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Abstract

Energy shortage and environmental pollution produced by automobile with traditional
energy utilization patterns have been prominent and have hindered the sustainable development
of economic. Hence, utilization of clean and renewable energy sources has become an inevitable
trend throughout the world. Fuel cells which have low noise, zero emissions, high eﬂiéiency and
scalable power have attracted much attentions. Especially, a proton exchange membrane fuel
cell (PEMFC), which is suitable as power source for vehicles, has become a new field in electric
vehicle.

Firstly, this paper discusses four kinds of dynamic equivalent circuit models of PEMFC. In
these models, the simplified equivalent circuit visually reflects voltage output of fuel cell and
the effect of double layer capacitor, and its component parameters can be calculated by current
interrupt method. An improved simplified equivalent circuit models based on the characteristic
of current step is proposed for automotive fuel cell. The dynamic resistance and inductance in
parallel could be used to simulation concentration change of gases in transportation, which is
series with the open circuit potential source. In the improved circuit, the values of open circuit
potential and of ohmic resistance are calculated in theory. The capacitance is obtained through
empirical formula, and other parameters are evaluated with current interrupt experimental data.
The improved circuit and parameter deciding method are tested by experiments and good match
results are obtained .The results show linear fitting method in computing of activation voltage
and activation resistance works better.

Secondly, an oriented-control mode] including each part of PEMFC system is proposed and
the following research are conducted: (1) Analysis of flow, pressure and power consumption of
compressor. When compressor produces a certain air flow and outlet pressure, the higher
ambient temperature and the altitude are, the greater the power consumed by compressor is.
Under the terms of its outlet pressure and speed remain unchanged, the outlet flow increases
with atmospheric pressure. (2) Analysis of air and oxygen pressures on cathode flow field. Under
set environmental and stack temperature, the pressures are determined by the rotational speed of
the compressor, increasing along with the speed. Whereas the oxygen pressure decreases
correspondingly when the stack temperature increases. (3) Analysis of stack voltage, the net
power and efficiency. If the stack temperature increase, the stack voltage and the net power
increase, but the efficiency decreases. With the increase of oxygen excess ratio (OER), power
consumption increases and efficiency decreases monotonically, while there is an optimal value

for the net power. (4) Analysis of the flow and pressure at inlet of stack anode. They are affected
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by voltage of solenoid valve, rotational speed of recirculation pump and open degree of purge
valve. The rotational speed adjusts the flow most strongly in these three parameters, same as the
voltage of valve for the pressure. (5) Analysis of the dynamics of the pressure drop in return
manifold. It is affected by the open degree of purge valve, purge duration and pressure at return
manifold. The pressure drops are small for small open degree, short purge duration and low
pressure, and vice versa. (6) Analysis of the temperature in the stack and the temperature
difference across the stack. The temperature can be adjusted effectively by the voltage of the
blower in the radiator, and be changed in a certain range by the open degree of bypass valve.
The temperature difference could be regulated by the voltage of the recirculation pump. The
higher the voltage of blower is, the faster the system responses. The lower voltages of the blower
and the pump are benefit for system efficiency.

Finally, in this paper the control strategies of PEMFC system for vehicle are investigated
and their rationality and accuracy are tested by simulations. For air supply system, a control
based on optimal OER is proposed. The optimal OER is evaluated by stack current, then the
feed-forward control is used to calculation reference of air flow through compressor, lastly fuzzy
controller adjusts the compressor. The two methods of searching the optimal OER are compared.
Besides, OER region is divided into three areas: oxygen starvation, oxygen moderation, oxygen
saturation. Formula that estimates the minimum OER value in oxygen moderation region is
proposed and then current regulators are presented against phenomenon of oxygen starvation
and its saturation. For hydrogen supply system, the dynamic matrix control (DMC) adjusts
effective cross-sectional area of solenoid valve in order to change the pressure at inlet of stack
anode. Combined with air supply system, the hydrogen supply control based on the optimal OER
is proposed. For thermal management, a second state equation is built by means of linearizing
steady state operation point. Two PI controllers, quadratic optimal controller and model-based
predictive controller based on state equations are adopted and compared for the stack
temperature and its temperature difference. Similar to hydrogen supply, the thermal control
strategy based on the optimal OER is proposed. The tests on the system combining these three
subsystem show each controller can coordinate the work of the various subsystems and achieve

satisfactory accuracy.

key words: PEMFC, Equivalent circuit, Control-oriented model, Oxygen excess ratio
region, Oxygen starvation, Oxygen saturation, Analysis of multi-parameter coupling, Predictive

control
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$oh: pARRATERABENES: pra DB W B TE.
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BEASEREFETH, KBESREmM, %‘H‘ﬁﬁibﬁi M ary 5 TR AR
p.V
" RT
3.
m - p mi.r,dryV ( 3)
‘mix dry R T
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d =0622— Lol D) G-7)
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- T
dy, = 3_92Ml_ (-8)

Py, =Py, Pou(T)
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31 EAMEANEER |
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20 2.338 0.0149 0.0099 0.0074 0.1775 0.1245 0.0959
30 4.245 0.0276  0.0181  0.0135 0.3275 0.2287 0.1757
40 7.381 0.0496 0.0322  0.0239 0.5853 0.4053 0.3100
50 12.334 0.0877 0.0558  0.0410 1.0241 0.6993 0.5309
60 19.933 0.1550  0.0955  0.0689 1.7794 1.1864 0.8899
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85 57.898 0.8554 03910 0.2534 8.3163 4.6070 3.1860

90 70.221 1.4667 0.5475 0.3366 12.5830 6.2776 4.1820
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3.2.1 Egesifuthx
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P = ppTS (3-30)
Hep: p . RERBEHOKESES, T, REASHOZRER. T p, (T,,) RZ
BENKZESEMNET.
BABEOTREN P~ KESES Prom SHIEETT Pom BIHE
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BERESZTHSEABNEALE, HRBLOEASTESENEOE S, @
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(3-32)
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(dm,,
d t = IJI()z Jn - I/I/()z.a 't - m)z,rccl
dm,,
9 df = WNzAm - W’\"koul (3-43)
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m,= m()} + mNz + mv,ca (3-46)
BRARRZTRESSM, THESESERRA:
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Po, =y — Py = Py (347)
TR B B ST &M E 2, 8]
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HRERRES 8K/ a
mcuRrxl
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pr= Py 3-50)

b,

pry = (!’_d] - (%J—I G-51)
pll 0 y

Hep. pREBHHHL, REFRIERER. TRMLHRELy =14, WAEAL

Tk 53 FE 7 B
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WRES pr> pr,, FALGFITIERE, BLAGIEREME
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JRT (pr) {y_l[ (pr) }}
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w = Colr P %( 2 )""" (3-53)
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K bk, &—1EH, RETEESSROES, BEKHEAMN, R,

ARG IMER, ELEAMELENLE, BG-5HBRIRSER. REMHS
EHREWE S BIRTRA:
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o !
KBRE-63)RA LR, BEEHET
“_ pZur (3-67)
ar ’ x? 4
BREl R R AR EEFARIEWE, S TFIEELELE:
a’cj .

