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ABSTRACT

Based on the research project “SPC-33 digital governor computer
aided analysis system”, this paper realizes the digital governor, which
has been fixed in newly built vessels in our country fault analysis and
diagnosis with computer and simulates the SPC-33 digital governor
control panel and speed control system by adopted the FTA analysis
theory and computer based simulation. The technique problems that
have been solved are digital governor structure and principle emulating,
control panel simulation, fault information stream analysis and SPC-33
digital governor speed control system simulation.

In this paper, the author divides the digital governor as speed
control unit, drive unit, electronic execution unit. For above three parts,
the author also makes principle emulating from structure and function
and constructs the hotspot information chain with next class hotspot
information chain of specific functions. For the relative units like remote
control panel, electronic VIT control, oil eject, speed pick up unit and
SPC-33 external interface the hotspot information is also made and
displayed by visual components.

Including speed control function specification, parameter setting
function specification, parameter setting operation, the author build a
simulation operation system for SPC-33 digital governor control panel.
Through the way of software simulation, the system presents dynamic
specification of images and texts and simulates the parameter setting
operation. It makes the management personal familiar with digital
governor speed control parameters and obtain experience under
simulating environment.

By adopting FTA (fault tree analysis) and minimal path sets theory,
the fault information stream analysis of SPC-33 digital governor is made,
and from the point of system the FT is constructed. And the fault model
with logic matrix in mirror symmetry has been built. From top level event

fault, every level events’ ineffective rate and unreliability limit are
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calculated and sorted by maximum probability of occurred faults in each
level, the sequence of the bottom-event is arranged, and then the most
probably happened bottom-event correspond to the specific top-event is
found rapidly. Therefore the intelligent fault analysis and diagnose
system is realized.

After sufficient research and analysis, we make up the logic and
math model of digital governor, and establish simulating system of it. On
the basis of the model, using unified model languish(UML), we design
and develop the simulating system. By adopted object oriented and
component based design theory, using dynamic library link technique
under windows programming, the system was compacted in structure
and run faster.

The first edition of the system has been using in COSCON Group, it
is welcomed because of the friendly interface, vivid images, directed

effect and the ability of problem solving.

Huang Aiping (Marine Engineering)
Directed by Zheng Shijun

KEYWORDS: digital governor, ship main engine, fault-tree analysis,

system simulation
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ERTARFRNMERFRERITS TR

3
1o

SPC-33 H1L i 74 %8 ) 2L ¥ fF A& 70 %) SPC-33 Hi 1~ 1 30 2% FIT A A 28 ol ML &% v 4% F
T8 B At b, N T SN0 B R SE IR R 4

6.1 Kz FA 3% 44 & &l FF & AR

6.1.1 FRAZEMIE

AT Ay B (Software Life Cycle) v 02 5 M 3K 45 10 37 00 JF & 31 8K 2F 16 e 484 0
RIS O i v I 7 R S S o T N 71 12 7 s 7 N 7 T AN 7 G B 7
G0 WKL AT 5 YRS FAT SR T W B DR T R U7 i — )R L& (Prototyping).
JU RV T R B R AR S AR R

O HARMEANTRK, REEE—DNREIRE,

O BATHRBRSG, WMRBETEN, REBSEL.

O MEHHRK, HLIH BRI,

O BELELARPE, HIALABIEMWRLRS.

ERBES, HPm T RIFFFRMS 5%, WA 5 0 & sk 550 8
Bk, ARG IF R BE W VA6 IE 10 07 1 AT, X MR R 7 vE o — R g e b
TFRBEA . R Bk AR AR W&l 6— 1 TR
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A
KR RGBT YD

Bl 66— 1 Jit 20 v 1A v A2

6.1.2 FER[HERGEOHAS B

D7 B R A 6 R T S O BRSSOk, AN HE SIS
M = KR Thfe, LUK S AT R 1) 5 B PR A K oE LA 4
JEE R, O e E ORE R R R DR EE L B ON R R Bk S . MR R A AR HL A
BANAMARNS N DML ER, REEARTITWSREL, FLLEE. A SE
A AT ARk 20 AL A R LU A A R R AR, Al 5 S Br U AR - S iR
1T S8 RE S B, e %A AR HLE BN R A R HLSS N B AR XA K LR
S5 T SR AT B R R Y, R R R A A U RS R AR RIS AT 3) Al L K T T AR
i g B A VU, R A R S L BN DL A w5 N R HEAT AR B AT HL, A E A7 s
P WA g B DL R MR 7 A T ERL A A R IR A R Uk s 4D AT LUK T U G AR
A, PR G s RS, JF DAL AR Oy SRR R PR BN B AT A HL,
A AT, A5 25 I B oR R G IE AT G D
6.1.3 FRITEEN
1 #4 it iH 5 UML & T. A Rational Rose /4

