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FOREWORD

This manual covers the general requirements for fabrication welding and inspection, and casting inspection and repair for
machinery, piping, and pressure vessels.

TMDER INSTRUCTIONS

Ships, training activities, supply points, depots, Naval Shipyards and Supervisors of Shipbuilding are requested to arrange
for the maximum practical use and evaluation of NAVSEA and SPAWAR technical manuals (TMs). All errors, omissions,
discrepancies, and suggestions for improvement to NAVSEA and SPAWAR TMs shall be submitted as a Technical
Manual Deficiency/Evaluation Report (TMDER). All feedback comments shall be thoroughly investigated and originators
will be advised of action resulting there from.

The NAVSEA/SPAWAR Technical Manual Deficiency/Evaluation Report form, NAVSEA 4160/1, is included at the back
of the TM.

Copies of form NAVSEA 4160/1 may also be downloaded from:
https://nsdsa.nmci.navy.mil/nsdsarepository/ TMDER BLANK REV 9-2010-1.pdf

The following methods are available for generation and submission of TMDERs against unclassified TMs:

e For those with a Technical Data Management Information System (TDMIS) account, the most expedient and
preferred method of TMDER generation and submission is via the TDMIS website at:
https://mercury.tdmis.navy.mil.

e For those without a TDMIS account, generate and submit TMDER via the Naval Systems Data Support Activity
(NSDSA) website at: https://mercury.tdmis.navy.mil/def _external/pubsearch.cfm. (TDMIS accounts may be
requested at https://nsdsa.nmci.navy.mil.)

e When internet access is not available, submit TMDER via hardcopy to:

COMMANDER

CODE 310 TMDERs
NAVSURFWARCENDIV NSDSA
4363 MISSILE WAY, BLDG 1389
PORT HUENEME, CA 93043-4307

e TMDERs against classified/restricted (includes all NOFORN) TMs must be submitted using the hardcopy method
cited above.

e Urgent priority TM deficiencies shall be reported by Naval message with transmission to Port Hueneme Division,
Naval Surface Warfare Center (Code 310), Port Hueneme, CA. Local message handling procedures shall be used.
The message shall identify each TM deficiency by TM identification number and title. This method shall be used
in those instances where a TM deficiency constitutes an urgent problem, (i.e., involves a condition, which if not
corrected, could result in injury to personnel, damage to the equipment, or jeopardy to the safety or success of the
mission).

Complete instructions for TMDER generation and submission are detailed on the NSDSA website at:
https://nsdsa.nmci.navy.mil/tmder/tmder.asp?lvi=1.
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1. SCOPE

1.1 This document contains the welding and ailied processes (except brazing)
and casting requirements including inspection for the fabrication. alteration, or
repair of any item or component of machinery, piping, and pressure vessels in ships
of the United States Navy. .

1-2 Requirements for welding and inspection of HY and HSLA stes] submarine
structure and surface ship Structure are contained in MIL-STD-1688, MIL-STD-1689 and
MIL-STD-1681, as applicable.

1.3 Weldments made principally of shest metal (such as electrical boxes:
ventilation and air conditioning ducts: and protective covers for gears. belts. and
chain drives) are excluded from the requirenents of this document. Weldments of -
vents, overflows. and drains are alsp excluded. .o

1.4 This document contains both mandatory requirements and guidance
information. The mandatory requirements, indicated by the words “shall” or “is
required”, are designed to serve as standards applicable to materiails, workmanship,
inspection, and quaiity control. Guidance information is indicated either by the
word “should” or "may". Where Specific approval by the Naval Sea Systews Command

(NAVSEA) is required. it is so noted (see 1.6).

shall include all applicable subparagraphs under that paragraph or section mmber.
For example: The reference to paragraph 4.4 shall include subparagraphs 4.4.1 and

1.6 Requirements subject to NAVSEA approvai. Any requirements cortained in
this document specifically requiring NAVSEA approval shall be forwarded to Naval Sea
Systems Command. 2531 Jefferson Davis Highway, Ariington, VA 22242-5160 via the
authorized representative. Subcomtractors shall submit such items to the _
contracting activity in accordance with the contract or purchase order. Contracting
activities and authorized representative shall thoroughly review and make
recommendations as to the acceptability of the requirement submitted.

1.7 Document precedence. Unless otherwise specified herein. in the event of
conflict between this document and other documents. the following order of
precedence shall apply:

(a) Ship specifications for a8 particular ship or class. or Deep Diving General
Overhaul Ship Specifications (DDGOSS), as appropriate (this includes plans
and drawings). : _

(b) Equipment or component s%nﬁca‘hons

(c) This document. .

(d) Other referenced documents.

Original 1
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- 1.8 Upon acceptance by an activity, this issue of the document shall be used
in its entirety. Previously approved deviations from earlier issues are not
appTi:ab]e unless approved for use with this issue. . S

1.9 For naval nuclear propulsion plant applications, the requirements of
NAVSEA 250-1500-1 may be used in liey of the requirements of this document provided:

(@) Base and filler materials and welding processes normally allowed by NAVSEA
250-1500-1 are used, except. HY-80 and HY-100 welding shall be in
accordance with this dociment. ,

(b) Al the requirements of NAVSEA 250-1500-1 are met..

v ¢
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2.  REFERENCED DOCUMENTS
2.1 Eoverrment dociments.

SPECIFICATIONS
FEDERAL .
-QQ-A-200 - Aluwinum Alioy. Bar, Rod, Shapes. Structural
Shapes, Tube and Wire, Extruded: General
Specification for. : .
QQ-A-200/1 - Alumimm Alloy 3003, Bar, Rod. Shapes, Tube
- and Wire, Extruded.
QQ-A-200/4 - Alurimm Alloy 5083. Bar, Rod, Shapes, Tube
and Wire, Extruded.
QQ-A-200/5 - = Aluminum Alloy 5086, Bar, Rod. Shapes, Tube
! and Wire, Extruded. ‘
- 0Q-A-200/6 - Alumimm Alloy 5454, Bar, Rod, Shapes, Tube
and Wire, Extruded. ' S :
0Q-A-200/7 - Aluminm Alloy 5456, Bar, Rod. Shapes, Tube
: and Wire, Extruded. '
QQ-A-225 * Alurimm and Alumimm Alloy Bar. Rod. Wire. or
" Special Shapes: Rolled, Drawn. or Cold -
' - Finished: General Specification for.
0Q-A-225/1 - Aluminum Alloy Bar. Rod. and Wire: Rolled.
o . Drawm, or Cold Fimished, 1100.
@-A-225/2 = - Almminm Alloy Bar. Rod, and Wire: Rolled,
' Drawn. or Cold Fimished, 3003.
QQ-A-225/7 - Aluminum Alloy 5052, Bar. Rod, and Wire:
: Rolled, Drawn, or Cold Fimished. :
-Q0-A-250 » Aluxinm and ATusinum Alloy Plate and Shest:
‘ General Specification for.
QQ-A-250/1 - Alumimm 1100, Plate and Sheet.
0Q-A-250/2 = Aluminum AlToy 3003. Plate and Sheet.
QQ-A-250/6 - ‘Alurimm ATloy 5083. Plate and Sheet.
0Q-A-2507/8 » Alumimm Alloy 5052, Plate and Sheet.
QQ-A-250/10 = Alurimm Alloy 5454, Plate and Sheet.
QQ-B-639 , ‘-".;Brass. Raval: Flat Products (Plate, Bar,
Sheet. and Strip). .
QQ-C-390 - Copper Alloy Castings (Including Cast Bar).
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FEDERAL (Continued)

0Q-C-450
0Q-N-281

0-S-763
Wi-P-404
WH-T-700

WW-T- 700! 1

WW-T-700/2
Wi-T-700/5

MILTTARY

MIL-T-1368
HIL-T-_.'.’;SQS
MIL-T-6736

MIL -W-6858
MIL-T-8504

MIL-T-9046

MIL-T-9047
MIL-T-15005
MIL-C-15726

MIL-5-16216

MIL-T-28285

MIL-T-16420

MIL-R-17131
MIL-N-17163

MIL-I-17563

S9074-AR-G1B-010/278

-

Copper -Aluminum ATloy (Alumimm Bronze) Plate,
Sheet, Strip. and Bar (Copper Alloy Numbers
606. 610, 613. 614, and 630). .
Nickel-Copper ATloy Bar, Rod. Plate. Shest,
Strip. Wire, Forgings, Structural and
Special Shaped Sections. - .

Steel Bars, Wire, Shapes, and Forgings,

Corrosion-nesisting.

‘Pipe, Steel, (Seamless and Welded, Black and

Zinc-Coated (Ea‘!vanimd))..._ _
Tube, Alupinum and Aluminum Alioy, Drawn. B
Seamless, General Specification for. - T
Tube, Alumimum, Drawn, Seamless. 1100. .
Tube, Aluminum, Alloy, Drawn, Seamless, 3003.
Tube, Alurinum ATioy, Drawn. Seamiess, 5086. -

Tube and Pipe, Nickel -Copper Alloy, Seamless
and Welded. :
Tubing, ' Phosphor Bronze: (CDA No. 510) Round.
Seamiess.
Tubing, Chrome-Molybdemn, 4130 Steel,
Seamless and Welded, Aircraft Quality.
Welding, Resistance: Spot and Seam.
Tubing, Steel, Corrosion-Resistant (304).
Aero-space Vehicle Hydraulic Systems,
Annealed, Seamless and Welded. -
'Tr':tarﬁun_and Titanium ATloy. Sheet. Strip and
ate

Titaniun and Titanim Alloy Bars (Rolled or

and Reforging Stock, Aircraft Quality.
Tubes, 70-30 and 90-10 Capper Nickel Alloy.
Condenser and Heat .
Copper-Nickel Alloy, Rod. Flat Products (Flat
Wire, Strip, Sheet. Bar. and Plate) and

Forgings. o
Steel Plate, Alloy, Structural, High Yielc
Strength (HY-80 and HY-100). -

Tube, Steel, Seamless, Marine Boiler

Application.
Tube, Capper-Nickel Alloy, Sea;;gs and Welded

».(Copper Alloy Numbers 715 and
-+ *Rods and Powders, Welding, Surfacing.

Copper Alloy, Wrought: (55-60 Percent
Nickel) Low Permeability.

Ixpregnants for Aluwmimm, Copper. Iron,
Magnesium. and Zinc Alloy Castings.
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i MILITARY (Continued) .

MIL-S-18728 Steel Plate, Sheet and Strip, Alloy 8630,
Aircraft Quality, - A

MIL-S-18720 - Steel Plate, Sheet, and Strip. Alloy 4130,
Aircrafrt Quality.

MIL-E-19933 = Electrodes and Rods - Welding, Bare, Chromium

_ and Chromium-Nickel Steels.
MIL-F-20236 ~ Fittings, Tube and Pipe, Butt-Weiding, 300

P.S.1. and - Maximum. '
MIL-F-20670 = .. Flanges, Pipe, Carbon Steel. 150 P.3.1.,
: - W.S.P. (for Naval Shipboard Use).

MIL-A-21180 - Aluminm-Alloy Castings, High Strength. .

MIL-E-21562. - E;lgctrodes and Rods - Welding, Bare. Nickel- - -
- ' Alloy. . :

MIL-5-21952 - Steel (HY-80 and HY-100) Bars, Alloy.

MIL-E-22200 - Electrodes, Welding, Covered: General

: Specification for, _ ,
MIL-E-22200/1 - Electrodes, Welding, Minera Covered, Iron-
" Powder. Low-Hydrogen Medium and High Tensile
‘Steel, As Weided or Stress-Relieved Weld
Application. '
MIL-E-22200/2 - Electrodes, Welding, Covered (Austenitic
' - Chromium-Nickel Steal).
MIL-E-22200/3 - Electrodes. Welding. Covered: Nickel Base
Alloy: and Cobalt Base Alloy. |
MIL-E-22200/4 - Electrodes. Welding, Covered, Copper-Nickel

MIL-E-22200/5 - Electrodes, Welding, Mineral Covered. Iron-
Powder, Low- . Low-Alloy Steel for
o Harderming and T ing Heat Treatment
B - Applications Only. _
MIL-E-22200/6 - -Electrodes, Welding, Minera] Covered, Low
. Medium and High Tensile Steel.
MIL-E-22200/7 - - FElectrodes, Nelding. Covered. Molybdemun Alloy
- Stee] Application.
MIL-E-22200/8 . Electrodes, Welding, Covered, Low-Hydrogen,
and Iron Powder Low-Hydrogen, _
_ Chrorium-Mo? ybdentn Alloy Steel and Corrosion
- Resisting Steel.
MIL-E-22200/10

- Electrodes, Welding, Mineral Covered,
Iron-Powder, Low-Hydrogen Medium. High Tensile
_ . : and Higher-Strength Low Alloy Steels.
MIL-S-22698 ~ Steel Plate and Shapes, Weidabie Ordinary
=Strength and Higher Strength: Hull Structural.
MIL-S-23008 - = 'Steel Castings, Alloy, High Yield Strength
' (HY-80 and HY-100). :
MIL-5-23009 ~ = Steel Forgings. Alloy, High Yield Strength
- (HY-80 and HY-100).
MIL-5-23193 - Steel, Corrosion Resistant Castings.

Original 5



MILITARY (Continued)
MIL-S-23194
~ MIL-S-23105
MIL-S-23196
MIL-T-23226

MIL-T-23227
MIL-N-23228

MIL-N-23229
MIL-S-23284
‘MIL-1-23413
MIL-F-23467
MIL-P-23508
MIL-F-23509
MIL-T-23520
MIL-E-23765
MIL-E-23765/1

MIL-E-23765/2
MIL-E-23765/3
MIL-E-23765/4 -
MIL-S-24093
MIL-N-24106
MIL-L-24128
MIL-S-24238
MIL-N-24271
MIL-P-24338
MIL-F-24339

MIL-F-2434

= Low Carbon

S9074-AR-GIB-010/278

Steel Forgings, Carbon and Alloy. :
Steel Bars and Forgings, Corrosion Resistant.
Steel Plate, Shest and Strip. Corrosion )
Resistant. -

Tube and Pipe, Corrosion-Resistant Steel,
Seamiess, ' '
Tube and Pipe, Nickel Chromium Iron Alloy.
Hickel-ﬂ:rmim-lmn-m'loy Plate, Sheet and
Strip. Air Melted or Vacuum Remelted,
Nickel-Chromium- Iron Alloy Bars and Forgings.
Stee! Forgings. Carbon and Alloy, for Shafts,
Sleeves, Couplings. and Stocks (Rudders and -
3 -

- Diving Planes

Inserts, Welding, Filler Material, Coiled and
Solid Rings. '
Fitting and Flanges, Wrought, Seamiess, Butt
and Sacket Welding, Austenitic ,
Corrosion-Resistant Steel. ,
Plating. Tin-Cadmium (Electrodeposited).
Fittings and Flanges. Wrougit, Seamless, Butt
and Socket Welding, Nicke] Copper Alloy.

Tube and Pipe, ‘Nickel-Copper Alloy, Seamless
Air Melted. | : _
Electrodes and Rods - Welding, Bare, Solid and
Alloyed Cored, Generaj Specification for.

" Electrodes and Rods - Welding, Bare. Solid and B

Alloy » Ordinary Strength and Low Alloy

Steel,

Electrodes and Rods: Welding, Bare, Solid. or

g'lond . Low Alloy Steel.

ectrodes, Welding, Bare, Copper and Copper

ATlay.. |

E!ectmdes-weld'lng. Bare, Solid: and Fluxes,

Stoes Arc Welding, Carbon and Low Alloy
S.

Steel Forgings, Carbon and ATloy Heat Treated,
Nickel- Alloy Bars. Rods. and Forging:.
Chromiun Stee] Bars. Rods, and

Steel Plate Carbon ang Low AT'Ios_f.

anges,
¥nd Socket Welding Carbon Steel.

- Fitting and Flange, Wrought, Seamiess, Butt

and Socket Welding, 70-30 Copper Nickel Alloy.
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—~ MILITARY (Continued)
MIL-E-24355 - Electrodes, Welding, Bare. Solid. .
Nickel-Manganese-Chromium- Molybdenum Alloy
Steel for Producing HY-130 Weldments for
_ As-Welded Applications.
MIL-S-24371 - Steel Plate, Alloy. Structural, High Yield
Strength (HY-130).
MIL-E-24403 - Electrodes - Welding, Flux Cored, General
~ Specifications for. . o
MIL-E-24403/1 - .Electrodes - Welding, Flux Cored, Ordinary
' Strength and Low Alloy Steel. '
MIL-E-24403/2 - g‘lec:{:rodes - Welding, Flux Cored. Low Alloy
N - MIL-S-2445] - Steel Heat Treated Heads, Alloy Structural,
- ' ' High Yield Strength (MY-80 and HY-100).
MIL-B-24480 - . Bronze, Nickel-Alumimum (UNS No. C95800)
- Castings, for Seawater Service.
MIL-C-24615 - C??tinﬁ. Nicke1-Chromrium-Mol ybdenum- Columbium
4 g A oy. .
MIL-S-24645 - Steel Plate, Sheet. or Coil, Age-Hardening
: Alloy, Structurai, High Yield Strength
_ (HSLA-80). '
DOD-F-24669/1 - Forgings and Forging Stock, Steel (Carbon and
Alloy) Blooms, Bars, Billets and Slabs.
(Metric) : '

DOD-F-24669/2 - Forgings angd Forging Stock, Steel Bars arld_
- Billets - Chromium-Molybderum Alloy. (Metric)
DOD-F-24669/6 - Forgings and Forging Stock, Steel Bars and
B‘l'Tle!:si Corrosion Resisting: for Reforging.
- (Metric)
DOD-F-24669/7 - Forgings and Forging Stock, Steel Bars and
' - Billets, Corrosion Resisting: Naval Steam
‘Turbine Parts Use. (Metric)
MIL-F-24669/8 - Forgings and Forging Stock, Steel for Im_:egra'l
Steam Jurbine Rotors. )
MIL-N-24687 - = Nickel -Chrowium-¥ol yhdemm- Iron-Columbium

ngs
MIL-P-24691/1 - Pipe and Tube, Carbon Steel, Stainless.
MIL-P-24691/2 - Pipe and Tube, Chromium-Molybderum Steel,
) Seam

MIL-P-24651/3 - Pipe and Tube, Corrosion-Resistant. Stainless
: Steel, Seamless or Welded.

MIL-C-24707/1 - Castings, Ferrous, for Machinery and

MIL-C-24707/2 = -“Castings. for Pressure Comtaining Parts

MIL-C-24707/3 - Cast'ings: Ferrous, Corrosion-Resistant,



oy MILITARY (Continued)
MIL-C-24707/6

STANDARDS

MIL-C-24723
MIL-H-81200

MILITARY

MIL-5TD.22
MIL-STD-248

MIL-STD-271
MIL-STD-276
MIL-STD-438

MIL-STD-777

~ MIL-STD-1627

2.1.2

publications form a part of tms»'doumt

MIL-STD-1628
MIL-STD-1681
MIL-STD-1687

' HIL?STD*]SBB :

MIL-STD-1689

MIL-STD-2035
MIL-STD-2191

S9074-AR-G1B-010/278

14

-

Castings. Ferrous, Chromium Steel. for
Pressure-Contaiming Parts Suitable for High
Temperature Service. - '

Castings. Nickel-Copper Alloy.

Heat Treatment of Titamium and Titamium
Alloys.

Welded Joint Design. :
Welded and Brazing Procedure and Performance
Qualification. .
mﬂondestm:ti? ve Testing Requirements for

s.
Impregnation of Porous Nonferrous Metal
Schedule of Piping. Valves, Fittings. and
Associated Piping Components for Submarine
Service.
Schedule of Piping. Valves, Fittings, and
gsnsociatad Piping Components for Naval Surface

ps. _
Bending of Pipe or Tube for Ship Piping
S

Fillet Weld Size, Strength. and Efficiency
Determination. _
Fabrication. Welding, and Inspection of HY-130
Submarine Applications.

Thermal Spray Processes for Naval Ship
Mactrinery and Ordnance Applications..
Fabrication, Welding, and Inspection of
HYB0/100 Submarine Applications
Fabrication, Welding, and Inspection of Ships

Nondestructive Testing Acceptance Criteria |

Repair Welding, Weld Cladding,. Straightening
and Cold Rolling of Main Propulsion Shafging
Metal Sprayed Coating Systems for Corrosion

Protection Aboard Naval Ships. (Metric)

. The following other Govermment
to the extent specified herein.
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PUBLICATIONS ’

NAVAL SEA SYSTEMS COMMAND (NAVSEA)
0900-LP-001-7000 - Fabrication and Inspection of Brazed
' Piping Systems.
0951-LP-031-8010 - Repair.and Overhaul, Main Boilers,
1200 PSI Steam Propulsion Plant.
0951-LP-038-6030 ~ 1200 PSI Pressure Fired Boiler and
Supercharger, Vol. 3, Repair and
- Overhaul.
392-0755 - Seal Welding Manual.
0910-LP-331-5300 - Repair and Overhaul Main Propuision
‘ Bo‘i]ers.' .
NAVSEA 250-1500-1 - HWelding Standard.

(Copies of specifications, standards. and publications required by contractors
in connection with specific acquisition functions shouid be obtained from the
contracting activity or .as directed by the contracting officer.)

A 167 = - Standard Specification for Stainiess and Heat Resisting
Chroorium - Nickel Steel Plate :

A 176 - Standard Specification for Stainless and Heat-Resisting
Chromrium Steel Plate. Sheet. and Strip. (DoD adopted)

A 178 - Standard Specification for Electrical-Resistance-Welded
Carbon Steel and Carbon-Manganese Steel Boiler Tubes

A 182 - Standard Specification for Forged or Rolled Alloy-Steel Pipe

Flanges, Forged Fittings, and Vaives and Parts for
High-Temperature Service. (DoD

A213 ~» Standard Specification for Seamless ferritic and Austenitic
ATloy-Steel Boiler, Superheater. and Heat-Exchanger Tubes.

A 216 - Standard Specification for Steel Castings, Carbon, Suitabie
for Fusion Welding, for High-Temperature Service (DD

A 217 - Standard Specification for Steel Castings, Martensitic
Stainless and Alloy, for Pressure-Containming Parts Suitable
for High-T -Service. (DaD adepted)

A 234 - Standard Specifi on for Pipe Fittings of Wrought Carbon
Steel and Alloy Steel for Moderate and Elevated
Temperatures. (DoD adopted) "
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A 240

A 276

A 302

A 336

A 487
A 494
A 515

A 516

A 537

A 743

A 744

A 757

B 21
B 26
B o8
B 124

B 138

B 139
B 150

B 152
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Standard Specification for Heat-Resisting Chromium and

- Chromium-Nickel Stainless Steel Plate, Sheet, and Strip for

Pressure Vessels. (DoD adopted) . o
Standard Specification for Stainless and Heat Resisting

~ Steel Bars and Shapes

Standard Specification for Pressure. Vessel Plates, Alloy
Sggg'l. Manganese-Molybdemum and Manganese-Molybderum-Nickel.
(DoD - adopted) - | |
Standard Specification for Steel Forgings. Alloy, for
Pressure -and High-Temperature Parts. .
Standard Specification for Steel Castings Suitable for
Pressure Service. ' .
Sﬁndard Specification for Castings. Nickel and Nickel
Alloy. )
Standard Specification for Pressure Vessel Plates. Carbon
Steel, for Intermediate- and Higher-Temperature Service.
(DaD adopted)
Standard Specification for Pressure Vessel Plates, Carbon
Steel, for Moderate- and Lower-Temperature Service. (DoD
adopted) ' .
Math Specification for Pressm-es_.' Vessel ;’Iates. dopted)
-ireated, Carbon-Manganese-Silicon Steel. (DoD a
Standard Specification for Castings. Iron-Chromium,
Iron-Chromrium-Nickel, Nickel-Base, Corrosion-Resistant, for
General Application. (DoD adopted) |
Standard Specification for Castings. Iron-Chromium-Nickel,
Nickel-Base, Corrosion Resistant, for Severe Service. (Dad
adopted) .
Standard Specification for Stesl Castings, Ferritic and
Martensitic Steel, for Pressure-Contaiming and Other
Applications. for Low-Temperature Service. -
Standard Specification for Naval Brass Rod, Bar, and Shapes.
(DoD adopted) -

Standard Specification for Alurinum-Alloy Sand Castings.
(oD adopted)

- Standard Specification for Copper-Silicon Alloy Rod. Bar,

Standard g and -All ng
Rodaarsﬁlﬂ cation for Copper Copper-Alloy Forging

,Staﬁdarﬂ'sdp:giﬁ:atilan. for Manganese Bronze Rod, Bar, and
Standard s&gﬁmﬁm for Phosphor Bronze Rod. Bar. and
Stama;-d Specification for Aluminum Bronze Rod, Bar, and

Specification for Copper Sheet, Strip, Plate. and
Rolled Bar. (Dab adopted) S
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AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) (Continued)

B 166

B 169

B 209
B 265

B 337

. B 338
B 348
B 363

78367
B 3589
B 381
B 443
B 444
B 445
B 564
B 574
L
B 622
E 38
E 155
E 186
£ 102
E 272

- Alloy Pipe and Tube.
Standard

Standard Specification for Nickel-Chromiun-Iron ATloys (UNS
NOG500 and NOG690) Rod, Bar, and Wire. (DoD adopted)

‘Strip, and Rolled Bar. (DoD adopted)

Standard Specification for Aluminum and Aluminum-Alloy Sheet
and Plate. (DoD adopted) g
Standard Specification for Titamium and Titanium Alloy
Strip. Sheet, and Plate. :
Standard Specification for Seamless and Welded Titanium and
Titanium ATloy Pipe. .
Standard Specification for Seamiess and Welded Titamium and
Titanium Alloy Tubes for Condensers and Heat Exchangers.
Standard Specification for Titanium and Titamium Alioy Bars
and Billets. _ R
Standard Specification for Sezmless and Welded Unalloyed
Titanium and Titamiyg Alloy Welding Fittings. '
(S:amtanga_rd Specification for Titanium and Titanium ATioy

ngs.
Standard Specification for Copper-Nickel Alloy Castings.
Standard Specification for Titamium and Titanium Alloy
Standard Specification for Nickel -Chromium-Mol ybderum-
Cotunbium Alloy (UNS ND6625) Plate, Sheet. and Strip.
Standard Specification for Nickel -Chromrium-Mol ybdenum-
Columbium ATloys (UNS NOS625) Pipe and Tube.

- Standard Specification for Nickel -Chrowriun-Mo] ybdenum-

Columbium ATloy (UNS NOS525) Rod and Bar.
Standard Specification for Nickel Alloy Forgings. (DoD

Standard Specification for Low-Carbon Nickel -Mo] ybdenum-
Chromiun ATloy Rod. - ' .
Standard Specification for Low-Carbon Nickel-Molybdenum-
Chromiun Alloy Plate, Sheet and Strip.

Standard Specification for Seamless Nickel and Nickel Cobalt

Methods for Chemical Anaiysis of Nickel - Chromium
and Nickel-Chromius- Iron Alloys. .
Standard Reference Radicgraphs for Inspection of Aluminum
and Magnesium Castings.
Standard Reference Radiographs for Heavy-Walled (2 to
4-1/2-in. (51 to 114-mm)) Steel Castings. (DaD adopted)
Standard Referefce Radiographs of Investment Steel Castings
for Aerospace Applications. (DoD adopted) '
for High-Strength Copper-Base

and Nickel-Copper Alloy Castings.
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~5-  AMERICAN SOCIETY FOR TESTING ANp MATERIALS - (ASTM) (Continued)

E 280 - Standard Reference Radiographs for Heavy-Walled (4-1/2 to
- 12-in. (114 ¢o 305-ma)) Steel Castings. (DaD adopted)
E 310 - Standard Reference Radiographs for Tin Bronze Castings. _
E 446 -StandardRefermRadiographsforSteeICastingsmtoZ‘
n. (51 m) in Thickness. (DoD adopted)

: (Application for copies shouid pe addressed to the American Society for Testing
and Materials. 1916 Race Street, Philadelphia, PA 19103.) , o

AMERICAN WELDING SOCIETY (AMS)

#2.4 - Symbols for Nelding and Nondestructive Testing Including "~
. Brazing, ai ' T
- A3.0 - g:']!g'le:,g Terms and]Deﬁn'itiuns Im'!ud'ing]Terms for Brmaoz;ng&cpted)
ng. Therma ying. and Therma Cutting. a
A5.01 - Filler Metaj Pmm& a’}idel'ines.

A5 1 - Specification for Covered Carbon Steel Arc Welding Electrodes.
_ (DoD adopted)
A5.2 - Speciﬁg:at‘ion for Iron and Steel Oxyfuel Gas Welding Rods. (DoD
adopted | ,

A5.4 - Specification for Covered Corrosion-Resisting Chrowium and
Chromium-Nicke] Stee) Weiding Electrodes. (DoD adopted)

AES - . B&mﬁaﬁm& Low ATioy Steel Covered Arc Welding
- } . .
AS5.6 - Specification for Covered Copper and Copper Alloy Arc Welding
Electrodes. (pop adopted) -
A5.7 . glpeciﬂcatim for Copper and Copper Alloy Bare Welding Rods and
trodes.  (Dop - :
AS.B - Specifjcatinn for Filler Metals for Brazing and Braze Welding.
A5.9 - Specification for Corrosion Resisting Chromium and

. Clrulitn-ma:e}-Steel Bare and Composite Metal Cored and
Welding Electrodes and Welding Rods. (DoD adapted)
A5.10 - mﬂaﬁm for Alurimum and Aluminua Alioy Bare Welding Rods
' (DoD

A5.11 - Specification for Nickel wi Nickel ATloy Covered Welding
Electrodes

#5.13 - Specttication for Solid Surfacing Welding Rods and Electroges.

(DaD adopted) .
A5.14 - ‘Specification for Nickel and Nickel Alloy Bare Welding Rods and
Electrodes '

A5.16 - mﬂa&m for Titamiumi and Titamium Alloy Bare Welding Rods
A5.23 - Specification Ter Loy Alloy Steel Electrodes and Fluxes for
Submerged Are Welding. (DoD adopted)
AA.27 - glpeciﬁcaﬁonmfg'mw Copper and Copper Alloy Gas Welding
ectrodes. )
A5.28 - Specification for Low Alloy Steel Filler Metals for Gas Shielded
Arc Welding. (DoD adopted) _ -
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- Oxygen Cutting Surface Roughness Gauge.

(Application for copies should be addressed to the American Welding Society.
Inc.. 550 MW LeJeune Road, P.0. Box 351040, Miami, FL. 33135.)

ol C4.1-6

SOCIETY OF AUTOMOTIVE ENGINEERS (SAE)

AMS 6530 - Stee] Tubing, Seamless 0.50Cr - 0.55Ni - 0.20Mo (0.25 - _
'+ 0.33C) (SAE 8630). (DaD adopted) |

| (Application for copies should. be -addressed ho Society of Automotive Engineers,
400 Cormormealth Drive, Warrendale, PA 15095.) :

SP-55 - Quality Standard for Stee] Castings for Valves. Flanges, and
o Fittings: and Other Piping Components (Visual Method).

