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ABSTRACT

The rail vehicle is one of the most important transportation ways for people to
travel. The interior environment of the rail vehicle is closed and in order to improve the
comfort of passengers, the air conditioning system has become an essential part of the
rail vehicle. Due to the high density of passengers and people’s long indoor staying
time, it is necessary to ensure the healthy operation of the air conditioning system to
meet the comfort of the people in the rail vehicle. The research content of this paper is
fault detection and diagnosis of air conditioning systems in rail vehicles. A set of fault
detection and diagnosis methods suitable for rail vehicles’ air conditioning systems has
been developed. The methods can realize the automatic fault detection and diagnosis
process, which is beneficial for the maintenance personnels to troubleshoot the air
conditioning system’s fault in time, avoid the deterioration, improve the stability of the
air conditioning system’s operation, and maintain the health of the air conditioning
system, thereby maintaining the thermal comfort of the passengers.

First, this dissertation gives an overview of the rail vehicle’s air conditioning
system, including its characteristics, structure and working principle. Combining the
principle of vapor compression refrigeration cycle, taking a real rail vehicle’s air
conditioning system as a template, a virtual simulation platform is built based on the
AMESim and its accuracy is verified.

Next, the dissertation makes a comprehensive summary and analyzes the common
faults of the rail vehicles’ air conditioning systems. Control components are introduced
into the simulation platform built before, the operating statuses of the air conditioning
system under normal conditions together with four typical faults are simulated and the
corresponding fault’s data is collected. The parameter characterization is analyzed in
detail and finally the simulation results are summarized.

After that, the dissertation proposes a complete fault diagnosis methodology for
the typical faults of the rail vehicles’ air conditioning systems. The methodology
includes three parts: fault detection, fault diagnosis and fault evaluation. The fault
detection scheme is based on process data and the principal component analysis (PCA)
method is used for dimensionality reduction, the fault detection is realized according to

the feature statistics. The fault diagnosis scheme is based on the DAG-SVM method,
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the optimal fault diagnosis result can be achieved by adjusting the value of the model’s
parameters. The fault evaluation scheme is based on extension model theory, which is
used to determine the severity of the fault by clarifying the classical domain and the
node domain of each fault’s characterization index, and calculating the comprehensive
correlation degree. The algorithms proposed in this dissertation show good applicability
in the simulated fault data set.

Finally, this dissertation constructs an overall performance degradation evaluation
index to comprehensively evaluate the impact of the overall performance degradation
of the rail vehicle’s air conditioning system. The dissertation develops a set of fusion-
algorithm based fault detection and diagnosis software platform. The data collection
software is based on the C# language and the fault diagnosis software for the rail
vehicle’s air conditioning system is based on the APP Design module of MATLAB. The
software integrates the fault detection and diagnosis algorithms. It can monitor the
operating status of the air conditioning system by analyzing the relevant operating data,
detect and diagnose possible faults, and finally provide technical support for the rail

vehicle's operation and maintenance staft in the actual application process.

Key Words: rail vehicle, air conditioning system, simulation, fault detection and

diagnosis
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mref = CA\/,O”(P” - Pevap) (2.18)
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BT T TEIERR 28 RUIRLRE E— 0 AR LA R I ipyd g, 11 FE S AT DL~
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3.19 Fizss

43



Al 5F RS W2 i S0 OB 4250 R G2

T —
— ERTREMAE [des]
— IEHKEMNRRE [deeC]

w0 TIESEMRE [degC]

— IS KEMRRE [deec]
EERE [deeC]

— FETRERRE [deg)

B IEBWERRE [deeC]
IIESKERAE (deec]
IIIESKERERE [deel]

25

T T T T T 1
100 200 300 400 500 600 700

Time [s]

(a) FIEZ ARG KR ESHLN

45 -
|— EREIHAH#SEN [baril
40 J— IESEHHSEN [bard]
A IIESEHSEAD [bard)
35 J|— IIIEHWHSEN [bard]
J— ERIRIBSEA [baral
30 4 IESHIRSEN [bard]
| — IIESKIBSEAD [bard)
25 7 IIIESHIRSED (bard] =
20
15
10 e — S— BRSe
5 T T T T T T T T T T T T T 1
0 100 200 300 400 500 600 700
Time [s]

(b) PR ARG . HUEISEHEN
K 3.16 722500 R G0 R XS I S8

44



03 5 ARG E ) A

)(1803
| — EETRERENEE [rev/ninl
— IEHILERNER [rev/nin]
T IIELILEENEE (rev/nin]
J—I11EL L EENEE [rev/nin]
6 -
5 |
4 -
3 —
2
14
0 T T T T T T 1
0 100 200 300 400 500 600 700
X: Time [s]
(a) IEARNLEEAZ AL
40— EFIREFENEHE k]
] — IESLERTNENE kW)
354 IIESCERIENE L]
b d /_-_-_?-_-_-_-—_
1| — IIEHKESRNENE (k]
3.0 ]
2.5—3
2.0
1.5
1.0
0.5—3
0.0 5 T T T T T T T 1
] 100 200 300 400 500 600 700
Time [s]

(b) E4aHLFETh RN
Bl 3.17 IRARNLE 3 AR AR A

45



Al 5F RS W2 i S0 OB 4250 R G2

4| — EXIRZEEHRRE 1w

— UEHULAESRAE (o)
IESHEERRNE ov]

— IISHUEEBRAE ]

T T T T T 1
0 100 200 300 400 500 600 700

Time [=]

(a) AR ariERA

{|— EEIRSHESHHE kW]
16 o| — IES S ERRNE

R IIES NS EERNE kW]
14 0l TTTE S S SR RNRE (kW]

0 100 200 300 400 500 600 700

Time [=]
(b) At AN
Kl 3.18 B ZET I R G E 1L

46



03 5 ARG E ) A

[barA]
102 -

— EHTR
— g%k
IIEEH L
— LI S ‘_\
101 )
e
/
100 T T T T 1
250 300 350 400 450 500

X: 1 - specific enthalpy [kJ/kg

Kl 3.19 F1 2750 R GE A IE PR ks A2 1k

H b EZh A Rl 0, B E 2R RSB ERE I 5, IR R AR
JE SRR, HESE IR E AR, BARE T4 5 s e ge A0, AR Wi U 2 %o
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11 11.11 | 21.97 | 11.01 | 58.81 6.28 e AT %
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I 10.50 | 23.52 | 9.40 | 69.05 8.98 R e AT
74 551 s II 10.50 | 23.08 | 4.84 | 65.84 | 8.40 S ¥NTIEC
11 9.08 | 22.36 | -5.82 | 60.50 | 6.48 &t Lt

e BUfr X

EH T - 9.61 |26.63| 7.02 | 77.71 | 12.04 -
I 1039 | 2530 | 9.28 | 69.72 | 10.95 YN E
JRAENLTERE S L II 10.90 | 24.77 | 10.59 | 66.99 | 8.80 &t Lt
11 11.68 | 24.18 | 12.73 | 63.53 6.46 et Lt
I 9.47 | 2680 | 6.54 | 78.88 | 11.76 YN E
R S S II 9.65 |27.84 | 7.14 | 80.48 | 11.66 S ¥NTIEC
I 10.17 | 31.18 | 8.87 | 8545 | 11.19 &t LAt
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I 937 2659 | 6.19 | 7630 | 11.91 feE 4

R IIABA II 8.66 | 2640 | 3.59 | 77.87 | 10.80 FeE 4%
I 7.54 |26.08 | -0.79 | 81.30 |  9.09 FoE 4%

I 896 |25.19 | 473 | 78.19 | 10.96 e YN E

4 77 II 7.89 | 2438 | 0.70 | 72.85 | 9.02 et Lt
11 6.54 |23.40 | -5.11 | 70.71 6.37 et Lt

3.3 HIET R G A S AE
TIEZ P RGRES WA | HRES | AKEE | BERE | HAE
1% L - - -

JE4EHLIERE 1k ! 1 ! !
S S S !
R B INBIL - - !
A 77T ! ! ! ! !

