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1. B & Purpose
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This procedure aims to standardize the management requirements for explosive charge control,

standoff distance setting, and bond quality inspection in the explosive cladding process of
CLADDING Technology (Shanxi) Co., Ltd., ensuring that the bond strength and interface quality of

explosively bonded plates and pipe products meet technical standards and customer requirements.

2. SEFASEE Scope

AREFFER T A RS SR A 2, Wi LR S T2

This procedure applies to the explosive cladding production line of the company, covering the

following products and process stages:

3.

w

BRNEE A BURE CBRAN/ANEAN .. BREN/BR . BREA/ RIS 255D

Explosive clad plate manufacturing (carbon steel/stainless steel, carbon steel/titanium, carbon
steel/nickel-based alloy, etc.)

IS S EMHIE GE2MRESE . WEHIREES)

Explosive clad pipe manufacturing (flange cladding composite, steel pipe cladding composite)
BIEEGMEE . RABEMH

Explosive clad shaft sleeves and mold repair components

YEyETE SR, MR R E . RS HIEh]

Explosive charge calculation and proportioning, standoff distance setting, detonation parameter

control
giamEinis GEAEBRRN. R, it &M

Bond quality inspection (ultrasonic testing, tensile testing, bend testing, metallographic analysis)

HR3% Responsibilities

.1 TZIFEEB Process Engineering Department

IR MR TZ2800H, WIREETHE. MRIEETE . BET7 53 BUE

Responsible for explosive cladding process parameter design, including explosive charge

calculation, standoff distance determination, detonation direction and velocity setting
WEIBRIER G T ZFR, WS SN TESHER
Prepare explosive cladding process cards specifying process parameter requirements for each

product specification
157 LS HAR R HAR TS 5K

Responsible for technical review and verification of process parameter changes

3.2 & 7=EB Production Department

PRSI T ERIAT 25525 L [a] % B 2 R B SR SR AT
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e Execute explosive loading, standoff distance adjustment, and detonation operations strictly

according to process cards
o ST I 2 2 P S B Bt &

e Responsible for safety management and protective facility configuration at explosive operation

sites
o AR IRESH S REEL

e Record key parameters and abnormal conditions during production

3.3 i E &P Quality Department
o FMITBIEE AT MEE M ENRE S HE

e Responsible for inspection and judgment of bond quality of explosively clad products
o HIEIPATEAPATI . SrAtERe . S TR T %
e Develop and execute inspection plans including ultrasonic testing, mechanical property testing,

metallographic analysis, etc.
o AT, WAGHMETIFRELE

e I[ssue inspection reports, identify and dispose of non-conforming products

3.4 BLIFfRER Safety and Environmental Protection Department

o MTURIEIRNL I 2 A L 5P I E
e Responsible for safety approval and on-site supervision of explosive operations
o BN, it (A SRBHEE RS R

e Supervise compliance of explosive storage, transportation, usage, and waste disposal

BEIEANA5FEF Management Content and Procedures

4.1 YEZ5 E 2%l Explosive Charge Control

4.1.1 M2 & ERA

PRAEE GHER R E L B AR E MR JEARRE, RS & 58 R S H bRk i B it
TS, HEARIT:

The explosive charge for explosive cladding shall be calculated based on the cladding material,

base material, plate thickness, cladding width, and target detonation velocity. The calculation formula

is as follows:

ﬁ? S‘ mbOl .LHHH DeSCI lptlon

YEL LR 5 g/cm BN B2 R
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BIER h mm BIEMEHE L
SRR h, mm SRR L
WS D m/s H Ar sk
W2y L p g/lem? Jit F R 24 T
B2 9L b mm W25 245 98 L

Ve R A
Explosive linear density calculation formula:

q=(p x bxD? /(2 x (hi + ha) x 1000)
4.1.2 B EIEZ ESF

BEMH HOHR Base BEEE HARREE RERE

Cladding Y Cladding Explosive Linear Detonation
ateria
Material Thickness (mm) Density (g/cm) Velocity (m/s)

