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Tongji University Master of Philosophy Abstract

ABSTRACT

Hybrid vehicle is one of solution to resolve energy and climate issues and
promote the sustainable development of automobile industry. There are some mass
products in the automobile market, such as Jetta HEV of VW, Sonata HEV of
Hyundai, E550 PHEV of SAIC, Qin PHEV of BYD.

The key point of hybrid vehicle is to integrate transmission and E-motor. This is
called “Electromechanical Complex Transmission”. Its electrical control system is
called “Electromechanical Complex Transmission Control System”. It will execute
the functions of torque resolution, torque distribution, transmission control and mode
shift. The failure of the system will direct lead to accident and threaten the life of user.
How to guarantee the safety of the system became another key technique of hybrid
vehicle. It has been difficult to fulfil the development of its complex electrical and
electronic system, using of functional safety became necessary.

This study focus on the key phase of 1S026262, e.g. technical safety requirement
analysis, system design, hardware safety requirement analysis, evaluation of hardware
architectural metrics, evaluation of violation of the safety goal due to random
hardware failures, hardware integration test. Base on one type of electromechanical
complex transmission control system of PHEV. An effectively evaluation method of
functioanl safety is derived and the way from functional safety requirements to the
hardware technical safety concept is dedicated. Base on the hardware design the
hardware architectural metrics and the random hardware failures metrics are evaluated,
and the relationship between hardware design and functional safety goal is analysed.

An electromechanical complex transmission control system and its control unit
had been designed and evaluated by functional safety, such as system architectural,
microprocessor, power supply, sensor signal process, valve drive, bus communication.
This study use HIL testing to validate the target of functional safety.

The conclusions of this study are “all torque related functions are safety related”,
“the technical safety requirement specification is derived from functional safety

requirement and can educe the technical safety concept”.

Key Words: Electromechanical complex transmission, Functional safety, Hardware
failures, Hardware in loop
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As e R 22 At IR 50 B AR 00
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Anapr, op 2 R A AT R0 B PIT SRR 25 A O R R R
A, L SR REAHIEAE 22 KU 50 R 2R R0
PR R AR 22 LR 2 R B i 3 TR E
Koc, rF = (1— ArF et + 1)x 100
Are < ArF et = A x (1— Koc, re +100)
ARE, est 72 FR AR IR AL TH IR R R
Koc, re & DL 73 B3RS B iR AR W12 W 7 5 36
VERAE Wl e 2 202 o 3 A RSB AP A ) 22 A ML FRD 2 W s 2 TR
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5.2.2 B SHERfRMEHE
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RREE B PRI A WA A A DR TR A A BT o A EE AR A
B R R A
1_ZSR,HW (/kPF-I_;LRF)+Z:SR,HW/1 (5.7

D r i A R I A RACE e B2

5.2. 3 BAEMEBRMRMETHE

TR W T e B 1R S IO T 8 B R B 1 o — AN R B B R
VL S E A DI PR A4 o BT o 1 BB AR
WA =T EA XN
1_ZSR,HW iMPF’L+ZSR,HW (/l_ﬂSPF _/IRF) (5.8)
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5.2. 4 BEHEHREEBIcMETE

VEONREAT SR EE R b 7e, BEALRE RO B AT PRI 59, T Tl LARE AL
R A 2 O 2 L B D B AT T 3R
BEALAEAE 2R O L& Mpmpe HITHER A O

Am, R X Titetime + Am, ppE X Thifetime x 0.5 x

MpmHF = ( )J =+ Tietime (5. 9)

(lsm, DPF, latent X Tlifetime + Asm, DPF, det ected X [ 'sm

Am, re T D) BEBRIR AR R B

Am, oPE A2 T BEBROUR, B 2 30K

Tiitetime & B 25 75117 ;

Asm, DPF, tatent /& % 4= HIL A RV AE B 0L R R B 5

Asm, DPF, det ected A= 22 ML IR P B 550 2K 8058

Dsm F2& 2 ML R 22 s 2R I 18] B
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AT R R B B AT i o ) 2 =0T Lt — 28 4 A -
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i 80% X S3 0.9 0.16 X T 0 1. 44
C26 2 Y FF it 20%
i 80% X Xk |0 1.6
c27 2 Y FF it 20%
i 80% X x| 1.6
C28 2 Y J i 20%
S 80% X T | o 1.6
C29 2 Y J i 20%
S 80% X S3 0.9 0.16 X ¥ 0 1.44
C30 2 Y J i 20%
S 80% X x |o 1.6
C31 2 Y I 20%
S 80% X T | o 1.6
C32 2 Y I 20%
S 80% X S3 0.9 0.16 X & 0 1.44
L10 2 Y I 90% X S2 | 0.99 | 0.02 X S4 0.99 0. 02
S 10%
L12 2 Y Ik 90% X S2 | 0.99 | 0.02 X S4 0.99 0.02
S 10%
TX10 2 Y T 50% X S3 | 0.9 0.1 X o 0 0.9
S 50% X S3 | 0.9 0.1 X T 0 0.9
Q10 2 Y T 50% X S3 | 0.9 0.1 X o 0 0.9
S 50% X S3 | 0.9 0.1 X T 0 0.9
ZEM 20 Y I it 10% X T | o 2
S 20% X x |0 4
B | 70% X S1 | 0.6 5.6 X o 0 8.4
R46 2 Y iR 90% X k|0 1.8
ik 10% X x |0 0.2
D17 2 Y iR 90%
% 10% X I |o 0.2
D18 2 Y F % 90% X |0 1.8
% 10%
L13 2 Y F % 90% X |0 1.8
% 10%
L14 2 Y Ik 90% X S3 0.9 0.18 X T 0 1.62
S 10%
L15 2 Y iR 90% X k|0 1.8
S % 10%
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RIgEs K| #E/ | K K| HR | % | R | BRREL | 24K | BILE | WBEE | BEE
S zh | R Bay | %A | A | B | B | MU | URE | BURAL | AR
AL | i Hbx | ML | Bl | R | k&4s | R | eWE | KRR
2 Hl| % x B el S
Ul4 20 Y AR 50% X |0 10
AR 50%
C40 2 Y PN 20%
JE % 80% X T |o 1.6
c41 2 Y J i 20%
S i 80% X x |0 1.6
C42 2 Y J i 20%
S % 80% X x| o 1.6
C43 2 Y J i 20%
S 80% X T | o 1.6
C44 2 Y F it 20%
i 80% X x| 1.6
C45 2 Y FF it 20%
i 80% X Xk |0 1.6
C46 2 Y FF it 20%
i 80% X x| 1.6
C47 2 Y J i 20%
S 80% X T | o 1.6
C48 2 Y J i 20%
S 80% X T | o 1.6
C49 2 Y J i 20%
S 80% X x |o 1.6
C50 2 Y I it 20%
S 80% X T | o 1.6
C51 2 Y I 20%
S 80% X T | o 1.6
C52 2 Y I 20%
S 80% X & 0 1.6
C53 2 Y Ik 20%
S 80% X T 0 1.6
R43 2 Y Tk 90% X T 0 2
S 10%
R44 2 Y T 90% X x 0 2
S 10%
R45 2 Y I it 90% X o 0 1.8
S 10%
D19 2 Y iR 90%
ik 10% X x 0 0.2

