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1. B8 Purpose

AR BAEMVERNE TER QLoD FIRAFBOCHEIE T IR ERE . HidE 50k
PRI E R, WRORIE 2 HEIR . AR ANEHEIR . B HEAR S B R R A
i MR o B AR E AT, TR 2 ) SR M SAT AR HE K

This procedure aims to standardize the control requirements for power density, scanning speed

and shielding gas in laser cladding processes of CLADDING-Technology-Shanxi-Co.,Ltd, ensuring
stable and controllable cladding quality for flange cladding, pipe fitting cladding, steel pipe cladding,
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shaft sleeve cladding and mold cladding repair products, meeting customer technical agreements and

industry standard requirements.

2.

SERSEHE Scope

AREFPE M T m A WO R A P53, B EAR T

This procedure applies to all laser cladding production activities of the company, including but

not limited to:

3

w

52 B RO HEAR 58 AL

Flange sealing surface laser cladding strengthening

BN EERBOLHEIRE R

Pipe fitting inner wall laser cladding repair

T BB O HE ST B 2 1) 4

Steel pipe outer wall laser cladding wear-resistant layer preparation
B O HE R P i

Shaft sleeve laser cladding remanufacturing

RO HERE R

Mold cavity laser cladding repair

. Bl 3% Responsibilities

1 T2 AREB Process Technology Department

i€ WOCHESR T 2S8Rtk K AR5 515

Establish laser cladding process parameter standards and work instructions

ST FREE . FAREEE . PR S8 T 2RI

Responsible for process verification of power density, scanning speed and shielding gas control
parameters

athliEE: T2HEE (WPS) JfH: T 2% (PQR)

Prepare Welding Procedure Specifications (WPS) and Procedure Qualification Records (PQR)

3.2 & 7=EB Production Department

I T2 AT RO HEIR R L

Execute laser cladding operations according to process documents
SRR Id R L 228

Monitor and record process parameters in real time

RIS ESHE K EiRIF A B
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e Report and handle parameter abnormalities promptly

3.3 JiE &P Quality Department

o WEILZZHHATIEN

e Supervise the implementation of process parameters
o APHEATRHETR

e Inspect and evaluate cladding quality

o HELZSHEZHEHIE

e Review process parameter change applications

3.4 &£ &P Equipment Department
o MTTROGHEIR R AW LEY (R

e Responsible for maintenance of laser cladding equipment
o TRIRIBOL A Th At AR E Pk

e Ensure stability of laser power output

o RHRRIAMRIEIE R E

e (Calibrate shielding gas flow control devices

4. BN A5 FEFF Management Content and Procedures

4.1 ThEZE E 24 Power Density Control

4.1.1 DEEEE X G E

DR L FEBOCHERE T2 028, BRSUIIEIBIEE . Mol LR 2 A kR .
U S R SN T

Power density is the core parameter of laser cladding process, directly affecting molten pool

morphology, dilution rate and cladding layer microstructure properties. The power density

calculation formula is as follows:
$$P_d =\frac{P} {A}$$
A

o P d$ — UIHREE (W/mm?)

o $PS —HOLLIE (W)

o SA$ —JeBEmEHA (mm?)
Where:

e $P d$ — Power density (W/mm?)
e $P$ — Laser power (W)
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e $AS$ — Spot area (mm?)
4.1.2 BEE BT

15000-25000

R HEIR AN/ & 4 20000 W/mm? Bl
W/mm?

. ) 12000-20000

AR ANHEN 16000 W/mm? WEEE R
W/mm?

. 18000-28000 \
IR S 22000 W/mm? ANBE T B 2
W/mm?

‘ 16000-24000 i
HEEHEIR G &N 20000 W/mm? MiEBE
W/mm?

. 14000-22000 N
5 H HE SR T HW 18000 W/mm? B

W/mm?

4.1.3 DHEEE IR
o HAMELFMAREGEN, EHIREIIFEL

e  When base material has high thermal conductivity, appropriately increase power density
o MEJREETEORRNNS, RT3

e  When greater cladding layer thickness is required, use higher power density

o FEE MBS, KRBT R E

e  When high precision forming is required, use lower power density

o TRRRFREORANNS, & PEART) R

e  When low dilution rate is required, appropriately reduce power density

4.1.4 EZELER
o BOCThRYH R N IS HI 3% AN

e Laser power output stability shall be controlled within 3%
o TR E AR ZE N A FE£0. Imm LAY

e Spot diameter deviation shall be controlled within £0.1mm
o REUEITHLRTHEAT Th 28 FE A HE

e (alibrate power density before each shift start

o ELAFEHI 4 /NI EEETR U

e Recalibrate after continuous production exceeding 4 hours
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4.2 FHEEEH Scanning Speed Control

4.2.1 F1HEETE XS
HIHE AR B RAE TR SR, B HEIR R R . 90 8 SR i

an

Scanning speed refers to the linear speed of laser spot moving on the workpiece surface, directly

affecting cladding layer thickness, width and forming quality.