3.3 KRB/

AT ) 222 R R GRS Rt AT 1 M, B SR A U R e LA
WIEREAT AR, AR5, FT AMESIim B EIE S 70 RS
PIET &, £E5 2 FEEA_E I BRI E A, il 12 R 4
HIIES T, ASIRAELIERE 50 Woltas it A S s 1. Hlve 5
IR 1 DU i 2 55 A i s o 132, A B X AR AR AU 0 ) 7 3 1 A AU 2 A
XHRFAN AR AN, | = Fh ™ ERESE, JE0 5 A S A A S AR A 4 SR AT TR
I, 4521 1 51 22200 R G DU A i AL B T B A RF IR 2 B o 545 SR DL K s
R, O9JE SERIEE IS W se iR i 1 Bl kAt
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F1E JNEFRRFWESHHER

HI I P & P9 78 2 AT AR T A R i AR, AR T AMESim 81
BREPUES RGN HOT &, Bl R i A s A5 2122 ] R GiAE & R
b N I AT B A SRHIE SRR AR 0. A B T — B e & iR 2 Wi AR 5
%, OIEHEERN, SRS LSRR =M. 4.1 TR TR
PEHE (R 77 58, MR PCA R 7 it AT B4 Ab B, AR PR iE e it
Sy ol PR e KR o i €K ok T d A 21 T S e o Eiop 7
A ARG, 25 R8BS PR Ol b Al ORI S i e, SR 200 R 30HF
[N (DAG-SVM) W7 ESEIL G2 Wr o 4.3 53R H 17 3% -SRI 0B i i o 45
RV TT R, R TC vl SR B0 51 227 3 2R Gt i e 7 AR P R AT 70 A, AR G
HRIEE RN E b ™ A2, SE Rl — B 58 & M i si2 Wi A

4.1 ETFTHEBIRAHFEN G =

4.1.1 B EM

B A I A2 NS BR I WA A 26— 2 . P RUIESI G, HAT A R S
SHALIRABRBEAIR, 456 ARG REREN 2 4 R IES B0 P L8, ek
FIFE Tl R B p bk i 7 %€, IR PCA o 70 Bk EAT B4R AL 7T, AR
FROEGE T B S b e I

PCA far A5 RN 2 4E50His 17 S O B AR IR 722 16, B 3254 (A]
ARz, HFEAE 4.2 fos, i 3osmes 1R SR 2GR,
Mk ZE 2 MRS T iZge iR 2 AhRIAE ., Blinids(E 2 .
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V2 RS PCS x

AN
N .fﬂlllt ’/ normal shift

SPE < §?

4.1 PCA EF/ B A
XFHENEZ MRS, R ZEE T m NSHUL RS, T 1 n k&,
P B TR X e, W R FTR

X11 "t Xma
XnXm = : : = [xlixZ' xm] (4‘-1)
Xn1 7 Xmn

T RE S EZ ARG F BN LG, B EEX AT AR LA, 753
Xnsm> BN x FRAEACAL TR, 15 3xf;, WTFFIR.

1
X — =Y x;;
x* = U n ! 1 l] (i = 1,2, "'n;j = 1’21 “.m) (42)

ij
2
j g e (g — 7 2 i)
VA TIE R, FTARIREA Y 7 R T

i1 = Tm
R=|: ’ : ] (4.3)
Tm1 *° Tmm
>N l:':"
1 m
Tij = mZ(Xk — %) (g — )" (4.4)
k=1

MREAR P 7 ZHE P R BHAT & A5 e, 7932
R=UAUT (4.5)
H, KU = [ug, uy, - u, JFEFERIRT k 4EZR Mok = PIE N 0250,
T n-k gELRME TR M EPIE MR ZE D M. B, W LUK RBEEREAR X N,
X=PP'X+PP X (4.6)
b, BT PPTXAFEARSGAE F e B MR, J5H PPTX NFEASE/E
WREZAME . MTRZES A, @GR, 4l e NN, RIEFEHIER:
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Al /2 BAS P N a R IR, DORTEs R A A, oy, DB RE R, Qg It
B S #EAT oH

Q=t-PP " <, (47)
4.1.2 XFRNA

gie FRIWIAL, ATTRHEET PCA M R B Sk 77 SR 456 58
3 B MRS AT O S g, RN T R N 4.1 BT

| ‘ i i o i
| R IEIR i | FE SR i
1 | |
! BRENSEERR | ! SRk i
I | ! i
| |
| ¢ o |
i SRR AT } i :
| 1 o |
| ! | BT HLALE !
} A RAERSHE ! | !
| |
| ! o |
| |
! 1 ! | strmamsie |
l | I (a |
|| mEERtE sEHESE | | ! I
! 1 ! |
| [ 1 I
| | | |
I 1 ! Y I
| ! =Qe? !
| Fezeia ESLE ! I Q=g !
| |
| o N |
| | |
: v } | I
U | magitesiRe | SR :
: (Qe) | |
! | |
| ! |

Kl 4.2 dEas Ty %

ARSI T VR IE T MATLAB 34, 2 BRI 25 FAE ZRASI 1 A3
gy e XTTEE 3 EHUEVIE KRG 5V G B EEE, mIORSET, HFSUE
71, R, AEHRE, HIAE, RANEE, FINREX 7S NRHE
i, B 4.1 Bios.

4.1 MR T SR G B R s 1)

e = = ZR‘ > ‘{/7‘,\‘m
RO HRU T AR R e | e | s

[l gt KA | B BE | RE
k j i o
o) | @an | o) | oy | KW | HE@min) | ECO
IEFRE 2281 | 11.03 | 68.09 | 10.78 6.43 2291.75 30.00

JE4ERLIERES AL | 22.09 | 11.05 | 64.32 | 10.82 6.40 2862.46 30.00
AlEas gt | 22.67 | 11.03 | 67.55 | 10.79 6.42 2309.80 30.00
R | 23.04 | 1025 | 70.68 | 8.39 7.00 2753.10 30.00

4 77 T 21.86 | 11.03 | 64.68 | 10.80 6.39 2336.85 30.00
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A Y%
FTIRAGHAE S, 2 TR AT I SRR USRS A IR, Bkl T By
No