(Application for copies should be addressed to the Mamrfacturers

Standardization Society of the Valve and Fittings Industry, 127 Park Street. N.E..
Vienna, Va 22180.) : _ .

(Nongoverrment standards are generally available for reference from libraries.
They are also distributed among

nongovermment standards bodies and using Federal

we
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3. GENERAL 'REQUIREMENTS

3.1 Responsibility. zach activity that accomplishes work in accordance with
this document shall be familijar with its provisions and referenced specifications to
the extent that they 2pply to the work being performed.

3.2 Engineering drawi - Drawings shall indicate essential fabrication
details. Weld joints shall be identified by symbols in accordance with AWS A2 4 and .

- Joint design selection shaill be in accordance with section 9. Nondestructive tests

for -welded joints shall pe identified by symbols in accordance with AWS A2.4 except

 that single symbol PT may be used in Tiew of DPT (dye penetrant) or FPT (fiuorescent

penetrant).

3.2.1 Referencing this do - Drawings shall carry a note stating that
welding and inspection shall be in accordance with this document and give the

3.3 Nomencl 2 “and déﬁ'ﬁt-ions. Welding nomenciature énd definitions used 1in
the preparation of drawings, welding procedure specifications. and correspondence
related to welding shall be accordance with ANS A3.0. _

3.3.1 Definitions. The following definitions are applicable to this document:

3.3-1.1 Activity. Activity refers to all sites of an organization under the
same quality assurance and using the same quality assurance plan -

- performing work to which this document is applicable.

3.3.1.2 Approved (approvai). Approval refei?s to when the item under
consideration has been accepted by NAVSEA or {ts authorized representatives,

3.3.1.3 Arc-strike. an arc strike is any inadvertent heat affected zone or
change in the contour of the fimished weld or base metal resuiting from an arc or
heat generated by the passage of electrical current between the surface of the
finished weld or base meta] and a current source. e.g. welding electrode or MT prod.

3.3.1.4 ntative. Authorized representative is any
Government representative Specifically authorized to approve equipment, material, or

procedures within the scope of this document for NAVSEA. They are as follows:

() For Goverrment shipyards: The delegated representative of the shipyard
commander . .

- (b) For commercial shipyards: The delegated representative of the Supervisor
of Shipbuilding, Conversion. and Repair (SUPSHIP) or the American Bureau

. of Shipping when specified in the ship's specifications for a particular .
stiip. This includes all applicable areas in the shipyard and applicable

i items furnished to the shipyard by subcontractors.
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(c) For Goverrnment purchase items (other than Goverrment siripyards): The
delegated representative of the Commanding Officer. Naval Ship Systems
Engineering Station (NAVSSES). Philadelphia.

(d) When delegated by (a). (b). or (c) above, the representative of Defense
Contract Administration Services Management Area (DCASMA).

(e) Technical representative Speciﬁca'l‘lj' authorized by NAVSEA.

_ 3.3.1.5 Divina 1ife support piping systews. Diving 1ife support piping
systems_are piping systems for breathing gases (delivery and exhaust) for divers.

3.3.1.6 Dissimilar meta] welds. Dissimilar metal welds are welds betwesn two
metals which differ sufficiently in metallurgical and physical properties to require
special consideration in welding qualification and inspection. Welds made by either
direct joining of the dissimilar metals or by use of weld deposited buttering are
considered dissimilar metal welds. '

3.3.1.7 Essential elements. “Essential elements" is defined as the essemtial
elements specified in MIL-STD-248. _

3.3.1.8 Fabrication welds. Fabrication welds are welds required to fabricate
2 weldment or welded system. These welds include designed weld joints: weld
buildups; overlay cladding for corrosion resistance, hardfacing for wear resistance;
and weld deposited buttering. :

3.3.1.9 Govermment inspector. Govermment inspector is a Govermment official
who is charged with the responsibility for assuring that the materials. processes,
fabrication techmiques, inspections, tests. and testing personnel meet specification
and contractual requirements. In this regard, he shail be the authorized
representative or the following: ' .

() When delegated by the authorized representative, the DCASMA inspector.

(b) For forces aficat: The Squadron Commander or his delegated
representative. _

(c) For Naval repair facilities: The commanding officer or his delegated
representative. ,

3.3.1.10 lethal fluids. Lethal fluids are poisonous gases or liquids of such
nature that a very smail amount of the gas or vapor of the liquid mixed or urmixed
with air is dangerous to uman 1ife when inhaled. For purpases of piping system
classification. lethal includes shbstances of this nature wirich are stored under
pressure or which may generate a pressure if stored in a closed vessel. Some such
substances are hydrocyamic acid. carbonyl chloride, cyanogen chloride gas. and xylyl

" bromide. For the piping system classification purposes of this document. ammomia,

chlorofluracarbon refrigerants. natural or menufactured gas, any liquefied petroleum
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gas (such as propane, butane, or butadiene)  and vapors of any other petrolém
products are not class;fied as l_ethal substances.

3.3.1.11 mization § - The organization inspector shall be the
inspector of a contractor, Naval shipyard, or Goverrment agency who has besn
authorized by the organization to inspect and accept or reject materials i
- workmanship and to withess tests and validate test data. In process, vicual
inspectors can be production personnel. : '

i 1es are prepa J
and evaluated either py destructive or nondestructive tests or both.

3.3.1.15 Sea] welds. Seal welds are welds provided for a fluid containment
function only, as in a closure where strength is provided by a separate device.
This_definition does not apply to boiler, economizer, and superheater tube-to-header

welds shall be performed in accordance with NAVSER 0951-LP-031-8010 in additicn to
the requirements speciﬁ_ed_ herein., - .

3.3.1.17 Heiding- ' uttering. Welding-deposited buttering is weld
metal deposited on base metg] prior to completing the weld to permit the final
portion of a dissimilar metal weld to be campleted 2s a similar metal weld.

3.3.1.18 Weld- ted overlay cladding. Weld-deposited overlay cladding is
-weld metal wivich is deposited for the purpose of corrosion protection only.

3.3.1.19 Weld-deposited hard surfacing. Weld deposited hard surfacing is weld
metal which is deposited for the purpose of‘proﬁdingwear resistance.

3.3.1.20 Helded {on or . He;lded fabrication or weldment is
any assembly where conponent parts are juined by welding.

3.3.1.221 El_ﬂm_mm Hel&ing procedure is written instructions

designed for use in production welding and repair welding, delineating all the
essential elements and guidance to produce acceptabie welds. | :

Original 15



S9074-AR-GIB-010A/278

3.3.1.22 Straw (color). Straw is a color occurring on titanium welds from slight contamination whose hue
ranges from light gold through brass.

3.3.2 Classification. The following classifications are applicable to this document:

(a) Machinery, class M.

(1) Class M-1. Class M-1 machinery includes welds in moving parts, such as gears, rotors, impellers and
shafting (except propulsion shafting and rudder stocks) that transmit torque or thrust. Welding of
propulsion shafting and rudder stocks shall conform to MIL-STD-2191.

(2) Class M-2. Class M-2 machinery includes welds in stationary non-pressurized assemblies or
structures, such as sub-bases for turbines, engines, motors, and pumps.

Each of these sub-classes shall be further categorized as to criticality in accordance with the following:
a. Category A. Safety and mission of the ship.

Safety. Includes machinery forming part of, or directly supporting, watertight integrity or machinery
the failure of which would cause loss of ship control, propulsion, or weight handling equipment.

Mission. Machinery essential to the mission of the ship, such as weapon and fire control systems,
navigation communication systems, and major auxiliary support systems.

b. Category B. Normal operation of the ship. Machinery essential to the normal operation of the ship.

c. Category C. Non-essential items. Includes parts of components in categories A and B having welded
joints that do not transmit the principal operating load or support any type of pressure boundary.

(b) Piping, class P. Class P piping includes all piping, tubing, and fittings for conveying fluids. Classes P-1,
P-2, and P-LT apply to welded systems. Class P-3 applies to brazed systems.

(1) Class P-1. Class P-1 includes fabrication welds for design pressures exceeding 300 pounds per square
inch (Ib/in?) or design temperatures exceeding 650 degrees Fahrenheit (°F), or both, such as steam
lines, hydraulic systems, boiler generating tubes, superheater and economizer elements, other pressure
retaining tubes and piping (excluding nozzle or root connections to pressure vessels, which are covered
under the appropriate classification), and all piping systems for conveying oxygen, gasoline, and lethal
gases or liquids regardless of pressure and temperature. This class also includes fabrication welds
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in piping systems which transmit oxygen, helium, mixed gases, air, water and exhaust of diving life
support systems. Also included are any structural welds made to the internal or external surfaces of a
fluid boundary subject to system pressure but which do not form a part of the fluid boundary. This
includes any weld made to a weld deposited pad or cladding on the fluid boundary as well as the weld
deposited pad or cladding beneath the weld itself. This does not include cladding other than cladding
beneath the weld nor does it include welds which join clips, nameplates, insulation supports, or other
nonstructural members to the fluid boundary. Specifically excluded are pipe joints meeting the
classification criteria of class P-LT.

Class P-2. Class P-2 includes fabrication welds for design pressures and design temperatures not
exceeding 300 Ib/in® and 650 °F. Also included are fabrication welds in all open ended vent, drain and
steam escape piping that has no isolation capability from its origin to its terminus regardless of the
design temperature or pressure. Specifically excluded are pipe joints meeting the classification criteria
of class P-LT.

Class P-LT. Class P-LT includes fabrication welds for all piping of design pressures greater than 50
Ib/in? and service temperatures of minus 20 °F and below.

Class P-3. Class P-3 piping includes all brazed piping of unlimited pressures and 425 °F maximum
design temperature. Fabrication and inspection of brazed piping systems shall be in accordance with
NAVSEA 0900-LP-001-7000.

Pressure vessels and tanks, class A. Class A pressure vessels and tanks include the fabrication welds for

parts of drums, tanks, or closed receptacles (including nozzle attachments) and valves which are designed
to contain gases or liquids. This includes all feed tanks, lubricating oil storage tanks, and similar vessels
which contain only the static head of the obtained liquid. It does not include tubing or piping that joins to
the pressure vessel, which are subject to the requirements of class P piping. Valves to be installed in class
P-1 piping system shall be fabricated and inspected in accordance with class A-2 pressure vessel
requirements. Valves to be installed in other classes of piping systems shall be fabricated and inspected in
accordance with the appropriate pressure vessel category as determined by design temperatures and
pressures.

(1)

Class A-F. Class A-F includes fabrication welds for fired and unfired pressure vessels for all pressures
and temperatures that are specifically designed for a finite fatigue life and, as a consequence, are
required to undergo low cycle fatigue evaluations. Also included are any structural welds made to the
internal or external surfaces of a fluid boundary subject to system pressure but
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which do nbt form a part of the fluid boundary. This includes any
weld made to a weid deposited pad or cladding on the fluig boundary
as well as the weid deposited pad or cladding beneath the weld

catapult steam receivers.

(2) Class A-1. Class A-1 includes fabrication welds for fired pressure
vessels, drums, and headers. in which steam is generated by the
application of heat resulting from the combustion of fuei. It

_ includes economizer ang Superheater headers. Specifically excluded
are welds of pressure vessels meeting the classification criteria of
classes A-2, A.3, A-4, or A-LT.

(3) Class A-2. (Class a.2 consists of fabrication welds for unfired
pressure vessels with ign pressures or design temperatures
‘exceeding 400 1b/in? or 650°F, respectively, for Yquids at 300°F or
higher, and for jetha] gases and liquids at any temperature or
pressure. Class A-2 also includes vaives to be installed in class
P-1 piping systems. Specifically excluded are welds of pressure

(4) Class A-3. m]ass A-3 consists of fabrication welds for unfired
press:q-evessesuithdesimpressuresanddesimtemeraturesmt
exceeding 400 1b/in* and 650°F. Specifically excluded are weids of
pre:sge vessels meeting the classification criteria of classes A-4
or A-LT. .

(5) Class A-4. Class A-4 consists of fabrication welds for unfired
press:q-evesselswittldesig:zpressuresordesigntmperaturesmt
exceeding 150 1b/in’ ang 450°F, including tanks subject only to the
static head or the liquid comtained. Specifically excluded are welds
fo‘r-Tpressure vessels meeting the classification criteria of class
A-LT. .

(6) Class A-IT. Class A-LT consists of fabrication welds for pressure
vessels with design pressures greater than 50 1b/ir® and service
of minus 20°F and below. -
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Class 7-1. Class T-1 consists of fabrication welds subjecf to
operating pressures of 300 1b/ir’ or greater. ' '

M. Class T-2 consists of fabirication welds éubject to Jess
than 300 1b/ir and fabrication welds in structural members.

yw
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4. QUALITY ASSURANCE AND QUALIFICATION PROVISIONS

4.1 Quality assurance.

4.1.1 General. This section contains the minimm requirements for assuring
that components and systems meat inspection criteria specified in this document.

4.1.2 Material control. The activity is responsible to inspect material upon

© receipt to assure that it meets the specified mechamical and d!em'ica'l_reqmrements.

2

4.1.2.1 Quality assurance s em. Each organization shall maintain a quatity
assurance system adequate to assure NAVSEA or its authorized representative, or the
Goverrment inspector that all of the requirements of this document have been and are
continuously being met. Written procedures shail be prepared to assign |
responsibility and provide accountability for performing work and inspections.

4.1.2.2 Material Contro] - special requirements for MIL-120 and MIL-140 ‘series
filler materials. In addition to the requirements of 4.1.2, all MIL-120 and MIL-140
series filler materials shall pe receipt inspected in accordance with the '
requirements of paragraph 6.5.1 except for MIL-STD-2191 applications (shafting
repairs). o _

4.1.3 Records - apniieable to ¢} AP, Al A2 A3 AT, Po1, P-IT
H-1, and T-1. The quality control System shall include preparing and maintaining
nondestructive test (NDT) inspection, excluding hydrostatic tests, of weid classes
A'F. A'l. A'z. A'sn A.LT. P'l' P.LT. H'l. m T.la Tm m ml] m mcab]e
to the hardware or weld joint and from the hardware or weld Jjoint to the records. -

(a) Joint identification
(b) Joint design.

{(c) Base material type.('includ-lng heat or lot or' level I identification when
required by the appﬁcab‘l‘e System or component specification). - '

(d) Filler material type (including heat or lot or level 1 identification for

titanium materials, and when required by the applicable systam or
component specification for other materials).
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(e} Fit-up.
() Welding procedure identification.

() Heat treatments (including preheat. interpass, and post-weld heat
_ treatment temperatures). ’

(h)  Welder identification.

(1) NDT methods and results. -
() Disposition of welds,

(k) Cycles of repairs to weld.

él-) Inspection Pm.

(m) NOT persome'l identification.

NOTES: 1. See sections 10 and 13 for inspection and record requirements for base
material weld repairs. ' .

2. .For the weld classes Yisted above, a signed inspection record is required
for each weld or weld repair in S-51. 5-52, and S-53 base metais. The
- record shall include the “following additional information:

a. Verifications that the weld jJoint was cleaned before welding and that
-1nerts!ﬁeld1ngas|dpm-gegasofﬂlereqmredda:pointuasused. -
'b. ldentification of the welders for each pass. Results of the in
- process inspection of 7.10.2 and the responsible welder's (or
ynspector's) signature and date. -
C. Identification of any pass that failed the visual inspection and how

4.1.3.1 Record form. A record form shall be prepared prior to the .
! Operati -be recorded prior
to the commencement of the next operation. Items (1), (J). (1). and (m) of 4.1.3
J i - i persommel and dated
: zay be performed
by qualified production persormel. A1l other jtems shail be signed and dated by
production personnel or inspection personnel.. When a specific item on the record .
form is not applicable. the letters “N.A." (Not Applicable) shall be entered. Final
acceptance of a weldment shal) llal&.e:pemittedmtﬂ all1 items on the record
formats are marked as Specified Gve. -

. 4.1.3.2 Maint of . Unless otherwise. specified, all required
records shall be maintained by the activity and be available to NAVSEA or its

- authorized representative throughout the life of the comtract and for 3 years after

delivery. At the expiration of the record retention period, NAVSEA or its
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- authorized representatives shall be given a written notification. Disposition of
—  records shall be as agreed Upon by NAVSEA and the comtractor.

persomnel, and-soforth.muorkcoveredbytlﬁsdaamentmthmnfomancewiththe

4.2 Welding qualification (ore welder_ and operator requirenents).

4:2.1 Welding procedure. Prior to production welding, weiding procedures in
- accordance with the requirements of MIL-STD-248 and this document shail be prepared
by the activity. Welding procedures shall assure conformance with this document and
- shall be submitted for information when procedure qualification test data are. ,
submitted to the authorized representative for approval (see 4.2.1.2) or whenever
the welding procedures are revised. Procedures qualified in accordance with NAVSEA
392-0755 may be used for welding of seal welds without separate qualification in
accordance with MIL-STD-248. - '

(a) Either classes M-3 category C, M-2 category C, A-4, P-2 (except for joimt
designs welded from one side only with no backing). or T-2 weldments are
involved. and the base materials being joined are of the same ™S-mmber* ,
group ( except S-11A, $-11B, S-11C, S-51 to S-53) listed in table I gor a
Comparable ASME P-mumher group, if approved) and the corresponding filler
materials listed in table IIT are used with the following manual or
semi -automatic processes., - )

&) Shielded metal-arc.
(2 625 tungsten-arc.
() as metal-arc.

@)  Flux core.

(5 ~ Submerged-arc. _
(6) Oxyacetylene uheregroup $-1 materials 3/16 inch or less in thickness

(b) (dbrication entails welding of assemblies, the possible failure of which
is remote and would not result in danger to ship persommel. shipboard
i : components or equipment. or ship structure. Items in this category
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include but are not limited to name plates, galiey equipment, fm'-n-iture.
fixtures, and tack welds. '

4.2.1.2 Approval of procedure qualification data. Procedure qualification
test data obtained in accordance with MIL-STD-248 shall be submitted for approval.
Approval shall be obtained prior to production welding. The welding procedure upon
?mdu4t£1e1;1lniiﬁcatim test assemblies are made shall also be submitted for review
see 4.2.1). . - :

. ificati ial
erials. Weiding procedure qurlification requirements for
MIL-120 and MIL-140 series filler materials shall be as approved by NAVSEA. except
for MIL-STD-2191 applications (shafting repairs). _

4.3.1 For welding of internal tube to header (or drum) welds in boiler

- components the following shall apply:

(a) Welders who have not performed internal tube-to-header welding within 6
months shall perform one tube-to-header weld in accordance with

(b Any reject will reqmré full recertification in accordance with
MIL-STD-248. | : |

(c) Certification of completion of this test or identificstion of performed
work with the preceding 6-month period shall be added to MIL-SID-278 weld

4.3.2 Titanium welders and welding operators qualified outside of a chamber
sh?g be trained in chamber gperation prior to the imitial performance of chamber
welding. o _ .

 4.3.3 Melder 1ds orma 1ification - al
j for MIL- -140 ies fijler materiails. Welder and weiding

operator performance qualification requirements for MIL-120 and MIL-140 series
filler materials shall be as approved by NAVSEA, except for MIL-STD-2191
applications (shafting repairs), B

4.4 Welding eqripment. Wel¥ing equipment in the hands of qualified welders,
tack welders., and welding operatort shali produce welds that mest the applicable
acceptance criteria under production conditions.

4:4.1 1f the authorized representative doubts the capability of any particular
item of welding equipnent, he shall for a stated cause require it to be tested in
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accordance with the applicabie equipment speci.ﬁcat'ion or joint welding procedure
tests. If the requirements cannot be met, the equipment shall not be usad for
production work unti] satisfactory repairs or adjustments have been made.

4.5 NOT personnel. MNOT procedures and persormel shall be qualified in
accordance with MIL-STD-271. In addition, inspectors working with 5-51, $-52. and
S-53 materials shall be qualified to perform the color inspection required for these
materials. -

See

brication and welding of t'i*i:anium and titanium alto

4.67 roval for fa
30. in appendix A.

wy
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5. MATERIALS

5.1 General. This Sec>“on contains 'reqtrirm for base and filler materials
fabri cated_ under this docume— ' '

Letter Applicable Class or type
no Clmernt
Carbon Stee]

ASTM A 178 Grade A (tupe)
Grade C

ASTM A 216 WCB

" ASTM A 515 Grade 55 (plate)

Grade 60 (ptate) .
Grade 65 {plate)
Grade 70 {plate)

ASTM A 516 Grade 70 {piate)

WNW-P-404 Pipe seamless and welded

MIL-S-15023 . | Grade 70-36 (cast)
Grade 65-35 (cast)
Grade CW (cast)
Grade B (cast)

S-1 ‘MIL-T-18285 Class a (tube seamjess)

: ass g (tube seamjess)

MIL-T-17188 Tubes weldad

MIL-S-24093 | Forgings

MIL-T-20157 @ Type E (tube and pipe)

) MIL-S-24412 Grade HT {(shape) :
| _MIL-F-20236 Flanges. pipe
M .

MIL-F-20670 Flanges. pipe

MIL-S-22598 Plate and shapes

MIL-S.- ition C (forgings)

MIL-S-2328% Class 3 |
Class 4 :

MIL-S-24238 | Composition ¢ {plate)

See footnotes at end of table. ,
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TABLE 1. grouping of base materials (welding). 1/ - Continued
Letter Applicabie Class or type
no. document
| MIL-P-24338 Pipe
MIL-F-24339 : .Fittigg and flanges
ASTM A 234 WPB (Fittings)
5.1 _ MIL-P-24691/1 Grade B (tube and pipe)

: MIL-C-2470771 ASTM A757 grade AlQ (castings)
ﬁnﬂe& grade WCA (ust-mgs)
grade WCB

de WCC
5.2 Quenched and tempered carbon steel
ASTM A 537 Class 2
Carbon molybdenum stes)
MIL-S-870 CHo (cast)
CMo class a (forgings)

MIL-S-872

(Mo class b (fomngs)

CMo class d (tube)

s3 . L MIL-7-16285

MIL-S-16974 Crili_type 8620 (bar and forgings)
MIL-T-20155 (Mo (tube and pipe)
DOD-F-24669/1 | Criti type (bar and forgings)

MIL-P-24707/2

ASTM AZ17 grade WC1 (castings)

Aﬂo.v stee'!s (Cr content not to exceed 3/4 percent, total alloy

‘See footnotes at end of table,

to exceed 2 -percent).
.2 ASTM A 302 MnMo. grade B (plate)
T MIL-S-23194 Comp A, types Ia. Ib, and II
MIL-S-24238 NiMn¥o. comp A (plate)
Alloy steels (Cr cantent 3/4 percent - 2. percent, total alloy
content 2.3/4 percent maximm)
S-4 AMS 6530 CrNiMo (tube)
MIL-T-6736 Crio. type 4130 (tube) -
MIL-S-15364 - Cr¥o class 1 (casting)
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TABLE I. Grouning of base materials (welding). 1/ - Comtinued
..en?er Applicable Class or type
ASTH A 182 F11
ASTM A 213 Grade T11 (tube)
MIL-S-16574 Crio type 4130 (bar)
MIL-T-18165 | Crio class 1 (tube and pipe)
S-4 MIL-S-18410° Cri¥o class a (forgings)
MIL-S-18728 CriNiMo type 8630 (plate) -
_MIL-S-18729 Crio type 4130 (plate) - '
nnb-r-24559/z _Crido. composition F-11 (forginas} .
MIL-C-24707/2 ASTM. A217. grade NG5 (casting) |
Alloy steels (total alloy comtent 10 percent maximum)
ASTM A 182 F22
ASTH A 213 T22 |
MIL-S-850 CrMoV. grade F (forgings)
MIL.S-15454 CrMo class 2 (casting)
MIL-T-16285 Crifo class e (tube)
5-5 MIL-7-18165 Crio class 2 (tube and pipe)
| MIL.S-18410 _} Crio class b (forging)
__DOD-F-24560/2 | crio. tion F-22 ( )
- MIL-F-24655/8 CrioV. grade F (forgings)
MIL-P.24691/2 Cr¥o. grade P-22 (tube and pipe)
MIL-C-24707/2 ASTM A217. grade WC9 (casting) |
ASTH A 335 , CrHoclassFStbarmdfoggllL
High alloy steels {martensitic) -
L Mn-t.24128 403 (bars. rods, forgings)
. WS 403 (bars, rods. forgings)
- 414
>6 e
ASTM A 1% 410 and 410S (plate, sheet, strip)
ASTM A 240 -
MIL-S-861 403 (bars)
410
See footnotes at end of table,
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TABLE 1. Grouping of hase materials (welding). 1/ - Continued

Lettar Applicable Class or type
no. document :
MIL-S-862 403 (bars)
410 '
414
420 -
MIL-S-16993 12 percent Cr class 1 (casting)
. 12percenttrc?ass2(cast1‘g_g i
- DOD-F-24669/6 - ] 403 (bars)-
S-6 410 o=
414
7 ) 420
DOD-F-24669/7 403 (bars)
410
. MIL-C-24707/6 ASTM AZ17, grade CA-15 (casting)
ASTM A487. grade CA-15M class
I ASTM A 182 FENM (forgings) |
S-8A ASTM A 287 CASNM (castings)
5-7 High alloy steels (Ferritic) —
0Q-s-763 435 (bar. shapes, forgings)
ASTM A 178 405 and 430 (plate. sheet. strip)
ASTM A 240 . P
| Hich alloy steels (austemitic)
- 0Q-S-763 304 (bars. shapes, forgings)
304L
310
S8 316
‘ 316L
321.
347
ASTM A 167 gilg (plate. sheet, strip)
-
4

See footnotes at end of table,
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TABLE 1. Erouping of base mater-_ia'l-s (welding). ;/ - Continued

Letter
no.

Applicabie
dociment

Class or type

S-8

ASTH A 240

'304 (plate. sheet. strip)
304L -

309
310
316
316L
321
347

MIL-S-867

Class. ] (cast'mgs)
Class II
Class III

MIL-P-1144

304 (pipe)
304L

316

316L

321

347

MIL-T-8504

304 _(tubing)

MIL-T-16286

Class c (tube seamiess)

MIL-S-17509

Class 1. II. III

MIL-S-23193

Compasition A 19-9

Cmpos'it'sonalsm
Composition C 19-10

-MIL-S-23165

1 304 (bar and forgings)
304L e

347
348

MIL-$-23105

304 (plate, sheet, strip)
304L

347
348

 MIL-T-2322%

304 (tube and pipe)
304L

347
348

MIL-F-23467

304 (Fittings and flanges)
304L

347
348

Sea footnotes at end of table.
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TABLE 1. & ing of hase materials ue'!dj'n . 1/ - Continued
Letter licable Class or ¢
no. Aggcment pe
MIL-P-24691/3 304 (pipe)
316
Ea
5-8 . 347
: MIL-C-24707/3 ASTM A744, grade CF-8 (castings)
ASTM A744, grade CF-8C
. ASTM A744. grade CF-8M
ASTM A 744 CN-7M. CN-7MS (castings)
|_High Alloy Stea]l (Duplex Stainless) -
S-10H ' ASTM A 240 Alloy 2205. UNS 31803 {(plate) 5/ ,
ASTM A 276 Alloy 2205, UNS 31803 (bar) 5/
Quenched and M alloy steels
MIL- S-16215 HY-80 (plate)
: HY-100
MIL-S-20154 Special treatment steel (plate)
MIL-S-23008 HY-80 (castings) '
HY-100
S-11A &/ MIL-S-23952 HY-80 (bars)
- HY-100
_MIL-S-23009 HY-80 (forgings)
MIL-S-232B4. Class 1
_ Class 2
MIL-L-24451 HY-80 (heads)
i HY-100
| . | Quenched and tewpered alloy steels
S-11B &/ MIL-S-24371 HY-130 (plate, castings, bars.
. extrusions and )
S-13C 4/ Age hardemm alloy stee'l
= MIL-S-24645 HSLA-BD (plate and sheet)
| Aluminum and aluwimm base alloys
. Q-A-20071 3003 (extruded bars. rods)
sa 00-A-225/1 1100 (bars. rods)
0Q-A-225/2 3003 (bars. rods)

" See footnotes at end of table.
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TABLE I. §mp'mg of base ma;e_rga'ls (weId':ngz 1/ - Continued

Original

Letter Applicable - Class or type
no. document
00-A-250/1 | 2100 (plate)
521 0Q-A-250/2 3003 (plate and sheet)
W-T-700/1 1100 '
W-T-700/2 3003
Aluminum and alurinum base alloys
Q0-A-200/6 5454 (extruded bar, rods)
5-22 00-A-225/7 5052 (bar. rod) '
| | 00-A-250/8 5052 (plate)
QQ-A-250/10 5454
Alurinum and alumimm base alloys
| 00-A-200/5 5086 (extruded bar. rod)
, __00-A-200/4 5083 :
S-25 : QQ-A-200/7 5456
_00-A-250/6 5083
- ASTM B 200 5086
ASTH B M B 200 5456 ' 7
W-T-700/5 5086 (seamless tube)
S-26 Alurinum and alumimem base alloys
- ASTM B26 A‘I‘loy A03550 (castings)
.. Alloy A03550
Alloy A05149
) A‘l'lqumu
QQ-A-601 B443
514
355
356
MIL-A-2118D A 356 (castings)
»,
k ]
See footnotes at end of table. o




S9074-AR-GIB-010/278

TABLE I. Grouning of base materials {welding). 1/ - Continued

Letter licable Classor t
o, g . =S o type
5-31 Copper and copper base alloys
ASTM B152 Alloy C10200 (plate, bar)
Alloy C10400 -
Alloy C10500
Alloy C11000
Alloy C11300
Alloy C11400
Alloy C12200
Alloy C12300
Q0-C-576 99.9 Cu (plate. bar)
Brass '
i ASTM B21 Alloy C46400 (rod/bar/shapes)
s« ASTM B124 Alloy CA6400 (forging rod/bar/
shapes) .
S-32 00-C-390 Alloy CBS700 (casting)
QQ-B-637 Naval brass (alloy 464)
' (rod. bar. and forging) .
QQ-8-639 Naval bt)'a:_f_la'l'lzzz (rod. bar, and
forgi 0, - _
A‘I'loyngu d
5-33 Silicon bronze ' '
. ASTM B9B. Alloy C65500 (rod/bar/shapes)
-. ASTHM B124 Alloy (65500 (forging rod/bar/
shapes)
00-C-390 Alloy CB7200 (castings)
. 0-C-591 ATloy €55 (rod. shapes. flats)
Copper mickel )
ASTM B365 Alloy (96200 (castings)
Alloy C96400
MIL-T-15005 70730 (tube)
g 90/10
5-34 MIL-C-15726 70/30 (plate, bar, rod)
' - — 90/10
MIL-T-16420 70/30 (tube)
90/10
MIL-C-20159 C96400
C96200

" See footnotes at end of table.
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TABLE I. Grouping of hase materi lals (welding). 1/ - Continued

Letter Applicable Class or type
no. document
3-34 MIL-P-24342 70/30_(fittings and flanges)
Aluminum bronze T | _
ASTM B124 Alloy ;:64200 (forging rod, bar. and
ASTM B15D Alloy C60600 (rod. bar, and shapes)
' -+ Alloy C61400
Alloy C64200 - ;
: Alloy C61400 (piate. sheet, strip,
ASTM B169 and rolled bar) -
Q-C-390 Alloy 95200 (castings)
$-35 Alloy C95400
0Q-C-450 Alloy 606 (plate, bar)
Alloy 612. 614
QQ-C-465 (I::S bar, plfte. strip. flats,
Alloy Ce0600
Altoy C51400
A‘l'lox C64200 .
MIL-C-15345 | Alloy 13 (castings)
Alloy 15
Nickel-aluminum bronre -
ASTM B124 Alloy C63000 (forging
. rod/bar/shapes) '
ASTM B15D A'l‘lgx C683000 (rodlharlsha_nes}
S-388 00-¢-390 Alloy C95500 (castings)
: : 00-C-465 Alloy C53000 (har, rod, plate,
strip. forging) _
MIL-C-15345 Alloy 14 (castings)
Alloy 15
~ _MIL-B-24480 | Castings
S-368 | Manganese-mickel -aluvinun brenze
—MIL-B-21230 Alloy 2 (castings)
ASTM H138- Alloy C67000 (rod, bar. and shapes)
 S-37A ™ 538 | Altoy €67500
' B-728 Class A
- ' Class B

'See footnotes at end of tabie.
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| TABLE I. Grouping of base materials {welding). 1/ - Conmtinued

Letter Applicable Class or type
no. document :
Q-C-390 Alloy C86100
- ' ATloy CB6200
S-37A ' Alloy C86300
Alloy CB6400
Alloy C86500
S-378 Nickel manganese bronze
_ 0-C-390 Alloy CB6800
Tin bronze
__MIL-B-16541 Castings
QQ-C-390 Alloy C90300 (castings)
Alloy C90500
5-38 Alloy €90700
Alloy C92200
Alloy C92300
Alloy €S2500
Alloy C94700
: . Alloy €94300
Phosphor bromze _ _
ASTM B139 Alloy C51000 (rod. bar. and shapes)
-39 Alloy C52400
Q-B-750 Composition A
Composition D
- MIL-T-3565
Nickel-copper - ) '
Ad94 Comp. M-30C (casting)
QQ-N-281 NiCu, class A (bar. plate. rod,
forging) |
Class B .
MIL-N-24106 NiCu. class A (bar. rods. forgings) _
S-42 QQ-N-288 NiCuSiChb. composition E (casting)
_MIL-T-1368 NiCu_(tubing)
__ MIL-T-23520 NiCu (tube and pipe)
MIL-C-15345 NiCuSiCb, alloy 19 _(cast‘ing)
MIL-N-1 NiCu (bar, rod. piate. forging. and
so forth)
MIL -F-23509 Fittings and flanges

:Seefootmtesatendoftab'le.

