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Simulation of the crankshaft and the camshaft sync pulse signals of
electronic controlled diesel

TIAN Fei, WANG Gui-yong, ZHAO Ying-bing, SHEN Li-zhong

(Provincial Key Lab of Internal Combustion Engine, Kunming University of Science and Technology, KunmingYunnan 650500, China)

Abstract: High-pressure common rail diesel engine is essential to meet vehicle emission regulations
in future. The crankshaft signal and the camshaft signal are the keys to ensure that the electronic control
units of the high-pressure common-rail diesel engine work in real-time. The relationship between the
crankshaft signal and the camshaft signal is studied, and sync signals are generated by using the Local
Timer Cell(LTC) of the General Purpose Timer Array(GPTA) module in 32-bit single-chip microcontroller
TC1796 to ensure two-way synchronization error of a few instruction cycles only and the cost reduction for
development.
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1.1 TC1796 f&j B8 4 4B

TC1796 J2& Infineon 2% F) A= 7= A — 3R 32007 1 /=5 A P A % B B #IL , HE 4 3

1| Z Ak J2 B B v e Ak ST B A A1 R A B

53 SR F b S g B s il o e e Ak BARS He f 4 rf o b B 28 (Central Processing Unit, CPU) ., F&JF A7 6if 2 H (Program
Memory Interface, PMI) ., £ ¥ /74 % 0 (Data Memory Interface, DMI) ., 2 ¥ £ ¥ G (Program Memory Unit, PMU)
FVEUHE A74if B JC (Data Memory Unit, DMU), Hig & TAER 8P4 150 MHz, #h FIAC S 43 45 38 1] & 5 B 51 (GPTA) |
A1 Bl 4 il 4k B 4% (Peripheral Control Processor, PCP). 5 #/[E 2 H 47 # T (Asynchronous/Synchronous Serial
Controller, ASC). f L i34 (On-Chip Debug Support, OCDS)AFAREHR . ok BEAS B 4 fi v T AT I b 43 5y v she
Ab A SR 1 5 18 TS 1 — (75 MHz), TC1796 [ P45 3 R WA 1,

SPRAM:Scratch-Pad RAM
ICACHE:Instruction cache
LDRAM:Local Data RAM
DPRAM:Dual-port RAM
BROM:Boot ROM

PFLASH:Program Flash Memory
DFLASH:Data Flash Memory
SBRAM:Stand-by Data Memory

SRAM:Data Memory
LMB:Local MemoryBus

SPB:System Peripheral Bus

LMB
DMI 8 KB DPRAM
k=1 bpmu
56 KB LDRAM 64 KB SRAM
16 KB SBRAM
][ LMI
FPU
SPB
triCore
(TC1M) |CPS
][ LMB
PMI PMI
43 KB SPRAM  jlof  [OKBBROM
16 KB ICACHE 128 KB DFLASH
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Fig.1 Structure of the central processing module, GPTA module and the ASC0O module in TC1796
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1.2 GPTA # IR B3 &

GPTAP A5 2 />3 A =2 wf 4% B5 41
(GPTAO #1 GPTAL), 1 JR#ksE w4 )
(LTCA2)., GPTAO 1 GPTA1 Ay T4 if 4 %5
B AT E , (HAREE T 75 MHz, GPTA %
Peab by UL 2, A8 FHE B 2% B 5 A e
W EEBFES, B E NI

1) & 3§ A1 0 43 45 . JC (Filter and
Prescaler Cells, FPC): E.7 1 3 M43 4t
UIRE;

2) % % i B JC (Phase Discrimi-
nation Logic, PDL): F| H IR &% R FE 7
) {5 B I 4

3) 2 i LT (DCM) : HE18 58 1
ok i

4) BUFBIMEER(PLL): M AE 50
AN, BB LT 40 GPTA B4 4L
A ik b

5) 4R 2 it # 0 (Global Timer, GT):
HREAE b 4 Jm) 5 i) 48 T (Global Timer
Cells, GTC)HY 43k ;

