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Abstract

Study of the Pretreatment Technology
of flax & Silk blended Yarn

With the development of science technology and the improvement
of people’s aesthetic view, the natural products and fabrics made by
natural fibers are ardently favored by more and more people.
Meanwhile, products made with flax and silk fibers are characterized
with sanitary, ventilate and nature merits and welcomed in the
international market.

Compared with the sales record of the products made by blended
yarns, the sales of clothes with only pure silk or flax are often
fluctuated because of the property of the fiber. Therefore, the
development of flax & silk yarn can enlarge the merits of the flax and
silk, as well conceal their flaws. This new products can also add more
values than pure silk or flax fabrics, and exploit the nature resources in
China.

Based on the understanding of the degumming and blending
technology principle, dry spinning system is adopted. Flax fiber is
firstly treated by sodium hydroxide to reduce its length, increase its
finess and softness. By using mechanic method, the best test
parameters are found. Then degummed flax fibers are further modified
by epoxy-compound and high strength sodium hydroxide to improve
its soft handle and high curliness. The effect is briefly described as
follows:

1) Under the premise that flax fiber’s property should be suited
for spinning system and be ftreated softly, reasonable
degumming procedure should be adopted to get the best
outcome. The result shows that the length decreases by 58%,

the finess increases by 244% and softness increases by 90%.



Abstract

2) The epoxy-compound modification can develop a new
chemical links between the chains of molecules, which will
improve the sofiness and crimp recovery property of the flax
fiber. The test of softness was carried out to find the best
parameters of the procedure.

3) The modification by high strength sodium hydroxide can cause
more curliness and better sofiness. These improvements will
bring better cohesion between the fibers durtng the spinning
process, and better yarn count.

4) The yarn specification and outlook effect given by the blended
yarn spinning test has proved that the pretreatment of flax and

silk fiber is crucial key point for the successful blending.

Key Words: flax, silk, degumming, epoxy modification, blended yarn
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%, BEREWARE, REMBKRYEENSR. KEMEZHERH
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29




HEE WRALF SR AL

—m— R HE
2200 -
2000
1800 +f
=
1600 |
; o /
bl -
k-
3 1200 /
1000 4 /
800
~

T T T T T T 7 T N
4 & 8 1 12 w4 6 18 20 2
NaOH L (g/)

El3-3  NaOH WRES BRI ERER
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> senls, - x; Jsen(y, - v)
r=- (3-3)

N ()

30



BT PR

1 if 220
H, sgn(z)= < 0 if z=0
-1 if z<0
T =n(n-2)/2
T=310,~1)/2

T,= 3 u,(u, —1)/2
£, (R, ) Rex(By) MU BB 45 fix (BRy) (HAEE , n A BB AL

RIBRBRBAR 2 P AT1543-2:
#32 BMEARE ST MRS EUERER

STRENGTH | COUNT

Kendals au b YKIE R X 1.000 844
MR . .000

R % 15 15

X H HEXRE 844* 1.000

MR 000 .

I 15 15

Spearman's tho  #¢fE MXEH 1.000 927
MRS . 000

WRAH 15 15

xH HERE 927* 1.000

MER % .000 .

R A 15 15

“*, EREHATHONTHRERREEEN

SHREWREE S WA B HAH XA HTH, Kendall’s tau-b AHR
REAREE 0844, EREWAKTN 001 KNERENAEFEE
. M Spearman &, HAXRFEA 0927, EEFEMAKFH 0.01
IR eI BE B, MOTLIRH 48, NaOH IRES B
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RMIER 3—1 PRAMBEF NI SR EFARB H A HER
FL2 (B CVAH W =, M B NaOH YRIEFNET 4 BE 2 ) iRy i B (1
3—4) LIRETENTZBMERMUR.
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RERBRA DR K EE M. RN THEREES
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BB AR M EDR S WAARE, EH & E SR EA RN IR,
P RKEE B/ SR S KR FRENIS b, HAheT YR
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o
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58 77 U R [F] — R A T AT o 34 Bl B 1 sk Y 56 e
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AN AR R AW T
(1) WAL HE: Sirolan Tensor R4 AL T 3R 11X
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() PR4ME: 20537 HAHEE 65%+3%.
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HERIEELF 6.8-10 35218,
(3) BAHARM E R br
HFERETRIEE BS (cN/dtex)

_ fHd N>
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BS 100

ST RWTRFIE BE (%)

_ BEMEMAME (mm)
B P L

b) &R5®R

LS RS, AR R R R MR N & R AR AR
o, BARRBRIEAL, BT hEmE 3-7 fin. F4EITF
BEHE A REEN T K.

