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Research on menu—typed man—machine interaction 

system of digital TIG welding machine 

He Jianping，Zhang Chunbo，Sun Guang，Wu Yixiong and Jmo Fujic 

何建萍，张春波，孙 广，吴毅雄，焦馥杰。 

Abstract A d matt．machine interaction system controlled by communications between two processors of TMS320F240 

口nd A／98C2051 w researched in the paper．The system is easy to set and modify weldingprocess parameters 69，keyboards， 

and 却  information ofwelding site by LCD(Liquid Crystal Disptay)．As onepart ofmulti·task system about TIG welding 

machine，the coordination ofm,an．machine interaction system with other tasks is the mainpoint to the stability and reliability 

its operation．Experiments result indicates that the system is stable，operation-flexible，highprecision，and anti-inteoCering． 
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0 Introduction 

More and more research on digitalization 

machines has occurred since the first digital w 

of welding 

elding ma— 

chinet 】of the world was manufactured by Fronius company 

in 1990’s，which has become a main trend of the devel— 

opment of welding machines【引．Man—machine interaction 

system is external appearance of digital welding power 

source． 

Man ··machine interaction system is the direct opera·· 

tion interface between human and machine，which is a 

window for the operator to send messages and instructions 

to machine and observe parameters and information about 

working site．As an interface，it must be friendly，flexi— 

ble，multi—function，reliable，compatible，positive，and 

etc[ ’ 
． Some big welding manufacturers have had prod— 

ucts wit}l man—machine interaction system through LCD 

(Liquid Crystal Display)and keyboards to set welding 

process and welding process parameters，and display infor- 

mation about work site．For example，TransSynergic 4000 

F5000 and TransPuls Synergic 2700／4000／5000 made 

by Fronius Company in Austria，which has a multi—func— 

tion man—machine interface for pulse MIG welding，DC 

MIG welding，manual welding，and TIG welding，with 

different materials and different diameters of welding wire； 

MK CobraTig 150 made by MK Products，Inc．in Ameri— 

ca，which has friendly programming interface with LCD； 

Automatic M microprocessor—based weld control made by 

Miller Electric Mfs．Co．which can be used for MIG weld— 

ing，pulse MIG welding，and self-adapting pulse MIG 

welding．All above have man—machine interface processor— 

based to set functions and parameters through keyboards 

and display by LCD，which focus on the way of function 

keyboards．Article【 ]introduced a man—machine interface 

based on PC(Personal Computer)．The research in Chi— 

na，unfortunately，on welding power sources based on mi— 

croprocessors is limited to control systems，with few re— 

searches and reports about digitalization of man—machine 

interaction system in welding machines[ 
． 

1 Selection of man-machine interacting ways 

Suitable ways for man—machine interacting in working 

site of process control are menu or asking··answering con·· 

versation or function keyboards．Asking—answering conver— 

sation is low efficient，less flexible，low speed，inconven— 

ient to modify and expand． Function keyboards are so ar- 

bitrary with less standardization as to cause trouble in 

memorization and operation．Menu is the most extensive 

and earlier··used man··machine interacting way by which 
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the operator can choose one from a series of items，and ev— 

ery possible item can be displayed on the screen with the 

form of menu．Operators can learn and use the menu in— 

teraction quickly．Meanwhile，in menu interface，the op— 

erator selects menu items with fewer inputs，which is diffi— 

cult to make mistakes． 

A friendly menu—typed man—machine interaction sys— 

tem was implemented in this research through the commu— 

nication between two processors：one controls the display 

of liquid crystal，another controls the operation of kev— 

boards and working site．During welding
，
the operator can 

be under the guide of the system and finish the process of 

man—machine interacti0n． 

2 Design idea of man—machine interaction system a． 

bout TIG welding 

Menu—typed man—machine interaction systems in re— 

spect of welding machines can be used to accomplish a se— 

ries of functions．For example，setting welding parame— 

ters，choosing welding process，modifying and displaying 

parameters dynamically，indicating welding moments dur- 

ing welding，and etc．Meanwhile，it is important to use 

fewer possible keyboards to fulfill required functions in or． 

der to reduce hardware． 

Four keyboards，“MENU”
，
“CONFIRM”，“UP”

