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Development of Welding Mobile Robot for
Lattice and Smooth Curved Welding Line
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Development of Welding Mobile Robot for
Lattice and Smooth Curved Welding Line

Byoung-Oh Kam

University Research Interdisciplinary Program
of Mechanical Eng., Graduate School
PuKyung National University

Abstract

This dissertation is concerned to the devclopment results of welding
mobile robots to track lattice and smooth curved welding lines.

In welding process of the shipbuilding industry, ship bottom is
assembled of several egg box type of blocks in order to enhance
intensity. In these cases, the egg box is completed welding processes of
various types such as horizontal, vertical and lattice type, and the
smooth curved welding is also used to in piping hole welding of
elliptical and a wall welding of a cabin. However, the welding process 1s
very complicated and it mainly depends on human’s experience.
Moreover, to realize or automatic welding process, we have solve several
problems such as finding a slowly start welding point, mobility, cost,
miniaturization, etc in order to use welding robots of a manipulator
types.

In the case of using a manipulator type of welding robot, we can not
avoid from several problems such as finding a slowly start welding
point, mobility, cost, miniaturization and so on, Especially, in the cases
of a mobile robot for welding purposes, there is very complex problem
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such that the motion control must be done in the view of keeping
constant welding speed and precise target line even though the robot is
driven for following lattice welding and smooth curved welding lincs,

To obtain good welding bead, the welding speed must be kept
constant or at least in a predefined limited range. Furthermore, the
position of the mobile rtobot must be controlled to asymptotically
converge because of limited length of torch slider. In addition, a slider of
the mobile robot carrying torch must be controlled for the end of torch
to be kept at the welding target line.

First, the devcloped welding mobile robot for lattice welding is
modeled based on Lagrange eguation under nonholonomic constraints and
the model is represented in state space form. The motion control of the
mobile robot is separated into three driving motions of straight
locomotion, turning locomotion and torch slider control. Moreover, PID
control method and PD control method are used for the torch slider
contro}  to seam tracking and straight and turning locomotion,
respectively. Also, the straight locomotion 1s controlled according to
eleven control patterns obtained from displacements belween two sensors
of the seam tracking sensor and the body positioming sensor, and the
body and the torch slider are controlled by using the kinematic model
relaled with. two motions of body turning and torch sliding in turning
locornotion.

Secondly, this study proposes a welding mobile robot for smoocth
curved welding line is also developed and proposes a nonlinear controller
using backstepping method based on Lyapunov stability for tracking
reference welding path and velocity.

The proposed control system is stable in the sense of Lyapunov
stability. An error configuration is defined mn order to design a tracking
controller for the reference welding path and the proposed controller is
designed to drive the error to zero as fast as possible. The developed
welding mobile robot for lattice welding is composed of main controller
-part, driving actuator part, body posture and seam tracking sensors. The
main controller is developed by using Intel 80cl96kc microprocessor and



it 1s composed of main CPU, motor drivers for locomotion control,
kevpad for input of welding conditions and 7 segment displaying those
values. The driving actuator part is composed of two wheels connccled
with bevel gear to DC motor(24V, 24W). The control system is simple
in terms of hardware and programming due Lo its functionality based on
Microchip PIC16FR77in modular design. The control board is specially
designed for welding mobile robot with a complicated control law, and
this is the case of application. The control board inlegratcs two
PIC16F877s as either DC motor driver or general-purpose CPU which
depend on specific apphcation.

In this case, welding mobile robot is composed of two boards and
three PICI6FR77s in total ; two servo controllers for left wheel and right
wheel control, onc for man CPU. They are linked via [2C
communication in which two controllers as slave and main CPU  as
master are used.

The effectiveness of this researches 1s proven through the simulation
and the experimental results for lattice type welding path and a smooth
curved reference welding path, respectively. In these results, we can sce
that the position value of the clectrode end point and the welding speed
arc controlled almost constantly both in straight and turning locomotion.
Moreover, it is shown that the controller can be used for the control of
welding mobile robot with good performances.

The developed welding mobile robots for lattice and the smooth
curved welding should be used widely in the fields such as shipbuilding
and assembly process. Especially, 1t the will be expected thal seam
tracking sensor can bhe used for other automations including welding
automation. In the future works, the welding mobile robot can implement
welding, evaluations of welding guality and diagnosis of welding quality.
Morcover, an  intelligent  welding mobile robot  for cooperative
automations will also be developed for the future.