304 AN Q235 74N Carbon

3-6 8-15 2000-2800
Stainless Steel 304 Steel Q235
316L INE54H Q345 k& 44N
Stainless Steel Low-alloy Steel 4-8 10-18 2200-3000
316L Q345
AR Pure Q235 W Carbon
2-4 6-12 1800-2500
Titanium Steel Q235
BKEE
hr B4 Carbon Steel 3-6 12-20 2500-3200
Hastelloy
B354 Nickel-  AVEF4W Stainless
4-10 15-25 2800-3500
based Alloy Steel
4.1.3 MELRZTELR

o JELNCRAESARZ TN, RKAHELIHS], AMFEIWL . FHRIAR

e Explosives shall be loaded continuously with uniform density, without gaps or voids

o REATEEIN RN 10-20mm, B{RILZGE SR

e The charge width shall be 10-20mm larger than the cladding width to ensure edge bond quality
o JEAEEEZIRNATRIGEE GEHOVEIREIEARMED , JEREN 2-5mm
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e A separator layer (usually rubber or foam material) shall be placed between the explosive and the

cladding, with a thickness of 2-5mm
o CRZGEMURNIATINIGE, MR R G EK
e After loading, visual inspection shall be performed to confirm that the charge quality meets

requirements

4.2 5] PREE E#2 4l standoff Distance Control

4.2.1 IEEERAE X

[AIFEEE S (Standoff Distance) &7 25 FARM W FIWIAG I EE, JEFEMIBRIEE & 45
B RS

The standoff distance refers to the initial gap between the cladding plate and the base plate,
which is a key parameter affecting the bond quality of explosive cladding.

4.2.2 [FlEEE AT
() R R B AR PR AR &y BRI B AR 4 G TiE, MR AR
The standoff distance shall be determined based on the material combination, plate thickness,

and target bond waveform. The calculation formula is as follows:
S =K x (hi + hz2) x (D /1000)
o
Where:
S: [HF@FEES, mm
S: Standoff distance, mm
K: FPREREL BANAEIAL G 0.8-1.2, BREA/ERZLAHL 0.6-1.0

K: Material coefficient, 0.8-1.2 for carbon steel/stainless steel combination, 0.6-1.0 for carbon

steel/titanium combination
hi: BEEE, mm

h:: Cladding thickness, mm
ho: FAKERE, mm

e ho: Base thickness, mm

D: JBEEHEE, m/s
D: Detonation velocity, m/s

4.2.3 [EER T EER
o [ F S T HERE P N P2 E£0. 5mm DAY

e Standoff distance adjustment accuracy shall be controlled within £0.5mm

o BTSN I 2E R L T B AT 2 R N E A
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e After adjustment, multi-point measurement confirmation shall be performed using feeler gauges

or special measuring tools
o XFTRFIHOM, B Bel g kR IR, A BUC AL 2m
e For long plates, standoff distance shall be measured in sections, with each section not exceeding

2m
o [H][FIE B R EAL RN T2 SRS

e Standoff distance adjustment records shall be included in process documents for archiving

4.3 1R S H 2% Detonation Parameter Control
4.3.1 EZ A5 EE
FERAHE Product R 7516 Detonation IRZEIRE Detonation FoIRS R Initiation

Specification Direction Velocity (m/s) Method

P ECE Single-end

2 4R Clad Plate 2017 Longitudinal 2000-3500

initiation

. % Single-end
4% 1F Clad Pipe 17 Axial 1800-2800 £
initiation

5= E2 41 Flange Clad , % JE Multi-point

B ¢ 1 Radial 1500-2200 * P
Component initiation
4.3.2 JIRELREH

o BLARKRNZEE [ E AL R E b, Bk R R AR
e The base plate shall be firmly fixed on the constraint device to prevent displacement during

detonation
o ZRRENREA SR LB, AMIRERT SR
e The constraint device shall be able to withstand detonation impact loads without deformation or

damage
o BEEXIHNBERIBERE, MR R SRSRe

e Protective barriers shall be set up in the detonation area to ensure personnel and equipment safety

4.4 256 H 2L Bond Quality Inspection
4.4.1 B F 120 Ultrasonic Testing
B AR RNE R A= g & BN E BRI TR, RIRESRWTT

Ultrasonic testing is the main inspection method for bond quality of explosively clad products.