6) GTC: i i 1 - sl i ¥ il & =4

GPTAO0 GPTA1
clock generation unit clock generation unit|
FPCO DCMO FPCO DCMO
FPCI | PDLO FPCI | PDLO
FPC2 DCMI| (digital FPC2 DCMI| digital
FPC3 pcmz| PLL FPC3 DCM2 PLL
FPC4 | PDL1 FPC4 | pDL1
FPC5 DCM3 FPC5 DCM3
> fapra clock dlst}”lbutlon — clock distribution unit |
unit clock T
conn.
| | £ signal — | E signal
GT0 [T] | generation unit g MEALY [T]|% generation unit
ﬁ GTl F35 - ﬁ GT1 |57 — LTCA2
GTC00 LTC00 GTC00 LTC00 E LTC00
GTCO1 LTCO1 GTCO1 ug LTCO1 (i LTCO1
GTC02 LTC02 GTC02 LTC02 ]-LIC02
GTCO03 LTCO03 GTC03 LTCO03 —1_LTC03
global local i g?obal I | lpcal [ i local i
timer cell ¥ timer cell timer timer timer cell
array H array cell array cell array array
1
GTC30 | LTC62 GTC30 LTC62 E LTC62
| GTC31 LTC63 GTC31 LTC63 LTC63
| | D—
|1/o line sharing]
1/0 line sharing unit | 1/0 line sharing unit I unit
- - - - - - interrupt
interrupt sharing unit | interrupt sharing unit ] sharing unit
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Fig.2 Structure of the GPTA module
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PR GT BT ; il BA 5 e i 3 b BB L gk, R T 305 Tt & 4, 9T DAA& il S 3B 5 0 5 IR A IR 25
7) LTC: &Aoo n] DAk #E0 TAER G 2 i 2Bt | iR te i = . 3 A3k 3 4L % LTC #oc sk
REIRR TAE, Ak E 24 PWM 55
LTC F1 GTC 7] DAL m2 i A4k . i A A5 -5 [ B fi & i 454 .

1.3 B ER BT A

1) 64 SAS7 ) LTC HIt;

2) LTC63 o0 HAT Rk M L A

3) BH—NHIUHAE 14 16-07 B BUE % 17 %% (Local Timer Cell X Register k, LTCXRK);

4) B—NHIUEA 14 32-1i 5 A7 4% (Local Timer Cell Control Register k, LTCCTRK);
5) BRI HEREN fopras

6) HAME S 1 Fe = R R foprac
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WL 4f S 3 541 1k A1 Fig.3 Signal model of diesel engine
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Fig.4 Synchronized signal relationship between the crankshaft and the camshaft
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3.2 Wit

TC1796 fRE{F 5 AR £ 5, Al 045 ST 58 & T 1 5228 83474 1 0(ASCO) S IC i T 5E I 4% B 51 0(GPTAO)
T, ASCOBIRM Tc#HfE R, B8 PCHEN AT I, Pl RAESHHEE T . GPTAO BT T B
BRI AR Rh 2 BRAE S OIRR Y, LTC BTG B ANE 5 TR .

LTC00
P2.8_output camshaft simulation signal
[ trcot | | trcoe p—
LTCO08
based @ @
timer| | P3.0_output crankshaft simulation signal
cell [(trcoo ]| | rrcio
——l LTCl16 I

control crank

signal [ rrc7 | [tcs ] [orew | [ trcao |
i T
. lical control
synchronous_ i control point 3] | Y%
control point 1 control point 2 P point 4
function
LTC24
control camshaft | LTC25 | | LTC26 | | LTC27 | | LTC28 | | LTC29 | LTC30 | LTC31 | | LTC32 |
i f i f f f f f
function  [control point 1| |control point 2| |control point 3| [control point 4| |control point 5| |control point 6| |control point 7 cychcgl :(;ntrol
poin

