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摘要：提出一种将凡c与神经罔络技术相结合的方法对钨扳氩弧焊(G】1AW)过程进行控制．它克服了模期规 

则产生对专家的依鞍及模期集非自适应性的问题．隶属函数的自适应及模糊规则的自组謦{通过抻经同络的自学习 

和竞争获得．该方法实现了弧焊过程中模糊规划的自动确定和隶属度函数的在线调节 以G'I'AW过程捍鞋几何参 

数诃节为对象，验证了算法的有效性．计算机仿真表明，采用该方法的系统性艟有较太的提高 

关键词：模糊逻辑；抻经罔络；隶属函数；钨扳保护气体氩弧焊 

1 Introduction 

nlzzy Logic Control(FLC)is a lalowleage-based 

control strategythat has proveni谯 potentialinindustrial 

control applicationsin recent years．Itc觚 be usedwhen 

a 伍dcndy ac~,wate，yet Dot ullr~sooabty complex 

model ofthe physical syst~ to be con~oUedistmavail— 

able orwhen a pI妇 measlⅡe of perfomm ceis either 

notmeal1jngfIlI or practica1．nlzzy logic ismuch closer 

in spiritto human Jl1dng and namaallanguagethanthe 

traditiona1]ogi~ syst~ ls．The contml pmbl~  

makes uscof~ pirieally acquiredknowledgeofthe 。． 

o Opm lJOB imtead of analytle framework．The O嘴  

ofthe FLC isi lingu~ c or rule basedfoma ofknowl一 

。dgc~xpl'c&sion． 

FLcis esI)ecially suitedfortheill defined andI．1nC~- 

rain sy$t~llS wl∞∞ ~on,~ntional mathemalical tools(e． 

g．differential equations)based∞ 加 and control 

fail．Arewe]di~ is衄e such pllocess岫 involves heat 

* ∞ ：哪 州 byNm砌  of嘶 ( ，597~ClN．) 
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andmetal transfer．phase~'ansformations many un- 

