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1. SCOPE 

1.1 This docunent contains the welding and a l l ied  processes (except brazing) 
and casting requirements including inspection for the fabrication, a1 teration, or 
repair of any i t e m  or component o f  machinery. piping. and pressure vessels i n  ships 
o f  the United States Navy. 

1.2 Requirements for welding and inspection o f  HY and HSLA steel submarine 
structure and surface ship structure are contained i n  MIL-STD-1688. HIL-STD-1689 and 
MIL-STD-1681. as applicable. 

- 1.3 Wel~ntslbadeprinctpallyofsheetnetal (suchaselectrical boxes: 
ventilation and a i r  conditioning ducts: and protective covers for gears. belts. and 
chain drives) are excluded from the requirements o f  th is  document. Welcbaents of 
vents, overflows. and drains are also excluded. 

1.4 This docunent contains both mandatory requi rements and guidance 
information. The ~aandatory requirements. indicated by the words 'shall' or ' is 
required'. are designed to serve as standards applicable t o  materials. workmanship. 
inspection. and quality control. Guidance information i s  indicated either by the 
word 'should' or 'may'. Where specific approval by the Naval Sea Systems Cammand 
(NAYSEA) i s required. 1 t i s  so noted (see 1.6). 

1.5 Reference i n  th is  docunent to a particular paragraph or sectwn nmber 
shall include a1 1 applicable subparagraphs under that paragraph or section nunber. 
For example: The reference to paragraph 4.4 shall include subparagraphs 4.4.1 and 
4.4.2. 

1.6 Reaui rements subject t o  NAVSFA amoval. Any requi rentents contained i n  
th is  doctoent specifically requiring NAVSEA approval shall be forwarded t o  Naval Sea 
Systea~~ Camand. 2531 Jefferson Davis Highway. Arlington. VA 22242-5160 via the 
authorized representati w. Subcontractors shall sutnnit such items t o  the 
contract1 ng act iv i ty  i n  accordance w i t h  the contract or purchase order. Contracting 
act iv i t ies and authorized representative shall thoroughly review and make 
recormendations as to the acceptability o f  the requirement submitted. 

1.7 hcunent -. Unless othetwise specified herein. i n  the event o f  
confl ict between th is  doaa#nt and other docunents, the following order o f  
precedence shall apply: 

(a) Ship specifications for a part i  w la r  ship or class, or Deep Diving General 
Overhaul Ship Sped fications (DDGOSS) . as appropriate (this includes plans 
and drawings) . 

(b) Equipnent or conponent specifications. 

(d) Other referenced doarnents. 
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1.8 Upon acceptance by an activity. this issue of the docunent shall be used 
i n  its entirety. Previously approved deviations from earlier issues are not 
applicable unless approved for use with t h i s  issue. 

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

(a) Base and filler aaterials and welding prooesses normally allowed by NAVSEA 
2504500-1 are ured. except, W-80 and HY-100 welding shall be in 
accordance ui t h  t h i s  Qcuent . 

(b) A l l  the recprirunent~ of WAVSEA 250-1500-1 are let. 
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2. REFEREKEDl%xuwm 

2.1 -. 
2.1.1 S ~ e c i  fications and standam. The f o l  lowing speci fi cations and 

.standards f om  a part o f  th i s  docment t o  the extent specified herein. Unless 
otherwise specifted. the issues o f  these docunents are those 1 isted i n  the issue o f  
the Department of Defense Index o f  Specifications and Standards (DoDISS) and 
suoolement thereto. cited i n  the sal ic i tat lon f om  a part of  th is  doarment t o  the 
e x k t  specified herein. 

