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New Control Method of Automatic Horizontal Column Joint Welding at
Construction Sites
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Abstract

Concerns over future labor shortages at construction sites have heightened the need for automation in on-site
welding, with development efforts being spearheaded by major general contractors. Thanks to their unique
features, compact, portable welding robots are increasingly being applied to on-site welding tasks, including
automatic welding on dedicated rails for butt joint welding of square steel pipe columns. However, when applied
to square steel pipe columns with varying plate thicknesses and corner radii, challenges arise in welding
quality, such as irregular bead shapes and incomplete fusion defects. Additionally, the labor-intensive installation
of special rails contributes to longer work times, exacerbating labor shortages. This paper introduces a new
robot control method and peripheral equipment developed to address these issues. Laboratory studies, followed
by field application on actual construction sites, have confirmed the effectiveness of this solution in overcoming

the challenges faced during welding operations.
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Table 1 Test conditions (Lab.)

Column thickness 22 (mmt) 36 (mmt)
Column curvature radius 77 (mm) 126 (mm)
Shielding gas [flow] 100%CO, [25(L/min)]
Wire JIS Z 3312 YGW18 (1.2 mm)

Current/ Voltage
Welding speed

220~250 (A) / 25~29(V)
200~400 (mm/min)

Extension 20 (mm)
Groove Single bevel 35 (°) Gap 7 (mm)
Rail radius 250 (mm)

Distance between
rail and column*

Offset distance

86.5 (mm)

37.5 (mm)

86.5 (mm) |

*Actually between rail straight section and column straight section
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Fig.7 Examples of bead appearance after application of this
technology (36 mmy?)

L72& 9 %Y — FREIFEAETT, MNEOL VWY —
RSNz WolE) T, ERHMOEEROAY—
PRI NIz EBIIZ L — VOITRE, HiERE
ORy &L= VICHERET 57200 REOHRIZ X 55
BV, BERVPAY—LLLEVHL, Th
SOENEZEIL, EBRETOBEEMEL OB, S,
ORy hOHEELICET 585 A—F FEHEL, #IE
b3562LT, &RNLESROY LA -7, #IE
bBEDIST A= ZHWT, £1 LASORBSMEIZT
BHLIEREZR8 (a) (b) WWRT. L—a—Fi8
OB ONVT, U= 23— i), ERLEE—
FAMBIA 15720

BB, a—F#HouRy METHEEICELT, vk
v b OREMI 2 BERR D B LETH S, LIHIT
BRI, TFTLLOHEENEENSIZETR Y b
EATHIEIE LA 5, aXRy FPAEERRZ @8I 5
& FRREB D ICHED T, WA E 2D,
BEILLoTRE=FOENLRENEL S, L2L, K
B &2 VW CIERLO A CRkiE T 5 2 LT, fEkii it
BLTL—= V&2 aTNITEDITLI ENTREE R DT
B, TRy METERERBICNTI2HEIEORL, 3
SA—FOFEIZFa Ry PETEELSINTEY,
I—F O THEZMSELHESEAL T
o WA T Ry MEATHE FRRICSET 2 W REMEA D
%, L=l asablolfifiz/h sl L7z2tilds
TSN BERHN TN X — & 2% L, #HERE
DFTTHILTESX)I1CL7z. MOICHERERZOD
Ry MEITHEZ RS, & ICHEEROARE—D5AEL

Straight section

/, Corner section | /

-—,
Corner section 1 Straight section

(a)

Straight section

/ . Corner section i !
1

1
D —

Corner section : Straight section
(b)
8 /XT A—FIE LD ¥ — FAHE
(a) BE 22 mmt, (b) K= 36 mmt
Fig.8 Bead appearance after parameter optimization
(a) Colum thickness 22 mmt, (b) Colum thickness 36 mmt

1000 boooooioiooio_._._._._._Robotspeed limit|
<
E 800
£
é 600
s \ P :
| ey : \ H
% 400 ; \“ i i,...-—-
8 “!f'f—#—f\’\ i t‘x
8 200 ¢ BRREN
o Speed before adjustment
0 1 L L 1 1
10 20 30 40 50 60

Times (s)
9 uRvy METHEEOT ST —%
Fig.9 Log data of robot speed

BTV = a—F5 a5 AT —F O BFEBICOW
T, HEEZZLSETVD, M8 (a) TxRL7AZ22mms
EFFEORBARITH LT, BHRME ORI L 72
HWBEGRR Y TIREERAR TR ST,
R10ams~v 7 ufigdcd, -, EHRIB TR
Bl BB ARPES N, T2, EHEICBWT,
¥V ¥ — PR X O S RIS TrERE R RERR L 72
MRER2IRT FHRNT AV F—1Z171 ], €
J— AR E 2 bR U 72 HE 8 5 R £ 13706 MPa T d
D, WIS EE S A OB Y 2iE T
52 L RMER LT,

100 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 74 No. 2 (Nov. 2025)



(@) (b)
K10 v 27 uBH (a) 2=, (b) EHH
Fig.10 Macrostructure (a) Corner, (b) Straight
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Table 2 Mechanical properties of 22 mm¢ test piece in straight

section
Absorbed energy -
Item (Test temperature: 0°C) Vickers hardness
Section Straight
Ave. 171 (3) 223 (HV)
Converted TS - 709 (MPa)

