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Abstract

SOFC have the advantages of high energy conversion, zero pollution and zero noise,
and is a kind of perfect alternative energy. In the application of SOFC, in order to keep it
in a safe and high efficient running state, its working temperature plays a key role, so it is
necessary to design a reasonable and efficient thermal management system to control it.
The design for SOFC thermal management system need to think about a lot of elements
including the design for process structures, the design for control strategy and the
realization of the control strategy, and in this paper they will be discussed to complete the
design for SOFC thermal management system.

The main work of this thesis are as follows: firstly, analyzing SOFC thermal
management system carefully from the process structures aspect, then based on the
experimental data, adopting T-S fuzzy model created method to create the mathematical
model of SOFC thermal management system; secendly, based on the mathematical model
adopting PI control strategy and cascade PI control strategy to control the working
temperatrue of SOFC respectively, finding that cascade PI control strategy has better
control effect; thirdly, using rapid control prototyping method of XPC to convert the
control strategy of the former into real-time control code of the XPC platform to verify
that the control strategy are effective; finally, in order to improve the integration of the
system to product level, a trasition from XPC to MPCS555 is needed, then the transplant of
UCOS real-time operating system based on the MPC555 is accomplished.

Key words: SOFC thermal management system, T-S fuzzy model, cascade PI control,

rapid control prototyping of XPC, UCOS real-time operating system
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Simulink T %
KT (3ot iR
¥PC

RTWAE AR —
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= g Host PC Root
% Compiler(z) Configuration
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= TargetPC1
= % Configuration
@ Communication
& Settings
& Appearance
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Hi PCl Devices
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Communication protocol

Hoszt target communication:  [pg.o9 j

Target PC IP address:

| TCRAP target driver:
TCPAP target port:
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L&N subnet mask address:

| TCPAP target 1SA memaory
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RS-232 configuration
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E
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3) AEp DOS WA HARE A, HEAE XPC B (R0 B0 TEAE ok o
DOSLoader 53, Wi 4-5 ffizn: ARJE A0 B CH /o SHLE 3 6 3Pt U
INERF T A B, AFE DOSLoader £530 , XPC B HL 2944 SN 5/ R 46
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BUERER W 4-6 FioR; o midiEl 4-5 F11) CreatBootdisk, # XPC #:1F &

Y5 B U ol
B XE > s H W
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=) 18] Host PC Root
% Compilex(s] Canfiguration 'I\If':is secttt.ion tn:hontains general [non-moc!gl spegich] pallameFals fnt_l the ClonﬁguFtlLDFth ENPEtTalget.
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= @ DLMIs} D:Backup RITCAZ Bootdisk button to create an =PC T arget boot foppy disk. Use this disk to boot a target computer
= TargetPC1 with the xPC Target kemel
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& Commurization
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I 4-7 Fios:

4-7 HAFHLER I INZE XPC S HAFE R 48
AT HE XPC P&, fEHAHUSIIME T XPC SEINHAERG )G, HEERS
B R+, B B S HARHUAE - . HARHLA EARS
SER AR GAT(E BAS L, SEIUSER i EL. PCI-1711 ZWHEA A= 1 —ak T fE
SRR PAICEEAS 2 D fig PCI R EHHE REE R, 58 2FFE PCLAK Rev2.1 b, SCRRHN
AT, FEeedi R, AHERCEAMBZA DIP $hE4HFC, I 5 B 2K
BOE, ek, iy, R EEERIE DhRe e IR Iy BRI R, B
LA A& XPC HFRHUNIBE#X5 S45 BAC LI 773K
PCI-1711 Ha KR EEAT: 116 Byl s i R N JmiE, &N
BRI AT gfE, 10V, £5V, £2.5V, £1.25V, £0.625V 55 5 A5,
DL AR Y. 12 A7 1K) A/D By, RAEEAT]IA 100K Hz, F A [3] 24 10us,
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PR At PR Y B AN AR ) SR P 22 rU I, LB S Pl s Y TRl ) DA U A
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4-8 PCI-1711 H4s RAE R LA K

