Circuit High Side to Low Side (3)
Cylinder specific error - InjViv_stErrCyl$ _mp

BIT CY332 ERROR al. | 1.2
0 Maximal current in HS-Switch 0 0
1 Maximal current in LS-Switch 1 0
2 Differential current (HS-LS) 0 1
3 No load detected (open circuit) 0 0
4 Fast decay check failure 0 0
5 - 0 0
6 Current level error 1 0
7 Injection Finished 1 1
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Short Circuit High Side to Low Side (4)

Bank specific error - InjViv_stErrBnk$ _mp

BIT CY332 ERROR
0 Booster voltage Over-range error 0
1 Booster voltage Under-range Error 0
2 Booster current-Low Error 0
3 Booster current-High Error 0
4 Booster Time-out Error 0
5 - 0
6 LS current Error 0
7 ON signal time out 0

Diesel Systems
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Overview of Diagnosis

Agenda

0

Vision general of diagnosis

Solenoid Valve Monitoring of CR- & U-System

Outcomes of the Short Circuits

Solenoid Valve Monitoring Shut Off

Monitoring Shut Off Overview (InjVlv.MonShOff)
Scheduling of diagnosis Shut Off

State machine of the diagnosis Shut Off
Diagnosis Shut Off debouncing

Shut Off Application

InjVIv._MonShOff Labels

Application procedure

Actual platform application

Peculiarity 8 Cylinder software with multiplexer
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Monitoring-Shut Off Overview (InjVlv_MonShOff) (1)

1.  Cylinder Shut Off State
2. Bank Shut Off State InjCrv_Co

Injection permission

InjVlv_Mon
Error Info
Shut Off Info 3.  Minimal Number Injections

InjVIv_MonShOff
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Monitoring-Shut Off Overview (InjVlv_MonShOff) (2)

Fid_Cyl%ShOffTest
' % B

InjVIv_InjCharShOff

Diesel Systems O H
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Scheduling of the diagnosis Shut Off

This function checks the error paths relevant to an injector and Shuts Off an injector or bank to
enable continued driving using the injector bank which is still working.
Via application, a "Switch-On-Test" can be performed.

The function InjVIlv_MonShoff must be scheduled right before the injection coordinator
(InjCrv_Co). No other process is allowed to be scheduled between this two processes.

/"M/"M /”“\/”“\/”“\/“\/"\/"\
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State machine of the diagnosis Shut Off (1)

DEFECT DIPFFIfCT
Fid inhibit Fid inhibit

Sh*E%f{__st Sh lggpf_st

DEFECT

Eiti!'not
i Fid inhibit

ibit

P
PRFE:_ OK
Fid inhibit

Sh*E%f st

Fid inhibit

Sh WRH“St @

Transtion 1a: “Switch-On-Test" is applied (InjVIlv_numTest_C > 0).
An error is detected, debounced and Shut Off Fid (Fid_Bnk%ShOffTest/Fid_Cyl%ShOffTest)
is activated; the applied cylinders will be disconnected and the system stays in Shut Off state
"WAIT*.
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State machine of the diagnosis Shut Off (2)

() o _(2)

DEFECT
Fid inhibit

DED

DEFECT DIPI'-FIfCT
Fid inhibit Fid inhibit

Sh*E%f{__st Sh ngp_st

.
ARE

P
PRFE:_ OK
Fid inhibit

Sh*E%f st

Fid inhibit

Sh WRH“St @

Transtion 1b: "Switch-On-Test" is not applied (InjVIv_numTest_C = 0).
An error is detected, debounced and Shut Off Fid (Fid_Bnk%ShOffTest/Fid_Cyl%ShOffTest) is
activated; the applied cylinders will be permanent disconnected (Shut Off state “OFF®).
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State machine of the diagnosis Shut Off (3)

DEFECT

Ei?‘not
L Fid inhibit

ibit

Fid inhibit

P
PRFE:_ OK
Fid inhibit

Sh*E%f st

P
PRE_OK

Fid inhibit

Sh WRH“St @

Transtion 2: After a determined number of injections (InjVlv_numWaitlnj_C), the cylinder is
connected again and it is checked to see if the error has disappeared: Shut Off state "TEST".
This test is performed a determinate number of injections (InjVIv_numTestinj_C).
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State machine of the diagnosis Shut Off (4)

DEFECT
Fid inhibit

>
ARE

Fid inhibit

Sh ngp_st

Fid inhibit

Sh*E%f st

Fid inhibit

Sh WRH“St

Transtion 3a: If after the test injections the error remains, the cylinder/bank is set to Shut Off state

"WAIT" again.