A B R
MRV A MR D g g (A57F + A7) =67, 2,

ZSR,HW A =658;

IS TEM KRR s D op g AMPF L =37, 04

2+ LIHLHL SR A5 A Sl 42 ) B e RN S A AR A5

22 1 5y

ERE/N

REITHRESIBI, T S ELAE A ZRA) 5 R AN BE LA A 2R R
DRI B A7 B A IS 5, RIS 5 R, 1 R4t

THREHIR -
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[FlHF RS WA S0 B N R S AR ShiE ] R AT RE % & i 5 iRk

HEN AR s PRAML S 42 1| ) A ki LU I B 8, Y S W TR H 5 BV I
P RA N AR

LARAS: FHHAER 0, KRIBMEELT . BRI s riE R

e 2 pUH]: ST, AR EES FHE R A FEYE ] S2. ﬂb!} SRR LIEACEP
S3. FEEHMESHE KR

Lz N SRR, A ML S3 AT LART 1L ST M e . 2422 AL
S2 Jeist, 2 AsMLE] S3 T LA I S2 HVEAE ik .

Tk T 22l S3 4%@%3?@%7!‘91-?9%% FIT DA 75 22 R 2% T PR A
FELYEURH 7 B A HOUS 5 R AR, 3R 5. 3 WP ELER AR I8 FL IR IR U5 5 A 22 F B
[ St R R A

AN ST KW 55 2 0] 2 IBAE R TUR .

% 5.3 INIEEUE T RERBUIEAM KT H

A Ry | RE\ | R K| Bk | ® | R | BRREL | 2K | BikE | WEE | BEX
e 7| K ey | w4 | A | B | Bl | Ui | SRR | RURRL | RURER
AR | ki Hbx | L | B | Bk | ks | R | eWE | KRR
N S % H#s ER NS
R32 4 Y J i 90% X S1 |0.99 | 0.04 X S3 0.99 0. 04
S 10%
R33 4 Y Ik 90% X S1 | 0.99 | 0.04 X S3 0.99 0. 04
S 10%
R34 4 Y I 90% X S1 | 0.99 | 0.04 X S3 0.99 0. 04
S 10%
C36 4 Y It 20%
S 80% X T |0 3.2
ul13 40 Y e 50% X S1 [0.99 |0.2 X S3 0.99 0.2
Eogs 50%
D20 4 Y T 90% X k|0 3.6
S 10%
C54 4 Y Ik 20%
S 80% X k|0 3.2
ui6 40 Y Eoei 50% X S1 | 0.99 | 0.2 X S3 0.99 0.2
A 50%
R52 4 Y I 90% X S1 | 0.99 | 0.04 X S3 0.99 0. 04
S 10%
R53 4 Y B 90%
% 10% X S1|0.99 |0 X S3 0.99 0
R54 4 Y Ik 90% X S3 0.99 0. 04
% 10%
R55 4 Y Ik 90% X S3 0.99 0. 04
% 10%
R56 4 Y Ik 90% X S3 0.99 0. 04
% 10%
RJ10 4 Y FFi% 90% X S3 0.99 0. 04
S 10%
C60 4 Y B 20%
FL% 80% X S1 | 0.99 | 0.03 X S3 0.99 0.03
c61 4 Y T 20%
S % 80% X S1 | 0.99 | 0.03 X S3 0.99 0.03