UML 2 g i 5% 2 W B bR HE AR 5, T8 5 2R BO1F & 40 10 &% Bl R o 1 Tl A AE
ViR R 3 R G, DR S PR SCRY . UML A T 3 AN U T A P 2 e A R ) A
AR IRVE BT AP W R A HE T . 1) UML BB RE & IR Rk UML
P T 3REARM PR UER R @I . T BRMETE . FW L — ADBB N — 2l
SR, IR BBt % . UML B8 T 4 B iR ik by, 170 #
Y RATEREY . EREREY . KPS Ry RN NSRS, WX RE.
Use Case. #% 1 ClInterface). #Hf} (Component). ¥ fi(Node)Z&; 47 kM F 445 i
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R BN AT 3, AT B IRAHLEE 4L Ik = 9 fis B2 (0 41 e 56 4, n £0 (Package):
TR VE ) F BRI AR R U W B 4y, WnvERE (Note)s  2) UML 5 F 1Y A LU
UML M@ T35 5 MDY R 2 L B0 BEW) . 26t AR 3 BALE . UML B
AL A E X 3 M IE S RSy MR (Stereotype). FridfH (Tagged Value) FIZyif,
UML B T 2 A dE I B LM AL, brid AW, HEARTFAshy £ 3)
UML X 2 A HRiE S : UML X %2 40 Wi 5 (Object Constraint Language, OCL)
M EREE N TR TR AREF .

Rational Rose /& 3t T UML i 5 11 ¥l JE 4k OO CASE (Object Oriented) 1. H, [
) % G 1 JF K v vk 7 ik AT A T B ORISR AR T I TR R, AL R BLAY, Beuk R
N R R G AR, R A SIS e I O R 48 . Rational Rose £ P ARIL T
AR A TT A R 56 HE AR, I ) ek R R S R e B SN T R S AR S, SR
WA IF k&, IF HEi & 7 HAB M R ER, XA R G I K40 T 5 A7 J) I 3 HF,
iz e S AR R OR L RSN R R R E R T R ARG T
(1) % 1 . Rational Rose [ = ZE AL i K :

Bee AR T R R

Vo R o B R R

v O RERE .

v BT R BE R R .

v BRI R A
2 RGP R T H VC++6.0 N 4

Microsoft Visual C++6.0 &5 % 2 w] #E A I 1) % B g 15 T R AR b i) — A £ 2
W (e A5 W VB, VEP, VI++45).

VCH+JZ — M 1) 6 B i g A2 T H, HEEARRREAME TN G, K. B ghK,
MRS ST AL, 1D % R (Object) AR & MW HY M
AR RMRRGEW ARG, A B A RS Ak 2) 2 2 (Class)
A HEAMEEEMAHFERERENRRES, BN RN E, OfFEME. K.
MU AD P T, A RAR X R & KK - AL (Instance ) 3) B A . H R
(Encapsulation) ¥ fE 0 S Ja v M ERE 45 & 78—k, W — ML x4, W
AR AR, HEELARMEO SN R EAERR: 4 kK. kK
(Inheritance) ZfF PR UMARX KM 2T EIEE RS . AR AHLEME: 5
MR HE (Message) #8552 [0 76 48 B vh it A& 3 (1038 15 15 8 o T 10 % %2 1) dF 25 4L
AL % % BASL, xRz A R AR PR LR, SEELR G R IR 55

L fE

55



iR 2 e S

MFC (Microsoft Foundation Class Library) 2 & $2 4t i) 3L F 1 1m) 5F % HL 7
FIFEmt S PE, H P LLMEC 3Emt, mTRDLIE A K H K RL .