Transtion 3b: The operations of “TEST” and “WAIT” are performed InjVIv_numTest_C times. In
case these attempts are fulfilled and the error has not disappeared, the cylinder/bank is set to

state finally off (Shut Off state "OFF").

Diesel Systems
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State machine of the diagnosis Shut Off (5)
srror—~ (2 ol

OF r——
Thib e Ei?;t Fid Inhlbig x Fid inhibit
Shug?{f_st Rt < Shgll[%f{__st ShytOff st

N

Fid inhibit
ShWRH'—St _
)

Transtion 3c: If the error has disappeared, healing-debounce is started

P|3‘=F_ oK

Fid inhibit

ShlIJE%f st
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State machine of the diagnosis Shut Off (6)

D e (D)

DERECT

Fid inhibit

smggp;g

DEFECT
Fid inhibit

DEFECT
Fid inhibit

>
ARE

Fid inhibit

Fid inhibit

Transtion 4a: Healing-debounce is completed.
Transtion 4b: Healing-debounce is not completed. System waits for the next test injections.
Transtion 5: New test injection are performed.
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Diagnosis Shut Off debouncing

Error detected
Error I No error detected
Pre Ok
Pre Def Def I
Dfp_Name | ok —
] Fid is se
Fid Fid is not set
Test
Shut Off_st ok Nt 1
InjVIv_numWaitinj_C ”
InjViv_numTestinj_C
Test_Inj_ct
2nd.Test 3rd.Test
Test_ct I1 st.Test
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Shut Off Application

Open Circuit — No Shut Off is needed for a cylinder-open load. If more than
InjVIv_numNoLoadCylMax_C cylinders have open load, a complete Shut Off is
performed

Short Circuit High Side to Low Side — Cylinder or Bank Shut Off. SCHSLS is
cylinder specific detectable, and has no influence in the other cylinders of the same
bank. At least a cylinder Shut Off is required, but depending of the project a bank Shut
Off can be applied.

Short Circuit High Side to Battery - Short Circuit High Side to Ground — Bank
Shut Off; SCHSBA and SCHSGN are bank errors.

Short Circuit Low Side to Battery - Short Circuit Low Side to Ground — Bank
Shut Off; Both of the errors have an influence to the other cylinders of the same bank

Unclassifiable Bank Error - Unclassifiable Cylinder Error — Bank Shut Off
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InjVIv_MonShOff Labels

Application parameters

o InjVlv_numWaitlnj_C (Number of wait injections)

0 InjVlv_numTestInj C (Number of test injections)

0 InjVlv_numTest_ C (Number of tests)

. For Series InjVIv_numTest C=0

Output values
o InjVlv_stMonDia (Shut Off activated)

0 InjVlv_stinjCharShOff (Injection Shut Off)
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Agenda

o Vision general of diagnosis

0 Solenoid Valve Monitoring of CR- & U-System

0 QOutcomes of the Short Circuits
0 Solenoid Valve Monitoring Shut Off

o Application procedure

. Application procedure
. Measure procedure in Truck
. Breakout Box
. Application process
o Actual platform application

o Peculiarity 8 Cvylinder software with multiplexer
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Application procedure

a
a

Hardware application hints

Measure process in Labor:
Perform the errors at the injector side
Perform the errors at the ECU side
Measures on different cylinders and banks under different operating conditions(low
idle, high revolution number, error applied before terminal 15 is activated, short circuit
with high and low ohm resistance, different battery voltages)