B-Slope K15 (Fp, Ep)

B 37 RAFRBRMME
BRI HE 4 Rk 3-3 Fir:
#3-3 NaOH SCEEWRRAAT AN B
RE (g 5 7 10 15 20

Wi GBE (cN/dtex) | 3.04 | 281 | 274 | 261 | 2.68

WM E %) 352 | 342 | 324 | 3.05 | 3.03
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HREEN MBI AR, RATH N8B 47 TR 4T
AR palil et
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KEAWBES. MABSKENES, WEEEA Sz [
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" 3R/L B
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6) Las,Lsp: fEME 25%. SO% & B A4 Ky
7) $FIE L50/1L25 (%)
bIATE 45 R Ao



-8 WML

R34 TRRACE i STyl I E 43 A1 1 0

HH H/mm CVy(%) B/mm  CVg(%) B%<30mm L,y/mm Lso/mm  Lsy/Lasuy
&h
Edusid 108.21 57.56 123.25 52.77 322 168.77 87.35 518
5 64.27 5047 80.62 47.1 4.07 929 543 584
7 61.78 50.12 79.78 43.8 4.29 88.67 521 58.8
10 59.89 48.37 69.33 45.97 4.75 81.93 49.5 60.4
i5 57.77 49.87 68.72 46.72 5.03 78.44 48.25 61.5
20 56.7 48.77 68.32 4553 6.26 75.30 48.12 639
e FARE 1h

(1) NaOH WEX 4. BMKES CV EHEW

M 3-4 PALLES, SiREmALELE, TREA4M
BT AN AT KSR 1 T B, BE# NaOH W RE (IR
RE, NaOH B YRR R4 B BN BB R A Al Bt B
BRI T RENER, FEZmMSRE LA, FETHKET
o XAMEBWA 3-11 fog:

% by LI (mmy

311 BERERKNE 5 NaOH REE X%

N YL
gl 2%
— U

ALY

©

utt 4 100

MFE 3-4 Pl REAEBEERSKEESERAEN IR,
IXRMFERR IR R (X — SRR UM N 3.22% BE K4 E
W), TSRS (FRIE B A RIS 1 AT R iR
TEbR, HEH SR REL PR O T SRR, AR UESR
DB B AE B SR, #55d NaOR B PR LUS BT RR,
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TEZF WS R

PR SR, DAKE AT ZRRREEE, T ARG
T AT MR TR RN EIE LTt #FAE AT R e 5
BT RS, X U B 1 R I b K AT B 0 LU R 4 3
LB M RIRe 1 88, B —E MEHETE. /£ NaOH IRETE
2} 20g/1 B, FHMSEIKECE FET 476%, ASEMBFERT
15.3%, .figtnl WA NaOH B AR RETERERIBA R+ W E
fr.
(2) NaOH WIESHET 4 N BFEHNEH

Los/mm, Lsp/mm,Lso/Lys(%)F B%<30mm X PIANEHRM B # L
KRR T YRR 4E AR BEF T . Los/mm,Lso/mm AT N PE R E
BV 25% 0 S0 AR E B, Lo/Los(Y%e) R 4T 4 A SRR A
B4, B%<30mm M AT SR ER SR AR B b 3R 0V R A op £ 442
KK T 30mm £ 41 5E %,

L e e s e B e s

H

B%<30mm
-
.\\\\
\ﬁ
z ¥ 2 8
(e)ST V08

NaOH? % (ghy

P 3-12 NaOH ¥R FE ST REAE 4% ¢ R ek

ME 312 TRIEUE W, NaOH WIEAME R, FHEARHRE
296 944%H B, BEFENEEERL 234% " 2L
NaOH BREALBELLG, (TR FRENEEBF a2 I, X2
TR, FHEKIEAER, M. RBHASZEES. 5
AR AR RTINS, B RNERORAE. TR
W%, eyl i S BaEmh A4 B E Es, BmaRr &
T-REPHH B, Rk, SR BLE, 5 MR mmE 4
sh, oW rEES BRSENIZSRE T4 B, Z L

Ay



B =m BRI A

EERHRAKE T Wit

3. BRAR ERI AT
(—) MERRIRECLE A W
(EE R R A T 22 805 SRR 2T R A Xt
Wt B SR R, 00Tt W LR S ABUR 7 i 2 B SE AR SB A tf)  £
FEAERRET R MR R . B R 3—5 P, A 4aER
WA R (] A I 2 AW T B a
2 3—5 TRBRABIE T EARNLB T e 5 (AW A T/

BERE R BAERREAME (Nm)  RARETEFHE (Nm)