， 

“DOWN”，were used in the research
， and the display 

content was distributed to six interfaces：friendly inter． 

face，menu interface，parameter pre—set interface
， param— 

eter。modifying interface，welding waiting interface
， and 

welding site interface． Man—machine interacting process 

with the four keyboards and the six interfaces is showed in 

Fig．1． 

As long as the welding machine on
， a friendly inter— 

face is displayed，meanwhile the system monitors user’s 

keyboard operation．When“MENU”is detected bv DSP
． 

the system enters menu interface
． There are three options 

in it：Pre—set，Weld，and Exit．User moves the eursor and 

chooses items by “UP” and “DOWN”
． When “CON— 

FIRM'，is detected on Pre—set item
， system enters parame— 

ter pre—set interface，it is in this interface that the operator 

does preliminary work by the system
． When“CONFIRM’’ 

is detected on Weld item，system enters welding waiting 

interface．Wh en “CONFIRM” is detected on Exit item
． 

modified parameters 

by UP／DOWN 

Fig·1 M an-machine interaction process by keyboard 

operation and Hquid crystal display 

the system will be back to friendly interface
．  

The number of pages regarding parameter pre．．set in．． 

terrace is corresponded to the number of paraaaeters re— 

quired by welding process．So eight parameters are needed 

for TIG welding process：Pre—Gas time
， Post—Gas time． 

ascending time of welding current
，
descending time of 

welding current，igniting current
，
welding current，initial 

current，ending current．’The operator can choose parame— 

ter pages by“UP”and“DOWN”．When“CONFIRM’’is 

detected on some parameter page，system enters parame— 

ter-modifying interface，the operator can modify the va1ue 

of the chosen parameter by“UP’’and “DOWN”until a 

required keyboard value is set，then the system goes back 

to parameter pre-set interface by“CONFIRM”．The oper- 

ator can use this way to modify values of other parameters 

until every single parameter is set
， then system can be 

back to menu interface by“MENU”
． 

When the welding torch on detected in welding wait— 

ing interface，DSP controls the system to enter welding site 

interface in which DSP monitors
， samples and controls． 

The man—machine interaction system displays dynamica11y 

every moment of welding process and main relevant param— 

eters，meanwhile，tIle operator can modify the weldin。g 

current value of working site by“UP”
， “DOWN”．The 

system will be back to the friendly interface autonatically 

at the end of welding process
． 
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3 Working principle of mall-machine interaction 