555 & P BT D e e A0 i

A K| =/ | R K| ER | & | R | BRRE | 2AK | Bk | BEE | BES
x5 A | K oy | w4 | 4 | el | BN | AUEE | mRE | SRR | AR
AR | i His | ML | B | Bkl | kzd | xR | eWiE | Rk
2y S E H#x AN | B
C62 4 Y I % 20%
JH % 80% X S1 | 0.99 | 0.03 X S3 0.99 0.03
C63 4 Y I % 20%
JH 80% X S3 0.99 0.03
C64 4 Y FF % 20%
T 80% X S3 0.99 0.03
D22 4 Y FF % 90%
T 10% X S3 0. 99 0
D23 4 Y T % 90%
S % 10% X SI | 0.99 |0 X S3 0. 99 0
C65 4 Y FF % 20%
T 80% X S1 | 0.99 | 0.03 X S3 0.99 0.03
C66 4 Y FF 1% 20%
T 80% X S1 | 0.99 | 0.03 X S3 0.99 0.03
R57 4 Y AR 90%
T 10% X S1 | 0.99 |0 X S3 0. 99 0
R58 4 Y T 8% 90% X S1 | 0.99 | 0.04 X S3 0. 99 0.04
S % 10%
R59 4 Y T % 90%
S 10% X SI | 0.9 |0 X S3 0. 99
JniEEs | 50 Y fett=n 20% X S3 1 0.99 | 0.5 X S3 0. 99 0.5
AL K
Bfes Y I 20%
A
Y YR | 20%
Y St 20%
Y T it 10%
Y beys 2 10%
JniEEs | 50 Y B 20% X S3 1 0.99 | 0.5 X S3 0.99 0.5
bR A JR
WA & v T 20%
7% B
Y FEHJE | 20%
Y i 20%
Y Tt 10%
Y % 10%

iNRE|

GRMIIAIAT D gp oy A =658+276=034

B P R A I e 2 AR ZSR’HW (Aspr + ArF )=67. 2+11. 75=78. 95

VETE R RR D gy AMPF L =37, 04+1, 97=39. 97

AR (5.7) THE 155 Sk T S H=91. 5%

AT (5.8) THE 1598 7E Wik B f(H=95. 3%;

A HITE MR A 2 ASIL C I HFMA: 5 U R A A 2] ASIL C
FRAE -
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[FlHF RS WA S0 B N R S AR ShiE ] R AT RE % & i 5 iRk

AR (5.12) {HEA15.

Mewne =104, 31FIT+ 37. TFIT=142. 01FIT;

A JN4E BANH 2 ASIL C /T 100FIT SR,

I3 BT I HL % AV 22 AR A 2 A B 78 o DR FRL A, T I gl T e

AECE BN L, n] DA e B R P A

3+ DANLH SR A 1% a2 5 oo (1Y) i e R X S AR B — 22 M SR I T RE 1

TS LA A SR A B2 B A AL AR R S e

T

THRERIR : Dy BRI 3 (it iRy A A SR B, SIE A M 47 sy 120 X ) L s (BT
T FLIREARL =4 Ve B 30 P PR P A ) 5 0 T e o R ) P ) TS (L

P RGN L AIRES

ZARES: B 0, RIEHERAT . EORAT R K.
Ve AU S1. Wil I S FEVu . S2. Wafah i .
2 L] ST RRN, AL S2 W] ARG Ik ST A £E s .

% 5.4 FURE ISR SN KA AR S e 5

HIgGs Ky | #RE\ | K K| EBR | " | R | BRRE | 2K | BikE | BEE | BES
#* zh | 2oy | w4 | A | el | B | BUSE | mURAL | UREL | AR
AR | Zi Hbr | AL | B | Bk | k&4 | WER | eWE | Rk
X H| % x H#7 AN | SRR
R60 2 Y T 90%
S 10% X S1 [0.99 |0 X S2 0.99 0
R61 2 Y Tk 90% X S1 | 0.99 | 0.02 X S2 0.99 0.02
S 10%
R62 2 Y Ik 90% X S1 |0.99 | 0.02 X S2 0.99 0.02
S 10%
R63 2 Y I 90% X S1 | 0.99 | 0.02 X S2 0.99 0. 02
S 10%
R64 2 Y I 90% X S1 | 0.99 | 0.02 X S2 0.99 0. 02
S 10%
R65 2 Y I 90% X S1 | 0.99 | 0.02 X S2 0.99 0. 02
S 10%
R66 2 Y Tk 90%
% 10% X S1 | 0.99 |0 X S2 0. 99 0
R68 2 Y Ik 90% X S2 0.99 0.02
% 10%
R69 2 Y Ik 90% X S2 0.99 0.02
% 10%
R70 2 Y FFi% 90% S2 0.99 0. 02
S 10%
R71 2 Y FFi% 90% X S2 0.99 0. 02
S 10%
R72 2 Y FFi% 90% X S2 | 0.99 | 0.02 X S1 0.99 0. 02
S 10%
R73 2 Y Ik 90% X S2 | 0.99 | 0.02 X S1 0.99 0.02
% 10% X S2 0. 99 0
R74 2 Y Ik 90% X S2 | 0.99 | 0.02 X S1 0.99 0.02
S % 10%
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e
RIgEs K| #E/ | K K| BR | " | R | BRRE | 2RK | BiEE | BEE | BES
S zh | R oy | @A | A | el | B | BURE | RURRL | SRRL | AR
AL | i Hbr | ML | B | Bk | k&4 | Wz | eWE | Rk
£ L Hig | &bl | #%
R75 2 Y It it 90% X S2 [ 0.99 | 0.02 X S1 0.99 0.02
JH % 10%
C67 2 Y PN 20%
JE % 80% X S1 | 0.99 | 0.02 X S2 0.99 0.02
C68 2 Y JFi% 20%
S i 80% X S2 0. 99 0.02
C69 2 Y JFi% 20%
S % 80% X S1 |0.99 | 0.02 X S2 0.99 0.02
C70 2 Y JF % 20%
S 80% X S2 [ 0.99 | 0.02 X S1 0.99 0.02
C71 2 Y F it 20%
i 80% X S2 | 0.99 | 0.02 X S1 0.99 0.02
C72 2 Y FF it 20%
i 80% X S2 | 0.99 | 0.02 X S1 0.99 0.02
C73 2 Y FF it 20%
i 80% X S2 | 0.99 | 0.02 X S1 0.99 0.02
C74 2 Y JF % 20%
S 80% X S2 | 0.99 | 0.02 X S1 0.99 0.02
C75 2 Y F i 20%
S 80% X S2 | 0.99 | 0.02 X S1 0.99 0.02
C76 2 Y JF % 20%
S 80% X S2 | 0.99 | 0.02 X S1 0.99 0.02
C77 2 Y I it 20%
i 80% X S2 [ 0.99 | 0.02 X S1 0.99 0. 02
C78 2 Y I it 20%
S 80% X S2 [ 0.99 | 0.02 X S1 0.99 0. 02
C79 2 Y It 20%
S 80% X S2 | 0.99 | 0.02 X S1 0.99 0. 02
D24 2 Y I 90% X S1 | 0.99 | 0.02 X S2 0.99 0.02
S 10%
D28 2 Y I 90%
S 10% X S2 0.99 0
D29 2 Y I 90% X S2 | 0.99 | 0.02 X S1 0.99 0.02
S 10%
L16 2 Y I it 90% X S2 | 0.99 | 0.02 X S1 0.99 0. 02
ik 10%
u17 20 Y e 50% X S1 [0.99 | 0.1 X S2 0.99 0.1
Eog 50%
ui1s 20 Y e 50% X S2 [0.99 | 0.1 X Sl 0.99 0.1
Eog 50%
i | 50 Y F % 90% X S2 | 0.99 | 0.5 X S1 0.99 0.5
% 10%