2.5h 2801 1868
1223
1447

2000

2h 1241 1240
1131
959

1628

932 1139
1290
1154

1321 1170
1102
1087

0.5h 743 769
807

756

N =W o =W N e W N = s W =

=l

FIFE, WG HTe MR, IR 3RS 483550 BT LLit it NaOH B8,
AR SR Z AKX F R TA B LI EEN R B F
[T R R E R A T EES A &M, MXA
Spearman 11 Kendall 125504 F VAR AT 400 H 34T
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A b Ak

VB WRMEIR AL

36 AN S AN IE B EA MR

B I fa]

Kendallstau b %3k M AZK 1.000 600%
A2 K 3 Sig , .002

R A% 17 17

B 1] EEF Y 600* 1.000

X R KSig 002 .

R 17 17

Spearman's tho % HERH 1,000 743%
TEHIKiSig . 001

B 17 17

B8] MERE 743* 1.000

XK SSig 001 .

[EX A 17 17

> IEREVEAE0.01 T HREBR K

At R#EM

MEBER A ITHINER 3-6 AT LB, RN A L ARG R AR %
IR A WA RS SRR B HICFZ A A8 . 4 Kendalls
tan-b RS, EEFEHKTF 001 UXEHRR T, BMEEZM
RIFAGCREH 0.600, N E%IRRIIN WE M. Spearman FAXRHN
0.743, BRERIWSMEXRRREEEN.

3000 2000
] 1 ,
19004
2500
1000}
o
o % o0
&
0 . 3 o —
" » - 1000 4
.
1000
80
1
T : v T : y T y
03 10 135 22 25 ns 10 15 20 25
PETT CEET)

%13‘—13 T A A (8] L5 2 o 4 [ LA
Mzl 3—13, 3-14 Fili, #FEHESEAN N RHERLT
KA. BEATHEARNERM, WHRMBRAME, Rafsy 143
%o SRIMMELNIE 3—4 i, JAOJLFHST SHERE+HI 4
AR B AL B SRR 5 BUY ST N AT Ak AL 0.5h B
Std. Deviation $5#¥1 4 34, 784 2.5h B} 703,

B 3— 14 Fsl & T (o) 5 400 gl £ )
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BT DR KA

() MERRET R fu Pk HE Y M

N B WO FE 3 AR S S BE BN 0 S0 T R, NaOH WL
ARA T AL I & A0 WRRET VAR & 4y EEMRIR . B R
JSE 384 o PR BN 1) B4 I, SRR OR 47 4 2 [ O O L 2T S
SF BT A RS R FIRGR L T, W E RS RALEEAEH, 1S
RELHIAWHAT . BRI b B X R TIRE,
AYRY A 2SR5 T BB GERT IRI R ¥, TEARET R M Ph i
B TR, R 3-7 AR B A I TR A A R R

# 37 NaOH %35 ARAR AT HENIRIERE

Bl 3-15 B a) S M T X R R

B[] (h) 0.5 1.0 1.5 2.0 2.5
W 3455 [ (cN/dtex) 3.00 2.90 275 2.65 2.68
Wi A (%) 3.44 338 328 3.07 3.08
VE: BATRIE 7g/

(1) BRFET ()0 W RGR A KRR R

B3R 3-7 AR, AT LU R R A 0 2R P DL S Ry 2 A

HIK R

Bory i)
IR

315
. 30
"
u T
15 20 2

-
N\
N\

v
05 10 5

LTl hy

Vs
FEREL)

B 3-16 B AR M SHRMKEXARE

ME 3-15 & H, BEEBAN RN, WARA BN
JE A EE DLLE BN TR 3 2230 B T B8, A\ 0.5h B B4 3.00cN/diex 3% 2.5h
i 2.68cN/dtex, TREEE/S LT BT (1%, v LUE AR XS ARET
U B PR A0 2 L™ O, BB SR b WP Bl R S0 Y IR 1
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B THEAFMRAN

WL BRI (B, X ORI BREF AR T AR . 538k, Mlhseh
ATUARREE R, BEE WM AR, THRBTRGRE A R I
¥, X WFEREAT AR th TR B A, Wb SR e i
BIRFH SRR P B

- JT L, BRE R A S TR AR A O AR A EB A A
MR, HRE S BRI R A P hr A R R .

