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English:

To standardize the multi-layer multi-pass cladding operation process in the additive
manufacturing and precision cladding business of Cladding-Technology-Shanxi-Co.,-Ltd, ensuring
the forming quality, dilution rate control, and interlayer bonding performance of flanges, pipes, steel
tubes, shaft sleeves, and molds during TIG cladding and MIG cladding processes, this management
procedure is established. This document aims to reduce welding defect rates and improve the overall
reliability of remanufacturing repair and surface strengthening engineering through standardized pass

arrangement, strict interlayer cleaning, and precise temperature control.

SEFASEHE Scope
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English:
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This specification applies to all projects involving surface strengthening, remanufacturing repair,
and gradient material preparation of metal components in the company. It specifically covers but is

not limited to the following business scenarios:

6. TIG precision cladding on high-pressure flange sealing surfaces.

7. MIG automated cladding on the inner wall of long-distance steel pipes and pipe fittings.

8. Wear-resistant layer additive manufacturing for large shaft sleeves and rotating components.
9. TIG/MIG composite cladding repair for various industrial molds.

10. Near-net-shape component preparation based on arc additive manufacturing technology.
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HR 3t Responsibilities
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English:
Production Department: Responsible for compiling specific Welding Procedure Specifications
(WPS) based on this specification, supervising on-site operators to strictly execute pass
arrangement and temperature control requirements, and responsible for daily maintenance of
welding equipment.
Quality Department: Responsible for establishing interlayer cleaning acceptance standards,
spot-checking interlayer temperature during the cladding process, and performing non-
destructive testing and dimensional accuracy verification on finished products.
Technology Department: Responsible for determining cladding material matching schemes
based on workpiece material and operating conditions, optimizing multi-layer multi-pass welding
parameters, and solving technical problems during the production process.
Operators: Responsible for equipment debugging, pass welding, interlayer cleaning, and
temperature recording according to process documents, ensuring traceability of the operation

process.

4. BN ZEE5FEF Management Content and Procedure

4.1 /&R 4£ 4% Pre-weld Preparation
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English:

Before performing multi-layer multi-pass cladding operations, operators must thoroughly
inspect the base workpiece. For workpieces such as flanges, pipes, and shaft sleeves, surface oil, rust,
and scale must be removed. If there are serious defects on the base surface, grinding treatment is
required first. At the same time, select appropriate welding wire based on workpiece material. TIG
cladding usually selects high-purity filler metal to ensure low dilution rate, while MIG cladding
selects welding wire of corresponding diameter based on deposition efficiency requirements.
Welding equipment must be preheated in advance to ensure smooth operation of the wire feeding

mechanism and stable shielding gas flow.

4.2 BREZHEINSE Pass Arrangement Specification
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English:

The core of multi-layer multi-pass cladding lies in reasonable pass planning to prevent excessive
heat input from causing excessive base dilution or workpiece deformation.

23. Base Layer Cladding: The first layer of cladding is crucial for bonding quality. For TIG
precision cladding, small current and slow speed parameter settings should be adopted to ensure
moderate penetration depth, avoiding burn-through of thin-walled pipes or flange sealing

surfaces. The pass width should be controlled between 1.5 to 2 times the wire diameter.
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24. Intermediate Layer Cladding: The intermediate layer mainly undertakes the deposition volume
task. MIG cladding can use higher current and voltage to improve deposition efficiency. Pass
arrangement should adopt a staggered overlapping method, and the overlap between each weld
pass and adjacent passes should be maintained at 20% to 30% of the pass width to ensure firm
interlayer bonding and avoid unfused defects.

25. Capping Layer Cladding: The last layer of cladding mainly affects surface forming quality.
Uniformity of pass width must be strictly controlled, especially for mold repair and shaft sleeve
surface strengthening projects. The capping layer should be flat and smooth, without
undercutting or porosity.

26. Direction Control: For long-distance steel pipe inner wall cladding, a spiral or linear
reciprocating pass advancement method should be adopted to ensure stable molten pool flow. For

large flanges, segmented symmetrical welding should be adopted to balance welding stress.

4.3 ZE;BEEHSE Interlayer Cleaning Specification
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English:
Interlayer cleaning is a key link to ensure the quality of multi-layer cladding, and the following
standards must be strictly executed:

30. Slag Removal: After completing each pass or layer of welding, the slag on the weld surface must
be removed immediately. For TIG cladding, a wire brush is mainly used to remove the oxide film;
for MIG cladding, slag and spatter must be thoroughly removed. It is strictly forbidden to over-
grind with a grinder, which may cause excessive cutting of the previous weld pass and affect
interlayer bonding.

31. Defect Inspection: After cleaning, the weld surface must be visually inspected for defects such

as porosity, cracks, and inclusions. For critical load-bearing components such as high-pressure
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flanges and shaft sleeves, penetrant testing (PT) or magnetic particle testing (MT) is required if
necessary. Defects must be thoroughly removed and repaired before proceeding to the next pass.

32. Cleanliness Requirement: No oil, water, or dust residues are allowed on the interlayer surface.
In the process of precision additive manufacturing, if contamination is found on the base surface,
it must be wiped clean with anhydrous ethanol to prevent shielding gas failure leading to weld

oxidation.

4.4 Z6;8 B2 H Interlayer Temperature Control
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English:
Interlayer temperature directly affects the organizational properties and dilution rate of the

cladding layer. Cladding-Technology-Shanxi-Co.,-Ltd has established strict temperature control

standards for different materials:

36. Temperature Monitoring: Operators must use infrared thermometers or contact thermocouples
to monitor interlayer temperature in real time. After completing each layer of welding, the
temperature of the weld center and the base material on both sides must be measured.

37. Temperature Limits:

e For stainless steel and alloy steel flange cladding, the interlayer temperature is generally
controlled between 150°C and 250°C to prevent intergranular corrosion and sensitization.

e For carbon steel pipe and pipe fitting cladding, the interlayer temperature can be controlled

between 200°C and 300°C to ensure weld toughness.
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For mold steel repair, the interlayer temperature must not exceed 350°C to prevent base hardness
reduction and tempering softening.

If the interlayer temperature exceeds the specified upper limit, welding must be suspended, and
natural cooling or forced air cooling to the specified range is required before continuing.
Preheating and Post-heating: For thick-walled workpieces or low-alloy steel materials,
preheating is required before welding, and the preheating temperature is determined based on the
material carbon equivalent. Post-weld insulation and slow cooling are required if necessary to

prevent cold cracks.

W E#E# Supervision and Assessment
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ey
paity

~

The Quality Department will spot-check the interlayer cleaning and temperature control records
on the production site weekly. Violations will be handled in accordance with the company's
performance assessment .

For product quality accidents caused by failure to implement this specification, the relevant
operators and managers will be held accountable.

The Technology Department will evaluate the effectiveness of this specification quarterly and

revise it based on industry technological development and customer feedback.

M$ ] Supplementary Provisions

45.
46.
47.

48.
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English:

This specification shall be implemented from the date of release. If any existing relevant work

instructions are inconsistent with this specification, this specification shall prevail.
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49. This specification is interpreted by the Technology Department of Cladding-Technology-Shanxi-
Co.,-Ltd.
50. The specific process parameters involved in this specification shall be executed according to the

actual WPS documents. This specification serves as general management requirements.

LR End of Document
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