Original 35




- g,

59074-AR~618 -010/278 .

TABLE I Ero 1_12 ing of base materials (weidin_a_) 1/ - Cont1rmed

Letter Apphcab’le Class or type
_ no. document :
5-42 MIL-C-24723 Comp. M-30C (casting)
Nickel - chromium- iron and nickel - chromium-mo] ~columbiun
MIL-F-23508 Fittings and flanges
_ASTH B 166 | Rod and bar
ASTM B 564 - Forgings
MIL-N-23227 Tube and pipe —
_MIL-N-23228 Condition A (plate) .
5-43 MIL-N-23229 Candition A (hot worked and
annealed)
MIL-N-24271 Castings
_ MIL-N-24587 NiCrMoCb (bars. forgings)
ASTM B 443 UNS NO6625 (plate)
ASTM B 444 UNS NO8625 (pipe and tube) -
ASTM B 446 UNS NJ6625 (bar and rod)
MIL-C-24615 | NiCrioCh (casting)
Nickel -¥o1ybderum-Chromium Alloy
2/ 3/ S-a4 _ASI'HB574 lllSHlDZ?G_(md)'
- ASTM B 575 UNS K10276 (plate. sheet, strip)
_ASTM B 622 UNS N10276 (pipe. tube)
| Titanium and titanium alioy
_ T |23 et s, S%SES
ASTM B 285 Grade 7 (shest. strip. plate)
e S Yy
Grade 7 (pipe)
Mg e
. Erade 7 (tubing)
-
See footnotes at end of table,
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" TABLE I. Grouping of base materials (weldina). 1/ - Continued

Letter " Applicable Class or type
no. document -
ASTM B 348 Grade 1 (bars, billets)
: Grade 2 (bars. billets)
Grade 7 (bars. billets)
—— ASTM B 363 WPT 1 (fittings)
3/ 5-51 WPT 2 (fittings)
WPT .7 (fittings) -
ASTM B 381 | érade F-1 (forgings)
Grade F-2 (ﬁ:ﬂ;gss)
- - (Jitanium and titanium base alloys
MIL-T-9046 CP-1 (sheet, strip. plate)
CP-2 (sheet. strip, piate)
__MIL-T-9047 CP-70 (bars. reforging stock)
3/ 5-82 ASTM B 337 Grade 3 (pipe)
ASTM B 338 Grade 3 (tubing) _
ASTM B 363 WPT 3 (fittings)
ASTM B 367 Grade C-2 (castings)
Grade C-3 (castings)
Titanium and titamium base alloys
MIL-T-9048 AB-1 (sheet, strip. plate)
AB-2 (sheet, strip. plate)
- MIL-T-9047 6A1-4V (bars, forgings)
3/ 5-53 ' 6A1-4V (ELI) (bars. forgings)
ASTM B 265 Grade 5 (sheet. strip. plate)
ASTM B 367 Grade-5 (castings)
ASTM B 381 Grade F-5 (forgings)

1/ If material of similar chemistry and mechamical properties not listed under an
°S" group is to be used, itmaybemnsideredasapartofagrwpupon

approval.

2/ Approval of welding procedure qualifications for these materials shall be
obtained from NAVSEA. -

3/ The use of titamium or Nicke]rﬂolm-Chromim Alloy for applications
covered by this document requires specific approval from NAVSEA.
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— -

s
~

See 6.5.

/  With additional requirements for toughness, composition, heat treatment and
other items as approved by NAVSEA. ' :

4+ g,
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" TABLE II. Grouping of filler materials (weiding). 1/ 6/

Group Applicablie document Filler material type 5/
Low and medium carbon steel (covered electrodes)
AlS A5.1 6010
6011
A-IA 6012
6013
6020
6027
' . - 7024
- Low and medium carbon steel (bare rod)
A-1B AMS A5.2 R60
Carbon_and Tow alloy steel (covered electrode)
MIL-E-22200/1 MIL-7018
MIL-E-22200/6 MIL-7015
MIL-7016
A-2A KIL-E-22200/7 MIL-7010-A1
MIL-7011-A1
MIL-701B-Al
- MIL-7020-A1
MIL-E-22200/10 2/ MIL-7018M _
Carbon and low alloy steel (bare electrode. rod. and inserts)
MIL-E-23765/1 MIL-705-1
MIL-70S-2
MIL-70S-3
A-2B MIL-70S-4
MIL-705-5
.- MIL-705-6
MIL-1-23413 MIL-}S5-1
{iinserts) MIL-MS-2
| Carbon and Jow alloy steel (bare electrode and flux)
MIL-E-23765/1 MIL-70S-7 (wire)
3/ MIL-705-8 (wire)
3/ MIL-705-9 (wire)
MIL-70S5-1 (wire)
A-2C MIL-70S-2 (wire)
MIL-705-3 (wire)
. MIL-705-4 (wire)
MIL-708-5 (wire)
> MIL-705-6 (wire)
MIL-70S-F (flux)

See footnotes at end of table.
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S9074-AR-GIB-
filler materials (welding). 1/ 6/ - Continued

0107278

Group Applicable document Filler material type 5/
MIL-E-23765/4 MIL-FBA2-EL12 (wire and flux)
MIL-F6A2-EMI2K
MIL-F7AZ -EM12K
- MIL-F7A2-EM12K
Low alloy steel (flux cored electrodes)
4/ MIL-E-23403/1 MIL-70T-1
' o MIL-7IT-1
| MIL 7012
A_ - -
2 MIL-70T-8
MIL-71T-8
MIL-71T-8A
MIL-7IT8-K6
MIL-71TB-Nil
| Carbon and Jow alloy stee) (low hydrogen covered electrodes)
MIL-E-22200/6 MIL-8015-C3 '
A-3A - MIL-8016-C3
_ MIL-10015
_ MIL-10016
1. MIL -E-22200/1 MIL-8018-C3
A-38 Larbon and low alioy steel (bare electrode)
MIL-E-23765/2 MIL -80S-3 -
Carbon and low 2lloy steel (bare electrode and flux)
MIL-E-23765/2 MIL-805-1 (wire)
A-3C _ N MIL-80S-1F (flux)
- MIL-80S-2 (wire)
, ) MIL-80S-2F (flux)
[ Larbon and low alloy steel (flux_cored electrodes)
R "4/ MIL-E-2440371 MIL-80T1-Ni1
A-3D | MIL-80TI-N{2
_ ‘ : MIL-8IT1-Ni1
MIL-8IT1-Ni2 _
AdA Low alioy, frigh-vield stes) (covered electrodes)
' ___ MIL-E-22200/5 - | MIL-10018-N1
Low alloy, high vield stes) (covered electrode)
, HIL-E_-?.ZZMII ' »’g'i'gg?ié"n
A-5A 2/ = MIL-13038-
MIL-E-22200/10 MIL-10018-M1
: MIL-12018-M2
Sée footnotes at end of_ta'b'le.'
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Browping of filler materials (welding). 1/ 6/ - Comtinged -

Group AppTicable document _Filler material type 5/
Low aTloy. high yield steel (bare electrode)
MIL-E-23765/2 MIL-100S-1
A-5B 7/ MIL-100S-2
MIL-120S-1
MIL-E-24355 MIL-140S-1
Low alloy. high strength steel (bare electrode and flux)
MIL-E-23765/2 MIL-100S-1 (wire)
MIL-100S-1F (flux)
A-5C 7/ MIL-100S-2 (wire)

MIL-100S-2F (flux)
MIL-120S-1 (wire)
MIL-120S-1F (flux)

| Low allay, high yield stee] (flux cored electrode)

MIL-E-24403/2 MIL-100TC
t MIL-100TM
A-5D 7/ MIL-100TS
MIL-101TC
MIL-101ITM
MIL-101TS
MIL-110TC —
Crio steel (1.0 to 2.5 Cr. 0.4 t0 1.2 Mo) (covered
! ) percent percent Mo) |
A-GA MIL-E-22200/8 MIL-80XX-B2 and -B2L
' MIL-90XX-B3 and -B3L
AWS A5.5 EB018-B2 and -B2L
- E9018-83 and -B3L
Cr¥o steel (1.0 to 3.0 percent Cr, 0.4 to 1.2 percent Mo) (bare
electrode, rod and insert)
A-6B ' MIL-1-23413 MIL-515
| MIL-521
A A5.28 ERBOS-B2 and -B2L.
_ : .| ER90S-B3 and -B3L
Crifo Steel, (1.0 to 3.0 percent Cr. 0.45 to 1.10 percent Mo) (bare
A electrode and ﬂux)_ .
e RIS 25.23 FEPX-EB2-B2HB
: FopX-EB3-B3HB
See footnotes at end of table.
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TABLE I1. - Grouping of fiTier materials (welding). 1/ 6/ - Contimed

Filler materia: type 5/

See footnotes at end of table.

Group , Applicable document
Crio steel {4.0-13.5 Cr, 0:-5.0 percent Ni, 0.4-1.4
A-7A Mo) (covered electmdep)em N pe percent
' MIL-E-22200/8 MIL-502-X%
A-7A-1 _ MIL-502-XX-L
MIL -505-XX
A-7A-2 MIL-E-22200/8 MIL-410-X%
MIL-410 NiMo-Xxx
Crio steel (4.0-13.5 percent Cr, 0-5.0 percent N, 0.4-1.4 percent
A-78 Mo) (bare electrode, rod. and inserts) ' ' pe
A-7B-1 MIL-1-23413 MIL-505
 A-7B-2 MIL-E-19933 MIL-410
b ‘ AlS A5.9 : ER410NiMo
High alloy steel (ferritic) (chroariym I5-18 percent) (covered
A-7C electrode)
AWS AS.4 . E430-Xx
High alloy stee] (ferritic) (chromium 15-18 percent) (bare elec-
A-7D trode and rod) _ .
_ ANS A5.9 | ER-430
High alloy steel (austeni itic) (covered electrode)
MIL-E-22200/2 MIL-16.8.2-xx
MIL-308-XX
MIL-308L-xX
1 MIL-308HC-XX
MIL-309L-xx
MIL-309.XX
MIL -309Ch-Xx
MIL-310-XX
A-8A MIL-312-x%
C MIL-316-XX
MIL-316L-XX
MIL-317-xX
MIL-31B-XX
MIL-330-Xxx
MIL-347-XX
MIL-34740-
MIL-349-xx
AWS A5.4 E£320-XX
' =
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TABLE II. Grouping of filler materials (welding). 1/ 6/ - Continued |

Group Applicable document | Filler material type 5/

| High alloy steel (austenitic) (bare.electrode rod and insert)

MIL-E-19933 MIL-308
MIL-308L
HIL-308HC
MIL-309
MIL-310 -
MiL-312
MIL-316

| MIL-316L
ML 315
A-88 : : MIL-321
MIL-347

AWS A5.9 ER309L
: ER320

‘MIL-1-23413 MIL-308
(inserts) MIL-308L
MIL-310
MIL-312
MIL-316
MIL-316L
MIL-348

High alloy steel (duplex stainless) (covered electrode).

AR AWS AS.4 10/ £2200-15/16

| High alloy steel (duplex stainless) (bare electrode and rod)

A2 ANS A5.28 10/ ER2209

{ Aluminum ailoy (bare electrode. rod. and insert)

AWS A5.10 - R1100

A'_m_ AWS A5.10 ER1100

MIL-1-23413 (insert) - | MIL-1100

Aliminm alloy (bare e'let:troc_:le. rod. and insert)

AWS AS5.10 R5183

A-27B :
' IS A5.10 ER5183
> ERS554

"See footnotes at end of table.
: Original 43
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TABLE II. Grouning of filler materials (welding). 1/ 6/ - Comtinued

Group _ Appticable documemt Filler mterial type 5/
A-228 MIL-1-23413 (inserts) . MIL-5356
_ Aluninum alloy (bare electrode. rod and insert)
A-23B ANS A5.10 ER-4043
MIL-1-23413 {inserts) MIL -4043
A-248 Alurinum alioy (bare_electmde and rod)
' - AWS AS5.10 . ER 2319
A-318 Copper alloy (bare electrode and rod)
: __ANS A5 7 ERCu
‘A-73ZA Copper alloy {silicon bronze covered electrode)
: : _AWS A5 g E-CuSi
A-328 Copper 3110y (siticon bronze bare electrode ang rod)
MIL-E-23765/3 MIL-CuSi
Copper tin alioy (covered electrode)
A-33A .
oS |Eusna
A-33B prmm, bronze) (bare electroe and rod)
_ MIL-E-23765/3 MIL -CuSn-C .
A-344 Copper mickel (covered electrode)
_ : MIL-E-22200/4 MIL-Culi (70/30)
Copper mickel (bare electrode, rod, and insert)
S e T i
MIL-I.23413 (insert) MIL-67
-zinc alloy (bare rod) '
| MIL-E-23765/3 MIL-CuSn-C
S 5.8 RECiZn-B
' RBCuZn-D
A3 alumimm alioy (alumimm bronze) (bare electroce and rod)
' MIL-E-23765/3 MIL-CuAl-A2

h -

i footnotes at end of table, ,
See : T ’ Original 44
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TABLE I1. Grouping of filler matena‘ls (welding). 1/ 6/ - Continued-

Group | Applicable document Filler matemal type 5/
| Copper aluminum alioy (aluminum brgnze) (covered electrode) _ |
AWS AS5.6 ECuAl-A2 '
- ECuAl-B
A-37A .
AWS A5.13 ECuAl-C
ECuAl-D
- ECuAl-E .
Copper-aluminum-nickel alloys (NiAl and MnNiAl bronze)
- (bare electrode and rod) —
A3 MIL-E-23765/3 | MIL-CuliAT
- MIL -CuMnNiAl
Surfacing alloys (bare rod)
MIL-R-17131 MIL-RNiCr-B
A-388 . | MIL-RNiCr-C
‘ MIL-PNiCr-B-2
MIL-PNiCr-C-2
| Surfacing alloys (covered electrode)
A-398 © AWSA5,13 | ECoCr-A
' ECoCr-C
Surfacing alloys (bare rod)
MIL-R- 1 MIL-RCoCr-A
A-3B 7 #IL -RCoCr-C
MIL-PCoCr-E-1
MIL-PCoCr-E-2
41A Nickel (covered electrode) - :
A- MIL-E-22200/3 MIL-aNT1
Nickel (bare electrode. rod. and insert)
A-41B MIL-E.-21562 "Ilﬁ:gl?l
MIL-I1-23413 (insert) | MIL-61
420 Nickel base alloys (covered electrodes)
A _MILEzzzo0/3 | MIL-owo
| Nickel base alloys (bare electrode. rod. and insert)
-E-21562 | MIL-ENGD
A-428 | MIL-E _MIL-RN6D
MIL-1-23413 (fnsert) MIL-60

:Seefootmtesatendoftab'le.
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Srouping of filjer materials (welding). 1/ 6/ - Continued

TABLE II.

Group Applicable docment Filler material type 5/
Nickel base alloys (covered electrode)
: MIL -E-22200/3 :&%
A-43A ' -
MIL-4N12
MIL-4N1A
— MIL-8N12
Nickel base alloys (bare electrode, rod and inserts)
MIL-E-21562 : g{.-% ' -
MIL-ENB2
- MIL-RNB2
A-43B MIL-ENGA
MIL-RNSA
MIL-ENG25
MIL-RN625
MIL-3-23413 MIL-82
MIL-82
Nickel-cobalt alloys (covered electrodes)
" MIL-E-22200/3 MIL-3N1B
A-44A - ﬁlw
MIL-3NIN
MIL-3NIL
A-d5A  (ickel-¥olybdenun-Chrosriun Alloy (covered electrodes)
' AWS A5.11 ENiCrMo-4 (UNS-WB0275) B/
A-d55 Nickel -Motybdema- Chroericm Alloy (bare electrode and rod)
- _—__—__———-'_ﬁ : -
' AWS A5.14 - i ERNiCrMo-4 (UNS-N10276) gl
. | Titanium-unalioyed (bare electrode)
asm wswsTEma
ERT3-3
: - ERTi-7
Titanium base alloys (bare electrods)
A-538 AlS A5.16 " | ERTi-5
. : : ERT$-5ELY

If filler material of similar chemistry and mechamical properties is not listed
under an A-group. 1tmaybgc&xsideredas_apm|:fammonappmva'l.

2/
3/

To be also used for weiding ordinary strength

To be used with neutral flux.

steel to HY-80 steel.
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 $9074-AR-GIB-010/278

~c4/- Electrodes with an "HY" suffix are also suitable for welding ordinary or higher

strength steel to HY-80 stee] or to HY-100 steel.

options; for example, "MIL-309.xX" perwits “MEL-309-15 or -16".

§/  Use of AWS filler materia] shall require compliance with 5.2.1 where the same
military specification filler material type exists. If there is no military
specification filler materia] type, conformance testing of each lot of =
electrode shall be accomplished in accordance with AWS A5.01. As a mrimizam,

8/ The filler metal shall conform to 311 the quality conformance requirements for

EN/RN6Z5 specified in MIL-E-21562 hut have a minimm tensile strength of 100
ksi, an elongation of 25 percent and a chemical composition of ER NiCr#io-4 as
specified in AWS A5.14. : ‘

10/ With additional requirements for toughness, ferrite content and other items as
approved by NAVSEA, _

- requiresents in purchase orders for'ln_ten‘a]s or perform the required
inspection upon receipt of material or prior to its yse in fabrication.
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5.2.3 m dops.  Approvals required by 5.2.1 and 5.2.2 will be granted only
by NAVSEA when materials related to sections 13, 14, and 15 are involved,

o3 Material inspection. In addition to the requirements of 4.1.2, material

5.3.2 Filler material inspection. Inspection test reports covering tests
conducted by the manufacturer shall be verified by the contractor for conformance
with specification requirements. If the manufacturer’s quality conformance
inspection records are not available. the construction activity shall establish

specification conformance of the material,

Or'igina] 48



$8074-AR-GIB-010/278
6. WELDING REQUIREMENTS AND CONTROLS

6.1 General. This section contains the requirements or controls that are
essential for ensuring satisfactory welds in machinery. piping, pressure vessels,
and steam turbines hereinafter referred to as M. P<A, and T. '

S.i.l Gas metal-are welding - short circuitin transfer (GMAW short arc
restriction. This process shall not be used uniess approved otherwise for a

-Specific application, on a case-by-case basis, by NAVSEA.

6.1.2 Non-structural welds such as name plates, clips and insulation supports
on class P-1, P-LT. A-F, A-1, A-2, A-3, A-LT. T-1. and M-1 components shall be made
by welders qualified for butt or fillet welds. These welds shall be inspected in
accordance with section 10. : '

16.1.3 Autogenous welding shall not be used for S-10H materials. |

. 6.2 Weldi sses and filler materials. Acceptable welding. processes and
compatible filler materiais are shown in table III. Specific filler materials for

steam service applications shall be 1in accordance with 6.2.5.1. Processes and

materials not listed in tabie III and material not in accordance with 6.2.5.1 shall
be permitted where applicable welding procedure qualification dats are approved by
NAVSEA and authorized for the particular production applications. Alumimum ailoys
shall be welded only by the inert gas metai-arc and the inert gas tungsten arc
pracesses. The root pass of S-8 piping welds in which the reverse side of the weld
canmot be visually examined and is exposed to water shall be welded with a gas
shielded welding process. Inert gas shielding is also required for $-51. S-52. -and.
5-53 materials as required in 6.2.7.

6.2.1 Oxyacetylene restrictions. Except as permitted by 11.6. oxyacetylene or
fuel gas welding processes shall not be used for welding on chromium-mo1ybdenum
(S-4. S-5), chromium alloy (5-6, $-7). chromium-mickel (S-8). quenched and tempered
alloy steels (S-11), and alumimm or alumimm alloys (S-21, 5-22, $-25 and S-26).

. 6.2.2 Class P 131_thickness limitation. The shielded metal arc process
may be used for wall thickness of 0.109 inch or over when welded on board ship and
0.083 inch or over when welded in the shop. ' Other welding processes will be
permitted for thinner walls on the basis of welding procedure qualification tests.

6.2.3 el for cl p-1 gel . Class P-1 carbon
stee] pipe shall be welded with electrods types MIL-7018, MIL-7018M, MIL-7018-A1.
MIL-7015 or MIL-7016 (A-2A) except when nominal wall thiickness is 1/2 inch or less
MIL-7010-Al1 electrodes A-1A may be used. :

6.2.4 Prohibited electrodes. linless specifically approved, types MIL-6010.
6012 or 6013 electrodes of AWS AS5.1 shall not be used for M, P, and A applications.
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VABLE I1E. Melding filler material chart.

Heldin processes and compatible filler materiq!g;[‘

tempered alloy
steel

‘ . Gas shielded processes | Insert
Base metal 3 Shielded | Submerged | (gas metal-arc, gas Jvaen nsert
| MMBer | metad-arc | - arc: tunigsten arc. and Pk acetylene | materials
group - cored)

5.1 - |A-1A, A-2C 6/ A-28, A-3B, A-2D A-18 A-28
Carbon-steel | ‘ R-%R. -
Quenched and 15-2 AZA, A-9A |A-2C A-28, A-3B, A-2D A-28
tempered carbon- - A-3C A
steel | i |
Alloy steel (Cjj < §13A R:g: . 2:§g A-2B, A-3B A-28
3/4 percent | A-GA'gI 3
Allo; steel (Cr S-4 A-6A 9/ " A6 C A-6B A-6B
3/4-2 percent) , '
Hi?h'alloy steel 5-5 A-6A %I JA6C A-68 A-6B
(alloy ' A-7A-
not > 10 percent)

$-6 A-7A-2 A-78-2 8/ [A.78.-2 i&l
High alloy steel $-6A A-7A-2 10/ I.'!g A-7B-2 10/
(martensitic) -;B- ;I . g
High alloy steel  [5-7  |A-7A2 r :
{(ferritic)
High allo¥ steel 587/ [A-0A 7/ |A-aB 5/ A-8B 7/ A-BB
(austenitic) :
High alloy steel S-10H  JA.9A A-98 -
{duplex) “
Quenched and $-11 13/

See footnotes at end of table. |

8L2/0T0-8I9-¥Y-¥£065
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TABLE III. &meﬂmgmmu « Continued
Welding processes and compatible fiijer material 1/
. - | Gas shielded processes Oxyaen Insert Plasma
etal ] tal- \ Xyg
fase m ntmber mse"t'aql'-iﬁ-e: Subﬂ::ged tl,ttnggasst.e'::E aar]c .a';(;ld gfalilx acetylene | materfals | arc
group | cored) .
Aluntnum and §-21 . . A-218 A-218
| $-22 . A-228 A-228
dlmrum-bese o : A-228 A-228
1 5-26 A-23B, A-24B . .
§-31 . A-318 A-31B
5-32 A-32A A-328 A-328,
. A-358
3-33 A-32A . A-328 A-328B .
vy S-34 A-34A A-34B §/ |A-34B - A-348
ccpper and . 5:35 A-37A . A'37B. A-368 -
‘| copper-base alloys |S-36A A-37A 4/ . A-378
' S-368 . . A-378 -
S-37A _ {A-37A . A-368, A-378 A-358
$-3718  A-37A . A-J6B, A-378 -
5-38 . A-328 A-358 A
$-39 - . A-338 . .
Nickel and 3-42 A-42A A-42B 5/ |A-428 A-428
nickel-base alloy [5.73 A-43A A-438 5/  [A-438 A-438
Nickel-Molybdenum |[S5-44 A-457 . A-45p A-458
-Chromium alloy
- JA-3A g/ A-388, A-30B A-388, N
Hardsurfacing _ A-398 ﬂ_ggg
Titaniun and g:}_ 23:3 : A-518
titanium alloy A-51B
$-53 A-538 A-538

See footnotes at end of table. -

842/0T0-HID-YY-9£065 .
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11/ For 410 and 4105 stee) only.

i

TABLE I11. . Welding filler materia) chart. . Cont nued '

1/ This table 1s intended to assist in selecting filler material for the y
- 1dentify "A* qumbers), _

2/ Electraodes of MIL-E-22200/7 onlJ'r.

3/ When Jointng S-3 materials whose minimm tensile requirements are g0, 0og b/1nt,
4/ ot to be used for welding of MIL-8-24480.

8/  When used with flux 1n accordance with qualified proceﬁufe. ¥

8/ Filler material A.28 1s permitted when used with flux in accordance with qualified procedure.

1 For weldi

zg CN-7H or CN-7HS material, E-320 and ER-320 ﬂrller materials should be used for SHAW and GMAHIGTAH.
respectively, | : . .

9/ See 6.2.5.1.1.
10/ Type 410 NiMo only.

8/ Deposition technique must yloid o surface hardness of R, 35 mln'ilmm.

12/ Where approved by NAVSEA for the specific application,

13/ See 6.5,

822/0T0-815- Yy~ /065
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, 6.2.5 Selection of filler materials. Filler materials shall be selected for
~scompatibility with the base material on the basis of chemical composition. '
-—mechanical properties. post weld heat treatment requirements, and component/system

operating conditions and requirements. Tables II and III identify specifications in

- which guidelines may be found to assist in selecting compatible filler materials for

more comwonly used base materials. - B '

6.2.5.1 Filler materials for steam service applications.

6.2.5.1.1 Ferritic and martensitic steel filler metals fbr the base materials
comon'ly used in steam service applications shall be as foliows: :

Base material S-group No. - Filler metal A-group no.
For S-1 materials - A-2A, A-ZB, A-2D, A-1B, and A-1A
_ (MIL-7010-Al only as noted in 6.2.3)
- For 5-3 materials - A-2A (MIL-7010-A1, 7011-Al, 7018-Al, .
ang 7020-Al only)
For 5-3A materials - A-3A, A-3B, A-3C
— For $-4 materials - A-6A (BDXX-B2 and -B2L only) .
' , A-68 (MIL-515, ERB0S-B2 and -B2L only)
: A-6C (FBPX-EB2-B2H8 only)
For 5-5 materials = A-6A (S0XX-B3 and -B3L only) '
. . A-68 (MIL-521, ERO0S-B3 and -B3L only)
: A-6C (FOPX-EB3-B3HB only)
For 5-6 and S-7 materials’ - A-7A-2 or A-7B-2
For S-6A materiails - A-7A-2 (MIL-410-NiMo-XX only). A-7B-2

6.2.5.1.2 For welding of different combinations of the base materials as
specified in 6.2.5.1.1. the welding filler metal shall be specified for either of
the base materials involved except for covered electrodes, only the low hydrogen
types XX-15, XX-16, and XX-18 shall be used with S-3A, S-4, S-5, $-6 and S-7 base

materials.

6.2.5.1.3 For joining base materials under groups S-1, S-3, 5-3A, S-4, S-5,
5-6 and $-7 to base materials under group $-8, the following filler metals shall be
used: . - '

Nickel base aﬁoys
A-43A (MIL-BN12 only)
A-438B (MIL-82, ENB2, and RN82 only)

High alloy steel (austenitic)

A-8A (MIL-309-XX, MIL-309L-XX. MIL-309Ch-XX, and MIL-310-XX only)
A-88 (MIL-309, MIL-310. and ER309L only)
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:Where post weld heat treatment is required by component or equipment specificat{ons.

—

-= Or where design service temperature exceeds 400°F, only the above Tisted A-43A or
~ A-43B filler metals shall be used.

6.2.5.1.4 For surfacing applications to resigt steam cutting, the filler
metals specified in 6.2.5.1.3 may be used on base materials under groups S-1, S-3,
S-3A, 5-4, S-5, $-6 and S-7. Where subsequent post heat treatment of these base
materials is required, only the MIL-8N12, EN-82, and RNB2 filler metals shall be

6.2.5.1.5 For welding the dissimilar metal combinations of S-10H to S-11 or -
3-2 alloy steels, the electrode for shielded metal-arc welding shall pe MIL-IN12 OF
MIL-E-22200/3 and for gas metal-arc and gas tungsten-arc welding the filler metal -
shall be MIL-EN625 or MIL-RN625 of MIL-E-21562 as applicable. .-

6.2.6. N of weld . Unless otherwise approved, no less than two
layers shall be used for all pressure containing weld joints. .

: 6.2.7 Weld back side shielding. Inner root surface of all consumable insert
type welds and all full penetration butt welds not employing a backing ring shall be
shielded by inert gas. Interna] purge shall be continued untii after completion of
the third layer or a thickness of 3/16 ‘inch, whichever is greater. This requirement
does not apply to P-2 type weld joints in p-2 Piping systems of materials other than
S-21 through S-26. provided it can be demonstrated to the satisfaction of the
authorized representative that the internal surface of the weld meets the visual
requiremernts of MIL-STD-2035. - A : 7

other suitable means, or if the area is inaccessible for Beasurement. a mock-up of
the weldment heat sink sim'l#ing worst cas:fﬂpmghm ::md-tt;ons Shﬂ;ebe welded.
Tanperatm-eaeaswmtssm be obtained : -Wock-up weld backside area as
necessary to demonstrate that tesperatures will remain below S00°F during all
production welding. A description of the mock-up and welding and temperature test
results shall be maintained with the welding procedure qualification records.