(=) TRRRAHKEZH
RS B R A R PR R, T
I IALx A R R M RE AT, AR HER I 3-8 FTow:
£3-8  WHARIELMKESGEIR

iRFE () H/mm  CVy(%) B/mm CVg(%) B%<30mm L,ymm  Lsy/mm Liso/Lasey

31 108.21 57.56 23.25 52.77 3.22 168.77 8735 51.8
0.5 68.41 4541 82.22 42.32 3.87 103.5 58.70 56.7
1.0 61.78 50.12 79.78 43.80 4.11 88.67 52.10 58.8
1.5 58.89 33.20 67.92 52.61 4.75 81.93 49.50 60.4
2.0 56.77 47.48 68.55 43.95 6.18 75.83 42.02 55.4
25 4335 52.41 55.12 51.71 8.25 49.90 35.70 715

i3 3-8 B, FRATHLAURFR M X AR 2 B DL W B I
R S AR XA
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€ e
: \\ 5 ’ i
« ‘ ¥ .
-] 3\ 'L N %
£ \\\c\ bn % Sa
w % N bos 2 3
Lo E“% EE
§ : ,;é ] /' i
. M N // \/
u Wt W h ' o u,aj;m wo
B 3-18 AN KEZHXRE P 3-19 B () 5 2T 4 T RE X AR

M 3-8 518 3-18, 3-19 P LA RF W, BEAHAN BIIE
K, EARRAENZHESEAKEHATHENT WY, e
ERERFH S ENE R B RS, MECAEREREE, 4
B (AR AT A BE BB N, HT 98 % th DR B A ek T B R T A
‘R, BRITFTEM Lis 5 Lo FHRERE S MOENR. B
B, AEACHEER IR S EBRAR, BRAERKEEE T4 E
BEHE.

+. REREGREHEDNSEE
1. 2k Bh Lt s )

FRE RRISET 4 fh 2 A TR B AN S S L FR, e M I SR Bl e
WHRARF A, STRENES, AGLMN. hEBE. £
FUTERSRT R T H A T RATFRIB B AR e B 8, AT
ROERERI B, 1R R T B RUR AN £ 4 4y U 51k

MRIBR AR & BHRFT OUF ZHE GBI, BR:

1) AEE TRENEVER JFC: RERMEBEN, W RELOD

ARG, Efejo BRI, Ru TR, S5
UL BTN . ZARLKEEmRIENRO%5E
Y, REMOMEPEGE, PH A 7. BB TR
BT Wi<30"25°C<20". AAEAIPATELS M, BT
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BB R ERE

RISPERINGAT, REMH R, W5, MRV, W@,

2) BIE-PNBER MP: @R, AR R EG
THEANSETERE, BEMGRIKEE T 1, BB RRRATRES,
Pk BUh BB ERCR

3) BHEEBTEEEHSZEMN TK: LAEERMEHEHNE,
PH 24 4-5. Witteuiif =i, BHER. 4. B BE%
THDIRE, R AREEREMRE, HUREREES
P, HTAR A BT A g, RN S-S SR
KOB fJ LA B A 2R .

2, WRIERX L ST
#39 ZHRARRWEIRE
EZEEE A L@ JFC MP TK

B Nm 1329 1648 1605 1621
WIBUMRIT cN/dtex  2.74 268 2.64 251
TR % 324 331 321 31
EHF K mm 5989 5692 5848 54.32

ERKE CVY% 4837 521 513 4621

Lys/mm 81.93 78.56 80.04 7521
Lso/mm 49.5 484 497 4654
Lso/Lasce) 60.4 616 62.1 619

TR LES%0 NaOHI0w/L, BAR S th, HMABABREBF .

MF 39 PRI B I, REEHE RN, R
LB LA R s AR RO S I R4 PE R, T8
BREE I A RIS B AR B T, ST HMAE . AR
RIESEFIE G 8% AR, Kb ICHLL TK i1 KOB $#27 5
RENHE.

KR LT BRI, B g e A TR AR 4
ST BGR S 70 NaOH A PR &, AR ERR, HNE
AR, SR AR SRR AR L B TIPS IR A T
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BEE THAFBRESN

R R T HEE NIRRT, RSN S TS R ME R
R FTRFITE RS, AT A B ARECAN T2 EEa0E
e AT S R R R R o 1 SRR A R 5 SRR A AR T 5
WK B R, AR B R R LR & JE B UE S Ay R 3
WIS T LR . ORIUKIEINE, ARRCE n TR p et
HHTRESEIREE. £ TK A IR T INA KOB, SEAXK
B B T IR BRI S 53 2y ORI D, PRIk AT 4 e Il I 9468
B AR B IR R B A

N

a) LA NaOH Jy R0 B2 A4 e & B A R I L A
EREILZ2%, R MORTEZENIRZ T, &

Y S HERM AR TR R KR BRI RS
e

by I EE TR, T LUA S BRI I A
I5F Tl 9 3E K0 e A R it B 4 2 R0 0 Y R AT AL 2
IERIRI 2R, BEMR AT RME, BRA 4R MR
ARSI, (AR, BT R S R TR 5
JERIBEAR, B G T R 4.