Nomenclature

b : distance between driving wheel and symmetry axis [mm]

d . and mass center of mobile robot: distance between [mn]

D, coefficient of viscous friction of rotor on left wheel motor
J: ¢ inertia moment of rotor on left wheel motor [kgmr]

D, : cocfficient of viscous friction of rotor on right whee! motor
J» © inertia moment of rotor on right wheel motor [kgmr]

D, coefficient of viscous friction of rotor on torch slider motor
Ji ¢ inertia moment of rotor on torch slider motor [kgmr]

Kpp © derivative gain for the mobile robot at straight motion
Kpp - proportional gain for the mobile robot at straight motion
K s : derivative gain for the torch slider

Kps : proportional gain for the torch shder

K integral gain for the torch slider

K7t derivative gain for the mobile robot at turning motion

Kpr proportional gain for the mobile robot at turning motion

P

. mass center of the mobile robot with coordinates (X e y(‘)

Py : geometric center with coordinates (xo, yo), that is the

intersection between symmetry and the driving wheel axis



r © radius of wheels [mm]

» - radius of pinion [mn]

U; : control input for the torch slider

i, : control input for the mobile robot

v, : welding speed [mn/sec]

¢ - velocity of mobile robot mass center point [mm/sec]
Vo velocity of mobile robot center point [mn/sec]

¢ © angle between the absolute X axis and the forward
direction of mobile robot [rad]

« - angula velocity of mobile robot center point [rad/scc]

X, @ initial distance between center of mobile robot and X axis [un]

X; ¢ length of the seam tracking sensor [mm]

X,  distance between geometric center of mobile robot and of

the seam tracking end point [mm]

X, © distance between the seam tracking sensor and £, [mnl

/. : distance between the body positioning scnsor and P, {um]

X =Y  world coordinate system

. @ mass of mobile robot exclude the driving wheel mass and

motor rotor mass [kel

M, . driving wheel mass including motor rotor [kel



incrtia moment of driving wheels and rotor of motor on

driving wheel axis [kgmr]

“inertia moment of mobile robot excluding driving wheels and

rotor of motor of DC motors [kemm]

inertia - moment of driving wheels and rotor of motor on

wheel diameter [kgmr]

. rotation angle of right motor [rad]

: rotation angle of left motor [rad]

: shaft angle of torch slider motor [rad]
: torque acling on the right wheel [kgmn]
 torque acting on the left wheel [kgmn]
" torque acting on the torch slider [kgmm]

! Lagrangian multipliers
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b)_Pure rolling condition
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A(g)g=0 (2.9)

sing —cos¢dp d 0 O
A(g)=| cos¢ sing b —r 0
cos¢ sing —b 0 —vr (2.10)

@10 A(g) & olgdte 42128 BEHE S(¢)F TeH
@o] vehg & gtk

S(q) =1Is1{q), s,(q)]
c{bcos¢ — dsing) c(bcos¢+ dsing)
c(bsing + dcos¢) c(bsing — dcos¢)

== C —C
1 0 (2.11)
0 1
A(q)S(g) =10 (2.12)
o 7] A,
N
Y

@ S(g)E A 212)2 wHAD £ v AHER TAE  full-rank
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Iwylz T, — /137’w (2.24)
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force) &olm E(g)% full-rank 48 @¥a8Peltt. Ag)& A3
o} & @ (Jacobian matrix)o|® T, AL zZ+Z Ao|gE WE e F5
o wWElolth 4(225)8 hadatr) s @A HEFE] AE &
Asl, A AAS7) YadE A2 gwd ST(g)E #Etd
Asrstd 222603 2,

ST(g)M(g)q+ ST(q)Clq, a)a

= ST(¢)Etg)r,— ST(g)AT(q)A (2.26)

A2 ST(OHAT()A=0, ST(@)E(g)t,=I,,9] B4 S
ol g3l A(21MHE A(226)9) tidstd (2271 ol TdstA A
9% 4 Aok

ST(g)M(g){S(q) ¢+ 5(q)¢}
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Torch slider

\\\\\\~

Seam tracking |f* I Torch slider
sensor a
' Body posture
} sensor
X
Xy " !
< e
N
NN Wit}
I gi =l
i [
I ]
, L/@ 0y
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Fig. 2.2 Torch length and mobile robot velocity
for fattice welding
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£4 2Agd4 84 B4 B9 2 88AS AAY £44 37
dAAe) B xo 2B G SAW o] Frie] FAF $HA
2 Ao A Hw SHA FA A e 2mFel o8 §HY A
WAE Bele] gm vw Bow BolAA HI, %9 Polt /R
wo a9Elel Azedst waRd of | 84 EX &dold: 84
qe 2437 98 SHY TR x9 WANF £A Sehlud
do] Aolz #FHow SYMe FAGA Hh X Hekelre ol
xe %o WMeNE AR gxoln xel WAE B4 0o HEF
A o] ok, |