- 6.2.8 Age hardenable alloys. Welding of age hardenabje alloys is subject to
NAVSEA approval. ' : :
6.3 1 gs . Preheat
shall be as specified in tables IV and V uniess otherwise approved by welding

procedure qualification. ‘
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TABLE 1V.
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Preheat and interpass temperature for weided ferrous alloys.

Material
group
number

Material
identification

T‘nima&r;ehea'__t
esperature °
1/, 2/, 3/

Maximum

- interpass

teupir;ature

Supplementary
provisions
for preheat and
interpass temperature

5-1

Carbon steel

175

Where both carbon
content in base metal
is greater than 0.30
percent and- thickness
exceeds 1 inch

60

For all other S-1
materials

s-2

Quenched and
empered
carpon steei

60

300

Minimum preheat and

interpass
temperature for all
thicknesses .

$-3

Carbon
mo 1 ybdenum

175

Where either the
specified mimima
tensile strength is
greater than 70.000
1b/in’ or thickness is

greater than 5/8 inch

60

For all other $-3
materials -

S-3A

Manganese
mo1ybderum
and NiMnMo

300

500

For all thicknesses

S-4

Chromium
ml

ybdenum
| steel Cr 3/4-2

percent

250

Where either the
specified minimm
tensile strength is
greater than 60.000
1b/in’ or thickness is

grester then 1/2 inch |

60

For all other 5-4
materials

3-5

lybd:m
mo
stee] Cr > 2

400

Where either the
specified tensile

strength is greater
than 60.000 1b/ir’ or
has both speciftied
chromium content
greater than 6.0
percent and thickness
greater than 1/2 inch

300

For all other S-5
materials

See footnotes at e of tabie.
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Preheat and int rpass temperature for welded ferrous alloys.
- Continued

Material

group
mmber_

Ma'{:er'i ail
identification

Mimimum preheat
temperature °F
i/. 2/, 3/

Sx:ppiegaeptary
provisions
. for preheat and
interpass temperature

565/

High alloy steel
martensitic

400

For all S-6 materials
except_as permritted

300.

500

For 410 welded with
410NiMo

200

500

For -410S welded with
410NiMo unless
otherwise permitted
balow

500

For 4105 weldad by SMAW
with 410NiMo. with
0.03% C maximm, or
when using GMAW or GTAW
for 4105 with 410NiMo
filler material

s-6A

High alloy
Stee] :
martensitic

500

For all S-6A material
except as permitted
below

500.

For tivickness less tha
1.5 inches; and SMAW
with 410NiMo electrode
with 0.03% C maximum or
when using GTAN or GMAW
and 410NiMo filler
mterial.

High alioy
Stee]
ferritic

Preheat is not
mry - The preheat
interpass
1ifying the ';3-:
qQua we
Procadi‘g:gsh‘n be mng
essential element of

" | that procedure, to be

apptied in production
ue’ldiﬁ.

High alloy
austenity

350 -

Preheat and interpass
temperature shall not
éxceed 350°F for all S-

B materiails except as

Provided for 1in
footnote 2.

See footnotes at end of

table. |
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TABLE IV. Preheat and interpass temperature for welded -ferrous alloys.

- Continued

Material Material Minimm preheat | ‘Maximum Supplementary
group identification | temperature °F | imterpass provisions

1/, 2/, 3/ - | temperature for preheat and
' °F “interpass temperature

s-i04 |High alloy steel 60 . 400 For all thicknesses.

dupiex stainless

5-11 - - - See 6.5

Where consumable inserts are used. preheat temperatures for GTA root welding:
(tacking -and consumring the insert) can be the temperatures established in
approved welding procedure qualification tests.

Preheat and interpass temperatures for dissimilar metal welds. where specified
temperatures for the different materials are not within the same range, shall
be established by approved welding procedure qualification tests except as
provided for in footnote 3. '

Where different combinations of S-1, $-3, S-3A, S-4. S-5. S-6. S-6A, and S-7
are welded, the preheat temperatures shall be the higher required for the
materials involved except as provided for in footnote 1.

These Tower preheat temperatures are only permissible for SMAW when electrodes
are specially procured to 0.03% maximm carbon comtent. Applicable welding
procedures shall specify this requirement. Records required by 4.1.3 shall
1ist the heat and Jot number of all electrodes used with these lower preheat
temperatures. A procedure for purchasing electrodes to this requirement and
for segregating all such electrodes from high carbon content electrodes shall
be developed by the activity and submitted for approval in accordance with
52.1prior touse. - -

The maximum interpass tempersture for welding with all 410NiMo type filler
materials shall be SO00°F.
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TABLE V. Preheat and interpass temperature for welded nonferrous alloys.

| Material |  Material Minimum Maximum Suppiementary provisions
group identification | preneat interpass ~ for preheat and
number : temperature | temperature | interpass temperature 1/
. . . GF OF
S-21 |Alumimum and - 60 - Preheating may be used to
S-22  |aluminum contro] distortion and
S-26 | base alloys prevent cracking providing
the preheat and interpass
are supported
by qualification tests. To
prevent a reduction in
resistance to stress
corrosion cracking in
alloys 5085 and 5456 :
temperatures between 150°F
and 400°F should be
1 avoided.
. 5-33 ° |Silicon- 60 - Preheating may be used to
bronze control distortion and
prevent cracking providing
the preheat and interpass
| are supported
by gualification tests.
S$-34 | Copper- - 350 Preheating is not required
mickel " _
5-35 | Aharinum- 300 -
bronze S '
S-36A N;dcg‘l_— - - ﬁPrEneat is not mandatory.
alumrinim-  preheat and interpass
| pronze | ifying thle:sed 1;?
qualifying. welding
" |procedure shall be
essential geznts ?I é?-?t
_| procedure n
production ue‘ld'ig

See footnotes at end of table.
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TABLE V.

Preheat and interpass t

- 59074-AR-GIB-010/278
erature for weided nonferrous allo .

- Continued 7

Material
group.
number

Material
identification

Minimum

Maximm
interpass
tm%r!':ature

Supplementary provisions
_ for preheat and
interpass temperature 1/

S-36B

Manganese-
mickel - '
aluminum-
bronze

Preheat is not mandatory.
The preheat and interpass
temperatures used in
qualifying the welding
procedure shall be
essential elements of that
procedure to be applied in
production welding.

S-37A

Manganese- -
bronze

300

Depending on welding
erpass temperatures from
500°F to 800°F may be
necessary to ensure
crack-free weldments.

S-37B

Nickel-
bronze

1t atures used in

Preheat is not mandatory..
The preheat and interpass

qualifying the welding
procedure shall be -
essential elements of that
procedure to be applied in
production welding. .

S-38

Tin-nickel -
bronze

essential ge::nts ?1_’ e:hat :
procedure jed 1n
production we'ldig_;

5-39

qualifyi the .1131

Ying the welding
procedures shall be
ma‘l'%&::zts ?feghat
procedure: : ied in
prodmtim-ueldig

S-42

Nicke!l -copper

Preheating is not required. |

See footnotes at end of table.
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s TABLEV. Preheat and interpass temperature for weldsd nonferrous alloys.
~- WM}E

Material . Materia] Mirrimum Haxlmn | Supplementary provisions
group identification preheat 1nter§'s; for preheat and
number ' tanpeqr;__ature temenl; interpass temperature 1/

S-43  |Nickel- - 350 Preheating is not required.

LEn- | -
iron and -
nmicke]-

mm-
mol ybdentm-
: columbim :

S-44  |Nickel- - 200 Preheating is not required.
mo1 ybdenum- o -
chromium alioy _

S-51 Titanmium - . 6D - 250 Interpass temperatures
‘5.5232 gldtam - jgreater than ]252"}‘ shall ]
- um | require requalification o

| alloys the procedure with the
‘ | :ax'x eraty to be used for
emperatures
production.

1/  Preheat and interpass temperatures for dissimilar metal Joints shall be those
established by welding procedure qualification tests and approval.

6.3.1 Mm;m% Preheat may be
applied .by any method which énsures uniform temperature of the joint to be welded.

- Cyelic heating and_severe temperature gradients in the welding area shall be
- 3voided. Interpass tesperature shall be controlied by:

(a) Proper placesent of preheat elements and control of power input.
(b) Prq:er welding sequences.
(c) Proper distribution of welders. |

 Welding operations shall be stielded from wind and inclement weather until the

weldment has cooled to within ambient temperature Plus 50°F, unless post weld stress

relieving is required and is to be performed imnediately upon complietion of welding.
temperature

Where gas torch flame jis used for low. tem preheating, there shall be no
condensation in way of welding. o :

6.3.1.1 Titamimm itanimm alloys. Heating of S-51. S-52, and $-53
materials shall be Timited to the use of lasps, resistance S or induction
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: 6.3.2 Verifying temperatures. Preheat and interpass temperature shall be .
~*verified by periodic checks using such indicating devices as crayons or electrical
~~ potentiometers. Use of low melting metallic alloys for temperature measurement is

_ prohibited. Crayon marks shall be located 2 minimm of 1 inch away from the weid

area. Temperature indicating crayons shall not bexused on $-51. $-52, and S-53
materials. For these materials the temperature sh#11 be measured with a contact
pyrometer, _ |

6.4 Postheating. Uniess otherwise approved, postheat of welded Joints to
relieve stresses and to improve the metallurgical and corrosion resisting properties
of the heat affected zone shall be performed in accordance with table VI (ferrous
alloy materials), section 8, and 6.4.1 through 6.4.6 (non-ferrous alloys). For -
dissimilar thicknesses, post weld heat treatment shall be based on the thicker
member. Holding time at temperature shall be based on weid metal thickness,
including reinforcement.
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TABLE V1. Post heat requirements for welded ferrous alloys. | “‘. "

Applicable supplementary provisions and exceptions

29 LeuLbryg

Material Haterial Holding Machinery Pressure vessels, turbines , Piping class P
© group fdentifica. temper- class M1/ | classes A-F, A-LT, A-1, A-2, | :
ntmber tion 1/ ature °F [ A-3, A4, T-1, and T-2
6/ 4/ 5-1|Carbon steel | 1109- Thermal stress For class A valves instalied Thermal stress reli=* required
| 1250  [relief shall be in class P piping systems when one or more of the follow-
' ' performed where (see 3.3.2), stress relief ing conditions apply:
required for may be performed according to| .
dimensional class P requirements of this (a) Carbon content 1s over
stability. table, 0.35 percent. :
Thermal stress relief {s (b) Weld thickness 1s 1n

required for al) carbon stee) Jexcess of 3/4 inch,
pressure vessel classes , ,
except 1t 1s not mandatory (¢) Joints 2-1/2 inches nominal
for classes A-3 and A-4 of pipe size (nps) and larger are
weld thickness 3/4 inch and welded with cellulose coated
Tess provided (a) that carbon lelectrodes and the preheat or
is Tess than 0.35 percent, interpass temperature was below
(b) there are no nozzles with 200°F, _
finished inside diameter :
greater than 2 inches or S »
tonnections forming 11gaments
that require increase shell
or head thickness, (c) that
If cellutose coated
electrodes are used the
Joints shall be preheated to
200°F minfmum and this =
preheat maintained during
welding,

"RLEI G L8

See footnotes at end of table.
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1s not mandatory for
nonpressure type attachment
welds to pressure parts when
the latter's carbon does not
exceed 0.25 percent, and
fillet welds that have
throats 1/2 inch and less in

thickness are used,

TABLE VI. S uirepe welded fe allgys. - Continued : ’ '
_ _Applicable supplementary provisions ang exceptions
| Material | Materia) Holding Machiner Pressure vessels, turbines Piping class P
* | group | tdentifica- | temper.. class M )/ classes A-F, A-LT, A-1, A-2, : _
number tion )/ attllre ;F A-3. A-4, T-1, and T-2
5-2  |Quenched and| 1000- [Thermal stress Thermal stress relief is Not applicable.
tempered 1050  |reldef shall be required for all classes
caroon steel performed where without exception,
: réquired for
dimens{onal
: stability. ‘ \
|6/ 4/ $-3)Carbon 1100-  |Thermal stress Thermal stress relief {s Thermal stress relief required
Holybdenim 1250 |relfef mandatory mandatory for Mn-Mo steel for welded carbon-molybdenum
Jalloy steels should $-3 be used |welded fabrication in all Eiping only when one or more of
chromium to fabricate class M |classes; 1t {s not mandatory |[the following apply:
<3/4 percent Imachinery parts, - Ifor class A-3 when
carbon-molybdenum steel 1s (a) carbon is over 0.25 percent
welded in thicknesses up to '
and ncluding 5/8 inch. (b) wall thickness 1s in excess
_ Thermal stress relief is - Jof 5/8 1nch S
6/ S-3A [Mn-moly \ required for all thicknesses
, i}gg over 5/8 inch except that it (c) pipe size exceeds 4 inches

maximum nomina]l sutside
diameter.

8.2/010-919-YV-vL065

- See footnotes at end of table.
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TABLE VI, u or _welde 0ys. - Continued f'

Applicable supplementay_grovisions and exceptions

Material | Haterial Holding Machiner Pressure vessels, turbines Piping class p
group | fdenttfica- | temper. class M 1/ classes A-F, A-LT, A-1; A-2,. '
number tion 1/ at}nre ;F ' A-3, A-4, T-1, and T-2
8/ 1/ S-4]Alloy steei | 1250 Thermal stress Thermal stress reijef - |Except as specified in
(Cr content 1376  [relfef mandatory required. No exceptions, footnotes 5 and 7,
34 . 2 should S-4 materials |ATT attachments or parts thermal stress reijef is
ercent, be used to fabricate fwelded thereto shall be required when any one of the
otal ailoy class N machinery stress relieved. . follouin? apply: (a) carbon
{content parts. content 1s over 0,15 percent,
2 -3/4 ‘ (b) wall thickness is in excess
percent

| - ~ |of 5/8 inch, (c) pipe stze
maximum) - exceeds 4 Inches maxiiitm
h ' nomtnal outside diameter, (d)
greheat and interpass
emperature was below 250°F,

&/ 17 -5 Alloy_stéel 1350-  IThermal stress Thermal stress retief

Except as specified In
(total alloy| 1400 relfef mandatory

required. No exceptions. Al footniotes 5 and 7, thermal
content 10 . |should S-5 materials attachments or parts weided stress relfef is required when
percent - | - |be used to fabricate [thereto shall be stress any one of the follswing ap l{:
maximum) cla:s M machinery reliaved, (3) carbon content {s over 0,15
o parts.

percent, (b) chrbmium content
1S over 2.75 gercent. (c) wall
thickness 1s 1n excess of 5/8
inch, (d) pipe size exceeds 4
inches maximm nomfnal outside
diameter, (e) preheat or
;&t)slr;pass temperature was bejoy

8£¢/0T0-819-4v-¥£06S

See footnotes at end of tabte,
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TABLE VI, Post

[ ed ferrous 0

§

i
b

|l d“ . ..‘

be used to fabricate
class

M machinery
parts. -

arts

attachments or
d be

welded thereto shal
stress relieved,

uir - Continued .
\ Applicable supplementary provistons and exceptions |
-| Haterial “Il*lateirriial Llolding M?chin’eir{, %’;essurg ;.__ves:ell}. Euibixeg Piping class P
Ly nt ca- emper-, class classes A. ' ‘ ' 4, e, ‘
&ﬂ;LJ: :1on 17 atgﬂz ;F - A-3, A-4, T-1, and T52
5.6 {High alloy 1250- 1Thermal stress Thermal stress relief Thermal stress relief re?uired
steel - 1400  |relief mandatory required.  No exceptions. for welds in a1l sizes o _
martensitic should S-6 matertals |Al attachmants or parts piping,
- |9/ 1100- |be used to fabricate welded thereto shall pe |
- 1150 cla:s M machinery  |stress relieved.
parts.
/ 1st: ‘
u 1225-
1275
2nd:
1100-
1150 .
S-6A  [High alloy [87 1f00 Thermal stress Thermal stress relief Thermal stress relief required
: steel 1150  |relief mandatory required. No exceptions. for welds in all sizes o
martensitic should S-6A ANl attachments or parts piping. :
materials be used to |welded thereto shat] be
fabricate class M stress relieved.
machinery parts Y. L
5-7  [High alloy , 1350- [Thermal stress Thermal stress relief Thermal stress relief re uired
stee) 1425 |[rellef mandatory - re?uired. No exceptions. for welds in alt sizes u? :
fferritic - {should S-7 materials |A]

piping.

842/0TQ-dID-¥Y-¥L06S

Ses footnotes at end of table.
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TABLE VI, Mﬂ!ﬂmmm&aﬂugmﬂmim

- Continiied '

Applicable supplementary provisions and except ions

Materia)
group
nimber

Material Holding
fdentifica- | temper- .
tion }/ ature °F

g/, 3/

Machiner Pressure vessels, turbines
class M 1/ classes A-F, A-LT. A-1, A-2

A’sl -A". T'l. ﬂnd T'z

- 5-8

Piping class p

High alle
uustenitig
Steel

Weldments of austenitic corrosion resistant steel
treated unless otherw{se specified

sgeclficatlon. Annealing or solution tresting of
steel shall be done only for putting precipitated

| unl{ for those weldments that can be entirel
ating,

1950 and 2050°F, held at
CN-7M$ staf ,
grogerties of the materfal.
iy

' wetted surface to be hea
High alloy [~ .

herein or in the controlling component

y water quenched fmmediately after
t 1s required, the weldment shall be heated to a

such uelding can be :ccompl shed without causing
e

shall not be post-weld heat

austenitic corrosion resistant
carbides back {nto solution and -

S-10H

duplex

statnless
steel

held at that t
at the thickest part, and th
this option 1s exercised, test sanples shall

ons from

specimen requirements,

Neldments of dbg}ex stainless steei shalj not be post-weld heat

and only for those weldments

d treated with the parts shall be tested u "ma
specifications, The hent g Sted as required by the hase mater1al

tre:{ed uniess
fication.
precigitated

hat can be
When such heat treatment {g

speci
for puttin

When

See footnotes at end of table,

BL2/0L0- G- L06S
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TABLE vI, g 0 loys. - Continued if
" Appiicabie supplementagx_provisinns and exceptions
Material | Material Holding Hachinery Pressure vessels, turbines Piping class p

group | {dentifica- temper- class # )/ classes A-F, A-LT, A-1- A-2, _

ntmber tion 1/ ut?re ;F A-3, A-4, T-1, and T-2

S-11 [Low alloy P Stress relief of S.11 materials is prohibited uniess specifically approved by
quenched & NAVSEA, See 6.5,
tempered :
steel

2/ For quenched a
metal temperin

al‘ Hnimm holdt

~ Footnotes to table VI:

1/ Haterials used in the
- In acqordangé with the

g temperatur

nd temﬁered or ﬁormalized and ¢t
‘ es and, in generat,

ng time at temperature shall be 1

ered alloys, stress rel{ef temperatures shall not exceed base
egﬁould be approximately 50°F below tgmpering_temperature.

hour

."holding time shall be proportional to the thickness

4/  When 1t is 4
lower tempe

mpractical to po
ratures for longe

Temperature decrease beloyw
® .

5/  Where carbon con
1s not required
electrodes (80XX-B2L for 1.

100
150
200

for

socket welds 2 inches n
1(4 Cr-1/2.Mo:

Eer inch of thickness. For .thicknesses less than 1 tnch, the
ut not less than 30 minutes,

st-weld heat treat at temperatures specified 1n table VI, 1t is permissible to use
r perfods of time as follows: . '

.

Hintmum holding time at-de;reased

ps and under, provided welding 1s done with the Tow ca}bon type
and 90XX-B3L for 2.1/4 Cr-1 Mo). ) ' y

82/010-919-¥Y- 72065
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6/

u

8/

9/

10/ An alternate double temper heat treat cycle for 410 or 4105 steel welded w

- in its entirety, exclusive of the others.

- Stress relief 4s not required for the follow

¢

- ; I ! |
TABLE V1.  Post heat requirements for welded ferrous aloys. - Continued Cohhe

The post weld thérmal stress relief requirement of the ASHE Code, sections I and VIII, as applicable, may be
used provided the holding temperature ranges specified in this table are used. The table selected shall be used

ing welds in 2-1/74 Cr-1 Mo and 1-1/4 Cr-1/2 Mo bofler superheaters
when welded th accordance with NAVSEA 0951-1P-031-8010 or NAVSEA 0951-LP-038-6030, as applicable, using Tow
carbon (0.05 maxtmum carbon content) filler matertal. 4 |

(2) Externa) superheater ‘tube-to-header welds of NAVSEA 0951-1P-038-6030 figure 7-2 and repairs to these welds
vhich are not deeper than maximum desfgn weld joint depth. - .

{b) Internal superheater tube-to-header “seal” welds which have a maximm groove depth, before welding, of 1/4
inch or less, where tubes are fully rolled into the header prior to welding. For the purﬂuse of this
requirement, groove depth shal) be determined at the Yocation of minimum counterbore depth,

(c) Weld repairs to internal superheater tube-to-header “seal” welds which extend no deeper below the header
inside surface than *b* above. | '

{(d) Tube plug seal welds of 1/4-nch maximm throat thickness.

(e) Handhole plate seal welds of §/16-inch maximum throat thickness where handhole plates are éntirely secured
. by an integral threaded system. . ' -

Omisston of stress relief for any other welds (that 1s, internal tube-to-header "ses]"

welds of greater than
'llséliaxch groove depth. tube hole repairs, minor headgr repairs, and so forth) shall require specific approval by

| , 1 hour for each additional inch, or fraction, of thickness. A double
temper heat treat cycle with 1250 + 25°F for the first temper s

ﬁermissible. The final temper shall be 1125 +
25°F,  Minimum hold time for each temper shall be 2 hours plus 1 hour for each inch, or fraction, of thickness

This holding temperature shal) be used for 410 or 4105 steel welded with 410NiMo weld metal. Part must be

at treatment. Minimum hold time at temperature {s 4 hours. Above
4 inches add 1 hour for each additional inch, or fraction, of thickness. Separate welding procedure
qualification using these temperatures 1s required; HAZ toughness testing shalt be performed, -

ith 410NiMo weld metal. part must be
cooled to awbient temperature before 1s and 2nd pa

_ rts of heat treat cycle. Minimum time at temperature for
each part of heat treat cycle is 2 hours, Above 2 : ¢

| | Inches add 1 hour for each additional inch, o fraction, of
thickness. Separste welding procedure qualification using these temperatures 1s required. '

8/2/0T0-8I8-Uv-1£065
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- 6.4.1 Nickel alloys. Postweld heat treatment of the following nonferrous .
~alloys shall not be performed uniess it is necessary for dimensional -stability, in
-“which case temperatures shall be as indicated: _

Materials Holding temperatures: °F Holding time
Nickel-copper alloy (5-42) See Note “ 1 hour per 1inch of
B ' thickness. For thicknesses
Copper-nickel alloy (S-34) 575+ 25 ‘ less than 1 inch, the
hoiding time shall be
Nickel -chromium-iron (5-43) See Note proportional but not less
: : " than 30 minutes. '

NOTE: Weldments to be post-weld heat treated shall not contain weld deposits made
with electrode type 3N10 or BNID of MIL-E-22200/3 or electrode types £ NiCriMo-4/ER
NiCrMo-4 of AWS A5.11 and A5.14 respectively. Precipitation hardened nickel-copper
weldments shall not.be stress relief heat treated. Copper-nickel alloy welded with
copper-nickel or mickel-copper filler materials may be stress relief heat treated
for dimensional stability (subject to the prohibitions against types 3N10 and 8N10
electrodes). Holding temperatures for $-42 and S-43 materials shall require NAVSEA
approval prior to the performance of any post weld heat treatment. The responsibie
activity shall recomvend the desired holding temperature and shall provide
su'lf_lfic'ient techmical information to demonstrate that required mechamical properties
will be maintained.

6.4.2 Alminum alloys. Post-weld heat treatment shall not be performed on
wrought aluminum alloys. : :

6.4.3 All icall . Post-weld heat treatment of alloys not
covered by this document shall be considered for approval on the basis of the
qualification tests where such post-weld heat treatment is an essential element of
the welding procedure. - .

~ 6.4.4 Age hardenable alloys. Where the specified aging heat treatment cannot
bepaformedwﬁmeﬁﬂermtalsmusedﬂatdnmtrespmdtoagingteat
treatment, 2 design review shall be performed to ensure that the weldment satisfies
design requirements and NAVSEA approval for repair shall be obtained.

6.4.5 Copper alloys. In general. copper alloy castings do not require
post-weld heat treatment to improve corrosion resistance. An exception to this is
nickel-aluminum bronze in accordance with MIL-B-24480. where a post-weld temper
amneal heattreaﬂmtismqmrediftlnueldismdemwsurfmmsedto
seawater or where the heat affected zone extends to within 1/4 inch of this surface.
Post-weld heat treatment is not required for non-seawater applications. When

" required, temper annealing shail consist of holding the casting at 1250 = 25°F for 6
hours mimimm, followed by air cooling. :

Original 69
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6.4.6 Titanium and titamium atloys. -

- 6.4.6.1 General heat treating requirements. For furnace equipment '
- requirements, heat treating procedures, minimum metal removal after exposure to 7igh

general information, refer to HI&-H-BIZDD.

S-52 materiats shail
for 1-1/4 hour per inch within the range of 1/4 to 4 hours

6.4.6.2 Stress relieving. When required for dimensional stability, S—Sl‘and

be stress relieved in the temperature range of 900° to 1100°F

S-53 materials shall be

stress relieved in the temperature range of 900° to 1200°F'for 1 hour per inch,

within the range of 1 to.4 hours.
_6.4.6.3 Annealing. When
be annealed in the

_ required to improve ductility. dimensiona] or thermal
stability, fracture toughress, and creep resistance, S-51 and S-52 materials shail . -
range of 1200° to 1400°F for 1-1/4 hours per fm:h: -

% temperature ;
within the range of 1/3 to 2 hours. S-53 material shall be annealed in the

2 hours.

range of 1275° to 1500°F for 1 hour

6.5 Specia requirements for welding and forming S-11 st sels and special
treztwent steels (STS). Welding and forwing of HY/ISLE Stecis o Steels shall

be in accordance with MIL-STD-1681. ML-

Preheat and i

otherwise approved by NAVSEA.
6.5.1 ial

S temperatures, filler meta) selection, and postheat temperature
and holding time for MIL-S-232B4 stee] sha1T conform to the requirements of MIL-STD-
2191: welding procedure qualification shall employ MIL

-materials. Except for MIL-SID-219]1 apptications and handiing and storage of MIL-
12018 electrodes (see 6.6). additional requirements shall be as approved by NAVSEA
for welding with MIL-120 and MIL-140 series filler materials. These additional
requirements involve at least the following items:

(3) Heat input (wimimum and maximum) requirements.
(b) Heat soaking requirements of welds and weld repairs (as required).
and interpass temperature (minimm and maximum) requirements. -

(c) Preheat
(d) Loss of

(e) Ordering requirements. o
(f) Receipt inspection of weldi

(9) Weld repatrs of base material. -

(h) Weld repairs using
- MIL-140 series filler nt_erials.

6.6 Electrode handling and storage.

- 6.6.1 Gemeral. wWelding electrodes, incl
electrode (wire form) shall be handied so as to prevent

ing filler waterials.
ng filler materials in Vieu of MIL-120 or

uding covered types and bare spooled

damage. Where containers

show evidence of damage, their contents shall be examined and electrodes with

per inch. within the range of 1/3 to
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.shall be stored under cliean dry conditions to prevent damage from contamination. .
~moisture, or water. - ‘

_ 6.6.1.1 Covered electrodes (excluding MIL-types 9018, 10018, 11018, 12018,
10018-NI._and 410NiMo). Low hydrogen types, including ferritic, austenitic and

nonferrous alloy types. except MIL-types 9018, 10018, 11018, 12018, 10018-Ni, and
410NiMo or similar AWS or ASTM types (see 6.6.2) shall be used witirin 9 hours after
removal from hermetically sealed containers or holding oven. The holding oven shall
be a vented type and a temperature of 150 to 350°F shall be maintained. Electrodes

exposed to ambient conditions for more than 9 hours after removal shall be. held for
at least 8 hours at 150 to 350°F in a vented oven prior to reissue. '

6.6.2 ditioning electrodes (MIl- 5018, 10018 018 12018  10018-N1
and 410NiMo and type E2209-15/16. Electrode HIL-types 9018, 10018, 11018, 12018,
10018-N1, and 410NiMo and type E2209-15/16 shall be conditioned in accordance with
6.6.2.1 through 6.6.2.4.

6.6.2.1 Exposed electrodes. Electrodes removed from holding ovens or
hermetically sealed containers shall not be used §if they are exposed to the .

-- atmosphere for more than 5 hours. Electrodes which have been exposed for more than
5 hours shall be stored in the holding oven for at least 8 hours or baked in
accordance with 6.6.2.3. Electrodes which meet the moisture and moisture resistance
requirements as specified in MIL-E-22200/10 may be used for a period of 9 hours
without baking. -

6.6.2.2 Storage in holding ovens. Electrodas should be stored in holding
ovens upon opening the hermetically sealed containers. Electrodas which have been
baked shall be transferred to holding ovens before cooling to 150°F. The .
temperature of the holding oven shall be 225 to 300°F.

6.6.2.3 Baking. Electrodes shall be conditioned by baking at temperatures of
800 = 50°F (625 x 25°F for MIL-410NiMo-XX) for 1/2 to 1 hour in a forced convection

or circulation oven. The oven temperature at time of loading shall not exceed 300°F . |

and the electrodes should be spread in thin layers on trays. During baking, the
temperature shall mtheraisedmreﬁmm'Fforeadamwlmwmtuperatm'es
are S00°F and above. Ovens should be automatically controlled and calibration shall
be checked periodically at intervals of not more than 6 months.

6.6.2.3.1 Rebaking. Rebaking of e'lectrbds is perwitted, provided tests are
perfomedoneache]ectmdem-arﬂtomnﬁmtlﬁtﬂnemﬂberofrdnkingcydesto
be used does not adversely affect weld deposit quality in accordance with governing
specification requirements. _ _ _ ‘

6.6.2.4 Moisture test. Moisture test of electrode coatings at the jobsite is

6.6.3 Subme arc granular flux for al _weldi

6.6.3.1 Stnragg. Granular flux shall be stored in a dry area.
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6.6.3.2 Reuse. Except as specified in 6.6.4, unfused granuiar flux may be

f:':r_'eused subject to the following conditions:

(a) Flux shall be collected from clean, dry work pieces,
() Flux should be mixed with new flux. = ™
6.6.4 -are utar flux for welding high ha le alloys.

- 6.6.'4.-2 Reuse. Unfused granular flux may be reused s:.:bjéct-to the following
conditions: - ‘ _

(a) Flux shall be:coﬂected from clean, dry work pieces.