RIS D gp A =658+154=812
MR A A KA s ) g (A5PF + A5 ) =67, 241, 18-68. 38
TETE KRR D g AMPF L =37, 04+1, 18=38. 22
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[FlHF RS WA S0 B N R S AR ShiE ] R AT RE % & i 5 iRk

Haa (5.7 THE AT 158 e i R H=91. 6%

H s (5.8) THE AT B AL i T & {H=94. 9%;

AR SR RS Bk B ASIL C B H bRE s 17 5 s i B I8 A 2] ASIL C
(¥ H briH.

AR (5.12) {HEA15.

Mewr =68. 38FIT+ 38. 22FIT=106. 6FIT;

AN 45 BANH AL ASIL C /NTF 100FIT R R .

) 368 3 k> S P A B I 0 2 A AL, T DA e B B P R

4 UM R ARSI H] 50 CAN R LR BRENFE B — 22 AR < Th R A1,
T AR LA P 2 A 5 A B AR 2K SN 6

DifediiiR: Jy CAN il #4552 ftokzh, Sl CAN 55, SHFAHKK
GRS, R RGN AR

ARG WA 0, KIETERLT . EIRT momilK

16 FH 22 L] s ST AR 25 2% 57T 1025 2% 5 S2. Check-sum AT Rolling-counter
B 24222 pL ST 2RM, 2Ll S2 ] LART 1k ST BT fE M .

% 5.5 CAN Izl kst s R it 5

HIgGs K| #RE/ | R K| EBR | " | R | BRRE | 2K | BikE | BEE | BES
* Za | 2oy | w4 | A& | el | B | BURE | mURAL | SUREL | AR
AR | Ei Hbr | AL | EiE | Bk | ks | e | eWE | Rk
3 S x H#7 AN | SR
R76 2 Y I it 90% X S1 | 0.99 | 0.02 X S2 0.99 0. 02
S 10%
R77 2 Y It 90% X S1 | 0.99 | 0.02 X S2 0.99 0. 02
S 10%
R78 2 Y I 90% X S1 | 0.99 | 0.02 X S2 0.99 0.02
S 10%
R79 2 Y T 90%
S 10% X S1 [0.99 |0 X S2 0.99 0
R80 2 Y T 90%
S 10% X S1 [0.99 |0 X S2 0.99 0
C80 2 Y iR 20%
FL% 80% X S1 |0.99 | 0.02 X S2 0.99 0. 02
csl 2 Y T % 20%
FL% 80% X S1 |0.99 | 0.02 X S2 0.99 0. 02
C82 2 Y T % 20%
FL% 80% X S1 |0.99 | 0.02 X S2 0.99 0. 02
C83 2 Y F % 20%
% 80% X S1 | 0.99 | 0.02 X S2 0.99 0.02
D30 2 Y F % 90%
% 10% X S1 | 0.99 |0 X S2 0. 99 0
L17 2 Y I 90% X S1 | 0.99 | 0.02 X S2 0.99 0.02
% 10%
u19 20 Y e 50% X S1 [0.99 | 0.1 X S2 0.99 0.1
B 50%
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GRMERRICR: D q g A =658+42=700
L PURTR AR KR s ) gy (A5PF + 25 ) =67. 240, 26=67. 46

VIR R AL D) p g AMPF. L =37. 0440, 26=37. 3

A (5.7 THE RIS 5 SR B B =90. 4%

A (5.8) THE AT A3 78 b B 2= AE=94. 1%;

R RV AE W B2 Bk ) ASIL C I HARE: 1T B Uk B2 Bk AN B ASIL C
(¥ E FRAH.

AR (5.12) THEAE.

Mewe =67. 46FIT+ 37. 3FIT=104. 7T6FIT;

A NS5 AN 2 ASIL C /T 100FIT HZEsK .

