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INSPECTION AND TEST PLAN (ITP)

Document No.: CLADDING-ITP-016

Document Title: Low-Temperature Impact Test, Toughness and Hardness

Inspection Plan for Low-Temperature Cladded Pipe Fittings
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1. B #J Purpose
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1.2 English

This Inspection and Test Plan is established to standardize the low-temperature impact testing,
toughness and hardness inspection work for low-temperature cladded pipe fittings products of
Cladding Technology (Shanxi) Co., Ltd., ensuring that the mechanical properties of the cladding
layer and base metal under low-temperature service conditions meet design requirements and

relevant standard specifications, providing reliable quality assurance for products.

2. sE 5B Scope of Application
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2.2 English

This plan applies to low-temperature cladded pipe fittings products manufactured by the
company using TIG cladding, MIG cladding and arc additive manufacturing processes, including but

not limited to:

e Low-temperature flange cladded pipe fittings
e Low-temperature steel pipe cladded products
e Low-temperature shaft sleeve cladded components
e Low-temperature pipe fitting surface strengthening and remanufacturing products
Applicable cladding materials include but are not limited to: stainless steel cladding layer,
nickel-based alloy cladding layer, duplex steel cladding layer and other alloy materials suitable for

low-temperature service conditions.

3. BR 51 Responsibilities
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3.2 English

Department/Position Responsibilities

Responsible for developing inspection plans,
Quality D ment organizing and implementing low-temperature
uality Departmen
yoep impact tests, toughness and hardness inspections,

and issuing inspection reports

Responsible for completing cladding operations
. according to process requirements, cooperating with
Production Department ) L .
sampling work, and providing necessary production

records

Responsible for determining inspection standards
Technical Department and process parameter requirements, providing

technical support

. Responsible for maintenance of inspection
Equipment Department . . . o .
equipment, ensuring equipment is in good condition
Responsible for coordinating work among
Project Manager departments, ensuring inspection work is executed

according to plan

4. EB RN A5 FEF Management Content and Procedures

4.1 K I 4K HE Inspection Basis
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4.1.2 English

Method for Charpy Pendulum

1 GB/T 229 . )
Impact Test of Metallic Materials
Metallic Rockwell Hardness Test
2 GB/T 230.1
Method
Metallic Vickers Hardness Test
3 GB/T 4340.1
Method
Notched Specimens for Charpy
4 GB/T 15817 Pendulum Impact Test of Metallic
Materials
Welding Procedure Qualification
5 NB/T 47014 )
for Pressure Equipment
. Material Standards - Mechanical
6 ASME Section II Part D

Properties

Standard Test Methods for
7 ASTM E23 Notched Bar Impact Testing of
Metallic Materials
Customer-specific Technical

8 Product Technical Agreement .
Requirements
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4.2 ’ 56T B 5 ZE 3R Inspection Items and Requirements

4.2.1 &8 A H A% Low-Temperature Impact Test
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4.2.1.2 English

Test Purpose: To evaluate the impact toughness of low-temperature cladded pipe fittings under
low-temperature service conditions, ensuring that the cladding layer, fusion zone and base metal have

sufficient impact resistance at specified low temperatures.

Sampling Requirements:

) Perpendicular to )
Cladding Layer Center 3 pcs/group ] . Specimen length >55mm
cladding direction

. Perpendicular to Notch located at fusion

Fusion Zone 3 pcs/group . . .

cladding direction line

Perpendicular to >5Smm from cladding

Base Metal 3 pcs/group . .

cladding direction layer

Cladding-Base Metal Perpendicular to Notch located at
3 pcs/group . . .
Interface cladding direction interface

Specimen Preparation:

e Specimen dimensions: 10mmx>10mmx55mm (standard specimen) or Smmx10mmx55mm (small
specimen)

e Notch type: V-notch (2mm deep, 45° angle)

e Notch machining: Wire EDM or precision machining, ensuring notch dimensional accuracy

e Specimen surface: Except for notch, surface roughness Ra<3.2um

Test Conditions:

As per product technical agreement, typically -40°C,

Test Temperature
-60°C, -70°C, -100°C or -196°C
Impact Energy As per design requirement, typically >27J or >41]

