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1. B & Purpose
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This document specifies the procedures and requirements for systematic inspection and testing
of first article products during new product trial production or new process application at Cladding-
Technology-Shanxi-Co.,-Ltd. By establishing a standardized first article verification process, this
plan ensures that additive manufacturing, TIG/MIG precision cladding and other processes meet
design requirements and quality standards before formal mass production, reduces production risks,

and verifies the stability of process parameters and consistency of product performance.

2. SEFASEE Scope
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This plan applies to the following situations:

e First trial production of entirely new products, including flange cladding, pipe fitting cladding,
steel pipe cladding, shaft sleeve cladding, mold cladding repair and other new products

e Existing products manufactured using new processes or new materials, such as TIG cladding
process replacing traditional welding, major adjustments to MIG cladding process parameters,
application of new alloy materials, etc.

e Application of additive manufacturing technology in new product development, including arc
additive manufacturing near-net-shape forming, gradient material preparation, etc.

e Verification after changes to critical process parameters, such as cladding dilution rate
adjustment, deposition rate changes, interlayer temperature control optimization, etc.

e First article verification after equipment upgrade or replacement

3. B3 Responsibilities

3.1 R EB Technical Department
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Prepare first article verification technical plan, determine inspection items, inspection methods

and acceptance criteria

Develop process parameter cards, specifying key process parameters for TIG/MIG cladding and

additive manufacturing

Organize first article trial production, record process parameters and product status

Prepare first article verification report, analyze inspection results

3.2 JiE &P Quality Department
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Review first article verification plan, ensure completeness of inspection items and clarity of

standards

Execute or supervise inspection and testing work

Record inspection data, issue inspection reports

Determine first article verification conclusion, propose improvement suggestions

3.3 & =& Production Department
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e Execute first article trial production according to process document requirements

e Cooperate with Technical Department for process parameter adjustments

e Provide abnormal information during production process

3.4 2438 General Manager

o fHEEMFEETE
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e Approve first article verification plan

e Approve first article verification conclusion

e Decide whether to proceed to mass production
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4. BB AR5 FEF Management Content and Procedures

4.1 X F B 3% K Initiation Conditions
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The first article verification procedure shall be initiated when any of the following conditions

are met:

e New product design drawings and technical requirements have been frozen and entered the trial
production stage

e New process plan has passed technical review and is ready for trial production

e C(ritical process parameters have been changed and need to verify the effect of changes

e Equipment or tooling has undergone major changes and needs to verify equipment capability

4.2 B X 5E TR First Article Verification Process

4.2.1 %545 %) Plan Preparation
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The Technical Department shall prepare the first article verification plan based on product

drawings, technical requirements and process plan, including:

e Product basic information: product name, specification model, material grade, quantity

e Process route: additive manufacturing, TIG cladding, MIG cladding and other process sequence

e Inspection item list: dimensional inspection, visual inspection, non-destructive testing,
mechanical property test, chemical composition analysis, etc.

e Inspection methods and standards: reference national standards, industry standards or enterprise
standards

e Inspection timing: first article inspection, process inspection, final inspection

e Inspection equipment: measuring tools, testing equipment, test instruments
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4.2.2 T Z&#1#iiA Process Parameter Confirmation
HAHRE T, BRI LT S T2 S 4:
TIG ¥R T ZESH TIG Cladding Process Parameters
| 2400 H Parameter Item | 2%t [ Parameter Range | £7+ Remarks |
| JR-42 U Welding Current | FR 8 FE A FIHEE AR 2 | 5200 MRE S FIUB IR |
| FEHE L & Welding Voltage | HR 45 UL ECE | 52 1R 42 UE |
| #i4id . Welding Speed | ARG BB E | 5047 RCR MR |
| {47 A& & Gas Flow Rate | 8-15 L/min | /<46 £>99.99% |
| #5% B.1% Tungsten Electrode Diameter | 2.4-4.0 mm | F 4 UL HE |
| 21635 % Interpass Temperature | <150°C | [ 15 #G2m PR & |
| Parameter Item | Parameter Range | Remarks |

| Welding Current | Determined by base material and cladding material | Affects dilution rate

and penetration depth |
| Welding Voltage | Set according to current matching | Affects weld formation |