o) MERCGRMEFVEBIRIKMA, 68 ERBMERKLMIR.
TEA PR L S I AT IR 2T, RTE PR 22 Bh
FUGENE R REATHEAS, IR B E AP RILTHEME B
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FENE WARRALTENMEE

b8BT, ST I EE L2800 TRRA R BAR M
ROl LA L, EHEENL T PR F TEBHRM
PR, DHE — AR AR, BRERREER
BRI T BRI 0oh, A ORIEFTHIE ML RRET 4 fe
R HE A TSR BR A e, B BTIRY, LFHER HAR LAY
UL BERTRGRRE . BRI KR . KR WA A VT B fE
HURHENR. Bk, XS T — N ESEHL BRI REREE, &R
B EH R et Rt R E.

BInt, fE& BELAC R, —RHELMEILISY B AR R #0E
BB, AWAE X ED BIRRRERLRENRETE, B
%4y BRI BT UMA, TS, B, AR
B iR SERIE L 2 H AR B AL

B L—2 541350 FHER NaOH (FI3REE . B4R ) 2 m
B RCR M EERE, JF A T HaSNIEER, FIHERRE
AW TR P E RN R, HRETHRA RES
Bl URBHEREREAIIREAT %

—. Bt ERE

AT R AR TR N R AR B R Rk
M—IgE A, ERERMASENTTE, Sa&ATmHEE, U
ABUE S T B AR ZE T 0 vk EAL LTI B 3iE A %)
et LUEMEIA I LR T RS B — R I A
Jiiks

BUFEEAR, BB AR LU TR M5 W7

(¥ BE U A U ) SRR A A BB AR T B AR
TR L P A AR, SRS BACREE Bt
I B T SR M R bR 1T Y AR R 2 TR R G R
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BNEF WRERME T EMRLEE

QFAE BB F L, RPEFEL, K% 0TS
S IS AFBI AR EAY) F 7 AR RO 3% (B IR A R

BEHLEFS, EEBTHREZIESRIMNGEE, TEE
B th 2 T AT IR R R SO . e, BB R B
RSP — s HE, Mg — KR oa xR By, KGR
1. SERITRII R

EREN R LEGERIRER R Rl D&l
wWit%. HHEERERZ R RERECD . EFE. MR TERPR
FiEpAE e, FAAESE R L ERE R R E T AR E T BIYFIER
B A (GRS THERIME. BB T B RSIRAESR
), 5 J il XA TR R IR, AR AR LR B
SARSE s ERTRAME K7 ZEAR S, AT sE AR IR A IR A2 Be vt R TRAE
B AR T 8 SRR T 2 AL B RIS AL R — BB RE
T, S5 AR PO PT 4 T R BRI R (4 1 19,

AL R EMASMERR LEFFREERZRBOH— 7 LR,
FRCA T RenFURM R R kil B ] & ¥k 0 ik AT SRR Bt R
.

2. AR RN TR RS

A RGBS ET B o, BERETEARBRERL
WH R ERN, TRABEERLAMIYE. FE--BiE. 75 W
T &M JrEEENR RN, 7 RN R EER N E S5
B, Bk, SRECERERIA TR MG 0T S BT

(WHELRT R, ZHR, REURKEEE.

()X F7 52 9 B Uk B EAT S B S o (LA (Rl 229
GBIy, 3%t IR % )5 M SR AT IE S PER S (W K258 97y w5l
B 5 H AR I & 7 R BURIAT 5 2 — SRR (Bartlett 77,

¥ % AW IR SRR RIS, T ZREVHE
HEH: sRMOREKEF.
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@I TR B E R

AR ATRIA RS (B FI K, # Fl RRERSE, 1)
ST o A R T BT TR SE R S A, SRR T
CBEEER, X TKEREA, 2 FI RRREE, wALls
— R ERRT (B F2 ) XOTER TR,

YRR TR A3 00 AR R U R I = S, FE3AT 44 et

.

3. EARABUER R

AREE L BARR B R, RS — B bavk R H bR
RIVERA T B, BRI T

K: X=X, Xor .o XJTER"

f#: minFX)=min { JFO%0/ 217} (=1.2,....9)

FZART: gu00 (=12,..,m)

B X Xoo o X AWHHEER, X ARIFERAMN n 4
SiFE, “T"AHER, RPARKTR: Fi(X), FX), ..., FyX)
K q A B £00=1,2,...Q 85 B ROMERRKE: 200
g2%)s v gmfX)A m NARRRL

B, 8 FOIEEIEE, BEWE S I B AR R B Ak E)
BN, R TR A R £,

4. RACKEHER R

AR B RE LT R R VAR AR A B A AR . FBHL T 148
FVERRACBCE R R BT R o IRV SK R /MRl BB AR 2L,
Houf EbReA S S RIS BR B K, WG B L e, R PR LM 2,
B8 0 ARIARIEA A, oo RIS R A B S BB .