Measure process in Truck:
Perform the errors at the injector side
Measures on different cylinders and banks under different operating conditions (low
idle, high revolution number, error applied before terminal 15 is activated, short circuit
with high and low ohm resistance)

Measure analysis and compare with labor measurements and simulation

Calculate the Pattern and Select Matrix

Validation of the application
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Measure procedure in Truck

a

Ensure before the beginning of the measurements, that your vehicle has a series wiring
harness and all powerstage SSDs are project-specific correctly calibrated. This covers e.g.
the current profile, booster voltage, etc.
The measurements are worthless without pre-series-production hardware or with
defective calibration of the SSDs, because the CY33x error registers are dependent on
it.
Carry out the vehicle measurements with a breakout box.
Do not use any wiring harness adapter!
With help of the breakout box, the following errors have to be generated on each cylinder:

No Load (NL)

Short circuit High-Side to Ground (SCHSGN)

Short circuit High-Side to Battery (SCHSBA)

Short circuit Low-Side to Ground (SCLSGN)

Short circuit Low-Side to Battery (SCLSBA)

Short circuit High-Side to Low-Side (SCHSLS)
The measurements should be repeated more than once (for e.g. three times) under different
operating conditions (Low idle, Low-idle with increased rotational speed, Start of engine with
the error).
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Breakout Box

ECU

Short Circuit
Terminal

S ENGINE
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Breakout Box — Open Circuit

CU

D ENGINE

BATTERY

Open Circuit
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Breakout Box — Short Circuit to Battery/Ground

CU

D ENGINE

BATTERY

Short Circuit to Battery,
Short Circuit to Ground
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Breakout Box — Short Circuit High Side - Low Side

CU

D ENGINE

BATTERY

Short CircuitCoil
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Application process

Diesel Systems
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Application process

v
=
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Application process
Wi =l

~
-~ >/ ! la

~—
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Application process
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Application process
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Application process

Diesel Systems

Manuel Gil - DS/ECP4| 15/03/2008 | © Robert Bosch GmbH 2007. All rights reserved, also regarding any disposal, exploitation, reproduction,
1 1 editing, distribution, as well as in the event of applications for industrial property rights.




Overview of Diagnosis

Application process
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Application process
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Application process

:
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Agenda

Vision general of diagnosis

Solenoid Valve Monitoring of CR- & U-System

Qutcomes of the Short Circuits
Solenoid Valve Monitoring Shut Off

Application procedure

Actual platform application

. Dependece Classifiable-Unclassifiable Errors

. Application in Detail
. Overview of different diagnosis strategies
Peculiarity 8 Cylinder software with multiplexer
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Dependence Classifiable-Unclassifiable Errors (1)

To avoid a double fault memory entry of an error, and also for a wrong reaction for an error
(for example if the pattern recognition sequence detects a Classifiable Cylinder Error
(CCE) and an Unclassifiable Bank Error for the same physical error), the following relation
in the application of the ThresholdDebounceToDefect parameter for Classifiable

Bank/Cylinder Errors (CBE/CCE) and Unclassifiable Bank/Cylinder Error (UBE/UCE) errors
must be consider:

ThresToDefectUBE = ThresToDefectUCE > ThresToDefectCBE > ThresToDefectCCE
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Classifiable
Error

Unclassifiable
Error

assifiable Errors (2)

Classifiable error detected:;

InjViv_DebYYYDef C >4

If the Powerstage-Shut off is
performed, the Unclassifiable

No double fault memory entry

Dependence Classifiable-Unc
Error detected
Error No error detected
InjViv_DebXXXDef_C =4
Counter _I’rf Shut off Powerstage
Pre_Def Def
DFP Class.Error ok —
Counter _’—r’_ Error Counter is reseted
DFP Unclass. Error ok Pre_Def

Diesel Systems
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Application in Detail (1)

Open Circuit

Overcurrent in active Cylinder No
Overcurrent in inactive Cylinder No
Undesired quantity at active Cylinder No
Undesired quantity at inactive Cylinder No