2. AERWMOEREER

A #EHA TR 2T 2ORE LS4 X 2RI IS
Ao T ARG LT, FNZFNBCR (i EEmE & H %
W a— VBB MAIEHE) 1 3HE 16 mme~25 mms, BCP
IR 16 mme~40 mmet F THEAWRETDH 5o HERTAiT
O, MEOELIZ L - Ta 5 2O EEIZET
5728, WEIEEBO L — VLB TH 575, ARl
Thhid+ 7ty MHBEPZEILTHZ ET—2D L=
THBORENEHTETH S, ALHA ADITF LT
S, EHFEEHNORFICH L CZHEEO L — VDA
THN=HEL %25, BWAEIXR200D L — VA —/ZIHT
HLD, YA ZADRKREVWRB0DL—NVEH WS Z & T,
O0mm:OWEFE THMWEEE &b, 72721, £33,

HETas 20MERHVONZIL Y Y gy E—2
REHTBELELOTHEEELTELY, £y T 1
e LTEHTRZEMZRLTWAH720, FEEICHY
BRI & IR 260D b

3. BIRHBORRE

A EVE D 7201384 72 ) OFRICE T SR &
HLTAHILEDPANTH S, KEOLZMEiaRy b &G
SHMCTHWARIZIZ, L—LOEELREIZELLDATF
RS LEL 2B 2 D% K, HEEHOREE 2o
TWb, MR OBEET Ry MIBWTh, AL T
b AERICET 2R 2 BT 2 720 DB R &2 #7212
BEL7, SHICBRETREI DR TV —7 1 o5]
SHEPD R L BNEARIRTE2HE L GbE TR
fEL7zo B11 (a) ICEMEL 72U OMHA 2 =
2R, F7-, K11 (b) ICHRERECO FHKERT.
Bk4 5 L—VEREMZHRE L —VERER, -7
PR — MEEIIBERIHEH T 525, HPORE FIFR
IZRLTW5,

3.1 L—ILEBEEAE

K11 (c) WCHR LY — VEEMSERLY RS, &
BFHONEZREICHT, v7 %y b Ta T AICREE
TAH5IET, L=ESONEIDET L, ZOHEEE
I—FEB4A AT RCUCEEEL, ZOHIOTFTRERLR LI
SELZL—VEERE, BEEEL, L—VEIT5 41
EET 5. BERITEFEELZMONLTET &% 5. 1ER
DBEBETIIEHIBT L IZ D (HFHAD) RBEAVLET
HolA, HEMTra—-FHETLIET, LEKE
HIIR T &, fekd b R@ERBOERZIRE Lz, X5
L= VoAt 720, T ANEB ORISR S 1
CASERE

%3 AH o P
Table 3 Applicability range of this technology

Size 450 [500 |550 |600 [650
(mm)

Thickness
(mm)

700

750 |800 |850 |900 |950 (1,000

12

16
19
22
25
28
32
36
40

777} BCR - BCP Production range® [__|BCP Production range® [_| Applicability range
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Fig.11 Example of Peripherals (a) Image when used, (b) Top view, (c) Rail installation jig, (d) Cable support jig

(c) L—NWikiEfMSGE, (d) 7F—7 V% R— M

RsD = 551154 /Vol. 74 No. 2 (Nov. 2025) 101



3.2 —7IYR—KEE

—#ica Ry MZEREINTWS b—=F 7 —7 ik
TRy MERHEASHEICENS L) ICHERINTWS
TENLw (K1), BUGRETIE, IREOZEHL &
W2 =7 WB om0 ), EOIRERIEIIDNT A Y
(B 5 Z & THERARN, WEKTICO %0256
Vb, ZZTHIL(d) WCRTHr—7NVHKR—MEHE
EERE L. RBEIWE, bM—=FFr—7vzafRy b LI
~NEM S ELHEE L, I BT — T IVERRER A
LNZHEET 5720, D 2SMb o 7B, =TI
DRV SN, T4 XY RImANOEELWZ L L0
T&%,

4. FEMOBRZERB]

AEHIHE2C, BCP325 16 mms X 600 mm X 600 mm
DA T LHEAKEMZEH LB Z2HAT 5. 5B, K
o REMRT 5720, BAFEEEERBTE L,
BATHER I COAREM 2 BH L7z S HITHEARICIE 3
TR L7z JHA% SR 2 w7z,

4.1 BEBIZM

BN ERA4ITRT,
4.2 WIKFE

AEEM L7285 CORT IO W TRA2127R7 T,
WMOIHATHEH L LT, RO ITHEICBWTa T A
OXTE 2 D a—FH (D) ~NBEHEELERL, TOHK
(@) ~AREMMEZ#HAL, BITEREIT-o72. &b,
IV 7 v ar¥—2ABLOBRGHRIGEITEREZICID
w7z,

x4 gt (Bl
Table 4 Test conditions (Field)

Column thickness 16 (mmt)

Column curvature radius 56 (mm)

Shielding gas [flow]

100%CO, [45 (L/min)]

Wire

JIS Z 3312 YGW18 (1.2 mm)

Current/ Voltage

220~260 (A)/25~31 (V)

Welding speed

200~400 (mm/min)

Extension 20 (mm)
Groove Single bevel 35 (°) Gap 7(mm)
Rail radius 200 (mm)
Distance between
rail and column* 86.5 (mm)
Offset distance 57.5 (mm)

X Actually between rail straight section and column straight section

First step
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Fig.12 Construction procedures at the application site
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Removed after prior welding

Second step
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Fig.13 Bead appearance at construction site
(a) Conventional construction, (b) Application of this technology
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