[ 3 5 ek D> S F S B B 0 e AL, T DA e B S B R

5.4 X5 IE

5.4.1 MR 1% & KX RIE

AN T ML B AT KA IhRE 2 v, BRI 5 H 8
o R 15 # WER 5. 4.
5.6 fEAEEIRNEE &

W% 44 FR g

WA EFR IR (VT 34D (B A) | VT1004 : 4yt A7 AR FDURI i HE H S 003K 5

VT2004 : BEY BN 5 S5
VT2516: K &4 N i AR

VT6104: CAN/LIN P48 15 S 141 ;

FRAENL LS A AR A f BT T R NS S S
FEAE AL LA A AR B ) B G IR T 7 R (S
Wi N A R H ST (S 5 1 R

W FE LA AR )4 1 s SR B

PR 5E W INCAR #75E %% CANoe &%

WEEHL S AR T AR AR B EUE, DR BHENL B;
UL LA A )% 1 B P AR

MU A ik sh il o BB 52 5

FHERLSEV N IR AP LIR I PRI ), A TETR AR, B A ESE R AL, T
[ NP B TR VRS S

A, B A T T, B NRHAERES (VT) e,

HHHLA, B ABITREEER % (VT #HIFEF: B I21T INCA ¥EHlfE)7;

PEAFEA B A (VT BT DLREAT SR SR (R AT, G A F e
CAN i Zkififha, (G MRS, PR ER AL B S sifEH ot 1/0 Dk

P 56 UaE A m DA T A A AE BRI B 4 (VT 58 e 38 8 58 I R IR IR B ] 5. 2,
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THEHLA
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95 5 & I P OTHEF D RE % A i

5.4. 2 Wi AHIFILER

T 2 4 (Il B N B o Bl A K e WU BEXE R AR AR — SRR 5K
B T E — NI ) 2

1y R B e FRLRE R T 0 451

FLE P I AR R I, Rs AR B eI FLR L TR 21 8V, £E 8. 5V I ]
e N IR AL P A HL R R ) v B s i 11, P 25 (K R D RE AR, s LR P I T 2
9.5V, fE 9V I35l &5 NT T B A7 Fi B 1 ) e I B o 1, 3B Incar 52 % il
Ly A R Gl E VA TRe b NE R gl

HCU Controller System Test Cases Test Case Version| 1

Test Procedure Expected Results
TEST_828_01_01 [HCU shall shut down power stage when voltage drops down to 8.5V and turn on when rise to 9V.
1 |lgnition On HCU turn on the power stage.

HCU turn off the power stage when the voltage
reaches 8.5V.

DFC_PowSupTL_1isin
VDSM_DFC_Current_DisplyBuffer list. DTC code
P1A30 comes out.

HybElecVehFlt is true.

VDHP InhibitGearShift fla = true

3 Increase battery voltage from 8.1V to 9.5V step by step (0.2V [HCU turn on the power stage when the voltage
per step). reaches 9V.

Decrease battery voltage from 13.5V to 8.1V step by step
2
(0.2V per step).

5. 4 FLA% BT L Y R i G D0t P 491

ALY F A, 4 s B e FE F R I 3 5. 5V, £E 6V I
AN ICH] CAN B &, #HIFHEEIAR 7V, f£ 6.5V K6l Z8 N T CAN
MR
HCU Controller System Test Cases Test Case Version
Test Procedure Expected Results

TEST_626_01_01 |HCU shall shut down communication when veltage drops down to 6V and turn on when rise to 6.5V.
HCU starts to transmit messages on both

1 |lgnition On Platform CAN and Hybrid CAN within 500ms._

2 Decrease battery voltage from 13.5V to 5.5V step by step HCU stops transmiting messages on both
(0.2V per step). Platform CAN and Hybrid CAN when the voltage
HCU starts to transmit messages on both
Platform CAN and Hybrid CAN when the voltage
reaches 6.5V,

Kl 5.5 LA e P R H e A P 191

3 Increase battery voltage from 5.5V to 6.9V step by step (0.2V
per step).

FEL Y05 PRl oy Ry R A B e IR FEUR T B 17V, FE 16,5V I
1) 8 I 5 B A FELURG IR ) v B S 3 11, A2 S A AR T BEIE R, 4 e YR e
B 15,5V, f£ 16V IS &5 BLFT T B Bt i 1) v i Bk o 5 3l Incar 525X
P A AT, ] A R SR H YR P

HCU Controller System Test Cases Test Case Version 1
Test Procedure Expected Results
TEST_628_01_01 |HCU shall shut down power stage when voltage rises to 16.5V and turn on when drops down to 16V.
1 |lgnition On HCU turn on the power stage.

HCU turn off the power stage when the voltage
reaches 16.5V.

DFC_PowSupTH_1isin
WDSM_DFC_Current_DisplyBuffer list. DTC code
P1A31 comes out.

HybElecVehFlt is true.

2 Increase battery voltage from 13.5V to 16.8V step by step
(0.2V per step).

WDHP InhibitGearShift fla = true
3 Decrease battery voltage from 16.9V to 15.5V step by step  |HCU turn on the power stage when the voltage
(0.2V per step). reaches 16Y.

K 5.6 FLA% BT L Y R I i e U0 P 491
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[FlGFREE AR S N R Sl R S hse L e Hr S Kk

FEY R I I, B i R o R R A B 24, 5V, 1E 24V I #%
Hl 28N e CAN S kum I, KR ey e R3] 23V, 78 23.5V Ikl as N T
CAN a2k,

HCU Controller System Test Cases Test Case Version 1
Test Procedure Expected Results
TEST_628_01_01 |[HCU shall shut dewn ication when veltage rises to 24V and turn on when dreps down to 23.5V.
1 |ignition On HCU starts to transmit messages on both

Platform CAN and Hybrid CAN within 500ms.
HCU stops transmiting messages on both
Platform CAN and Hybrid CAN when the voltage
reaches 24V,

HCU starts to transmit messages on both
Platform CAN and Hybrid CAN when the voltage
reaches 23.5V.

Increase battery voltage from 13.5V to 24 3V step by step

2 (0.2V per step).

Decrease battery voltage from 243V to 231V step by step

3 (0.2V per step).