(B) Flux should be mixed with approximately 50 percent new fluy.

(€) If flux is not warm to the touch, it shall be reheated to 250°F minimom.
6.6;5 Titanium titanimm alloy el _ . Bare spodled electrodes ard

guide tube. rollers, or torch. ‘Manually fed wire or rog shall. be wiped with a clean
solvent-soaked cloth before use.and thereafter handied only with clean gloves. Wire
or rod shall always have 1-inch of filler length resoved from the tip before reuse.
Wire and rod not in use for an extended period shall after removing the contaminated
stub end be placed in clean, dust-free containers. Prior to reuse, this wire or rod
electrode shall be wipe-tasted by drawing a clean, lint free cloth, wet with _

6.7 Mm_&s_s_sgw See 40. in appendix A.
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7.  WORKMANSHIP REQUIREMENTS

— -

- 7.1 General. This section contains the minimm requirements for workmanship
practices and methods to ensure sound welded joints, )

-=,
7.2 Cleaming prior to and during welding. The joint members to be welded,

" including the base metal surfaces, shall be cleaned to remove foreign material for a

minimum of 1 inch from the weld edge. Mill scale or metallic oxides sha}l be
removed from surfaces on which weld metal will be deposited. Slag shali be removed

7.2.1 Sea) welding in areas havi threaded co ions. Threads in the seal
weld and inspection areas of threaded connections shall be removed prior to welding

and subsequent inspection.
7.2.2 Titamium preweld preparation. As a m'in'iilm. all contaﬁinants shall be

—..removed from the weld joint surface (i.e., surfaces to be welded over) and the

adjacent 1-inch of material prior to welding. Weld joint surfaces shall also be
free of discoloration. Preparation of surfaces shall not deposit iron or other
deleterious contaminants that are not subsequently removed from base metal surfaces.
Uniess otherwise approved by NAVSEA, the following shall be performed, as a minimum,
prior to welding. Forged and cast surfaces and surfaces heat treated in air which
vill be welded over shall require a mimimum of 1/32 inch metal removal. Weld joint
should be prepared by machiming with carbide or ceramic tools. If high speed steel
tooling is used, weld joint surfaces shall be dressed with carbide burrs to remove .
any embedded steel particles. Weld joint surfaces prepared by shearing, sawing.

7.2.3 Titanius interpass cleaning. Where required, discoloration shall be
removed by burring or filing type operations. - Except for S-53 materials, straw
color may be removed by stainless stee] wire brushing. Should discoloration of a
weld bead occur, the cause shall be determined and corrected prior to further
welding. Where cleaning and defect removal type operations on weld beads in

- titamium materials are performed. . requirements of 7.2.2 shall be met.

7.3 Pesning of welds. Welds may be peened to help control distortion. to
relieve stresses, or to isprove weld quality. When peeming is performed on weld
layers subject to nondestructive evaluation. al) visual evidence of peening or
smeared metal shall be removed. Peening of the first or last layer of pipe welds
shall not be performed. Peening shall be performed using a round or biunt nosed
too] of circular or oblong cross section. Welds shall not be overpeened, causing
flaking and laps or reducing the cross section of the adjacent * metal. Surface
slag, slag inclusions, cracks, porosity. and other weld defects shall be removed -
prior to peening. Welds in 5-51 and S-52 materials shall only be peened using
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.z NAYSEA approved procedures and equipment. Peeming of welds in 5-53 materials shall
—~ not be permitted. ' , : |

7.4 Butt welds. Butt welds shall be as follows:

< _ . '
- (a). Welds shall have complete penetration, when required, for the full length.
Undercutting, overlapping. and sharp-ridged or deep-valleyed surface

remio

(b) Before applying weld metal on the reverse side of double welded Joints.
the joint shall be prepared for welding by chipping, grinding, machiming,
or arc-air gouging to remove all unsound weld metal, except as permitted -
in section 9. Proper contouring and cleaming shall be achieved as -
preparation for sound reverse root welding (see 9.3.2.1.1).

/-5 Therma) cut surfaces. Thermal cut surfaces for welding shall meet the
‘acceptance standards of 11.3 and Sampi= 2 or better of AWS (4.1-G. For S-10H
materials, thermal cut edzes shall be -"ound or machined to bright metal prior to
welding. , , : .

7.6 Ali of joint meshers. Joints shall be fitted and aligned in’

minimm dasign requiresent shall pe repair welded. Discoloration on metal surfaces
due to MT inspection shall be disregarded. Excavations resulting from defect
removal shall not require repair welding unless the depth and extent of the
excavation exceeds the allowable depth and extent of acceptable weld undercut
allowed by MIL-STD-2035 for the class of welding, or uniess any portion of the
excavation reduces the remaining metal thickness below the mimimm design thickness
for the part or weldeent. - _ :

7.7.1 Excavations not ‘requiring repair welding shall biend smoothly and
gradually with the adjacent weld metal or base material. Excavations not requiring
repair welding shall be MT or PT examined if MT/PT inspection is a requirement for
the class of weiding. . . '

7.7.1.1 For all arc strikes that occurred after final heat treatment in S-1
materials with carbon content grester than 0.30 percent. S-3, S-2A, $-4, §5-5, S-6,
and S-6A materials. complete removal of the heat affected zone shall pe verified

Original 74



- S8074-AR-GIB-010/278

with an etchant that has been demonstrated to disclose heat affected mne' strur:tqfe

—§m the material involved unless repair welding is réquired. Etchants shall be
“prepared and used in accordance with good metallurgical practice.

7.7.2 Excavations requiring repair welding small be MT/PT examined or visually
- examined at 5X magnification, prior to repair weldiffy, if MT/PT inspectionis a
requirement for the class of welding. Excavations requiring repair welding shall be

welded only to the extent necessary to restore minimum design thickness or to
achieve a condition equivalent to acceptable depth and extent of weld undercut.

Repair welds of excavations. if required, shall be inspected by the same NDT method

as the original weld. Except where the repair welded excavation of previously

accepted radiographed or ultrasonically.tested welds does not exceed 3/16 inch or 29_

percent of the base metal thickness, whichever is less, the repair may be MT/PT
inspected in 1ieu of radiographic testing (RT) or ultrasonic testing (UT). The
total thickness, repair weld plus base metal, shall be used for determining the

approved acceptance criteria. See 13.2.8.1 for additional requirements for S-51,

$-52, and S-53 materials.

7.8 Marking. Marking of welds for identification purposes, such as may be

~ required in mapping of joints, record keeping, and establishing responsibilities for
workmanship and quality of welding. shall be done preferably with an electro-etch
pencil or vibro-tool method. Where it may be necessary to retain jdentification
markings and the electro-etch pencil or vibro-tool methods are inadequate due to
application of paint or other coatings which may tend to obliterate such marking,
the low-stress round-bottom impression stamping method may be used in lieu of vibro-
tool or electro-etch methods. Where the stamping method is used, impression should
be placed on the thicker joint member, such as fittings in piping systems or the
lowest stressed surfaces of other classes of welding.
stamped. The maximum allowable depth of the impression shall be 0.01 inch and the

Pipe and tubing shall not be

impression tool shall be in accordance with the following requirements.

Character size Minimm character face radius
(inches) (inches)
1716 0.005
3/32 0.006
1/8 0.007 -
3/16 0.008
1/4 0.010

The depth of the 1mpressmns shall not reduce material thickness below the minimum
thickness required by design. Marking shall be located so as not to interfere with

interpretation of radiography.

7.9 Defect removal. Defects, whether from weld or base material, may be

removed by grinding, machining, or filing with clean too‘!s
shall not deposit iron., 1ead or other deleterious contaminants on the surface of
corrosion resistant material. For titanmium and titanium alloys, see 7.2.2. If weld
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~IBpair 1s not required to meet winimm thickness specifications. the excavation”
shall be blended smoothly into the adjacent material.

7.10 Titamium and Titamivm alloy welds.

' *
7.10.1 Ihermal gouging. Therma] methods shall not be employed for backgouging

or defect removal. _ -
7.10.2 1In lor i ion. Each weld pass, including the backside of
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8. POST WELD HEAT TREATMENT |
8.1 @eneral. Unless otherwise specified in the qualified welding or heat

- treatment procedure, post-weld therma] stress relief heat treatment shall be

performed in accordance with table VI, 6.4, and this section.
B.2 Special requirements.

8.2.1 Dissimilar metal joints. When parts of two different S-mumber groups
are Joined by welding, the post-weld heat treatment temperatures shall be-selected
on the basis of preserving the mechanical properties of the more critical of the two
materials for the application concerned.

B.2.2 Post-weld heat treatment for d1fferent th1cknessg§ of p‘late"m pressure

vessels. When the welded joint connects parts of pressure vessels that are of
different. thicknesses, the thicknesses to be used in applying -the remnraerrts for
post-weld heat treatment shall be as follows:

(a) The thinner of two adjacenmt butt-welded plates m:‘lud'mg heat to shell
connections.

(b) The thicker of the shell or head plate in connections to intermediate
heads.

() The thickness of the shell in commections to tube sheets, flat heads.
covers, or similar constructions.

(d) The thickness of the shell or head plate in nozzle attachment uélds..'

(e) The thickness of the mu]e neck at the joint in nozzle neck to fiange
cormections. "

(f) The thickness of the pressure part. atthepomtofattachnent where a
nonpressure part is welded to a pressure part.

8.3 Ferrous material. Post-weld heat treatment for ferrous materials shall be
in accordance with table VI. : :

8.4 MNonferrous material. Post-weld heat treatment for nonferrous materials
shall be in accordance with 6.4.1 through 6.4.6.

.5 Post-we treatment procedures (furnace).

B.5.1 loading temperature. The furnace temperature shall not exceed 800°F at
the time weldment is placed in it.

8.5.2 Rate of heating. The rate of heating above 800°F shall be not more than
400°F per hour divided by the maximum metal thickness of the component or vessel in
inches, butmmusemrethan&ﬂ'Fperlnw(seeBS?)
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s | 8.5.3 Temperature variatien during heating and cooling cycies. During the
- heating and cooling period, the portion of the weldment being heated shall not vary

- ‘more than 250°F between the ighest and lowest reading.

atloys as approved. During the holding time at the specified sf:réss:rel‘ieving
- temperazture, the maximum ‘fferencebetweenanytmpoints on the

: 8.5.6 Rate of furnace cooling. Except for materials that are quenched from
post-weld heat treatment temperatures, cooling above 800°F shall be done in a closed

vessel or component may be cooled in still air provided it is protected from
inciement conditions and drafts (see B.5.7).

8.5.7 Special considerations (heating or cooling rates). The rates of heating
and cooling need not pe less than 100°F per hour. However, consideration of closed

8.5.8 Post-weld heat treatnent of titanium and titanjug alloys shall be
performed in accordance with MIL-H-B1200 and the additional. requirenents of 8.8.

8.6 %m@w

8.6.1" i - Post<weld heating shall pe accomplished by electric
inductance or electrical resistance devices, or other approved local heating
methods. ..

: 8.6-2 14 ] y - 1E _Varial o 1, ane DO K] a .

. heating rate of 1o exceed 40°F per S-mimute period.
Holding temperature variation and rate of cooling shall be in accordance with §.5.4
and 8.5.6 respectively. ' S _ -

pipe is welded to a va) .théwidthoftheheatedm-nmdecreasgdmthevalve
of the weld face. '

8
;
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|
§
o
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~=s-  8.6.4 Postheating pressure vessels. Circumferential welded joints may be heat

~~treated by uniformly heating a circumferential band having a minimum. width of 6
times the material thickness on each side of the joint. Nozzles or other welded

~ attachments for which post-heat treatment is required may be treated by locally
heating a circunferential band around the entire vessel with the connection at the
center of the band. The band width shall be a minfmm of 6 times the material
thickness on each side of the attachment. Local postheat treatment for applications
other than those 1isted above will not be permitted without approval by the
contracting activity of the detailed procedure. -

8.7 Postheatin gired welds in pressure vessels and piping. lUniess
otherwise approved, vessels or parts of vessels and piping that have been heat
treated in accordance with section 8 shall again be postweld heat treated after
repair or alterations have been made.

8.8 Heat treatment of titanium and titamium alloys. Protective (inert gas)
atmospheres, vacuum, or molten salts can be used. when needed. to protect surfaces
from oxidizing or reducing reactions. contamination. and changes in carbon content

- or embrittlement by undesirable elements such as hydrogen, oxygen, or nitrogen.
Refer to MIL-H-81200.

8.8.1 Gases used for protective atmospheres shall be limited to argon or
helium meeting the requirements of 30.2.1.

B.8.2 When parts are heat-treated in a vacuum furnace, the furnace shall be
purged and backfilled twice before heating with pure argon or helium meeting the
requirements of 30.2.1. The furnace may aiso be backfiiled during cooling with the
argon or helium. '

8.8.3 When salt baths are used for heat treating. the salt mixtures shall
consist mostly of nonchloride oxidizing salts with chloride Timited to 2000 ppm
maximum. Reducing or mitriding salts shall not be used.

8.9 Temperature measuring methods.

8.9.1 Pyrometric eguipment. Pyrometric recording equipment shall be provided
to indicate the temperature thewe1@entandmtthefumaneexceptasspeciﬁed -
in 8.9.4. The average.of the observed temperatures of the weldment is considered
to be the temperature of the weldment provided all observed temperatures are within
the temperature range specified in table VI. - )

8.9.2 locating thermocouples. Thermocouples shall measure the temperature at
the anticipated hottest point on the weldment and at the anticipated coolest point.
The number of thermocoupies provided shall assure complete coverage of the weldment
and adequate temperature history. If more than one weldment is to be stress
retieved at the same time. thermocouples shall be attached to each weldment. In no
case, however, shall more than six thermocouples be required for a furnace charge.
For local heating operations, not less than two thermocouples shall be attached to
the weldeent. When only two thermocouples are used, they shall be separated by a
distance equal to 3 times the width of the weld reinforcement with the weld centered

Original 79



$9074-AR-GIB-010/278

*between then. For flange to pipe joints, one thérmcouple shall be attached to'the
flange side of the joint. -' : '

8.9.3 Installing thermocouples. Thermocouple wires shall be electrically
insulated except at their hot junctions. In ordersto avoid erronecus readings.
thermocouples shall be so arranged that fiames do not impinge on the junctions of
the wires themselves. WKhen the electrical resistance heating method is used, the
thermocouple provided to control the operation shall be covered by a protective
wrapping to prevent direct radiation of the heating elements on its hot junction.
Thermocoupies shall be attached to the weldment by 2 method which ensures that the
thermal junction is held firmly.

. 8.9.4 Pyrometrically controlled furnaces. For furnace stress relief of '
weldments, when a recording pyrometric control furnace has been calibrated and it is

verified -that the temperature variation within the furnace is within the stress :
relieving temperature range for the materials invoived, the furmace control a
thermocouples may be used as the indication of the temperature of the part being
treated in lieu of thermocouples attached to the component.
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B | 9. DESIGN REQUIREMENTS FOR WELDED JOINTS

8.1 General. This section contains the wimimum requirements for the design of
"welded joints for machinery. piping, pressure vessels, and turbines (M, P, A, and
T). Piping schedules and fabrication details for specific piping systems of surface
ships and- submarines are covered in MIL-SID-777 and*MIL-STD-438 respectively.
Within this document design group classifications consist of butts, tees, cornmers,
and partial penetration type joint designs.

9.2 Joint design. Unless otherwise approved or unless otherwise modified by
the application and Timitations of MIL-STD-777 or MIL-STD-438, the design of welded
Joints for classes M, P, A, and T shall -be as shown in table VII. Figure 1 gives
examples of acceptable nozzle and flange joint locations for radiography.

Jj

SE 8651

FIGURE 1. Examples of acceptable weld joint locations.
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TABLE VII.
Jjoint

efficiencies
and notes 14/

Service

classi-

fication

o
L Theh
i 8047

L I
-l

P-74

p-
P-76

P-77

P-13 P-68
-72

- P-14 P-70
P-5 P-10 P-15 pP-71

P-6 P-11 P-17 P
P-7 P.12 P-67 P-73
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See footlbfes at end of table.
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TABLE VII. Approved weld joint designs. 1/ - Continued

Service Ap;:)r;on\;ed '

classi- Joint Joint identification numbers (MIL-STD-22)-
fication | Efficiencies <

- | and notes 14/
Piping s/ 10/ P-1 P-61
. class p.2 P-62
P.2 127 13/ P-16 P-63
' P-42 P-64
; P-60 P-66 o :

Steam Welded Jomts shatl be full penetration (see MIL-STD-22 for guidance)
turbines =
ctass T-1 )

Steam Joint designs of the same types used for previous Navy turbines are
turbines |acceptable. New joint designs, not proven in service, shall be reviewed
class T-2 |and commented on by NAVSEA prior to production application. MIL-SID-22

way be used for guidance.

1/

(PO \V
-~ 0~

The application of the listed joint designs to a specific service
classification is subject to the applications and limitations of MIL-STD- 777
for surface ships and MIL-STD-43B for submarines.

These joints llay be used when specifically approved

Pressure vesse] joints: Welded joints for all pressure vessels shall be of 100
percent efficiency (see 8.3). Circumferential and longitudinal joints shall be
welded from both sides or consumable inserts or backing strips shall be used to

~ assure complete weld penetration. Welds shall be made with multiple layers of
deposited metal.

Welded joints. for opemings in class A-1, A-2. A-F., and A-LT pressure vessels
including nozzles, handholes, manholes, or other penetrations of sizes 2-1/2

~ inch nps and greater shall be of a design and in a8 location which permits
radiography in accordance with MIL-STD-271.

Butt welding plates of unequal thicknesses shall be in accordance with the
applicable figure of MIL-SID-22.

The joints listed are app'l'it_:ab‘le to welds in the pressure contaiming envelope
of the vessel except for systems subject to submergence pressure where welds

~ shall be full penetration. The designer is not limited to these joints or 100
percent efficiency requirement for intermal or external structural attactments

except where required by component or system specifications.
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Class P-1 piping butt joints shall be designed, welded. and inspected to assure
complete weld penetration. P-1 piping butt joints in submarine seawater
systems shall be the consumable insert type except that backing rings may be
used for closure welds where al:awed by drawiags or specifically approved.
Joint P-73 may have 6 = 45 degr:2s plus or minus 5 degrees for copper-mickel
seawater systems. Joints P-13, P-14, and P-15 shall be Timited to 2-inch nps
and smaller for class P-1 piping systems (except that socket weld designs shall
not be used in systems where 100,000 or more cycles of pressure variaticr. of
more than 2/3 normal operating pressure, are expected) and a reference mark
suitably located shall be established as a benchmark for verifying fillet weld
size by an appropriate gauge measuring device. :

Joints such as P-3, P-13, P-14, and P-15 shall not be permitted on materials
subject to crevice corrosion except as permitted by footnote 10. ]

Except as perwitted by footrote 10. joints such as P-1, P-2, P-12, P-60, P-61,

P-62, P-67. and P-68 shall not pe permitted on materials subject to crevice

corrosion unless the inside surface of the weld is visually inspected to assure
conplete weld penetration. .

Joints addressed by footnotes 8 and 9 are satisfactory for use in seawater .
service when the material of fitting and Pipe is copper-mickel, 70-30 or 90-10
alloys or a combination of both. _ o §

P-67 joint and P-68 joint 4 inches and smaller welded from one side only may be
used for class P-1 where the following conditions are met: , -

(3) Branch connection ﬂt-:_p. welding processes, and final ihspe:_:tion ensures

Welding of such joints requires separate welding procedures and welder
quaiifications i|_1 -accordance with HIL-S_ID‘:MB.

(b) The PT or NT (as applicable) inspection methods shall be usad for the root
weld Jayer and both final weld surfaces. Visual examimation at 5X
magnification may be substituted for MT/PT of the root weld pass in the

grooved side.

P-42 joints shall not be used with butterfly vaives, spriral wound gaskets, or

flanged joints in o0i) systems.

Unreinforced branch connections such as P-60. P-61. P-62, P-63. and P-64 joints
shall mtheused:inwsystensmerethedesimgamepresmre is over 150 _
1b/in’ or the design temperature is over 449°F., Reinforcement shz11 not be
obtained by weld buildup and any branch connection fabricated by the use of
welding only shall be considered as unreinforced.

See 9.3.2.1.
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e 9.3 Joint efficiency. The efficiency of a welded joint shall be based on the

—minimm tensile strength of the weaker member where the weaker member is defined to
be the member whose product of thickness times its winimum tensile strength has the
- lower vatue, _

-

-

9.3.1 Fillet welds.

9.3.1.1 Continuous double fillet tee or continuous double fiilet lap weided
Joints. When it is necessary to calculate the size, strength. or efficiency of a
continuous double fillet welded tee or lap joint, the resulting data shall be -
considered as the allowable ultimate design values regardless of the direction of
application of the load. The sizes, strength, and efficiencies of double fillet
welds shall be determined by using the applicable formulas and the appropriate
Tiller metal shear strength data of MIL-STD-1628.

_8.3.1.2 Eillet joints weided all around. For those cases where the fillet
weld is continuous around the ends of the member: such as in the case of 2 round or
rectanguiar tube. bar. or rod whose end is weided to a plate or similar member: the

. weld shall be sized to deveiop the strength required by the design. Calculations
for the sizes. strengths, and efficiencies of thase joints shall be made in
accordance with MIL-STD-1628, giving full credit for the length and location of the
Tillet and the sectional properties of the tube, bar, rod. and so forth.

9.3.2 Joints other than fillet welds.

9.3.2.1 _ﬂ-_gggtggg_n_m Full penetration welds, where cnmpat'ib'le
weld metal of equivalent or greater ultimate tensile strength is used, are :
considered to be 100 percent efficient welds. For welds made with MIL-120 and MIL-
140 series filler materials. joint efficiencies of welds in thin material (where at
Teast one member is less than 3/4 inch thickness) shall be modified to account for
the reduced strengths of as deposited filler materiais uinch occur in these Tow
coohng rate applications (see 6.5).

9.3.2.1.1 Full penetration Jomts'we‘lded frm both sides. Full penetration
Joints welded from both sides shall have the root layer back-gouged., chipped.

ground, or machined to sound metal prior to welding the second side: however, joints
may be welded without such cleaning when qualified procedures and techmiques (such
as twin arc and submerged arc) are approved for such app'hcahun ,

9.3.2.1.2 Full on_joints welded from one side. Full penetration

joints weided from one side only without backing bars or consumable inserts may be
rated 100 percent efficient when fabricated using a qualified welding procedure.
Joints of this type not conforming to the above shal'l be rated at efﬁc-nency va'lues

um:hdomtexceedsopercent
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5.3.2.2 Partial_penstration joints. Where partia) penstration welded joirncs
- Zdre required, the weid shall be sized to develop the strength required by the

design.
_ 8.3.2.2.1 For class H-Z'aﬁd class A 'app?il:ations. the thiémess limitations of
HIL-STD-Z; do not apply.

destgn apply. _ - -
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10.  INSPECTION REQUIREMENTS

10.1 General. This section contains the minimm requirements for inspection of

- welded joints in machinery, piping. and pressure vessels. This section is not

applicable to components listed in sections 12, 13« 14, and 15.

10.2 Performing NDT. NDT shall be performed in accordance with MIL-STD-271.
When RT is specified and the geometry of the part or weld is such that RT is not
technically practical. an alternate inspection system shall be approved by NAVSEA.

~ Where MT or PT inspection methods are appiied. both root (backside when accessibie)

and finished weld surface shall be so inspected. Pneumatic testing may be used in
1ieu of hydrostatic testing (for pressure test) for pneumatic systems. _

10.3 Extent of inspection and methods.

10.3.1 Class M machinery. Welded joints in class M machinery components.
except welded joints in turbines and propulsion and auxiliary gears (see sections 13
and 14), shall be inspected as specified in table VIII. :

TABLE VIII. Class M machinery inspection requirements.

Required examinations and tests
Machinery | Category| - Welded | VT 7/ MT/PT test 6/ RT 4/
class | e [Toot [ Final | Root | Final | Fimal
layer | weld | layer | weld | weld | Extent
Butts - X XV | x2/ X 100
A percent
M-1 A1l others - . X Xl X 2/ 3/ -
B “an - X X1 | x27 | 3/ .
c AT X X . 3/ - -
A Al | - X | X1/ | xz7 | ¥ .
M-2 B Al | - X Xy [xXezms/] - .
c AT X X . 3 | - -

NOTE: X indicates that the test is required.

1/ For joints welded from one side only, MT/PT inspect the root pass. For double
welded joints, MT/PT tinspect the backchipped. gouged. ground. or machined root
area prior to welding the second side. VT at 5X magnification may be
substituted for MT/PT inspection. Linear discontinuities shall be
unacceptable. Root layer inspection may be deleted if the weld is given a 360 -
degree (or 100 percent) RT or UT inspection.
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3/  Inspection required when specified 1in drawin;. shipbuilding, or component

specification.
4/ Ul'ybesd:stitutedforRTuhenapproved.

3/ For Class M2, category B welds in Ship Stores Refrigeration Piant, structural

conponents of S-1 materials. VT of the final weld may be substituted for the

required MT inspections.
6/ See 10.3.12. .
1/ See 10.3.13 for $-51. S-52. and $-53 material welds.

10.3.2 (Class P piping. Welded Jjoints in class P piping systems shall be

inspected as specified in table IX.

TABLE IX. Class P piping inspection reguirements. 17 2/

_ Required examinations and tests
- Welded |Pipe size,| wr s/ | MI/PT test KT Pressure
Piping joint i 17/
class Jo1 nches . : _ : .
type nps Final Final| Final
Root | weld | Root | weld | weld | Extent
layer| 16/ { layer| 57 3/ 15/ 11/
Lethal or{ Butt AT) - X 1 X4/ X X 360 X
gasoline - _ - : deg.
P-1 and Butt >3-1/2 - X 1 X4/ X [x13/{ 360 X
P-LT : deg.
LT 2-1/2 to | - X | x&] x [ xe/f 60 X
' 3-1/72 : , - 127 131 deg.
inclusive ' min.
<2172 | - X [ X4/ X | xs/| 60 X
, 2/ 8/| deg.
8/ | min.
: L3
Sockets, A1l - X (X4 X - . X
fillets o
14/, and
other,
attach-
ments

See footnotes at end of table. Original 88
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TABLE IX. Class P piping inspection gm‘refnents. 1/ 2/ - Continued

_ Required examinations and tests
Piping | Welded |Pipe size.| 718/ | MIZT fest - oreccare
class | Joint inches _ 1/ .

type nps Final Final| Final
Root | weld | Root | weld [ weld | Extent
layer| 16/ | layer 5/. 3/ 15/ 1/
2-1/2 . X N 10/ 107 =— ;
Butt and >
<12 | - | x - T, - - -
p-2 Sockets AN - X N 10/ - - ;
fillets
and other
attach-
ments

~77" NOTE: X indicates that the test is required.

Yy

2/

This table does not apply to pipirlg used in components or accessories covered
n sections 13, 14, and 15, which specifically Tist inspection requirements.

Where new welds in piping intersect existing or older welds, the latter welds
shall be inspected for a distance of 6 inches or a distance equal to 50 percent
of the pipe size diameter. whichever is less, as measured from points of .
intersection. Acceptance criteria for the existing or older welds and adjacent
ba;e neta:wsha‘l'l be the same as that specified by MIL-STD-2035 for inadvertent
radiography. : _ :

For the following applications or systems. MT or PT may be substituted for RT
provided the inspection requirements of footnote 4 are met:

(a) Piping for gas turbine‘and diesel engine exhaust system, except that
section in submarines between the inboard and outboard exhaust valves
which is subject to submergence . - -

(b) Incinerator up-takes. 7
(c) Exhaust relief valve which dl.nps to the bilge or the atmosphere.
(d) Trim and drain pump suction piping welds which are not in the reactor

For joints weided from one side only, MT/PT inspect the root pass. For double
welded joints, MI/PT inspect the back chripped. gouged, ground. or machined root
area prior to welding the second side. VT at 5X magnification may be
substituted for MI/PT inspection except for boiler tube to drum joints and
superhester tubes to header joints.  Linear discontinuities shall be
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qooceptable. Root layer inspection may be deleted if the weld i given 2 360
degree (or 100 percent) RT or UT inspection. Root layer inspection is not
reguired for welds, such as bosses and removable backing, where the root layer

will be removed.

RT of welds on piping in the horizonta] Tixed position shall represent a sector

which was welded in the vertical or overhead position.

Welds in boiler generating tubes and economiser elements, and external
Superheater tube-to-hsader stup welds may be MT or PT inspected in 1ieu of RT.
For safe end welds and other welds in superheater tubes (support tubes
excluded), sample RT inspection in accordance with NAVSEA 0910-LP-331-5300 may
beperfomed'in‘liguofRTofeachwe'ld. : '

RT is required only when the design pressure exceeds 575 1b/in’. For dasign
pressure of 575. 1b/in’ and less, only MT or PT inspection is required.

PT inspection shall be required for'seawater systems in submarines on completed
P-70 through P-72 type Copper-nickel welds as defined in MIL-STD-22. Other
systems shall require MT/PT and RT only when specified in the shipbuilding or

of base metal thrickness, wiichever 15 less. This exception does not apply
treatment. . .

aluminum alloys or 300 series stainless Steel], the inspection requirements

- shall be as follows:

(3) Butt joints and other full penetration welds - 6p degrees minimm shall pe
subjected to RT in addition to VI and PT inspe::‘ion.

(b) Socket welded joints and .other partial penetration Joints - VT and PT
inspection. : -
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=7 13/ For rr:_;drauﬁc systems, RT is required only when the design pressure exceeds 600
1b/4rt. ' |

14/ " Includes boiier tube to drim joints and superheater tube to header joints.

15/ ﬁhere unacceptabie defects in pipe welds are located by partial rad'iogr'aph}'.

the emtire circunference of these welds shall be radiographed.

;g/ See footnote 9 of table VII.

17/ See 10 3.12. |
18/ See 10.3.13 for S-51, S-52, and $-53 material welds.

~10.3.3 (Class A pressure vessels and class T turbines. Welded ;joints-ir_; class ~
A pressure vessels shall be inspected as specified in table X. except welds in

forced draft blowers shall be inspected in accordance with section 16. Welds in
class T turbines shall be inspected in accordance with section 14.

TABLE X. Class A pressure vessel inspection reguirements. 1/

Required examination and tests.
P:zggxeql‘e Weld joint VT 10/ MT/PT test 9/ RT Pressure
class type | Final | Final ,
_ : Root | Final | Root | weld | weld | Extent
Tayer | weld | layer 7/ 72/ B/ 2/
Butt and other X X ] X3/ | X& X (100 S &
compiete . per-
A-F penetration cent of
A-1 welds , ' im
- ong.
A2 ' _ and
' circ.
- welds
Nozzles 2-1/2 X X X3/ | X4& X {360 X
inches and deg.
AF greater
A-1 Nozzles less . X X3/ | X4& - - X
A2 than 2-1/2
|inches, pads
and other
attachments

' sep footnotes at end of tabie.
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TABLE X. C(Class A pressure vessel inspection mrements 1/ - Continued

, Reguired examination and tests
P;zssss:;e Weld joint vr Q{ NT/PT test 9/ RT Pressure
' Root | Final | Root. weld | weld | Extent
layer | weld layer y/4 y/i - 8/ 2/
-{Butt and other - X X3/ | x4 X |10 per-| - ¥
compiete ) o |8/ 6/)cent of
penetration ' all _
A3 |welds S | Tong. | -.-
- - ' - ) and , —
A-LT : | cire. |’
_ : ' welds _
A1l nozzles, - X X3/ | xar | . - X
pads, and other
attachmesnts .
Butt and other X X - - - - X
complete : _
penetration
A4 |welds :
ATl nozzies, X X - - - . X
pads. and other _
attaciments

NUTE: Xindicatesthatthetestisreq:ﬁred.