N T XPC 6, fEkEET PCI-1711 B RER2Z G, XPC Hirhlet g
T 5 SEBR g GOHAT A A B RS (2 B RSP R AT XPC S HRE R
GIFAREVUI PCI-1711 B R, It g™ PCI-1711 Hdi R4 R~ 1E
XPC SERHEAE RS FIIRSHFET, 2 PCI-1711 Bl 15 A 4R LA S R

XPC #AE RS0 N R h R IM TR 5 Windows #1E RS8N IKENFR P I K
SEAHRI: XPC RGAE—ADTEREN L EAE RS, AU — MR N, XPC
NIRRT DL R WA R R (VO i D BUAAE); 1T Windows #4E R4
NP 00 AR AE (0, AR SV AT VO 3 BN fE. Mk, XPC #AE RS N
F URBIRE T (R FF R EAR R ] 28, 7 S XPC PRodizs sty , W Z5i7E Simulink
TR XPC SR R IR PCI-1711 Bl KA R IR FEY, X R R S8 7 L
BER VO Vg Aok 5 SRR GlEAT 5 JRAS EL, SEBLSE B0 it DA ) gk
AL WA LE Simulink MBS NS LT XPC SEH ALK PCI-1711 W& IKBHFE ST »
M H OB AE T 00T 4E Simulink *F 1) PCI-1711 B4 (AELE 755 . MATLAB #2144
THEET CHEFI S KA B LLE X PCI-1711 B (TR R A T A,
EO RTINS SR AR Simulink R S-Function
BEOGRE hn] L HE Simulink BEHRGEATAE BACH; BIERA M Simulink 1
PCI-17011 WA BRI IRV E R, A I 224 5 (M SR B AR P o ARFEIXFIRETE, S
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BT CHBFMN S A PCI-1711 M THAE, SR8 Simulink K H &,
T RLIX AR S AE S H ARHL Simulink B SVL S SRR S IME B A, S
P XPC Pl 4

BT CWET M S MECHIE L5, "EfF Simulink 1) TAE R EEE Q& 4-9 fir

start of simulation

mdlInitializeSizes

l

ndlInitializeSampleTines

l

mdlStart

l

ndlCutputs

7N

Simulation loop

4-9 S PR¥A(E Simulink (¥ A SR FE &

M 4-9 B, BT CHEF M S B2 H mdllnitializeSizes, mdllnitializeSampleTimes,
mdIStart, mdlOutputs F1 mdlTerminate &5 5 /4L, EAT17E Simulink {7 EH A
ARIYER . mdllnitializeSizes & CE AR ftlia., R&F SHESE, B
XIS PRELYS Simulink (AMFE LRI RS I 4T4640 ;s mdlInitializeSampleTimes
SERCH S B ECRAE I A1 (14T 4544 mdIStart 58 Xt 1O B 4 101 4A 4k ; mdIOutputs
FEQT BB AT I A A TIE S RN, AP — kT EA K, mdlOutputs HUHE I H— K,
HEMTES WO 1l mdlInitializeSizes #2345 750 45 A5 8 VO WFE T2 2 RE& 1)
TER

75 PCI-1711 B KA REAZIHFHLZ S5, HARPLSAEE R VO 25 4 e
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B 32 ANESEhE, R T X PCI-1711 B (R E A T 3, sk B e fE
HARHL VO 7 [ rfonf B g ki, X R AES ST C 1 S M SRR 7 rh b 20
fift P i M ) B . MATLAB #2415 19 3k SC#F “ pei_xpeimporth 7 1 1] R 4
1132eGetPClInfo( )P LL5E % PCI W& & e fr, g iR & FriH (DID) 1)
FIFRIR (VID) Jf4533) PCI AL E 25 (5 5, HeREUE 0 r132eGetPClInfo((unsigned
shrot)Vendor ID, (unsigned short)Device ID, &pciinfo), T ¥ 3k43 1) PCI ¥ 515 A7 1%
FT peiinfo £5#4& T, peiinfo 454414 )& T- PCIDeviceinfo 84, Mg X T

Typedef struct PCIDevicelnfostruct{
unsigned long BaseAddress[6];
unsigned short AddressSpacelndicator[6];
unsigned short Memory Type[6];
unsigned short Prefetchable[6];
unsigned short InterruptLine;