B 5.7 AR T Y i e P 41

2 T EA A A% S YR K P 451

5V HLE 10 FVBIE SR AT S A, R R R R R 12V, @i Incar S2HEE
1l A8 WA, 2 o A T SR TR B R A B LR LX) R R B e, B R
R R T, R SRR T RS R, MR RO e g s, EE
IR R S RIRIE R TR A, R DATE R .

HCU Controller System Test Cases Test Case Version

Test Procedure Expected Results
TEST 776 01 04 shall diagnose acceleration I ition sensori’s pp
Ignition ON

1)DFC_OutPSSplyASB_2 comes out in
VDSM_DFC_Current_DisplyBuffer list.
2)WDHP_InhibitGearShift_flg = true.
3)Raw DTC code=1A81
4)HybElecVehFlt turns to true.

The fault is still in

VDSM _DFC Current DisplyBuffer list.

Short-circuit acceleration pedal position sensor1's power
supppy (BOB S2pin) to battery supply(KL30).

3 |Remove short-circuit.

4 |lgnition off,wait for HCU completely power down.

1)DFC_OutPSSplyASB_2 transfers from
VDSM_DFC_Current_DisplyBuffer to
VDSM_DFC_History_DisplyBuffer.
2)HvbElecVehFlt is false.

5 |lgnition ON.

6 |Repeat Step 2 to Step 3.
7 |Clear fault manually by Set DSMAUX_xClearTrg_GC to 255. Fault is cleared

5. 8 JIRTE A A A Jok s HEL ST HL s T AW e e 1 P 151

5V YR 10T b B I, R R AT SR B, Jd e Incar 1S HE il 48

P % O SR T A ARAL RS U 1 Kb R, RSB, W R N AT
éﬁzlﬂa, BEEHSAR NG B, SRR e, B LR Kk
TERR R 4, WA LSRR

HCU Controller System Test Cases Test Case Version

Test Procedure Expected Results
TEST 776 01 05 shall diagnese acceleration 1] ition sensori's PP
1 |lgnition ON

1)DFC_OutPSSplyASG_2 comes out in
VDSM_DFC_Current_DisplyBuffer list.
Short-circuit acceleration pedal position sensor1's power 2)VDHP_InhibitGearShift_flg = true.
supppy (BOB S2pin) to ground. 3)Raw DTG code=1A80
4)HybElecVehFlt turns to true.

The fault is still in

e WVDSWM DFEC Current DisplyBuffer list.

4 |Ignition off, wait for HCU completely power down.

DFC_QutPSSplyASG_2 transfers from
WDSM_DFC_Current_DisplyBuffer to
VDSM_DFC_History_DisplyBuffer.
2)HybElecVehFlt is false.

5 [Ignition ON.

6 |Repeat Step 2 to Step 3
7 |Clear fault manually by Set DSMAUX_xClearTrg_C to 255. Fault is cleared

B 5.9 IR A A S FEL X e R i 0 1 451
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HCU Controller System Test Cases Test Case Version 1

Test Procedure Expected Results
TEST_776_01_03 |HCU shall diag ion pedal position sensor1's power supply open-pin fault.
1 |lgnition ON

1)DFC_OutPSSplyAOP_2 comes out in
5 Set acceleration pedal position sensor1's power supppy WVDSM_DFC_Current_DisplyBuffer list.

(BOB S2pin) open. 2)Raw DTC code=1A82
3)HybElecVehFlt turns to true.
3 Reconnect acceleration pedal position sensort's power The fault is still in
Supppy. WDSM DFC Current DisplyBuffer list.

4 |Ignition off,wait for HCU completely power down.

1)DFC_OutPSSplyAOP_2 transfers from
WVDSM_DFC_Current_DisplyBuffer to
5 |lgnition ON. — - —
e \VDSM_DFG_History_DisplyBuffer.
2)HybElecVehFlt is false.

6 |Repeat Step 2 to Step 3.
7 |Clear fault manually by Set DSMAUX_xClearTrg_C to 255.  |Faultis cleared
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HCU Controller System Test Cases Test Case Version 1

Test Procedure Expected Results
TEST_776_01_01 |HCU shall diag ion pedal position sensor1's output short to battery.
1 [lgnition ON

1)DFC_InpPPedalSB_0 comes out in
WDSM_DFC_Current_DisplyBuffer list.
2)Raw DTC code=1A21
3)HybElecVehFlt turns to true.

Short-circuit acceleration pedal position sensor output(BOB
2 |87pin) to its power supply(BOB 88pin) or battery
supply(KL30).

The fault is still in

S R VDSM DFG Current DisplyBuffer list.

4 |Ignition off wait for HCU completely power down.

1)DFC_InpPPedalSB_0 transfers from
VDSM_DFC_Current_DisplyBuffer to
WDSM_DFC_History_DisplyBuffer.
2)HybElecVehFlt is false.

n

Ignition ON.

6 |Repeat Step 2 to Step 3.
7 |Clear fault manually by Set DSMAUX_xClearTrg_C to 255.  |Faultis cleared
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Test Case Version

HCU Controller System Test Cases
Test Procedure Expected Results Priority

TEST 776 01 02

1 [lgnition O

1)DFC_InpPPedalSGOP_0 comes out in
Short-circuit acceleration pedal position sensor output(BOB  (WVDSM_DFC_Current_DisplyBuffer list.
87pin) to Ground_ 2)Raw DTC code=1A22
3)HybElecVehFlt turns to true.

The fault is still in

]| "SR SRR WVDSM DFC Current DisplyBuffer list.
4 |lgnition off,wait for HCU completely power down.