(n— 1)HAGA (n) AAZ 798 o o E=io] Agle] WH

A

7 Ae)abzh wraeta] gkebE A ggo) o]FAAY He Peo
AT, (90 — g)ubEe] AFZ AR A HA &3] BAHM A

5

= oARe Pold olAg 4o vehie opga 2

P,P,= x_.sin (90 — ¢) (2.29)

A (229& v Eshd & 2

d . . .
i P,P,= x,cos ¢ — x,¢sin ¢ (2.30)

o 71 A,

X Xeo _ X

cos (90 —¢) ~ sing

X, =X, x;=

_26_



X, = dcos ¢

A (2303 olEEE FadMe AR wE £ VE o] 83y
olERKo 2% u dA BFHe] o|FAAE AR &H FE Y
= Ya fdoh

_d
V= " P,P,+ Vsin ¢
= x,c08 ¢ — x,Psin ¢+ Vsin ¢ (2.31)

X
rr
nx
k)
1y
™~
s
v
L
X
=t
r-%
Rl
2
£
‘
4
9
g
2
oo
o
ﬁN_‘
i
r>~

2@ saolty. AFINY £[A A AME 24 WM

(linear potentiometer)& W&3slx glch
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Welding line

Rotary potentiometer

Welding point W(x ., y.)

Linear potentiometer

Ly
Po(x,¥)

Seam tracking
sensor <2

Welding torch ; -

Desired welding
point
Dix,,y,)

1.0

y
I |

A ' "‘ff 0

Welding point «
Wix,.y,)

Fig. 2.3 Acquirerment of the smooth curve
welding line information
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g FA@
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of BRI olTRREo WeiXs HA O Fej 2xZe) Por
g3le) Wyon AWsAY, FHEAL §YAAA AAsA R3he
Fe7h Bl Fig. 23004 B A# go] @A &3e] olfeiAm g
o AHe Wdoln dA g4 ojFeiAord Nde D Helnh of
o} ol olB R 9] oxg da FHAY x4t wAsE o
QAghe EA Eefoltie] MAd MY TAMulgHz ZHstu, of &
e ez FoRT. F e o]FERY FAdM SHAAAY A
2 oo},

g3l £yoA &3 A 44 A3 B o= AR(EA A
#2hHE 90°% FEow &y B4 /4 AR FAelA £10° AAA
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& ggt}h Fig. 23004 Wet D7F ¢Rstrlet Qazhe] a7t 24
Al # o, o wf & zte] 907l HEA g M| Bo] o] FoiAa g)
D AR E evt5Y Ad a7 HAd

ey, ex9} ey 2(232) ~ A234)3 o}

e, = 7,8in ey : (2.32)
ey = I, — 1 (2.33)
es= £(0,C, 0,0,) (2.34)
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Fig. 245 A% 3% £9 o|52%0 HE o4 2E3HE A&

el Aelth Wi dA) 7o o Reolx 1 = #u (x, v, b.)
W)

2 ey, Re =x sxdAze 2xd (x,v,4,)8 Jeur
Det Wrb UAE @ Zx SdY} o)EaRe spey £xUAy

Abotel BAE A2ITE ol &ate] HABAE (2359 2o}

e
/ 2 Reference welding line

Y A
¥,
Yw

\

\
L — )

x‘W xr xC X

Fig. 2.4 Coordinates of the two whegled mobile robot
for smooth curved welding
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cos ¢, —dsing, v
v,| = | sing, dcos g, [ (D’]
3, 0 1 v

(2.35)

474 V& Bx $d4 RN, o] #HERE A dFatA Aoy

ofof gt} ¢, BEX LHAMIHA XZol o] Ztreltl Fig. 2.40M

B vheh ol WAl SR W ARY o FEyel FAvhe wAE o

X, = x— Isin¢

yv,=v+ lcos ¢ (2.36)
b=

= 5

W EHE Wek ol¥RRe #% $AAR
2o

Xy cos¢ — [cos¢— dsing v
9, :{ sing —lsin g+ deos ¢ || y]
'3 0 1
— Isin ¢
+1 lcos ¢
0 (2.37)

