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1 MEMEERHEER
B (% ) TRE(R) WEWER (% )

e prEdE W iEf WlR 5 ELAE
99.56 99.560 0 4.56 4.560 0 0.49 0.490 0
99.53 99.529 8 5.21 5.2100 0.56 0.559 0
99.55 99.5500 4.94 4.940 0 0.53 0.5300
99.68 99.680 1 4.33 4.3300 0.47 0.470 3
99.64 99.640 4 4.44 4.439 9 0.48 0.480 9
99.58 99.580 0 4.55 4.550 0 0.49 0.490 0
99.59 99.5450 4.82 5.3150 0.52 0.570 0
99.56 99.559 4 5.06 5.060 1 0.54 0.5391
99.53 99.529 8 5.57 5.570 0 0.59 0.589 7
99.71 99.709 8 4.13 4.130 1 0.45 0.449 4
99.50 99.5450 5.81 5.3150 0.62 0.570 0
99.52  99.526 5 5.68 5.678 8 0. 60 0.607 5
99.48 99.472 8 5.61 5.6114 0.64 0.627 0
99.49 99.497 3 5.83 5.828 6 0.62 0.632 6
99.53 99.528 3 5.75 5.750 4 0.61 0.612 1
99.58 99.573 1 5.22 5.2213 0.56 0.546 3

2 1 PR i BB R a0 (A0 18 T RCR$00 , DL
ZMZEH P LRSI . £ B Design — Expert 8. 05 £ {: Xf
A7 FLAS AT 3BT , ARAT 2 1 4 7 1 R BRI v 3y,
FFRLE ARy, HPRICREAR vy B K [ AL 5 531 Ay

¥, = —99.58 +0. 022x, +0. 030x, +0. 012x, +0. 000 8x, —
0.021x,> — 0. 018x,” + 0. 080x,” — 0. 016x,” + 0. 004x,x, +
0.002 5x,x; + 0. 005x,x, — 0. 015x,x; — 0. Ol5x,x, -
0. 002 5x,x, ; (D)

y, =4.30 +0. 18x, +0. 25x, +0. 032x, +0. 12x, +0. 16x,” +
0. 15x,> + 1. 1x;° + 0. 18x,> + 0. 087x,x, — 0. 038x,x, —
0. 06x,x, —0. 23x,%; —0. 077x,x, +0. 07x;%x, ; (2)

y; =0.46 +0. 019x, + 0. 029x, + 0. 006x; + 0. 011x, +
0.016x,> + 0. 018x,> + 0. 11x,> + 0. 016x,> + 0. Olx,x, +
0. 003x,x; —0. 005x,x, —0. 01x,x; —0. 008x,x, +0. 005x;x,, (3)
Ay, ARBEBE AR (%) 57, WFRLEIRHR (%) 575 AT
R AE (% ) 320, MR Aok B S B 0 5 ey Sy 0RO i 38 ) 2
TR 5o, Sl VAT B T 0 8 ) S TR A 5, S SRS 1 s AR 7 19
ETIETI
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5 Bl 28 R 25 A Ak T B4 X 2H A SIBEAR 145 B R ATLA R Y.
Run solver and view results

Run solver and view results
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maxf, (2) R = {xlf, <fi(x) S/ v e R} o (5)
2.2 Matlab f£46 T A F 4t
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Matlab A6 THARHEAT BEORL S E o AL , w5 2 R
d/ N JBE A b IR, SR TAE 28U L. 43 AE Matlab
drgdi sy M AR B (funl . m, fun2. m, fun3. m) , {#727F
Matlab SCPFJETR o Horr,

Function f=funl (x) f= —99.58 +0. 022x, +0. 030x, +
0.012x; + 0. 000 8x, — 0. 021x,> — 0. 018x,” + 0.080x," —
0.016x,> +0. 004x,x, +0. 002 5x,%, +0.005x,x, — 0. 015x,%, —
0. 015x,x, —0. 002 5x,x, ; (6)

Function f=fun2(x) f=4.30 +0. 18x, +0. 25x, +0.032x, +
0.12x, + 0. 16x,”> + 0. 15x,> + 1. 122 + 0. 18x; + 0.087x,x, —
0. 038x,x; —0. 06x,x, —0. 23x,%; —0. 077x,x, +0. 07x;%, 5 (7)

