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1. B8 Purpose

AR BEMVERNE THR QLih) AIRAFSEE THIE TZPER TR, FRil
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This procedure is designed to standardize the technical requirements for plasma gas flow rate,

transferred arc parameters and penetration depth control in plasma cladding processes of Cladding-

Technology-Shanxi-Co.,-Ltd, ensuring stable and reliable quality of cladding layers for flange
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cladding, pipe fitting cladding, steel pipe cladding, shaft sleeve cladding and mold cladding repair
products, meeting customer technical requirements for surface strengthening and remanufacturing

repair.

2. SEASEHE Scope

AREFEM T AR P RS B TR T2 T e w2 Rmsit . FhiEeE X
HERHIETH , AFEEAR T LT -
This procedure applies to all metal component surface strengthening, remanufacturing repair

and additive manufacturing projects using plasma cladding process in the company, including but not

limited to the following products:

o JEEHESE (Flange Cladding)

o HFHEME (Pipe Fitting Cladding)

o EHEIE (Steel Pipe Cladding)

o I HEIE (Shaft Sleeve Cladding)

o MEAMEEESE (Mold Cladding Repair)

o BN KM (Gradient Material Preparation)

3. BR 3t Responsibilities

w

.1 TE B AE Technical Process Department

B 53] 2 55 2 T HEIRE L2 S 4hRiE (Responsible for establishing plasma cladding process

parameter standards )

o MU TESHMFTUEEMAL (Responsible for verification and optimization of process
parameters )

o  fiurduith| L2+ 51EIEF T (Responsible for preparing process cards and work
instructions)

o HMITH LZSHIMIRE S5V (Responsible for testing and evaluation of new process

parameters )

3.2 £77#B Production Department

o T R T2 HERPATHEIEAE M (Responsible for executing cladding operations according
to process parameter requirements )

o MITNHAHWEHT 5SEHME (Responsible for daily equipment maintenance and parameter
calibration)

o MBI REFHISEICR (Responsible for parameter recording during production)
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3.3 JiE &P Quality Department

o MITHIRZFR BRI EIFE (Responsible for cladding layer quality inspection and
evaluation)

o FTTIATREE I 523 /31 (Responsible for penetration depth testing and data analysis)

o M AEIIIMLELEIEW] (Responsible for handling and traceability of non-conforming
products)

3.4 £ &B Equipment Department

o MITHETHIEWNENYEY S5{-FF (Responsible for maintenance of plasma cladding
equipment)

o M AMIMEIEH RGHIKE (Responsible for calibration of gas flow control )

o MITHEMIENHR S515E (Responsible for troubleshooting and repair of equipment

failures)

EIRANA5FEF Management Content and Procedures

4.1 EBFSEEPH Plasma Gas Flow Rate Control

4.1.1 SR L Gas Composition
SRR T HER SR ARG R AR R ALK
The plasma cladding gas consists of the following components:
| S A& | Gas Type | Fi& | Purpose | ¥ 78 [# | Flow Range |
| %851 | Plasma Gas | JZ 552 19K | Form plasma arc | 1.5-12 L/min |
| f&47 <, | Shielding Gas | fR47#47t | Protect molten pool | 8-25 L/min |
| & 15 | Cooling Gas | Wil 7441 | Nozzle cooling | 15-30 L/min |
4.1.2 EEF =i &1 E Plasma Gas Flow Rate Setting
SRR R T A T IR R AR S S 2, AR LR BRI R BT IOE -
Plasma gas flow rate is a key parameter that determines plasma arc energy density and

penetration depth, and should be set according to the following factors:

34 EE 5#4 5 Base Material Thickness and Material

| Z: 44 JE i | Base Thickness | %5 557 A it & | Plasma Gas Flow | i& F 7 i | Applicable
Products |

| 3-6mm | 3-6mm | 2-4 L/min | 2-4 L/min | j#E£5 44 | Thin-walled pipes |
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| 6-15mm | 6-15mm | 4-7 L/min | 4-7 L/min | ¥%2%. $1E% | Flanges, shaft sleeves |
| 15-30mm | 15-30mm | 7-10 L/min | 7-10 L/min | JEEE4X’ | Thick-walled steel pipes |
| >30mm | >30mm | 10-12 L/min | 10-12 L/min | KA H | Large molds |
R EEFER Cladding Layer Thickness Requirement
o HEHEE (0.52mm) : RAMKAESEE T (Low-flow plasma gas for thin cladding)
o HEMEE (2-5mm) : RHPTHFREFE T (Medium-flow plasma gas for medium
cladding)
o JFEEMEE GSmm) : RHEAESE T UUMCE 2 ZHEME (High-flow plasma gas with
multi-pass cladding for thick cladding)
4.1.3 R GEFE#) Shielding Gas Flow Rate Control
PRI FLE S I HE SR R ORI RSCR IR 8 53 A LA R e e ol AT e
Shielding gas flow rate directly affects the protection effect of cladding layer and should be

adjusted according to nozzle diameter and welding speed:
| W55 FL4% | Nozzle Orifice | #5435 ¥ | Welding Speed | {47/l & | Shielding Gas Flow |
| 1.5mm | 1.5mm | <200mm/min | <200mm/min | 10-15 L/min |
| 1.5mm | 1.5mm | 200-400mm/min | 200-400mm/min | 15-20 L/min |
| 2.0mm | 2.0mm | <200mm/min | <200mm/min | 15-20 L/min |
| 2.0mm | 2.0mm | 200-400mm/min | 200-400mm/min | 20-25 L/min |

4.2 #3815 ##4| Transferred Arc Parameter Control

4.2.1 #7807 Transferred Arc Current
R AL R R P S IR AU B R 20 S8
Transferred arc current is the core parameter for controlling penetration depth and deposition

rate:
| P2 25 | Product Type | HEL A 7@ [#l | Current Range | #4775 [ | Penetration Range |
| 12225 HE45 | Flange Cladding | 80-150A | 80-150A | 0.3-1.5mm |
| B HESE | Pipe Fitting Cladding | 60-120A | 60-120A | 0.2-1.2mm |
| BN HESS | Steel Pipe Cladding | 100-200A | 100-200A | 0.5-2.0mm |
| #h A= HE AR | Shaft Sleeve Cladding | 70-130A | 70-130A | 0.3-1.3mm |
| 6 B HESEAE | Mold Cladding Repair | 90-180A | 90-180A | 0.4-1.8mm |
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4.2.2 378l H# /% Transferred Arc Voltage
R S R IE L, SEmE TS MFRE R .

Transferred arc voltage is proportional to arc length and affects molten pool shape and dilution

rate:
o RHA (18-22V) : FINER:, (KB, @EH THR%HERE (Low voltage: short arc
welding, low dilution rate, suitable for precision cladding)
o ik (22-26V) : AnifEINKC, HEEREEER, EHTHMMESE (Medium voltage: standard
arc length, medium dilution rate, suitable for regular cladding)
o EHE (26-30V) : KINER:, ERMER, EHTURGHEE (High voltage: long arc
welding, high dilution rate, suitable for deep penetration cladding)
4.2.3 JUKFEE#) Arc Length Control
IR 25 1] X HE e I B A B S
Arc length control has important impact on cladding quality:
| IV | Arc Length Range | #i %% % | Dilution Rate | i& F3% 5t | Application Scenario |
| 1.0-1.5mm | 1.0-1.5mm | 5-10% | 5-10% | K& % HESE . # /212 E | Precision cladding, thin
layer repair |
| 1.5-2.0mm | 1.5-2.0mm | 10-15% | 10-15% | & #H#EJE | Regular cladding |
|2.0-2.5mm | 2.0-2.5mm | 15-25% | 15-25% | ZRIGHESE . FEHiliE | Deep penetration cladding,