6.2 MERHRRLEN

ERAM RS mE 6—1, R T E NP R 1D 5 o 5 B3]

2) BAEEZHWE: 3) M52k 4) Bliadr. i, s 5 B 6 2>
VIR BLE AR AN AN BU S ) i

SPC-33H, T
T2 E M
v v v
ﬁﬁﬁﬂﬁ@ w;—sfﬁfc asz%ﬁ%m—'a -
N N
v v ~
R B RS | || s IET T || BLEsy
HILE R, R A i PiHg
] ] - .
- | BHGE LI NEEER
L FEE || R T i B BE
LT k-
= = BHRE WS T FETHRY
I T IRE) N BN N
o T e HBAE Fk &
e 145 22 SPC-33#¢ P H5{R 1 HIERE
> EREERE B %Eféy N 1/5;%?@ MEES T T mER
0 N EESH
- » VIT#% Y s > AHIR UL e
EHLFEE SRR HREE ST
Y R iR > A
i&%ﬁ%ﬁ%ﬂ L sma

Bl 6— 1 SPC-33 Hi 1 il 34 4% 1 3 K 1 45 14
1R JH A R U
1.1 A% 45 R AL i U B 45 M 41 R SPC-33 HL 1 I HS 4L Th g oy b
RCS-33 BH AL B /MBS HMAAMLFHA G HHFE T RIC, W BHIRIC. B
PAT T, m A . VIT 8460 ACRDE M H . B AR DRI PR R .
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XU R AE R IT, RGN X R DR BT R DR o Rt . X i
B AT X TAERGE . B B b BRG] R Ik £
TR B0 IXFEXT LT U A A L 2 Uy RE R T, JF R AR — Dy RE R T i AL A
XU RE R T R AN . WA H R T A TR S, W@, Bon Ak
R

1.2 U TE AR AN BC . R 2R AN S BC R A SPC-33 I AR Ah M EE 4, L. SPC-33
FL A BN 5 A A IR AR Oy 25, BN Bl El B on. TS RoT. &
AR 2 B . MEG1-MEG10. TEB1-TEB12. LR (7TMB-24). Wi & 48 2 3
(SAU1-10). AS[I M AR (UPS-8). HI J 4% 28 48 B 43 28 A o Y1 A o) 3 T 2% 41 350
WEEATES.

2 B S SHk E

e AE 5 5 80% 2 UL AN SIEMENS SPC-33 Hi 1 1 3 2% Ji AL, JH 4 44 17 2L )7
V0 3t ST () A R A 1 AR R] R B AR SR, 0 PR T R A R AR R AT SE BRI 2
HABHFIHER SIS H . £ “BRIESSHBE” YT RLT: HikD)
R Ui B . SRR E R . SHRERMAEZRIH . K=K aem H #8 LIS
0L T8 2% 45 E TR O i
3 WBE 4yt 52

R 43 BT 5512 W AR A B DY R T U A kR S R Ok R AL, P RE FTA 4 AT
TN .

4 B IEAT

B0 I8 AT 2 LA B = 5 W U A O OB AR Ok SN 0 B R Ol A, DU A
SPC-33 H1 1 I 3 &5 o4 0 B TR A0, WEI AR L SEIh ML B Ay . 08 e 2 45 0 IR0 N
ALK SR EIT IR RS T E RGO BRUS T B
WHWE., BEHEAEG . BHHBRA IR, EASHER, RS HE. Hheigiz
TR BERIEIT RGO, At E a8, el fiins: S
W WE . wH AW e s ME g S iE . ERREAG
fEAn B G, CEREREET. CEREERT, MRS R ST R
KR HF KA SPC-33 M7 s = S 4.

B IEAT W RSN TR0 R R TG G B & Box, Bonilsf.
FHBAT O E A E L B RS AT AR SRR A RS BN
ML . R AR AR . I AL R . MR FEAIR SR e, =
MLE I Bk TR AR B E. BHF . MIhR, WamE. HE %,
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6.3 MU RFERIT

BNV RGE ) 0  5 vt b, T 50 T S AE O 0 R P @ SRk b i T fg
K, DAEME— D e RGP N xS X B . Use Case & #2& fit 71X — Fh 7 2%,
T i Use Case B /EH8 R4 AN H Y Actor GE2h%) 5R2EMA L, ERET A
i ihe. Actor (FEBED) 2 P AE T R4 M4 (Role); Use Case ( H )
X ARG W R CEZERIIRE TR MR, KB T RS0 )R8 BT 1
% .