The inspection requirements are as follows:
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#IETHH Inspection FRAEZER Standard . . HIEEN Acceptance
- P ‘ M 75 3% Test Method ! P
Item Requirement Criteria
) . RE5E AR G HE<5%
N . A Uik b S5 Type mee ’
454 % Bonding Rate >95% Unbonded area ratio
A pulse echo method
<5%
. s - . WIRES:, TSI %R
LI Interface ES I Continuous FHE LA Angled g :
) Continuous waveform
Waveform waveform probe testing ) ) )
without interruption
s BRI Quantitat ARG A S EA
. . =AM Quantitative
G ST Defect Size B pi<3mm <3mm Single unbonded

testin
& point diameter <3mm

4.4.2 1 FE £ EEF Mechanical Property Testing

FRAEZER Standard IRAEMHE Specimen

IRIETH Test Item IRIEF5 3% Test Method
Requirement Specification
Prhr > 2 53k
. $AK# Tensil BRI Plate GB/T 26519 GB/T
F g5 Tensile Test B Tensile .
strength > lower of specimen 26519
cladding and base
180°%5 HiJo T2 180° BCRAFE Plate GB/T 26519 GB/T
25 {55 Bend Test g
bend without cracking specimen 26519
o BIY) 38 >150MPa [ #% i Round bar GB/T 26519 GB/T
B V)35 Shear Test
Shear strength >150MPa specimen 26519

4.4.3 255 #7 Metallographic Analysis
o TEEAGFMAEIEMHINEE, WELESRIES

e Metallographic specimens shall be cut at the bond interface to observe the interface morphology
o  HARFHN ZIBCRG SRAL, BOERA TE MW I

e Qualified interface shall show wavy bond characteristics with clearly visible peaks and valleys
o  FHASAAEI RSN JRBURG G X 1

e No obvious pores, inclusions, or unbonded areas shall exist at the interface

o A MTES RN BRI SR ARG TR

e Metallographic analysis results shall be photographed and included in the inspection report
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4.4.4 BBIREHIETE

=m23 Product Type ¥IESHR Inspection Frequency ##£75 % Sampling Plan

S Ve 4 EoN 3
REHEIREFIRFG 100%8 75 Y Fa X
v F12 M BRI 3 2

2 AR Clad Plate 100% UT per batch per )
. ) Mechanical test >3 sets per batch
specification
St HL Y =y y » A S Hb Y
e LR 100%078 75 A 100% J15 M RIS AR I >2 41
5 4% F Clad Pipe R ’ S

UT per batch Mechanical test >2 sets per batch

%22 5 & Flange Clad BEEE 100%88 75 AT 100% UT J1E e IR IR AL 2 H
Component per piece Mechanical test >2 sets per batch

4.5 A5 5B Non-conforming Product Disposition

MEEE TR A G, NAZLL TR
When bond quality inspection fails, the following procedure shall be followed:
L FUEHEASKMIRE, FRIRA SRR

Quality Department shall issue a non-conforming product report and identify the non-

conforming area
2. LEZETREED I AGHIER, #ElETT %
Process Engineering Department shall analyze the cause of non-conformance and determine the
disposition plan
3. KB RESE:
Disposition plans include:
o RT: WELZSHEENELES
e Rework: Re-detonation cladding after adjusting process parameters
o AME: XSRS G X T TIG 5 MIG &
e Repair welding: TIG or MIG repair welding for local unbonded areas
o PRGAEM: BRGNS i
e Downgrade: Reduce product grade or change application
o iRIK: TIEBER TR
e Scrap: Scrap when unrecoverable
4. IR TEGAME 5 N EE BEAT 45 & U E R A
Bond quality inspection shall be re-performed after rework or repair welding