1)DFC_InpPPedalSGOP_0 transfers from
5 |ignition ON. WDSM_DFC_Current_DisplyBuffer to

WDSM_DFC_History_DisplyBuffer.
2)HybElecVehFit is false.

6 |Repeat Step 2 to Step 3.
Clear fault manually by Set DSMAUX_xClearTrg_C to 255, Fault is cleared
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HCU Controller System Test Cases Test Case Version 1

Test Procedure Expected Results
TEST 776 01 03 |HCU shall diagnose acceleration 1 ition sensor1's output oj in fault.

1 |lgnition ON

1)DFC_InpPPedalSGOP_0 comes out in
Set acceleration pedal position sensor output(BOB &7pin) VDSM_DFC_Current_DisplyBuffer list.
open. 2)Raw DTC code=1A22

3 HybElecVehFlt turns to true.

The fault is still in

WVDSM DFC Current DisplyBuffer list.

3 |Reconnect acceleration pedal position sensor output pin.

4 |Ignition off,wait for HCU completely power down.

1)DFC_InpPPedalSGOP_0 transfers from
WDSM_DFC_Current_DisplyBuffer to
WDSM_DFC_History_DisplyBuffer.
2)HybElecVehFlt is false.

5 |lgnition ON_

6 |Repeat Step 2 to Step 3.
Clear fault manually by Set DSMAUX_xClearTrg_C to 2565 Fault is cleared
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HCU Controller System Test Cases Test Case Version| 1

Test Procedure Expected Results
TEST_575_03_03 |HCU shall diag safety valve sols id power supply circuits short to battery fault.

1 |Short-circuit safety valve solenoid power supply to battery.

DFC_QutPPSplySB_0is in
VDSM_DFC_Current_DisplyBuffer list. DTC code
P1A72 comes out.

HybElecVehFlt is true.

VDHP_InhibitGearShift_flg = true.

VDHP InhibitParallel fla = true

The fault is still in

VDSIM DEC Current DisplyBuffer list.

2 |Ignition on

3 |Remove short-circuit.

4 |Ignition off_
5 |Wait until losing CAN communication with HCU.

DFC_OutPPSplySB_0 transfers into
VDSIM_DFC_History_DisplyBuffer list.
& |lgnition on. HybElecVehFlt turns to false.
VDHP_InhibitGearShift_flg = false.
VDHP InhibitParallel flg = false.

7 _|Ignition off.

DFC_QutPPSplyOP_01is in
VD3M_DFC_Current_DisplyBuffer list. DTC code
P1A72 comes out.

HybElecVehFlt is true.

VDHP_InhibitGearShift_flg = true.

VDHP InhibitParallel fla = true

9 _[Clear fault manually. Fault cannot be cleared.

5. 14 PRI IR 2 SR S0t Fi P B 0 1 451

8 |Repeat Step 1 to Step 3.
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HCU Controller System Test Cases Test Case Version 1
Test Procedure Expected Results
TEST_575_03 01 |HCU shall diag safety valve solencid power supply circuits short to ground fault.
1 |lgnition ON

DFC_OutPPSplySG_0 comes out in
VDSM_DFC_Current_DisplyBuffer list. DTC code
Short-circuit safety valve solenoid power supply to the P1A70 comes out.

ground. HybElecVehFlt turns to true.
VDHP_InhibitGearShift_flg = true.

VDHP InhibitParallel fla = true
The fault is still in

WVDSM DFC Current DisplyBuffer list.

3 |Remove short-circuit.

4 |Ignition off.
5 |Wait until losing CAN communication with HCU.

DFC_OutPPSplySG_0 transfers into
VDSM_DFC_History_DisplyBuffer list.

6 (ignition on. HybElecVehFlt turns to false.
VDHP_InhibitGearShift_flg = false.

VDHP InhibitParallel flg = false.
DFC_QutPPSplySG_0 comes outin
VDSM_DFC_Current_DisplyBuffer list. DTC code
P1AT0 comes out.

IS EDEDEEDS HybElecVehFlt turns to true.
VDHP_InhibitGearShift_flg = true.
VDHP InhibitParallel fla = true

8 |Clear fault manually. Fault cannot be cleared
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HCU Controller System Test Cases Test Case Version 1

Test Procedure Expected Results
TEST_575_03 02 |HCU shall diag: safety valve solenoid power supply open pin fault.
1 Disconnect safety valve solenoid power supply from the

solenoid.
DFC_OutPPSplyQP_0is in
VDSM_DFC_Current_DisplyBuffer list. DTC code
P1A71 comes out.
2 |lgnition on HybElecVehFlt is rue.
VDHP_InhibitGearShift_flg = true.
VDHP InhibitParallel flo = true
3 Reconnect safety valve solenoid power supply to the The fault is still in
solenoid. VDSM DFC Current DisplyBuffer list.
4 |Ignition off.

5 |Wait until losing CAN communication with HCU.

DFC_OutPPSplyOP_0 transfers into
VDSM_DFC_History_DisplyBuffer list.
6 |lgnition on. HybElecVehFlt turns to false.
VDHP_InhibitGearShift_flg = false.
VDHP_InhibitParallel flq = false.

7 _|Ignition off.

DFC_OutPPSplyQP_0is in
VDSM_DFC_Current_DisplyBuffer list. DTC code
P1A71 comes out.

HybElecVehFlt is true.

VDHP_InhibitGearShift_flg = true.

VDHP InhibitParallel flo = true

9 |Clear fault manually. Fault cannot be cleared.

B 5. 16 FoL R I ey SR ST 6 0k P 461

8 |Repeat Step 1to Step 3.
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HCU Controller System Test Cases Test Case Version
Case ID Test Procedure Expected Results
TEST 577_01_03 |HCU shall diag safety valve solenoid output current control circuits short to battery fault.