Fig.5 Configuration of the LTCs
& 5 LTC BIthy B &

3l {5 5 i LTCO08,LTCO09 A1 LTC10 ¥5/=4:; P3.0 5| % ; LTC16,LTC17,LTC18,LTC19 F1 LTC20 = Hr
Pkl P3.0 78 3t S i 20y A BB ARAS . LTCO8 A1 LTC16 #-A/E It Emf AT, BA1MEE A% LTCXR08 FI
LTXR16 HL A 50H bl 2 B0 8005 5w, M 2R sh /el LG AL 2 MEUE T AE48 . LTCL0 A5 27 77 4%
(LTCXR10)5 LTCO8 A% 27 7 #5 (LTCXROS)HEAT LA, A WE A, Wfilk LTC10 BicshfE, % Huwm P3.0
JARHLF 5 LTCO9 A9 LTCXRO09 5 LTCXRO8 #HAT LA, A W& HSE, Wl LTC09 oo shfE, {4 P3.0
Sy, I 7 LTCXROS 3 4efl , Bl LTCXR08=0x0000H, LTCXRI10 7775 Ml 545 5 #9525 b, LTCXRO09
A7 M A I A5 5 A R . LTCXR17 AFRL S5 56 1 RAE M5 % B B R SME, M EMNEYS LTCXR16 %R, fil
& LTC17 BociyFk, F=Ah W, sAr LTC09 Hocts il P3.0 A FRAS, f P3.0 5IAR K H ¥ ; LTCXRIS
TERCEAG S 1| EERAE S LB AL S E, M EMEYS LTCXR16 MEERT, fil & LTC18 PAIGAYF {4, 7= A4 ik,
A LTC17 Hon i #fE, JE25H LTC17 A1 LTC18 Moty sh Wi sk . LTCXR19 7Bk U5 78 3L {5 5 B 28 2 1k
AT, MEMEYS LTCXR16 MHAERT, fitk LTC19 MG/, mAd W, 4 LTC09 Syl P3.0 (1 H Pk
A, P3.0 5IIARFRCH P ; LTCXR20 fAALE A5 2 IRTEFLME 5 BB 25, M EMES LTCXR16 HAERT,
fih &% LTC20 PATTS/F, FoA=hlr, & X LTCl6 oty Em i, B LTC19 HITHIHR/E .,

My {E S B LTCO00,LTCO1 Al LTCO2 BT A= 5 P2.8 % I #i ity ; LTC24,LTC25,LTC25,LTC26,LTC28,LTC29,
LTC30,LTC31 Al LTC32 th il P2.8 Mk thR A o 1455 7= A A il b 3 5 i i 15 5 9 % A A ol O i AR I
NEER,

3.3 ASCO Kz F

Wit ASCO A A 37 A5 B A i AT, o] AR T LR R L T 0L . ASCO P L E - JEARFE R 19.2 Bd; JA shiZk
T I SRR & 36 T I R o MR T A R B, B R R R R R R IR R p R, ARJE I B R S A R, R
G, WA AR A, H A A i G S A A RS S 0 At TR L AR ASURN S (R o 20 K 3% v Ik e B
5T JRCHE W R T AL B A RO B LTC Y B 25 77 2% =2 18] AR K00 B 4%
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Dragi e, TC1796 H A ML CPU T AERS P& b
128 MHz, GPTA itk i T VERHh it B 4 32 MHz. 7l {55
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WA SR P3.0 i A 45 5 #8 T LAY GPTA B : ik
DCM HIEHI PLL 855, 3% GTC Mt, sk HAb ¥4 ¥ 5 i T T R
i) LTC Hoomf A, I HATGINEBE . E3T TC1796
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Fig.6 Two simultaneous pulse output at 2 000 rpm

R HLIT & B SE L TS R RSO & L, FIRT E of crankshaft speed \
[ 2 ok e 55 VA A5 A 00 il Lk B 077 2L s i 1555 0 B 6 Wriirre il 2 000 rpm it 2 BSR4

FEITJ (0 A 5 R S AL I G D BE L RS B TIEBRAE RS St R T 0T M2 RIKE, WA
S AR A R AR T S B, W DR 5 AR Ot ik T i R 24 S i O TR T EE

5 it

DL 1 04 [R] 25 ik b A5 5 8 O e e 2L 58 T LAY F ¥ 4% 1 B 7T (Electronic Control Unit, ECU)FF KM JE 4L T
VE4RBEL B 25, Wl BCU IR A, ItRIT A TAER 925, JE T 32-f 8 7 L TC1796 JF % ECU V&, £
FE A P RS 5 AT AUl A A A R R Bk AR S, BLRR AR D, BRORUE 2 BERAULME S Y SE e
WERR LRI PTSEPE B o B AR L O LA AR AP B R N S
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