A ZAY B OFREEL SPUL FHs7) A 8P4 2

234 e=le eye;]1’ B4 028 Y= Fojur} A, 2}
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S 2HY $HAY BAY eb 3 FA N, o @ gL
@A epol o8 T BE UM PR E A5V (2389 £

H
Han ex e=leepe]’e @ #8892 £HA Aol

il

HAE vERRTE 2239 A23)E vIEE At

& cos¢ sing 0 X, — Xy
e, | = | —sing cos¢ 0 Vo= Yy
e 0 0 1 b,— b, (2.38)
e v,Cos €3 — w,dsin ey
és v,sin e; — 1+ w,dcos e,
ey W,
—1 €y + 7
+ 0 - el - d [ V ]
0 -1 o (2.39)

2 (239)F A3 fa e= {2 Hostd (24003 o] v}
B 4 gtk

=)+ (&) (2.40)
o714,
e v,C08 €3 — w,dsin ey
£= | e (&)= | v,sine;— [+ w,dcos ey
€3 |» w, ’
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_1 82+Z
g(é’):[ 0 —?elh‘d
0 —1 ’

7= [ g ] (2.41)

H(240% ol FREe FAGA SEwg He2n ABHA A

Aglaw A(242)8h 2o}
M{g)8+ Clq, 9) 8=, (2.42)
o] 7) A,

M=S"MS

:[ Hm(b+d —2dm,+ 1Y+ 1, Hm(b*—d) +2dm,— 1}
Hm(B—d) +2dm,~ 1}  Hm(b*+d)—2dm, +1}+1,

C=ST(M5+CS)

z[ 0 ~2b* O(m, — m,)
260 (m, — my) 0

m,=m.d m=m,+2m,

I=1+42m,(b*+ d*)+21,

m = FEutH S DCREE A9 olFnRo Aoy, M= X

Hel ZEE 2§® FEHAY AFoirh. Lt TEuAS AN ol F
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A% pEubAle] Sxo fe TR £EE Yehhe 4245
4240 e et H04H 2ot

'—gm+e1;1w —2%(I+md2—2m€d)+—fjlw [g]+
r d __r _ _ b
o mT L 2b([+ma’2 2m,d)
-Qrg(me—md)@ _—g(me—md)@ [g]z[r,]
T
_2—Z(me_md)¢ __g(me_md)¢

(2.43)

1
N243F DasEr] 98 [1 ~1 ls gom ven 2
=4

rm—l——%[w 0 [V]
o
0 Z (md+ =2 md)+-42 26 g
=4 m,—ma| O, bom][g]
1 —1][ r]] (2.44)

EE A (240F A(245)9 o] Ttdrd HejE thA] Mg
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&lb:&Qh(U)—Fk(?])u (2.45)

o 71 A1
L0 6y
=“rm+ %Iw 0
0 Fmd+I-2md+2L1,| @
v r
bg=by=— (m, — md)=— (m.d— md (2.47)
_[ 0 a0
h(n)—[ —® 0 ] (2.48)
_[1 1
k(v)-[l _1] (249
I
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ol gsle] Axle] NARE A%F SHIAY, MEZ ZH(gantry robot)
g ol g3t AR AARE AE FHIAD AT, @A AR A
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Photo 3.1+ @& AHel#l= of&ate] Aol AdFE st grnlol

i, Photo 3.23= ZHE2] 238 o] 83l & el Aol

Fig. 3.1 A box type of laltice welding fine

Fig. 3.2 A egg box tvpe of fattice welding line
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F1g. 3.3 Structure of the bottom of a ship

Fhoto. 3.1 Straight welding by auto carriage
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oo
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AH@B.DE EA sgioly dolstel #AZ RHS Y] A8, G

29l (pinion)2} ¥4 7, & FFl w3 Bx o= Ao x,7t 7,0,

A BALE ol &3t GBS A(32)% ol yErAH
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it: _Akt—!_ BZ’t (3.2)

o374
_ D _ "
A=7 B=-7J,

FHY & A9 B3 Soolr dol X %9 Aol vt A
ol =t Aojvle PID AojE ol &dtrt 2z e A F2 A
o WAE etk 2% xve) §HH 24 MM deln, Ak
g3de] UL ogY e $HY 2 AN Lol uE E
A zetoldel dol& Aoldr] §19 DC RElel Aoilgeln, &9

v §AA F4 W49 et

e,= x0—x, (3.3)
u,= Kpe,+ Kis [ edt+ Kpsé, =1, (3.4)
o (35)
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A EEw EAREE Aolstelel Brh SN, ol mio] FAs:
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Aojstm, $5 wiA TF 2HY £5ug Alofste] olFmiol FX
oz FRF & UED AoArh mer A4 F3 AojA) 93 B
Bel &5 Aojwt gath 9% REs HE Ao|g 3 PD Aol E
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el 75 ZEl Ao §1HL wuyolrt
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d'é, dg,