5. AGH AL E RN TR R
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Non-conforming product disposition records shall be included in quality archives

5. A B Z# Supervision and Assessment

51 W ERNE
o  LZTFEEAEARIEL EIHA . (MRS EE S ST, A AR T 20%

e Process Engineering Department shall conduct monthly spot checks on explosive charge

calculation and standoff distance adjustment, with a spot check ratio of no less than 20%
o FUEEEEHA NG G BRI RET ST, PR
e Quality Department shall conduct monthly statistical analysis of bond quality inspection results

to identify quality trends
o RAEMREEETF IR 2 eI AT I A A
e Safety and Environmental Protection Department shall conduct quarterly inspection and

assessment of explosive operation safety

5.2 B 4EHn

Z¥%$8%5 Assessment Indicator B#R{E Target Value 4% B8 Assessment Period

456 % 4 4% % Bonding Rate

, >98% H £ Monthly
Qualification Rate
— K58 & #E % First-pass
S P >95% F B Monthly
Inspection Qualification Rate
T.EZHANAT 75 % Process
- 100% A F Monthly
Parameter Compliance Rate
LA £ # Safety Accident
Y 0 ZEJZ Quarterly
Rate
5.3 fratait

o PRI AN EAR EBIBEAT 0T, A 2 IR TR

e Analyze inspection failure cases and develop corrective and preventive measures

o EMIFH LZSH, MRANEZGE S MR e

e Regularly review process parameters and optimize explosive charge and standoff distance
settings

o WUER R RREHUHL A FUEKY

e Collect customer feedback and continuously improve bond quality level
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6. ¥8 % 3 5 3% Related Documents and Records

6.1 X XX

4% S Document No. &R Document Title

PRIE S G HEIE T ZMAE Explosive Cladding

Process Specification

CLADDING-MPS-001

B P AT AE L FE 515 Ultrasonic Testing Work

Instruction

CLADDING-MPS-015

J15EPERE IS HURE 7 Mechanical Property

Testing Management Procedure

CLADDING-MPS-018

ANE a4 HF2)T Non-conforming Product

Control Procedure

CLADDING-MPS-022

6.2 iIL TR

8R4 S Record No. 2R &R Record Title {R7ZHABR Retention Period

JEZj R 1T H 0% % Explosive
CLADDING-FRM-024-01 ) 34 3 Years
Charge Calculation Record

[i] o 2 B B 5 3R Standoff
CLADDING-FRM-024-02 3 4 3 Years
Distance Adjustment Record

i P Rl 4R 7 Ultrasonic
Testing Report

it 7 A Product Life

T

CLADDING-FRM-024-03

J15EPERE R BGH & Mechanical

CLADDING-FRM-024-04 77 i 75 A J Product Life
Property Test Report
4 FR A MR 5 Metallographic
CLADDING-FRM-024-05 o grap 77 i A B Product Life
Analysis Report
ANE AL E A 52 Non-
CLADDING-FRM-024-06 conforming Product Disposition 3 4F 3 Years
Record

10
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7. ] Supplementary Provisions

71 X EFHIZIESAFTRENEST

This procedure shall be interpreted and revised by the Process Engineering Department.

72 XEFBRMZ BREB L
This procedure shall take effect from the date of issuance.
713 X EBFSEIFH—R, DENBHITET
This procedure shall be reviewed annually and revised when necessary.

X AH4BITiE 3% Document Revision History

1&3T HEA Revision 1T Revision .
BRZAS Revision #&1T A Revised by

Date Content

L2 L Process

Engineering

A/0 2024-01-15 B R AT Initial Release

BETEAR (L) FRAA
CLADDING Technology (Shanxi) Co., Ltd.
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