QQ-A-225n 

QQ-A-250 

QQ-A-25011 
a-A-250/2 
QQ-A-25016 
QQ-A- 25018 
QQ-A-250110 
aQ-B-639 

QQ-C-390 

- Aluuinun Alloy. Bar. Rod. Shapes. Structural 
Shapes. Tube and Wire. Extruded: General 
Specification for. - Aluuinm Alloy 3003, Bar, Rod, Shapes. Tube 
and Uire. Extruded. - A1 uninun Alloy 5083. Bar. Rod. Shapes. Tube 
and Wire. Extruded. - Alunlnun Alloy 5086. Bar. Rod. Shapes. Tube 
and Wire. Extruded. - Alunimra Alloy 5454. Bar. Rod. Shapes. Tube 
and U i n .  Extruded. - A1 uuinu A1 loy 5456. Bar. Rod. Shapes. Tube 
and U i n .  Extruded. - A l u f n u  and Alminrra Alloy Bar. Rod. Wire. or 
Special Shapes: Rolled. Drawn. or Cold 
Finished: General Specification for. - Alusfnu Alloy Bar. Rod. and W i r e :  Rolled, 
Drawn. or  Cold Finished. 1100. - A l u i n a  Alloy Bar. Rod. and W i r e :  Rolled. 
Dram. or-Cold Finished. 3003. - Aluinrrn Alloy 5052. Bar. Rod. and Wire: 
Rolled. Drawn. or Cold Finished. - A l u u i w  and A l u n i m  Alloy Plate and Sheet: 
General Specification for. - A l u i r n a  1100. Plate and Sheet. - A1 unimr Alloy 3003. Plate and Sheet. - A1 rairw Alloy 5083. Plate and Sheet. - A1 uninra Alloy 5052. Plate and Sheet. - Alrsrinu Alloy 5454. Plate and Sheet. - Brass. Naval : F l a t  Products (Plate. Bar. 
Sheet. and Strip). - CoppeF A1 loy Castings (Incl d i n g  Cast Bar) . 
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FEDERAL (Continued) 

MILITARY 

- Copper-Almrfnua Alloy (Aluninun Bronze) Plate. 
Sheet. Strip. and Bar (Copper A1 loy Nunbers 
606, 610. 613. 614. and 630). - Nickel-Copper Alloy Bar, Rod. Plate. Sheet, 
Strip. Wire, Forgings, and Structural and 
Special Shaped Sections. - Steel Bars. Wire. Shapes. and Forgings, 
Corrosion-Resisting. - Pipe. Steel, (Seamless and Welded. Black and 
Zinc-Coated (6al vanized) 1. - Tube. A l u n i n r s  and Alminun Alloy. Drawn, 
Seamless. General Specification for. 

- Tube. Alrainun. Drawn. Seamless. 1100. - Tube. Alrainun. Alloy. Drawn. Seamless. 3003. - Tube. A l u u i n r a  Alloy. Drawn. Seamless. 5086. 

- Tube and Pipe. Nickel -Copper A1 loy. Seamless 
and Welded. - Tubing.' Phosphor Bronze: (CM No. 510) Round. 
Searless.: - Tubing, Chne-MolyWenrra, 4WO Steel. 
Sealess and Welded. Aircraft Qwlity. - Welding. Resistam: Spot and Sea. - Tubing. Steel . Corrosion-Resi stant (304). 
Aero-space Vehicle Hydraulic Systems. 
Annealed. Smless a d  Welded. - Titanim and T l tan iu  Alloy. Sheet. Strip and 
Plate. - T i tan lu  and T i tan iu  Alloy Bars (Rolled or 
Forged) and Reforging Stock. Aircraft Quality. - Tubes, 70-30 and 90-10 Copper Nickel A1 loy. 
Condcnscr and Hcat Exchanger. - Copper-Nickel A11qy. Rod. Flat Products ( f la t  
Uin. Strtp. Sheet. Bar. and Plate) and 
FoWngs. - Steel Plate. Alloy, Structural. High. Yield 
Strength (HY -80 and HY - 100). - Tube. Steel . Seanless. hrine Boi l e r  
Application. - Tube. Copper-Wickel Alloy. Sealess and Uelded 
(cogpcr Alloy Wlrakrs 7 l5  and 706). - Rods and Pasdcrs. Welding. Surfacing. - Nickel-Copper Alloy. W g h t :  (55-60 Percent 
Nickel) Law Perrmeability. - Ilapregnants for A l u n i ~ .  Copper. Iron. 
Mgnesim. and Zinc Alloy Castings. 
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MILITARY (Continued) 

MIL-S-18728 

MIL-S-18729 

MIL-E-19933 

MIL-F-20236 

MIL-F-20670 

MIL-A-21180 
MIL-E-21562 

MIL-S-21952 
MIL-E-22200 

MIL-E-22200/1 

MIL - E-22200/2 

MIL-E-22200/3 

MIL-E-22200/4 

MIL-E-2220015 

HIL - E - mOO/6 

MIL-E-22200n 

HIL-E-22200/8 

- Steel Plate, Sheet and Strip. Alloy 8630, 
Aircraft Qua1 i ty. - Steel Plate. Sheet. and Strip. Alloy 4130. 
Aircraft Qwli ty.  - Electrodes and Rods - Welding. Bare. Chrmi un 
and Chmai  m-Ni ckel Steel s . - Fittings, Tube and Pipe. Butt-Welding. 300 
P.S.I. and 775°F. Haximu. - Flanges. Pipe. Carbon Steel . 150 P .S. I. . 
W.S.P. (for Naval Shipboard Use). - Alminun-Alloy Castings, High Strength. - Electrodes and Rods - Welding. Bare. Nickel 
Alloy. - Steel (HY-80 and HY-100) Bars. Alloy. 