Function f = fun3 (x) f =0. 46 + 0. 019x, + 0. 029x, +
0. 006x, +0. 011z, +0.016x,> +0.018x,” +0. 11x,> +0. 016x,” +
0. 01x,x, + 0. 003x,x, — 0. 005x,x, — 0. Olx,x; — 0. 008x,x, +
0. 005, (8)

iz ] Matlab T H A0S 134 ol B AT B AR %o FT0F
Matlab 72 /%, S HE B A& F £ 19 start, /5 5 toolboxes, /5 i+
more , 5.t optimizationtool , 43| %f 3R 3 N ICLA R sk S kAT
A6 SR fi#, {E optimizationtool T. EL4f Fp i% & solver i iy
fmincon — constrained nonlinear minimization, Algorithm Jji Sk
active set, Objiective function 1143 %I @ funl ,@ fun2 @ fun3,
PEE S, start point H[0000], X [E]4 lower[ =1 -1 -1 -
1] upper[ 11117, ik start FFUAIEAT 3 A BBCR IS 1745
R(E2),

Run solver and view results

Start Pause Stop

Optimization terminated: first-order optimality measure less in search

than options. TolFun and maximum constraint violation is less

than options. TolCon. violation

direction less than 2#options. TolFun and maximum constraint

Current iteration: [l | (caear Results | | Current iteration: | ([ Clear Results |  Curremt iteration: | [caear Resuits |
Optimization terminated. A [Objective function value: 4.107490826894238 A Objective function value: 0.44034958962071996 ']
Objective function value: -99.69607812499937 Optimization terminated: de of directional derivative Optimization terminated: magnitude of directional derivative

in search
direction less than 2xoptions. TolFun and maximum constraint
violation

| is less than options. TolCon. is less than options. TolCon. | |
AV = v
Final point: — S~ 2
L 2 3 = Final point: Final point:
-1| -1 -0.169| -1 Ta 2 3 14 2 3 4
- 3 -0.43  -0.937l -0.101]  -0.585 0442  -o.823 -0.045] -o0.617]
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-0.169, — L; i FHZR M4 (5 2, BI b i I s 4 6k A A2 Oy
2.80 kg/s Bk it 3 > 220 r/min AR UFHETE M 8. 493° AF
MIEE# S0 40 No 52858 (fun2) =4.108% , I 2, 2, x5
xy JT X L B G RS AE 43 B O - 0.43, - 0. 937, - 0. 101,
~0.585; )i FH & P 4 {5 ¥k, BRI R 4 kL ME A RN
2.971 kg/s Ji 65 4l B @ O 221, 5 v/min ., AR 1A 1R BE R
8.697° A% W1 JE 9 J1 g 44. 15 NP'o ke R (fun3) =
0.440 3% , UL B, \ %, x5 x, JIT XS B 1Y 2 B 43 5 R
~0.442,-0.823, —0.045, —0.617; i AL M4 {E vk, B it
I BRI A2, 967 kg/s ORI 224. 4 +/min
MR IR E A Oy 8. 865° AR BE )y 43. 83 No X FH HAR
ARSI =, TS B VR ML REFE A5 (i 38 & 22 I
EEER) 5 G NY/T 1136—2006 ¢ £ 82 2FpF F K kil
FARSMD o XTI B F , 1 e bR W] fR IR UEFh T 72
B s A 1 25 o 8 A AR 5 AT M RSt S S v N 1
P 5 R T RARBN RS, hy S5 SET0E LI KU ik 2R G0/ MR
77, AR T 5 Fh TR R 242
2 B NY/T1136—2006( 45 5 20 Rh 7 EORBURLHL FAR S

) v A 3 22 R ECE R R 1, 3 T o B 2 SR A 1 (e
%.99.5% < funl <100% ; & 24 %.0% < fun2 <6% ) N5 4
BRI RN —5 B

unl —100<<0

.—funl +99.5$O’ (9

fun2 -6<0
- fun2 <0

IR () B AR R M X4 myfun3 _c. m; function ¢ =
myfun3_c(x) e¢=[ -99.58 +0.022x, +0. 030x, +0. 012x, +
0.000 8x, — 0. 021x,” — 0. 018x,” + 0. 080x,” — 0. 016x,” +
0. 004x,x, +0.002 5x,2, +0. 005x,x, — 0. 015x,x; — 0. 015x,x,
-0.002 5x;x, —100; (10)

99.58 - 0. 022x, - 0. 030x, — 0. 012x; — 0. 000 8x, +
0.021x,> + 0. 018%,> — 0. 080x,> + 0. 016x,> — 0. 004x,x, —