1/ ~ Where new welds in pressure vessels intersect or terminate on existing er older
welds, the latter welds shall be RT inspected for 3 distance of 6 inches (each .
Side of intersection), measured from the point of intersection. Acceptance
criteria far the existing or older welds and adjacent base metal shall be the
Same as that specified by MIL-STD-2035 for inadvertent radiography. i

2/ Welded vessels shall be subjectad to hydrostatic pressure test in acmrdance
with the requirements for pressure vesselsofﬂ:eirtypeandhe‘idfor
sufficient time to permit VT of all welds. Pressure tests shall pe conducted
On uncoated pressure vessels. '

3/ For joints welded from one side only. MT/PT inspect the root pass. For doubje
welded joints, MT/PT inspect the back chipped. gouged, ground, or machined root
area prior to welding the second side. VT at 5X magmification may be
substituted for MT/PT inspection. Linear discontinuities shall pe
unacceptabie. Root layer inspection may be deleted if the weld is given a 350
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degree (or 100 percent) RT or UT ihspectjion. Root layer inspection is not
ired for welding such as bosses and removable backing, where the root layer

will be removed.

4/  The outer surface and. when accessible, the imner surface shall be MT/PT
inspected, and the inspection shall be performed after any machiming
operations. When post weld heat treatment or stress relief is performed. this
inspection shall be accomplished after heat treatment or stress relief.

5/ Where both longitudinal and circumferemtial weld joints are used. the
- intersection of these welds shall be included in the 10 percent radiographed.

6/ RT is not requireﬂ when the nominal operating pressure does not exceed 15

}251?;{?% though the relief valves are set at gauge pressures greater than
in. ' '

7/  For HY/HSLA and STS final weld inspection shall be performed no sooner-than the

following:

RT (butt welds only): a mimimm of 8 hours after reaching ambient

temperature.
MT (all welds): a mimimum 24 hours after reaching ambient temperature.

8/  Where unacceptable defects in pressure vessel welds are located by partial

radiography. the entire length of these welds shall be radiographed.

9/ See 10.3.12.
10/ See 10.3.13 for S-51, $-52. and S-53 material welds.

{

10.3.4 Repaired welds. Completed weld repairs of weld defects. if required
as specified in 7.7. shall be inspected by the same nondestructive method required
for the original weld. Where additional weld metal has been deposited on the '
surface of previously accepted RT or UT welds and fimished repair weld thickness
does not.exceed 3/16 inch or 20 percent of base metal thickness, whichever is less.
the finishing layer may be inspected by the MJ or PT method. The acceptance

criteria shall be those specified for the weld class involved. .

10.3.5 Bass meta] repajr. Surface defects and damaged base material may be
repair welded provided the repair weld and adjacent metal is inspected by the same
methiods as required for the class of welding. Excavations on the pipe within the
socket bore depth of socket welds are not required to be repaired. Excavations in
way of the fillet weld of socket welds may be restored during welding of and’
considered part of the fillet weld. Weld repairs not in excess of those defined for
minor casting repair (see 13.2.2) can be made on wrought material at the discretion
of the fabricator provided all requirements of this document are met. More
extensive weld repairs shall require approval except that no approval shall be
required for repairs made with an approved standard repair procedure including
s, inspection. and record requirements meeting 211 the requirements
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specified herein and in MIL-STD-248. Where RT is a requirement for the class of
weiding, MT or PT may be used in Tieu of RT where finished weld thicknass does not
exceed 3/8 inch or half the design thickness of the base material. whichever is
less. In acdition, where RT would normally be required for the class of welding
involved anc the repair falls within a non-fluid boundary area (such as misdrilled
flange bolt holes and so forth). case basis approval to delete RT may be _btained
from the authorized representative. Repairs on P-1, P-LT. A-1. A-2. A-3. A-For
A-LT components shall be documented and records maintained available to the
authorized representative for review. These repair records shall include -he

- following: name and identification of component; description-of defects. repaired -

(location. length, width, and depth of excavation): base material: welding filler
metal: post heat treatment (where applicable); and final inspection results.

| 10.3.5.1 Arc strikes and removal sites of welded sttactments shall be ground
to fair smoothly into base material surfaces. Where grinding reduces thickness
below design requirements, areas shall be restored by welding and grinding. Fimish
ground areas, whether repair welded or mot. shall be inspected by MT. PT. or VT at
SX magnitication where any of the following apply: weldment is class P-1, P-LT. A-l.
A-2, A-3, A-F, or A-LT; or base material is S-1 (with carbon ccnitent 0.3% percent or

greater), §-3, S-3A, S-4, S-5, S5-6. S-6A. S-11. S-51., S-52 or :-53.

10.3.5.2 Base metal weld repairs of class P-3 brazed piping system _
shall be inspected in accordance with 10.3.5 using the appropriate equivalent welded
piping system classification (P-1. P-2. or P-LT) for the system after matching the

~ brazed piping.system fluid., operating pressure, and operating temperature to the

equivalent welded piping system classification for those system conditions.

10.3.5.3 Where buildup by welding in a joint to correct oversize root openings
or errors in joint preparation is accomplished. it should be done prior to fitting
and uniess specifically approved otherwise. such buildup of each joint edge shall

- not exceed 1/2T or 1/2 inch, witichever is less (where T is the thickness in way of

the weld buildup member being welded). The buildup allowed for both joint edges may
be applied to one joint edge. : , :

10.3.6 Mel el - buttering. Weld deposited
cladding.or hardsurfacing shall be VT and PT inspected: acceptance criteria shall be
in accordance with 10.4.2. Buttering shall be inspected by MT or PT method. as
applicable. Where joint edges are buttered prior to joint welding and the joint
requires RT inspection, the buttered edges shall also regrire RT inspection. The
buttered area and the completed weld can be radiographed at the same time. Where MT
or PT inspection of the completed joint is required, all exposed surfaces of the
buttered area shall also be inspected during the inspection of the finished weid
Joint. In addition, wéld deposited buttering that forms part of a pressure boundary
subject to submergence pressure shall alsc require UT inspection to detect defects
and lack of bond prior to joint welding. UT inspection shall be in accordance: wi
HIL-STD-E gs madified by 10.4.4.1. Acceptance criteria shall be in accordance:
with 10.4.4.2. : : -

- 10.3.7- Loss of preheat and interpass. Welds for wirich the prehest and
interpass temperature is permitted to drop below temperatures specified in table 1V
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_before completion shall require reheating as necessary, prior to resumption of ..
“welding. Partially completed welds shall be MT inspected prior to resumption of
welding when ferromagnetic filler material is used and the Tollowing condititions of

-temperature drop occur:

_ - _
(1) For S-3A, 5-4, S-5, 5-6 and 5-7. temperature drop is more than 100°F below
the minimm specified in table IV.

(2) For S-11A 1 1/8" and thicker, material temperature decreases to less than
100°F.

(3) For S-11B 5/8" and thicker, material temperature decreases to less than
100°F for GMAW and 150°F for SMAN. -

Inspection records are not required. For loss of preheat and interﬁass temperatures
when using MIL-120 or MIL-140 series filler material, paragraph 6.5.1 shall apply.

10.3.8 Tack welds. Tack weids to be incorporated into the final weld shall be

... visually examined and defects. such as cracks, excessive undercut, entrapped siag,

and excessive surface roughness, shall be corrected to the extent necessary to
assure that final weld quality requirements will be met. Al1l cracks shall be
removed except cracked or broken tack welds need not be removed provided: (a) thsy
were made by the GTA process, (b) they will not permit movement of joint components
which causes the joint to exceed fit-up requirements, (c) they will be completely
re-melted in deposition of the first layer. and (d) the first layer is made by the
GTA process. : . )

10.3.9 Seal welds. The final layer of seal welds shall be inspected by the PT
method if MI/PT is required for the class of welding for the system involved or is
specified by governing equipwment or system specification. Other system seal welds
shall be visually inspected. v :

10.3.10 Substitution of VT inspection. VT inspection at a magnification of 5X:
may be performed in 1ieu of PT inspection within 1/4 inch of open erds of welds or
repairs to the root layer of partial penetration welds which would permit entrapment
of penetrant materials. - '

10.3.11 Non-structural welds. Non-structural welds covered by 6.1.2 shall be
MT. -PT or 5X visual inspected to assure freedom from cracks.

10.3.12 MT i ction for -140S, MIL- and MIL - in cl A-F
A-1, A-2. A- P-1, P-IT and M-1 (Cat .and B). Final MT of MIL-120S and
MIL-1201B butt welds in Class A-F. A-1, A-2. A-LT, P-1. P-LT and M-1 (Category A and
B) shall be performed in accordance with the additional MT requirements for Class
I.A.1 butt welds as specified in MIL-STD-1688. For MIL-140S welds additional MT
requirements shall be as approved by NAVSEA. .

10.3.13 Titamium and titanium alloy welds. The fina] surface of titanium and
titaniun alloy welds including the inner _sqrface of any weld or weld repair, when _
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- ~z8ccessible shall be inspected for cojgr in the "as-deposited” condition by a

= qualified VT inspector. Use of borescopes is not required.
10.4 Acceptance standards. '

examination shall be based on conformance with the document and class requirements
Specified in table XI. :

TABLE XI. Accentance standards and classes.

MIL-STD-2035 -
 Weld VT 5/ and MIL-STD-2035 | MIL-STD-2035
application 3/ | MI/PT 2/ 4/ RT uT
Class Class ' Class

Class M-1 2 2 2
Class M-2 3 3/ 3 3
Class P-1, P.LT 1 1 .
Class p-2 2 32 -
Class A-1, A-2 1 1 -
Class A-3, A-4 2 3/ 2 .
Class A-F, A-LT 1 1. -

1/ Where umacceptable defectsfin Pipe welds are located by partia] radiography,

applications of partial radiography, where defects in excess of the standard
are found, the welds shall pe radiographed until the fu]] extent of defective
ocated - —

5/ Prfor to any cleaning, brush'mg etc., intermediate and final weld sﬁrfac&s.
- including inner weld surfaces. of S-51. S-52. and S-53 materials shall be as

follows:
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(a) Welds and surrounding 1/32 inch of material shall exhibit a bright, shiny, silvery luster. Other conditions
are unacceptable and shall be dispositioned as follows: Loss of luster or colors other than straw (e.g.,
purple, blue, yellow, gray, etc.) shall require complete removal of the affected weld bead along with 1/16-
inch minimum of surrounding material. Straw color on surfaces to be welded over shall be removed prior
to further welding. Straw color does not require removal from final weld surfaces.

(b) For areas beyond 1/32 inch from the weld toes. All discoloration on surfaces to be welded over is
unacceptable and shall be removed prior to further welding. Colors except for straw on other surfaces shall
be removed. Removal may occur after completion of welding.

10.4.1.1 General. VT inspection shall be performed using a written procedure and qualified personnel in
addition to the requirements of MIL-STD-271. VT inspection qualification and training shall be documented in a
written procedure. VT inspection shall be accomplished without the use of magnifying glasses or other visual aids
except for corrective aids to restore normal vision.

10.4.1.2 Welds. VT inspection of welds shall be performed after slag removal and with the weld in the final
surface condition. For welds in S-51, S-52, and S-53 materials VT inspection for color (contamination) shall be in
the as-welded condition before wire brushing or any other cleaning. After correction of unacceptable color
condition, a final visual inspection for color shall be performed.

10.4.1.3 Base material. The surface to be inspected shall be in a clean condition. Surfaces which have been
cleaned and painted with one coat of primer are considered suitable for inspection.

10.4.2 MT and PT inspection. Acceptance of welds and the adjacent base metal subjected to MT or PT
inspection shall be in accordance with the standard and class requirements specified in table XI. Acceptance criteria
for cladding or weld overlay shall be in accordance with the class specified for the weld application; however, where
weld cladding is used to provide corrosion resistance for gasket seats or similar applications, the following
acceptance criteria apply:

(1) O-ring or gasket seating surfaces plug 1/8 inch to either side of the designed gasket location or line of
contact -- class 1.

(2) Other cladding normally subjected to liquid pressure -- class 2.
(3) Other cladding normally dry (for example, on the low pressure side of the gasket) -- class 3.

10.4.2.1 Adjacent casting base material. PT indications in casting base material adjacent to fabrication welds
may be evaluated as follows:
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(1) Castings requiring PT inspection in accordance with the footnotes to the tables in section 12 may be
evaluated to the applicable casting acceptance standard.

(2) Castings not requiring PT inspection in accordance with the footnotes to the tables in section 12 may be
evaluated in accordance with 13.2.8.2.1.

10.4.3 Radiography. Radiographs for welds shall be compared with the standard for radiography and classes in
accordance with table XI.

10.4.4 UT inspection. Acceptance of welds subjected to UT inspection shall be in accordance with the
applicable standard and classes specified in table XI.

10.4.4.1 UT inspection of weld deposited buttering. Prior to UT inspection of the weld deposited buttering for
defects and lack of bond, the test equipment shall be calibrated by using a calibration block which has been
fabricated by buttering using the same process, filler metal, and base metal as the production part. (Equivalent S
number base metal may be used. For this purpose, S-1, S-2, S-3, S-4, S-5, and S-11 material are considered
equivalent.) Calibration block shall have equivalent weld thickness and surface finish as the production part and
shall be sufficiently thick to accommodate the required calibration holes needed to establish the distance amplitude
correction (DAC) curve.

10.4.4.1.1 Calibration for inspecting weld deposited buttering for both weld metal defects and lack of bond.

(a) Holes shall be drilled into the block as follows:
Either 1/8-inch diameter flat bottomed holes shall be drilled from the base metal side with their axes
perpendicular to the sound beam entry surface or 1/16-inch diameter holes at least 1-1/2 inches long shall
be drilled parallel to the sound beam entry surface. The holes shall be positioned so that the following test
metal distances (TMD) from the sound beam entry surface to the nearest surface of a hole are obtained:

(1) Deposited thickness up to and including 1/2 inch:

1/16 inch TMD
(T/2) TMD * 1/32 inch
(T) TMD + 1/16 inch

Where T = Deposited thickness or 1/2 inch, whichever is less.
For deposits less than 7/16 inch thick, the T/2 TMD hole may be omitted.

(2) Deposited thickness (T) over 1/2 inch:

1/2 inch TMD
(T/2 inch + 1/4 inch) TMD # 1/32 inch
(T) TMD + 1/16 inch
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For deposits greater than 1/2 inch and less than 1 inch. the (/2 + 1/4.
inch) TMD hoie may be omitted. -

A1l holes in the test block shall be separated sufficiently to preclude
acoustic or mechamical interference with <alibration.

In the case of deposited metal 1/2 inch or less in thickness., the test.
equipment shall be adjusted to provide an indication 85 to 90 percent of
Tull screen height from the hole at T7/2 TMD. At this equipment - setting,
the signal amplitudes received from the other two holes shall be marked on
the screen and all three signals shall be connected by means of straight -
lines to provide a DAC curve.” If the T/2 D hole is omitted, the test -
equipment shall be adjusted to provide an indication 85 to 90 percent of
full screen height from the hole which refiects the greatest signal _
amplitude. The peaks of the signals received from the two holes will be--:~
connected by a straight line to form the DAC. In the case of deposited .
metal thicker than 1/2 inch, the test equipment shall be adjusted to ‘
provide an indication 85 to 90 percent full screen height from the hole
wirich reflects the greatest signal ampliitude. At this equipment setting,
the indications from the remaining holes (or hole) shall be marked on the
screen and a DAC curve made. When inspecting production hardware, the
first 1/2 inch of weld deposited metal shall be evaluated using the DAC
curve specified in (a)(1) and the remaiming thickness shall be evaluated
using the DAC curve specified in (a)(2). The horizontal sweep shall be
adjusted so that the position of the indication from the calibration hole
at TMD + 1/16 inch is at least 25 percent of full screen width.

10.4.4.2 Acceptance criteria for weld defects and lack of bond in weld
deposited buttering:

(a)

(b)

{c)

(d)

Indications greater than the DAC curve specified in 'ih.’4.4.1.1 are
unaceeptabie.

Indications greater than 50 percent of the DAC curve and longer than that
permitted by figure 2 are unacceptable. .

Separate indications greater than 50 percent of the DAC curve shall be
separated by a minimum distance of 2 inches in any direction.

indications grsaterthanso-bercemwthemc::urve shall be recorded on
the UT report as to amplitude, extent. and location. _
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10.5 * Disposition of rejected welds. Welds not

acceptance criteria shal]
applicable criteria.

be rejected until repaired
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. 11. ALLIED PROCESSES

" 11.1 Gemeral. This section contains the minimm requirements for welding
processes allied to those processes used for welded joints.

-

11.2 Thermal spraving. Thermal spraying for-purposes other than providing

corrosion protection by alumimum shall be in accordance with MIL-STD-1687. Thermal

spraying for corrosion protection by aluminum shall be in accordance with DOD-STD-
2138.

11.3 Thermal cutting. Thermal cutting may be employed in the preparation of
plates. piping, and fabrication subject to the restrictions specified herein. '
Carbon steels and low alloy steels having a carbon content less than 0.35 percent
may be oxyfuel gas cut. Higher alloy steels shall not be oxyfuel gas cut. Wherever
practicable, machine thermal cutting shall be used to cut materials greater than 1/2
inch in thickness. After cutting, all scale and slag on the cut surfaces shall be
removed by mechanical means prior to further fabrication or use. The discoloration
which may remain on the cut surface is not considered to be detrimental oxidation. _
Thermal cut surfaces to be weided shall not contain gouges or other irregularities

" detrimental to making of sound welds. Preheating, as necessary, shall be done to

avoid cracking.

11.3.1 Titanium and titanium alloys. Thermal cut surfaces of S-51, $-52. and
$-53 materials shall be conditioned by removing a 1/8-inch minimm of material,
beyond the kerf, from the cut surfaces by saw cutting, burring or machining and
sreparing the weld joint per 7.2.2. The conditioned thermal cut surface shall be
inspected visually with 5X magmification prior to wire brushing to ensure absence of
cracks and shall be hardness tested per 10.6. o '

11.4 Resistance welding. Resistance welding shall be performed with
automatically-timed machinery capable of producing welds of acceptabie strength,
ductility, and corrosion resistance. Qualification of both procedure and equipment
shall be required before any production work is undertaken. The strength, location,
and spacing of the welds proposed shall be clearly shown on the drawings submitted
for acceptance. Welding shall be in accordance with MIL-W-6858.

11.5 Stud welding.

11.5.1 General. Automatic timed arc or percussive (capacitor discharge)
welded studs for all permanent applications shall be inspected at the beginming and
end of each set-up (diameter change) or shift operation by bending or torque testing
five consecutively welded studs. _ ' _

11.5.1.1 Bend testing. If bend testing is performed, the studs to be tested
shall be welded to & piece of material of the same S-group thickness and position as
the production application. Bending of production studs is prohibited. Studs shall
be bent to an angle of 15 degrees and return using a device similar to that shown on

figure 3. -
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11.5.1.2 T testing. Studs shall be tested by torquing until a tensile
load equivalent to 80 plus 10 or minus 0 percent of the yield Strength of the stud
material is applied. Production Studs shall be tested. The stud cross section at
the stud base or root of the threads, whichever js less, shall be used as the basis
for deterwiming the required load. Any convenient means, such as placing 2 sleeve
_ : my

e wrench,
'beusedtoadﬁevetherequired axial joad. Toms_m-ethat-tlnwe'ld 1S Joaded
primarily in tension, the Stud threads and mut-washer interface shall be clean, free
of burrs and lubricated with a graphite base, or a Comparable lubricant (do not use

such as 4140, 4340, HYJHSLA, where stress corrosion cracking might occur). The

tensile loads and torque vaiues specified in Table XII shall be used when the Jist
Yield strengths au!chllens-aons apply. .
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Table XII. TJorque-tension minimm values (80 percent of vield strength). )

— —

- Carbon steel & :
stainless steel (35| (0> MBOZ5 (60 |y iy (35 sy
klbs/in? yield mg{,}) i yield strength)
: strength) : '
Stud Size Minor - . .
| Axial Axial Axial '
and Thread{ Thread Torque Torque Torque
Class Diameter Load Load : Load ' .
UNC. UNF -
NC/NF , '

Class 7a | Inches lbs | Inch-lbs| 1bs | Inch-1bs | 1bs | Inch-1bs
10-24[ 0.1379 417 9 715 15 179 4
10-32{  .1508 501 11 859 19 215 5
1/4-20|  .1876 m 22 1325 37 331 9
1/4-28f  .2052 927 29 1588 49 397 12

5/16-18]  .2431 1299 47 2227 81 557 20
- 5/16-24]  .2603 1490 | 58 2553 100 638 25
= 3/8-16  .2970 1949 85 3326 149 882 . 37
3/8-24| .3228 2290 11 3926 190 982 48
7716-14]  .3485 2761 144 4579 239 1145 60
7716-20] 3749 | 3091 174 5209 298 135 | 75
1/2-13]  .4041 3590 218 6153 3 1538 93
172-20  .4374 4208 276 7214 473 1804 118
5/8-11|  .5119 5762 442 9878 759 | 2470 190
5/8-18|  .5554 6784 565 | 11630 969 2908 242
3/4-10|  .6255 8504 807 | 14750 1384 3688 346
3/4-16| .6718 9526 1000 { 17015 1715 4254 429
7/8-9] .7368 | 11939 1320 | 20466 262 | 5117 566
7/8-14]  .7858 13580 1601 | 23278 Z744° | s820 686
1.0-8] .8446 | 15681 1988 | 26897 3408 6725 852
1.0-14]  .8960 17654 2373 | 30261 4067 7566 1017
1-1/8-7| .9475 | 19783 2806 | 33842 4810 8461 1203
1-1/8-12] 1.0210 | 22724 - | 3511 | 39294 | 6018 9824 1505
11.5.1.3 Rejection procedure.
() Beginming of set-up or shift, If any of the five studs tested show Signs
of failure. the conditions causing failure shall be rectified and the test
(b) End of shift or set-up. If any of the five studs tested show signs of

failure, 2 sampling plan shall be used to determine the extent of

defective stixl welding. performed during the shift or set-up. The
conditions causing failure shall be corrected and all defective studs

- welded during the shift or set-up sh2ll be replaced.
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= . 11.5.2 ‘Pressure contaiming applications. In addition to the testing required
by 11.5.1, studs used in connection with apenings in watertight. oil tight. gas or

. air tight, or pressure containing applications shall a1so be tested as follows:

(a) Ten percent of the studs, but not less than two per opening, shall be
. torque tested in accordance with 11.5.1.2. The sample tested shall
include the first and last studs welded for each opening. If any of the
Studs tested show signs of failure., all of the studs for the opening shall
be tested. Studs showing signs of failure shall be removed and new studs

welded and tested.
11.5.3 ressure containing applications. For permanent nonpressure

containing applications, the inspection requirements of 11.5.1 apply.

11.5.4 Jemporary attachments. No testing is required for tauparary attaciment

11.5.5 Repair to studs. Undercutting or Jack of fusion up to 1/4 of the stud
diameter may be ground and repair welded using shielded metal-arc or gas
tungsten-arc welding processes. Undercutting or lack of fusion greater than 1/4 of
the stud diameter indicates poor stud welding techmique for which the cause shall be

surfacing alloys may be applied by strielded metal arc. oxyacetylene, gas ‘
tungsten-arc. and plasma-are welding processes. Use of the oxyacetylene process for
S-B materials shall be Timited to Tow carbon or stabilized grades only. Applicable
welding procedures shall list only these grades. : o

11.6.1 Prehesting and hest arbon and alloy steel. Preheating
shall be at least to the winmimm preheat temperature specified in table IV. Upon

completion .of welding, the part shall be covered and allowed to enol slowly.
Weldments may be post weld heat treated immediately upon.completion of welding,
without prior cooling. Postheat stress relieving of austenitic stainjess Steels

11.6.2 Inspection. Hard surfacing welds shall be visually examined an PT

_inspected in accordance with MIL- D-271

11.6.3 Acceptance. Hard surfacing welds shall be. in accordance with visual
acceptance requirements and criteria for PT tests spenf'led in MIL-STD-2035.

117 Pipe and tube bending. Pipe and tube bending shall be in accordance with
MIL-STD-1627. ,
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_ 12.  CASTING INSPECTION

12.1 General. This section comtains the mimimm requirements for inspecting
castings and repairing defects to the extent necessary to meet the applicabie
acceptance standard. o=

N .
12.1.1 Castings purchased or manufactured by the contractor shall be in
accordance with the specifications and standards specified herein, except NOT
requirements shall be as specified herein. If mo specifications or standards are
referenced, drawings for castings which are subject to stress in service shall
include the following information: ' -
(a) Chemical composition of material.
(b) Required mechanical properties.
(c) Melting process to be used.
(d) Heat treatment including aging or stabilizing treatments.
(e) Cleaming methods to be used. |
(f) Pressure or proof test, if reguired.
(g) RT. MT. or PT inspection requirements.

(h) Identification markings.

- 12.2 Definitions.

12.2.]1 Pressure contzining. For purposes of section 12, pr'essure containing
m2ans a casting area which prevents contained fluid from escaping.

12.2.2 Sub-category. Sub-category designations (for example: A, Al, B, Bl, C,
Cl. and so forth as shown in tables XIII. XIV. and XV for category 1. 2, and 3
castings) are assigned to simplify reference to the various application rules
specifying which castings are to be inspected by which inspection rules. '
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TABLE XIII. Cateqory 1, non-pressure containing castings in
machinery or pressure vessels. 1/ oo

- Stress Stress 1, reqm‘reme' nts
Application rules due to level ~( 5/ 6/ il
| percent | Weight "ot TwT7pT2) [ VT
_ of yield | -
Castings wiich by Dynamic 4/ | ATY | X X 1x
: fai'h_are of any one ~ {loads :
mﬁ:"egﬂm‘" Vet Wi wpact | 5273 X
- s shock grade |
diving, or propulsion. A 273 -
and for which there is and <
no standby capabitity.
' Static All -
loads
Castings which by Dynamic 4/ All - X
failure of any one loads
casting would reduce o
the capability of the ;',’w;:"“’tde >2/3 X
ship to launch. land, A gra
or transfer aircraft 2/3 '
between flight and - and <
hangar decks | Static | AN -
loads
Castings for weapons |Dynamic 4/ Al X
ndling systems, Joads
which by failure of o
any one casting would: | : :
(3) Result in {Hi impact >2/3 X c2
dropping or shock
damaging a grade A
weapon or
(b) Result in 273 -
reduction of and <
weapons service _
m_ or. . Static All -
aircraft by 50  |loads
percent or more

Seefootnotésatendoftab‘le.
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TABLE XIII. Catecory 1, non-pressure containing castings in

machinery or pressure vessels. 1/ - Continued

Stress Stress N Sub
Sb | pcication rules due to | Tevela | 5/ g/ | DV requirements | O
cat percent* | Weight [ o7 ['MT/PT2/ | VT |
7 of yield =
Other than A. B. and C [Dynamic 4/ | > 2/3 | >100 | X X [x|m
2/ loads or lbs ‘ -
Hi impact ;
_ shock grade el I L IR
A | c s '
D and <
273 Al | - . X
—] am < -
Static B/ ATl A |- - x | b4
load .

This table does not apply to castings used in components and accessories- - -
covered by sections 14, 15, and 16 in which the NDT requirements. are
specifically 'I-isteq for the castings involved.

MT or PT is required for ferrous castings. PT is not required for nonferrous

~ Ship propeliers shall be subjected to VT with PT used only as an aid in

locating discontimuities as specified in MIL-STD-2035 (RT not required).

For purposes of clarification. castings stressed by dynamic loads are castings
with areas which are designed for normal service dynamic loads of a degree and -
frequency that such loads are used in the strength equations which determine
dimensions of the area (note: Hi impact shock is not a dynamic 1lcad for
purposes of this rule). ,

“Height* is design weight (when design weight is not calculated, actual weight

of finished part may be used).

AT weights of aluminm shall be subjected to RT and VT (PT not required).
Includes static or dynamic loaded castings in weight handling equipment where
the stress level under maximm test conditions exceeds 2/3 percent of the
mimimum specified yield strength of the material.

Except for static loaded castings addressed by footnote 7.
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- - TABLE XIV. Cat 2 sure containing castings - machiner
- | or pressure vessel castings. 1/ |

' NDT irements 5/
Pressure Size;/L e 2

Application rules 2/ g
(Wbzirty | CInChes) § gy | yy/pry | Pressure |\
Lethal or gasoline service Al T Al f x| x X X
Oxygen or hydrogen service - AN A1l | X X - X X
Steam service ) 300 212 1 xt x X X
and > and > ' :
Gas (other than lethal, : 1000 2-1/2 8/} x X X X
oxygen, or__hy_drngg). water | and>/ | and >
or hydraulic service 300 to 2-172 " X X
_ <1000 6/! amnd >
Special shipboard systems: ANl All X X - X
(a) Weapon service - all |- : '
ships: = -
casting for weapons
handling systems

(b) Submgrine service: ATl ATl X X X
pressure castings ) 7 ) ’
associated with hull -
boundary and subject to
submergence pressure

(c) Aircraft carrier AN 2-1/2 | x X X
1 and >

(d) Combatant surface ATl 2-1/2 | X X X -
ships: - _ 1 and >
castings for norma)l
steering systems

Castings not covered above - . - - X

See footnotes at top of next page.
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~footnotes to table XIV:

1/

Table XIV does not apply to castings used in components and accessories covered
by sections 14, 15, and 16 in which the NDT reguirements are specifically
Tisted for the castings involved. -

“Pressure® is the design pressure of the system in which the casting is used.

For machinery and pressure vessel castings, the size shown is theinﬁde
diameter (or an equivalent cross sectional area).

MT or PT is required for ferrous castings. For nonferrous castings, PT
inspection is required only on submergence pressure boundary surfaces where
Stresses due to normal working loads would exceed 2/3 of the yield strength of
the casting material: otherwise PT inspection 1is not required. .

Where NOT requirements of the component specifications differ from those
specified in this table, the former shall govern. ,

Exception: Subcategory "D NDT requirements shall apply to main feed water pump
castings of design pressure of 550 1b/in® and greater.

Refer to the applicable system or component specifications for pressure test
requirements. Pressure test shall be conducted on uncoated castings.

For hydraulic components with cylindrical datum features, this size is the
largest diameter subject to normal operating pressure. For components with
non-cylindrical datum features, the size shall be the largast dimension of the
largest cross-sectional area subject to normal operating pressure.