known dismrb~ces andthus difficulttomodel by c~orl- 

ventional mathematical framework based approach．1tle 

fIlzzylogic conlrolis awell·qualified candidatefor such 

a plo∞ss．ta~gari eE al[ and Satoshi Yamane et alC J 

have shown e口c0m啦 resultswiththe control ofweld 

lx~ol by ofFLC．They usedfIl： 11征N rules 

tomodel the qualitative aspects of expert’s kilowledge 

andfeas0njng process ofthe c~ontroUed arc welding pro· 

oess．However，there aIe still some asD0 饵 of血is re· 

searchthat needto be addressed．In fu logic Control 

strategythem 】b嘶 flllK~onsforthefIlzzy seB ale 

detexmined bythe eX1X~tpriorto on-line control process 

begins虬d they normally relTialll un~m ge,t auring the 

q：~ontrol process．Tais may bring tmsatisf~--tory result； 

whenthe controlled plantistime-variable 01"disturb~ ．e 

exists in the process．In addition，the determination of 

fuz mle越ldtheme~berslai_pfunctionisheavilydepen· 

dentOn the experts’judgment．In this appmach，satis· 

factory resultsmay notbe possibleifthelevel of p 一 

∞ is not adequate．Tam ．all on-line automatictuning 

of the membe1~ p function according to the vaIyi11g 

pla~at c,hai'actetisle$mldpre-defmedperform~ce require— 

merllsis necessaryforthe effective Control oftheweld— 

iI process． It ld also be beneficial to develop a 

C~OlllIIKrll method for tra~ onning human knowledge 0r 

experienceintothe rule baseofFLCforthis application． 

requireslhattheremustbe aprovisionto detectthe 

changesinthemember~ p Î Ons andto aUtolnatir_~l- 

ly detelminethe rule-base oftheFLC usingthe data ob- 

tained directlyf~rornthe arcwelding 咖 ． 

Among machine-intelligent~aptive control systems， 

neⅢal network(NN)controlis also a viable alternative 

to FLC．Neural networks c越1 be wained to mimic bio— 

logical llelln'al systems in performing fllnclJons such as 

learning and pattern recogni~on．It has been successfully 

appliedto am  ofprocess controlsincluding aIcweld- 

ing pI'OC,~S controll3· 
． Although．netnal network c越1 

aul~aatically learnfrom the,~a-nples ofdata，itlacksthe 

explanatory ability W hileFLC cm perform approximate 

IsonirIg，itis usually not self-adaptive． desirefor 

a learning ability in FLC encourages one to incoIpov,ae 

thelearning ability ofNN intoFLC．This has prompted 

many researchers to searchfor ways to combine thetwo 

techniques[~一 
． 

Intight ofthe above，the objective ofthis work isto 

embed NN into FLC to realize a fIlzzy rule generatioD 

mechanism thatisboth self-organizinE龃d self-adaptive． 

This shouldthen provideforthe ane-ttming ofnmnber- 

shipfunctionfor arcwelding process contro1． 

2 Neural network based fuzzy logic e_．．Olll- 

troiler 

2．1 n 可 lo~ic conll'olin arcweldingprocess 

Figure1 showsthe bltsic$[1llCttl~ offIlzzylogic COIl- 

trol of all aIcwelding system．In a control based appli— 

cation，the error(E)Ⅲld chailge of eImI(CE)aIe eho— 

Sell as the inputs to fIlzzy logic controller．wllile the 

change of controlinputto the arcwelding plocessis se— 

lected asthe outputoftheFLC．In a system whereweld 

lX~Ol is to be controlled．E may be defined as the er帕r 

betweenthedesiredweldfeama'e such aswidth and aelll— 

al width oftheweldlx~o1．The control inputto the pro· 

teSS may be the wel~ng current，travel weed ere【 
．  

This enables abe formulalion of simple linguistic rules 

based on observation or simple study aboutthe process． 

Inthis work，the fIlzzy controller with rain as the AND 

operator，max astheOR operator and center of alfea de· 

fuzzificationis used．A bell shapefunclionis used∞ the 

membership fu№d∞  吐l file following form ： 

)：e-(⋯ )‘ ， (1) 

wherem 缸ldd aIethe center缸ldthewidth ofthe nl咖 ． 

bersltip fUlt On． 

Fig．1 Basic structureoffuzzyl0西c con~a'ol a weldkkg system 

2．2 Slameture of tile neural network based 0n 

fIlzzylogic controller 

By incorporating NN into fIlzzy logic conlroller．the 

fine nming ofm啪lbc曲 ipfunction and越蹴嚏lladc丘I 

logic rule generation c孤 be realized．The feed forward 

llCtWOIk asillustrated in Fig．2isincorporatedto realize 

the above fuzzifica~ion，infeamx：e a咖 缸ld defur．~ ． 
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cation function ． 

啦 ．2 also showsthe structure oftheRcrealized by 

afeedforwardneuralmtwc~kthathas atotal of5 l 

with each l ’l廿 performing different f~ ons of the 

眦 ．Node types am shown ∞ squares aad circle* to 

disd 阻曲 m啪 ．The square-nc }rneans that the pa- 

rameters ofthe node needto be regulated，whilethedr- 

cle-nod~r瑾邪 that the 唧 m魉rs of the node Iem面n 

fixed ngtheleamingproce~ ofthenetwork．The ar_ 

rows bet~／ogn two layers of node*indicate the d／recdon 

ofthe si 1丑lflow． 

Cf} 

Fig 2 s1nlct【lrc off NN based fuzzy logic controller 

The s la oftheFLc showninFig．2resemble*a 

feed-forward n目埘 network．The three components of 

RC ，namely：fuzzification，fhzzy inference mid de— 

fuzzification ，have been incorporated into Otis neural 

l~twoi'k．The differentlayers ofthis NNp~fonn differ- 

cnt functions of眦 This neural network like FLC 

makesthe adap 0nof themcrobershipfunction aswell 

as the dynamic gerlel~ion of se 0rg卸izing nlz logic 

rule possible．The bdef description ofthe function of 

eachlayeris giwa below．For detail explanation please 

referto[8]． 

Funetion oflstlayer： 

Function of 1 st layer is to Uansfer the inputs to the 

2nd layer． 

=  ㈤  

0I )=口{‘)= (I)， l，2． 

Function of2M layer： 

The 2ridlayer pc 璐 thefu盈 c 0ntask·Forthe 

ith nodei~2ndlayer，吐leinputnl ，activationⅡ{ )and 

ontlXltO{ )are defined∞follow： 

f =一 ， ㈣ 
【。(2】：。{：)： n(2)