1 BERURGREEE, XTI E TS AL B,

2. TSI EIERE, A eig BB T ZAEFEREATRAE D, A5 BNZIERE AR
AMRFAL [71) 5 5

3. REGATAFHLF B MoK, A KREVNES, i T R T ook E
TENEL R TTRE N T 90%0,  SREUE N 75 ML

4. WRAE L TO M EER DU R A RFAE A &, 49 21 3 o [a) 5 ik 2 42 1) 5

5. R EEREN 95%1) Q Grit4%HilBR1E .

B. B)%
XF T T A I A, 45 S AR I ZR5 2 RO R n] 15 BB A 245 2R
FEANN PR .

1 AR, BEAT ARG T BAL B
2. WHEQGuitE, JRMLL S AR G2 il FRAK L AL B A i 45 2R

AZE 3 B AP 81 2 2 8] 28 4 0 SRRSO DU P e e A SR 3E AT AR R, 73 21045
RATF PR X0 B DU R ik e £, AR B S %% S5 2400 41
B, HrPEr 600 HEHE VIEE LU TSI G2l R guistr 8, 25 DUBE 600
R NIEIRE, AN, RN E 5 A0 P P i

JE 4 BLYE fE 95 16 M b S ¥ ks i S AR U R )

30 30

T
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
0 600 1200 1800 2400 0 600 1200 1800 2400
O SRR A EEPS
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AR AL SR o % 70 i sl B e B

120 200

180

100 |
160

140 |
80
120

100

Q& il

60

QfLilH

80

40

T
I
I
I
I
I
|
I
|
I
I
I
1 60
I

I

40

) @/\ ) eLJ

0
0 600 1200 1800 2400 0 600 1200 1800 2400
SR F A B T

K 4.3 BT I Rt o ke I 45 2R

ot 4.3 WA I A5 R nT g, S R HE B SRR T S e S S A1)
i 2 G VUM AR PRt AT AN, B R R A KA B 600 I, ARl Eodfe T
gt N PR 2 I I SRS I SRR T AR B Q iR IR, A
AR E LRI . X T IEAAERE S 1L, Rl il B R B A R 3
AT A A I HOR A, [RIINAE AN b ™ AR T, TR RIS RE AL T
FERIRZ b, s HER A B o R 2805 e e IR 8 2510 LB )4 771 it X
PR R, A7 SR FRIRE AT DASE I E 5 A0 R bRk I, (HAE R R S M 25
WRITEOL T, HbsAa R B 25 o b T b B b RE 251k, e kb T g
FERIRASACAK, VA HER eI bt I, BoE S5 (AL IR, fe 2 RENS SK2
A PR o

4.2 ETHRERZEVSPEIZEG R

4.2.1 IEBIPEM

XFT A B 2l RS, NPT RIS T . BT AN R R AR
FRETAEDHERGENAFIRE, BT 20K, ok, Sehriil ] DR
(B B 520, S5 T /NP AR B (B 2 W, AN SCR B8 T30 FR AL (SVMD
718 ZITERIZ O IE T Gt 22 S, (EMRR/AINEEA . FR 2R i 2 ) f e
HA R B3E FH ), FLRR A R SR AE AR AR 2% B] 3-SR — AN R8P T, AR AS
[F BB IFEAR T TE, K 4.4 B,
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4.4 SVM JF R Z &
BAFAEED = {(x1, y1), (%2, ¥2), -+, (my Ymd 3 vi € (=11}, Hrhx AFEAIRTE,
YRR RER, BT RTER, yATE+ 8e-10 X TREARZAE ] 7)1 0] 7,
FAAER S FHw x + b = 0, f#15

wix+b=>+1y =+1
' (4.8)

wix+b < -1,y,=-1

Hrhw = (Wy; wy; s we) WIEFIR, R ERE 1T HE5 A, bR,
IR SE 1T 55 i e O PR o B DI T T IS5 B P T s Y LR AR
e 2T A 2 My ok, Hrp

2

T (4.9)

Rk, n) @A N
1
minw,bEHW”Z (4.10)
s.t. y(whx; +b) =1, i=12-,m
R, M ELTCER B T EHEEARRS, RS A A EE > 0 IET]
SHC, ¥ SR AN

m
1
min,, , = ||lw 2+C§: .
{ w,b2” | i=1€t @11)

S. t- yl(WTXL + b) 2 1 - fl, i= 1;2;"';771

AR AR LA R 7 I 308 SR 7 i A R W 1) T e A YRR ]
R HF AN EAE AT 73 L SIS, K e 4Rk 2 18] B (Rl 1 i R R
fx) =wlo(x) + b, MR ] R 25 A
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m

1

min,, , = ||lw 2+CZ .
s.t.y(wholx)+b)=21-¢, i=12,-,m

T F A PR B TS SE A e, 51Nk 3 F e
Fa, WiEHk(x,x), B TR, BLTH SMO SR,

m m m
( 1
max, ) a;— Z a; ajyl.yjk(xi, x;)
i=1 i=1 =1
m
i=

]
(4.13)
aiyiyj =0

2
ey

i=1
k 0<a,<Ci=12-+,m

R, LR ENLTIEMR I RS BT 2K, XA RS RGN
ZRATREMRE, TRESIAZ R E. WTHEZHEE K, EWFEK. —X 2%
F—%F—3%, W 4.5 Fros.

4.5 —xtZikf—x—doRmE

XPT R X 235, BV ET ARG EA kK MRS (BE IR ISR
FRED BERE, TR SEAE A § LA SRR R g, T
A INGR, R SEMEAE A 1 Anid o+, HRFTA P ZE S IPIRES A 2L
PEARIC -1, DLHSRHE, S8R k AN SCHFRENL - 2RI 2R, EMPRIZHN, W
ANFEHHRFEAR, FOATER W &K, KEIE0 T IZBUEFEA X i —
ANy RARFRIC AL, AT DA H MR IZ W 45 2R o 20T EAE SR 70 S AR N =5
B 1 bR A 5 oA BT SR BB AR A, R G 253 RO R e AR [R) A7 AE RO 22 8
B oy HILEARE AT 7 LR
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T JaE X%, R 20 RS k FORS BRI, A
P BN R BN A, BRI — B EIE kk-1)2 DorRE.
FEHBEIZIIT, SRR IR RS 2570 AR IS BN NI EE IR, e 0 25
W sl RAEAT IR, BRI E MR 2R

T BRI RS, PR XS A SVM r RS EATR W ERIE, A SCRAISS
B R VEFI RS A [ TCI K (DAG) 243 KRR &L (SVMD J7ik. %
JHERGEA SYM 73 FEBA I — M M, XA R R ARG E A k Ak
SHEEE, EEA kK ZRAE T, b kA s R A R G kA
WA, k(k-1)/2 DAEM745 G0N, SVM 703685 o (RS2 Wi, fApe A iR
RN, BT ROERE TR P SRR 70 500 B Z T 0 2R A+
A1 B 2REE R, A AN B 1\ PR RS J2 7719 0 B FRR S R RT A DAt

P2 W45 R

o%@%@

Class 1 Class 2 Class 3 Class 4

4.6 DAG-SVM 7 & K]

4.2.2 EBRNMH

gie PR HAL, AT RMET DAG-SVM M2 W77 S USGE 3 =
5 o AU, A 3R AT 07 R . 43 BRI U2 W T R AN 4.7 B . BF0 2
3 BRI B, R s 38, B EARZE, SN2 Wiy
&, [FRZHEIR.
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R
I |
| HUERAE ‘ |
| i B |
| I |
| v ! |
| g E U |
| _____________ [T _|
[~ T T —— .
| I |
| ERSHRE | |
| v |
| DAG-SVMIEE)I| |
> %
| |
| l | I
| N ammre— : »  DAG SVMIZE!
|
¥
AU R