- Electrodes, Welding. Covered: General 
Specification for. - Electrodes. Welding. Hineral Covered. Iron- 
Powder. Low-Hydrogen Hedim and High Tensile 
Steel. As Welded or Stress-Re1 ieved Weld 
Application. - Electrodes, Welding. Covered (Austenitic 
Chrauiun-Nickel Steel 1. - Electrodes. Welding. Covered: Nickel Base 
A1 loy: and Cobalt Base Alloy. - Electrodes . We1 di ng . Covered. Copper - N i  ckel 
Alloy. - Electrodes. Welding. Mineral dovered. Iron- 
Powder. Low-Hydrogen. Low-Alloy Steel for 
Hardening and Tenpering Heat Treatment 
Applications Only. - Electrodes. Welding, Mineral Covered. Law 
Hydrogen, Uedirn and High Tensi 1 e Steel . - Electrodes. Welding. Covered. ~lybdenuu Alloy 
Steel Appljcation. - Electrodes, Welding. Covered. Low-Hydrogen. 
and Iron Powder Low-Hydrogen, 
Chroelm-UolyWenrP Alloy Steel and Corrosion 
Resi sting Steel . - Electrodes. Welding. Mineral Covered. 
Iron-Powder. Low-Hydrogen Hediun, High Tensile 
and Higher-Strength Low Alloy Steels. - Steel Plate an8 Shapes. Weldable Mi nary 
Strength and Higher Strength: Hull Structural. - Steel Castings. Alloy. High Yield Strength 
(HY-80 and HY-100). - Steel Forgings. A1 loy. High Yield Strength 
(HY -80 and HY -100). - Steel , Corrosion Resistant Castings. 
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MIL-S-24238 
MIL-N-2427l 
MIL-P-24338 
MIL - F - 24339 

Steel Forgings. Carbon and Alloy. 
Steel Bars and Forgings. Corrosion Resistant. 
Steel Plate. Sheet and Strip. Corrosion 
Resistant. 
T&e and Pipe. Corrosion-Resistant Steel. 
Sealess. 
T u k  and Pipe. Nickel Chroaim Iron Alloy. 
Nickel-ChnPirm-Iron Alloy Plate. Sheet and 
Strip. A i r  Uelted or Vaarrp Rernel ted. 
Nickel-Chrauiun-Iron Alloy Bars and Forgings. 
Steel Forgings. Carbon and Alloy. for Shafts. 
Sleevts. Couplings. and Stocks (Rudders and 
D i  v i  ng P l  anes) . 
Inserts. Ueldi ng. Fi 11 er Clateri a1 . Coi 1 ed and 
Solid Rings. 
Fit t ing and flanges. Wrought. Seamless. Butt 
and So&t Welding. Austenitic 
Corrosion-Resi stant Steel . 
Plating. Tin-Cabalm (Electrodepost ted) . 
Fittings and Flanges. Wrought, Seamless. B u t t  
and Socket Iklding. Nickel Copper Alloy. 
Tube and Pipe, Nickel-Copper Allcy. Seamless 
A i r  Ileltcd. 
Electrodes and Rods - Welding. Bare. Solid and 
Alloyad Cored. 6eneral Specification for. 
Electrodes and Rods - Welding. Bare. Solid and 
Alloy Cond. Ordimry St- and Low Alloy 
Steel. 
Electrodes and Rods: Uelding, Ban, Solid. or 
Alloyed Cored. Low Alloy Steel. 
Electrodes. Uelding. Bare. Copper and Copper 
Alloy. 
Electrodes-Welding. Ban. Solid: and Fluxes. 

A r t  Welding, Carbon and Law Alloy 
Steels . 
Steel Forgings. Carbon and Alloy Heat Treated. 
Nickel -Copper A1 loy Bars. Rods. and Forgings. 
Law Carbon M u  Steel Bars. Rods. and 
Forgings. 
Steel Plate Cartxm and Law Alloy. 
Nickel-Chrorim-Iron Alloy Castings. 
Pipe, brbm Steel. Scrrlcss. 
Fittings and Flanges. Wwght. Searless. Butt 
and Sacket Welding Carbon Steel. 
Fit t ing and flange. Wrought. Seamless. B u t t  
and Socket Welding. 70-30 Copper Nickel Alloy. 
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MILITARY (Continued) 