—L=-p 0<x<é 3-68
dt 7 ox? ¥ (3-68)




F42m1 AREAFETMREFMILX

RE-6NFRG-68)2 MRS T2, RERE L. BIERMEE, KXG-68)FTHit
R BOI EAMRAB AT B B (RF S T REER), —MREVLESERER ¢, [
x—>ooff I3 B TE:; BIRIRES IFR =0 c(x,0=0; U FFM R~ TEIKE e, =c; -
—ARIE=MEBIRER ¢, [FAx—>-oBIT BULEE, ED?}JﬁA%tFEt—OBTc(x 0)=0; &
REGRIE=SMSERE ¢, =)y FH ¢, BPERIE BT T AR T IR

ANEHE, BRG-65) T MBI ¢, =—o— . EFA TR B,

4FD,
e,(x,0) = ¢ erfo(—— y
L (x.1) :f(m) (3-69)
* 5—
& (301) = € et fol =) (3-70)

J

XA T IRARIRS IR (3-68) P A I B I LU R,
c;(x.t)y=c,(x,0)—c,(x,1)

=ngei:fc( = co, fc(
\/4 \/ i
3.4 RN

EESENRET AR PMASHERE, FEANAEREEEE RN AESHERMHE
BRHAOEXFA A, ARFEREF, KERIIAHKEBHEA N RE F AT L EE
FERE: 5, HARFEREHH. BRENA KR, JEEE T8 ORESHM.

BORRSRNMEBEARBAAEHR. BAE. EHE. MR FEEEURT
HEED, HESHEAE: HEBO. fLHOKERNZRE, RHHEARIE). ThEP. HE
7%,

ATBIRERWNER, EXAEBRASTZE. BRESKRYSMSENYEE
#£E4R: {Q. N. Pp. D. v. gH}, H: ORBHREMs); NEIRHEE(rpm);
PoRBINIHE(W): DRMACHER(m); v B (m’lkg); HREREKR(m): FRENIMEES
Bk FHgHEA— N RENGESKPAESE, eFTRENHOSEAONENZApSHER
Fi, Blvap . BERELSHgHRMMATIRPYZHEQ. N. D, vVIWNSHRmE, X7
F ek RAERNMHTHIRF TED, IR AR A:

3-71)

gH = constx 0° N* Dv* (3-72)
BEMEENENNXGT)BE:
(LT1=(LT P PLLIE M (3-73)

RIESAFWLFIROIEEARE, BEIXRTIE . b, MdHRE, RaHbMcHaRoR
RAER, BHEE




ARRZBAFELTMRERMILT 84351

0 .

gH = const x Q° N> D™ = constx N’ D*(—=—
B EABRIRELANRER L :
5 _
N2D2 ¢1 ND3 (3 75)
BRI VTR, R s UM T &R R, Bg 5HRHERMX,
EARRHEERD. DiEDMFTN N RRIEEN. MBIV T, BELFIRER 2

QO = Ql — Q2

N,D} N, D} N,D:

3-76
gH, - gH, _ gH, ( %
N;D; N/D} N;D;
X T RIVBA TR EN S ERATE, BROhEMREHL:
vP, _ 0
N’ =g ( o (3-77)

AT ERTHBERNA M ER T FRE. BROERTIEE RIGRE W (kg/s)
HIRARIA T Hm) R T

Fo=Wet = QiH (3-78)
BRGIMALR, HRIERTH
_ON'DT, O _
Pp - v ¢I(ND3) (3 79)

M AMFENRTER, HTENHRERRHBEN, FUFAHLE M RE-76)
MG-17), BEANRELENTRE. %2, FRIEHKER:

.9 H_H B _ Py
N N, N2 Né v N =% N (3-80)

Hef: Qo Now How Profiivof HIRFEHIGE. B, 758, HRCHEMHLAERKBE
WBH, MO, H. Pofivi B RFEEFEN T HIAENE.

EHEHEENMBIELEE T, Bkt RRBNXERRN:
H, = /((Q) s BEBADEEDEARRBHXRERTA: P =40 BRBESH
ERRRERIRZRTN: 1= Q) - WRRNEENZN, ABBLEESEv, F
ERMCUEEmES RFE T EaLMAERGE.

HAG-SOFHATEEHLENT, RNELERENSEXR

2
%J’.(Q—]-VAT") (3-81)
MAESRENFEXER
P, = v—ifz(Q—) (3-82)




44T AR BAFE LR F L

BRG-8)F L HARG-7)ERBEE, BHETAEEN T RMARIXERE
Dk ey

_&,N oM
P, = , QNg pA(Y N) (3-83)
R (3-82)F1(3-83) B ET B EEN N RIIVCEERFE
NO
M = f;(QW) (3-84)

Y 2y %2 Ak | _]V_°= Q
ERMbEK, ThEMARSMF, O N -NIN,

ABENSN, BT HEOERETROSE. RIS, L L EHEARY, EXE
BN, —REAE LR LR

341 BRESN

FERAH A DB RE SR E FHeE. SR5RN TN SRRy
B, HEEAUEART B ST BRI TSR A, BERAGIF TN,
NPIRR 5 RAVENEN RENRAZ AR, BAEHEARRFEHARK.

ik A LU RIS BRI R, IERAR BRI MR A R T
B E BRI, AR ERR, L 5RHE—#. BEHRHERA.

_ 2_ 2
H, =(zz—zl)+p2p—g’“+£2-;§-‘—+hs, (3-85)

Bz 2 BRARKH. ERRRERE: p. pARRREH. EERREE
H15 e1n M HIRGMH. FRUBARE. hREHRAR.

EERESGD, LRBFTRIT. =@k, TRHEFLSRESHRARGRAT X
RGN, TR E SR E BN, ZREIT, M5 In BB R AN T 5
g, XEARKFRARIIE ST, TE BB RS R IB R 2 B W T B R A
RIS LR, ARSI AR EBEE AfK. ERRAFREEFIRE—
BEAL T ETORE, XA AR RIR KA B RRIE P 1 B AR LI R I LR A —

RrARBSHERLEZIL, 22—

/i‘llﬂﬁ/%ﬁw—ﬁ;—gu%?ﬁ%%zi@ﬁfﬁ)%ﬁ@ R, BT RETFHRESREBOME = ;:52 ’

B RG-S HAMERRER QY BPRE—MEEEEER AR AL X
G-85) P EMMFHRL MERBETLR, —RAAR—IEE, FAHRR: ZHERG85)E
H. =H,+kQ’ (3-86)

ERFCERIGIE L, TR—ENMML. XHS0R, ZHPRESESR, SR
AR E S, RERNEHESENRONERE;: LN He0, XK B

— ]
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SEA, SRS AES, EEEES N ENRRE R ERS.
342 R5ERER

ER RGP, FRENZGANREBNE, ERAFRENAEK: RERENEN
ReLFTERE. BERMFBERTRNRE. BNLHRieH TR AT s
S5ERSERENT S, WE3-8@FT AL, B, ABNNKEEENNTIES, B
S R AR FEN-BT B TAE 5. REEBER WE3-8(0), ERTSREAERNKENG
AR, VaRBVREE, SURV. TR REIMEEN, FRINGEFTmERE
B, MNREBQREZN. SRV, @il Byl BT R NR IR EE
12, AXG-197T LB b EREE.