Kl 4.7 W27 %
A2 W REVEIET MATLAB #8AF, 0 R8s Tiab B, A2k L &
W R =P R . N 3 mHUESE T RGBT B AR, &
B SR 7T, HERE D, 728 KIEE, AERE, s, EEVEE, FE4NEE
X TASEENREA &, JRE 3000 HEFEA LIS, REIWE 4.2 s,
4.2 WEAS R AR ER SR
WS R | AR | R e | EEEHL .
aben | B | B | | e | | g | N e
(bar) | (bar) | (°C) | (°C) (W) (r/min) FCO)
IEEIRE 22.81 | 11.03 | 68.09 | 10.78 | 6.43 | 2291.75 | 30.00
JEAEHLMERES ML | 22.09 | 11.05 | 64.32 | 10.82 | 6.40 | 2862.46 | 30.00
BRI | 22,67 | 11.03 | 67.55 | 10.79 | 6.42 | 2309.80 | 30.00
R BHINGAL | 23.04 | 1025 | 70.68 | 839 | 7.00 | 2753.10 | 30.00
A 77 T 21.86 | 11.03 | 64.68 | 10.80 | 6.39 | 2336.85 | 30.00

A. XY N
F T IRAGHAE S, HETBENLE K%L randperm % 5 BEHL 7 A XS HEAT
WZRGEAMM IR 7y, R LBy 7:3, FRUWN s

(SN N VS IR I SR e

62



545 A RSRMPE ST &

1o SRR EEE, BRI k AR INZREEFT & LA ratio;

2. TR RIS SR, RBCREASEE R SR EATRENLE B, R R 23 e
ratio T IZREE P Kt &, AE B IR R 51 A h R BUR N AR B R 5HE, 5
BUARRL R SR S NI ZREE, RIAR R SIS L 1 e £ 5 1 il il 4k 5

3. fEME PRI B, 15 2SR 2 W SR ZRER AN AR

B. X715/ AP 5K

xRN ZREE 8, 75 ZOR LN B SCRF R U AR I 25, anar S
WA, A2 Wi e Ry E &8 (RBF) R RS
25 () YRR AN n] o3 (R Bt W 21 ke Tm] 1 R L. HOE 0N

2
k(xl-,xj) = exp (— ”xJ;—le”) (4.14)

SCHF IR B AR 2 — AR A, ARSI quadprog BREHEAT KR, %K
Bl ok 1) R B AR A R R

Ax < b
1 )
minxszHx + fo s.t. {Aeq -x = beq (4.15)
Ib<x<ub

B, = =R B IRIUGERE, ANERMEATF LRI R EOER, Aeq
NEMEERL R RIS, f ORI PR — kIR R, beq AE&MEERLAH
W, b, ubsr il EHARR T BRGNS . FEA MRS W 1) S A &
U, Bt RS B 3 a0 BARSIE IR R .

1. EEHCNSREEEAE, AFG SR AETE bR I S HUE AN B (AR, I B0 & RHiE 2
AT IH— b 2

2. WHENSHCLLLEEHSH gamma, GIEFMH, f, Aeq, beq, lb, ublfJ¥I4h
Hi R 5

3. XN TRANGEYE, 2 X NHE, 456 quadprog BRECRAS R I H R Fa
£5, WEAALRE o], WENHEPCRFMENRT;

4. WAESER LR E, TR RIwb, fENGARE struct, TERCCRR
] B AL AL R 1 25

C. ZHHEHM

ASCHE TS W e 5 Fhas i R GOIRES, IEFH ISR 10 DS FF By U
R, SREETR SR 1 2 0 SR EAL T (DAG-SVMD i, FEEanf&l 4.8 fir
TN 2 oy R E R, BRI PR .
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1. EBURIRIIZREEE, W B 5 X5 WMo cell T A VI 2RI SCRF ) S AT LB ;
2. NGRS AR HOR AR, IR TR ST s (EDMRFR 2 1 EERE
%08 1vs5, 1vsd, 1vs3, 1vs2 BINF VA SCREM ENL SRR, YIZRAH AR A ;

3. MKUE I HAth AR R AR A, SEA 10 DN SCREMENLIIINGR, MRS 72543

2H RS S S W AR AR A

Class 1 Class 2 Class 3 Class 4 Class 5

K 4.8 DAG-SVM %R K
D. BFEfs 2 iy
TR =08 AE, ERE S W R ISR, IR S A AT
oy REIA SEIL P A 2, SRR TR

1 BRSSO, W SRS B AT 0 — AL B

K A B [ AR EHEACN N ZR5E B 22 0 SRECFF M B, T SR IR AL
P ALy RIAR RS 5

3. KBRS > AR S PR AR AT XS L, TSRS W IR R

n

XA R — AR E i, HAR 5 mT e 2 25 R 40 1 RS B F Rl etk
A, T2 WA R0 I 2 B 45 AR T R IR R OIRES BUR A RURIR S, #
XAREE, AR EE T DR VU2, BPIERSEEE RS (TP, 1B
W EIRES (TND. #HRSHIERIRES (FP). R SHEIRES (FN). AR
X T MBS W AR VE RE R VPAN N AN T THI 5 1& , 1 P62 IERA 2R, B2 ks B2
How SURIEFZ Wi ARRE (TP+TND &5 B A MR AR A A 2 50 (TP+TN+FP+FN)
MLl shabh, &t MR Es UEgPIMERE S, B itas B, &R
A IRIAB . HIA MR, R R AR, o O IERS Wi
RS FEARE (TND HIZSEPRFEAZE M ILE] (TNHFND. R AR 12 W
BALEAT R NR 4.3 K E 4.9 B,
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* 4.3 T DAG-SVM M2 Wik Al iz 1745

RS gamma=1 R 2% gamma=0.1
M e 2 Y 1ERaE W X 2 | IEfizir X Z W
- o R | o e |
FEAZL K5 FEAEL i
E4EHLERE S L 180 100% 180 100%
Bt R S0 180 100% 03,89 180 100% L00%
R e INERE S 1L 172 95.6% o 180 100% ’
il ¥4 751 itk e 180 100% 180 100%
5 s o 5 ]
4 [ ] 4 D
£ @
;5; 3 - [ ] z; 3 D
2 [ ] 2 [
0 100 200 300 400 500 600 700 800 900 0 100 200 300 400 500 600 700 800 900
FEA K & FEA

4.9 MW R KR
HI 2 W 4 R AT R, 2T 2 0 S0 [ AL s IS W SEE X T 91 42 1
ARG 4 AL RS IEAT R WA TN 2 W, X T AL AUL R B i R R] LUK
2 100%. IS B 1 I, 2R A HIAERE 75 L iR A7 £ — € (1 A HE
AR, BEANMNREEREAR WA — & KRR A, (HIE B S HUE, "TRAsE
LR Lt a2 W 25