Error Detection

Cylinder Specific

DFP

Dfp_InjVIvCyl%B.SIG

Healing

Healing possible

Debounce to Def

InjVIv_DebCylB2Def C = 3

Debounce to Ok

InjVIv_DebCyIB20k_C = 0

Diagnosis Reaction

Only if more than

InjVIv_numNoLoadCylMax_C open circuits

Diesel Systems
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Application in Detail (2)
Open Circuit — Dfp_InjViv_Cyl%B.SIG

InjVIv_stErrMskPattern_C

Bit 31 130129 | 28|27 | 26 | 25 0
Value 0 1 1 0 0
il

Diesel Systems
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Pattern Bits
Cylinder Error
ErrorPath: SIG
ErrorType B
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Application in Detail (3)
Short Circuit High Side to Battery

Overcurrent in active Cylinder

~ 5A /10 us until powerstage Shut Off

(Boosterovercurrent)
Overcurrent in inactive Cylinder No
Undesired quantity at active Cylinder No
Undesired quantity at inactive Cylinder No

Bank Specific

Error Detection

No difference with SCHSGN

DFP

Dfp_InjVIVBnk%A.MAX

Healing

No Healing possible

Debounce to Def

InjVIv_DebBnkAODef C = 5

Debounce to Ok

InjVIv_DebBnkAOOk_C = 65535

Diagnosis Reaction

Bank Shut Off

Diesel Systems
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Application in Detail (5)
Short Circuit High Side to Ground

Overcurrent in active Cylinder No
Overcurrent in inactive Cylinder No
Unwished quantity at active Cylinder No
Unwished quantity at inactive Cylinder No
Bank Specific

Error Detection

No difference with SCHSBA

DFP

Dfp_InjVIVBnk%A.MAX

Healing

No Healing possible

Debounc to Def

InjVIv_DebBnkAODef C =5

Debounce to Ok

InjVIv_DebBnkAOOk_C = 65535

Diagnosis Reaction

Bank Shut Off

Diesel Systems
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Application in Detail (4)
Short Circuit High Side — Dfp_InjViv_Bnk%A.MAX

InjVIv_stErrMskPattern_C

Bit 31 [ 30|29 |28 27| 26 | 25 0

Value 0 0 0 0 1

il

| |

Pattern Bits
Bank Error
ErrorPath: MAX
ErrorType A
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Application in Detail (6)
Short Circuit Low Side to Battery

Overcurrent in active Cylinder Only in Boosterphase if Low Battery
Overcurrent in inactive Cylinder No

Unwished quantity at active Cylinder No

Unwished quantity at inactive Cylinder Yes

Error Detection Bank Specific

DFP Dfp_InjVIvCyl%A.MAX

Healing No Healing possible

Debounce to Def InjVIv_DebCylAODef C =3
Debounce to Ok InjVIv_DebCylAOOKk_C = 65535
Diagnosis Reaction Bank Shut Off
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Application in Detail (7)
Short Circuit Low Side to Battery — Dfp_InjViv_Cyl%A.MAX

InjVIv_stErrMskPattern_C

Bit 31 130129 | 28|27 | 26 | 25 0
Value 0 0 0 0 0
il
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Pattern Bits
Cylinder Error
ErrorPath: MAX
ErrorType A
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Application in Detail (8)

Short Circuit Low Side to Ground

Overcurrent in active Cylinder No

Overcurrent in inactive Cylinder Yes

Unwished quantity at active Cylinder Yes

Unwished quantity at inactive Cylinder Yes

Error Detection Bank Specific

DFP Dfp_InjVIvBnk%A.MIN
Healing No Healing possible

Debounce to Def

InjViv_DebBnkA1Def C = 5

Debounce to OK

InjVIv_DebBnkA10k_C = 65535

Diagnosis Reaction

Bank Shut Off

Diesel Systems
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Application in Detail (9)
Short Circuit Low Side to Ground - Dfp_InjViv_Bnk%A.MIN

InjVIv_stErrMskPattern_C

Bit

31

30

29

28

27

26

25

Value

0

0

1

1

il
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Pattern Bits
Bank Error
ErrorPath: MIN
ErrorType A
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Application in Detail (10)

