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This document specifies the complete process specification for cladded elbow manufacturing at
CLADDING Technology (Shanxi) Co., Ltd., covering base material forming, surface preparation,
TIG/MIG precision cladding, solution heat treatment, and machining to finished dimensions,
ensuring cladded elbow products meet ASME B16.9 and GB/T 12459 standards requirements with
sound metallurgical bonding between alloy layer and base material, controlled dilution rate, and

qualified surface quality.

2 sEFSE [ Scope
ASAFER T AR AR KRGS MR N SIS, RS 5m
A A E A S i, RS DN15-DN1200 RS YE . & R 7155 4% Class 150-Class 2500,

This document applies to elbow products manufactured by the company with carbon steel and
low alloy steel base materials clad with corrosion-resistant alloy layers including stainless steel,
duplex stainless steel, and nickel-based alloys, covering DN15 to DN1200 size range and pressure
ratings from Class 150 to Class 2500.

3 R 5% Responsibilities

| #1"] Department | HR 77 Responsibilities |

| TZHRES Technology Department | il i T Z2HUFE . dmfilfEdLTs 5. TESEWIN |
| 4726 Production Department | % T. & E R A=, WAERME. RIS |

| & P Quality Management Department | IEFEFGEEE « AL . AN GRS Sh ] |

| %45 Equipment Department | % & 459 R75 . T3 I B |

| i Warehouse Department | JEFRMG . - Bl A bR IR |

4 EIRNZA5FEF Management Content and Procedures

4.1 B¢ 6 Base Material Forming

4.1.1 JR#1 #-ZE K Raw Material Requirements

BIMRATfr GB/T 3077 8L ASTM A335 biife, Hh=Fpledr oA Efgi 2 it 25K, MR
PERT T B YA BRI 1, AT A, NSRS .

Base material shall comply with GB/T 3077 or ASTM A335 standards, with chemical
composition and mechanical properties meeting design requirements. Material certification shall be

verified before warehousing, and spectral analysis shall confirm composition. Non-conforming

materials shall not be used.
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4.1.2 Z LT Z Elbow Forming Process
TR HAPIED A S LERE, RESHUT:
Elbows shall be formed by hot push bending or cold bending process with the following

parameters:
| 24} Parameter | #E%5 Hot Push Bending | 4% Cold Bending |
| hn#4ii B Heating Temperature | 1050-1150°C | - |
| 25 1242 Bending Radius | R>1.5D | R>1.5D |
| Y67 % Thinning Rate | <12.5% | <8% |
| W15 Ovality | <8% | <5% |
BV IG5 R BB T AP, RIEAFERI. iE. dREREE.

Formed elbows shall undergo visual inspection with no cracks, folds, or overheating defects on

the surface.

4.2 HEJ2RITAL 8 Pre-cladding Surface Preparation

4.2.1 HOMT Groove Preparation

45X B LR LI T B T V0007 s %, SRR V B U, Bk
.

Cladding area groove shall be prepared by machining or plasma cutting, with V-type or U-type

groove configuration:

| T H Item | Z %0 # K Specification |

| 3% 1 /1 £ Groove Angle | 60°+5° |

| 432 %1 £ Root Face | 1-2mm |

| []B Gap | 0-2mm |

| FTALREE Surface Roughness | Ra<6.3um |
4.2.2 Z[@#;&E2E Surface Cleaning

HE R FT 20 BRI 1 A 2% 20mm YO N S . RS BB AR, SR AR ER
R, whiRER e @ e

Before cladding, oil, rust, oxide scale and other impurities within 20mm on both sides of the

groove shall be removed by wiping with acetone or alcohol to expose metallic luster.

4.2.3 Fi# Preheating
HR A B A B 24 B T TR, Ceq>0.4%I Fi#ZE 100-150°C, FRAATE FBIAS /N T 48 1
£ 100mm-
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Preheating temperature shall be determined based on base material carbon equivalent. When
Ceq>0.4%, preheat to 100-150°C with preheating range not less than 100mm on both sides of the

weld.

4.3 5 T2 Cladding Process

4.3.1 2235 #E Wire Selection
MRAE TR IEFRA N A S o P HE IR R 22, W IR 22 RS R -

Cladding wire shall be selected according to design requirements with corresponding alloy

composition. Common wire specifications:
| & 4257 Alloy Type | J£2254 5 Wire Grade | ELf2 Diameter | #57f Standard |
| 304 N5 304 SS | ER308L | @2.4-03.2mm | AWS A5.4 |
| 316L AN4549 316L SS | ER316L | 2.4-03.2mm | AWS A5.4 |
| XU AHEN Duplex SS | ER2209 | ®2.4-®3.2mm | AWS A5.9 |
| #13t 4 4 Ni-based | ERNiCrMo-3 | ®2.4-®3.2mm | AWS A5.11 |