4.3 ETXRBERDTEIEFRIHE L E

4.3.1 IBIPEM

FEARRMRZ WA R )5, 5 X ™ AT — e, DUME AR
N G SR SR AEIB TR o A SCRIUR] 30 TT AR B OOT0} 21 4 2% 3 28 Gt i e 2
REPEREAT 7087, 127 ik i WY 25 WP R A i A P 20 LSR5 38, s FH ORI v
BOT A VR TR KOG , AR SRIPREE R/ e ™ FL S5 2

T AIRTCIET R, RAIYIICR = (N, C, V)R EEFY N, Hri C Nix
FWPRHE, V VIZFRAERME . X T 475 0 R G A b i 7= AR fk, (R
HBA n ML HL WA moi R Ry
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N C1 V1
R=(N,cV)=| 2% (4.16)
CTL vn
FERT R e, 58 SCSEih B A x 5IX[EIX = (a, b)IEEA
+b 1
p(x,X) = |x—a2 |—§(b—a) (4.17)

St F S 250 RGN TR B e, WH T E SR RREEAN = {N,j =
1,2, m}, MBERHESRAREE A C = {¢j,j = 1,2, n}, FIESRIREE SV = {v;,) =
1,2,-,n}, B GHE S SR

N] C1 vjl N] C1 (ajl,bjl)
Ri=(ucv)=| 2P=| e (b) (+18)
Cn vjn Cn (ajn, b]n)

B, RO RS ERRE T RO, RFAE R AR A VSV, R
2 EAE YRR L R 2 sk, AR MR A 2™ BRI F A B UEL VS

Ny, ¢1 Vw1 Ny, ¢1 (@y1, by1)
R, = Ny, CV,) = CZUWZ = “ (aWZIbWZ) (4.19)
Cn Vwn cn (@yn, byn)

B, R, NIRRT EARE T AT, R A A HUE SV RT
N i e B SRR R 1) T 88, AR i e % o™ B A JRE 2% N RFAE F A U HUE

W A R R SR SR T R, AR S AT Bl S AR A TR T R, T
T, RGES G R G R AR (A5 2V

N;cq vy
R=W,CVv)=| Yo (4.20)
Cn Vin
TERT SR e B b, SR SR B K (v) SR PP ) 7T B SRR AR 2
( —plv;, v;
|(Vj| ])'vi Y
Ki(v) =1 p(vi, v)) (4.21)

v, € v, Hp(v;,v;) #0
P(Ui,vw)—P(Ui’Vj) l ! p(l ])

\ —p(vuv)—Lv; ¢ v Hp(v,v;) =0
gi b, XNTRIES W RGHER m R ERE, At RN TS
Ry 5 25 WP 5 W e R; I RIR R, 19 BFERERE S Wik, XA MR #EAT U3 —

o
mxn
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Ki(v)) Ki(vy) - Ki(vy)
S = Kzz(m) Kz(:vz) KZ(;Un) (4.22)
Km(vl) Km(vz) Km(vn)

KRB E 25 R IE S O s B AR, 12 VAR5 B 1 e, =
TR LS HOnt B I G ok BRI, AR AT 2 B, o LR A (AR
TS RAE S B 15 21

m
1 Sii Sij
T, = — zz J xIn( J ) (4.23)
i In(m) j1< =1 Sij =1 Sij

WA E SRR E, 135
(1-T)

b, RN TS S ESE R T SR G R AR £

K; = ) (e x K;(wD) (4.25)
=1

B, Wmax(K;),j = 1,2, ,mo RIGRIZEG SRR e K 1o i b S 4 Ay i s
BRLEE S

4.3.2 SEBRMN A

gh e BIRIERILAL, AR MRS LI R WA 4.10 P, B eRYE
FRAPL ) 2% i P ™ EAE IR T BB AT 2 80 5 22 SIS e A I8 oo, SRR
IR E S TCRFE AL, SE A TR R AT o X T AR Al I Bl AR R I
Yo ARG Y, ST ORI B AR R 18 QIR I, e 445 B i e ™ EL S5 0
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R e

|
I e |
| i i ' |
| BESREYT BESEST BRSPS T |
: |
|
' WTAEE |
[ R y
I |
| : |
| 3T ARG |« S ATRENEN |
| |
| I I
| WX I

| . -

| LREHE j

A

WEAE SR

Kl 4.10 SRRV TT 5
NI AT 77 AT AT PR, DAIA 7T s S 9 3 AT A ST B e b, B iR
GEFEARHAR W R PR .
A4 KAL) I O R

W | B | &R | Ak
B ‘ ‘ HIAE | RN | AN
e B | EH | EE | ! L "
(kW) H(r/min) | JE(°C)

(bar) (bar) (°C) °O)

1 23.52 10.50 69.05 9.40 8.96 3711.21 32.00
11 23.07 9.10 75.84 4.84 8.39 4376.49 32.00
11T 22.35 6.38 95.33 -5.82 6.48 6000.00 32.00

A, JEIRE MR 1549
AR TR 417 55 5 O HOORCHR , XM S 3 E B MO AT 511 4
B, HESLL S LT B B T

N ¢; (21.30,25.75) 1 - Ny ¢q (20.92,24.93)
¢, (8.93,11.03) ¢, (7.81,11.03)
¢s (63.64,79.46) cs (62.12,86.31)
R, = c, (4.63,1080) |, R, = ¢, (0.38,10.81)
¢s (6.05,11.03) ¢ (5.99,9.13)
¢e (2205.17,6000.00) cs (2283.38,6000.00)
¢, (29.00,35.00) | | ¢,(29.00,35.00)
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- Ny ¢y (20.78,23.93) - N, ¢, (20.78,25.75)
¢, (6.19,6.87) ¢, (6.19,11.03)
¢5 (87.35,100.12) ¢5 (62.12,100.12)
Ry = ¢, (—6.69,-3.82) |,R, = ¢, (—6.69,10.81)
¢s (6.31,6.64) ¢s (5.99,11.03)
ce (4935.68,6000.00) ¢e (2205.17,6000.00)
¢, (29.00,35.00) | | ¢, (29.00,35.00)

B. @ frtlY e
R 4.3 R =418dE, @A o n T pos:

- Ny ¢, 23.52 1 - Ny ¢, 23.07 1 - Ny ¢ 22.35 ]
¢, 10.50 ¢, 9.10 ¢, 6.38
¢5 69.05 ¢; 75.84 ¢; 95.33
R,=| ¢,940 |,R,=| c,484 |Ry=| ¢,—-582
cs 8.96 ¢ 8.39 Cs 6.48
cs 3711.21 cs 4376.49 ¢ 6000.00
¢, 32.00 | | ¢,32.00 | | ¢,32.00 |
C. i HEXBE

WRYE AR PR IR, TR =AY TR SRR BME I T 3R 4.5 P
£ 4.5 PR o Rk B TR

. s i 7 o
B | S 1 . — R

Ci 0.50 0.35 0.13 0.0008
C 0.25 0.16 -0.87 0.0659
Cs 0.34 0.29 -0.73 0.3800

R, Cy 0.23 0.14 -0.90 0.0508
Cs 0.42 0.05 -0.53 0.4285
Cs 0.40 0.38 -0.45 0.074
Cy 0.50 0.50 0.50 0
Ci 0.40 0.46 0.27 0.0001
C 0.08 0.40 -0.54 0.5297
Cs 0.23 0.43 -0.46 0.1304