． 

， ‰ am 靠 the c眦 r蚰dwidthofthe ftIIm 

shipfllnctionforjthinput( =l，2)inthefirstl ． 

Function of 3rd layer： 

The 3rd layer perfon 'm fhzzy AND 喇嘶 0n．Forthe 

ith node，theinput n activation口{ andontput o{ 
aIe asfollows： 

⋯

rt!)=m

一  

in‘ 
㈤  【4l 

⋯ 一 ： n{3)， 。 

wbelê and血lifetheinde~ for nodesinthe 2M．1 - 

er．These nodes r瞄pondto 0Ⅱeof them即Db sh func- 

tions ofinputl(E)aad 】Ilt 2(CE)，fromwhichthe 

ithnodein 3rdlayer cejvesthe signa1． 

Function of 4th layer： 

The 4th layer pc l叫Im fuzzy OR ot~ otl： 

o 4) a14) 

’

㈥  l 
=  {4)， 一 

whereA。h。⋯ ．in a翟巴theindexesoftheilod~inthe 3rd 

layer from wh ethe nh nodein the 4thlayer 树 V鹳 

the sign~． 

eui~ on of the 5thlayer： 

The 5thlayerperformsdefi,zzification by the center of 

妻 。 {} 
n{ )= }一 ， 

lf (6) 
i=l 

ot )：Ⅱt5)：n{ ， 
wl1 m。，o-iarethe center andwidth ofthe ithmember- 

shipfllil~on ofthe ouqmt(CU)． 

Theleaming process ofthe network．which l the 

back-propagation al 血m ，Ie丘nes the parameters in the 

square n0dcs． 

2．3 Autematic determination oftheth~ sebe- 

tweenthenodes of3rd and4th layer 

The pmpase of the automatic detennimtion  of the 

li／~ge betweeathe 3rd and 4thlayeristo由mInjcally 
gemeratcthe ‘THEN’partofthe rulefor 0l镕口v。d∞ - 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


404 CONTROL q'HFZ~Y AND ^H I( 卫．0NS Vb1．18 

ple data for a Pair of i 呲and output variable terms． 

The s'te~ required forthistask a∞ soecifi~ below． 

I)Usii~g the c-m啪 s dIls 血培metl谢 and the 

samples c~tained，golera~ the centea"Vf1]L~ of of 

each chls~r for each input／output va~ble．The h】s嘧 

numberof a variable．which equalstothe 盯Ⅱ numb~ 

of that variable．can then be chos~l according to the 

,：omplodty ofthe controlled pIocc ． 

Ⅱ)Thewidth ofeachmanb既 Ijpfunction cⅢlbe 

d enn删 accordingto thepre-defi~ i overlaptmmne一 

时 ． 

Ⅲ)Coasm．vzt a network in which the nodes in 3rd 

layer柚】y c0删 with the nodes in the 4th layer at 

start．This network is similar to the network in Fig
．
2， 

exceptthattheCU(sample data，whichis notthe 

as netwolk outputin Fig．2)isfed into the ix~twoik ac- 

∞rding to the diIecdonofflow．For eachpairof sample 

data，the inputs(E and CE)Ⅲe propagatedto the 2nd 

and 3rdlayer accordingto the direction offlow．Simi- 

larly，the output(CU)isthenpropagatedtothe4t11 一 

目 in ordert0 generatethe output oflayer4withthefol— 

lowing equation： 

dI4)=e一 ， ：l，2，⋯，村， (7) 