4.3.2 TIG /2T ZE# TIG Cladding Parameters
TIG HE/E ] THT RIS L E R R, T 224
TIG cladding is suitable for root pass and thin layer precision cladding with the following

parameters:
| 24§ Parameter | {5 [ Value Range |
| #7422 i Welding Current | 120-180A |
| L5 K Arc Voltage | 10-14V |
| #2555 ¥ Welding Speed | 80-150mm/min |
| S Argon Flow Rate | 12-18L/min |
| HL1#E JE & Single Pass Thickness | 1.5-2.5mm |
| #:i P& Dilution Rate | <25% |
4.3.3 MIG /2T Z £ # MIG Cladding Parameters
MIG HERF & T 8] 2 R i TR I s RUE 8, L2248

MIG cladding is suitable for efficient deposition of intermediate and cap layers with the

following parameters:
| 2% Parameter | 20{H Yt | Value Range |
| 454 FL IR Welding Current | 200-320A |
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| LI K Arc Voltage | 22-28V |

| #4555 ¥ Welding Speed | 200-400mm/min |

| #4975 4& Shielding Gas | Ar+CO2(75%+25%) |
| S 443 & Gas Flow Rate | 15-25L/min |

| HL18 JE % Single Pass Thickness | 2.5-4.0mm |

| #F& Dilution Rate | <30% |

4.3.4 B EH S EEFE#F Layer Number and Thickness Control

HENR L )R ERR I BT R g, — AT 3mm. ZRHEIRIS, 2 1R B HIAE 150-
250°C, BEZHESR A T iE BRIEEA Gk

Total cladding thickness shall be determined according to design requirements, generally not

less than 3mm. For multi-layer cladding, interpass temperature shall be controlled at 150-250°C, and

slag and spatter shall be removed after each layer.

4.3.5 ME/E)F/F Cladding Sequence

BHEIE Ry BOB IS, RBAKTE 100-150mm,  HEIRE 7 VRS kAL Ty n), 3 S i
NEHFEA

Elbow cladding shall adopt segmented back-step welding method with each segment length of

100-150mm, cladding direction along elbow axis to avoid deformation caused by concentrated heat

input.
4.4 H K-8 Heat Treatment

4.4.1 ;B4 ZE Solution Treatment
W i m, SN AT EVE AL FE, WHIRIEREN ), SR A RE .

After cladding, elbows shall undergo solution heat treatment to eliminate welding stress and

improve microstructure properties:

| &4 Alloy Type | II#EE Heating Temperature | £l (8] Holding Time | ¥ 21 /5 20
Cooling Method |

| 304/316 ANH5HX SS 304/316 | 1050-1100°C | 1h/25mm | 7K# Water Quenching |

| XAHAEE4M Duplex SS | 1020-1060°C | 1h/25mm | %574 Air Cooling |

| 89L& 4> Ni-based Alloy | 1040-1120°C | 1h/25mm | 7K¥ Water Quenching |

4.4.2 B 115 Stress Relief
XFAREHEAT B AL B &4, AT R R B9 B AL

For alloys that cannot undergo solution treatment, stress relief treatment may be adopted:
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| &4 Alloy Type | i & Temperature | i 8] Time |
| 4S840 Stainless Steel | 850-900°C | 1-2h |
| #2344 Ni-based Alloy | 700-800°C | 1-2h |

4.5 FLH0 I Machining

4.5.1 TR E Machining Allowance
HEIRE N TR RS R e, — RS 2-3mm:

Machining allowance for cladding layer shall be determined according to cladding thickness,

generally 2-3mm per side:

| HEJRJE R Cladding Thickness | JI1 T. 4% & Machining Allowance |

| 3-5mm | 2mm |

| 5-8mm | 2.5mm |

| 8-12mm | 3mm |
4.5.2 JI.TZE3K Machining Requirements

FUINTRER L LA B, e HEIR IR . VIS HONGEE 2 PRI, B IR HEAR 2 R
%

Machining shall use special fixtures to avoid damaging the cladding layer. Cutting parameters

shall be appropriately reduced to prevent cladding layer spalling:
| i1 . T. ¥ Machining Operation | Y] Hli# & Cutting Speed | i45 & Feed Rate |
| #1% Rough Turning | 80-120m/min | 0.3-0.5mm/r |
| % %% Finish Turning | 120-180m/min | 0.1-0.2mm/r |
| &5 4L Drilling | 60-100m/min | 0.1-0.3mm/r |

4.5.3 /1 #5/E Dimensional Accuracy
BUIN LG 25 S RS RE FE AT & DL T 2K
Machined elbow dimensional accuracy shall meet the following requirements:
| T H Ttem | ¥ FEZESK Accuracy Requirement |
| #M% Outer Diameter | £0.5mm |
| 4% Inner Diameter | £0.5mm |
| B% & Wall Thickness | +0.3mm |
| 1% Angle | +£0.5° |
| FTHHLREE Surface Roughness | Ra<3.2um |
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5 i BRI Quality Inspection

5.1 5} WAE LR Visual Inspection

SR BRI S BUR, MIARLL AL RE. RIEGHRNG. R
Ra<12.5pums.