ST TdE T (36)
u,= (Kppept+ Kppe,) =1, (3.7
[l=0s 00y

; 8, (3.8)
e,= v, — v, (3.9
v,= v, (3.10)

74, Ve BT, e, $& EHe £E expold, vt BE
&5 F £H Hxolt (
olE ol A4 Aol £HAH FH A Ang 2R A AN
o] 3p 2 ool Table 31& o % A9 g @& olFE2X
o AqE =A M N2 el ol Table 328 2E9 AAE

b

17 A2 A REEse e FolT et x71e $HA 33 AA

nolst guE Ao 2¥H F2 448 Lol 3% YET, b
o1l 44 @A Aol wA A 44 el XE JEhdnh
Table 219 No, 1& &84 3% 249 2ok A4 4N Zel7t
27l g s Agoln, of Wiz olF2Rel £3 Husd B
A Faas 4HE bk No 28 39 A& AMe ol W
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7able 3.1 Basic postures of a mobile robot

No Body postures f Error values
1 Xee= 0, b,.=0
2 Xee=10 56,20
3 Xeo? 0, be=10

i

X ¢ : the difference between the initial torch slider and current torch slider.

b

ee the difference between the initial body posiure and current body posti.re
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Table 3.2 Posture patierns of a mobile robot

Error values

Body postures
CW ! clock wise

Speed Control of right

No Xee = Xeo — Xy, )
CCW : counter clock wheel
bee = b, — by wise
1 Xee=0 5b,=10 Desirous postures
2 Xoe? 0 b,e=10 CW direction Up
3 X, < 0 b= 10 CCW direction Down
4 Xee =0 5,<0 CCW direction Down
5 Xee=10 56,20 CW direction Up
6 x,.20,5,C0 CW direction Up
7 XX 0, b,20 CCW direction Down
xég) 0 bee> 0 Go far from the welding
3 line Up
( xee> bee) (CW direction)
X€€> 0 bee> 0 Go far from the welding
9 line Up
(Fee € bre) (CCW direction)
x ee< 0 bee< 0 Approach to welding line
100 (CW direction) Down
( xgg} bee) Irection
1 Koo <0 g <0 Approach to welding line D
L. own
( xgg( bee) (CCW direction)
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3.2.3 =29 &3 N LS
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Fig. 345 A48 §4 o|Fiol Axs Awg gAsn =
HEFE S B AFEE T2 BRI (b olE R ol
Axe] AARg SHAnt LA ola Axe] mANRE A
B olsREe Adeleld AH BA4L At 43 A8 o
23 el RAg LHAMZ AR oBRE FAA Q)

[‘.J

13 4w AR ATE o)¥ Ry A SHEAN Ag

ook gt Aoty ojFRL e e fld $5 4 HEHE

10mol ™, MPH BP0 oFrie] dal AL pAU},

(D)= olgRFe] 45° 3G 1golth (OF ol FREo] A w
Ael gHE BE v 4HE vead 349 24T §4 9w
AR HAL B DY w A LA A E SHH FH AA
o Zelgkdt Ax AAe) Zolgkg ol §atid of gol H& A% ge
@3 dAEE, M $EH Ao Slsin opa Azt AHE §
He A% Adaan,

A7be) wAE R £HE A o)L NHT @ £
= A@EIT 2

oS
el
<=
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Proximity sensor

(b)

Fig. 3.4 Turing motion of a mobile robot
for latlice welding
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v, = %( PP, )= % (x,co8 ¢) = x,cosp — x,psin ¢

d .
_{ siflqs}cow”w (3.11)

dEERol Ade WA S8 N AN W §UETY o
2o 57 Aswse BAE UEW Ay o

sin ¢°v,,

¢=-——, =9 (3.12)

Azpe] R FE BHIT] §8) o] FREo] T o o

=

FRE o
B Z&n ¢85 2(312)8 2 AEgA €% wHe 2 (3133
Fige

JGg +Dd = g (3.13)

3] Fg 5] 8 8), oLl

H3 TEMA Hd FEEel e oFERY Hd FEEr o
g3t 2ot

§ ==;(0,-48) (3.14)
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AA BN £%0l AR 98 o olEu¥el A AEE 3
o