Q| AHK|H
- [
Hy
! Q il

™ Zhek T .
4 N— s REE L-» :
? A & > e
o n
B N el o CHEAA) Py ~
BT i m}
—> Pm
w

(@FMITIES OFRSEREE
B3-8 R T/ RHEHER

3.5 SN RGIER

BEWE W | s oo | SR

| O

AR

FI3-9 AR i A PR

EEM R SN R AR, AT NRERSSRERE, BR
FEAMEBIEENER, BRET AT AR, SRR R R /100 H
W, APEMARAERTR. BETRESNESSTNER SRR EEE, Bk
PR . SEARRGSE, A8 TR FRRESHRPEREER
RIEROK, MAMESNREIRALE, FEdERREANERALD. EVEME
R R REEROESRREAT, 28T S 0RAR, S 7 EmEasn
SRR, TR PRI T RRA A, AR IE A PR A PR K LR
1 S bt B TR, 9T ZBRMIHTEARYT R T e SRR B K 26 A B A

. .-




Fa6| ARAXEAFETHREFAILT

BEIREMES, HFRER—ENEFE—R.
ATBI—NMESTEREHNNSIEERE, SEFSRMAGEES, HETUT
Bl (WA NAEENERSEER: QBT RARGEELRAHREE, REiEE
51 Q)IBAERE RIFMEhASHE: ()UK REERIT100%0 , KRG R
GV REFER—NEE, TEEOEARRERTEAGRNTRERE. EFHNHE
SMMAGD, BEREREOESENAER, IRE[MNRGREN S AHAE
EEEMES). HSEE. RS, BRE. ERRAE<KESIERT.

35.1 #HSEE

PREBRASRTIRE DR EHEADNEEURRRR YOS ZABENER. AT
WHERERHOASRESHASSEE, NG SEERBENEEHENFHERT
. EFSEEFASESIKESFERAE, REEEUSRETEMERTE S
HRESEHNXE:

'de sm
—h W, W,

dt sV H,.sm H,.pump out
dm

b v _ W“
dt

(3-87)

L pump oul Ty sm

T
p:m = V (RHZ mHZ \sm + Rvmv,sm)
sm

KAf1: my, Fm, ,, S BRHTVEE PR IKESHRE: W W, an T, pump. o
HRRMNEVE. HEENERRRLOESTR: Wpmpon W, 5 HIREIGR
HBEEREKERNRE;: pu SEENES; TREEERE: Vol SEEN
R Ry RESKSHER.

SEGEABEZ A, BHTHEERE, TEIMEDELMERSENRE. BHE
SEEES. AREE. KEURNEERE, TEMEFRMIKETKREN. .,

M\' (4 esp sat
Wv.iﬂi = M 4 - WHZ S - Wv,sm (3'88)
H,

R R ENE TR paRTERE T KA NET .
3.5.2 PEARTRIA

R R 1 N RIRRFE A A B O #55Y . EBIIRAS SR — 8 5/
B RS REWSER S AR, — 34 REFARIA T . AR+ K&
S—BAmENRE, B-Br585RTFEERKERT, ERRRESHREE
EHEERT, KERTEDRTRIBERAR. RERETEMBEGTE, Mk
T3 B 1P BARE My, ~ IKIE SR B M, 0 DURPRAR S TR B SER Wiy, o FIK
EEREW. o R

sn




Pow g _w, W,
dt — "TH,.sm Hy.aee Hy.an
dm
(v W, =W 3-89
df hum v.an,out ( )
TRy My . L,R,m
= 2 2% | min , v vw.an
P = (Pea A )

KF: Wy e REMRNKESHRE: Wowou RAFARFEGH LB KESKEE:
W, e R MPERR T R TS TR R KR SR Ve R BRI AR,

353 HISEE

HUEERMEHERE T OB RS EREA DHENSE. SFSEERNY
SAETESESETHS R BHEE, K@ BREEEREE. KEHREY
BES5RSEEE,
dez,rm

dt

dam,
q ——m = W W —W (3-90)

dr vanout ' v.py, v.pump,in

= Hy.an _WH,,pv _Wﬂz,pump,in

T
prm = V_(RH2 mH,,rm + vamvw,l'm)

|
RA: My, o MM, BRIRHESEE PSS KESWRE: W, W, 552
HRREEESHKESHRE: W, pumpin T, 5 BIRFHEE R R B SFKL
K& pmB BB MIES: Vel SSEER,
3.5.4 EIERER
BIREN—HEBEE SIS, MR- HEEEsSE, EMERENHEOEHSH
SEEME. ERERET, RAHSHATARAREORE
Oy =ap,, +a,p., +ap,, +a, (3-91)
R armaRIA EH pnBERREOES, B EEEN.
BIARLCFR TN, HEEAAREFERE, RIER(3-80)8FF FEHE FHELl
REMIE,
3.5.5 EBRFHSE
T MRS IR A R T 0  F RG-S )R I R B AR, I TR e
HETFHEESD. BEER. BEFSEE, BiE 0SRS5S 8 EREE RN,
u
A, =40t (3-92)
R ARBITEERET: A RBITEEBBERNERE: wiSHEE,
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JEEO<u <5V

3.6 7K1

AATERBE M TERENEZRE, EMMRERW, KAPELEKNRER
A B REE LSS Z AN, TRFERREEPLERNZENRES
Foit IS M E AR Z RN TE, SERBLTAENIARE. —HEBiT
AREHRL, ATHSRBENFAENRNL: HA—FEEIHWBEOEE, KF
WS BAE RS HERN, NTISERARFENRS. TATERDetRE
BN B AT AR . A Z AR EER KRS

3.6.1 k@I

Rk B RRRE K TERMAE st g E BRI R BHRFERSIKE
BRIEK, MRE19FQ-204HEMEE. —HHNRRERGHTREERE, RT
TR BT BERHT BER AT, BOTERIMREK, SBEEIHTH
BT, KIBHFENN. B—HENEERERGANSHEERR, MLAKEIESE
RHRRTRLE, EERSKSEESGY B2, BRBIAHENE, BEKER
FERGM, FRMLIEEERRMR.

B b R B AK e E R A EARRE RERKRE. FRPERK
R L ROKER R R R, WE3-105T7R.

gan [ RAE R
o - A A

A

YA Y

was | ¥ BRES
AT B

Ei3-10 B3 KT

T e P AR A R T AC BB PR T, tNafion1 12 B B (X M0.05 128K, ZRRIE A ALK

SRR . BAEYR a8 FIERF KB ELE M. FIFRRRS KRR E

My s

mw,ca = Ww,ca,in +Ww,sl,gel1 + Ww,m,rrans - Ww,cu,om (3 93)
mw,an = Ww,an,m v mrans Ww,an,ou/

ﬁ*:mmnéﬁé%%A%m%%¢mﬁ§;mmw%ﬁWHiﬁmmﬁ;Mmm
BRI B SHBCEHAKTE: W 2 A K % B BRI B BRI 5 B 7K T
B, W, 0 RBESHNRRIZTARRE: Wenow B PR S HIBH KT E -
NIRRT R, 0 AN AR GA KT EZFN, Bl
W, ain=Wocam+Wanin (3-94)

e ———— S SIEmI—I—
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MREEANOBER L, BIRFEENOENR P s BBAOEIR Parn » B
SNBSS SHWRERRIS%, BRG-2)EHN BRAH AR &R RIS KK AR
RRN