Short Circuit High Side to Low Side

Overcurrent in active Cylinder

Yes, but no influence to the injector

Overcurrent in inactive Cylinder

No

Unwished quantity at active Cylinder

No

Unwished quantity at inactive Cylinder

No

Error Detection

Cylinder Specific

DFP

Dfp_InjVIVCyl%A.SIG

Healing

No Healing possible

Debounce to Def

InjVIv_DebCylA2Def C =3

Debounce to OK

InjVIv_DebCylA20k_C = 65535

Diagnosis Reaction

Bank Shut Off

Diesel Systems
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Application in Detail (11)
Short Circuit High Side to Low Side — Dfp_InjVIv_Cyl%A.SIG

InjVIv_stErrMskPattern_C

Bit 31 130129 | 28|27 | 26 | 25 0
Value 0 0 1 0 0
il
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Cylinder Error
ErrorPath: SIG
ErrorType A
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Application in Detail (12)
Unclassifyable Cylinder Error — Dfp_InjViv_Cyl%A.NPL

InjVIv_stErrMskPattern_C

Bit 31 130129 | 28|27 | 26 | 25 0
Value 0 0 1 1 0
il

|

InjVIv_DebCylA3Def C =8

InjVIv_DebCylA30k_C = 65535
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Cylinder Error
ErrorPath: NPL
ErrorType A
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Application in Detail (13)
Unclassifyable Cylinder Error — Dfp_InjViv_Cyl%A.NPL

InjViv_stErrMskPattern_C [1]

0fo0|111]0 ofofofofOofOfOfOfO|OfO 0/0/0]10]10]10]0
3 0 0 0 0 0
InjViv_stErrMskSelect_C [1]
0(0(0|0]0 0(0|l0]0|J0]J0|0]0]0|O0OfO o(fo(1y11111111
0 0 0 0 1 F
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Application in Detail (14)
Unclassifyable Bank Error — Dfp_InjViv_Bnk%A.NPL

InjViv_stErrMskPattern_C [0]

Bit

31

30

29

28

27

26

25

Value

0

1

1

1

il

|

InjVIv_DebBnkA3Def C =9

InjVIv_DebBnkA30Ok_C = 65535
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Bank Error
ErrorPath: NPL
ErrorType A
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Application in Detail (15)
Unclassifyable Bank Error — Dfp_InjViv_Bnk%A.NPL

InjViv_stErrMskPattern_C [0]

ofof1]1]1 ojojofofojojofojojo0fo oO(ofojojo0foj|o0
3 0 0 0 0 0
InjViv_stErrMskSelect_C [0]
0[0]0]0|O ofofojojOofoO|0OjO|1|11]|0 0(0]0]0|J0(0OfO
0 0 1 B 0 0
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Application in Detail (16)
Fast Decay Error — Dfp_InjViv_Cyl%B.MAX - ONLY U-System

InjViv_stErrMskPattern_C [ ]

Bit 31 130129 | 28|27 | 26 | 25 0
Value 0 1 0 0 0
il

|

InjVIv_DebCyIBODef C =5

InjVIv_DebCyIBOOk _C = 65535
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Bank Error
ErrorPath: MAX
ErrorType B
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Application in Detail (17)

Fast Decay Error — Dfp_InjViv_Cyl%B.MAX - ONLY U-System

InjViv_stErrMskPattern_C

0/1({0]0]0 o(fojojofo0j0j0fo0|0J0 0j]0(1(0]0]0]|O0
4 0 0 1 0
InjViv_stErrMskSelect_C
0/0]0(0]|O0 ojo(o0|j0jo0fo0f0j0f1]1 oloj1(111(11
0 0 1 1 F
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Application in Detail (18)
Booster Time-out Error — Dfp_InjViv_Bnk%A.SIG - ONLY CR-System

InjViv_stErrMskPattern_C [ ]

Bit 31 130129 | 28|27 | 26 | 25 0
Value 0 0 1 0 0
il

|

InjVIv_DebBnkB2Def C =3

InjVIv_DebBnkB20k_C = 65535
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Bank Error
ErrorPath: SIG
ErrorType A
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Application in Detail (19)