remanufacturing |

4.3 Y2824 Penetration Depth Control

4.3.1 IFFE NI & F Factors Affecting Penetration Depth
VAR DL R SR G RE i -
Penetration depth is affected by the following factors:
| #21 [K 25 | Influencing Factor | #2MHF2E | Impact Level | #7772 | Control Method |
| & 5 1S i & | Plasma Gas Flow | /= | High | #5115 & 11 | Precise flow meter
adjustment |

| ##25NHI | Transferred Arc Current | /5 | High | Bt A2 2 #5Hi1] | Current stabilization

control |
| J&4%38 & | Welding Speed | ' | Medium | H zli% 3£ 4% | Automatic feed control |
| W55 = | Nozzle Height | HP | Medium | 15 5 A% B 2844l | Height sensor control |

b=

| =41 5 #4E | Base Material Conductivity | /1 | Medium | Til#4b# | Preheating treatment |
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4.3.2 18RI % Penetration Depth Detection Methods
| #6390 777% | Detection Method | 4% /& | Accuracy | & Y Bt | Applicable Stage |
| #7717 | Metallographic Analysis | £0.05mm | £0.05mm | L. Z51IE | Process verification |
| 8 A A | Ultrasonic Testing | £0.1mm | £0.1mm | £E£&45 | | Online inspection |
| BiZE K | Penetrant Testing | 7€ V£ | Qualitative | BRFEFE | Defect detection |
| f# £ | Hardness Testing | [A]4% | Indirect | Jii & F4 | Quality evaluation |
4.3.3 L FFEHtr & Penetration Depth Control Standards

| 72255 | Product Category | H #5447 | Target Penetration | 70Vl 2= | Allowable

Deviation |
| = HEJR | Flange Cladding | 0.5-1.0mm | 0.5-1.0mm | £0.1mm |
| & 1 HEJE | Pipe Fitting Cladding | 0.3-0.8mm | 0.3-0.8mm | £0.1mm |
| WX HESR | Steel Pipe Cladding | 0.8-1.5mm | 0.8-1.5mm | +0.15mm |
| B HELE | Shaft Sleeve Cladding | 0.4-1.0mm | 0.4-1.0mm | £0.1mm |
| 6 B HEMRAE | Mold Cladding Repair | 0.6-1.2mm | 0.6-1.2mm | +0.1mm |

4.4 T2 S ITHEIR Process Parameter Matching Table

4.4.1 X =1/ T Z Z# Flange Cladding Process Parameters

| 24001 H | Parameter Item | #£77{H | Recommended Value | #%7E | Remarks |

| 5557 K It & | Plasma Gas Flow | 5-8 L/min | 5-8 L/min | 472 2% JE 1A %% | Adjust
according to flange thickness |

| PR3PS9 & | Shielding Gas Flow | 15-20 L/min | 15-20 L/min | Ar < | Argon gas |

| #7239 FLIA | Transferred Arc Current | 100-140A | 100-140A | DCEN | DCEN |

| #F2 9 HLJE | Transferred Arc Voltage | 22-25V | 22-25V | JK: 1.5-2.0mm | Arc length 1.5-

2.0mm |
| J§:#%38 & | Welding Speed | 150-250mm/min | 150-250mm/min | H #i% 3t | Automatic feed |
| B ¥R¥5TR | Target Penetration | 0.6-1.0mm | 0.6-1.0mm | #F:% 10-15% | Dilution rate 10-
15% |
4.4.2 EHHESE T Z £ Pipe Fitting Cladding Process Parameters
| 2400 H | Parameter Item | #£77{E | Recommended Value | #%7E | Remarks |

| 2455 /< i & | Plasma Gas Flow | 3-6 L/min | 3-6 L/min | B8 ¢F FIKIA & | Low flow for
thin-walled pipes |
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| R4 <& | Shielding Gas Flow | 12-18 L/min | 12-18 L/min | Ar <, | Argon gas |
| # ¥ 5L | Transferred Arc Current | 70-110A | 70-110A | DCEN | DCEN |
| ¥ 9HE & | Transferred Arc Voltage | 20-23V | 20-23V | 5K 1.2-1.8mm | Arc length 1.2-

