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Dual-Wire Cladding Current Ratio, Arc Spacing and

Penetration Control Management Procedure

1. B8 Purpose

AR EAERTERNE THR (it ARA RN LR TZ PR REC . Agka
SIERIEHIER, FOREZHEIR . EARHEIR . IR . BB HEAR A B HEIR B B 5T H
MR AR %, SCIURRRE R . S R T Z H s,

This procedure aims to standardize the current ratio, arc spacing and penetration control
requirements in dual-wire cladding processes at CLADDING-Technology-Shanxi-Co.,-Ltd, ensuring
stable and controllable welding quality for flange cladding, pipe fitting cladding, steel pipe cladding,
shaft sleeve cladding and mold cladding repair projects, achieving the process objectives of low

dilution rate and precision forming.

2. SEASEHE Scope
AT EH T AR A RAN 2GR T 2ZREZIH, AR EART:

This procedure applies to all production projects using dual-wire cladding processes in the
company, including but not limited to:
o JEEMEIRE (TIG/MIG X #2) Flange cladding (TIG/MIG dual-wire)
o E{EHEIR Pipe fitting cladding
o HNETHESR Steel pipe cladding
o HIEFHEIE Shaft sleeve cladding
o HIHMEIEIEE Mold cladding repair
o BfiEF K% Gradient material preparation
o LJEEIMIEH HiE Metal component additive manufacturing

w

. Bl 3% Responsibilities

BBI7/BI L Department/Position Responsibilities

Establish dual-wire

b Process Technology HI e WL IR T 2550
TEHARE cladding process
Department ks R T 25

parameter standards;
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HA Approve special process

parameter changes
PP 5 Execute process

. , PATTESHWE: D N

AR Production Department . parameter settings;
SR B A .

Record production data

Supervise process

WE TZZHHIT: parameter execution;

o & uality Department
: Q yuep LR YNGR il =4 Inspect penetration and
weld quality
Maintain dual-wire
s . YeAr W2 HESR B cladding equipment;
B b Equipment Department o ]
I = RS Calibrate current
measurement
N 2 g Confirm project process
B . FATE T 2250 b .
S R/iiPN Project Leader parameters; Coordinate

VB IROR

resource assurance

4. BB ANZA 5 FEF Management Content and Procedure

4.1 ML HEEZ Gk Dual-Wire Cladding Overview

W 22 HENR 2 438 e P AR AR 22 5 53 8 T ST )38 L2 LR A2 v At R, R S A 2 ) A
RIS EE IS R RS ] PR 22 ) B 2 DL SR SR AN, SEDURTIR IR L e 3 A R R ot
R A o

The dual-wire cladding consists of two welding wires separately supplied by independent wire
feeding mechanisms and welding power sources. Through precise control of the current ratio

between the two circuits, the spatial distance between the two arcs, and the welding heat input,

precise regulation of penetration, dilution rate and forming quality is achieved.

4.2 A #2246 Current Ratio Control

4.2.1 ZZX/F ] Basic Principles

ML HENR T, A2 (F22) TR EERMAER, JHe2 i) FoEmEmmi.
P R ARG B BRI TR L MR 2 AT R 4 R i i

In dual-wire cladding, the front wire (main wire) is responsible for forming the main molten

pool and penetration, while the rear wire (auxiliary wire) is responsible for filling and forming. The
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current ratio between the two circuits directly affects penetration, dilution rate and weld forming

quality.

4.2.2 BB L ER & Current Ratio Standards

Front Rear
Application = HREC | Current .
Wire Wire #E | Remarks
Type i Lk Ratio
Current Current
= Flange 220- 1.2:1- For
. I 180-220A
HEJE Cladding 260A 1.4:1 TIG/MIG
E1F Pipe Fitting  200- 1.25:1- For
. . 160-200A
HEJE Cladding 240A 1.5:1 TIG/MIG
P4 Steel Pipe  240- 1.2:1- For
‘ , 200-240A
HEJE Cladding 280A 1.4:1  MIG/MIG
EHES Shaft
e Lo 180- 1.3:1- For
B HE Sleeve 140-180A
. 220A 1.5:1 TIG/TIG
B Cladding
Fi Mold 160- 1.33:1- For
. 120-160A
BE Repair 200A 1.5:1 TIG/TIG
N Adjust
BhE Gradient . ) 1.0:1- &% )
) Al Adjustable per
A Material 2.0:1 s ]
design