R, Cy 0.03 0.43 -0.59 0.2206
Cs 0.47 0.23 -0.42 0.0902
Cs 0.43 0.44 -0.26 0.029
Cy 0.50 0.50 0.50 0
C 0.24 0.36 0.50 0.0088

R, C -0.93 -0.88 0.28 0.2407
Cs -0.77 -0.65 0.37 0.3520
Cy -0.92 -0.88 0.31 0.2563
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Cs 0.09 0.16 0.48 0.0483
Cs 0.00 0.00 0.00 0.0939
C; 0.50 0.50 0.50 0
D. i1 5R
giadk 45, WHRAZHGFNYITHEEE R TR 4.6 s, @il

B =R % R S A SR 5 SRR, I IROR BB i K ) A D P <5 2 o
e AR I LU AL 25 2R S bR SEPRaE 2, W] LU VRS 45 R IR, Bk 1
BT ORI M ) W S VP A T A R

F 4.6 FrWICLi S RIS,

LYIw R I 11 11 RS
Ri 0.37 0.18 -0.64 I
R, 0.13 0.40 -0.52 1
R; -0.72 -0.66 0.31 111

4.4 KEINGE

TR F A2 ] AR e S T W R R T — B e A IS s R R A
TN, 2 W AT BB S T A = AN 23 o WA T AN W R 2 WA AR I 2R — 25
XFPUESZE, HE DRGNS B RS EA IR, AT R T R
Rriibsta Il Jr 58, A PCA Tl ikt iT FrgEAb B, ARAERFIESE T R SLH
BRI o P2 W BN R R SR o0, AFCRIE T DAG-SVM 2 70283
RN %, BRI S HIE, W] DLSEIU R IR IS WAl R .
iJa — DRV, AR FR TR e AR Ry %, E i W]
T B I B R AL R AR B0 22 B AT 1 3, 38T TSR 25 6 RBP4 5 o ™ A 2 o B
B Z MR AR EER — W B A3 PR JE A AN SR ST AN EE 23, BT BT
AR SR, ARSI EEVERIU 1B M E
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5T JE=PARGREMEREITA

AR H 2R R G R AERE VPG A AR SCHIE 7T, RS T R G AR RE S
MBIVEAL 73 A RSS2 WA SR A S 0T R AN ER 2o 5.1 T iF T i # e A
KARRR, At 51 72250 R g B AR ML RE 5 A I RE AT VPAG . AL IE 5L VPG 1R
PRISEH,  PPALFEAR IS DL A SIS AIE =67 o 5.2 TR 5T 12 I AR 5G4
PP R, AR RIS AT R 2 - F 6 AN 7).

5.1 BiIFMEREES TR

5.1.1 SUIEEIEHR

H 7220 R SRR AR TR RE I 25 A 2 P AR AN 7 TR 2N, — T3 i vl 22
VERE T BERGURETI RN N, M5HE H# iz T R 5—Jrim, ZHaSifk
RER AL, KIEDME B B ERE AN, 0 AT SRS (10 M AN 2% B = 1
e BIE, Al i A AR SC TR bR, WD T 3 1) 25 2 R AR SRR R RE S5 ALY
AT VA E R IR T

K 5.1 B2 R G B R RES AL
XFFA A I R gk, B =N R BOR 2 R R E AT S
IR 5.1 o o B 5B R AMIIE AT T, A F 0L N 25 R G HIAMR I A S H A,
MM L EEARIZAT S 4 T — D5, DR R A S S HOE , RN,

71



Al 5F RS W2 i S0 OB 4250 R G2

HAEVUE T ZARGMIBITIRG, NI BAIZ1T S8, &a, WRAHTTH
T, 2R ARG S R B ERE S & R B R IERE S s, @i
FIX L RE S R ) 15 3 A 1 PP 2SR R SV AR SRR R AR
fegi b, T2 RGBAERIVEREIE T KA COP PFMh, AR IANLAH AL
FEIIEPTRE AR R, HE ON:
Q

COP = P (5.1)

Hrb, QNZEIHRGHIAE, PASHAGHMIE. % ES] COP MEAMIK
R EIRE, EEANEN IS HAE R, HoE LT, ZRYLATER
FHWIRE T COP HIEHRAE T 1 COP 2 Wirgop 1E NFI 425U R 40 95 AL HIHFAE

fetn, HP
_cop
reor = COPnomal

AL, ARG COP AL IR Tl BAFED MM, X+ R5HE
e A, & R T O RE B AIRES T SERRIIAEW 5 1IEHIRE T RIZIEW 0ma
Z AR N RESE bR, -

(5.2)

w
Ty = (5.3)
v Wnomal

ST 2 AL AR A R A B Cap 55 IE R A 014
Cappoma Z HCAENTERETE *’]?Tcap o

Teap = CC% (54‘)
nomal
XTI ARG, MAHIE AT AT, HE IR .
_Q
Trin = Ca (5.5)

BRI RGN RE BT, HA B Cap M RIHIIEOK 2 S BT A R A M2
AT IS RV Ty B0, MTTIZAT B G0 (RN FE ) B i35 0 W) EL B8 nia 1T 9

B EESHR

K 5.2 F) 22 | g 0 A
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XF T 2 TR AR, G A7 AT Q AL S IR AT Qo AT A AT Qg AT 27
SE SR AL SHR AL 22 1 28 4 i A0 24 K93 P b G A PRI ARG RN

sHR=2:-_

Q Q,+¢q,

XFTF A A, B2 RGO — MEHIIR AL, 7872 AN R A Al
FRBREIE DL R, RN S A B S Re 4R e e i . (EIBAT LIRS0k e
FEFE LT, S FIERBITMSHASGSHRLS NS HRS, —H R0
117 Qu AR TR, EI X 51 42 2 A ) 2 A ey Q » LA T I I A4 Qg » R A4 LE SHR

SO AL SHR IR R F BARIAE LU =AM 5, Eohr Tk, S5 s
ITET THRy, B SHR N—AMEEME, U WISITER Lok, ZRIRE
ICTR AR A T AT, HIR RS R BRI B iy, X
AT, AT R A HE SHR BEAIG.

UEAh, IEREW R AR ER . FEE ISR E R, BRI A5 200K 234
fill =SB, RECR ARG R/ AR AR, NS T
BRI, B SHR FHaEe X T @SN, 25 I8 R i o DR fEL
H B AT IS AT, 28RBS R ARSI AN, 233 ik KB 7 n oKk, AT 2. 4 bl
SHR P&

W5 — D7 28 RARSE T g W22 REMT AR L SHR B R AR A, , 28 il FE RIS,
T RGN AL BERE Sk, RAALE SHR BYK. F =10 KA 2 M
WP 38 o P BRI R AR AR AR, TR IR SR,k — A X B AR 5 25 403 it
AR

ENHE TR SRS FEBFEALSHRS IEFERE TH R AL
SHRpomar Z LA R BEFE b T5hR -

(5.6)

SHR
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Kl 5.3 HIZEHEARPE RE VTN

WHTATIE, R NS AT 3% A 98 22 2 R G AR TR RESR b PL & C
A, PEREPPAG TR AR ORI R .
~Cap Q Q

PI = CWT,,, =C =C 5.8
rn COP Cap COP (58)