SPC-33 HL 1~ i 3l % 17 BT8R A1 19 07 B0 43 o A5 0L 5 A vt A ) 45 A R R T O S 1
P BB AT, X B AT B R AR s AT e o . 4) BT SPC-33 HL i A%
15 B () B 3 . A T 1) X % > B (OOA— Object Oriented Analysis) ', & ¥
L RCAE 53 BT 100 O BORT R GE TE AT, T ) IR AR RO &, AL ST 5 S I K R G A
B AR5 BB A v vt b, B E S O R ER A S, 5 A S B o H
FORCEBRIA L. WE R A RN A, ARSI, REY
W TE B R Ui A 5 E B BN S, Lhomd B 4E o ) 43 BT (Use Case
KO e 6—2.

Q'é%’dééi’i"'@ O

//////&Eﬁﬁ%ﬁ ﬁ?ﬁﬁ%ﬁ%ﬁxxxxh //////#HWOEMﬁﬁﬁ
%—Q == )Q\ Cb

s \ﬁﬁﬁ%&kﬁi‘i ﬁ"iﬁﬁ%&ﬁﬁ/ B

TR, WERIESE. [ TE

T #1551 B Th = 158 R 2L Fi
BEHEETREET O

B R
K 6—2 7 i A% 0 30 e AT B o A
B, “H T R D Actor Ju R, 2 AR SE B A T T T R 07 AR R
5, HAbtn “ & EIZATIHAEL” 4 Use Case JLH, ZX RAEWAEM IR . LUK K
W, T i Sk M e ACR OB B B s, i A Sk S AR LT 1 ORI, AR B AT R,
MP P hgfe: 1) BUEBATHE, WRD. Wil WA, REHIULE, 2) wE
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BT, B AER., EEEER, FEFEEH; 3D BHHEN, WEEwEE
PEW AR, WENATHEE . RETT LT IR & 1) K R 5 318 47 B3 58
8. REBEP T BRBEAELE, WIEL IWEG RS &S 8. m4 U
FH P A B 7R B I AT 1 L

I 18] %F B0 43 B COOAD ¥ 24T 55 2 73 ) i ek, 4kt 1) RUAR Y 7 %6, R
LS5y Gy A R A A R RIS IR R, SR RGN BB AL o I ) X R
# ilF (OOD— Object Oriented Design) 1 & ZAT 45 & AR 85 O 37 19 R G X % AL,
BRI R EAR, WA REREW &I SRR TS, Bl T O0A, £ F
ket iz |l OOD kg b ih, MBEMk RE “BaM” mn @, W2 MWK
PR, B, M. S8 RAN A8 . SPC-33 L 1 B 4% 17 K
BT R G i W Bl 6— 3.

=<\WWeh COM Object>>
- CCantral Clevel CGovernor | . ] GovernDrle
B level : Integer & Graph : CBitmap
%Panel : CBitmap
Roh_cursor : HOURSOR | eserGrapho
SChangelevel() :
$SetPanel() C S T <<eb COM Object>>
$3etCursorf) &\Weather : Integer . PumpDll
$GetLevel() CGraph &SeaStatus © Integer
& Graph : CBitrap &ShipType © Integer /
&h_dir: Boolean & ShipLoad  Float
o &0OpMode : Integer
SetGraph()
56t Dirf) -\ﬁ Setieather) b <<Web COM Objects=
*GatDing S etWeather]) e L PSR TurbaDil
$50tSeaStatus)
SGetSeaStatus()
CMeter $SetShipType()
& Type : Integer :GetSh_'PTYPBU
%F’anel - CBitmap ‘geigwptﬂagg
isTwoDir : Boolean Bl oLk -
Ephaxvalue - Float :SBTOPMUC'BO ChainEng | .~ <:<We[|\3ﬂC_Oé-f1 ODleECt}}
&Minvalue : Float GetOpModel) =y
%Cur\-’alue . Float
$SotTypel)
SGatType)
$SetScopel) Pronel <<Web COM Object>>
SSetvaluel) ropeter |, . PropellerDIl
¥Gatvalue)