system in TIG welding machine 

3．1 Hardware principle of man-machine interaction 

system in TIG welding machine 

Multi—processor system is one of the best ways for the 

rea1．time concurrency operation of multi tasks 卜¨． 

TMS320F240 digital signal processor was used in our re— 

search as the main purpose of TIG welding control，and 

AT89C205 1 single—chip processor was dedicated to real 

time display of welding field by communicating with 

TMS320F240．A display block of liquid crystal based on 

character，MDLS16465，was used to meet the need of dy— 

namical display． 

During the process of man—machine interacting， 

TMS320F240 scans the keyboards in real time．The key— 

board scanned can be judged by the keyboard value．After 

process judgment，corresponding message is sent to 

AT89C205 1 to display，which will be dynamical display a- 

bout welding site．During welding，TMS320F240 samples 

parameters from the working site in real time through A／D， 

and sends data disposed to AT89C205 1 to display dynami— 

cally．Th e working principle of the man—machine interac— 

tion system centered by TMS32017240 is showed in Fig．2． 

Fig．2 Block diagram ofoperating principle ofTIG welding 

control system centered by TMS320F240 controller 

Th e communication between TM$32017240 and 

A 9C205 1 is asynchronous based on software protoco1． 

TMS320F240 transmits flags and data to AT89C205 1 and 

receives data from AT89C205 1 by serial communication 

based on signals DSPTXD and DSPEXD． 

Th e four keys ale arrayed in a line，so a line wire 

(PC7)and four row wires(PA0一PA3)are required． 

TMS320F2dO samples welding voltage and current through 

ADIN0 and ADIN1．PWM(Pulse Width Modulation)con— 

trol signals ale provided through PWM interface on—chip· 

As a data port．the P1 of AT89C2051 sends control 

bytes and display codes to MDLS16465，AT89C2051 re— 

ceives flags and data transmitted by TMS320F240，judges 

according to flags，displays correlated information accord- 

ing to data． 

3．2 Programming principle of man-machine interac- 

lion system in TIG welding machine 

A DSP main·-controlled process of man·-machine inter- 

action system are involved six moments that are distributed 

to the system work based on the six display interfaces dis— 

cussed above：friendly display moment，menu selecting 

moment，parameter selecting moment，parameter modif- 

ying moment，welding waiting moment，and welding oper- 

ation moment，which can be represented as moment 1，2， 

3，4，5，6 easy to discuss．Th e friendly interface is dis— 

played while the machine is switched on，which is deter— 

mined by different machines and different requirements． 

The main task ofDSP is to scan keyboards continual— 

ly，dispose keyboard value，and switch operation moment 

if necessary． Moment 2 can be entered when “MENU” 

pressed．Th e operation meanings of“UP”，“DOWN”， 

and“CONFIRM” are different in moment 2，3，4，5， 

and 6，therefore，when one of this three keyboards detec— 

ted，DSP is supposed to judge which moment of the system 

is in．The operation meanings of keyboards in different 

moments are showed in Table 1． 

Table 1 The meanings of keyboards in different moments 

Moment 2 Moment 3 Moment 4 Moment 5 Moment 6 
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4 Experimental results 

Some experimental yesults of the m~itll—machine inter— 

action based oil keyboard input and MDL16465 display 

throu【gh the eont~I of 1wo pro(．essors．TMS320F24O antI 

AT89C2051．is sho~ed in Fig 3．Fig 3a is a friendly in- 

terrace，the content of display can be changed according to 

practical situation and usm ’s requirement Fig 3 b is 

Hl~nu selection jnterface and the CUI~or is‘，n P —set item 

Fig．3c and Fig 3d are Pre·Gas time page and welding 

current page in Imrarneler—modih．ing interface．Fig 3e 

welding waiting inle~hc’e In this nlomenI．when the sys— 

lem has detected the welding total1 0II credibly．it will ell— 

ter the welding ptYK．ess and jnleract belween man antj Ilia— 

chine during welding process：otherwise．when the system 

detects the welding torch is off．but the MENU” avail— 

able．then the system will be back【0 the friendIv iliter— 

face．Fig．3f is a dynamical image when welding is as— 

eending in welding site interface rhe first line of the 

image indicates that is the nloraertt welding current 

a】Friendly interface Ib)Metal interface 

c】Pre-Sel page Id 

P陀一Gas time 

e)Welding wailing 

】rttefface 

‘1)Pre-set page of 

welding‘-urrent 

I gvel,：tilIg site 

Fig．3 M ain display interface of man-machine 

interaction about TIG welding 

ascending．the second 1ine shows '̈e minute left Ibr the 

ascending moment，the third line displays weldi* current 

and welding voltage dynamically． 

5 Conelusions 

~onle conclusions．based(Ill a loI l'esearches and ex． 

perimetlts．have been gained ds follows． 

(1)The experiments have showed thai tile menu． 

ped n／aft—machjIte interaction system in our research im． 

plentenks Ferfeefly the design idea to display inhmnation as 

much as possible from t Jle working site including operating 

process，welding process，site me＆ a磬 ， and others such 

as wan*ing and prompting if necessary when practical situ— 

aljon consjtiered 

(2)Our experilnents indicate thai there are two 

points about the reliability of the marl—machine interaction 

base rl(tn two processors of TM$320F240 and A1"89C205 1． 

One is tile reliable communication between 1MS320f 40 

and AT89C205 l，mmther is tile speed match ltltlOllg tim 

manual operation of keyboards，the display of CLD and in— 

stria(。tion executing of TMS320b~40 and A r89c205 1． 
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