4.2.3 HSELE 1 BR N Current Ratio Adjustment Principles
o WARIBIRFTR: HRmATLHBR G, TSR 1.5:1 bk

Increase penetration requirement: Increase front wire current proportion, ratio can be adjusted to
above 1.5:1

o [ERMRERTR: EHUPRRATLZAN, Re)aLmithbtt, MRS 11:1-1.2:1

Reduce dilution rate requirement: Appropriately reduce front wire current, increase rear wire

current proportion, ratio can be adjusted to 1.1:1-1.2:1
o IRFBBE: 1EMIAW IR, @A a2, RIVEIE
Improve deposition efficiency: Under the premise that penetration meets requirements,

appropriately increase rear wire current to improve deposition volume

o FEEBATR: KABUNERACH (1.1:1-1.3:1) , B R 102 22 18R 2 1
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Precision forming requirement: Use smaller current ratio (1.1:1-1.3:1), combined with precise

wire feeding speed control

4.3 B3]l /8] B4 Arc Spacing Control

4.3.1 HJEEEE X Arc Spacing Definition

R ST PR Al 22 AL 5 22 f I TR KBRS, R RE

UL NPS: 2 5 @

M X 22 S JE A T A RE T 2 o

Arc spacing refers to the horizontal distance between the front wire arc and the rear wire arc,

which is a key parameter affecting the stability of dual-wire cladding molten pool and weld forming

quality.
4.3.2 H /5] EEER# Arc Spacing Standards

Welding | Recommended

TIG/TIG  TIG/TIG 2-4mm 3mm S8 BEH

R HE
TIGMIG  TIG/MIG 3-6mm 4-5mm 8. e
BRI

BN HE
MIG/MIG MIG/MIG  4-8mm 5-6mm I8 AL
TR

4.3.3 B /5B BRI Arc Spacing Adjustment Principles

Value

Precision
cladding, mold

repair

Flange
cladding, shaft

sleeve cladding

Steel pipe
cladding, high-
efficiency

deposition

Application

o [HEEM/DN (8mm) : JELTCIEA ROFI AT LT IE I, JERAE, FiReR T

Spacing too large (>8mm): The rear wire cannot effectively utilize the molten pool formed by

the front wire, insufficient penetration, increased dilution rate

o RAEMIBE: J5 22 ORI AE AT 22 ) i AR DX ok, SR It 1 78 70 1) T AR S O

Optimal spacing: The rear wire arc should fall in the tail area of the front wire molten pool,

achieving full utilization and stable transition of the molten pool
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4.3.4 H /5] EE £ R AT 7 R 12 Factors Affecting Arc Spacing and Adjustment

L 2001 E S

Influencing

Factor

Adjustment

Direction

WA

Description

FBE

yC X A=K

LR/

AR5

Welding Speed

Wire Diameter

Current

Magnitude

Workpiece
Material

ST, BT

HAET, [EEET

YT, TEIEEY

ST, 1H]
B

4.4 Y8124 Penetration Control

Speed 1,
Spacing 1

Diameter 1,

Spacing 1

Current T,

Spacing 1

Thermal
conductivity 1,

Spacing |

4.4.1 18 B #7 Penetration Control Objectives
X L2 MEE R R P i 2 DA T 23K
Dual-wire cladding penetration control must meet the following requirements:

o IBURIYSME: FUEIRAEISIRB AN T +0.2mm

Penetration uniformity: Single pass weld penetration fluctuation shall not exceed £0.2mm

o AREMBERILES: MRAEHEREBTER, SHIEALE 0.5-2.0mm JEH A

e AR 1 7 4
PN INE

GIEA TN
ilEl
KL HITE

IS

AR
245 45 ] 2R

High-speed
welding
requires larger

spacing

Coarse wire
requires larger

spacing

High current

has longer arc

High thermal
conductivity
materials
require shorter

spacing

Penetration and dilution rate matching: Control penetration within 0.5-2.0mm range according

to cladding layer design requirements
o RBHFEREF: ZEHIRN, JZREAPIERIRTZE K 30%-50%

Good interlayer fusion: For multi-layer cladding, interlayer penetration shall reach 30%-50% of

previous layer thickness

4.4.2 I8 #E #ZF Penetration Control Parameter Table

I | Project
B Type

B#x
JER | Penetratio

Target

Front Bl Rear
Wire Wire

m Arc Weldin
ZK | Spacin g Speed



@ NETHA (WE) ERAT

Cladding Technology (Shanxi) Co., Ltd.

E- 3 Curren Curren | [g] iR
& t t | B

%
. Flange 1.0- 180- 300-
i Claddin =~ 1.5m  220-260A 220 4-5mm = 400mm/mi
HE
g m A n
ilq;l:
C Pipe
o 0.8- 160- 350-
s Fitting .
. ) 1.2m  200-240A 200 4-5Smm  450mm/mi
HE  Claddin
m A n
e g
il Steel
Je ) 1.2- 200- 400-
= Pipe .
. ) 1.8m = 240-280A 240 5-6mm = 500mm/mi
HE  Claddin
m A n
5 g
Ll
Shaft
£ 0.6- 140- 250-
e Sleeve .
B . 1.0m  180-220A 180  3-4mm  350mm/mi
Claddin
pic m A n
g
e
B
0.5- 120- 200-
H o Mold .
) 0.8m 160-200A 160  2-3mm = 300mm/mi
f&  Repair
A n
=