Low-temperature impact testing machine equipped
Test Equipment with cryogenic medium (liquid nitrogen or ethanol-

dry ice mixture)
Temperature Control Accuracy +1°C

Specimen Soaking Time Soak at test temperature for >10min
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Acceptance Criteria:

e Impact absorbed energy of all 3 specimens in each group shall not be lower than the specified
value

e One specimen is allowed to have impact absorbed energy lower than specified value but not
lower than 70% of specified value

e Two or more specimens with impact absorbed energy lower than specified value are not allowed

4.2.2 FITER L Toughness Inspection
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4.2.2.2 English
Inspection Content:

Toughness inspection of low-temperature cladded pipe fittings mainly includes low-temperature
impact toughness evaluation, analyzing the toughness level of each region of the cladded joint

through impact test results.



@ NETHA (WE) ERAT

Cladding Technology (Shanxi) Co., Ltd.

Inspection Procedure:

7. Determine test temperature according to product technical agreement
Prepare impact specimens according to sampling requirements
Place specimens in cryogenic medium and soak to specified temperature
10. Perform impact test on low-temperature impact testing machine
11. Record impact absorbed energy values

12. Analyze fracture morphology and evaluate ductile fracture characteristics

Fracture Analysis Requirements:

. Use optical microscope or scanning electron
Fracture Morphology Observation

microscope
Ductile Fracture Ratio Evaluate as per product requirement, typically >85%
Brittle Fracture Characteristics Obvious cleavage fracture is not allowed

) Evaluate the influence of non-metallic inclusions on
Inclusion Influence

toughness

4.2.3 EE L Hardness Inspection
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4.2.3.2 English

Inspection Purpose: To evaluate the hardness distribution of the cladding layer, fusion zone
and base metal of low-temperature cladded pipe fittings, ensuring hardness values meet design

requirements and preventing performance issues caused by abnormal hardness.

Sampling and Point Layout Requirements:

Inspection Area Number of Points Point Spacing

. >3 points per 100mm Uniformly distributed
Cladding Layer Surface >5mm ) o
length along cladding direction
Cladding Layer Cross- . From surface to fusion
. >3 points per layer >2mm .
section line

>2 points per 100mm

Fusion Zone >5mm +1mm from fusion line
length
>2 points per 100mm >5mm from cladding
Base Metal >5mm
length layer

10—
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Hardness Test Methods:

Rockwell Hardness

Cladding Layer 150kgf Diamond cone
(HRC)
Cladding Layer (thin . Diamond square
Vickers Hardness (HV) 10kgf )
layer) pyramid
) . Diamond square
Fusion Zone Vickers Hardness (HV) 10kgf .
pyramid
Base Metal Brinell Hardness (HB) 3000kgf Hard alloy ball

Hardness Acceptance Criteria:

) As per product technical Typically <250HB or as per
Cladding Layer )
agreement material standard
Not higher than 1.1 times the .
) ) ) Prevent embrittlement of
Fusion Zone higher value of cladding layer and
hardened zone
base metal
Meet base metal standard ) .

Base Metal Verify base metal properties

requirements

Hardness Gradient Requirements:

e Hardness transition from cladding layer to base metal shall be gradual
e Hardness gradient change rate <SOHV/mm

e Sudden hardness change areas are not allowed

4.3 K% 2 Inspection Procedure

4.3.1 3
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4.3.2 English

Inspection Flow Chart:

Product — Visual Inspection — Dimensional Inspection — Sampling — Specimen Preparation
— Low-Temperature Impact Test — Hardness Inspection — Data Recording — Result Evaluation

— Report Issuance

Detailed Procedure:

Responsible
Step Work Content Record Document

Department

Confirm product and ) )
1 . . ] Production Dept. Production Record
inspection readiness

Visual inspection to . Visual Inspection
2 . . Quality Dept.
confirm cladding quality Record

Dimensional inspection . . .
Dimensional Inspection

3 to confirm product Quality Dept.
Record

dimensions

12—
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Cut samples according
to sampling

requirements

Prepare impact and

hardness specimens

Perform low-

temperature impact test
Perform hardness
inspection
Record inspection data
Evaluate inspection
results