W o= W/:Jil‘.drjzm.indair,dcs TyinsPoin)
{Ww:an,in = WH;,dl;gan.inde des Loy ins Pansn) (3-99)
Kb Do By, as FRIRIES%IBERN T SMEASNERE.
Tt BRI E W, o RARFPHARGE —F RSP KFEZ M, B
W sroi =W comis ¥ W n ot (3-96)
REEFKIIRERRWNE M, RERFIBARTZOELEZ R, 8]
My =My gt 1, (3-97)

HEHEPRKE T FERSE, AENSE@ETES. BES)BANKSMBER
RN R ERBESHY . e, FIRMBBRIUHNAK S RETLEE RO, K5
BRREEE, EMEERKTERL:

m, ., =0 (3-98)

3.6.2 ERRIKAVIRES

RERTRRBERE i R A BB ELA70C, BRMTKNHEEE, Lt
REGIRFAERKFREREATRASE, BHARIRS, RSB lmidie,
BARRA RS RAELUE BT

FERMERE, BE. BEUERBEFKEEAKEERERUNE, BUSBERTE
ERKERES . BRERTLBRENKERHECE SRR, BN FARBMES
SR b R, AEEEBENAIXERE. T2 M S A B R RKRE W
IR, FIFMark902 i HERAF G HAB AT T, N A RBLTRR A K BN
THRESTEHKESNESN, WABKUSSHREE: K2, BbRAEgkE
[EBREANBI NS T RFE. ENREEAR, FRAFEREERS g
#RLAR100%. KB B RKESHEW o oo B KILB .00 T
{W =W +W

WY St out wy,ca,oul max wv.an.ouf , max

/4 =W, /4

wl,st.out w.stout wv, st oml

(3-99)

HA: W oo TP s T 53 5 R AR PEAR 18 R SR BT RS B AN B A7K
PR AUER R P HL AR B SR B SR L DR E R SRR X,
HAB-2)/FE:
{Wa, =W v anousmax = Wt ay.an,ou @t s Loy ut> Pam o)

(3-100)
”/:vv,ca,uul = er‘ca,um,max = W(IZ ,dﬁ}',ca,uuld():,_ml (]:'l,uur > pca,oul) + WNz,m,oulle Jsal (]—.‘rl,orll b pr:a,uul )

e — ———  —— _ _______————— —— — ———— — — ——— —
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RF: dyysa~ Do WAy, o FRIRES. EEANESNBRASEER, ENRGHE
BHOT, .., . BEREOES Poou FIBERE OE ST Do o BIREL.

3.6.3 7kEIY

PORHLIAE B AR, TS SAE AR AR B EINE, A A
FEK, EEAERAK B T I R4A 5 E R Bl RS P 878 SAKMBEK.
T ERRE BT S, BEARRED AEEEARRRE, BRSMEEASESER
FIA, Eif R ERRIE B O AR AT KB B, U BIHIK B W, R

me =W, oo _Wo2 .cu,omd()z,sal(z:wl’ Pooit) WNz,ua,uuld Ny, sar (T oots Peoor) (3-101)

HA: T peootst HIRA B IBENE S

3.7 HH

BIERIEE R, PR SR ML B N B R S R — B e R
%k, FMNEGFENRE., BRE BB ENREE S RIEHITCHR, KRS
YRR BN B SR R RO

3.7.1 FOREERS

EHME b TR, T SAEERRAA, BESARERTREN, LB
AHEERA . B EBAERNE T A RS, BAREARRET L, ShEmit
BEAR, HEERBFHRNSEMADEREA R, MiHRENENAEBRTEE

BAE. NTRIBBHEEER, BEBER—FORERSE, WE-11FTR.
ERRARENEERE RN SERANLER. BN HBRETRRAER, fHER
GMAeRE B E N EEL. REARS IR AR BAR I
R AFRAEESTITORERSRIEE.

B At
rtu,
IV(.'ILOII' >
&ﬁj—b\ "/ra.m pﬂm-‘hﬁ% e @5'3'/‘5—‘\
Ve Ween
s |,
= Wain U W,
i P S LTV 7
W BRI Weson  sns
A —— T, R

E3-11 HFOREERS
AT E TR A T R AT ERANT, BT RS ()5 hERR.
WAL, B EER TR RS, JFEERBEENEEMRAS
HHEERIFMAR, YOAABRERNSEENSIMHEES. QMR —REEIT T

i e —————I—eSS—=—~
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RIFHEHE, ETHEEISRERRETE R ABRY BB TSP LR, #2
BRI H Y BB E SRR NHRE. Qi THRHEBE SN ERERD, B
WS RBBIBIREMBEE . (HIERREL R TR E T E60°C~80°CH, &MY
R ERFRUE)D, HMERERMISHAETH.

3.7.2 RRIFHERIHRE

EBAF RN, MR MESNER)NRFREECRER. REME
BAOK)RALERE, BTYR AL ERRERIERN A TIRBE, ATRAXLH
AHHER, EEFERA TR RNNEEAERE S, SHRYR TR ERR AT
BEEARERS, ERERET, S8SEaSRERIERRN, 4 KIEBRREE
REFAGE: AEHBSEERAELRE, BERYKUERLEMRELAERRE. R
ERQ-2) AT FEBENE RN ETHEP o

B =nEy,l, (3-102)

H: B, REMEMERMESHHEE.481D).

HREHHEERU, WEERHABIIERD, =U,L,, FitdErErhohx
Phoke

B =F =P, =(n Eyy -U)I, (3-103)

RELAZFE—ERTH, ERENVIBRENRERELST, BN
MARGRENTEHEMRFR. EMTREERNRTETS, ZASERIFERSS
MFAERSHHIIRLRENRERFE, UM UZBIFERS F#TiHE. £a8E
d L2 R R A DUERRRVE, HATLLUEAERVE. ERANBERR ST
RHBEARD, B REHHERMER. A LRHERA T RN REEERS %
B, RNERMKEBRSHERZEN, RTRNMAGESETEIE.

3.73 RESHEMER

Rt T SABE ARG Y SRS R R RTE . SRR
GRS AANRBAETTSMKESHATNEE, A

Qeain = Quacain T Gur cain (3-104)

Hep: g, RETSHEANEBEPARORINE, 9, RERTESHENEERAT)
By o ERBKES TN BHER AT E,

T2 SHAKESHEANBENRIERRA:

Qascain =Wao.caiCPar Tain = T5)
{q W [CPT, = Ty) 4 7] G-109

FRMKBSNEENE; L. REERARAQRE: LEFERETHEE: 251k

S — —
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w#,
REARAEGNEEARASMREPES. SENES. KESNAERDK, Kt
RIFREED X TUFp B R BEZ F0, B
Deaont = Iycaoa + 90y caomu + Duvcaous + Dot ca ou (3-106)
He: g, . ZRARSET HEERRIIE, g, .. SHFHSEFESHRIDE,
o, caon RHFH SEF ERHIRATIE, 4, 00 RHEFHAEFKRESHRIIE, 4, 000 HF
HEE RS KEIRIIE.
BRI ENIIHERTRN:
G, caon =W, co,ouCPN, Lo o = To)
40, c0.0u =Wo,.ca.00CP0, Tea0u = To)
G caoun = WorcaouCPal L s = To) + 1]
Gut.caont = WoitcaouaCPi Lo = To)
HA: W, oo~ Worcaon ~ Woncaou AWt coou 53 RIR MBARRTTTFLE BIRS B
KESAMBEKETE; Cpy, « CPo, M Cp,, FHIREBSR. EAMBE K EERIBHE L.
HARRAZSBRBESR, RARNBRREITETIKESKREE F
Ganan = Gsty.nan + G an.m (3-108)
He: g, RFEERES %%)\@iﬁm#hlﬂi Qo onim PR T SR N MR,
G ann TEPARRKZE SN BRI,
WABR TS IR E LR
G1t, anin = Wit aninCP, T = 10)
{ém anin =W aninCPrur (Lo i = 1o)
A Wity anin W oy o RN G B SAKERRE: oy, REASKIEER
BEY: L. RERRSACRE.
FRARFUAH I SR K ESHEE REMES, FiaHee
Ganour = ity amow T Dwv.an.ont + Tt an,our (3-110)
B g, .. RFERS %wtﬂ%tﬁﬂ’l#ﬂﬂz Gty am o TR SAB P ERBIRIIE,
Goom o T T S FKFEIFIRIIE,
I PR AT R R R
Gtt, anit =Wty am TP, T = T)
{ =W,y anouCPu Lo o = 1)
HA: W, o FOW s o T BEARTIZ VR SANKERIRE: Lo o R FHARIAIZ R
DR .

(3-107)

(3-109)

3-111)

qu1~,an sout

3.74 BHERE
ARSI RE S/ R RN ETH, BRNFE— SR EEERENNRIIE,
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9 = Poos ¥ Qooin = Dc.ou) ¥ Qanin = Dannn )+ Gestin = e stou) — Dgem (3-112)

Hep: g, M4, 3 AREESH N H B ARNRIIE, ¢, 4,755
RHERATEART L RENRIIE, q,, RERYKT HBERNRIE,

FERMEA A P BRI BRI R TR, MR EEM R A E, B
HERFSHARAAR, EERAPDIGFTEANRBAT, BERE

: dr, 2
q:l = (mlep:l + pwalrl/cacpwayr + pwHZI/anprHZ + pcI/'l.'Cpc)? (J'] 13)

Hep: m, RpIERE, Op, RABHEERE, o AV, 5RRANBRMEENE
*/q! pwayr *upwﬁz ﬁ%ﬂ%z@?fﬁ\ @ﬁ%m%fi‘a prﬂir\ prﬁziu Cp;ﬁ%”%iﬂ?%\ i_‘ﬁ
FRMA B EERE.

3.8 REFEG

BREL A H REBEEREHA AR KARHRAR, ©RFIERE EitbatT
ELRTERSHLERT. ATHAEX, ERABEBTAKSR. KAREFH
AAB/IKFEREE T, BEA BRI BN TR, WEAXRNRE, REHTH
ABRERHREGERIFEINE, SR B i #H.

KERAHRGEHE: AHBEEAE. AHORER. ARG RY. #Hs. =
BT RAAN 125188 WHARBEEBTEORKE, SHSHBEANAS S
B FahRMtE ), REMESIT R UTIRA SR, SIS MBI ERIZNE 7,
ARBERKER TIE. AAHREF, RENEAENIERHEABRE, RAHE
BHEHEENERABREEEATERRE b, N TEBERE, MAREHIR
ERIEERTHME, BHEANEREEASARTSSEER, TLUEEHSMNEE . T
T A BRI v AR LR BEIE, (A 200K B HE () SRR B % BB o,
FHMRBEEREFRE, RIERE TERRARESREIFE, NESES e d
R HKAE, SEEBAN RGAA HEE . B MR VER 5 M MELAH R 3R S840,
FERRRL KR S BB BR, S P 5 B8 (6 e AR AT B AL, R F AR B AR IR,
T35 F B i mT LU EIRE 1.

3.8.1 AEERIS

A ABTIAIRREATAA BN DB EE OHS . ERBE BN RRHA IR
REFMEETK, EMRAL BRG], =

Gestin =Weqir0T,, 1)) (3-114)

Hep W, RAHBERABENRE.

R HBTGHIREE G, 0
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qC.sx,wr = u/c,.w,outcpc (T.'n,mn - Tz)) (3-1 | 5)
Hep: W, RAHBRAEIRE.
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54.1 BEFRESHFENTINESIFEE
RN FE=RA % RGBSR . M BRBARE SR, T
Fa 461 o AR ) A R A At R R R O3 ) B2 o PR v o 2/ R D 7 5k ot 45 TR 42
B R, BT B ERme R TR i 5~ 72 5.3 P IDMCHE#il . 78 BR Ak Roxt % it A
RMEER S, CEWMHER T IR RAEN . RMHEES. KTeNBETE
ERS, HAFREREMHEESY. EFKEENNTIEMIHEN RALE, #ikid
ERE3I0FI60Mkrpm R R ¥ AR RFHRSEEFERSE, EHTRENTRENY
RGBT 5% ek B T 42 6 38 BY 1 7 1 Peterkat® | B VE M Clarke B4R B9/ X R
e RERFEEAEREAN RFERPLHURE, BREAGTEHANGHNTER
#, BTREFEHTREGIEERT XS aRRE,
1. RS
BEREENZEmNEBA ¢ MEE A MRAZER, HHTEABNTRAZEDN
¥, Blg<m. ZEAGHTHRMARSER, HRREHRETAFE—RERRDT:
x,,(k+1)= 4, x(k)+ B, u(k) + B,w(k)
{y(k) =C,x, (k)
AF wk) REBAESPHTRES, RRESRARSHIRIFF. SRGE4NT
REGTEPHF S E-115%]
x,,(k) = A, x(k = 1)+ B,u(k —1)+ B,w(k —1) (5-48)
EXRERE. MARNTFHBZES A
Ax, (k)=x,(k)-x, (k-1  Au(k)=u(k)-u(k-1)  E(k)=wk)-w(k—-1)
AGANPHRE T B ER (G4 HRBE
Ax, (k+1)= 4, Ax, (k) + B, Au(k) + B,£(k) : (5-49)
AF &) B—MEEMEYRS, wTLAZBE. HRGEANNE AT EAN(G49)7]
CAHES i y(b) FIREE S Ax, (k) 2
Ay(k+1)=C, Ax, (k+1)=C, 4, Ax, (k) +C, B, Au(k) (5-50)
KP@HESE XA +D) = yk+ D)= y(k) .
XA FEIRERE x(k) = [Ax, (k) yR)Y , Bz(5-49)F(5-50) 7T LASE

(5-47)

x(k +1) = Ax(k) + BAu(k)
{y(k) - () &1
snd=| | pe| Bo\c=lo, 1,,]. 1, -t 2o
“lea, 1,17 7 |e,B, |7 T Teede de R S
SRUTRGE. on— 1 gxn, (nBEREERIILONBIERE. S MERRIRE

ERFEFALRRG M BE.
2. EEMLAARIBRLE
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EX R RB YRS ERE AU £

Y =[y(k +11k) y(k, +2| k) -y +N, k) T

AU =[Au(k)” Au(k, +1)" - Au(k,+N_-1)'T
- RPNRBHIR KR MR IBKE, X TFHREMRERE(K), MHLBIFE
EURSEN M 2 R B, Ny R RAE DMK . hFR AR R, Auk, +1) RTEAH]
ZSHIRBIEE, yk +1|k) RTELHLN 2N ZINE S RE, HENFs—
RRHE.