4.4.3 18RRI K% Penetration Inspection Methods
o EWMEAMM: FFHLIT R, HIVESAKRE,

Macroscopic metallographic inspection: Sample inspection for each batch, prepare

AR

metallographic specimens, measure penetration
o EPEEII: X OCHEA AT AR, PSR RE S R
Ultrasonic testing: Perform ultrasonic testing on critical areas to evaluate penetration and fusion
quality
o BERNWE. MHEEEMNEREREMTNT, HHEIFEEIR
Weld dimension measurement: Use weld gauge to measure weld reinforcement and width,

indirectly evaluate penetration
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Abnormal

Phenomenon

A e E

Possible Cause
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STRFEHE

Corrective

Action

A

WA ]

Insufficient

penetration

Excessive

penetration

Non-uniform

penetration

Hir 2 f gt

il JREIEE

R, HLGTE
{ENDN

Al 22 HLm i
s R
W18 TR

P R

TAFRmAT
B RIAUER
Nl &

Front wire
current too low,
welding speed
too fast, arc
spacing too

large

Front wire
current too
high, welding
speed too slow,
workpiece
preheating
temperature too
high

Unstable wire
feeding,
uneven
workpiece
surface,
shielding gas
flow

fluctuation

P w22 HR
10%-15%, [%
AR A,

I/ LI

BRI 22 FEL
10%-15%, ##
R EOE

Wep I T U

KAk 22 5
gt, WG TAF
R, FRE R

PR

4.5 T2 ¥t % 51B W Process Parameter Recording and Traceability

4.5.1 B#i0-R-EZE K Parameter Recording Requirements
RRHESREEN LU S8 e S HF A7 R «

The following parameters for each weld pass must be recorded and archived:

o HIZHR. J522H i XL Front wire current, rear wire current and ratio
o HINAEE Arc spacing
o JRELEFE Welding speed

o JETRMINIZE B Penetration inspection results

o HEMEANL. #AEWTA] Operator, operation time

o % %Yw'5 Equipment number

Increase front
wire current by
10%-15%,
reduce welding
speed, decrease

arc spacing

Reduce front
wire current by
10%-15%,
increase
welding speed,
reduce
preheating

temperature

Check wire
feeding , clean
workpiece
surface,
stabilize
shielding gas

flow
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4.5.2 ¥ E &2 Parameter Change Management
o LZZHARER AT ZEAREH
Process parameter changes require approval from Process Technology Department
o WHEIHISHFTRIMHAT LERALE, MG IRAIESE BTG 2K
Changed parameters require process verification to confirm penetration and weld quality meet

requirements
o ZHRFILFKMAIH AR E

Parameter change records shall be included in project technical archives

5. A B Z# Supervision and Assessment

5.1 B HZE Supervision and Inspection

Inspection Inspection Responsible
BERE P RERR P ;
Item Frequency Department
AL EEHAT  Current ratio N ualit
‘ ) H Daily J5i B Quality
150 execution Department
. . Arc spacin, . ) . Production
Fh g e pacie K Each shift HE
setting Department
Penetration )
S AT . . - I Quality
ARG I 45 SR inspection ESE IR/ Each batch Jo = S
Department
results
BHD o2 Parameter Qualit
Z 5 N u
recording (35| Weekly Jo Y
T Department

completeness

5.2 ZRrAE Assessment Criteria

o L2 HATH>98% Process parameter execution rate >98%

o JBIRAEHEH>95% Penetration qualification rate >95%

o  SHLRTEEEA 100% Parameter recording completeness 100%

o LZSHAFEHHAE 100% Process parameter change approval rate 100%



@ NETHA (WE) ERAT

Cladding Technology (Shanxi) Co., Ltd.

6. M} Supplementary Provisions

6.1 8 3% 34+ Related Documents

e CLADDING-WP-001 #£ T Z#f% Welding Procedure Specification

e CLADDING-QC-005 #£4% 51 &5 Hi 2 Weld Quality Inspection Procedure

e CLADDING-EQ-003 XU 2z HEJF1% £ £ /E M FE Dual-Wire Cladding Equipment Operation
Procedure

e CLADDING-TR-002 L. ZZ#35 )14 HH & Process Parameter Training Management
Regulation

6.2 1L ¥ 3 B Record Forms

e CLADDING-FRM-019-01 XX 227 T. 2241 5% 5 Dual-Wire Cladding Process Parameter
Record Form

e CLADDING-FRM-019-02 /& Al i % Penetration Inspection Report

e CLADDING-FRM-019-03 T.ZZ#% H #i It Process Parameter Change Approval Form

6.3 &1 723X Revision History

. Revision Revision . Revised
¥ Version | f&iTHHA &iTA
Date Content By
2024-01 mital | TSRO0
A/0 A/0 IR KA R Technology
01 Release =i
Department

4t Prepared by: [ 24 AR Process Technology Department

##% Reviewed by: Jii &= Quality Department

fit#E Approved by: = 2P General Manager

4% H A Effective Date: 2024 4£ 01 H 01 H

FARSCRORNE T HOR (vt FAIRA R 2, RERMAGE R aife k. *

*This document is a controlled document of CLADDING-Technology-Shanxi-Co.,-Ltd.

Reproduction or distribution without authorization is prohibited.*
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