BEHLF IR R IR M A BARR ) AR TAT IR e 45—
IR X, FERBICATRM ST USERE K A% XV A A/
SRR RBEAT # T3 3%, FF 8477 bR o 1 i
18, B P BN E FOXD), 2 FXY) < FOXO), MIgkEER xM-X
DG (020 K 2, AMNEEE L I o, HERA AR

SO



RPN TR T Z AR E

S, RN T, EERIRRER, MWSREGE.
5. BEREREIE

W e ARl T2 R CREAE 3w i SR 4
HIEWRA LA NEE, EHEd—STRE. € ERT7EK
BIEAMI & PF TRAT R, R ER A REERFR TR
BE, WETLLAKHERER M TR T HEY, SRR,

=. #HETLEsHmRkE
1. WREt
fEE—F, B R T MR RICRE R, AT
FERL ERER b, BEERWLRERNREGIORE. BAN
MEART X+ Xoo RAZEFZRIEARSAGRIZHER
(p=2)) BYFETEHEZRRXRR. BEAFERMEAER Y.
y=bo+bix1+ baxat baxixpt b4x12+ b5X22
BRI, TR RS, HEMHERR AR
Tl —BRTE L BT, (6 S A LR 2 T S5 R A A 7 BRI
b AT RSN, BAARHERE N LR AT m
AMERTELMEA p=0 WERTE L, BTG HIEFTN 050 1
ERIAT o BME, AR ITERIRECY:
N=m+2p+mo
Hrh, N-R¥EEH RS SRR
me- S AN po= p'? HIERTD L H 8K
mo- 43 A #2424 po=0 RIEKTI_E Y 14
p-EMNER & DR F B, AER R p=2
RIRACER A EARTE B, 76 me=2P Mt 0l [, KR e P 32 R e
=24, KIS R y=1.414, THREEMEM K, FAER O
SERUE, A ESRAS R ZHAERT, L SRRk
me=S. T LL AL R 5k Kl N= me+2p+me=4-+4+5=13.,
X & B AT ST -
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Z;: HF
Z,: NaOH ¥ /E(g1™")
Zy: BRANE)
Zypy ZyHEIARFHLEFR, SEFHLETRY:
NaOH #J%: 10~20 g™
WA B E: 60~150min
KT IR X )

Zoj=Zi+Z) 12

Aj=(Zy-Zy) /v

X;=(Z;~Zy)/Aj
i F KT RIBE 4-1.

&4l BRERTETREE

Xy Zhel™  Zy/(min)
o LESH) 20 150
+1(EAE) 8.5 136.8
0(FKT) 15 105
A F A 115 73.18
A FHSH) 10 60

2. RBER

M B ER A S VORI R S AR AT R, FEXT TG
HRA T RRAT HE RO AN AL . SR (VR REHHITIN G, X AT Em AT
ICBANHET. SRR, #T RN BRI —E2E L
AEATES M, 7RISR e — e B B T E—
it WHPHE. ARSEREELNF&E.
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BUE EHREREL CEAEAER

#42 " _RIEBHREEMS RIHERIERER

%

% Xo X, X> XX, X X,

5

1 1 1 1 1 1

2 1 1 -1 -1 1

3 1 -1 1 -1 1

4 1 -1 -1 1 1

5 1 1414 0 0 0

6 1 -1414 0 0 0

7 1 0 1.414 0 2

8 1 0 1414 0 2
‘ 9 i 0 0 0 0

10 1 0 0 0 0

11 1 0 0 0 0

12 1 0 0 0 0

13 1 0 0 0 0

K43 ERHER
W 40 5 /(Nm) W BRI /(cN-tex ) 55K (mm)

1 1857 2.76 50.08
2 1690 2.97 54.47
3 1677 3.00 55.32
4 1459 3.27 57.65
5 1722 2.90 53.11
6 1635 3.05 56.45
7 1692 2.95 53.84
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1257 3.34 59.27
1570 3.09 57.87
1521 3.12 57.32
1632 3.02 5722
1458 3.12 56.40
1532 3.09 57.02

