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1. B & Purpose
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This Inspection and Test Plan (ITP) is established to standardize the quality control activities

throughout the entire process of cladding elbow products at CLADDING Technology (Shanxi) Co.,
Ltd., from raw material incoming to finished product delivery. The plan ensures that TIG/MIG
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cladding process parameters are controlled, weld quality meets design requirements, heat treatment
processes are effectively executed, and non-destructive testing is comprehensively covered,
ultimately delivering cladding elbow products that comply with ASME B16.9, GB/T 12459 and

relevant customer technical specifications.

2. SEFASEE Scope
A ITP &M T A m A= B &5 R S i, AR EAR T

This ITP applies to all types of cladding elbow products manufactured by the company,
including but not limited to:
o TRANAK A SANSEARHEIE A 3k Carbon steel/low alloy steel base material with stainless
steel cladding elbows
BRI & G X i A M I 253 Carbon steel/low alloy steel base material with nickel-
based alloy cladding elbows
MEJg R 55k (TIG/MIG IZ) Bi-metallic composite elbows (TIG/MIG process)
KIO47 R REHESE 2 Sk Large diameter thick-wall cladding elbows
1y R /& T8 FHHESR 5 3k High-pressure pipeline cladding elbows

EHLTZIEHE: TIG HE1E ISR IE) « MIG HEAE UBILAUE SRR
) o B HE (WAAMD) .

Applicable process scope: TIG cladding (Tungsten Inert Gas welding), MIG cladding (Metal
Inert Gas welding), Wire Arc Additive Manufacturing (WAAM).

3. B3 Responsibilities

3.1 i E &P Quality Department
PTTAS ITP gl BT 5 R

o Responsible for the preparation, revision and interpretation of this ITP
o TR 5 ulieiE S I A L St

e Responsible for the organization and implementation of inspection and test activities throughout

the process
o MTTRLICIR. WY & AR E B
e Responsible for the archiving and management of inspection records and test reports

o MTTAEHEEHIHIE 5 AL B IR IR

e Responsible for the determination and disposal tracking of non-conforming products
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3.2 & 7=&B Production Department
o MITTHZ L ZMMPAT L KL HESE, PUbHEAEL

e Responsible for executing elbow forming, cladding and heat treatment operations according to
process specifications

o  MITWAH HWYE 5 ke

e Responsible for daily equipment maintenance and inspection

o MBI PERSHA

e Responsible for self-inspection and mutual inspection during production

3.3 BiARER Technical Department

g TR (WPS) KT ZE (PQR)

Responsible for preparing Welding Procedure Specifications (WPS) and Procedure Qualification
Records (PQR)

B DT AL T 2R R

Responsible for the development of heat treatment process specifications

TR DA P R B HOR []

Responsible for resolving technical issues during production

3.4 ZEIER Procurement Department

TTTRRRE . JRRA IR B PR R 7o 9% i B

Responsible for procurement of raw materials and welding consumables and supplier

qualification management
9T RIBOF AR FIE B 45

Responsible for obtaining and archiving material certificates

3.5 &£ &P Equipment Department
PO HEAR B . A HE & R4 R I

Responsible for maintenance of cladding equipment and heat treatment equipment
TR % B R R B

Responsible for calibration management of inspection equipment and measuring tools

BN A5FEF Management Content and Procedures

4.1 } %6 53R 56 FF2 5 98 Inspection and Test Process Overview

BB BB RISR A
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After incoming of base material (carbon steel/low alloy steel pipe), Quality Department shall

conduct the following inspections based on purchase contract and technical agreement:

2R R Chemical Composition Inspection



@ NETHA (WE) ERAT

Cladding Technology (Shanxi) Co., Ltd.