0.002 5x,x; — 0. 005x,x, + 0. O15x,x; + 0. O15x,x, +
0.002 Sx;x, +99.5; (11)

4.30 +0. 18x, +0. 25x, +0. 032x, +0. 12x, +0. 16x,> +
0.15x,”> + 1. 1x;°> + 0. 18x,”> + 0. 087x,x, — 0. 038x,x; —
0.06x,x, —0.23x,x, = 0. 077x,x, +0. 07x;x, —6; (12)

—-4.30 -0. 18x, —0. 25x, —0. 032x, —0. 12x, - 0. 161, —
0. 15x,> — 1. 1x,> — 0. 18x,> — 0. 087x,x, + 0. 038x,x, +
0. 06x,x, +0. 23x,%; +0. 077x,x, —0. 07x,x, ] ; (13)

TE opiomizationtool I ELFF H X B solver 1l -}y fmincon — con-
strained nonlinear minimization , Algorithm i} active set,Objiective
function “H@ fun3 , i B &5 start point 24[0 00 0], Nonlinear con-
straint function ;@ myfun3_c [X[&] 7 lower[ =1 =1 -1 — 1] [upper
(111 1], miihy start i877BRBOR BT A5 (1813) 6

Run solver and view results

Current iteration:

Optimization terminated.

Objective function value: 0.5872277440186776

Optimization terminated: magnitude of directional derivative in search
direction less than 2xoptions. TolFun and maximum constraint violation
is less than options. TolCon.

AV
Final point:
14 2 3 4
0. 286 0.213 1| -0.187]

B3 mEmE R HsR

BRBCR s 745 R (181 3) Bon &S N[0000], Feditf
g fun3 =0.587 227 744 018 677 6 , K W Y x, v, x5 1, FRIGRAY
{53515 0.286 0. 213 1, - 0. 187 ; i JHER MEAR A 15 , B LS
JEURE PRI AR Sy 3. 185 ke/s JRL Al 5 38 Oy 250. 3 v/min |
Mt W2 58 F O 12° A2 W1 BE 5 ) 0 48. 13 N BL i) funl =
99.480 000 2,fun2 =5.479 104 9, FEi8 i L, AL
PESR I AT I IBCAS [] g 6 % H A o 51 18 DA R e AS K
BARRALES RN 2 s .

R2 FREHBARAUKER

X \Xp X3 Xy ﬂgﬁ

AR R AL
-1001 0.587 228 321 290 248 7
0000 0.587 227 744 018 677 6
-1-1-1-1 0.606 414 869 736 926 4
1111 0.587 227 743 982 061 8
00-1-1 0.607 339 381 502 003 3
0011 0.587 227 740 888 751 3
-1-100 0.587 227 632 446 235 0
1100 0.607 747 185 684 787 9
-1000 0.587 227 743 695 208 4
1000 0.587 233 334 250 103 9
0-1-10 0.608 039 135 694 323 1
0111 0.587 227 740 851 539 7
0-110 0.587 237 321 077 787 8
0-100 0.587 227 741 362 474 5
0100 0.607 907 490 158 002 4

0.287.0.21.1,-0.184
0.286.0.213 .1, -0.187
0.24 0.689, -1.001, -0.122
0.286.0.213 .1, -0.187
0.254.0.698, -1.001, -0. 127
0.286.,0.213 .1, -0.187
0.286.,0.213 .1, -0.186
0.248 .0.703, -1.002, -0.125
0.286.0.213 .1, -0.187
0.286.0.215.1, -0.197
0.25.0.71,-1.001, -0.124
0.286.0.213 .1, -0.187
0.278.0.221 .1, -0.182
0.286.,0.213 .1, -0.187
0.251,0.706, —1.001, —0. 122

HIP 3.3 2 AU R BRI L A BE (I R 2%
AR PBRERR ) 3 A5 [ I 255 FEHIE AR I JER 49 A A B Dy

3. 185 ke/s JEURL A e 2 250. 3 v/ min AR BRE A O 12° A8
WIBESH T30 48. 13 No il T 3 MR HRIL R S AL AL B AR
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SN, DRLSCAE XS 7 AR K b S B G ARV A AR 22 5%, 3
Wi 25 PR ER S A 1B