1o = mEle Ray olzrie] AEE 9y wol A(314)0

2,
rlo
N

e,= ————* —¢p=¢,— ¢ (3.15)

23159 93k €8 ol &M Aol §F w5k FH Yok
o}

u, = (Kpre, + KDTéa)[ —11 ] (3.16)

v.— (3.17)

3.3 AXNdE 8 Ols=2x9 &

Fig. 35% AAd &3 ols=qe v4& vetdch dA 4 o
Tl HEE 7 YRS A AL R 2AE gon dA AR
o Photo. 332 # 7eAM e 4x4Y &4 ols2XE UEH
ooolE ZRE Ao FA, 7E ZA, 83A F4 AR FAddH.
Aol F A= Intel 80CI196KC vlolAR Z2AAME 7oz 7Es]o
B, FAAR, TF AF, =X oy AR E FAHY. 753 A
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=20 7% nAS AEAen Aol & YEE AANE L

= DC ME RE(24V, 24W)E o] &3, &84 F4 AMeE

of d%8 Bdel xdlM vEE WEFste EA Sekejrivt &HANA

o]El——g,— -

= L

.

Adg FAs L A=

A AR o8 #HAS

@ Control box

@ Vertical slider

@ Key pad

@ Encoder

® DC motor (for driving)
® Torch slider

(@) Gear box

©

Driving wheel

®© Floor limit switch
@0 Proximity sensor
D Welding torch

@ Body posture sensor

@ Seam tracking sensor
DC motor (for slider)

Fig. 3.5 Configuration of the developed lattice
welding mobile robot
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Fhoto. 3.3 Photograph of the developed
fattice welding mobile robot

3.3.1 MO &X

Fig. 362 AxY §3 olemie] Ao Alagl 745 vehic
o] A= FA R, g Aoy £ Hefoly AojR g pA )
FAel FA = Intel AF2] 16bit #1 3 vlol mZ = 2 44 ¢ 80C196KC S
slbo @ spdbelsich 80C196KCE %4 CMOS  (Complementary
metal oxide semiconductor)® i #H dHoln 1L CPU Fojd °l¥
D E (Interrupt) 2] 2}, A/D(Analog/digital) ¥ 37]. PWM(Pulse width

modulator) 41 7], HSI/HSO(High speed input/output), Elele], v}$

o
.

=
i
OI- 1
oln

l b
o

O ol watso] ket dof A agle] e 4
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Input key
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E \
Left-Motor driver # 4 7-segment |
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Input signal
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he
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| Seam tracking
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, _ . [ Body posture |
e GC 5V, 12v S L_sensor 4
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Fig. 3.6 Cormposition of the coniroller for lattice welding
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B 9 E (photo interrupt sensor)& o¢}-&3geon, Ex &Zdolvie €3
M A AL olERRY s)EetE A A S EE AAEH

Potentiometer C motor

Body posuter
Sensor

le

xex

Welding lme
< lx

N .
Seam tracking sensor
Bearing

Fig. 3.7 Configuration of forch slider system with seam
tracking sensor and posture Sensor
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Fig. 3.8 Configuration of seam tracking sensor
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Fig. 3.8 Configuration of posture sensor
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(a) (b)

©) (d)

(e) .._.——;ﬁ | (H) Tr‘;:
. | ‘ ]

Fig. 3.10 Operating patterns of a mobile robot
at a box type of welding

Table 3.3 Welding conditions

Items Condition

Work piece 1000x1000> 300mm box type
Welding wire Fixed cored wire

Welding current 240A

Welding voltage 24V

Sliding gas CO,
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Welding power saource

o] o
AC 38 .
-
ot CO?
-+ §
_ B EpEp. |
Welding T Control cable
maoble robot

Torch cable

/)

Wire feeder

Fig. 3.11 Composition of a lattice welding system

Photo. 3.4 Photograph of the developed
welding mobile robot
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# Ao BuHAn Fig 3162 &3 olEz¥o Axle nMIRE
$HY W 249 §4 54 Seole golojth EAHREoR I
Y m EA seelrd dolt FrhEe A& 2 4 9low, 0% o