where朋 isthe BBn1~ ofthe sample data． 

IV)With the output in layers 3 and 4，p~'fccm the 

competitive learning in these 2 layers．Here，it is as- 

sumedthatthe output ofthe4th layer showsthe degree 

ofwin ofthe output datainlayer 3that∞n p0ndgto a 

pair of sample data．n weights for eachlink hum ilh 

nodein3rdlayertothejth nodein41hlayer．w／ic砸lbe 

obtainedby thefollowing competitivelearning： 

哪=一6j (" 一口 ． (8) 
Forthewhole setof sample data．perform Steps1—4t0 

getthe value of ． 

V)Forthe i血nodein 3rdlayer，findthem《iIImm 

wBight： 

=m且x(toiI，tOi2，⋯，’ )， (9) 

wh ePisthe ruln ofthe4th nodes andJistheindex 

ofthe4th nodewiththeIl~ Unlweight． 

V1)The t11 nodein3rdlayer has alink oulywiththe 

nodeinthe 4th 1aye*that havethem,gximunl v~ight of 

她 jm node．Inthisway，thel证b canbe dc靶肌 jned 

for nodein她 3 layc~r． 

2．4 1'ra~ ag algm{ⅡⅡn ft the neural network 

based flI髓y logic c埘lt即 er 

The aim hereisto give血e sample data 

(蜀，血l，CUI)，( ，CE2， )，⋯，( ，圆 r， )， 

(1O) 

andthelink betweeathe 3rd and4thlayers sothat afine 

ttming ofthe parameters of square nodes couldbemade 

to n ninIi2 thefollowing arT0r． 

TE=∑ ， (11) 

where 

= {(c 一c ) ． (12) 

C ．C驴 Ⅲe the sample data and output of the netral 

ae~wolk，respectively．The b k_pI哪吼l algorithm 

is used to atc the paran~ter．The ~lxor is back 

pl ，ag删 from the 0u Iltlayertothe hidden l 唧 in 

order to refine the pamnem s of square nOdes．The 

training algorithm shown below starts fix~m the output 

layer(5thlayer)tothe 2ndlayer． 

5吐llayer： 

In thislayer，the centex andwidth ofthe ra~nbership 

m =矾 c 一CG)· ， 

Gi= + (c 一cD )· 

[1 il ／ 
巾s (∑ “ ” 

井 器 =器· =c 一CG 
(14) 

4th layer： 

Inthislayer，noparame~ needstobe re~ated．On- 

lythe needstobe computed． 

s， 
． 

(15) 

3rdlayer： 

Only errDr needstobe propagatedinthislayer． 

d{’)=a (16) 

Herejis theindex ofthe nodes in4th layerwhich coil- 

nectwiththe ith nodein 3rdlayer． 

2ndlayer： 

Inthislayer，廿le parame．t~ for她 m 出∞ func· 
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don of1he controller inpu~need to be 锄。d． 

,~xcording to Eq．(10) 

哪 ： mO- ~7器e ， 哪 。 ——磊一’ 
e ， 一 。： 西。“ ——— — 一 ’ 

where 

(17) 

(18) 

a ＼ 1 

÷ ’ 

r一 I3 ，if 4} is theminimun of all 
= { inputtothe kth nodeinlayer 3， 

0． ot}Ier,Mse． 

3 Simulation results 

Consider d1e gastungsten arcwelding(GTAW)as∞ 

exampleof a D∞ss to be controlled，where the direct 

welamg parameter(DWP)is廿Iewelding po0】width and 

~ldirect welding par孤m缸 (1wP)(also，control 

variable)is仕Ie weldirg current．TheⅡlai凸aim of血is 

control problem is： 

Given sample data ofGTAW  pmce~ ，design tl1e 

lle~Iltlnetwol'~fuzzy controllerwhichprovides U( ) 