KRG 3 B SO T AR R 2 By HEAT 3B 4tk e i, A SR I H 448 C. Siv Mn. P, S,
Cr. Mo. Ni%uH & &, Wil 4 GB/T 3077 5L ASTM A335 S5AH ARt ZER .
Chemical composition of base material shall be analyzed batch by batch using spectral analyzer,

including elements such as C, Si, Mn, P, S, Cr, Mo, Ni, ensuring compliance with GB/T 3077 or
ASTM A335 and other relevant standard requirements.

F1F AR Mechanical Property Inspection
B R SRR RLEAT P A G AN b e 106, A 300 H ARSI om e . SRR . ST
e Pl IhEE, BRTFE B ERK.
Each batch of base material shall undergo tensile test and impact test, including tensile strength,
yield strength, elongation, impact energy, etc., ensuring compliance with design requirements.
AR B JR~F LA Appearance and Dimension Inspection
o KMF=E: LRI S, 45, JIEHRE Surface quality: no cracks, laps, scabs,
inclusions and other defects
o IMELEEIR: FFE GB/T 12459 8% /7 EI4KZE 5K OD and wall thickness: comply with GB/T
12459 or customer drawing requirements

o HE: FKAMIL 1.5mm Straightness: not exceeding 1.5mm per meter
4.2.2 S22} 258 Cladding Consumable Inspection

HESRAE 22 (ER309L. ER347. ERNiCrMo-3 %) AJ JERAZ# LI FIH
After incoming of cladding welding wire (ER309L, ER347, ERNiCrMo-3, etc.), the following

items shall be verified:

o RS NI Welding wire grade and specification

o (L2 ASIERH Chemical composition certificate

o JRZKMFTE (LML, TG, HUHII) Wire surface quality (no rust, oil stain,
mechanical damage)

o R4 HAIZMZE Wire diameter deviation

o {RIPVRARLIEE (Ar>99.99%) Shielding gas purity (Ar>99.99%)

4.3 BL L Elbow Forming Inspection

4.3.1 L ZE# iR Forming Process Parameter Record
TR (HES/RE T2 I, A ERadx L NS4

During elbow forming (push bending/press bending process), Production Department shall

record the following parameters:

$=HIZR Control Requirement JOFZINR Record Frequency
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% T2 2K Per process

NI Forming Temperature £ Y% Each time
specification
. 1% T2 AR EK Per process )
JRJEIEE Forming Speed P HFIX Each time

specification

2B 4REE K Per drawin
5] £ £ Bending Angle £ 1 Each piece
requirement

<15% (#hrifE) <15% (per
U % Thinning Rate B o® &4 Each piece
standard)

4.3.2 /512520 H Post-forming Inspection Items
JR P25 Dimension Inspection
o TR FFEKEIAVEDK, fWZE+1% Bending radius: comply with drawing requirement,
deviation £1%
o UmEHAEIE: ANEIL AFRINMER] 1% End ovality: not exceeding 1% of nominal OD
o BEJEHIE: ORI AT 15% Wall thinning: maximum thinning rate not exceeding 15%
o HILKE: 54 K4UEK Straight length: comply with drawing requirement
AU Appearance Inspection
o RIMILHL. #E9L. HLY¥ Surface without cracks, wrinkles, corrugation
o  WANERIMDEHE, JCHLI1 Inner and outer surface smooth, no mechanical damage
o LidkE. FEAFMTEIL S No overheating, scale peeling

4.4 /2RI A28 Pre-weld Preparation Inspection

4.4.1 B OM T# 2 Groove Preparation Inspection
HEARHT, AR SIEEAT I N CERTAL B, A e Bk U
Before cladding, base material surface shall be grooved or pre-treated, inspection requirements
as follows:
o HHIMAE: 30°+5° (TIG HEIE) / AT (MIG HE4E)  Groove angle: 30°+5° (TIG
cladding) / No groove (MIG cladding)
o HEMISRIMIAHAEE: Ra<6.3um Groove surface roughness: Ra<6.3um

o MWL ILEN. 24 Groove edge without burrs, cracks
o FREXIEERE: JoMT. . AL Welding area cleanliness: no oil, rust, oxide scale
4.4.2 f2F #4532 Preheating Inspection