Issue inspection report
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Production/Quality Dept. Sampling Record

Specimen Preparation

4.4 B 5 THEER Equipment and Tooling Requirements
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4.4.2 English

Mk BEE>300]

I8 FE VG -196°C ~ = I

R4 77 150kef
PRI 77 1kgf~10kgf
RI8 77 3000kgf
DIEI K E+£0.02mm

HORAEEL 50x~1000x

uality Dept.
Q yoep Record
Quality Dept. Impact Test Record
) Hardness Inspection
Quality Dept.
Record
. Inspection Original
Quality Dept.
Record
) Result Evaluation
Quality Dept.
Record
Quality Dept. Inspection Report
HMEER BRI
AE B B R ZE<+1% BREE 1R
IR IEHIREEE£1°C A 1K
MERZE<£1.5HRC B 1K
MEIRE=£E3% |E 1R
INMEIRE=£3% BE 1R
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5y HEF>0.5um BE 1K

Equipment Name Model Specification Accuracy Requirement Calibration Cycle

Low-Temperature

Impact energy >300]

Energy indication error Once per year

13—
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Impact Testing Machine

Cryogenic Constant

Temperature Bath

Rockwell Hardness

Tester
Vickers Hardness Tester

Brinell Hardness Tester

Wire EDM Machine

Optical Microscope

Temperature range -
196°C to room

temperature

Test force 150kgf

Test force 1kgf~10kgf
Test force 3000kgf

Cutting accuracy
+0.02mm

Magnification 50x~
1000x
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<+1%

Temperature control

accuracy +1°C

Indication error
<+1.5HRC
Indication error <£3%
Indication error <£3%
Cutting accuracy

+0.02mm

Resolution >0.5um

4.5 A& A E Nonconforming Product Handling

4.5.1 3
N R E

Once per year

Once per year

Once per year

Once per year

Once per year
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4.5.2 English

Nonconformance Determination:

Inspection Item Nonconformance Criteria

Impact absorbed energy below specified value, or
Low-Temperature Impact Test obvious brittle fracture characteristics on fracture

surface

. Ductile fracture ratio below specified value, or
Toughness Inspection
cleavage fracture observed

) Hardness value outside specified range, or abnormal
Hardness Inspection .
hardness gradient

Handling Procedure:
20. Upon discovery of nonconformance, immediately identify and isolate
21. Quality Department organizes analysis of nonconformance cause
22. Technical Department develops rework or repair plan
23. Production Department executes rework or repair
24. Re-inspect relevant items after rework
25. After passing inspection, release isolation and resume normal process

26. If inspection still fails, handle according to scrap or concession acceptance procedure
Concession Acceptance Conditions:

e  Written approval from customer

e Does not affect product safety performance

e (lear usage limitations specified

e Complete concession acceptance approval records maintained

15—
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5.2 English

Inspection Plan

Supervision Content Supervision Method Assessment Criteria Assessment Cycle

. Regular inspection
Execution

Plan rate >95%
Inspection Record

Monthly
. Record completeness
Record sampling check Monthly
Completeness rate >98%
. L o Equipment within
Equipment Calibration Calibration record ) ) o
. . calibration validity Quarterly
Status verification )
period
Nonconforming Product Handling record Handling timeliness rate —
on
Handling Timeliness verification >90% Y
) . Qualification file Certified personnel rate
Inspector Qualification ] ] Annually
verification 100%

6. Bft ] Supplementary Provisions

6.1 3T
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6.2 English

32. This Inspection and Test Plan shall be interpreted and revised by the Quality Department.

33. This plan shall be implemented from the date of release, and previous relevant regulations shall
be simultaneously abolished.

34. When relevant standards are updated or product technical requirements are changed, this plan
shall be revised in a timely manner.

35. This plan shall be issued in multiple copies and distributed to Quality Department, Production
Department, Technical Department, Equipment Department and relevant project departments.

36. If special circumstances not covered by this standard are found during inspection, they shall be
reported to the Technical Department in a timely manner, and the Technical Department shall

determine the handling plan.
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