Booster Time-out Error — Dfp_InjViv_Bnk%A.SIG - ONLY CR-System

InjViv_stErrMskPattern_C

0l0(110]1 ofojojofojo0jo0foy1yjo0 0j]0(0(0]0]O0]|O
2 0 1 0 0
InjViv_stErrMskSelect_C
0/0]0(0]|O0 ojo(o0|j0jo0fo0f0j0f1]1 oloj1(111(11
0 0 1 1 F
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Application in Detail (20)

Dfp_InjVIvBnk%A U-System

Path Error ToDef | ToOK Diagnose reactions * System reactions *

.MAX SCHS 5 65535

.MIN | SCLSGN 5 65535 Fid_RunUpTst
Fid_Bnk$ShutOffTest Fid_FBC

.SIG | NotUsed | 65535 0 Fid_BipNoDetBnk$

.NPL UBE 9 65535

* Minimum Requirement; Other Reactions could be

applied
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Application in Detail (21)

Dfp_InjVIvBnk%A CR- System

Path Error ToDef | ToOK Diagnose reactions System reactions
.MAX SCHS 5 65535
.MIN [ SCLSGN 5 65535 Fid_RunUpTst
Fid_Bnk$ShutOffTest Fid_FBC
SIG 3 65535 Fid_SetBstErr_SIG Fld._CmbChb
Fid_HpTst
.NPL UBE 9 65535
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Application in Detail (22)

Dfp_InjVIvBnk%B Ul & CR
Path Error ToDef | ToOK Diagnose reactions System reactions
.MAX | Not Used | 65535 0
.MIN | NotUsed | 65535 0
.SIG | NotUsed | 65535 0
NPL | NotUsed | 65535 0
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Application in Detail (23)

Dfp_InjVIvCyl%A Ul

Path Error ToDef | ToOK Diagnose reactions System reactions

.MAX | SCLSBA 3 65535

MMIN | NotUsed | 65535 0 Fid_RunUpTst
Fid_Bnk$ShutOffTest Fid_FBC

SIG | SCHSLS 3 65535 Fid_BipNoDetBnk$

.NPL UCE 8 65535
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Application in Detail (24)

Dfp_InjVIvCyl%A CR-System

Path Error ToDef | ToOK Diagnose reactions System reactions
.MAX | SCLSBA 3 65535
Fid RunUpTst
.MIN Not Used 65535 0 Fid FBC
Fid_Bnk$ShutOffTest Fid CmbChb
SIG | SCHSLS 3 65535 \a_-m
Fid HpTst
.NPL UCE 8 65535
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Application in Detail (25)

Dfp_InjVIvCyl%B Ul
Path Error ToDef | ToOK Diagnose reactions System reactions
Fid_Bnk$ShutOffTest. MAX
MAX FDE S 65535 Fid_BipNoDetBnk$_MAX
MIN | NotUsed | 65535 0 Fid_RunUpTst
Fid_FBC
SIG ocC 3 0 Fid_BipNoDetCyl%_SIG
.NPL | NotUsed | 65535 0
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Application in Detail (26)

Dfp_InjVIvCyl%B CR
Path Error ToDef | ToOK Diagnose reactions System reactions
.MAX | Not Used | 65535 0
Fid_RunUpTst
.MIN | NotUsed | 65535 0 Fid_FBC
Fid_CmbChb
SIG oC 3 0 Fid_HpTst
.NPL | NotUsed | 65535 0

Diesel Systems
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Overview of different diagnosis strategies

Car Truck
Complete Shut Off for each error
except
open circuit Bank Shut Off
Maximal 1 cylinder with open circuit
CR System U System
No Split Injection No FDE for Split Injection

EDC16

EDC17

Error-Typ detected (if possible)

Error-Typ not detected

Diesel Systems
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Agenda

o Vision general of diagnosis

0 Solenoid Valve Monitoring of CR- & U-System

0 QOutcomes of the Short Circuits
0 Solenoid Valve Monitoring Shut Off

o Application procedure

o Actual platform application

o Peculiarity 8 Cylinder software with multiplexer

. 8 Cylinder software with multiplexer
. 8 Cylinder software with MUX — U System

1 4 Manuel Gil - DS/ECP4| 15/03/2008 | © Robert Bosch GmbH 2007. All rights reserved, also regarding any disposal, exploitation, reproduction,

editing, distribution, as well as in the event of applications for industrial property rights.