4.2.2 FHEE BRI E
YR 0.5-1.0mm 300-600 mm/min 450 mm/min FARHEAR
B HESR 0.3-0.8mm 400-800 mm/min 600 mm/min NEEE S
T HE AR 1.0-2.0mm 200-500 mm/min 350 mm/min Z JE AR
S HE AR 0.8-1.5mm 250-550 mm/min 400 mm/min i
o E HE AR 0.3-0.6mm 500-900 mm/min 700 mm/min FEBE
4.2.3 HiEEES D) FEILA

o EYIERTEMGE AR, SRR

e High power density combined with higher scanning speed achieves low dilution cladding

o (RIFEFEM GBS, LI IS

e Low power density combined with lower scanning speed achieves deep penetration cladding
o IR R R N PR UL T

e Scanning speed shall be coordinated with powder feeding speed

4.2.4 FIHEBEAE)
o TR R4

e Spiral scanning path for ring-shaped workpieces

o CPHILAFRMER AT

e Reciprocating scanning path for flat workpieces

o SN TR LA IR B 4 4

e Five-axis linkage scanning for complex curved surfaces
o FRIEFRIRMHILE 15%-30%

e Overlap rate controlled at 15%-30%
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4.3 R S F#24 Shielding Gas Control

4.3.1 R SBELFE
WA/ 4 T Ar >99.99% 15-25 L/min AR
AN G Ar >99.99% 18-30 L/min bIE=R:4
BELGSE G Ar >99.995% 20-35 L/min SRS
N G Ar >99.999% 25-40 L/min s TR
AN A Ar >99.99% 15-25 L/min FEwAE
4.3.2 RSB TRELF

AR B NI T B R R R A

Gas flow shall be precisely controlled by mass flow meter

Tt B 51 N A7 1 15 58 1 F+5% PA Y

Flow fluctuation shall be controlled within £5% of set value

Z EHERRS, BRI AT A AR R

Check gas flow before starting each layer in multi-layer cladding
TRAP SRR BT TR, i J5 < M

Shielding gas shall be turned on in advance and turned off with delay

4.3.3 RIS ELIE

BRI TARAE T R 2EAT 20 B A

Conduct purity test before using each batch of gas
QLA A AR A ]

Gas with unqualified purity shall not be used

S FIAICT 0.5MPa i 37 5 4t

Replace gas cylinder when pressure is below 0.5MPa
5E SR I A s s

Regularly test pipeline sealing

4.3.4 R{FHFRHIF

HER R RN 2R A i R A f
Cladding layer surface shall be silver-white or metallic color

AFHB R AT Git, . B
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e No obvious oxidation color (yellow, blue, black) shall appear
o RIVAEARIT RIS B RISk RS

e Check shielding gas immediately upon discovering oxidation

4.4 TZB¥HAEB ML Process Parameter Combination Optimization

4.4.1 BETZEHHAE
MRS T KB B R AR
kNI . .
w 3000W 1.0mm 3820W/mm? 450mm/min 20L/min
BN EEEE 2000W 1.2mm 1770W/mm? 600mm/min 25L/min
BN BB T % . .
4000W 1.5mm 5660W/mm? 350mm/min 22L/min
Z
MEE FHHiE 3500W 1.3mm 2630W/mm? 400mm/min 20L/min
MR s 2500W 1.1lmm 2630W/mm? 700mm/min 18L/min
4.4.2 SH1TBEF

L WRAE TR RO R BORESRE AR S 4
Select initial parameters based on workpiece material, size and technical requirements
2. HEATHEIR A I HE IR 2 T
Conduct trial cladding and inspect cladding layer quality
3. MRAEACINGE R RE D) A L L A E B A
Adjust power density, scanning speed or gas flow based on inspection results
4. AR RS A MESE IR
Re-verify with trial cladding after parameter adjustment
5. WS HE)E LR E3Xft

Form process document after confirming qualified parameters

4.5 TZ8#icx 51B W Process Parameter Recording and Traceability

4.5.1 JTRELR
o FHHLUGT I NIC R EFREM N T ZESH
e Record actual process parameters used for each batch of products

o LRWAOHE: BOGThE. JuER. FREE. SURRE. BhEE
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e Record content includes: laser power, spot diameter, scanning speed, gas flow, powder feeding
speed

o ILRMESE. HEME. EE

e Records shall be authentic, accurate and complete

4.5.2 B HER

o HVHh-TEASH PR R

e Establish product-process parameter correspondence

o  LZSHALKRAFHIRA T 7= il HI 5 A

e Process parameter records shall be retained for no less than product service life

o JHESEH NN PUEIE AN L Z S

e Related process parameters shall be quickly traceable when quality abnormalities occur

5. A B Z# Supervision and Assessment

1 EBKRE
AR A SO HEE T A S BPHUT BN TR &

e Quality Department shall inspect laser cladding process parameter implementation monthly
o MENFOFMSEICTK TR, SHIUTREME

e Inspection content includes parameter record completeness and parameter implementation

b

compliance
o RILEHFHRAE RSP IE IR

e Correct violations immediately and record upon discovery

5.2 ERARE
SR e B 100%1ic 5% BRGR— T 2 73
SHHATR A1 i 7£<5% Bk 2 — 40 3 7>
TR RHE SIS 1t TN R FEIEIR—IRAN 2 93
SR GE AT 100% 461 BRRAS— 40 3 2>
5.3 ¥4t

o EHINT LZSH 5 iR ERRCR

e Regularly analyze the correlation between process parameters and product quality
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o IRAE M A R L ESEz i brik
e Optimize process parameter control standards based on analysis results
o BUINR TR TZSHMMEW

e Encourage employees to propose process parameter optimization suggestions

(o)}

. ] Supplementary Provisions

6.1 X XX

(WOCHEIR/ RV AR 3 H5)

Laser Cladding Work Instruction

(4 T 2R E T

Welding Procedure Specification Management Procedure
(i dEd RovE B )

e Equipment Maintenance Management Procedure

6.2 LXK
(BOGHEIRE L2280l 538

Laser Cladding Process Parameter Record Form
(LEZZHEHELFKR)

Process Parameter Calibration Record Form
(PRI RS AT L 33D

Shielding Gas Purity Test Record Form

6.3V
A0 2025-01-01 B RRAN TEHARE
Yl H -
H%: HH#A:
LA H .
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