| Welding Speed | Determined by deposition efficiency | Affects production efficiency and

dilution rate |
| Gas Flow Rate | 8-15 L/min | Argon purity >99.99% |
| Tungsten Electrode Diameter | 2.4-4.0 mm | Selected according to current |
| Interpass Temperature | <150°C | Prevent overheating affecting performance |
MIG #8228 MIG Cladding Process Parameters
| 2800 H Parameter Item | Z4{li [l Parameter Range | %73 Remarks |
| JEFE I Welding Current | ARIEIEHHCHR I E | R A BOR AR |
| ##4% L K Welding Voltage | MR HLTVL AL BEE | F20 AL IR E P |
| 1% 223 & Wire Feed Speed | H 4 LR UL G158 | 520 A B |
| (-3 B Gas Flow Rate | 15-25 L/min | #4E T 2B R ik #% |
| FT{H4 Dry Extension | 10-15 mm | 5200 HL5IURRE 14 |
| #2232 % Oscillation Parameters | #R¥5 457 4% T FE i 2 | 52 MR 4% I |
| Parameter Item | Parameter Range | Remarks |

| Welding Current | Determined by deposition efficiency | Affects production efficiency and

dilution rate |

| Welding Voltage | Set according to current matching | Affects arc stability |
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| Wire Feed Speed | Set according to current matching | Affects deposition amount |
| Gas Flow Rate | 15-25 L/min | Selected according to process requirements |
| Dry Extension | 10-15 mm | Affects arc stability |
| Oscillation Parameters | Determined by weld width | Affects weld formation |
W) T 228 Additive Manufacturing Process Parameters
| 2400 H Parameter Item | 24t Parameter Range | £7+ Remarks |
| 12 )5 Layer Thickness | 1.5-3.0 mm | 3577 5o B 25K 72 |
| B [A] 5 Track Spacing | RIEIE 22 BARH € | 5o 2 0] 455
| 134 55 Scanning Strategy | M= S AR E | FEMSR AN T |
| Ti#GE B Preheating Temperature | HR3E M B € | By 1S54 |
| J #Ab P Post Heat Treatment | FRIEA B | T ERIR AR LT |
| Parameter Item | Parameter Range | Remarks |
| Layer Thickness | 1.5-3.0 mm | Determined by product accuracy requirements |
| Track Spacing | Determined by wire diameter | Affects interlayer bonding |
| Scanning Strategy | Determined by product shape | Affects residual stress |
| Preheating Temperature | Determined by material | Prevent crack formation |
| Post Heat Treatment | Determined by material | Eliminate residual stress |
4.2.3 B4 % First Article Trial Production
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The Production Department shall execute first article trial production according to confirmed
process parameters, and the Technical Department shall track and record throughout the process:

e Record deviations between actual process parameters and set values
e Record abnormal situations during production
e Record environmental conditions (temperature, humidity)

e Record operator information

4.2.4 1253525 Inspection and Testing
A5 E R A 5 R ER TH an
4.2.4.1 R~F1&% Dimensional Inspection
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| ¥:56: 351 H Inspection Item | #6556 /77 Inspection Method | #5:46:R#E Inspection Standard | 16
BSHFHL Inspection Timing |
| HEJRZ ) Cladding Layer Thickness | i 75 % il JE4% Ultrasonic Thickness Gauge | EI4GEE

SK+0.5mm | i FEA IS Process Inspection |

| #EJ5 )2 55 B Cladding Layer Width | /T3 R Caliper/Micrometer | B4 5R+0.3mm | i
FERLIS Process Inspection |

| F= i AME/ N 4% Outer/Inner Diameter | < JX/T-43 )X Caliper/Micrometer | FIACE R | Fe &4
% Final Inspection |

| 7= K Product Length | £ X/ R Caliper/Tape Measure | FIACE R | £ 24656 Final
Inspection |

| 17 B2/ H 26 E Roundness/Straightness | = ARFRIlI AL CMM | BIAGESK | e 4 K0 % Final
Inspection |

| HENRJZ SR TS B Surface Roughness | FLKEE {1 Roughness Tester | Ra<6.3um | iz 2446 5