Pressure | Nps 3/ NIT requirements 5/

(1b/in’) | Cinches) | RT| MT/PT4/

Lethal or gasoline service AN All X X

Oxygen or hydrogen service 9/ | 100 < 1/2 |, X

Applicétim rules _' 2/ size Pressure VT 2;-;
A
B

and > and >

See footnotes at end of table. o ‘
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~TABLE XV. Category 3, pressure containing castings - piping system casfiggg :
- ; - valves, fittings, flanges and auxiliary equipment. i/ - Continued

, Pressure | Nps 3/ NDT requirements 5/ Sub
Application rules 2/ Size =
| o | (/i) | Cinches) |RT| MT/pTas | Pressure fyp) cat
Other than lethal or gasoline, | > 3400 land> | X X X X1 C
oxygen or hydrogen and . — '
sul/:marim seawater services 30&::"'! gng‘lf X! X - X X|] D
10 i
. . Wil ez -] - x x| E
Submarine service 6/
(a) castings associated with _ -
pressure hull boundary - Al X X X X| F
and subject to : s
submergence pressure
(b) castings in sea
connected systems from ) :
the inboard flange of . All X X X X| &
the backup valve - , '
outboard to the hull
(c) castings in sea
conmnected systems
inboard of the . .
vaive which are open to | 4 and > X X X x! w
the sea below 200 feet 2/
submergence depth during ,
any normal mode of
operation | )
Castings not covered above - . . - X jx; °

1/ Table XV does not apply to flange connections and fittings integral with .
components covered by sections 14, 15, and 16 and auxiliary equipment furmished
with the basic equipment and specifically listed for the equipment invoived. N
2/°  T“Pressure” isﬂedesignpmmofﬂnesysteninmﬁd:thecasﬁng is used.-
3/  For piping system castings, the size shown is mps size. '
4/ MT or PT is required for ferrous castings. For nonferrous castings. PT

inspection is required only on pressure
- Stresses due to normal working loads would exceed 2/3 of the yield strength of

the casting material. -
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5/ In event of conflict in NDT requirements between this table, the ship’s specifications, the component
specification or other documents, the more stringent NDT requirements shall be invoked.

6/ RT of cast valve discs and balls is required only where such discs or balls form a part of the hull boundary
and failure could permit direct flooding inside ship, except RT is not required for centrifugally cast balls.

7/ Castings of sizes less than 4 inches shall be RT inspected where their failure would result in the loss of
propulsion power due to lack of cooling water necessitated by the closing of the hull and back-up valves in
the main seawater system for the purpose of isolating defective castings.

8/  Refer to the applicable system or component specification for pressure test requirements. Pressure tests
shall be conducted on uncoated castings.

9/ RT and MT/PT requirements do not apply to castings in open ended oxygen or hydrogen vents or drains
that are located between the last isolation valve and the open end.

10/ RT is not required for holding bulkhead isolation valves 2-1/2 inches NPS and larger with design pressure
of 300 through 3400 psi of nonpropulsion systems unless required by other requirements of this military
document.

12.3 Inspection details.

12.3.1 General. Tables XIII, X1V, and XV summarize the inspection requirements for cast nonpressure
and pressure containing castings based on application, service conditions, size, and in some cases, stress. “X”
indicates that the specific NDT test is required for the application and conditions described by the applicable
pertinent horizontal data.

12.3.2 Visual examination. Each casting shall be visually examined for conformance with specified
dimensions and surface conditions. ldentification markings shall be checked to assure accuracy.

12.3.2.1 Inspection gualification. Visual examination shall be performed by personnel who have
successfully passed the vision test in accordance with MIL-STD-271.

12.3.3 NDT. NDT shall be conducted in accordance with MIL-STD-271. Except as specified in 12.3.2
castings described for applications listed in tables XI1I, XIV, and XV regardless of material shall be inspected
by the NDT method indicated. Where MT/PT is indicated, materials which are magnetic at ambient
temperatures shall be inspected by MT; materials which are non-magnetic shall be inspected by PT.

12.3.4 Radiographic standard shooting sketches. Shooting sketches prepared in accordance with MIL-
STD-271 shall be provided to assist in interpretation of the applicable radiographics. Approval of the sketches
is required.
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12.3.5 Substitution of tests. When RT is specified and the geometry of the castings is such that inspection by

radiography is not meaningful or cannot be performed in accordance with MIL-STD-271, MT or PT, as applicable,
may be substituted when approved. PT may be substituted for MT when a casting surface location or condition is
such that it is inaccessible for MT or may be injured or contaminated by the MT method. UT, in accordance with an
approved written test procedure, may be substituted for RT when approved for the application.

12.4 Acceptance criteri

a.

12.4.1 Visual examination. Nonferrous casting surfaces shall be free from conditions specified in table XV.1

and other harmful or injurious defects. Ferrous castings shall meet the requirements of SP-55.

A. Defect Type

B. For all casting categories except those
of column C; indications exceeding the
sizes and other criteria below are
rejectable.

C. For table XIII casting categories
D3 (except dynamically loaded
castings) and D4, indications
exceeding the sizes and other criteria
below are rejectable. Does not apply
to non-redundant weight handling
castings or titanium castings which
shall be per column B.

1. Cracks and Tears

None allowed.

None allowed.

2. Linear Indications (other than cracks and tears):

a. All linear indications,
except cold shuts (e.g.,
wrinkles, folds, oxide
seams, etc.). 7/

3/16" or 1/4T, whichever is less. All linear
indications above 1/16" or 1/8T, whichever
is less, shall be examined at 5X minimum
magnification or explored by grinding to
confirm the indications are not cracks, tears
or cold shuts. All linear voids and inclusions
shall not exceed non-linear criteria. 8/, 9/

1/4" or 1/3T, whichever is less. All
linear indications above 1/16" or 1/8T,
whichever is less, shall be examined at
5X minimum magnification or explored
by grinding to confirm the indications
are not cracks, tears or cold shuts. All
linear voids and inclusions shall not
exceed non-linear criteria. 8/, 9/

b. Cold shuts. 7/

1/16" or 1/4T, whichever is less. 8/, 9/

1/8" or 1/3T, whichever is less. 8/, 9/

3. Non-Linear Indications:

a. Voids such as gas
holes, gas porosity and
discrete shrinkage
cavities.

3/32" or 1/4T, whichever is less, provided all
internal surfaces of the indication are visible.
9/, 10/

3/16" or 1/3T, whichever is less,
provided all internal surfaces of the
indication are visible. 9/, 10/

b. Inclusions

3/32" or 1/4T, whichever is less. 9/, 10/

(1) For castings where T is less than
1.5" and all aluminum castings: 3/16"
or 1/3T, whichever is less. 9/, 10/

(2) For castings (excluding aluminum)
where T is 1.5" or greater: 5/16" or
1/8T, whichever is less. 9/, 10/
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Table XV.1. Nonferrous casting VT acceptance criteria. 1/, 2/, 3/, 4/, 5/, 6/ — Continued

A. Defect Type B. For all casting categories except those | C. For table X111 casting categories
of column C; indications exceeding the D3 (except dynamically loaded
sizes and other criteria below are castings) and D4, indications
rejectable. exceeding the sizes and other criteria

below are rejectable. Does not apply
to non-redundant weight handling
castings or titanium castings which
shall be per column B.

4. Tightly adherent None allowed. None allowed.

sand, scale and other
foreign material.

5. Raised metal Surfaces shall be smoothly blended into Surfaces shall be smoothly blended into
surfaces having a surrounding surfaces. surrounding surfaces.

jagged or irregular
surface not addressed
by drawing.

1

Criteria apply to cast, rough ground or machined surfaces, except for critical machined surfaces. Critical
machined surfaces are O-ring surfaces, gasket surfaces and other sealing surfaces, seating surfaces, threaded
surfaces and surfaces within %" from intended welds. Critical machined surfaces shall be free of all defects,
including those otherwise permitted by Note 4/, unless the defect is within the other limits of this table and is
approved by the Design Yard, Planning Yard or Authorized Representative, as applicable.

A linear indication is an indication in which the length is equal to or greater than three times the width. A non-
linear indication is an indication whose length is less than three times the width.

T is the design casting thickness at the indication location. Indications, and excavations of indications not
repair welded, shall not reduce casting thickness below the design thickness. Ground areas shall be smoothly
blended.

Linear indications with length less than or equal to 1/16" or 1/8T, whichever is less, and non-linear indications
whose major dimension is less than or equal to 1/16™ or 1/8T, whichever is less, do not require classification
and are acceptable if acceptably separated (see Notes 8/ and 10/). Indications less than 0.015", regardless of
proximity, do not require classification and are acceptable.

Not applicable to high pressure die castings (e.g., ASTM B85). Criteria for high pressure die castings shall be
proposed by the casting designer for approval by NAVSEA.

Indications that are PT inspected and meet the acceptance criteria of table XV are acceptable.

A cold shut is an imperfect junction between two flows of metal in a mold caused by the surface of the streams
of metal chilling too rapidly, or in effect, being chilled to the extent that fusion does not occur. This
discontinuity may have the appearance of a crack or seam with smooth or rounded edges.

Longitudinally aligned linear indications shall be separated by 4D where D is the length of the longer
indication. Non-aligned linear indications shall be separated by 2D. There shall be no more than 10 linear
indications in any 6" x 6" area. Smaller areas shall be prorated.

If minimum indication separation is less than required, then where the total indication lengths (i.e., including
separation between indications) are less than the maximum permissible indication size, the indications shall be
acceptable.

Random individual non-linear indications shall be separated by 2D where D is the maximum dimension of the
larger indication. There shall be no more than 4 non-linear indications in any 2" x 2" area. Smaller areas shall
be prorated.

Change A 112.1




S9074-AR-GIB-010A/278

12.4.2 MT, PT, and RT. Acceptance criteria for MT, PT, and RT shall be as specified in tables XVI, XVII,
XVIII, XIX, and XX.

TABLE XVI. Acceptance criteria for MT and PT. 1/

Cast material Finished metal thickness MT PT
(Inches) MIL-STD-2035
FERROUS CASTINGS
Corrosion-resistant steel Less than 1 Class 1 Class 1
Carbon steel 1to3 Class 2 Class 2
Alloy steels over 3 Class 3 Class 3

NONFERROUS CASTINGS
Nickel base alloys
Copper-nickel

Aluminum-bronze 1 and less Class 2
Nickel-aluminum-bronze over 1 Class 3
Manganese-bronze
Tin-bronze 1/2 and less Class 2
over 1/2 Class 3
Aluminum Class 2
Titanium-titanium alloys Less than 1 Class 1
1to3 Class 2
over 3 Class 3
Note:

1/ Itis characteristic of some castings to be subject to superficial surface craze cracking. MT or PT indications of
such craze cracking shall not be prejudicial when they do not exceed 5/16 inch in length. Indications beyond
this length shall require removal, except that such indications may be approved subject to technical evaluation
for acceptability dependent on intended application service conditions.
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TABLE XVI1. RV acceptance .. iter{a for_alumimm castings.

!

1

Cast material: Atumimum

{euL5L4Q

Casting category: 1, 2, 3

Metal Radiography 1/

thick-

ness Type of discontinuity \

((ﬁ,:,:: 23:«.-.. Gas holes - Gas porosity - Shrinkage Foreign material

slons  cold Round Elongated Cavity Sponge Less dense | More dense

for cracks, ’

finished |cold Plate Grade|Plate| Grade| P1ate| Grade| p1ate | grade Plate) Grade| Plate ] Grade{ Plate | Grade

?::ﬁ:; ;?:ﬁ:ﬁs | tnches Inches . inches Inches Inches Inches inches

172 |None 1.1 3 |1.21-} a4 |1.22. 2.1. 3 (2.2- 4 13.11- 3 J3.12. 3

and ' 1/ 1/4 1/4 4 11/4 1/4 174 174

less :

Over None 1.1+ 5 ]1.21-] 5§ |1.22- 2.1- 4 |[2.2. 4 ]3.11. 4 13.12: 4

172 : 3/4 4 3/4 5 |1/4 3/4 - [3/4 3/4

thri

1-1/4 1

Over None - |1.1. 6 |1.21-] 6 [1.22- 2.1- 5 |2.2- 5 13.11- 5 Jy.42.- 5

1-1/4 /4 /4 3/4 6 |1/4 13/4 3/4 - 374

thru 2 ‘

{Over 2 INone 1.1 7 -11.21-] 7 1.22- 7 |2.2- 7 j2.2- 6 3.11- 6 (3.12- 6

thru 3 3/4 3/4 3/4 , 1/4 3/4 3/4 3/4

Over 3 None 1.1 8 |L21-] 8-{1.22. g (2.1 8 j2.2- 8 -{3.1n- 7 l3.12- 7
3/4 /4 3/4 _|1/4 3/4 3/4 3/4

See footnotes at top of next page.
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~‘Footnotes to tahle XVII:
-1/- ASTH E 155, reference radiographs (films) shall be applied as - specified.
~ Reference films Tisted provide a basis for acceptability by comparison with
production radiographs. Discont:nuities showq, in the reference film are
- 8cceptable in any unit area as detined below and may be accepted when

3 Maxizo: severity level
Thickness | Criticality m“smm - '- Hot | .
(inches) | level 1/ 2/ | Shrinkage | Porosity | Inclusien | tear, - IMSert. |
1. : crackj chaplet
‘1 E 446 CA 2 A2 B2 None | None
B2 :
2
. 2 , .
2 E 446 CA 3 A3 B3 |[Nome|3/EA2
- A B 3 .
Less than 1 c 3
3 : _
3 E 446 CA 4 A4 B4 None | 3/ EA 2
CB 4 S
4
4
1 E 446 CA3 A3 B3 None | None -
: 83 ‘
cC3
3
. 2 E 446 CA4 Al B4 None | 3/ EA 3|
; CB 4 '
lto2 cC 4
D4
3 E 446 CAS5 AS B5 None | 3/ EA 2
- B5 '
cCs
D5

footnot at end of table.
See 1 es at end or ta Original 114
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[
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ance criteria for steel (carbon., allov a

resistant). titanium, and titanium aljoy castings.

__corrosion ..
- Continued

Criticality level 3:

applicable ASTM standard.

Original 115

AS'I'HEIBGshaT]beusedforevalmhunpurposes

Areas not requiring RT but are 1mdvertent1y
radiographed or radmgraphed for information

purposes.
Evaluation or radiographs for acceptance. shall be in accordance vnth the

Maximm severity leve] -
T(l'l'l'::cmsss Criticality stialsndalllrd . < ) Hot Insert
2/ Shrinkage | Porosity | Inclusion | tear. .
& _ : _ chaplet
, 7 crack
E 186 CA3 A3 B3 None ! None
B3
cC 3 .
Over 2 to = 186 ggﬁ Ad -B4 None Eé%
4-1/2
‘ £C 4 ]
- E 186 CAS Ab B5S None { "EA 4, -
- CB5 B4
s :
E 280 CA 2 A3 B3 . None | None
CB 2
cc 2 _
Over £ 280 gg A4 B4 None EEAé.?é
4-1/2
_ cC 3
E 280 CAS A5 BS None i EA 4 .
B 5 . EB
cCs
1/ Criticality level 1: Areass. ;jeqmnng 75 percent minimum RT coverage (see
12.5.
Criticality level 2: Areas requiring 50 percent mrinjmun RT coverage (see
12.5.3).
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TABLE XIX,

{b) Copper-nickel.
(c) Alumiiuas bronze,

R acceptance criteria for no
(a) Nicket base alloys,

!

nferrous castings. 1/
(d) Nickel-aluminum-bronze, |

(e) Manganese-bronze.

Severity level

ASTH £ 186
Criticality level ASTM E 272 (except as
. : noted)
Shrinkage Dross Porosity Inclusions Chaplets
Thick. Lovel Reference Reference | .. Reférence Reference ASTH Reference
ness | Leve! definitions Type radiograph | Source radiograph | Source radiograph | Source radiograph | Source | o o iard radfograph
b { Areas requiring- Feathery Cd2 Areay | #b 1 X-ray A3 Xray s 1 N.-ray None
15 percent and > s€ungy Cd 2 emma acceptable
_jnr co‘v,'!erslg;’ (see} Linear 2 Gurma
2 Areas requiring Feathery 43 X-ray B2 X-ray M X.ray bs 4 X-ray | E 186 EA 4
§0 percent win, Spongy 43 Guima ‘ "
1 inch RY coverage (see} Linear Gl G
and 12,5.3 | - _‘ .
tess ™3 Aress ot | Festhery] 44 X-ray ) X-ray AS X-ray Ba 5 X-ray | £ 186 EA 5
requiring AT put squ td4 Gamma
inadvertently | Linear- Co d Gamma
rediogra or
informat fon Py |
purposes
1 Same as Tevel . Feathery 4 X-ray 2 Ganma Al Garma s ¥ Gamma Nore
as defined above Spongy Cd) Gammp acceptable
_ Linear | ¢ 3 Gorma
2 Seme as leve) 2 Feathery d 4 X-ra b3 | Gomen Al Gamma o4 Gamma E 186 EA 4
o"’;:h’ 8 defined adove| Spongy Cd 4 Ganma : :
: Lintar €s 4 Grrma
3 | -Same as tevet 3 Feathery s X-ray o4 Gamma A5 Gamma Ba 5 Gamma | E 186 EA S
as defined sbove| Spongy 45 Gomma .
Linear Ca§ Gamna -

See footnotes at top of next page.
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‘Footnotes to table XIX:

f Ml

ASTM E 272 and E 186 reference radiographs (films) shall be applied as
specified. Reference fiims in ASTM E 272 are identified by two thickness
ranges: (a) up to 2 inches and (b) 2 to 6 inshes. Films are shown for the
various discontinuity types in both thrickness“ranges. Three types of shrinkage
are shown, designated (a) Feathery, (b) Spongy and (c) Linear. Only feathery
type is shown in the wp to 2-inch thickness range. and spongy and linear types
are shown in the 2-inch to 6-inch thickness range. Films from both thickness
ranges have been used without regard to applicable thickness specified herein
in order to provide the best coverage and gradation of discontinuities. Since
film identification designations are duplicated in the two thickness ranges,
they are further identified in the table by stating the source. Where "X-Ray"
appears under source in the table, this indicates that the “"Low Voltage X-Ray
Film" is applicable. Where "gamma® appears under source in the table, this
indicates that the "2 MEV X-Ray or Cobalt-60 Gamma Ray Film" is applicable.. .
Reference films specified shall be used for all production radiography sources.

TABLE XX. RT acceptance criteria for tin-bronze castings.

: Severity level
Criticality level ASMEZW . ASTME 18
' {except 2s noted)
Level Shrinkage - Porozity Inclusions . Chaplets
Thickness | Level detinttions T Reference | Refereoe | Refereme |  aS Reference
e radiooraph | radiograph | radiograon | standarc | radiogreon |
1 m"ﬂﬂnﬁrﬁ' Linegr a2 F L n : h
pereent > :
coversge (me 12.5.3) [Fastneryor| a3 Mene acceptable
Secogy
2 mn:::ﬂgso Linesr a3 ] am )
172 inch None acceptable
coverage (see 12.5.3) | Feathery or 42
e e - Sooney
3 Areas mt requiring RT | Linesr a4 A B .2rM E 188 EA D
bat inadvertently
radiographed or
radiograpted for Feattery or a3
- | inforaation porpases Spongy
1 [Sweaslewllas  |Liewar ta3 o 7 ' :
detined abowe )
Fextiwry or a3 Nome acceptable
Seongy
2 [Smesstewl2as  |Linear tad - .2 E s EA3
Over defined above " aa
172 inch . Feathery
Spoeyy
3 Same 23 Yovel 3 a3 ‘Linaar [~ 1] A5 3 E186 EA 4
defined abowe ts 4
fﬂmﬂ'
Soongy

fuotnofes at of next page. '
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I/ ASTH £ 310 and E 186 reference radiographs (films) shall be applied as
specified. The specified films shall be used for all production radiography
sources.

~ 2/  For the inclusion films, the discontinuities af film B2 are considered to be
more severe than those of B3. Those of B2 and B4 are considered to be
. approximately equal. with those of B4 being fewer in number but larger in size.

12.4.2.1 RT_ev_a_'I_u_m Production radiographs shall be evaluated for
acceptance by comparing them with the app'hcab]e AS‘IH reference radiographs listed -
in tables XVII, XVIII XIX. and XX. _

12.4.2.2 Investment castings. Investment castings shall meet the rumber 5
acceptance level of ASTM E 192 except that filamentary type shrinkages contained
therein are not permitted. For double-wall radiography a reference radiograph with
2 wall thickness compatible with the thickness of both walls of “he casting being

: . radiographed shall be used; however, the mumber 4 acceptance ievel shall then be

used for evaluation purposes.

1243 Pressure test. Pressure test acceptan:ecntena shall be in
accordance with the applicable material, system, or equipment specification.

12._4.4 ur. ur accem:ance criteria shall be approved on a case basis.

125 Extent of MOT.
12.5.1 ¥YI. VT shall be conducted on loopercentofa'l'l accessible casting

surfaces or areas which comprise the finished part. Gates, risers. test coupons,
tem;]:orary test flanges, or similar extensions used as part of foundry procedure are
excluded ‘

12.5.2 m{g_ﬂ; Preswretestssha'l'l be applied to all pressure
containing areas.

12.5.3 Extent of radiography. Castings shall receive complete coverage, when
required, in accordance with tables XIII. XIV, and XV. Insofar as casting
configurations and thickness variations prevent attaimment of the required film
density in some locations, and for the purpose of defiming coverage required. a
casting is considered to contain the following areas: .

 (a) I5 percent mimimm radiographic coverage areas. Areas include pressure

containing areas, areas designed for dynawic loads in accordance with
footnote 4, tab1e!IIIarﬂareasstressedtoleormreofthey1e'ld

strength urder I'rlgh-upar:t shock.

(b) _EM‘MW’E& Remaiming areas,'inthe

- casting.
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_Jhe 75 or 50 percent minimum coverage is defined as casting areas in the film which

Zare within the specifiet density limits and are interpretable. It is not the intent
that only 75 or 50 percent of casting be radiographed and that any specific area be

“excluded. Nonmcritical areas need not be radiographed when approved.
‘ _
12.5.4 Extent of MT or PT ins jon for feyr'bus castings. Ferrous castings

12.5.5 Extent of PT for monferrous castinas. Except as required by footnote 3
‘to table XIII and footnote 4 to tables XIV and XV. nonferrous castings do not - -
require PT inspection. ‘

12.5.6 Records for NOT of castings. Records of casting inspection by VT and
NDT methods shall be as follows:

(2) Casting identification. including heat number and where applicable, heat
treatment Tot number, drawing number and serial number.

(b) Material identification by specification mmber ang class or alloy.
(¢) Inspection methods and résu'lts.
(d) For submarines, extent of inspection and traceability.

Inspection records for castings shall include casting repair records as specified in
13.2.10. o '

12.6 NOT responsibilities.

12.6.1 Designer responsibility. Where 100 percent inspection is not required.
the casting designer shall implement the requirements of 12.5.3 and 12.5.4 by :
identifying areas requiring NDT on engineering drawings by appropriate assignment of
symbols conforming to AWS A2.4.

12.6.2 Contractor responsibility. The foundry or activity performing the
radiography shall prepare the radiographic shooting sketch in accordance with
MIL-STD-271 based on requirements established by the designer (see 12.1.1). Prior
o preparation, the design requirements for radiography shall be reviewed to ensure
feasibility from the fabricator point of view. When disagreements arise betwsen the
designer and foundryman concerming areas for which radiography is reguired. but
considered impractical by the foundryman, a meeting of both parties shall be
arranged to resolve any controversial issues. Drawings shall be moditied to reflect
“he decisions mutually reached by the designer and foundryman. Since a variety of
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~-processes are permitted under MIL-STD-271, the shooting sketches will necessarily
- depend not only on the coverage requirements but the equipments and procedures of the
- particular radiographic facility. _

12.6.3 Approvals. _ -
12.6.3.1 Engineering drawings. Casting drawings marked for RT coverage as

required 5y'12.6.1 shall be forwarded to the acquisition activity for acceptance.
Copy of transmittal letter shall be forwarded to the DCASMA. _

12.7 Weldability tests. When required by the appiiéab‘le cast material _
specification. weldability tests shall be performed to demonstrate that a particular -
heat of metal is of a composition that is readily weldable.

12.8 Sample castings. Except for castings covered in sections 14, 15 and 16,
prior to production of a mumber of similar castings for which foundry methods or
techmiques have not been established. one or more sample castings shall be produced

.. and subjected to NDT sampling agreed to by the designer and foundry. The resuits of
this NOT shall be reviewed by both designer and foundry prior to production of the
remaining castings. Significant changes to casting procedures, thereafter. shall be
subject to @ similar sample casting review for the area affected by the change.
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13.  REPAIR OF CASTINGS

13.1 Impregnation. Only castings of copper-base ailoys or aluminum-base
alloys shall be considered for approval to mpregnate. Impregnation of castings
will be permitted to seal off minor leakage due to micro-porosity or other casting

- defects only after NAVSEA approval and when the defertive castings are shown by
radiography to be structurally sound. The suitability of aluminum base alloy
casting for impregnation shall be based on review of the individual radiographs.
Copper-base alloy castings which conform to the applicable classification of
radiographic standards are considered satisfactory for impregnation. Copper-nickel

not be impregnated. Welding shall not be permitted on castings witich have beon
impregnated. o
13.1.1 Impregmation authority. Authority to impregnate castings shall be

obtained from NAVSEA. Requests for authority to impregnate shall be accompamied by
' radiqgraghs of the defective areas of the particular casting or representative

~i-

condition of the castings including marked drawings where applicable, the percentage
" of castings of each type requiring impregnation, the service for which intended. the
name of the foundry or contractor, and the contract or order nusbher. Approval to
impregnate is solely at NAVSEA discretion. In addition to the above reguirements
approval or disapproval depends upon ather considerations such as temperature,
pressure, service application (including the need/means for in-service repair) and a
comparison of service exposure duration and severity to the conditions in MIL-I-
17563 qualification tests. S :

13.1.2 lmpregnation procedure. The impregnation of castings, when approved by
NAVSEA, shall be performed in accordance with MIL-STD-276. Each casting which has
been impregnated shall be stamped “INP" on the stamping pad or in a conspicuous
place that will not impair the strength or serviceability of the casting.

13.2 Repair welding.

13.2.1 General. This section contains requirements for repair of weldable
castings. In the event of a conflict between requirements specified herein and
those contained in casting material specifications. the requirements specified
herein shall govern. B

13.2.2 Minor repairs. Minor repairs are those repairs which do not exceed the
following limits: ' , :

(2) Maximm depth does not exceed 20 percent of the casting thickness or
1-inch depth, whichever is less, and individual repair areas do not
invoive more than 4 percent of the casting surface.

_ (b) Weld build-up for correction of casting dimensions or ma::frin'ing
discrepancies not exceeding 10 percent of the total area of the castings
may be made at the discretion of the contractor or foundry when the weld

build-up is within the following .‘l'im'itat'ion_s:
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- (1) 3/16-inch waximm build-up for wall thicknesses 1 inch and under; o

(2) 20 percent of wall thickress maximum build-up for wall thicknesses
over 1 inch but not to exceed 3/B inch.

. -
NOTE: These thickness Timitations apply to the finished condition.

- 13.2.3 Nominal repairs. ﬂmiqa'l repairs are repair welds in excess of those
outlined in 13.2.2 but which do not exceed 1/2 the casting thidmess.

' ired. . . .
| 13.2.5 Authority for repair of astings. Authority to perform repair on
. castings by welding shall be as follows: . .

(a) Minor repairs may be made at the discretion of the contractor or foundry.
(b) Nowinal repairs of castings may be accomp‘l'ished without obtaining approval

provided that in addition to the records required (see 13.2.17), the
llamfactmfer shall record the casting ide{rtif'_icat'ion number, --iding

(c) Special repairs i'eqcﬁm advance approval of the authorized mtim.

~ The authorized representative shall be notified that repair welding has commenced

mesovermemrepmsentaﬁveresemsﬂeﬁmttomjectcasﬁngswherethemi;
evidence that the provisions of this section are violated. :

ROTE: For nmickel ~aluminun- bronze castmgs weld repairs (including poét weld heat
treatment) s_ha'!fl be in accordance with MIL-B-24480 (see 6.4.5),

13.2.5.1 r and - Casting repairs shall be completed in
accordance with 13.2.5. Upon compietion of nominal and special repairs copies of
records required by 13.2.10 shall be made available upon request. '

13.2.6 Heat treated weld repairs. For ferrous castings which are to be heat
treated at temperatures above the critical transformation temperature, weld repair
using weld metal which is responsive to-heat treatment may pe accomplished prior to
Such heat treatment provided castings are given a preliminary annea) or softening
treatment to -avoid welding in the as-cast condition, and the following operations
may be perfomed_in this mnd'it'lm:_ -

-(a) Radiography of the castings.

(b) Weld repair of the casting. -

(e Re_-radiography of weld repairs. -

' ' Original 122

)



$9074-AR-GIB-010/278

- Responsiveness of the filler metal to the specific heat treatment emplioyed shall- be

-—established by procedure qualification test. Heat treatment as appropriate shall be
performed after the foregoing operations. Required MT inspection shall be performed
" after such heat treatment. Should any weld repairs develop by reason of the MT
inspection. repair shall be accomptlished and re-radiography of the repair shall be
performed if required. Post weld treatment shall then be either re-heat treatment
or stress relief treatment as appropriate. MT inspection shall be performed
following the final thermal treatment operation. Stress relief of repair welded
castings shall be in accordance with table VI and section 8. 1In this regard where
the term weldment is used. it shall be construed to include repair welded castings.

13.2.7 Stress relief of weld repairs. When stress relieving of repair welded
castings is performed in furnaces having recording pyrometric controls, the furnaces
shall be calibrated to verify that the temperature variation within the furnace does
not exceed 75°F. Calibration of the furnace shall be maintained by a recheck-at -~
intervals of no less than 6 months or after any changes or repairs to the furnace
that might affect its temperature distribution. Holding temperatures. time and
cooling rates shall be as established by the approved welding or heat treatment

- procedure. :

13.2.7.1 A'Ite'mate tmature'measurigg methods for furﬁace and local stress
relief. Alternate temperature measuring methods specified in section B are
appiicable. : : ‘

13.2.8 Inspect 'ioﬁ -of repair welds. : _
13.2.8.1 Exploration and repair of cracks. Visual evidence of cracks shall be

explored at 5X magnification or by PT inspection and the cracks shall be removed and
repaired by welding (see 13.2.8.2) or faired in or radiused providing wall thickness
is not reduced below the specified allowable thickness. PT inspection shall be
Timited to the immediate area of the defect when exploring defects in welds in 5-51.
S-52, and 3-53 materials that will subsequently be repaired by welding. Surrounding
areas which may later be overwelded shall be masked away from penetrant or

developer. When a defect has been removed. the PT inspected area shall be burred
with a carbide burr before welding any further.

13.2.8.2 Surface passes. Completed repair welds, including the adjacent
casting surface for a distance of 1/2 inch from the weld edge, shall be inspected by
the MT or PT methods. as may be applicable except as noted in 13.2.8.2.1.