so as to obtain output Y(̂ +1)，which approaches 

desired output． 

3．1 Ilbb ng of恤 唧 le da悟 

The抽 of血is stepisto obtain sample datato be 

used for training fuzzy lle~Iltl network(FNN)．In 

tI1is simul~on廿Ie sample dataist( ， )．k=1，2， 
⋯

，Ⅳ}，wl eⅣis number ofthe sample data and 

， is welding cI】 1t andwidth ofw她 po0】 

m steps of ，respectively．To obtain d1e sample 

data， ~ldirg al∞ n at step  ̂ ∈ 【lm ，，一 J is 

given．wI研 e，m_口isthe rr~ unl reqt~ed welding cur_ 

i~entto form the welding poo1， le，一 is廿Ie max1一 

mlllnweklingalm ttoa1 that a bum 山IDIlgh does 

nottake place．At each step^，廿Ie weldi~ width 

conn~lxmding to weldirg alnem is calculated． 

Assuming that the heat intensity at在tm step k to 

ttleweldingwork pieceis 

exp(一 ， (∞) 蒜 唧卜 

where田：efficiency ofⅢ ，厶：weldingal棚 n at 

step k，U：aI_c vD姆 ，h：thickness ofw k ，rd： 

efficient蝴 input曲 s，r：dis啪 cc缸 眦 吐le p。面tin 

吐le w0 pieceto吐le oente~of}咖 s(哪 ． 

1tle heat so㈣ used in e simdati~ fclll明幅 

GaIlssi觚 dism'b~ion and 吐1e weld 刚 width is日}le 

m  wjdn1ofraeltingⅢea．By calada血Ig tl~II- 

pel~mre distribution of step ac。0IdiⅡg to 吐leⅡ 曲唱 

point of workpiecematerial， welamg po0】砒 b 

caIl be 0btain。d． 

Themnpelature distribution has been calculated wi血 

the help of ABAQUS software package The o0r di— 

donsfor廿Ie calculation afe曲 m in T，问e1． 

Table 1 Calcdati~ conditions 

n∞-划  

妇 ofw 

(∞rch蜘wehng speed) 

bql】id condI】adv时 

solid cc 口 

lleat(1 i and c) 

Ji(IllidI_s∞珥 an 

soli ∞口 目∞re 

specific igbt 

latellt嘲  

1Cr18Ni9n 

250锄 x 10c恤 ×lmm 

0．65 

10．0V 

3．0T衄  

1 5~m／s 

213．0～60．0A 

笠．0W／(m-K) 

加．0W／(m-K) 

735．0J／(kg·K) 

1723K 

1523K 

7加 Ok 哪 

2．47x1 g 

Fig．3 shows sample data at ever]step ( =1， 

2，⋯，148)． 

60 

芒 
8 

掌 。 
苎20 

看 0 

三 6 
量 

{ 0 n 5(I l00 l50 

Fig．3 Sarap[e data for welding~llrrettt and pool width 

3．2 A坤 邶蛀唧m伽 0f pro0e辎 mod 

"INs step Jns to configure the model between 廿Ie 

~e,ldingal∞ n and p。01widthfor simulation purposes． 

A Ⅲ曲 ~AQUS s／w could have I蹦 for 

tI1is p0se，itⅧ decidedto ca】cl山 妇  
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othermetlKxl m~ tly dI to the fact that the calculation 

speed of ABAQIJS is very low for OUI"simulation lmr- 

poses．1tIis relatiomhip betweenllaeweld~g current and 

pool width m  set up usiag BP network based 012 the 

factthatBP network carI approximate anyfllilctionwith 

anydegreeof similarity．This stepis not req捌 forthe 

owline control of a realprocess asthe output ofthe pro- 

。ess~ oondingtoinput c∞ be oblllillt~ directlyfrom 

the plant． 

The relationshipbetweenwddi赡 poolwidth andweld- 

lagam鼬t∞ l bea【 ess。dbythefollowing equation： 

IF( -I-1)= 

，(IF( )，IF( 一1)，⋯．IF( 一 )， 

I( )．I( 一1)．⋯，I( 一m))， (21) 