}PCIDevicelnfo;
Horh BE B BB 42 041 BaseAddress Ho #R4% PCI 33, PCI BIOS W] 4% %
i 6 ANk, AR RS R TR . b TAE XPC SRR b
PCI-1711 a5k, A SCAE R > I 1L i A “pei_xpeimport.h” Sk SO K]
bR %% r132eShowPClInfo(pciinfo), ¥ pciinfo 14541445 BAE HARHLI B s b B
ok, MififfisE PCI-1711 [FEHIEA7 B/ BaseAddress[2]" . IXFELEIRSIFE R gk vl
DUl L “Hesphib+ms ot ” 197720, FHEET CHEFM S MEGE RS PCI-1711 fF
PR ERAE . FEP 9 S 50 SRR K e R AE R C SO SRS 7E MATLAB i\ mex +
C M2 Ia, S5 C IR A NSRRI #AE1E Simulink
Hif) S-Function fEHH N C SCE4 R S ML Z 4L, #hl LUl S-Function Fk
KU FHERBIFERS T 5 FeJaHEAT X S-Function B HEA TS5, wh ] LA SREhFE A5 3% S
RIS E T . UL D/A SRS FEE A4, 21T S-Function K THHERC & 41 & 4-10
7N S-Function name XIS HERT A2 IKBIFE P C 301444, S-Function parameters i
NI SR FE e o (1 75 EERAE IR s B S804 . 3442511 S-Function 1234050 & 14 4
Kl 4-11 Pr7x, Channel vector ¥ A\ [1)/2 77 22831 T D/A Hi i i@ %, Range vector fi
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NI 52 DIA i s 3E 14t Va Hl, - Sample Time $y A PR /2 KAE I ] o

E! S5ink Block Parameters: 5—Function D_(l
S-Function

|Jger-definable block. Blocks can be witten in C. M [level-1], Fortran, and Ada and
muzt conform to S-function standards. The variables t, », u, and flag are automatically
pazzed to the S-function by Simulink. 'ou can specify additional parameters in the
‘S-function parameters' field. If the S-function block requires additional zource files for
the Real-Time Workshop build process, specify the filenames in the 'S-function
madules' field. Enter the filenames anly; da not use extenzions or full pathnames, e.q.,
enter 'src srcl’, not ‘arcoc ecl ot

Parameters

S-function name: |pci‘l 711da | Edit

S-function parameters: |channel,range,sampletime |

S-function modules: |" |

I ok l [ LCancel ] [ Help ] Apply

Kl 4-10 E3EHT S-Function K5 15 HE L B K]

E S5ink Block Parameterz: 5—Function

S-Function [mazk]

PCI-1F110AA

Farameters

Channel vectar

|
Range vector

E |
Sample time

0.001 |

I ok l [ Cancel ] [ Help ] Apply

Kl 4-11 #1355 S-Function K544 & &
J T BUEIRSRE P EAAYE, Wt T A&l 4-12 B Simulink HE & :

s P pei1711da
Sine Wawe S-Function
Target Scope
. 1d: 1
peily11ad
S-Function Scope (xPC)

4-12 UXERE P I B
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pcil 711da BB 115 ] FE 352 Simulink 1 Sine Wave AHL K4 L, 4% IX /M IKE)
PCI-1711 #ia KA RPEAT D/A fntlh, BT E AT AT Simulink i, ProAedA
gy s peil 711ad BEERIE R SET A/D #4e, A G RAFIEUETE Simulink
i, e AT EEAZ Simulink f N, BT LB AT I s peil 711da BEHUR]
peil711ad B PCI-1711 AR 1) D/A Hir B IE R A/D i N\ I8 E il i 52 fr S48
BEATIERE, ALK 1K D/A i Ok A/D 3N, SR 5 8 A/D #6346 245 5% 45 Target Scope
FE 55 D/A BEg 2 BT HEER, 72 HARHLLBEAT — AN FHERRL I .

AT OSEHL M BRI K, fE B 7 4F T Simulink W3R B2 R S5, A
Simulation/Configration Parameters 4T Solvor F1 Real-Time Workshop L& . T
XPC SE A EASZFEA K, BTLL Solvor [FIi B K AL S 5 5 K s Real-Time
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