3 ETEEFEERNRAEXESHALRIE

NSRS 27 AT T Ak i HE b LR R B AR AU E
FTIRAIE, 87, M TRZ9 R B 528(6) (7) L(8) Al

HE 4 B EARS B EE T LU Y, B 5 (fund ) =
99.673% ,x, %, X5\, FITNE (SRS (E S -1, —0.997
—0.14.0.992 ; i I & PR (A 1k, BRI b oo B8 A0 400 ) DR A 22 oy
2.80 kg/s Bkl 220. 1 o/min AL HETE A 4 8. 58°
AT S R 59.92 Ny F 423 (fun2) =4.107% , BLH «, |

Run solver and view results

Run solver and view results

[J Use random states from previous run

[JUse random states from previous run

Start Pause Stop

%, 5 %y IR B S {EL 53 53] 2 - 0. 422 - 0.926, - 0. 101,
—0.583; o FH £k 1t 4 (E 1k, BRI ok B 5 kL 4 R RN & N
2.967 8 kg/s i i il % 3 o 221. 85 r/min W $7 1B E FA R
8.697° ZSNI B 1k 44. 17 N, HEZE (fun3) =0.440 3% ,
BUR oy 2, oo vy ST L A A B 53 00 — 0. 442 - 0. 843
-0.047, -0.613; )i FHZ AR (A V5, BRI G E BRI A L
H2.967 kg/s . WAL 8 Ry 223. 92 v/ min AR K BRE A R
8.86° AW B 5 1 Ry 43. 87 No L & (funl ) | & 24 %
(fun2) (WG B 2R (fun3 ) 5 1 22 0 4% 41 4 25 52 2 B A0
0.023% ,0.001% ,0.001% , ¥z (9) 4’5 LR k%L M 3L
fF myfun3_c. m SR AFZFTEE R 5)

Run solver and view results

[J Use random states from previous run

T

Current iteration:

Current iteration:

Current iteration:

Optimization running.
Optimization terminated.

Optimization running.

Optimization terminated.

Objective function value: -99.67337735619408
Optimization terminated: average change in the fitness

Objective function value: 4.107522647748555
Optimization terminated: awerage change in the fitness |Optimization terminated: average change in the fitness

Optimization running.
Optimization terminated.
Objective function value: 0.44034357383428485

av

Final point:

A 7~ 2
Final point: Final point:
14 2 3 4 1 2 3
-1| -0. 997| -0. 14 0. 992] -0. 422| -0. 926/

-0.101|

4 1 2 3 4
-0. 583 -0.422| -0.843| -0.04a7| —0.613|

a. iR

b AR

R LESIN

B4 BEEEELTARMULER

Run solver and view results

[ Use random states from previous run

Current iteration:

Pause Stop

Optimization running.

Optimization terminated.

Objective function value: 0.5873443552810845

Optimization terminated: average change in the fitness
and constraint wiolation is less than options. TolCon.

AW

Final point:
1~ 2 3 4
0.282| 0.229| 1 —0.232|

E5 BEEEEBERLULER

PRECR f# I fT45 (B 5) R, 2 [0 0 0 0], S fitfig
7 fun3 =0.587 344 355 281 084 5, % b [ &, %, x5 x4 I
FOAE 43507 0. 282 .0.229 1. 000, — 0. 232 ; Jij FALR M E e,
R Ib B B s 9 ) WA SR 3. 184 kg/s | KL Bl 7% R
250.73 r/min MRATIRGEA N 12° AZ R R 47.68 N, b
i funl =99. 480 005 4, fun2 =5. 479 301 54, i %R (funl )
AR (fun2) BERER (fun3) 510 2 45t A0 45 3R 4 591 A 22
0.001% ,0.002% .0.001% . [ Ff 3 1% 53 A0 AL B0 IE &5 SR &
HIT 155 Bl P 2 201 B OB U IR i i 5 2 Ak i
JrRAIAT A B R AT,

4 i

AL At BN AR AR 6 5 1 FAR
FIAE BI04 R 25 5 KPR (7 2

W25 B, AR BP A2 R 45 st AL S A i 20 A 5K
M U R B AR TAES BN AR 2. 80 ~3.2 kg/s JithE
Bl 225 ~251 v/min AR UTIEHE M EE 8. 25 ~ 12. 00° HIHEN [
FEMRHES7 40.0 ~48.2 N, fiff FIZ S BU 00 A0 il B v 38 0 /1N
0.15% ~0.38% , & 2 R g/N 0. 97% ~ 1. 70% , Bl s 2K i /N
0.084% ~0.274% , {5 28 N 45 B g AL 57 2 Ak i 2 T
T AR, R4 B S EU AL T — N ik,
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