FERG-SHFRFRBERAER E, RE L HRERBx()IZHIEE AU HHT
— R REY

Y = Fx(k)+ ®AU (5-52)
PR PO SH A ZHERUBOKRRR
o 2 C 0 0
F=| | o= c4#B C4B CB - 0
cA" Yp cqhg o -~
(ca™'B c4¥?B c4"7B - CAVTB

EX-MEBERESHRE (k) FI— M EERA

rk)=[r(k) (k) 1, (k)T RT =[r(k) r(k) — (k)]
Hb: gRBERFSHANANY, LRIBERGHHNNMG nREANREE
(15/=9).
el BTN REUE N
J=(R -YY (R -Y)+AU"RAU (5-53)

AP RR—AMALRERE, EHAKLE—1"KER, BR=y - 7]IH
=0 7, 7, (mRRHBESHANED, 7, (<S<m)BEHERRIMRE. MRHEX
ANBHIRERR, NI RSBIEKE, RZBB/MIE.

ERG-53) P E—TA TR 5SS HLEFER/D, TiH _MREERHE S AR,
AT BIREPZHIE AU EEPH R BB, BRGE-5DRANG-53),

J =[R, - Fx(k))-DAUT R, - Fx(k,) - PAU]+ AU RAU (5-54)

BE FX

J =[R, - Fx(k) [R, - Fx(k)]-2AU" ®"[R, - Fx(k)]+ AU (@' @ + R)AU  (5-55)

ERXAU XS,
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E=—2<IJT[RS—Fx(k,)]+2((1)’<1>+1—2)AU (5-56)
4 FRETERIBHNEHEERE
AU° =(@"®+R)"'®" (R, - Fx(k)) (5-57)

Kb (@ o+R)'0" KRBT HEMSEETL, (@ O+R)'O'FRBTIRERR
2. BT ENESAREHRE, RNESfAN 25 EETin I e EEB T
HE -

EEAEEH P ZEENRES, BRESE—SREAEL. RSS2
R, HMAKGSHRAHZFIEERRRUMA, i REMAETERL. FEERITHR
NEFI BT EEEHESZREN, TRBIRMREFHMEAU . ERG-55F, Fir
RYUVERBRDNEE-—MBAXR, CEMTRE-8)FRMTFHEL.

Jy = AUT(®"® + R)AU -2AU” &' (R, - Fx(k)) (5-58)
# bR
o J, = %AUTHAU +AU' f (5-59)
Hrb: HEH=2@"®+R) M f=-20"(R -Fx(k)).
BHESZBEHERA
A, AU<b (5-60)

R AconsFe R IR FAFEIHERE, TR E-1. 0. 1HR, THETZREGNH,
FBFTAUNKE: b2 HIZREIARKE.

Xt 3R(5-59) PPN ER FORT R 2 BR 454 (5-60), BT LAK A Hildreth ) — IR EIFEFE#HAT
AL

542 REBRGRPHTHIN kB SMIESH)

Bl TIER, @RMACREMEEZCEDEEREANORE) LB RIT
fofkl, ES-31FTRMRREBRSHIER, £30RA T PHEH(E@)HRE RsHi(E
). EREFRSGT, AHEERREIERRTHARARZTSHE: MEEERETE
HEDERTRHIRNRERE:; BE@PEABENPESIZETHEANRE, S5
FIRBREMEEE. BB EY EEBRAEEMEEE, XHERFFLE,
EI R RERTREEREI0°CH, FRIHE R k.5 T0, XA HRAF BB
&, MRETSHFRICRERE %, FURNFERBNAEEEEERFLE L
7t SRERERTREREICCH, FRITESALZET1, AOBSEETHHE, T
U e MR B DA SR RO PR KK

. REHERE

MEEREE RER —MRERNIELMERL, AT HFHERR, fEULFRE.
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BYER S RS RIREH
Bls-31 BERGIEHIER

(HBESMETKHANBEFHRE R ERY KR HARTE /N FREBRHF LM
g, WLIZE, Bp
(Geain = Deaou) + Danin = Damous) = Ggen =0 (5-61)
QRIFEEBNMBHURERTADBRCTHE, LT LRIRRERS, B8
BAOME ORNBREAESE, OV, =W, . CHAIV: SFEBRETF Rk,
HABADME DA BREHES, B
Weradin =W o o =We (5-62)
GRE BEBEERAER— M RKRERSE, NAFLIKTERIRNEN, TTLUZ
BSERRIERS, AN DBEMEEHROANBREMAS, iDhT: BARHOR
JERREAN DR ARREARSE, 18T A

T‘c.md,in = 7;,:'.0"/ = T;t
T, =T =T,

cradowt — e stin

(5-63)




FIR

L A =mCp,+ PuuVeiCPoir + PuridVanCPusr + PV.Cp, , HT(5-61)~TR(5-63)~ F(3-103).
ARG-11)FAG-117)EHEF 2.

4 4L
dt

= (n L'EHHV _Usl)jsl +VVcCpL(de _Ilvt)
AT (5-64)
pcI/met Ttm = ufccpc (T.'vt - kva;-a ) - q.cir

HAG-U)TUFHEXR—~NMERESE. RAEHE AN, I SHERE
55, AG-NNETNE AW, MRS, WABR g, = 4, KW, (T, -T,), TKE
AETESHERELERY. RETENZENTEN:

{ax = ASx+ B, Su+ B ow (565)
Sy=Céx
RERESx=[6T, oT,) ; EHIE Su=[sW, oW,];
B ow=71; Wt oy =[6T,, OAT,T .
FSWEIESES%KE
28 =1 28 &

BB 2504 EEHOBET? 339K
BHERKU, 5782y  HARUOBET, 3326
REBREW  4784kgs BRBTSWER,  0.924kg/s
2. Pl 28
BEAGE—IBRABR L RS, AHBRBNEABRTSHARRSHE, 4
ERE. EES31(@T, BAPHEHBENINEHHENMNIE: ATRMBENEHEZ
RERFR, RIHREFRRMEHFSH, FHSEARRMNA EZ—AMEESR. A
PR AP mE e A REEE— M ER. RIENG-65BREFESAHIRAE M.
BEANBENZSAEEERERNERRE S FIR:

1 1
=+ AT Cp
OAT, V..C e
HA(S) - 5W:l(s) = A‘l pc nid pc (5_66)
) siwcp -+ )
4, pYV..Cp.
oT K(T,~T®
Hm (S) - rad (S) = Al I( 0 rgd) > (5-67)
JW'air(S) pcKadecs + AlKlu,alr + u,c Cpc
RANBERBER:
-0.9266 -2.6128
H, (5)=———— H == -7
)= o6 ) = 05497 (>-68)

M MERBR I RS, FRAPHEHIRE, AXREHBRAT —NTHANZH R4,




$1127 AR ZEAFELRRE RO

ERANBRBNZSH BRI K HRAE/NT 6kels, TSRENT2.036kg/s), i@
HEF R RANRAERE REC=0.70NBENEHSEAEFERARERT . F30%E
BRI T Ziegler-Nichols 5 1., BB EEH R NEHSH K, , =0.0810, K, , =0.015]
B EEHBHSHK, W =0.0581, X, ,,=0.005,

3. M RRIATI#

PIEHIR 2 BT R HIA R M B BH RS E, 2 TEHEZ FEEXEK.
MREREEHAMUE BB REEH RGBS, T OB IMBERE+ R ER
A HBANE SRR .