&l 6—3 SPC-33 i 7 i J& o ff J AT i ih R g il

M & 6—2 T 4 s AT R il X 4 (Object), TATTA R & ib 7w
6—3 it~ 35 (Class), 1045 CSimuView ({5 E #1 &), CLevel (#li[]), CGraph (%
Bh), CMeter (i %01X %), CGovernor (SPC-33 HL 7 25 ), CPump (/& k%),
CTurbo (1 k%), CMainEng ( EHL), CPropeller (H g% ), ***DIl (Windows &)
BEEEE . H, WA LSkLLARZMH, TERMLLRERSG . HE KRN
A, U AR S T AR R A, AR A A, T B R A
KX B 5 47 5847, 1 CGraph Kxf & i 5t R A Z 8y A L4 1, 1 CGovernor
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MR T AN LB EGEE, i CMeter 2K 2 i 5t B 5B R, i CGovernor
0 B 1 S B B2 B AL F 542t GovernorDIL Windows 3 2 4 2 2 FL Ak 4 5t i 5
1 view (HLED FI Model CBLAL) 3 FF o X R 000 4F b 3t 2 & 5 4 57 R T2 7 1

UL JE BE AT BT o AR, L B Windows B A& BE B E ORI A, R %0 & gt
T

6.4 FERHBRZEFA

Ui BLARE R G2 JF R DLV NG & SE I H 7 U A 1 B SR AL R R S A
BVl TEIF R MY BL, vEE 0 H ) R B g B 5 VE S BLA 00D U vE S 2K
Fln) gk k. Kol B R gy B MAL . DU B . WAE, AT
W R S 0 B AT A B, Wi E RE TR K. WK 6—3 s, X T Hig 1T
BEde, AT TR RABEL HEIFHE R (Windows &R E) . SE Al K

SERRP AT R NSO, WIR RS Wi AR, XK MR AL, w2
OSSR mAm . AR RE@ETAREME L By A, X EE A8 i Tk
DR R, AT A R L 2 R O A R N B B A Rl A RR B B R R R A
B X% 4T

N T AL AT, BAELAUE RN EXN SR, IR R E AL, 54,
H RGBT S R A S R, W FE R RS VEUR, T AL B X P A )
RGBSR . ik, IRATRT VC++60 I ) X % Tk R S8 R AL 8 AL
2y 25 B B2 P ML ok M g 26 ) . 0 B AR 3 B BUXE BOE I R AT &, LT
% K% Windows W B, 78 BAL 6 I FE b, A Ak B S RE D7 1 R Sl 3k %Y
B RO A R A B, XA, B R AR B L, R T X% T A
) B, “ B AREH R AL RIS AT WM B E e SR 1Y, 1 Windows [ 3 SE R, T
H, Az SERERNRNSITERIEH - N ERESG, REaREHRWEN
M RGN R MERE . JF B, ISR SRR E S, R T R4S
FEF 0 WA 5 T R B4

VC++60 RAAGHVFZ U WA, M/ Bx X E N WM_USER 4. K
TEMNBZME, B, FEATE X UWM_CHANGESPEED b H /' i A 45 4 el , 2% 7%
RIEMH R, HAkwe X

#Define UWM_CHANGESPEED (WM USER + 104)

Wa, AHENFZHBGHEAS SR, @ ES,, FRESET. X, fHEH

N

%

60



iR 2 e S

WRIEFHE, ek E TR BT AR, M AHERSTEE T &
TR a4, KK TR, JFR&S T REMBE. W ELIEXNRTAAELNS
S AN
Afx_msg LRESULT OnChangeSpeed (WPARAM wParam, LPARAM IParam);
 AE S ST P g 5 I B Ak B G K Ak BEACHY -
ON_MESSAGE (UWM_CHANGESPEED, OnChangeSpeed)
LRESULT CSimuDlg::0nChangeSpeed (WPARAM wParam, LPARAM 1Param)
{
/R0 B A R B, AN

75 SE BT F LGN R B S, b TR T s AR A, K R R S AR
BB AREEE S, WA T EMENEITRS o 7630 & 8% E M DR b s
BB E W S R R, IR Ik SR s AR R S b U 3 3 B B A e B SR
P B, 5 E S B0 ST R B R U B ek Ok A R A
extern float compute n(float y, float n, float nset);

HAETH J& Tk Link 4725 50 b % & “ Object/Library modules” J& 7k, ¥ B JH 2 160 3h &
BER AT U], WK 6—4 TR