Overview of Diagnosis

8 Cylinder software with multiplexer

1 The 8 cylinders powerstage is realized with one CY332B, which can handle 6 powestages
directly. The both additional powerstages are realized through a Multiplexer (MUX) in the
gate activation circuit of the LS-FET's of Cyl.12 and Cyl. 22

1 The MUX is controlled by the TPU.

1 For the diagnosis of powerstages 12 (Bank 1, Cyl 2) and 14 is used only a common error
register (the same occurs for powerstages 22 and 24) because there are available only 6
fault memories to register to the cylinder specific diagnosis error information. Therefore
two registers are covered twice. The diagnosis information of the first activated
MUX-powerstage would become, while activation of the second MUX-powerstage, the
diagnosis information of both powerstage by logical OR.

o Therefore no cylinders specific recognition can be performed.
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8 Cylinder software with multiplexer

1 CR-System:

. Change in HWE — InjVIlv_Mon becomes SPI cylinder specific information for
each cylinder

1 U-System:

By a cylinder disconnection will be recognizable the error cylinder specific.

To execute a cylinder-specific recognition on the MUX powerstages, after cylinder specific
error detection in the MUX powerstages, one of them is switched off. If the error
disappears, the error was in the switched off cylinder. If the error continues, the error was
in the not switched off cylinder.

. While a "double error" on the MUX powerstages is debounced, one of the MUX
powerstages is switched off for some injections. After the disconnection, the
debounce-error-counter of the cylinder with the error has a higher value has than the
counter of the cylinders without error, and therefore is set this cylinder first in defect status
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8 Cylinder software with MUX — U System

No Error at Deactivated Cylinder

Error

No error detected

Error detected

Counter Mux
with Error

e

meo

Counter MUX
without Error

Mux is
disconected

Counter
Double Error

Counter Wait
Double Error
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8 Cylinder software with MUX — U System
Error at Deactivated MUX

Error

No error detected

Error detected

Counter Mux
with Error

meo

Mux is
disconected

Counter MUX
without Error

Counter
Double Error

Counter Wait
Double Error
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8 Cylinder software with MUX — U System

Application parameters

o InjViv_numMaxDoubleError_C (Number of injections with double detected before
deactivation of one cylinder)

o InjVIv_numWaitDoubleError_C(Number of injections with a deactivated cylinder)

Output values

1 InjVIv_stTestMuxBnk% (State of Multiplexed cylinder Shut Off to avoid double error)
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Error Debouncing

error

InjVlv_DebBnk$%OK_C

InjViv_DebBnk$%Def_C

Counter \

DFP
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Error Debouncing

error

InjVIv_DebCyl$%O0K_C

InjViv_DebCyl$%Def_C

Counter \

DFP
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Structure of the pattern matrix

used for not [ InjViv_stErrMskPattarn_C[0]
classifyable errors| InjViv_stErrMskPattarn C[1]
I T not used
used for | InjViv_stErrMskPattarn C[2]
classifyable errors | | Injviv_stErrMskPattarn_C[3]
[ InjViv_stErrMskPattam_C[20]
P1 A - ed e 8 0 |Injviv_stErrMskPattarn_C[21]
% 1 '
| Bank-/Cviinderrelated error T Pattern bits
{0 Pattern identifies a cylinder errar 0: related bit in CY33x-errorpattern has to be 0
1: Pattern identifies a bank emor 1: related bit in CY33x-ermorpattern has to be 1
Emortype in Errorpath
00: Pattemn is related to bit 0 (OSM_MAX)
01: Pattern is related to bit 1 (3SM_MIN)
10: Pattemn is related to bit 2 (DSM_SIG)
11: Pattem s related to bit 3 (DSM_NPL)
Errorpath