F & EAEE WA U2 9 B Sotolrd] oyl Y HaE:
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RS v Asehe Ae B 5 ded, o 7e BARE W
Auzbe Aldolch Axte wAME £3e A% ANE Kpr=065,
Kpr=0182 A& sqloh
Photo. 35 Axpe] Aldiel vyl &3 v= 94 bl
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0 w ‘ ;
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Fig. 3. 12 Velocity of left and right wheels
in straight welding fine
(welding speed : 45¢cm/min)
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w'0F m e e body posture sensor
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Fig. 3. 13 Length of torch slider and body posture
sensor In straight welding line
(welding speed - 45cm/min)
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Fig. 3.14 Welding speed in straight We/d/ng' line
(welding speed : 45cm/min)
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— angular velocity of right wheel
o 0030 g £ .
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Fig. 3. 15 Angular velocity of feff and right wheels in turing
welding line
(welding speed = 45¢cm/min)
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Fig. 3.16 Torch slider length in turing welding line
(welding speed : 45cm/min)
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Fig. 3. 17 Welding speed in turning welding line
(welding speed - 45cm/min)

Photo. 5.5 Photograph of the weiding bead
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FPhoto. 4.1 Smooth welding fine in a wall
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Fhoto 4.2 Fiping hole of eliiptical tvbe welding line
in steering room

4.2 Backstepping®i=S 0128t MO £

o
2 N2E
2o Ho[ M = oAl 2 A 7lESE VA A A 240 F

ot FedAs Ae4sE bl

gowr shel wad Aol 7yl

backstepping & ©]-8-8tod #Hol7] & A A}
E= (&) +g({)y (2.40)
A=A p+ k(p)u (2.45)
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Zn 9

A4l AEsd = — K foz oAt 2410 M

T [ @]9} s EE 0 S oz T uAF AAY A

(240), (2459 (4.2)= ohe7 2o},

E= &) +g(t)(e+ a) (4.3)

ne=o,h(g)eta)— s e+ k(pu (4.4)
u=k ") —K, (g —a)—g" ()¢

+ aya— 2, k(n)(e+a)] (4.5)

gotFwz oAy Hrtg deld dolFnz Fr F5E o9

(4.6)
aE A4 A)E o) &ste] Vi E wRed oen g

Vo= (T +elo e
= —K P+ [gT(E) e+ 2,h(n) (et @)

—oatk(p)ul (4.7)
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A71X, K, =diag{ky, ky, o, k), Ky=diag{ky, by, ", ko) o] 32,
BARHe 2R HUHE AU ddstd vga e VivlEe o

=N APESE T 5 Aok

Vi= —K "~ K,e*<( (4.8)
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e=7n—al Hel J& p-ast {—0o0l}™

A F o' FE) s el 4@ 22392 A
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[ a; ] _ [ kne + v,cose;— w,dsine, + (e, + 1)0
a2 k13€3+ u,

(4.10)

V_al

ez”_“:[w—az]omg =007 pogolth = Voo O-a

ol
JBEEel EA Setold AlolHe HUNERH e Lol T
% k.

1= kye,+ v,sin e; + w,dcos e,

_(€1+d) (k1393+ wy') (4.11)

Aot Dy7) 21N A Aol 9" w=[r, r;]T= Ay 28 o

o] thgat 2o Fewdt

u=[ fr] =k () =K, (7 — @) — g7()¢
T

{

+ sya— o,k(7)7] (4.12)

r_%[_k21(v )—kzz(m_az)+(1_!)el+dez

+eyt b0+ Opa,— 6, (60— V)] (4.13)
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r,= %ﬁ [ “hn(V=a)+kp(@—a) +(1+ e, ~d e,

_63 + 911&1"—612&2_ ’92¢(bm+ V)] (414)
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+ (ey+ Daw+(e, + DO
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A& P4 ¥k Photo. 4.3 byl Abf 21y 87 olF i oY
& uehd ARRolvh Fig 418 A& S4d 8§73 olFmie rAL
thef ek Alof 2] Microchip Technology AFe]l 16F877S 7|dlo &
a2 hEsksledl, CPU B= o] RE =dbelE JAsie gHz2
QA - stk rEY e AR 8 ol FREN BUS olF

|
apdole] A erstE wRely] §ls) Ealt ohRuly adg Adso

=

[$] T o fu
- 3L = e — = = o) =] =
slen], o= S SHAAN dx 88AHe ARE 4%, 28

FPhoto. 4.3 The developed welding mobile robot
for smooth curved welding
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D Encoder (for left wheel) @® DC motor (for right wheel)

@ DC motor (for left wheel) @ Vertical slider

@ Torch slider (0 Encoder (for right wheel)

@ Driving wheel @) Encoder (for vertical slider)