w}1日ethe flmctJ．ollf represents a memory-less nonlinear 

function． 

Ofthe sample data usedin Fig．3，data numbered 11 

— 148 were chosen asthetraining sample data．The es- 

tablished model is used to replace the practical GTAW  

process during simlllation． 

3．3 Simulation resultsfor孽NN control systi~ln 

The stepstaken duringthe simulationⅢe asfollows： 

StepA The sample datafortraining FI．C were gen。 

eratedfrom Fig．3 usingthefollowing expression： 

t( ，c )，c ， =11，12，⋯，148l， 

r = ( +1)一 ( )． 

{c = 一 -lI (22) 
LC = 一 -l_ 

Step B Po．．~ollll the clustering ofEk，C ，觚d C 

in to assig~ tl1e~：nter ofeach cluster as center 

for eachmefabersN．pfunction．0m se妇 cluster1311111。 

b目 as 3．which c。∞：spc toNeg~ive．Zero andPosi- 

tire respectively．Obtainthewidth coIIl=sp(m蛐 to each 

membea~ ip 眦 don by cl1c0sing 岫 矾ra1ap parameter 

as1．5． 

Step c ~ live k啦 is used to obtain岫 

liIIk between 3 and 4 and ‘THEN’p of nile can be 

dbt ∞d．Table 2is吐Iemle base obtained by cc IlP嘶 - 

tirelearaing u曲唱 吐lese sampledata sets．From 恤 ． 

c龃 s。e that the link between 3rd and 4血 layea"has a 

sⅡ。ng日p】 舳 y ability．The above fuz mlcsⅢe 

∞∞ 幽 gto n"∞in【1 J． 

Table 2 Themkbase obtain~ by eompetilive 

lcarningwith 138 sample data set 

m in Fig．5ⅡIm山∞司 11一l鹌 血 

Step D using obtained s协lc岫 of and 

sample data sets above，perform m ott-~ 妞 iDg of岫  

mefabersNp fllll~iOIl byBP algorithm．The member~ p 

fllllcti(~l after the廿；她 of BP埘 出 is ．m 

Fig．4． 

0 5 

0 
— 0 5 0 0 5 

F 4 Membershipfunction ofCU(upper)，E(middle)andCE 

(1ower)aller the off-line fine tuning by BP algorithm 

Step E C~ tmct the cl∞e loop with form of 

Fig．1 to realize t}le dose loop cc~atml of GrAW pro- 

cess．h every control cycle，nlnethemembershipflⅢ - 

don accoIdingto岫 Iealinlmt and output oftheGrAW  

7 

害 6 

5 

岩 
4 

60 

0 50 1∞ 150 2011 

0 50 1∞  150 2011 

Fig．5 Control results with the fine tuning of 

membership function 

Fig．5 shows control results andweIding current at 

every'。0咖 l eyde廿Iat眦  nedu血喀 fhe plq删  

E  B  
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neural based fuzzy l o0n删 h．h tl1is figI1Ie，the 