1.8mm |
| 1§48 & | Welding Speed | 200-350mm/min | 200-350mm/min | H zli% 3 | Automatic feed |
| HFRIATR | Target Penetration | 0.3-0.7mm | 0.3-0.7mm | B3R 8-12% | Dilution rate 8-12% |

4.4.3 NEHIET Z & # Steel Pipe Cladding Process Parameters

| 240 H | Parameter Item | #E#£{E | Recommended Value | #7E | Remarks |

| 2585 F/< i & | Plasma Gas Flow | 7-10 L/min | 7-10 L/min | JEE240 %% F =i & | High flow
for thick-walled pipes |

| RIS | Shielding Gas Flow | 18-25 L/min | 18-25 L/min | Ar < | Argon gas |

| 29N | Transferred Arc Current | 130-190A | 130-190A | DCEN | DCEN |

| ##9NHLIE | Transferred Arc Voltage | 24-28V | 24-28V | 9lK: 1.8-2.3mm | Arc length 1.8-

2.3mm |

| J&4%38 & | Welding Speed | 120-200mm/min | 120-200mm/min | H #i% 3 | Automatic feed |

| H 447K | Target Penetration | 0.8-1.4mm | 0.8-1.4mm | #iF:% 12-18% | Dilution rate 12-
18% |
4.4.4 HEEHIET ZE# Shaft Sleeve Cladding Process Parameters

| 245 H | Parameter Item | #E#£{E | Recommended Value | %7 | Remarks |

| 5 & 7SI & | Plasma Gas Flow | 4-7 L/min | 4-7 L/min | #R 3E4H4% % | Adjust according
to shaft diameter |

| tr¥7 S & | Shielding Gas Flow | 14-19 L/min | 14-19 L/min | Ar < | Argon gas |

| #7239 FLIA | Transferred Arc Current | 80-125A | 80-125A | DCEN | DCEN |

| #F2 9 HLJE | Transferred Arc Voltage | 21-24V | 21-24V | 9K 1.4-1.9mm | Arc length 1.4-

1.9mm |
| J&#%8 & | Welding Speed | 180-280mm/min | 180-280mm/min | H #i% 3 | Automatic feed |
| H 447K | Target Penetration | 0.4-0.9mm | 0.4-0.9mm | #F:% 10-14% | Dilution rate 10-
14% |
4.4.5 EEK/IEEE T 2S5 Mold Cladding Repair Process Parameters
| 2403 H | Parameter Item | #fE7£{f | Recommended Value | 57+ | Remarks |
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| % B 7S If & | Plasma Gas Flow | 6-9 L/min | 6-9 L/min | H4E42 & X451 % | Adjust
according to repair area |

| RIS | Shielding Gas Flow | 16-22 L/min | 16-22 L/min | Ar < | Argon gas |

| 29N | Transferred Arc Current | 100-170A | 100-170A | DCEN | DCEN |

| ¥ 9N & | Transferred Arc Voltage | 23-27V | 23-27V | 5K 1.6-2.2mm | Arc length 1.6-
2.2mm |

| 1§48 & | Welding Speed | 140-220mm/min | 140-220mm/min | H zi% 3 | Automatic feed |

| HFRIATR | Target Penetration | 0.6-1.1mm | 0.6-1.1mm | Fi%F3 11-16% | Dilution rate 11-
16% |

4.5 TZIF 5 4% Process Verification and Adjustment

4.5.1 B #£S21F First Article Verification

FEHE AR PR, L ATHEAT SR IE

Before each batch production, first article verification must be performed:
1. %L ZSHEATIAMESE (Trial cladding according to process parameters )
RS IR & B A7 A 225K (Check if penetration depth meets requirements )
fa A HESR E /Ml & (Check cladding layer appearance quality )
VBRI T 2540 (Adjust process parameters if necessary)
TOSRIESE R (Record verification results)