® Floor limit switch (2 DC motor (for vertical slider)
® Proximity sensor (3 Encoder (for horizontal slider)
@ Seam tracking sensor (3 DC motor (for horizontal slider)

Fig. 4.1 Configuration of the developed welding mobife robof
for smooth curve welding

4.3.1 HH AAE 24

Fig. 42& ZAfr 348 B8 olF=2%£9 Ao AlAq] 7+4& Ve
. AlfZAE 2709 CPU E=(CPU 2E-A, CPU 2E=-B)st 434
ZAL 48 F de 24 mdg FAdEn CPU Bex= 2709 PIC
16F877& WAste g3 T3 LMDIS200 278 WAsln glenz &
el CPU BE=& 2719 DC EHE /MEHoZ Addg ¢+ =g 4
A - A &tk

_75_
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Operate panel
R| ht momr
... Lsgment | TPU T TPL | ] I}R. e @
| Keypad [y PICi6F877 PICI6F877 ;
r i i Left motor _ @
“IMDIBI00-] (TMDIRI0E - -t A et encoder ]
: W skl oAl H
: 1 Input port N T & C-
| Tracking sensor | \ . Inputport S, .
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Fig. 4.2 The configuration of the coniro! system
for smooth curved welding

Fig. 4.2914 vehd A3} zre] CPU E=-Ael CPUlel 4719 CPU
T wriE(maser) H¥E @@EtiL, WA CPUESL Sdlolx
(slave) F&& @2 vi2d 95 F98c CPU H=-Af
CPULIE A/D XEE o] &8st &M +4 AAMeA FHE 349
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2ye £2F Ao FEHFAY £ HEWE H9 FF RE
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FPhoto. 4.4 The developed controlfer board
using 167877
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Fig. 4.3 Schemalic diagram of the developed
welding mobile robot
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o e AY TAATET WEHH dtd olALS o BE
FHE Rel 9413 0, el o)FE AEE ZAsd o #L
% s &, @4 £9HY 08 By
thoolgz o] gzt FasA O3 Op7) i dcke &34
olFmEe AW Avloln, e 0o "rh uvlm @A EHH
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7

Rotary type
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Welding line
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Linear type
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Fig. 4.4 Acquirement of the fracking errors
of smooth curved welding fine
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Fhoto. 4.5 The smooth welding line seam tracking
5ensoer
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Table 41& R o2 8L 93 olF =¥l 27 setu|g gro]a, Table

[mn/seclolv]  Ao] 7] Ak

kiy=3de|t} mody Aztel A4 44 42 F4 45S vlns
| 913l Fig. 459 42 &3 425 HE=2 A %sHnh Photo 36&
Az 81 ARF yehdo,

7Table 4.1 The initial parameters for numerical simulation

Initial parameters Value [unit]
X, 300{mm
Xy 105[mm]
14 O{mn/sec]

/ 150 min]
¥, 100[mm]
Vo 105{mm]
P O[rad/sec]
¢ 0.5[radl
vy O[mn/see]
vy Olmr/sec]
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7able 4.2 The physical parameters for numerical simulation

R=400
(=700, 00}

Parameters Values [unit]
b 125[mm)
m, 16.9(kg]
I, 3.75%10-4 [kgm]
D 0.01[mm}
M, 0.3[ke]
R 26[mn]
I, 0.2081[ kgmr]
I, 4.96x10-4[ken]

o 7 oo 1000 .,
BLe 700 BCO el 120
1200-— ——14 i 7%
1130 - -l
1000+ =1 000
GO0 - - a0C
800 = ..
y 3 800
(@5, 701) ”
>
{50°, 701}
< 600
=500

(300, 107“/' )

) )

P4
i"088 418)

T oo

4
200

fp . o 0 e
— 4+t
300 400 560 800 700 800

R
800 100 1190 1200

Fig. 4.5 The reference welding path{mn]
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Fhoto. 4.6 Practical welding path for seam
tracking experiment
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Table 4.3 Welding condition

[tems Condition
W Work piccc 7 ot (mm) - - ____
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W Welding current o0
 Welding voltage 24V ’
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o Welding velocily 77;57mm/s¢c

1200 1 ———+—t— et 1200
1900 4 a4 110D
Welding line (B) " ‘
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T R=900 i
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Welding 3

700 A Weldmg start point L oo
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Fg. 4.20 Reference smooth welding line
for welding experiment
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Photo. 4.9 Welding bead at end point
of a welding line (A)
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Photo. 4.711 Welding bead at end point
of welding line(8)
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