FRHE WPS L3R, o 7% B AT Pl A T AR AT PR A 2
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According to WPS requirements, preheating temperature inspection shall be conducted for

workpieces requiring preheating;:

TR E Preheating MBI E Temperature

Temperature Measurement Position

41258 Base Material Type

ER3% L 50mm At 50mm from

54N Carbon Steel 100-150°C
groove
FEHE 1 50mm 4t 50mm from
k& 49 Low Alloy Steel 150-200°C
groove
o X . FEHE T 50mm 4k 50mm from
1 424N High Alloy Steel % WPS Z3R Per WPS

groove

4.5 ¥R FEIS Cladding Process Inspection
4.5.1 TIG #IET ZEH I TIG Cladding Parameter Monitoring
TIG HEIELFE A, A p= i N sEf IS e sk LN L2545

During TIG cladding process, Production Department shall monitor and record the following

process parameters in real time:

$=HISEE Control Range ¥+F753 Monitoring Method

JEPHLI Welding Current 80-160A (% WPS) W % &7~ Equipment Display
HLHNHE R Arc Voltage 12-18V (3% WPS) W 4 7~ Equipment Display
. . ‘ W& 7~/ Equipment
SR HEE S Welding Speed 50-150mm/min (% WPS) " auip
Display/Timing
9% B.4% Tungsten Electrode X )
e 02.4-¢4.0mm (3% WPS) H #L#fiA Visual Confirmation
Diameter
R3S & Gas Flow Rate 10-15L/min Ui 1 Flow Meter
#5524 Oscillation Parameters & WPS Zi3k W £ 7~ Equipment Display

4.5.2 MIG 12T Z E# /4 # MIG Cladding Parameter Monitoring
MIG HESR R, A= E B SER 42 e AR T 234
During MIG cladding process, Production Department shall monitor and record the following

process parameters in real time:

10—
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2% Parameter $=#I3EE Control Range ¥5¥57558 Monitoring Method

FE$2HL I Welding Current 180-300A (% WPS) W % &7~ Equipment Display
HL9ILHL & Arc Voltage 24-32V (% WPS) W % &7~ Equipment Display
1522 78 &£ Wire Feed Speed 4-8m/min (#% WPS) W % &7~ Equipment Display
P58 Welding Speed 200-500mm/min (3% WPS) M T et
Display/Timing
TRAF A& & Gas Flow Rate 15-25L/min U1 Flow Meter
T4 Dry Extension 10-15mm H A\ Visual Confirmation

4.5.3 28 E#Z#] Interpass Temperature Control
YRS RE S, BRSNS dE R, B kit S S R R T el 21k

During cladding process, interpass temperature shall be strictly controlled to prevent excessive

dilution rate or microstructure deterioration caused by overheating:

BBl E PR Maximum ;R 75 3% Temperature

Interpass Temperature Measurement Method

HIEH%l Cladding Material

ZLANIRAC /MR 2 Infrared

ER309L <200°C
Thermometer/Temperature Pen
ZLAM R A/ IR 2E Infrared
ER347 <200°C
Thermometer/Temperature Pen
. ZLAMIIRAX /MR 2 Infrared
ERNiCrMo-3 <150°C

Thermometer/Temperature Pen

4.5.4 M1EE5LWE 2 Cladding Layer Appearance Inspection

REHEIETRUE, N#EATAMIAE, KA H .