Final Inspection |

il

| Inspection Item | Inspection Method | Inspection Standard | Inspection Timing |

| Cladding Layer Thickness | Ultrasonic Thickness Gauge | Drawing requirements =0.5mm |

Process Inspection |

| Cladding Layer Width | Caliper/Micrometer | Drawing requirements +0.3mm | Process

Inspection |
| Outer/Inner Diameter | Caliper/Micrometer | Drawing requirements | Final Inspection |
| Product Length | Caliper/Tape Measure | Drawing requirements | Final Inspection |
| Roundness/Straightness | CMM | Drawing requirements | Final Inspection |
| Surface Roughness | Roughness Tester | Ra<6.3um | Final Inspection |
4.2.4.2 ALY Visual Inspection
| ¥:56: 351 H Inspection Item | #6556 /774 Inspection Method | %S Acceptance Criteria |
| 1544 1 J¥ Weld Formation | H #{4G # Visual Inspection | J54%45 %], TRl KRIGE |
| R HRFE Surface Defects | H A A Visual Inspection | TGRS, A FL. FiE |
| &I Spatter | H A1 7 Visual Inspection | Ik E<5% |
| Fitt Color | H ALK Visual Inspection | Toid #AR |
| #4442 (8] 455 Interlayer Bonding | H MK 2L Visual Inspection | JZHI 45 & RI4F, K0 )Z |
| Inspection Item | Inspection Method | Acceptance Criteria |

| Weld Formation | Visual Inspection | Uniform weld, no undercut or lack of fusion |
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| Surface Defects | Visual Inspection | No cracks, porosity, inclusions

| Spatter | Visual Inspection | Spatter <5% |

| Color | Visual Inspection | No overheating discoloration |

| Interlayer Bonding | Visual Inspection | Good interlayer bonding, no delamination |

4.2.4.3 TR Non-Destructive Testing

| ¥:56: 351 H Inspection Item | #6957 Testing Method | 46845 Acceptance Criteria | 3%
77 Applicable Products |

| R RLU Surface Crack Detection | (2% Rl PT | JEREL | FrA HELE ™ i All Cladding
Products |

| 3T & T BB A Near-Surface Defect Detection | BEFMREI MT | R4, KIG4 | Bhrbtt
#4 %} Ferromagnetic Materials |

| P EREREARTI Internal Defect Detection | B A PRI UT | JGEEARERRE | JF A2 i Thick-
walled Products |

| P EBER A Internal Defect Detection | 5264l RT | JoHEFR G-I | 8™ i Critical
Products |

| Inspection Item | Testing Method | Acceptance Criteria | Applicable Products |

| Surface Crack Detection | PT | No cracks | All Cladding Products |

| Near-Surface Defect Detection | MT | No cracks, lack of fusion | Ferromagnetic Materials |

| Internal Defect Detection | UT | No excessive defects | Thick-walled Products |

| Internal Defect Detection | RT | No excessive defects | Critical Products |

4.2.4.4 /7% 68 Mechanical Property Testing

| RIETT H Test Item | 055 /7% Testing Method | SGUSFR#E Acceptance Criteria | FUFEAL B
Sampling Location |

| Hi k58 Tensile Test | GB/T 228.1 | HLHLsRE>RIMARIEAE | HEIRZ SR A5 GIX |

| 25 #1156 Bend Test | GB/T 2653 | Z5 Hl 180°C244L | HEIEE |

| R % Impact Test | GB/T 229 | phe =M (E | HIRE SR LA X |

| f 21X 55 Hardness Test | GB/T 230.1 | B BEAE AT S BORER | HEMRZ . GEmIX . BEH |

| Test Item | Testing Method | Acceptance Criteria | Sampling Location |

| Tensile Test | GB/T 228.1 | Tensile strength > base material standard value | Cladding layer and
base material bonding zone |

| Bend Test | GB/T 2653 | Bend 180° without cracks | Cladding layer |

| Impact Test | GB/T 229 | Impact energy > specified value | Cladding layer and base material

bonding zone |
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| Hardness Test | GB/T 230.1 | Hardness value meets technical requirements | Cladding layer,
HAZ, base material |