A

4.5.2 1 EEI#E Process Monitoring
AP AR TR BLEEAT DL AR
The following monitoring should be performed during production:
. 2 NIFEE B — IR AR R (Check gas flow rate every 2 hours)
. 4 /NI A — RIS 4L (Check arc parameters every 4 hours)
o ALK IETR (Sample penetration depth for each batch)
o LT IEI N ALFEFE i (Record abnormal situations and handling measures )

4.5.3 S FER N Parameter Adjustment Principles
YBIRANTE A EE RIS, F2 DU T D) 2 .

When penetration depth does not meet requirements, adjust according to the following

principles:
JEBRIE K Penetration Too Deep

o [FKEEE TS UiE (Reduce plasma gas flow rate)
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o PHRFEFZINHIR (Reduce transferred arc current)
o IRFIEHLESE (Increase welding speed)
o NS (Increase arc length)
YEIE /N Insufficient Penetration
o EEEETSUME (Increase plasma gas flow rate)

o REHEMINHIR (Increase transferred arc current)

o [RRMEELEEE (Decrease welding speed)
e J#/MIK (Decrease arc length)

5. A B Z# Supervision and Assessment

5.1 TZ 4 {EMEA Process Discipline Inspection
R H AN E B TR T2 SHIATE O TR, RENA R

Quality Department shall inspect the implementation of plasma cladding process parameters

monthly, including:

o LESHCFKTEENE (Completeness of process parameter records)
o ZHHATFIAME (Compliance of parameter execution)

o WHKHEIRA (Equipment calibration status)

o SMREIEHIEE (Gas flow control accuracy )

5.2 i EZ#%IEH Quality Assessment Indicators
| 1% H | Assessment Item | H #3{H | Target Value | £ E | Weight |
| ¥EIR A A% K | Penetration Qualification Rate | >95% | >95% | 40% |
| ZHPH AT | Parameter Execution Rate | >98% | >98% | 30% |
| 103k 5E 8% | Record Completeness Rate | 100% | 100% | 20% |

| %% 521 % | Equipment Availability Rate | >95% | >95% | 10% |

5.3 ¥f4Li# Continuous Improvement
TEHARE TIN5 T HEE T ZSH AT, AR DU (5 BT itk
Technical Process Department shall review plasma cladding process parameters quarterly and
optimize based on the following information:
o FEETEAHESHT (Product quality data analysis)
o KR UiEE (Customer feedback information)

o WRIEITIRIL (Equipment operating status)
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BARLR 1% (New material application status)

6. Bf}| Supplementary Provisions

6.1 8 3% 344 Related Documents

ST HEIR B A R E AR (Plasma Cladding Equipment Operating Procedure )
HEIEZ R EA AR (Cladding Layer Quality Inspection Standard )
LEZSHd %K (Process Parameter Record Form)

WY IRIFERFE (Equipment Maintenance Procedure)

6.2 i3 & Record Forms

EETHIE T ZE 5800 %F (Plasma Cladding Process Parameter Record Form)
VRIS FE  (Penetration Depth Test Report)

T25EHRE (Process Verification Report)

B HEIL % (Equipment Calibration Record)

6.3 &1 12 3% Revision History

By |

| A | Version | 1£1] H ] | Revision Date | 511 %% | Revision Content | 121 A | Revised

| A/O | A/0|2024-01-01 | 2024-01-01 | T XK A7 | Initial Release | T Z 4 AR | Technical

Process Dept. |

4at Prepared by: . Z$AR#E Technical Process Department
#H#% Reviewed by: Jii & Quality Department

fit## Approved by: AR 2 Technical Director

KAT HEA Issue Date: 2024 £ 1 H 1 H January 1, 2024
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