After of each cladding layer, appearance inspection shall be conducted, including:
TREENTIE: WA, PR, Tomidl. RJIEE Weld bead formation: uniform, flat, no undercut,
lack of fusion
RIAGRG: TAFL. L. JH# Surface defects: no porosity, cracks, slag inclusion
JRAETE T . 55 WPS Z 3R Weld width: comply with WPS requirement

JR2% 4> 5. 0-2mm Weld reinforcement: 0-2mm

JZIEEE: WIRIERE, JohkB Slag removal between layers: thoroughly cleaned, no residue

11—
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4.5.5 B2 EEE %) Cladding Layer Thickness Control

AR R AR TS Sk TR AR, SR P 805 5 0 B

Cladding layer thickness is a critical quality indicator for cladding elbows, and ultrasonic

thickness gauge shall be used for layer-by-layer measurement:

DR E . 25 3L AN 420904 A2 T 6 /NI A Measurement position: at least 6
measuring points evenly distributed on inner and outer surfaces of elbow

TSR 42 HEIE 52 5 & Measurement frequency: after of each cladding layer
JERENZE: FFAEYCESR, —M+0.5mm Thickness tolerance: comply with drawing
requirement, generally £0.5mm

R BRI A S Sk AE (HEIRJE RS 1l 3%) H Record requirement: data of each

measuring point shall be recorded in Cladding Thickness Record

4.5.6 F#FEEFLE] Dilution Rate Control

B R VPO IR R B 2R b,  ELRESIHESR R 1A S il e A g -

Dilution rate is an important indicator for evaluating cladding quality, directly affecting the

chemical composition and properties of cladding layer:

Rl % AT CBIBCEIR R, fl & SR, EMEESR) Test method:
Metallographic analysis (cut cladding sample, prepare metallographic specimen, measure
dilution rate)

PEHER: TIG SRR <10%, MIG HEMEHiFEZ<15% Control requirement: TIG cladding
dilution rate <10%, MIG cladding dilution rate <15%

KOG B, HtEA A I R A Inspection frequency: mandatory for first

article, sampling inspection per batch during mass production

4.6 1R GBS Post-weld Treatment Inspection

4.6.1 2/F5*YiE2 2 Post-weld Appearance Inspection

HENRSE R, N HESR R 34T 100%8 MWLk £ -
After of cladding, Quality Department shall conduct 100% appearance inspection of cladding

layer:

KZ I H Inspection Items
HERRRR IR REL L. K. RIFE Cladding layer surface quality: no cracks,

porosity, slag inclusion, lack of fusion
HEIRZ SR )E: P IE)E, JErid Smooth transition between cladding layer and base

material, no undercut

12—
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o MEMRERMMIKEEL: Ra<12.5pum CHIMESRE) /Ra<6.3um CF5HESE) Cladding layer surface
roughness: Ra<12.5pum (rough cladding) / Ra<6.3um (fine cladding)
o MEMEZIM: W5, T EEAA M Uniform color, no severe oxidation discoloration
BFE AL Defect Disposition
RN HGRIARS, N 4% DU R e A2
When surface defects are found, they shall be disposed according to the following procedure:
1. #FAds 15 1d 5% Mark and record the defect
SREEVEAS (REE. K. BU&E) Defect assessment (depth, length, quantity)
SREEIERR ($TEE/¥24)) Defect removal (grinding/patching)
REEEAN (EEFMESE) Defect repair (re-cladding)
&4 5 2 Re-inspection after repair

A

4.7 PAE B IS Heat Treatment Inspection

4.7.1 FpFET B3 ¥ Heat Treatment Process Parameters
HENRES SLAALEE (YRR #b ) T ESH W

Heat treatment (stress relief heat treatment) process parameters for cladding elbows are as

follows:

<200°C/h (EEJE<25mm) /<100°C/h (EE

Jn#GE 2 Heating Rate
JE>25mm)

o 620-680°C (TRNAK M) /1% WPS R CF
{RIE R Holding Temperature

B
IR i} 1] Holding Time FBEJETHS, — % 1h/25mm
A H13# 2 Cooling Rate <200°C/h (% 300°CLL )
JF N A4 Furnace Atmosphere (RS R ER B (RGN