258 kil FURERS Bt AR v, RATT LIS BIBL T R4

£
F44  PRHEEBENFIARL
\\ A bo b, b2 bs ba bs
B¥5
ME (1x10%) 1.5426 0.0668 0.1250 -0.0127 0.0915 -0.0105
WreR g 3.0880 -0.0940 -0.1290 0.0150 -0.0715 0.0135
E-23.9; 57.1660 -1.6431 -1.8000 -0.5150 -1.5149 -0.6274
£4-5 BEAGBEAREEERE
L) AL W IR KA
it & Fl 2.8121 4.2463 6.0605
4B F2 6.0978 12.2140 14.7066
Fth FI<F,0.05 (3, 4) =659; F2>F,0.10(3,4)=2.88

e

HIERE. MARY
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SEWE RGBS L T ZiibacE

®4-6  KBRABIERG S DEREERY

\‘\.\ RH
_ ba b, b, bs bs
BT 7 \\
M (1x10°) 1.5426 0.0668 0.1250 0 0.0915
WiRIREE 3.0880 -0.0940 -0.1290 0 0.0715
=323 57.1660 -1.6431 -1.8000 0 -1.5149

¥ tops(7)=2.365

£ 47 & BEHARPIETRE

Ei-77 HHREAG R

i) Y=1542.6+66.8x,+125%,+91.5x,”
TR Y=3.088-0.094x,-0.129%,-0.0715x,”
T Y=57.166-1.6431x,-1.8%,-1.5149x,”

3+ BRTRMKMEEIHGREERE
FRARAZRE, THASERRBMEARE, k.
AR R EGET BERR, SRRHIRGE, REN
ISES Sk
& OIAF AT B EHRR, SRLE.
F IR AR R E
4. REE RN

HAE NeGHRR

Pla—1 2009 ef $ o sl B

55



B4—2 WIRBRERETEHKRE

B4—3 ENEERHTHREE
a) XEERIER
MITRRLLE HE W T iSEE A, TR e A AL

B B I KRR I (R ARG AT 3 . XU B e IR
W, HRBRF B AT ORI R O IE R AT 458 ) . KRS H AT 45
RS ATIR T, s LGB IK, SRATHE SRR H K.
b) XHETRISRE RN

EIFRTEE N, BEAT A B FIRE R W (] O IE 4, ZP AR
RSB ETUE B /M KRS X FAMELE RN
Wi e, A4 LR WE AR DR IE R T WP R LY
BHMFD s LA, FRASAM SRANERER, KIXE
Hrih G B AERRT, ANMBTE RPIHE S EH, MREE
XENIRFE R,
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BNE ERRREH T EHMLER

©) MEFKEREW

RN, FEEX LS I GRS SRR R
L. AL R B AREA R BB R &, Se N SRRt BT
XA FTRE R o T B B B BRI o B, (AT 2 Il R ARG T
Bk '

VU ER RS T & RF 3 & HizpmiEm, &E T
# B RRE RN, AN FUMBFIEMEIER, SR
F-HEFHE-HRNERE — 20 Ef. FXRBERAE=1H
RS, FREENEBRREREREAR, Bk, &4 BREE
RAEFRGETIRA, CREBGAEE% AR, 4 RIRIRIE
ZEBEATRN, MEZEMgEIEE, MBS R TR,

= BERRUEERRIE
1. 28

HEEFES, TR & EFRENERFEAZFR L
B, R REEAT LZSRMMRM, SEEREEF, RILS
BB T S5, RLRNEE AN L KEREERNLTHE,
Bk, FEFITHRAN, MELTEEENE, RBBREER
1800Nm, FIHFWIZLRA . SRKEMDARSE. HRIEERFE
PP Az A, BTRGRE N AN T 1.50cN/dtex; BEAFKCE KRTE
30mm~60mm.

Hbr @3 7

dd()=1542.6+66.8x,+ 125%,+91 5x,%

ql(x)= 3.088-0.094)(,—0.129)(;1~0.0715xlZ

56(x)=57.166-1.6431x,-1.8%,-1.5149x,”
$E SR BRI R

K X=[X), X;]"€ER?

7 minFX)=min { JF204 9112 (=12)

Hobr, £ ON J BRI 45 B B RS £, 0=1800,



HERER#L: fi=(dd(x)/1800-1)"2
ZART  gi(x): -1.414=,< 414
ga(x): -1.414sx,< 414
g3(x): gix)=1.50
ga(x): 30=5c(x) S0
SERBEHT IR EARE ER M ER, BRI R, 4
BT
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Bisk:
B A EBREKREHBIERFER

% fun

Yok ST SRR A R HEAR B

function [ff,gg]=fun(x)
t1=1542.6+66.8*x(1)+125*x(2)+91.5*x(1)"2;
12=3.088-0.094*x{1)-0.129*x(2)-0.0715*x{1)"2;
t3=57.166-1.643*x(1)-1.8*x(2)-1.5149*x(1)"2;
fE=(t1/1800-1)"2; % BEHRE%