General | Debug | ClIC++ Link | Resources | M; EE

Category: [T -|  Besct |

Qutput file name:
Debugf¥elometer.exe ;%%%;1%

Objectflibrary modules:
Compute.lib Winmm.lib hhctrl.lib 7

K 6—4 2 8E 45 7 UL
FE S YL SPC-33 WL 7 i g A 0L I AR5 N L B > M B a2 W L BN IS AT 2 g
B, w5 58 DL kR B AR LB 0 R AP, B AT R I B P T S OR A s AT Bode
I AE 3z 47 I U OF 58 #odm . Bl ODBC Jy sUUH I Ho s, fRIE AR geF & A k. Hds
FEANMESCBL W& 6—5.
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SPC-33%
%

v

v

FTAH S 3BT
[if1]

BB AT A

IUnknown

[LGEES

IMyInterfzg&lgﬁﬁiﬁj

R H R

IUnknown IUnknown [IUnknowrl Unknown

Bitliz
T

in

LR S
RREBITS
Htrtr

RS H R

Kl 6—5 Z 4 fr AtEsc

P S 5 % vk SR Windows br i, FE T . BERLE AT S A B 2 WK
6—6 FT7N

SPC-33HIEIEIRE

It PR =1

L,
S0 g

o (I
—m 1=

Tt ot
ASTERN  AHEAD

TACHO METER

y— [ RECUESTED FFM_| —

— ENGINE FiP'M —

r— ENGINE TOTAL RPN | —] r— [ ENGMELDAD | —

E

gon 9oy ) ISR LR R o
5 P 4 \\\\mln S B 9{\1;' ':nf}f., FElETREE
o L S i < ey I (e u
Fom = N 50 E
s " 235&0 z = M * RuDDER ¥
® = ASTERN  AHEAD E
ENREEE
£FERUG
-
FHEE s
HEXHTE
@ SYSTEM ON
@ EARTH FAILURE
@ /0 BOARD FAILURE i
L)
4
o N
[ N y
\\‘“ /- S
)
R mE

)@

K 6—6 HEliz A At i
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R S I R i B N g ) SN T 1 DA a0 s R o I = N A S
P R0 A B A0 R R A R AR ORI S N A, AR SCAE TR T A AN S
ML HL 25 B A 19 a5 07 R R RO SE AL BRI L Al b, X — U AT TR R
TR R I H St AR b, 0 b g R T AR AN BEAT TR, IR S
SEIMENS 2w ZEAT T AU, 3R 45 17 K5 1 FlL 1 o 4% 428 o) B 30 Mg B 2 R 7 TET )
(5 5 i N o 7 o 13 - N o = =W L R S O TR R VRN v i 7
o ARTAEM S5 W F

L TERGEMRUET A SH WA EFTR, MmAERRERZ kI L,
A JICAE SPC-33 L U B A A B AR T B, T R Sl HL AR B AT I R A Y R
(K130 ) %5 B R B T LR A M A0 SR AL B . B R T O ELORE R, ORI T i BIE
(¥ 38 RS o 7 B35 AT B R A0 S B s AT Bl B AR G

2. BAF RV IF R R T A WAT I R B, Bk I S8 BB SR H T 1) %
S R EAT o AR BARSE I, SR A Windows 4 B2 9 S AR A T R R B &
BEH PR RO, ARG O B RIS AT AR K bR

B FTA CHUBE A 23 81D X SPC-33 HL i i 45 1 47 M Wi 5 5 U 43 A R g 6

W D) S R AT I . W S TR TR A 1Y 4 A R S B S LN DA A R R R R i
B 23 AT e % 5 Bh 6 ML B2 %) SPC-33 Hi 1 i 3 g8 kAT & BELE P

4. f HL U AR G LN 0 BB, AR K AT B BOXS P o B a8 2 AT o B8
Fra s brtGol, HEEIRE. HEEHFENT, AR ERE2 TN FTA
ST R A O AR SRR Y Y, AR TR T SR A R R R R Ak

AR AR CEFEH T ZERFTEN -2 BN L, AT —Ema
Draa HAt S, JEME T H P MIAE, IEWERHE) B E 2 MM LR,
Iz BT e TR R L RE IR A 3 R D M DR U R A A
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