4.7.2 Fb BELI FE I #2 Heat Treatment Process Monitoring
AR, N AR L R AAOE S I IR IRl K LU 24

During heat treatment process, temperature recorder shall be used to continuously monitor and

record the following parameters:

o WM& . R FFiRAid F2E Furnace temperature curve: entire process of heating,

holding, cooling

13—
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o LR A A AR I T AR S2 BRI Workpiece temperature: monitor actual workpiece
temperature using thermocouple
o PRSIV REREEHAT— IR ) 1S Furnace temperature uniformity: conduct
furnace uniformity test quarterly
4.7.3 # A BB/E fB 17 Post-HT Hardness Test
AR TE BT , SO HERR A BERA AT 58 B2 AT -

After of heat treatment, hardness test shall be conducted on cladding layer and base material:

" EER Hard .
MALE Test Position RER ArCness ¥ 75 3% Test Method

Requirement

A PHLFER Per technical
HE1 2 Cladding Layer BEBORPIRFOR Per technica 1 [ AT HBW

agreement

Fra M RRHEZEK Comply with

E}#+ Base Material 5 ICHE B HBW
material standard
T FFEF AW E SR Per technical )
146 4 41T Near Fusion Line - YE AT HY

agreement

4.8 T Non-destructive Testing

4.8.1 ;BZ#2I (PT) Penetrant Testing
HENR ER TN HEAT 100%S BRI, K22 1 T 1 H

Cladding layer surface shall undergo 100% penetrant testing to inspect surface-breaking defects:

TR NB/T 47013.5 8¢ ASME V Article 6 Test standard: NB/T 47013.5 or ASME V

Article 6

o FEMILLAHI: 100%FM Inspection ratio: 100%

o IRt TANMEIR, IR RIRIEBR ML Acceptance criteria: no linear indications,
circular indications per technical agreement

o RIS HL: MEIRTERUE . PVCBEERT (BUEZEAR PN Test timing: after cladding, before heat

treatment (or per technical agreement)
4.8.2 {2 (MT) Magnetic Particle Testing
XoFERBENE MR AT RER AN, o 2 R T N 3 T SR -

Magnetic particle testing shall be conducted on ferromagnetic cladding layers to inspect surface

and near-surface defects:

14
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o MARIE: NB/T 47013.4 5, ASME V Atticle 7 Test standard: NB/T 47013.4 or ASME V
Article 7

o fEMIELA]: 100%45 M Inspection ratio: 100%

o IGUShRME: TTROTEIR, HAhEIRIZH AR Acceptance criteria: no crack indications,

other indications per technical agreement

4.8.3 BE;ERM (UT) Ultrasonic Testing

YR 2 15 BER 5 T SLHEAT R PR, KA AR 2. AR

Ultrasonic testing shall be conducted on the interface between cladding layer and base material
to inspect defects such as lack of fusion, cracks:

o FuMIAR#E: NB/T 47013.3 8 ASME V Article 4 Test standard: NB/T 47013.3 or ASME V
Article 4

o RHMIELA]: 100% M (SCEELE) /dhAE (—f%fF) Inspection ratio: 100% (critical parts) /
sampling (general parts)

o IihrvE: ARG ROUEIR, HARE RIEZH AR PML Acceptance criteria: no lack of
fusion, crack indications, other indications per technical agreement

o fEMIATAL: #AAbHL G Test timing: after heat treatment

4.8.4 5126120 (RT) Radiographic Testing

MRIEH AR USCESR, W HEAR Z AT S ZeA il

According to technical agreement requirements, radiographic testing shall be conducted on
cladding layer:

o MIFRIE: NB/T 47013.2 5, ASME V Atticle 2 Test standard: NB/T 47013.2 or ASME V
Article 2

o FMlLLA: FEEARYILELK Per technical agreement

o IGUSCHRIE: FEFEARPML B AR EE SR Acceptance criteria: per technical agreement or

relevant standard

4.9 B G Final Inspection
4.9.1 B3] 51 #5258 Final Dimension Inspection
Jierm S Sk N AT AN R R 5«

Finished elbows shall undergo the following dimension inspections:

¥IETAE Inspection Item 58 753% Inspection Method ISR Acceptance Criteria

6 EI4REK Comply with

4% Outer Diameter /43 R Caliper/Micrometer .
drawing
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B ] Wall Thickness

5 [t *F-4% Bending Radius

uti AR 5 2 End Ovality

Bl K Straight Length

)5 2B JE Cladding Layer
Thickness

8 75 I JEEAY Ultrasonic
Thickness Gauge

FERR /i H Gauge/Measuring

Tools

+ X Caliper

X Steel Ruler

jE 75 I JEEAY Ultrasonic
Thickness Gauge

4.9.2 FEdgS* Vi #2 % Final Appearance Inspection
J it 25 S AL A2 AT 3K

Finished elbow appearance shall meet the following requirements:

METHEA (LHE) FRAA

Cladding Technology (Shanxi) Co., Ltd.

6 BEI4REK Comply with

drawing

& BEAESK Comply with

drawing
<1% OD

& BEAE K Comply with
drawing
6 BEI4REK Comply with

drawing

WIRERM: Ig. Y2, Jonl WEkEE Cladding layer surface: smooth, uniform, no visible

defects

FRif: P2 AR IRTEI . 588 Marking: product marking clear and complete

k. B EILL, JoRRAE#i1% Packing: properly protected, no impact damage

4.9.3 FpiH-S B Marking and Traceability
B Sk B EA LR AR IR

Each finished elbow shall have the following markings:

Ul

77 45 Product Number

k%5 Specification

HESEHF RS Cladding Material Grade

4277 H 1] Production Date

5 56 IR A5 AR 1K Inspection Status Marking
it GEBIA) Heat Number (for traceability)

. W5 Bt ¥ Supervision and Assessment

5.1 f % KB Inspection Record Management

ks Sieil N E St e, THEW, RAAIIRAD T A

BRE) .
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Cladding Technology (Shanxi) Co., Ltd.

All inspection and test records shall be authentic, complete, and traceable, with retention period

not less than product life cycle or 10 years (whichever is longer).

5.2 A8 1&F %] Non-conforming Product Control

g BRI SR, MR (RS mIEHER) 17, .
Non-conforming products found during inspection shall be handled according to Non-

conforming Product Control Procedure, including:
e FriIH5EE Identification and segregation

o FH 54bE Review and disposition

o ZYIEFH]iE Corrective action

o ISUFHAIA Verification and confirmation

5.3 K46 A R ¥ f Inspection Personnel Qualification

M TCAST I N 03 87 5 A SR B A UE TS (RT/UT/MT/PT 48 K& LA LD

Personnel engaged in non-destructive testing shall hold corresponding level qualification
certificates (RT/UT/MT/PT Level 11 or above).

6. Bf}0| Supplementary Provisions

6.1 8 3% 34+ Related Documents

e CLADDING-WPS-001 /78 T Z #l#2 Welding Procedure Specification
CLADDING-WI-001 HEJR/E L5545 Cladding Work Instruction
CLADDING-QP-001 A& #% di #% il F£ ¥ Non-conforming Product Control Procedure
CLADDING-QP-002 i 5 55 i 55 4% il #£ /7 Inspection and Test Control Procedure

6.2 1B %12 3% Related Records

e CLADDING-FM-001 AJ #u4%1c 3% Incoming Inspection Record

e CLADDING-FM-002 #Ef# i #Eka 4610 5% Cladding Process Inspection Record
e CLADDING-FM-003 HE/&JZFZ 1 5% Cladding Thickness Record

e CLADDING-FM-004 #4b3# Hh 2812 5% Heat Treatment Curve Record

e CLADDING-FM-005 fi§ /£ 561C 5% Final Inspection Record

6.3 &1 2% Revision History

&7 HH#A Revision f&ITAZA Revision .
A Version - g f&3T A Revised by

Date Content

17—
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Cladding Technology (Shanxi) Co., Ltd.

A/0 2024-01-01 KR AT First Issue J5i &7 Quality Dept.

AEZE R End of Document
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