% LU T AR EH

ge(1)=-x(1)-1.414;

ee(2)=x(1)-1.414;

28(3)=-x(2)-1.414;

2g(4)=x(2)-1.414;

ga(5)=-12+1.50;

88(6)=-13§30;

gg(7)=t3-60;

Yosuiji
%x0 AFIE A, 2 HIRRASE
%clear;
%clc;
N=30; H0=0.1;
YoM=input(EFR AN B ERA AR B P & BT E L Y
Yox0=input(i& (Bh *M IGHER ) BARE: )
ee1=0.0001;ce2=cel;
[£10,gg0]=fun(x0);
if all(gg0<=0)
el=unifrnd(-1,1,1,N),
xI=ones(N,M);
for k=1:N
x1(k,)=x0+HO*e1(k);
[fik).ge]=fun(x1(k,));
end
km=find(min(fY));
[f1,ggl=fun(x1(km,:));
kk=0;
while ~((fT1<fT0)&(all(gg<=0)))
kk=kk+1;
if kk>=600



break
end
el=unifrnd(-1,1,1,N);
x1=ones(N,M);
for k=1:N
x1(k,:))=x0+HO0*e1(k);
[ffk),gg]=fun(x1(k,:);
end
km=find(min(ff));
[£11,gg]=fun(x 1 (km.);
end
sl=x1(km,:)-x0;
alpha=1.3*H0;
%x2=x0+alpha*sl;
%[ff2,gg]=fun(x2);
x2=x1(km,:);
ff2=ff1;
fO=f10;x3=x2;
while (ff2<f0)
[ff2,gg}=fun(x2); |
if all(gg<=0)
alpha=1.3*alpha;
else
alpha=0.7*alpha;
end
x3=x2;
x2=x0+alpha*s|;
f0=£f2;
end
hh=0;
while ~((abs((ff2-ff0)/ff0)<=ee | )&(norm(x3-x0)<=ec2))
hh=hh+1;
if hh>=10000001
break
end
x0=x3;
=112,
el=unifrnd(-1,1,1,N);
x1=ones(N,M);
for k=1:N
x1(k,)=x0+HO0*¢c1(k);
[f1(k), gg]=fun(x 1(k,));
end
km=find(min(ff));



S

[ffl.gg]=fun(x1(km.,:));
kk=0;
while ~((ff1<ff0)&(all{gg<=0)))
kk=kk+1;
if kk>=5000
break
end
el=unifrnd(-1,1,1,N);
x 1=ones(N,M);
for k=1:N
x1(k,:)=x0+H0*el(k);
[fik),ggl=fun(x1(k,"));
end
km=find(min(ff));
[ff1,gg]=fun(x1(km,:));
end
s1=x1(km,:)-x0;
%alpha=1.3*HO0,
%x2=x0+alpha*sl;
%[ ff2,gg]=fun(x2);
x2=x1(km,:);
ff2=ff1;
x3=x2;
fO=f10;
while (ff2<ff0)
[f2,gg]=fun(x2);
if all(gg<=0)
alpha=1.3*alpha;
else
alpha=0.7*alpha;
end
x3=x2;
x2=x0+alpha*s1;
fi0=£12;
end
[ff2.gg]=fun(x3);
end
x3
ff2
hh
else
disp(HEH AATAT! D

end



Y%ozx
cle;
clear;
M=input("EFAEER LW RGP RIGEEANE: )
lim1=input(iFMIAFE— M EER FRM LR (U RERREXTR: ),
m2=input(ERMAF Z PR TREM LR (UREERXERR: ),
disp{ BARGRBE x0. %3, {2 X hh 3 HIRFHIHT. RBEL
A R EALE R MBI R B ) '
K=10;
tra=randperm(K);
a=linspace(0.7*lim1(1),0.7*1im1(2),K);
trb=randperm(K);
b=linspace(0.7%1im2(1),0.7*1im2(2),K);
for s=1:K
x0=[a(tra(s)),b(irb(s))]
suiji

%for s=1:K
x0=[a(s),b(K-s)]
% suiji

% pause(10)

3

QIS e e P

disp(FEA&! )

FRF U,

fun AERILAT BIRE B REAR AL, Kb 5 FFRE, g hAR

EE: gg PHREDEEHATHERIEE L (FI@m x1-252>0 BB
x1+2%x2),

0 suiji A0 zx 4 BB B IE T ¥ ST R B
IREY, ex AEIM, BT matlab &4 % RN 2x I ERATHIT.
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