KBRS T I bR 5 1R F RS T PPl fa b 22 BEAR 991 422500 &
GURARIERE VPG T brre,, THHEIEWT

Q
Yoy = Pl — CcOP — SHRnormal COP ormai — 1 (5 9)
Pl PInormal Qnormal SHR COP TsHRY cop .
COPnormal

5.1.2 1 {HIg¥RN

XTTRIRHE H PR R AR ERE VPl dR AR, ATTEET AMESIim ##
TEAH AP R AT IR . AR T RS RBAY, AT IS H )i,
K EEANLEL S R134a $il78 51, FF R AT H e B R A @ s R R 4
Wk 5.4 Aios.
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N
H

b
|

N

W

Parameters for external side

Extarnal
tube height

+ Fin pitch

\

Fin

Tul : thickness.

periodicity'

Fin pitch [a] 1z
Fin thickness [an] 0.1
Fin length [an] 12
Tube periodicity [xa) 13
z

External tube height [nn]

Paramoters for internal side

Tube.
depth

Refrigerant side cross-sectional area
per tube and hydraulic diameter

Tube dapth [an] 1z

External tube height [an] 2

Refrigerant cross sectional ares per tubs [aass?] 9
12

Refrigsrant hydraulic diamster [ma]

SEZHAGERA W E TG

Pk

K 5.4 SIETEHAGER AL ATE

Indicative scaled draving Global heat sxchanger geomstry

Tube vidth [an]
Collestor cross sectional ares [awe+2]

The parameters and the drawing below ave set for comvenlence only. Thers 1s ne direct link with the sinulation medsl.

Total rusber of passes

Fumber of tubss for sach pass (top to dovn)

@ praving is not in sgreeasat with parameters because of too many tubes to draw.

Cors width [an]
Care height (nn]
Core dapth [an]

Alr frontal ares [aaeez]
Air hydraulic dianeter [m]

Refrigerant hydraulic dianeter [aal
Refrigerant all charnels volune [na#43]

General valuss
SZ5.000 Salid total velwme [mawe3]
2496, 000 Selid (alud20deC) total
12. 00
External side values
1510400, 000 Adr croge-sectional ares [amesz)

[kg]

1318 4it convective exchange area [aa#+2]
Internsl side walues
1.200 Refrigerant convective exchange area [mas*2]

Refrigerant {one} collector volue [ma3]

K 5.5 v htds st pi

75

525
800

4 4

8 48 7

1008000, 000

26611200, 000

3024000000
1998800,
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Paraneters

Fin
thickness

Channel _Plate periodicity

Refrigerant side /

cross-sectional —

area per half /

plate and

hydraulic /

diameter . /7
.

/

Chanpel
thickrjess

%of
plate
depth

thickness

Fin pitch [an] 1.6
Fin thickness [nz] 0.18
Fin length [an] Q 9.2
Plate periodicity [an] 11.6
External channel thickness [an] 3.16
Plate depth [ma] n

External channel thickness [an] 3.16
Refrigerant cross sectional area per half plate [na2] 21

Refrigerant hydraulic diameter [na] 2.8

XFAG AR,

Indicative scaled draving Global heat exchanger geometry

Plate height (an] 300
Collector cross sectional area [mas+2] 1000
The paraneters and the draving below are set for convenience only. There is no direct link vith the sinulation model.

Total muber of passes 3

© o

HNuaber of plates for each pass (right to left) 24

@ Draving is not in agreenent with paraneters because of too many plates to drav.

General values
Core width [na] 835, Solid total voluse [mn##3]
Core height [an] 00. ¢ Solid (alud20degC) total mass [kel
Core depth [na] 71. 000

External side values

Air frontal area [maw+2] 250560.000  Air cross-sectional area [mw#+2]

Air hydraulic dianeter [ma] 2. 194 Air convective exchange area [an%2]
Internal side values

Refrigerant hydraulic dianeter [ma] 800 Refrigerant convective exchange area [ma%+2]

Refrigerant all channels volune [an#3] ¥)7200.000  Refrigerant (one) collector volume [am#+3)

K 5.6 ZKasirit s

HARIAR B S HE 5.5 KX 5.6 Fis. WO R4

N 3000r/min, Z&KAMAN DB SURE A 29°C, MXTRER 60%, EXEH
0.65kg/s, AEEEMIN O 2SR R 35°C, MXTEE N 40%, %X & A 3kg/s, 1)
RN T WD KN 100 2, BB RS EFIZITIHN TSRS
Bl 5.7 Frs. UiFESKE] 60 B0, RGETIRE, W HIAERN 20kW,
JE4EHIFEDN RN 6.07kW, F4t COP >N 3.3, SHR{HN 0.54.

x10°
30 -

— BB R (W)
--- il W]
FREHLIES) B [W]

X Time [s]
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3.5

{—cop
|—sHur

3.0 -
2.5

2.0 -

0.5 -

0.0

x10°
40 -

T T
20 40

L Time [s]

K 5.7 2 RGIEF BT RS HEE RS

T
60

1
80 100

XA ARG RE S5 A B, AT 25 R 2K A B A R E 95 A R S R 5
I AR 7% A AN LR S S, 73 0l B AL 40% T 60% M T A DL J5E 55
WA Z PR EOL, 152145 KK 5.8 Fis.

304

— AR IE (W] ERIR
— SRR INE (W] BESH
e ESIRINE (W] EESIL

|---HEE W EETR

R W EELL
HSE W] EESL
o BERTAEINE W] EF TR
EEAEINE (W] RS
o EERHAETNE [W] EESH

20

¥ Time [s]
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— COPE®IM
— COPREES L

coPEEH
|— sHR E®TH
SHR 2 E# b
SHR EEH L

: Tine 1o)
K] 5.8 7K A BE S5 LB SS
ST FIRSE AT, BEE T R A AR B IAVERAFRER S, REE
PRIERE S HCRA, IR IIER 5.1 Fivs. iAo P 8% A1 22.5%, E4iHLFED)
B AIEAG 3.6% 1 12.7%, R EESHIAE A PG 6.3%1 19.2%. HR4EFTE 1
7 P RGN RE B AP TR AR A SC T, TH S AH AR AR B rap 73 A 8.7%
F122.4%, BEMSELLT ML AT VAN 25 U R AR BALFRFE .
% 5.0 PRSI AGERE S LI HR

FUEE (%) TAcap Taw TaQc TASHR Tacop Tapr
T H - - - - - -

BEH 8 3.6 6.3 3.7 4.5 8.7

HEHN 22.5 12.7 19.2 7.4 11.8 22.4

5.2 HXHRHGFETX

5.2.1 HERERM

E T IR BB X S BR A1 225 0 R L2 Wit 7Ot e sie e A, & 50w B
REVEBITRE N, AFTET CHE S S AHREIRER . AR50t 8
HE RSSO E, BIERBONEEANRIX =7 Bitistr Fmman 5.9
I
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[=] Bl 3

51 5.9 2525 RGeS H
Kol KA RGLS R BT BB 5.10 FoR, HdERAERHURI T SR 8 T
G5 EafE, RAMBITEMEE A RS 232C, HA, PC sk
N EATHL, B R AR N AL, H— MR BIE B R4, %
KA BB TR, 7R IR