MIL-E -243% 

MIL-S-24371 

MIL-E-24403 

MIL-E -24403/l 

MIL- E -WOW2 

MIL-S-24451 

MIL - B - 24480 

MIL-C-24615 

MIL-S-24645 

MIL- F-24669/8 

MIL-N-24687 

MIL-P-24691/1 
MIL-P-2469U2 

MIL-P -24691/3 

MIL-C-24707/1 

MIL-C-24707 /2 

MIL-C-24707/3 

Electrodes. Welding. Bare, Solid. 
Nickel -Manganese-Chromi m Hol ybdenun A1 1 oy 
Steel for  Producing HY-l3O Wel-nts for 
As-Welded Applications. 
Steel Plate. Alloy. Structural, High Yield 
Strength (HY-130). 
Electrodes - Welding. Fl  w Cored. General 
Specifications for. 
Electrodes - Welding. Flw Cored, Ordinary 
Strength and Low A1 loy Steel . 
Electrodes - We1 d i  ng , fl w Cored. Low A1 1 oy 
Steel. 
Steel Heat Treated Heads. Alloy Structural . 
High Yield Strength (HY-80 and HY-100). 
Bronze. Ni &e l  -A1 mi nun (UNS No. C95800) 
Castings. for Seawater Service. 
Castings. Nickel -Chroarlun-Eblybdemm-Colrrabiun 
A1 loy. 
Steel Plate. Sheet, or Coil, Age-Hardening 
Alloy, Structural. High Yield Strength 
(HSLA-80). 
Forgings and Forging Stock. Steel (Carbon and 
Alloy) Bloaar. Bars. Bi l le ts and Slabs. 
(Metric) 
Forgings and Forging Stock, Steel Bars and 
B i l le ts  - Chrorriun-Molybdenun Alloy. (Metric) 
Forgings and Forging Stock. Steel Bars and 
Billets. Conwion Resisting: for Reforging. 
(Metric) 
Forgings and Forging Stock. Steel Bars and 
Bi 1 lets. Corrosion Resisting : Naval Steam 
Turbine Parts Use. (netric) 
Forgings and Forging Stock. Steel for Integral 
Stem Turbine Rotors. 
Nidrtl -mu-Iblybdentm-Iron-Colrrabim 
A1 loy Bars and Forgings 
Pipe and Tube, Carbon Steel, Stainless. 
mpe and Tube. Chrcnnim-IblyWenrP Steel. 
Sealess. 
Pipe and Tube. Corrosion-Resi stant. Stainless 
Steel. Seamless or Welded. 
Castings. Ferrous. for Machinery and 
Structural Appl i cati om. 
Castt ngs . for Pressure Contain4 ng Parts 
Suitable fop High Teapcrature Service. 
Castings . Ferrous. Corrosi on-Resi stant. 
Austenitic. Chnniun-Nickel. 
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MIL - SID-1628 

MIL-SID-1681 

Castings. Ferrous. Chranim Steel. for 
Prwum-Containing Parts Suitable for High 
TaQerature service. 
Castings. Nickel-Capper Alloy. 
Heat Treatment of Titanim and Titanium 
Alloys. 

Wcfded Joint Design. 
Melded and Brazing Procedure and Perfomme 
Qua1 i fieation. 
Nondestructive Testing Requirements for 
Metals. 
I ~ t m  of  Porous Nonferrous M a 1  
Castings. 
Schedule of  Piping. Valves, Fittings, and 
Associated Piping Components for Suboari ne 
service. 
Sdwdule of  Piping. Valves. Fittings. and 
Associated Piping CaaQonentS for Naval Surface 
Ships. 
W n g  of  Pipe or Tube for Ship Piping 
systems. 
F i l le t  Weld Size. S t r m g t h .  and Efficiency - 
Ikkrrinatim. 
Fabrication. Welding. and Inspection of W - W  
maarinc Applications. 
Them1 Spray Processes for Naval Ship 
Hachincry and Ordnance Applications. 
Fabrication, Welding. and Inspection of 
m80/100 maarine Applications 
Fabrlwtlm. Uelding. and Inspection of Ships 
Struckrn 
Nondestructive Testing k c e p t m e  Criteria 
Repair Uelding. Meld Cladding, Straightening 
and Cold Rolling of Main Propulsion Shafting 
M a 1  Spraysd Coating Systems for Corrosion 
Protection Aboard Naval Ships. (Cletric) 

2.1.2 1. The follasing other 6owtr#nt 
publications form a part of  this doammt t o  the exterrt specified herein. 
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0900-LP-001-7000 - Fabrication and Inspection of Brazed 
Piping Systems. 