solid bne豫船 seⅡb 吐-e de I甜 output w量Iile吐-e dashed 

liIIe Iq)Iesel output of船  l system．1tlis 

r瑾： of_mtarp 印pljesto吐leIemaiIli】1g丘 ． 

4 ‘l卿 ads0玎with 0tllermethods 

4．1 蛋IC 、’噎d1眦 ~ -line fiI tImjng 

F ．6 shows res withoutthe on-line~ -m ing 

of m岛nh嬲llip function．The m∞III p thn~inll is 

o／xained directlyfrom the off-linelearning by us'mgthe 

sample data shownin瑰 ．3．It can be s。∞ thatthere 

exists certaindegl~ee ofoscillation and steady statea ． 

7 

雪 6 
电 

5 

{} 

4 

6o 

0 50 l00 I50 200 

0 50 100 150 200 

Fig 6 Control results without the on-line 

tuning ofnembership function 

4．2 PI eoraroller 

A‘m  ngto S!!mlkl andHal'dtct al[ 
． the d)qlamics 

for GTAW c血 be 刚 as a fi／st order n；ms缸  

如 between the wc她 IIg pool width and 栅 IIg 

cun'ellt．Thisis expressed asfollows： 

G㈨ = = ． c∞ 

It’sZOH equivakmce is 

G( )：— ． (24) 
4-dD 

where 

口p=一e一之，6p=Kp(1+ap) 
and T=sampletime． 

ByIlsingthedy1]~ cmodel realizedbytheBP al80· 

rilima describedin 3．2， c血 街era船 a sequencethat 

cm be  usedforidentification of paIam出 rs。p and bp． 

ParanleRws call be obtained by the least-squares 

method．Thefollowing standard sll'uetureofH controller 

_蝎used~‘l1
．  

= + ． c 

By using the transient-response metlx~[ 
， the pa． 

mm啪 ofPI controller =3．6873 and =1．0642 

canbe determined．The control resultobtainedusingthe 

PI controlleris shownin F ．7． 

} 7 
差： 

60 

≤ 50 

l 40 
a 30 

20 

0 50 100 I50 

0 50 100 I50 

time step 

Fig 7 Output resuRs of PI con~'ol system 

4．3 sIc Pmethod 

1l1e STP，PP metlx~ used t蚶 e is the s眦 硒 that 

used by Suzuki[ “，the details ofwhich aIe not detailed 

t目e．Theclosedloopmodelisthe gm asthat in 

[11]，whichis ofthefonowi~ form．． 

Gm(s)= · (26) 

The parameters ofGTAprocess。p and bp舡e唧 

in every contld cyclewith thefollowing n ur least 

squaresmethod． 

以=以 + (儿一 Z一 )， 

0 =[ ]， 

九 =[一 一1 一1]T． (27) 

= 一  ． 

1l1e effect ofeonuel oflira s1[C，PPmethodis shownin 

融 ．8． 

From the above o0mpaIisons．it cm be cl~dy 

that neural n既wO based FLC hasthe bett~ m。l es 

when∞q】nfedwiththeRC wittmm 0n-lincnming，PI 

control metlx~ and 翻[P／PP metlx~ for the control of 

theGTAW  proeeas for the case of wdding ctmlmt and 

welding poolwidth theinput and outtmtIc印ec ． 

It is also evident that the free uming of m Db 

fonction cn  improve the~ sfics of the symma． 

ThePI and STC／PPmethods am based o11the asmm~． 

tionthat吐leGTAW is alinear sys~sm This勰飘加叩 

_E 量 u 
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80 

≤ 60 

l 。 
20 

0 50 100 I50 

O 5O 1O0 150 

tLme／s 

Fig 8 Control result ofSTC／PP control system 

leadstothe neglecting of nonlinearproperties ofGTAW  

process，which resultsin a clear diversion between the 

establishedmodel the real pt'~ess．As the l"esult of 

this， the conlxol result is not as good． In STC／PP 

methodthe processn~delis uNated accordingtotheIe- 

al iDput and output of GTAW pIIZI~SS 1his somewhat 

compensates f0r d1e11011一fineanty oftheprocess bytin— 

e缸j五ngthemodelin a smaU space．，It1isleadsto better 

dynamic propertiesthan those realized by the PI conlxol 

system． 

5 Conclusions and discussions 

，It1iswork COrL~ fllat a neural network basedfuzzy 

lo c conlxoller carlbeused effectivelyinGTAW process 

conlxol without deriving a mathematical n~del of the 

processwhichis obtail~ withthe help ofcomputer sim- 

ulation results．Unlike the traditional H￡ ．neural net- 

workbasedFLC incorporates alearning abilitywhich carl 

be used in the fine tuning of membership function tO 

minimizethe output P．．ITOrofthe control system．1his al— 

lows for the properties of the conlxol system to be im- 

proved．It has been shownthatthe rulebase Callbe gen— 

erated automatically by 吐Ie proposed method．This is 

very useful astheproposedtechniquedoesnot relyI~eav- 

fly 011theiIlputsfrom an~Xpel't．Ithas also been shown 

fllat theprol,o~ neural netwolk basedFLcwith on-line 

freetuning hasbetterd 矗c s蛀cB也越1 those obtaiaed 

using traditional H￡ without on-line fine-tuning．PI 

control mid STC／PP based approaches．However，when 

theinput ofthe systemis subj,,ctedto abrupt Chal'lge 

(e．g．welding pool widthfrom 6—5mmin血 蚰印 

100inFig．6)，the eoalzol variable nBarthis time step 

c0ns of some osdll~ on$．These oscil~ ons c∞ be 

reducedbyin∞邛0la吐ng the chall~ iniIlp呲 variablein 

the perform~ index(equation(17))． 
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