IR EETS RS232 PC R

-~
v
-~
v
-~
L 4

5.10 #¥ERE RSB

A BORE

R FET SerialPort 256 MM TEL S #04E, ZRH B A HE 5
FIAAFR, BRRER, HARAL, 171067 DL R A BRI X A4 o XTIk R R 47
MWEH RS 232, HAURLm LA/ RAL, i 511 For, BFERLE AL,
BAEAL . BIGALAFE IEALK PSSy, Horh e A e A 1, F AT aaR
8% 0 RIATERM BEA KA BUE RO —AS775, BY 8 MR . RIRAIR
FZEATES, A5 (b RIR EAF M o PR R R R LURE O, I RF LT H], BRI
BN 9600 bps. X T-RHATH FAGEMH G R &, RA MKMW &3 &um AR AL,
REGAL, 15 1L AL A YRR 28 3 DR — B 4 B AR UE E AT 3845 B A B s AT e
B TR H
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—NTEREFRIN

=2l R Kol I |

flﬁ;ﬁj_xﬁ ) e

\_741
s

B 511 B Ak 2 it
ZHR T B Je X ATIA 5 AR B M AT E S M HE S HORE TR SIR I
E B3¢ AT Open 7744 858 HTIT, 8 F Write J7 i 80dm a0 5 HIkAT R I%,
i Read 7772 A\ Ef HIRRUSC D) — o RIS R R B 8E , 48k DHRIE e UG, B
P e UMSEFE Close J7v . AR SCIACTHI H HIEAE RGP Sl 5.12 Fos.

B iz=Easn — 0 X

B 512 O E A
B. ZHIZIE

A S0 T PS8 N 2R P A R L R U, e o O N A A A > AR T
PR, o T A AR A P, S8 T 25 B8R T 2R A A CRTART- BREAR 2 FL 4D,
HAE G -200~350C ol T AR BATPPRIA S SRR 5, AR DI 2
PR R ZEA B BT ACBB IR, &2 e kT e e, fEHAR
HEAL 5 5 n sk
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Kl 5.13 AL EbRE g
bR E SE IR T T B A AR TR IR AR (Nl 5.13 FR ), BEE b e R Vu
T I H e R AR AT AS B0 R b o A R (10 5 P IO 4 L 5 A R R O AT 46
PG, SRAG &P AR ERE M 2R, K35 RBOC SR BIABE KA A1 R 2
BIES T, WK 5.14 Fis.

K 5.14 KEUEIES

C. HAMi
EARTIR T2 W TV M, AR 32 B SR E S HUN R 1S5, Bk
THEFERRIRE, BEHRE, WAL, HER)ES, EXIRE, FERIREX A
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S WA R AR T SRR T 4% Be2s n] % FH 25 R #1748
R (B 5.15 B ).

L)
@ﬁ‘&

Bl 5.15 L FE I 8 I P 0 AR i 3 5 el
Kl R AR A K T E ADAM-4118 FREAE1F, AR BN AE HIAE T 18 1 ot
Fedicts T R AL 1) 3 EAE 5 DU IS 1 ARIE e P AE LIRS S 220 RS-
485 £f %S 2 PC I A _EALHL, BEED AT AR HE T Cadh 196 (it RS A x5
B AR S HA BEAT S ok, RAE AR AT

K 5.16 ADAM-4118 itk
SEIS 6 BB REE RS ZE M ] 0ok 3 Ek Tk, Edi NENEKES, |
PHABR TN AR 25 20 Rl v 0] 2 VB REEJZE , HHATIA ADAM-4118 b 2H i ;
I FJZE N PC umHLIN, X2 fa 22 i2 4T .

82



95 & PR R G AN RE PG

GPRS

Kl 5.17 £ RE R G I

A5 FH T 50 B RN 4% Bis R R At v, 2 255 0 i 3 2 7 2 P4 L A o A i s SR
A AT RORIGUE, 1 5.18 Fias.

Kl 5.18 Hdfs KA WA IR

YT ARE R RS, WA e St N, A 5.19 Fr
NG . AHSRIMNAEIE BRI IR Bt SAREIERER IR 2 PC o, M
1M A4 Ja CE R 12 Wi A B S HF
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NP E=en x|

% H HIERER
Frigiliz E LR REFEE
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M FS BSRE HsAE ESEH H=EHD
ARWE [
T S — ’
}!: weoussn [ )]
woes [ ]

PR | |

Eumg [ ]
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|

BBk )

pites]

5.19 F ¥ REFmH

5.2.2 HkEZER

B R N2 O T HUIE S 275 R R RS2 T — B 0N 52 & 1 i
R AN SR W7 58, %0 S I W 0 LA IR UE T T AT I . 9 T S I
R BRI Ko 12 Wt I SE B R DL TS bR B RS, RS G TR i %
TR —EET G EERI P 22 R s Wi A7 &, mrid i o2
W ARG S THAR AT A, AT AT DU 32 2l R G0 ATIRES, XA RER A
(2 2 2 1] 2R 0 A e S L A B A D R B2 e, RN SREBORH DG 6 e, b i 2k

AFTHEL Wi T & i3 T 135 B MathWorks /A & & ) MATLAB % 44,
HEEzHER A, FNEAFEEH TEMENA. BrR, ZREER TH
TEFF R BAE T RRAL DL R B A i S5 Thae R m AR T RS F IR A B
IR L. th4h, Hihit MATLAB #2fit | APP Design #25t, T T-GIZ&H 7
Il GUL, & &A1 N TF R b 7 & 1% 7 i 401 o 58 R AR Bt l g kAT
M7 T AL, AT SEH B MATLAB 853247, J5 @ P .
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K 5.20 BUESIEZ T R GRS WE & 80 B

BAF AR BB 5.20 s, XTHUES A R G R R S
WAL, HNAZEE: WIERR . BRES . Bk, P8z . i
PG S22 WS R AR | SIS I P PR AT AL 1 BN LIZ LA o RT3 ARG
SRS, B R G R RGN R A AR R, 8 AR R
B AR S TRAF AL 3 o S M A2 AL B AT A S 2 WA 7R 2 S AR e T (X
REZF 7y, W A LT TARSGIRR, keIl S22 Wi A () i a7 2 T
IR SR i B 2 A S, e A I 1 70 S TR e R 8 1) s i 2t AT )
ZRAF BIRH SRR, [RIINERE 3 S M AR R AR 5C 2 B0 1 13 S8 e v o AR SRR
N7 RE A, MR AR AR 2 A B R AR SRS, B 422 i R e AR e A Dt
A PASEINS 025 AR Ge A EAT TV A5, AN R A A A ) B e IS AL BR R A

AP LB 4 Ny, BB, RGME, MR UK s
W B G SRF I 5.21 fos, s S oA HEN RGE0CE i, il 5.22
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Kl 5.21 BUES4 2 KRGS G 34T R
XFARGRCE T, RIS H AR RR PPN, AR
DR FH A3 i P A5 401 ) 0 ORI A O B, )50 AR L R U SRR AR A A
I BB B K F o A A i TR #8  JUTRT AKSS A S ) SRS I 2 i FR) i e %
BEATAIR , A SCE Y DY A i R B £ S AR R AT R R ST o o A i P2
BT B Ja SERRA NI A, AT DR B 2 A Mg AT N
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FE A GEBC B I A o T da Rl R ) i N e i, Al 5.23 Fros. %
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