K RG-65)E TESMIERMEIE, BRRAE T R(ZIE ZIRI):

w'Cp W'Cp, Cp (T -T") U

8T, =——— 28T, +——=8T + 2= 5W, +—L 581,
4 4 4 4 (5-69)
. W°Cp, W'Cp, + AKW’ Cp(T°-T°) AK(T,-T")
" — c —_—— ar 5T a rad 5W 0 rod o

- pchCpc i pchdec ™ pchdec “ pcI/depc
BARAEH ] LABE REUER A

W Cp. w'Cp, Cp.T, -T)) 0
|4 4 B = 4 ‘
W'Cp, W'Cp,+AKW'® © | CpT°-T°) AK(T,-T')
pchCpc pchthpc , pchadec pchdec
U(l
st 0 1
B.=| 4 |FC=|
0

RNBUE T HIEREATI BRI SE, F:
—0.1472  0.1460 -0.2106 0
=[0.4784 -0.5170] "=[0.7100 —0.7714]
AT EBRRGENRE, SIARMRERGE: — DX BREADEREKRERD
A—ARXEIERFEEFRERD; BER MG ERHAREER, B

8q =[T”:"’.— s } (5-70)
AT, - AT,
FIRGHE —RER T TR OFRS RS RS, RishtatEiRe:
J= j:(axfg,aqufgqaq+5uTR5u)dr (5-71)

HA MR HI RRESZBNH MBI WRGERE, OREZERDHIIMBUER.

BRI KRB BRIATRTE, BHE R
Su=-K[0x ql' =-K,6x-K,q (5-72)




DHRRT IR e —

HApISHISER K = R'B] P o PR RiccatifCBUTIZNIME, T H Riccati VBT FER:

PA+AP+0-PBR'B'P=0 (5-73)
4 0
e - Bu 02x2 — Qx 0
ﬁ*gﬁﬁﬁ‘t:? _1 Ozxz:', Be—[ozxz Ozxzjl, ﬂuﬂﬁﬁg_[o qul’
BEERE N IBUERE RN
10 0 10 0008 0
R=[o 30]’ Q’z[o 1}’ Q"z[ 0 0.005]

I SE AT EARR B 55 P 2 7 2 -

P =

-0.0983 0.0784 -0.2894 -0.1167
[-0.0094 0.0211}’ ’=[0.0155 0.0043}“

4. hEZR

Wit T EAMFREREIEAT R R 5 8 aHE . HD6MRK Byt TERS, EKeiE
AORSEEETEEIT63°C, BEREETEITIC, HiZBHHHEBHL3004.

IR ALR2504, HEADEFREHERC, HEREERERTC, HEER
HF5-6. FfEHISBRSREAEELMER.

x5-6 HESHILE

BhEAE: BERE BEEZRE
PHE®  -0.0410°C  0.0021°C
SFIE®|  0.0565°C 0.1770°C

ARG TRETERS, WA BEBRLE2504, BHEEFERTC, BEMADR
FER60°C, LA DEEAE200s. 40058160058 73 BIBkAE H70°C. 60°C. 80°C, {HE
ERMESN2FR. B@bERERERETWLE, PIEFKESNARK, &
=400~500s R ERH, FERHRHIMEHBHEMEKRE>0). BE)PEZXE, PEEHIM
AHBAHEHIME, ATTERECOME@TEZXAPHEHIMREE,

BIEANRMEAN@-10). RG-123)FKG-124) AT AB T i, BARMERIIME
71, BRIBARG-125HHBBBARRIIER, JIHE0,6005)X 855, THBPHEHIHIEE
$£9.2952 x10°/HISFIEHIRIAERE11.219 x10°). PHEHGEEE/ NG T B B RIZE440sMHEAH
BREE— P BREE(ES-32(b)), X{E7E R HHER B2 4S0sHHIET 10°C(B5-32 (@), H
HREZETBK.

BN DREREELC, BEZERERTC; BEHRRL2004, RAECRETIE,
FEOsHN200s8 o HE B8 i 21 BBEEE 492504 2004, {HELRMES-33F7R. 7E 0Bk
T, SFIEHlfEss RE AT RSB HRAE, LPHEHIN S 3R A AR B (E @)
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5.4.3 AEHEAGRIRETAHES

PES-34 K I TRAE 1 75 R R HE R I I AORE A, bl BAR I B ORI
Z UK ESCIHE R VKR FUEMN BARRRGE, SeRCRHER IR .

1. TRBE KRBT

A(G-65) R AL R RER — I 2HAN . 2B RS, N RESEIEYH
B, RHAPENs, BRORESTEREAMN(547), Hb

RERBx(k) =[T, k) T 0 : EHEBu(=[W (k) W, &) :



Administrator
矩形

Administrator
矩形


A e e BT

MENBE wk)=1,(k): g y(k) =[T,, (k) AT, (k)Y
B BIERE (A, B, Cr) 3 B :
WG, WCp. Cp(T' -T?) o
01
A "{"gpr Wf’ijAIQWﬁ - = Cpc(T?—Tf,) AK(T,-T") ﬁc'"z[l -‘]°

PV CP, PV, AV P PP
BRSSTESBIEHFENG, BRI EFESEIEMA. BIICR

07967 0.1923 0 0 -0.2971 -0.2912

{06304 03328 0 0 5| 09378 -1.3100
“10.6304 03328 1.0000 0]~ |09378 -1.3100
0.1662 -0.1404 0 1.0000 -1.2350 1.0189

*ﬂcz[a 0 1 o}

0 0 o0 1|

ATarey——> {7 TN
T o L

— el
Bs-34 MR} it iR AF BT 1)
T 2% AP R SR AC BEN AN TR I 33 K BEN, 5 3 R4 F10, RS 2N E::
S HBREWABRBRE T, XESHEBAURRH
AU =[Au,(k) Au,(k) Au(k+1) Au,(k+1)
Auy(k+2) Au,(k+2) Auy(k+3) Auy(k+3)[
Hp: uRFBHBREW.: R REREEWar
BAEANE WIHFES LS A DB RERHEARTLRERIEL, BRHAK
BASEAG-)RFIMBELT . AT BEE KN, BB iERESHEER KNS
B, XEWy=[100500], XENERERE R = diag([100 500 100 500 100 500 100 500]) .
WIBEBAG- 1) MR BT R B W/ N T E T 2kgls: BRAAHBHE N T4 T330LMP,
B0V F % T 6kgls. AN ERRMEKXT0: AEBRF R KT 1kg/s(EH THER , BICHIRE).