00: Pattern is related to errorpath A
1: Pattern is related to errorpath B
10: Pattern is not related to any errorpath
11! Pattern is not related to any ermorpath

Diesel Systems
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Structure of the Select Matrix

used for not InjViv_stErrMskSelect C0]
classifyabla errors InjViv_stErriMskSelact_C[1]

not usad T Selection bits

02 related bit in CY33x-arrorpattern cannot release an UnKnown emor
1: related bit is relevant for releasing unknown ermors
(it Tk [ [ InjViv_stErrMskSelect_C[2]
dlassifyabls errors| | InjViv_stErrMskSelact C[3]
[ ) ' InjViv_stErrMskSelect_C{30]
B1 24 16 8 0 |Injviv_stErMskSelect C[31]

" not used T Selaction bits

0 related bit in CY33x-emorpattern has no meaning
1: related bit in CY33x-errorpattemn is relevant
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Structure of error pattern

Infviv_stEmClctCyl BOXIXIXIX] [ el | [ [ [ 1 [ mel [T T[T T8 [T T]]0a]

not used T I T

at least one injection on other cylinders of same bank cccured —_—— —_—
HINEEEEEN [ HEEEEEEN

at least anes injection on same bank accured BitOR In[Viv_stErrBnk1 InjViv_stErrCyl1_mp

Injection on current cylinder occurad %
l _|

0o
INVIv_SIEMCyIZ_ mp  In[VIv_SIECyi3_mp
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Pattern recognition sequence

w0
3
™~
-y Bz
§F BE-=C
2z [
& [0]
0 ol &
Inj\iv_stErrMskPattern C InjfViv_stErmMskSelect C =3
o 1] I InjViv_numldxEmnCylé_mp
g LR I e
16
5| .h8|
&
e — 1
=—-H » il
1 M ll
3" 3 VIVG
3 1] a1 o ; Dfp_Inf YA _mp
m Bit Dfp_InjVIvCyl1B_mp
XOR AND = | —w——— Dip_InjVivCyl2A_mp
DOfp_InjVivCyl2B_mp
InjViv_stErrClctCyix e e
Cylinder & Dfp_InjVivCyl6A_mp
Cylinder 5 Dip_InjvivCyl6B_mp
—— Dfp_InjVivBnk1A_|
Cylinder2 ||
Cylinder 1
k1 [1]
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Cylinder specific error

BIT CY332 ERROR
0 Maximal current in HS-Switch
1 Maximal current in LS-Switch
2 Differential current (HS-LS)
3 No load detected (open circuit)
4 Fast decay check failure
5 Recharge error
6 Current level error
7 Injection Finished

Diesel Systems
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Bank specific error

BIT CY332 ERROR
0 Booster voltage Over-range error
1 Booster voltage Under-range Error
2 Booster current-Low Error
3 Booster current-High Error
4 Booster Time-out Error
5 -
6 LS current Error
7 ON signal time out
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Shut Off debouncing

Fid

Shut OFff st

InjVIv_numWaitinj_C j
4

InjVIv_numTeLtInj_C

Test Inj_ct

Test_ct
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Shut Off

InjVIv_MonShOff

InjVIv_stMonDia

INjVIv_InjCharShOff

InjCrv_Co

InjVIv_stMonDia
Bit 6 5 4 3 2 1 0
- - - - - - Dia
ShutOff
InjVIv_InjCharShOff
Bit 6 5 4 3 2 1 0
Pil3 Pil2 Pill - MI1 Pol2 | Poll

Diesel Systems
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Open Circuit
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Short Circuit High Side to Battery
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Short Circuit High Side to Ground
LLL
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Short Circuit Low Side to Battery
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Short Circuit Low Side to Ground

¥

L
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Short Circuit High Side to Low Side
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Error messages transferred via SPI (16)
InjViv_stErrBnk$ mp.Bit4 - Booster Time-out Error

af

-
T

e

il

After the time InjVIv_stTiBstErrMax_C the current —
InjVIv_iLvILo1_C is not reached. +Temp — TRL
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