Ignition on

2 |Overwite OUTP_EDUSafetyValveCur_mA to be 400mA

DFC_OutPCcA2SB_4 is in
VOSM_DFC_Current_DisplyBuffer list. DTC code
P1ACF comes out.

HybElecVehFlt is true.
VDHP_InhibitGearShift_flg = true.
VDHP_InhibitParallel_flg = true.

The fault is still in

VDSM _DFC_Current_DisplyBuffer list.

3 |Short-circuit safety valve solenoid output current to battery.

4 |Remove short-circuit.

5 |lgnition off.
6 |Wait until losing CAM communication with HCU.

DFC_OutPCcA25B_4 transfers into
WDSM_DFC_History_DisplyBuffer list.
7 |lgnition on. HybElecVehFlt turns to be

false VDHP_InhibitGearShift_fig = false.
WOHP_InhibitParallel_flg = false.
DFC_OutPCcA2SB_4 is in
VDSM_DFC_Current_DisplyBuffer list. DTC code
P1ACF comes out.

HybElecVehFlt is true.
VDOHP_InhibitGearShift_flg = true.
WOHP_InhibitParallel_flg = true.

9 |Clear fault manually. Fault can be cleared.

5. 17 FL B I I SR B0t Fa e 56 0 P 451

8 |Repeat Step 2 to Step 3.
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HCU Controller System Test Cases Test Case Version
Test Procedure Expected Results
TEST 577 _01_01 |HCU shall diagnose safety valve solencid output current | circuits short to ground fault.
1 |lgnition ON
DFC_OutPPCcA25G_4 comes outin
VDSM_DFC_Current_DisplyBuffer list. DTC code
5 Short-circuit safety valve solencid output current controlto  [P1ACE comes out.

the ground. HybElecVehFlt turns to true.
VDHP_InhibitGearShift_fig = true.

VDHP IphibitParallel flg = true
The fault is stillin

VDSWM DFC Current DisplyBuffer list.

3 |Remove short-circuit.

4 |lgnition off.
5 [Wait until losing CAN communication with HCU.

DFC_OutPPCcA23G_4 transfers into
VDSM_DFC_History_DisplyBuffer list.
6 |lgnition on. HybElecVehFIt tums to false.
VDHP_InhibitGearShift_fig = false.
VDHP InhibitParallel flg = false.
DFC_OutPPCcA25G_4 comes outin
VDSM_DFC_Current_DisplyBuffer list. DTC code
P1ACE comes out.

HybElecVehFIt tumns to true.
VDHP_InhibitGearShift_fig = true.
VDHP InhibitParallel flo = true

8 |Clear fault manually. Fault can be cleared.

B 5. 18 HL G I fiids S sh ot ket i 1 451

7 |Repeat Step 2 to Step 3.
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HCU Controller System Test Cases Test Case Version| 1
Test Procedure Expected Results
TEST_577_01_02 [HCU shall diag safety valve solenoid output current control open pin fault.
1 |Ignition on

DFC_OutPCcA20P_4is in
VDSM_DFC_Current_DisplyBuffer list. DTC code
P1ADO comes out.

HybElecVehFlt is true.

VDHP _InhibitGearShift flg = true

Reconnect safety valve solenoid output current control to the | The fault is still in

solenoid. VDSM DFC Current DisplyBuffer list.

4 |Ignition off.

5 |Wait until losing CAN communication with HCU.

Disconnect safety valve solenoid output current control from
the solenoid.

DFC_OutPCcA20P_4 transfers into
VDSM_DFC_History_DisplyBuffer list.

& |lgnition on_ HybElecVehFIt turns to false.
VDHP_InhibitGearShift_flg = false.

VDHP InhibitParallel flg = false.
DFC_OutPCcA20P_4isin
VDSM_DFC_Current_DisplyBuffer list. DTC code
P1ADO comes out.

HybElecVehFlt is true.

VDHP_InhibitGearShift_flg = true.

VDHP InhibitParallel fla = true
8 |Clear fault manually. Fault can be cleared.

K 5. 19 FLRE IR AL R BT % 001X FH 451

7 |Repeat Step 2 to Step 3.
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HCU Controller System Test Cases Test Case Version 1

Test Procedure Expected Results
TEST_577_01_03 |HCU shall diag safety valve solenoid output current control out of range fault.

Ignition on

2 |Overwite QutMRstn_resRmn_C[4] to be 1.30hm.

3 |Overwrite QutPCcAZ2Tole_iOfsLo_C_[4] to be 0.001A

DFC_OutPCcA2LOW 4 is in
VDSM_DFC_Current_DisplyBuffer list. DTC code
P1AGF comes out.

HybElecVehFlt is true.
VDHP_InhibitGearShift_fig = true.
VDHP_InhibitParallel flg = true.

The fault is still in
VDSM_DFC_Current_DisplyBuffer list.

4 |Overwite OUTP_EDUSafetyValveCur_mA to be 800mA

5 |Disable all the overwriting.

6 |lgnition off.
7 |Wait until losing CAN communication with HCU.

DFC_OutPCcAZLOW_4 transfers into
VDSM_DFC_History_DisplyBuffer list.

8 |(lgnition on. HybElecVehFlt turns to be false.
VDHP_InhibitGearShift_fig = false.
VDHP_InhibitParallel_flg = false.
DFC_OutPCcAZLOW _4 is in
VDSM_DFC_Current_DisplyBuffer list. DTC code
P1ABF comes out.

Gl T e R Sy L HybElecVehFlt is true.

VDHP_InhibitGearShift_fig = true.
VDHP_InhibitParallel_flg = true.
10 |Clear fault manually. Fault can be cleared.

B 5. 20 R i PO 0 K 481
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