Cladding layer surface shall be uniform and dense, with no cracks, porosity, slag inclusion, or
lack of fusion defects. Surface roughness Ra<12.5um.
5.2 R~T 1346 Dimensional Inspection

SRR IEE . 25 Sk U RS RERT & BIAREER, Aar i I vk R FH i 75 e i &AL on L f
?}I_!U % o

Cladding layer thickness and elbow geometric dimensions shall comply with drawing
requirements, detected by ultrasonic thickness gauge or measurement after machining.
5.3 TH KM Non-destructive Testing

HEARZ S HEAT 100% 2B A I B kil , R B AR SL8 G e LR A%

Cladding layer shall undergo 100% penetrant testing or magnetic particle testing. Cracks and

other defects shall be repaired.

5.4 {593 HT Chemical Composition Analysis
HEIRZA0 22 B NRF A LT EER SR G 23 B B Ak 22 20 B 7 VA I

Cladding layer chemical composition shall comply with design requirements, detected by

spectral analysis or chemical analysis method.

5.5 71 BB Mechanical Property Testing
HEIRZ SN B X N AT i BE RS, A B LT AR 23K

Cladding layer and fusion zone shall undergo hardness testing, with hardness values meeting

standard requirements.

6 S & miZ%l Non-conforming Product Control

6.1 iRBE 532K Defect Classification
| GREEZE Defect Type | )€ bn#E Acceptance Criteria | 4bE#5 /i Disposal Method |
| 2447 Cracks | /S S0 ¥F Not Permitted | 1 B 15 55 5 #HT HESE |
| KFL Porosity | @<Imm, [A]IFE>3mm | 4T BEIE R G #ME |
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| J&## Slag Inclusion | A~ F3 14 Not Permitted | $1 B Bk 5 BB HESE |
| K54 Lack of Fusion | A~ 701 Not Permitted | 1 B 15 5 5 B HER |

6.2 IR{EE3R Repair Requirements

RAEHT T A IRAETT R, KRR AL L. RS X IR AT B 2 f2 1B Jm O, IR
& )5 EE AT R

Repair procedure shall be prepared and approved by technology department before

implementation. Repair area shall be ground to expose metallic luster, and re-inspection shall be

conducted after repair.

7 e 545 1H Records and Identification

7.1 ;X FBiC % Process Records
AP R R RS BN ISl R, A
Key parameters during production shall be truthfully recorded, including:

. P44 FE B Base material certification

o MR T 2 Z%d 3 Cladding process parameter records

o HubPHHZE Heat treatment curves

o ISR Inspection reports

o ANEHEHAFEILF Non-conforming product disposal records

7.2 7= Bi#7 1R Product Identification
HEIEAS SN AT ME—MERRIR, AFEPS MRS . IS AP H . BEESER.

Cladded elbows shall have unique identification including product number, specification model,

production date, and operator information.

8 &L 5If{R safety and Environmental Protection

8.1 B2 RHI Safety Protection

BAE N GBI IR G . SRR = L B3 TR ST SR Al i, ARME I B &K K
W

Operators shall wear protective goggles, welding masks, protective gloves and other personal

protective equipment. Fire extinguishing equipment shall be provided at work sites.
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8.2 3 1E &3 Environmental Protection
SRR BLE I BRR WA B, TRIELZZ . RVIEIE SR TV R EE, A R
FAAT AR

Welding fumes shall be treated through dust removal equipment. Waste welding wire, waste

cutting fluid and other waste shall be classified and collected, and disposed by qualified units.

9 Bft W] Supplementary Provisions

9.1 X4 EE Document Management
TEZHEARE AT S BT RR:, BEPEHE —IR, BERHTIET .

This document shall be prepared, revised and interpreted by the Technology Department,

reviewed annually, and revised when necessary.

9.2 g 3% 34+ Related Documents

e CLADDING-MPS-001 #444ilit T. Z#7E Additive Manufacturing Process Specification
e CLADDING-MPS-003 %2R T2
o CLADDING-MPS-004 4 HEIE T2

7 Flange Cladding Process Specification

S

M
FIYE Pipe Cladding Process Specification
9.3 €11 323k Revision History
| A Version | 1&1] N %¥ Revision Content | 1511 H ] Revision Date | 121] A\ Revised By |
| AJO | B IR KA First Issue | 2025-01-01 | T.ZHAES |
4R End of Document
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