4.2.4.5 2RS4 Chemical Composition Analysis
| 7M1 I H Analysis Item | 4347 777% Analysis Method | 5 USCkRH Acceptance Criteria |
| AR JZ4E 2% 5> Cladding Layer Composition | Y6 4:#T Spectral Analysis | 1575 #4 Bl Ax e
ZOKR |
| ¥ Bt Dilution Rate | £:4H 4 #r Metallographic Analysis | <i% 112K |
| 7GE /A Element Distribution | EPMA | B6 B A B & ¥ 1T E K |
| Analysis Item | Analysis Method | Acceptance Criteria |
| Cladding Layer Composition | Spectral Analysis | Meets material standard requirements |
| Dilution Rate | Metallographic Analysis | < design requirements |
| Element Distribution | EPMA | Gradient material meets design requirements |
4.2.4.6 ALK Metallographic Inspection
| ¥:36:200 H Inspection Item | #3677 7% Inspection Method | 36U A5 Acceptance Criteria |
| HESEZ 4 21 Microstructure | Y622 @485 Optical Microscope | 2273451, o4 |
| #i B Dilution Rate | 6 %% {2 /#(5% Optical Microscope | < 11 E3K |
| JZ (8454 Interlayer Bonding | Y62 245t Optical Microscope | 25 L 4F, JoHkHE |
| ek Grain Size | Y652 25 B% Optical Microscope | 576 i EK |
| Inspection Item | Inspection Method | Acceptance Criteria |
| Microstructure | Optical Microscope | Uniform structure, no abnormal structure |
| Dilution Rate | Optical Microscope | < design requirements |
| Interlayer Bonding | Optical Microscope | Good bonding, no defects |
| Grain Size | Optical Microscope | Meets standard requirements |
4.2.5 1252 2% 22 3FE Inspection Result Evaluation
Jou B AR AR A g 4 AT SR B VP E
o JTARITIH G, HEEMEEET
o HRPRIIRTNH AGH, TR, SR IESE S R R
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The Quality Department shall comprehensively evaluate based on inspection results:

e All inspection items qualified, first article verification passed
e Some inspection items unqualified, analyze causes, take corrective actions and re-inspect

e (ritical items unqualified, first article verification failed, need to re-trial
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4.2.6 B L ERE First Article Verification Report
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After first article verification is completed, the Technical Department shall prepare the first

article verification report, including:

e Product basic information

e Process parameter records

e Summary of inspection and testing results
e Non-conformities and handling status

e Verification conclusion

e Improvement suggestions

4.3 B L 5EIC 3 First Article Verification Records
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The following records shall be maintained during first article verification:
e First article verification plan
e Process parameter record sheet
e Inspection and testing records
e Non-conformity handling records
e First article verification report

e First article product photos

4.4 B4 7= Fh AL B Disposal of First Article Products
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After first article verification, the first article products shall be disposed as follows:

Passed verification and required by customer, deliver to customer
Passed verification but not required by customer, keep as sample

Failed verification, scrap or rework and re-verify

5. A Z# Supervision and Assessment

5.1

5B 2 Supervision and Inspection
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The Quality Department shall conduct monthly supervision and inspection of first article

verification implementation, including:

Whether first article verification plan is complete
Whether inspection items are complete
Whether inspection records are standardized

Whether non-conformity handling is timely

5.2 ZPFEHT Assessment and Evaluation

(22}
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A% — B RN R IGRE

KB s 58 BN ot B IS5 14

First article verification timeliness rate included in department performance assessment

First article verification first-pass rate included in Technical Department performance assessment

Inspection record completeness included in Quality Department performance assessment

. it Supplementary Provisions

6.1 8 3% 344 Related Documents
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6 5 X g I R
o AEKEMIEHER
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e Process Document Management

e Inspection and Testing Control Procedure
e Non-conforming Product Control Procedure

e Record Control Procedure

6.2 ¥ 310 % Related Records

o HMEEIR

o LZZHURRE

o I HRHKICRE

o HMFEEME

e First Article Verification Plan

e Process Parameter Record Sheet

e Inspection and Testing Record Sheet

e First Article Verification Report

6.3 &1 723X Revision History
| lRA Version | 121 A %5 Revision Content | 1211 H ##] Revision Date | /21T A\ Revised by |
| A/O | B X R AT First Release | 2025-01-01 | £ KR} Technical Dept. |
MAHZ5R End of Document
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