13.2.8.2.1 For non-ferrous castings where PT inspection is not required by
footnote 2 to table XIII and footnote 4 to tables XIV and XV, the adjacent casting
surface (1/2 inch from weld edges) shall be visually examined. For the heat
affected zone (3/16 inch from weld edges), the visual examination shall be at 5X
minims magnification. Where the surfaces within 1 inch of weld edges are PT
inspected inadvertently during the inspection of the weld deposit, suspect
indications within the 1-inch area shall be noted: then the developer and penetrant
shall be removed and suspect areas visually examined at 5X minimum magnification.
Linear indications greater than 1/16 inch shall be cause for rejection by the visual
exanrination specified herein. : -
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13.2.8.3 Radiography of compieted repair. liepair welds in casting areas -

“originally requiring radiography shall be radiographed except in the following case:

Radiography is mot required for repair welds of defects not detected by
radiography or pressure test if they conform £p the criteria of 13.2.2 for
nrinqr repairs and are satisfactorily PT or MT inspected as applicable.

13.2.8.4 For repair welds in castings that require radiography which are 3B

inch and greater in thickness and are made with MIL-120S or MIL-12018 filler metals,
also perform the MT inspection reqmred by 10.3.12. : '

13.2.9 Acceptance standards for repair welds. Acceptance criteria for repair
welds shall be as fonou_s: '

NOTES:
1.

- Inspection , - Acceptance
T Mathod Standard
RT (see note 1)
MT -STD-2035 (see note 2)
PT MIL-STD-2035 (see note 2)

the applicable referenced radiograph for castings, the area shall be accepted.’
Cracks, Tack of fusion. and incomplete penetration in the area of weld repai
shall be rejected. Slag and porssity shall be Judged as sand inclusions and
gas, respectively. - : T _ :
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2. MT and PT of repair welds shall be in accordan_ce with the foliowing:

—_

Finished Acceptance criteria

material MIL-STD-2035
thidkness '
Repair welds in . . g'inc'hesz MT PT

Ferrous castings . - |
Corrosion-resistant steel. Less than 1 Class1-  Class 1
Carbon steel 1 to 3 . ' 1to3 Class 2 Class 2
ATloy steels 3 and over - - 3andover  (Class 3. Class 3
Nickel-base ailoys
Copper-nickel
Aluminum-bronze
Nickel-aluminum-bronze land less @ --... Class 2
Manganese-bronze Over 1 | eeees Class 3
Tin-bronze : '

Aluminum castings A e Class 2
1/ Special-alloy casting (5-8)

CN-7M ' Al el Class 3
N-7MS ,

Titamium and ] less thanl @ --... Class 1
Titamium Alloy l1t03 = ..., Class 2
Castings over 3 meee- Class 3

1/ It is .characteristic of these castings to be subject to superficial surface
craze cracking. MT or PT indications of such craze cracking shall not be
prejudicial when they do not exceed 5/16 inch in length. Indications beyond
this length shall require removal. except that such indications may be approved
subject to technical evaluation for acceptability dependent on intended
application service conditions.

13.2.10 Records. Records of weld repairs shall be maintained and shall

include the following (except as modified in sections 14, 15 and 16):

(2) A sketch showing the size (length. width. and depth) and location of ail
nominal and special repairs. : , :

(b) Record of post weld heat trea_tme_nt (when applicable).
(c) Record of weld repair inspection results.
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=" (&) Record of material weldability test when required by the applicable -

-material specification.

(e) Records shall be retained as required by 13.2.10.1.
, «

13.2.10.1 Mai enance of records. _Unless otherw_ise specified. required

13.2.11 Repair welding on existing shipboard castings. Repair welds made on _
existing shipboard castings shall be inspected by the MT or PT method, as specified
in 13.2.8.2. RT shall also be performed when repair welding is located in an area
for which radiography was specified for the casting in new condition. except

- radiography is not required where the following provisions are met:

(a) Weld overlay is used to restore surface material 1osi through corrosion,
erosion. and wear.

(b) Depth of area prepared for welding does not excead the allowable depth of
a nowinal repair (see 13.2.3).

(¢) Finished weld thickness is 3/8 inch or less.

where the provisions of (a). (b). and (c) apply to castings of S-1 material. post

weld stress relief is not required. For repair welding on mickel - aluminum-bronze

- see the special note to 13.2.5.
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14.  NDT REQUIREMENTS FOR TURBINE PARTS

-~ 4.1 general. This section contains the minimum inspection requirements for
. welds, weldments, and castings used in auxiliary and main propulsion turbine
-

components and_ accessories.

14.2 Inspection regquirements.

14.2.1 Turbine components or parts (fabricaﬁnn. welds, and castings) shall be
“inspected in accordance with table XXI. I ,

TABLE XXI. NDT inspe ction of turbine parts. 1/

-

Part or service MT/PT RT - HT - uT VT
Bearing pedestals and caps:
(@) Weld joints X-3 . ; . X
(b) Castings X-3 - . - - X
Ahead casings and steam chests: 2/
(@) Below 300 1b/i? | X-3 . X 3 X
(b} 300 to 900 1b/ir? X-2 | 3/x-1 X . X
()  Above 900 1b/in’ . X-1 | 3/x1 X - X
Astern castings and nozzle chamber: 2/ .
(a)  Below 300 1b/in’ X-3 - X . X
(b) 300 to 900 1b/ir’ X-2 . X . X
(c) Above 900 1b/in* X-1 - X - X
Inner shells amd nozzies chambers 2/ X-2 - - . X
Diaphragms : X-3 - . . X
Control mechanism and operating gear X-3 - - - X
Supports. flexible ' X-2 - - - X
Support girders for turbines X-2 . - . X
(fabrications, welds, and castings) ,
Control valves o
(3)  Seating surface of valve and CoX-1 - - - X

seat weld overlay/inlay _

Expansion joints (cross-over) - X-3 - X .
Gland seal regulator body (hydraulic type) X-3 - X .

See footnotes at end of table. Original 127
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= MBI T inspection of turbine parts. 1/ - Continued

Part or service MT/PT RT HT Ur '1)

Piping butt weids: (steam)

(a)  Below 300 1b/ir? , X-2 -
(b) 300 1b/ir? and above, <2-1/2 ‘inches X-1 .
(c) 300 1b/ir? and above, (2-1/2 inches

and above) 2/ _ X-1 X-1

M| e
M1 sene

Piping fillet welds (steam) x| -
300 1b/in° and above

Piping and piping welds (oil) -

Weld overlay/inlay (for erosion : - -
.| resistance) : .

(Valve bodies (trip throttle. astern,
guard, strainer, maneuvering. and
non-return) 2/

(a) Below 300 1b/in’

1 )
(b) 300 1b/in® and above X-1 | a1 X

M| ¢

Valve seat seal weld . X-2 -

1/  Inspections required do not eliminate requirements of applicable material
specifications. " '
X- Indicates test required
X- Followed by mumber indicates acceptance class or leve)

2/ Records as specified in 13.2.10 are required.

3/ Applicable to castings with an inside dianeter 2-1/2 inches or greater (or an
- equivalent cross sectional area).

14.2.2 Radiography of castings and steam chests. ‘Radiography of castings and
Steam chests shall be as follows: _

() External pressure boundary walls above valve seats (nozzle control and
by-pass). - _

(b) Steam inlet.

{(c) Steam chest flange and cover (castings onjy).
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(d) Front wall and first stage shell area (horizontal flange excluded) where

~ inlet gauge pressure to chest is 900 1b/in’ or greater.

() Al1 fabrication welds in the above areas.
. -

-

14.3 Performing NOT inspection.
14.3.1 NDT inspection shall be performed in accordance with MIL-STD-271.

14.3.2 Radiographic _standard shooting sketches. Shooting sketches in
accordance with MIL-STD-271 shall be provided to assist in interpretation of the

appiicable radiographs; however, approval of the sketches is not required.

14.4 Acceptance standards for NDT inspection.

14.4.1 Radioraphy. Radiography of welded joints and repair welds in castings
shall be compared and shall be in accordance with ciass 1 of MIL-STD-2035. '
Castings rad-iograpt;s shall conform to table XXI. : :

14.4.2 MI and PT inspection of welds. Inspection for surface discontimrities
ir welds and adjacent areas shall be performed by MT or PT method. In general. the
KT method shall be used on ferrous materials and the PT method on nonferrous
material and austemitic corrosion resistant steels. Acceptance criteria for weids

- shall be in accordance with MIL-STD-2035.

14.4.3 MI and PT inspection of castings. There shall be 100 percent MT or PT
inspection of all accessible areas for items shown in table XXI.
standards shall be in accordance with MIL-STD-2035, except that footnote 1 of
tables VI and X. therein. does not apply. )

14.5 UT inspection.
14.5.1 UT inspection in accordance with an approved written test procedure and

acceptance standards may be substituted for radiography when approved for the
application. _ ' '

14.6 Additiona) jnspection for ferritic materials.

14.6.1 Ferritic castings and fabrication welds thereto which are subject to
NDT prior to stress relief, as permitted by MIL-SID-271. shall be subjected to MT
after stress relief. Acceptance standards shall be as required for the parts or
welds involved. ' :

L4
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<5 15.  NDT INSPECTION REQUIREMENTS FOR PROPULSION REDUCTION
: GEARS AND STEAM TURBINE DRIVEN AUXILIARY GEARS

15.1 General. This section contains the mimimm inspection requirements for
welds and castings used in the fabrication of propulsion reduction gears.

15.2 inspection requirements.
.15.2.1 Propulsion reduction gear components or parts shail be inspected in
accordance with table XXII. ] :

TABLE XXII. NOT i ion of propulsion reduction arts
T tincludi eam_turbine driven auxiliar rs).

Part or service MI/PT |[HT | UT | LT [ VT | Reference
- [HMain element forgings for: X-VA | - [ X-va] - | - 1/ 2/

Pinions, gears, gear rims, shafts,

annulus, carrier
Teeth of main elements . X-VA { - - - -1 23/
Piping welds S '

(2)  Small sections of low pressure XVA [ -] - | - |x :

such as lube oil supply. including
welds joiming nipple to casing

(b) ATl other low pressure lube oil - dxl -a x| vy
Piping welded joints made by the
gear manufacturer
Welds, fabricated gear elel_nents .
(a) Strength welds o -2 | - - -1 X 6/
(b) A1l other welds - - | - - X -
Welds, casing _ :
(a)  Strength welds S X-3 | - . - | X 6/
(b} 011 tight welds - - - X -
(c) ATl other welds : . . . - 1x .
Hubs, cast ’ { XVA | - | X-va] - X -
Thrust bearing housing and caps 4x3 -1 -1 -Jx] -
Lube oil sump - - - X | X 1/

1/ UT shall be in both radial and longitudinal directions using either a shear or
longitudinal wave depending upon the geometry of the forging.

&/ Steel forgings shall be examined by the MT method: normagnetic materiais shall
be examined by the PT method.
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'3/ Inspection shall be performed after cutting or grinding teeth. as applicable.
~ but before shot peening for through-hardened elements.

-4/  Piping which is furnished in sections by the gear manufacturer for installation
welding at the shipyard will not require hydrostatic testing by the gear
manufacturer where the final assembly is presstire tested by the shipbuiider.

3/  Test pressure shall be a gauge pressure of 150 1b/irf,
6/ A strength weld transwits propulsion torque or propulsion thrust.

1/ Test shall consist of Tilling sump with water or clean hot oil and visually
examining for jeakage. Leaks shall be cause for rejection pending corrective
repairs and retest-to assure a sound leak-free sump.

X" - Indicates test required. )

X - Followed by number indicates acceptance level.

X - Followed by VA indicates vendor levels as approved by NAVSEA

LT - Leak test (gravity) '

15.3 Performing NDT inspection.
15.3.1 NDT inspection shall be performed in accordance with MIL-5TD-271.

15.4 Acceptance standards for NOT inspection.

15.4.1 MT_and PT inspection of welds. Inspection for surface discontinuities
in welds and adjacent areas shall be performed by MT or PT method. In general. the
MT method shall beusedmferrousmateﬁalsmdtheﬂmttndmmnfem
materials and austenitic corrosion resistant steels.. Acceptance criteria for welds
shall be in accordance with MIL-STD-2035. '

15.4.2 MT and PT inspection of castings. There shall be 100 percent MT or PT
inspection of all accessibie areas for the items shown in table XXII. Acceptance
standards shall be in accordance with MIL-STD-2035. _ '

| 15.5 UT inspection. |

15.5.1 UT inspection in accordance with an approved written test procedure and
acceptance standards may be used when approved for the application.

tional inspection for f | |

15.6.1 Ferritic castings and fabrication welds thereto wirich are radiographed

prior to stress relief, as permitted by MIL-SITD-271. shall be subjected to MT

inspection after stress relief.  Acceptance standards shall be as required for the
parts or welds involved. '
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= 16.  NDT INSPECTION REQUIREMENTS FOR FORCED DRAFT BLOWERS

' 16.1 @General. This section contains the minimm inspection requirements for
weids and casting used in the fabrication of forced draft blowers. ' '

_ *
16.2 Inspection requirements.

- 16.2.1 Forced draft blower components or parts shall be inspected in

accordance with table XXIII. ' '

TABLE XXIII. - MDY inspection requirements for forced draft blowers.

Part or service MT/PT | RT HT ur VI _ |-
Cylinders - - X - X.
Blade rings (compressor stator X-3 - - - X
Packing casings _ - X-3 - - - X
—" | Supports, flexible _ . -2 | - - - X
- | Control valves:
Seating surface of valve and seat X-1 - - - X
Dises - turbine and propeller X-VA . . X-VA X

X - Indicates test required
X - Followed by mumber indicates acceptance class
X - Followed by VA indicates vendor levels as approved by NAVSEA

16.3 Perforwing NOT inspaction.

16.3.1 DT inspection shall be performed in accordance with MIL-STD-271.

16.3.2 Radi ic_standard ing sketches. Shooting sketches in
accordance with MIL-STD-271 shall be provided to assist in interpretation of the
applicable radiographs: however, _approval of the sketches is not required.

16.4 Acceptance standards for NOT inspection.
~16.4.1 Radiography. Radiography of welded joints and repair welds in castings
shall be compared with class 1 of MIL-STD-2035. Casting radiographs shall conform
to table XVIII. o o |
16.4.2 MT and PT i i . Inspection for surface discontinuities
in welds and adjacent areas shall be performed by MT or PT method. The MT method.
shall be used on ferrous materials and the PT method on nonferrous materials and

austenitic corrosion-resistant steels. Acceptance criteria shall be in accordance
with MIL-STD-2035. o

16.4.3 MT_and PT inspection of castinas. There shall be 100 percent HT or PT

inspection of a1l accessible areas for items shown in table XXIII. Acceptance
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_Standards shall be in accordance with MIL-5TD-2035, except that footnote 1 of -
~“tables VI and X. therein, does not apply.

16.5 UT inspection.
-

16.5.1 UT inspection in accordance with an approved written test procedure and
acceptance standards may be substituted for radiography when approved for
application. .

16.6 Additional inspection for ferritic materials.

16.6.1 Ferritic castings. and fabrication welds thereto which are subject to
NDT prior to stress relief, as permitted by MIL-STD-271. shall be subjected to MT
inspection after stress relief. Acceptance standards shall pe- as required for the
parts or welds involved. : ‘
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- .17, NOTES

. 17.1 Cancelled specifici:ions. The followiug are cancelled or superseded
specifications for materials. ey are Tisted it this document to identify

- applicable requirements for w..-ing. NOT, etc. whag, the materials are encountered.
e.g. in existing ships, n2nts, ete. : a

FEDERAL
0Q-A-601 - Alumimm Alloy Sand Castings. - |
QQ-B-637 . . - Brass, Naval: Rod, Wire, Shapes. Forgings. and
; | Flat Products with Finished Edoges (Bar, Flat Wire,
: and Strip). :
| Q0-B-728 - Bronze Manganese: Rod, Shapes, Forgings, and Flat
. - ' : Products (Flat Wire. Strip, Sheet, Bar, and Plate).
B Q0-B-750 - Bronze, Phosphor: Bar. Plate. Rod. Sheet. Strip,
, : Flat Wire, and Structural and Special Shaped
Sections. _
QQ-C-465 - Copper-Aluminum ATloys (Aluminum Bronze) (Copper

Alloy Numbers 606, 614, 630, 632M, and 642): Rod,
Flat products with Finmished Edges (Flat Wire,
Strip, and Bar); Shapes, and Forgings.
0Q-C-576 - Copper Flat products with STit. S1it and Edge-
: : Rolied, Shearet. Sawed. or Machined Edges, (Plate,
' . Bar, Sheet. and Strip). :
QQ-C-591 - Copper-Siticon, Copper-Zinc-Silicon, and Copper-
Nickel-Silicon Alloys: Rod, Wire, Shapes, .
Forgings, and Flat products (Flat Wire, Strip,
Sheet, Bar, and Plate).

0Q-E-450 - Electrode, Welding, Covered: Miid Steel. ,
0Q-N-288 - g'la';llt:?l-l:opper Alloy and Nickel -Copper-Silicon Alloy
- ngs. ,
QQ-5-766 - Steel, Stainless and Heat Resisting, Alloys. Plate.
Sheet, and Strip. _ '
WW-T-799 - Tube, Copper, Seamless, Water (For Use with Solder-
- Flared or Compression Type Fittings).
MILTTARY :
MIL-5-860 - Steel Forgings for Steam Turbine Rotors.
MIL-5-861 - Steel Bars, Corrosion Resisting, Naval Steam
, Turbine Parts Use. '
- MIL-S-B62 = - Steel Bars. Corrosion Resisting, and Steel Billets.

Corrosion Resisting: Reforging Application.
MIL-5-867 - - Steel Castings, Corrosion Resisting Austenitic.
MIL-5-870 - Steel Castings. Molybdemm Alloy.
MIL-S-872 - -S%ee‘l Bars, Billets, and Forgings-Carbon-Molybdenum
Pipe, Corrosion-Resistant, Stainiess Steel,
Seamless or Welded,

MIL-P-1144
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MIL-5-8699

MIL-S-15083
MIL-C-15345
MIL-5-15464
MIL-B-16541
MIL-5-16974

MIL-S-16993
MIL-T-17188
MIL-5-17509
MIL-5-18410
MIL-T-1B165
MIL-5-20154
MIL-T-20155

MIL-T-20157
MIL-C-20159

MIL-7-20168
MIL -B-21230

MIL-S-24412

MIL -B-24059

$9074-AR-GIB-010/278

Steel Bars and Forging Stock (4330) Vanadium
Modified, Aircraft Quality.

Steel Casings. _

Castings. Nonferrous, Centrifugal.

Steel, Alloy. Chremium-Molybdenum: Castings.
Bronze, Valve: Castings.

Steel Bars, Billets, Blooms and Slabs: Carbon and
Alloy (for Reforging or Other Operations Before
Heat Treatment).

Steel Castings (12-Percent Chromium).

Tube, Carbon Steel, Electric Resistance Welded,
Marine Boiler.

Steel Castings, Austemitic, Chromium-Nickel. Low
Magnetic Permeability.

Steel Bars, Billets, and Forgings - Chromium-
Mol ybderum Alloy. : _—
Tube and Pipe, Chromium-Molybderum Alloy Steel.,
Seamless. , _ :
Steel: Plate, Special Treatment, For Protective
Hull Plating. '

Tube and Pipe, Carbon-Molybdemum Alloy Steel.
Seamless (ASTM-A-335-55T, Grade P-1)

Tube and Pipe, Carbon Steel, Seamiess.
Copper-Nickel Alloy Castings (UNS No. C96200 and
C96400) . :

Tubes, Brass, Seamless.

Bronze, Nickel Aluminum and Manganase-Nickel _
Alumimum: Castings, Ship Propelier Application.
Steel, Special Structural Shape, Weldable, High
Tensile (HT): for Submarine Hulls.

Bronze. Nicke] Alumimum: Rod,- Flat Products with
Finished Edges, Shapes. and Forgings.
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- APPENDIX A
ADDITIONAL REQUIREMENTS FOR WELDING TITANIUM AND TITANILM ALLOYS
10. SCOPE | -

10.1 This appendix contains additional requirements for a fabrication plan,
personnel and production testing of welds for titamium fabrication.

20. REFERENCED DOCIMENTS
20.1 This section is not applicabie,
~ 30.. APPROVAL FOR FABRICATION AND WELDING

30.1 Fabrication plan. Activities, including all invoived subcontractors.
seeking to fabricate (i.e., weld, repair weld, heat treat, form, or machine in
... preparation for welding) 5-51, S-52, and S-53 materials shall prepare a written

(a) Fabrication desian. Components and systems fabricated of S-51. S-52. and
5-53 waterials shall be specifically designed to ensure that location of
welds, assembly of subcomponents, etc. are such that all welding is
perfnmedinthesiuptnﬂnmmmmaicable.wmat :
shipboard welding is minimized. In addition all shipboard welds shall be
designed to ensure that location affords good welder access (considering
trailing shields, ete.) and that consideration is given to purging acc: -,
obtaining requisite Tit-up, practicality of establishing temporary are:=s
for cleanliness (See 30.2), and all other requirements of this document.

(b) Workmanship and i pection ards. 'mestandards_for

(c) &mm_mm_m Details of the forming and heat treating
procedures, including sequencing and inspection, shall be provided.
Qualification of the procedure. verification of results and provision for

process control in produc_tion 'shall be reviewed for approval by NAVSEA.
- (d) Safety. Procedures for the safe collection, storage and disposal of

titanium chips and dust resulting from machinming and grinding operations

shall be established. Included shall be plans for fire prevention and
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fighting of fires in titamium fines. Safe handling, storage, and disposal
- methods for solvents shall be referenced.

This plan shall be submitted for review and written notification of acceptance
shall be received from NAVSEA prior to the start of fabrication. Any proposed
technical changes to the plan shall be promptly provided to NAVSEA for review.
Where evidence is provided to show that similar fabrications have been previously
produced to this document or that the activity has extensive titamium fabricating
experience, NAVSEA may, at its discretion, accept procedures established by that
activity in lieu of all or portions of the requirements of this paragraph. ‘

30.2 Facilities. The activity and/or its subcontractor(s) shall prepare and
obtain NAVSEA approval of a procedure that establishes facility requirements for the
fabrication of titanium. This procedure shall include the controls to be
established for the welding and fabrication of titamium to preclude contamination.
Although, the use of a dedticated facility is reconmended, the activity may establish
temporary fabrication areas for titamium welding. The procedure .shall address:
equipment necessary for materials handling, envirommental control, welding.
macirining, conditioming and cleaming, inert gas distribution, heat treating, and
nondestructive evaluation. The procedure shall provide requirements that ensure
that the welding area is restricted from general traffic, and is protected from
winds and draft, dirt. smoke. grinding residues, welding and machining operations on
other materials. and other airborne contaminants. All equipment to be used in the
titanium welding area shall be blown clean and wiped to remove accumulated dust and
dirt before being brought into that area. Pneumatic tools shall not be used in the
area of welding or fabrication operations unless requirements specified in the
procedure preclude contamination of welds, base materials, and filler materials. A
regular scheduled cleanup of welding areas and temporary areas (while maintained for
use) shall be established. Clean up is to include use of vacum cleaners exhausting
outside the area rather than items such as brooms. Controls for the use of
nondedicated materials. equipment, and facilities (e.g.. preheat furnace for hot
forming) shall also be included in the procedure to ensure that such use does not
contaminate the titanium or titanium alloy.

30.2.1 Materials. - All materials involved in the fabrication or inspection of
titanium and titanium alloys. including consumables such as shielding gases,
cleaning agents. and dye penetrants, shall be. certified as to purity and conformance
to specification and/or fabrication plan. Shielding and purge gases shall be argon, .
helium or mixture thereof. Al1 shielding and purge gases used for welding or for
heat treating (vacuum furnace purging) shall have (1) a purity of at Jeast 99.995
percent and (2) 2 dew point of -60°F or less at the work piece. (weld) or purge exit.
Shielding gas hoses for welding shall be new or shall have been used to carry inert
welding shielding gas only. Records of certification 11 be maintained.

30.2.1.1 Dew point of shielding and purge gases shall be tested at the
beginning of each shift or whenever gas flow is interrupted. except as follows: dew
point shall be verified for each weld and repair weld that is not inspected on the
backside per 10.3.13 because of inaccessibility. :

30.2.1.2 Stainless steel brushes used for cleaning shall be free o* any
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‘_‘_fﬁnt’aminant and shall be used only on titanium and -t'itan'ium alloy.

30.2.1.3 The cleaning solvent used shall be acetone, Alcohol Formula 23.

H‘sopropy’l alcohol or other nonhalogenated solvent proven to have no potential

adverse affect on titanium. -

30.2.1.4 ATl tooling for fabrication used on the final surface such as bending
dies and mandrels. machine carbide bits, carbide grinding burrs, etc. shall be only
used for titanium. , '

30.3 Persomel. A1l personnel working with titamium and titanium alloys shall
be given formal instruction. within the limits of their discipline, on procedures

30.3.1 Welders. Qualified welders and welding operators should not be
assigned to weld other materials during the time period that they are engaged in .
production welding of titanium. : : o

40. PRODUCTION TESTING OF S-51. S-52, AND S-53 WELDS. B
40.1 testing of welds in class A For class A-F. A-1, A-2 and

or B Joints are involved. An additiona) test plate, meeting the same requirements,
2s above. shall be made for each additional 100 ft. or portion thereof of Location A
or B joints involved. The bend specimens shall be prepared and tested in accordance

with MIL-STD-248 and shall meet the requi therein. Failure of either bend
Specimen constitutes rejection of the weld. ' : - -
40.1.1 MWelded Joint ion. The location of a welded joint in a vessel

defines the placement but not the type of joint. This paragraph establishes joint
locations for use in specifying special Joint type requirements and degree of
inspection of certain welded pressure Joints. Since these special requirements,
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witich are based on service, material, and thickness. do not apply to. every welded
~Joint in all classes of vessels. only those joints to which special requirements
apply are included. Figure 4 illustrates typical joint orientations and placements
-included in Locations A, B, C. and D. as described beiow. '
o,

40.1.1.1 jlocations A. Longitudinal weld Joints within the main shell,
communicating chambers, transitions in diameter. or nozzles: any weld joint within a
sphere, within a formed or flat head, or within the side plates of a flat sided
vessel: circumferential welded joints connecting hemispherical heads to main shells.
to transitions in diameter, to nozzles. or to commumicating chambers. '

Notes: 1. Commmicating chambers are dsfined as appurtenances to i:he
vessel wirich intersect the shell or heads of & vessel and
form an integral part of the pressure containing enclosure,

e'g' v sms"

2. Side plates of a flat sided vessel are defined as any of the
flat plates forming an integral part of the pressure
containing enclosure. : :

40.1.1.2 Locations B. Circumferential welded joints within the main shell,
communicating chambers, nozzles, or transitions in diameter including joints between
the transition and a cylinder at either the Targe or small end: circumferential
welded joints cormecting. formed heads other than hemispherical to main shells, to
transitions in diameter to nozzles, or to commmicating chambers,

40.1.1.3 Locations C. Welded jo'infs connecting flangss. Van Stone laps, tube
sheets, or flat heads to main shell, to formed heads, to transitions to diameter, to
nozzles, comnecting one side plate, to another side plate of a ﬂat-_s'ided vesse].

40.1.1.4 locations D. Welded joints connecting commmicating chambers -or
nozzles to main shells. to spheres. to transitions in diameter, ‘to heads, or to
flat-sided vessels, and those joints connecting nozzles to commumicating chambers
(for nozzles at the small end of a transition in diameter, see Locations B).

40.1.2 When butt welded joints are required elsewhere in tiris document for
Locations B. an angle joint commecting a transition in diameter to a cylinder shall _
be considered as meeting this requirement provided the angle. o (see Figure 4) does
not exceed 30 - A1l requirements pertaining to the butt welded Joint shail
apply to the angle joint. : .

40.1.3 Test results shall be recorded and signed by the activity's responsible
official. Records shall be identifiable to the vessel and welds they represent and
shall include date of tests and bend radius. Records shall be mintained along with

other documentation required herein,

40.2 Testing of Welds ip Other than Class A Components,
- 40.2.1 Each welder and welding operator qualified for pipe shall
“stisfactorily complete one pipe test coupon for visual and color inspection and
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per the requirements of this document, Any occurrence of unacceptable color except
for straw or very light blue shall cause rejectionpf coupon. Bend specimens:
shall be prepared and tested in accordance with MIL-STD-248. Welding of the
coupon shall conform to the following: '

@ The coupon shall be a full penetration butt joint design of MIL-STD-22 and

Joints. For persomel not having butt weld qualifications. an altercare -
testing method that includes macro and hardness testing can be submitted -
for NAVSEA approval. or the requirements of this section shall be met.-

b. The coupon shall be large enough to provide necessary bend specimens (one
' faceandonet_‘ootbendsl:ecim). - -

‘welding shall be usad for the - Preparation and fit-up of the
coupon shall be performed by the Same persomnel performing these

d. The coupon may be welded in any position.

‘€. Subject to g. below. a welder who uses more thaﬁ one welding process, may
use any one of the processes for which he is qualified - weld the coupon.

. Subject to g. below, the test coupon should be welded using the mamuai
process where the welder used both manual and automatic processes in
production. Also if the welder is engaged in shipboard welding, the
mmslmidbesd:emledsoastohempletedstnpboard.

9. The activity shall structure the welding of coupons so that al] welding
greas and equipment used for production welding are regularly employed for
making test coupons from time to time, : _

-h.  If there is mo production welding at the end of 92 days. the welder shall

40.2.1.1 Except as permitted below, if the test coupon fails, the activity
shall ascertain the cause of the failure and correct it and the welder is permitted
to repeat the test coupon once. Faﬂureofthesemndtestcupontemimtes all
the-welder's quatifications for titamium and full requalification is required. If _
the failure is due to 2 weld defect only, one bend specimen ailure per test coupon
is permitted provided two additional bendSpecimsoftlnsnetypeare removed
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~=from the coupon and are satisfactorily tested per-MIL-STD-248.

40.2.1.2 The activity's methods and controls for accomplishing coupon testing
- shall be described in a written procedure. Records of test results signed by the
activity’'s responsible official, shall be maintaimed for all welders for the
preceding 12 months. Records shall inciude base miterial grade and thickness,
welding process, bend radius. location of test (shipboard. shop, etc.) test date,
resutts and welder's name. :

40.2.1.3 Activities exclusively welding piping or tubing of sizes 'l‘ess than 1-
1/2 inch nps are exespt from the requirements of 40.2.1. -

40.2.2 For welding other than pipe, as covered by 40.2.1, and pressure
vessels, as covered by 40.1, the following shall apply: Testing is not reguired for
class M, category.C welds. For personnel performing welding of casting fabrication -
welds or fabrication welds in other components covered by this document, testing: per
40.2.1 shall also be performed except that plate may be used in lieu of pipe.
Alternatively, bend testing per 40.1 may be performed for each component. -

- Activities exclusively perforaing repair welding of castings or producing components
made by automatic welding processes in a chamber, or vacuum, of materials less than
1/8 inch thickness are exempt from these requirements.

40.2.3 As an alternate to 40.2.1 or 40.2.2, sampling of in process and final

weld hardness in accordance with methods and procedures approved by NAVSEA may be
performed. 7 .
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