(5-74)




E1161 ARZEAFEELHREFIL

FEART Rk, S B EIRR A

1<u(k)<6 (575)
0<u,(k)<2
FaEEnE || {
WEFBMUAB.Co) E TR BB &M -
i mam}f:d),EH Acw,b
e - CHBGLEE
(Am, B, Co)
AU
Hr B ‘[noooooomu
(4,8,0)

| e

prid 3 1
FFlB I Ne 1-g~ Axyi(K)
Tae I Np k) g
WEERE R 5
k) e B [

B RS Xm(k)

B15-35 Rk et IR B X T 2 1

TEHREH . k2R RIS E BB ERG-75). BEHBNZREGRTR
HE R RN Z S i — RS HBOXR, BRRG-00)THRBER. EXERH

LAL:
1 0 0 1
I = {_] 0] I,= li() _1] (5-76)

$E I Acons (=1, 2) A ERE L FI LR
I; 02x2 02x2 02)(2

7

1' I 02x2 02x2

=] ! i=1 5-77
Al 0| e
A A A §
ﬁ(S-ﬁO)*EﬁfEM Aco,,_s &%EﬁAm,lﬁAmﬂgﬂﬁE’ Eﬂ
Acom,l _
Ao =[Acom,zj| | (5-78)
5B X B 5D Hb:

[ 6~u k-1 [2-uk-1) 7
b —[—l—u](k—l)] b '[ u,(k—1) } &-7)

R (5-60)F AR R b EHFERED Fb AL AR, B

w



B

b=[b, b b b b, b b bY (5-80)

TR FIE S ES-35FR, Bdg'RnmEBAET, #%E%&%éﬁﬂwﬁ
%, EmzmREs EERS e, FTLIERESRE.

2. iRA

AT SRR R B AR A RO O TR 3 RE, BT T3MEE LR,

B LR 2504, BE AR EESEE IR A60°CRIT°C, 1h B4 R mES-36F7R,
BB ()F R R RN IR EE. Bl(a)T 7E[125,39s] X [ H 28 89 2 S U B 2 Okg's
R RENGRBERZEE, BERNREERDBIREURRNEE LA B
PEE LT ER17.19s, BAB0.07%MER. BA)HE~10sHBEEZR MBEKRTS
CCRIBK, X 0T Z A4 Wi R SR R REGRENB). BAWREEHIE
1005k, EEEFT4C. ERA LFLBIEEE—ENTFI0°C, #HEHELENE

7*0
£ 2 ¢
% 05 /" *

0 0
0 50 100 150 200 0 50 100 150 200
(BB X E time/s g b)) HNBFE time/s

Tst,in/oc . K
AT /°C

0 50 100 150 200 00 50 100 150 200
(c)BEHADRE time/s QB EEE time/s

FE5-36 2504 B B I B e

MRS R F2504, BEMBEZSEENHRN60°CHITC. BRERE
SEETN—BES, HRLERNES-37HR. B)Pr204sm i 38 H BN ESK
BR2%gls, XRREREMZIREBHIBAE, HrS R B B AR 005 F M80°CHEE
60°C. B(OFMERRBESHME, WA TG H A DR A RTINS,
BEIRE0.02°C. B(PEEEM IR E70s, E=210sH55%5 14°CHEHE, #Eitl0°CH
B A 17.95. X3 32(3-125)7E(0,600s] X [ 4318 BITEFR R M THFER 1.561x 1057, TiHFH4)
HIRA R RIS 51 R 1.6062x 1087,




F118H BEEXEAFELTHAREFMILX

2 6
- 15 _
lv3 lva 5
- £
= > 4
2 05 . Z
0

3 : . . . 1
0 100 200 300 400 500 600 0 100 200 300 400 500 600
(a)f R R E time/s

(b)4 ABE time/s

: 0 . J . . ,
0 100- 200 300 400 500 600 0 100 200 300 400 500 600
(cyELHEN OB AE time/s. (ERE = time/s

537 FERHRESEE T M
C EVIEIRA R BRI A2004, BERE
B ESEE S B R60°CHT°C, 451 fHfE 260

— Bk 5 S (nE5-38), i AL R INES5-39F7R. 240
By s A DB EESS. TP CRIG04°CZ s S, 0
#, B FPBEEETLTEER[5.8°C,82°Cl. H1 200
SERT e TR IS A B8 X Bk R AR RIFNE &
#%. 180o 200 400 600
B HE B time/s
5-38 kR

3. it

Eiiﬁi#&ﬂﬁﬁm%\?ﬁqﬂ, BEMNEEEGERR TAMREENSHZ — ®IFTE@
SEHARNZHBOTRAEE2S, BBHSARTHET FERFEONML. ZRERD
g ‘

(DI TR HI ST AN A QR HBNEENRERE, BT 55
R90sH1110s. XFEI (E] AR AT LLBIT AT (5-53)F R IS H.

QX FHRHBILNSEES, MNEHBEE RFHRERYE, BERESREN B
FERDIE B 28 22 9 B R0.1°CHI0.4°C, 5 BRA RS HIAR L, RS IR B
S B R B, TR 28 B R IR AR ZE BV X A3 .

O =EMIATRAN B RHAEE H S0 R adt, mWHEHXG-61). (G-62)
(5-63) TR BB R A & B M A5 BTG .
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'T,,f 0.9 <, 4.5
&£ os 18
B 07 / L/r = 4
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0.4 (a) B33 R time/s (b) ¥ H W& time/s
60.2 8
3
i.s 60 83 7_—,‘
:
59.8 6
506 ——— . Sla o
0 100 200 300 400 500 600 0 100 200 300 400 500 600
C)EEANOEBE time/s (A BE X time/s
539 FERKITERIT T B9
544 RETRLEAREBRGITH
ﬂ& ch Bain -t <
Iu.neq OER : i /I - 4 P
E%ﬂ%g bl c.stin
A #im Mz
Pean P t 4,
€ T SN, il
ls' -ﬁ‘ﬁ ATsl.ref_. | 1
S I T A e e
e
o] = | Har! ,
I 4
Trad : ﬁ:
r—Lats —-{zun] %,

I__.]_I____

El5-40 HEBIEH|

ERMERILT, RAREREADLANRNES M TETEIAOES, B
RBRBAT ML 100kPa, FRFIRYR S 0 BB 2R, CHET
A E R 5405 . RN ERER L., BRSO T AR
ANEVBE Ty B02 4. I o3 o 35 7, FOR R O 74 0 WU B 2 0 1 32
AT, 5%, FRESHBRENAADRENBENREEURTIE, HER%
A MR BRI RB S SR, N T IESA IR A LA HRE A P DT
SRS Punse » AN IR E E A A AR A, BAEOERISIR A 45




R e B L RRGEE HATE X

HTESREWLRIERR AR AL,

AR EEEREEZEAR, FOERKEZEMRS-THR, KRR RKEE
EHASHARERETE. REFREAL240AN, BEAOREREMHE6C, HiE
&F25°C, EARKE. NETSHE. BEADEE. BEZWES-4157R. B@M
Elb) 02 LU Az Gl 2 HAS S ENR D RRENREZ SHE: EeMBMEL
AHRBEAOBREMEEEZNREME. BHRERETSCH, RMBHBZALTE, #
HRFEDE N3k, RBRERENO, H AR AR ETHNE. BfREEFIA45°C
At PRSI SAERETHETIE. BeMBdF, 7E[30s40s]X Bt LE 3R T35
BRIRYIBSH . BANERIRER02C, BEENRER0OIC.

R BEREE » )
FRHE FE (AL 60 120 180 240 300
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