. 0951 - LP - 031 -8010 - Repair and Overhaul, Hain Boilers. 
1200 PSI Stem Propulsion Plant. 

0951 - LP - 038 - 6030 - 1200 PSI Pressure Fired Boiler and 
Supercharger. Vol . 3, Repair and 
Overhaul. 

392-0755 - Seal Ueldi ng Manual . 
0910-LP-331-5300 - Repair and Overhaul Hain Propulsion 

Boi 1 ers . 
NAVSEA 250 - 1500 - 1 - Welding Standard. 

( b p i  es of sped f i cations, standards. and pub1 i cations required by contractors 
i n  connection with specific acquisition functions should be obtained from the 
contracting activity or as directed by the contracting officer. 1 

2.2 P t k  ~ u b l  icatim. The following ckclraents fom a part of this docunent 
t o  the extent specifled herein. Unless otherwise specified. the issues of the 
docrm#nts which are Dd) adopted shall be those listed i n  the issue of the DoDISS 
specified i n  the solicitation. Unless otherwise specified. the issues of docuaents 
not l isted i n  the WOISS are issues of the doclslents cited i n  the solicitation. 

A 167 - Standard Specification for Stainless and Heat Resisting 
chromlu - Nickel Steel Plate 

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

A 178 - Standard Speci f i cati on for Electri cal -Retistance-We1 ded 
Carbon Steel  and Carbon-Manganese Steel Bojler Tuks 

A 182 - Standard Specification for Forged or Rolled Alloy-Steel Pipe 
Flanges. Forged Fittings. and Valves and Parts for 
High-Temperature Sewice. (Dd) adopted) 

A 2W - Standard Specification for Sealess Ferritic and Awtenitic 
Alloy-Steel Boiler. Superheater. and Heat-Exchanger Tubes. 

A 216 - Standard w f l c a t i o n  for Steel Castings. Carbon. Suitable 
for Fusion Welding. for High-Terperature Service (DoD 
adopted) 

A 217 - Standard Specification for S t d  Castings. Hartensitic 
Stain1 ess and A1 loy, for Presswe-Containing Parts Suitable 
for High-Temperature Service. (DOC) adopted) 

A 234 - Standard Specification for Pipe f i t t ings of WFoUght Carbon 
Steel and Alloy Steel for Moderate and flevated 
Tenperawes. (Dd) adopted) 
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Standard Specification for Heat-Resisting Chroffiun and 
Chmnim-Nickel Stainless Steel Plate, Sheet. and Strip for 
Pressure Vessels. (DoD acbpted) 
Standard Specification for Stainless and Heat Resisting 
Steel Bars a d  Shapes. 
Standard Specification for Pressure Vessel Plates. A1 1 oy 
Steel, Mnganese-)llolybckm and Flanganese-tblybderna- Ni ckel . 
(W 8cbpted) 
Standard Specification for Steel Forgings. A1 loy. for 
Pressure and H i  gh-Teaperatme Parts. 
Standard Sped f i cation for Steel Castings Sui tab1 e for 
Pressure Service. 
Standard Sped fication for Castings. Nickel and Nickel 
Alloy. 
Standard Speci fi cat1 on for Pressure Vessel P I  ates , Carbon 
Steel . for Interaediate- and Higher -Temperature Service. 
(Do0 adopted) 
Standard Spcification for Pressure Vessel Plates, Carbon 
Steel . for Moderate- and Lower-Teaperatwe Service. (Dd) 
adopted) 
Standard Speci f i cat1 on fir Pressure Vessel P l  ates . 
Heat -Treated. Carbon-Wanganese-Sil icon Steel. (Dd) adopted) 
Standard Specification for Castings, Im-Chroartrm. 
Iron-Chromim-Nickel. Mlckel-Base, Corrosion-Resistant. for 
General Application. (DoD adopted) 
Standard Specification for Castf ngs. Iron-Chromfm-Nickel . 
Nickel -Base. Corrosion Resistant. for Severe Service. (W 
adopted) 
Standard Specification for Stee l  Castings, Fcrrtt ic and 
Hartensitic Steel. for Pressum-Containing a d  Other 
Applications. for Law-Tcnpcratur@ Service. 
Standard Specification for Naval Brass Rod. Bar. and Shapes. 
(DoD 8dopted) 
Standard Specification for Aluinu-Alloy Sand Castings. 
(DoD adoqtcdl 
Standard Specification for Capper-Silicon Alloy Rod. Bar. 
and Shapes. (000 adapted) 
Standard Specification for Cop& and Copper-Alloy Forglng 
Rod, Bar. and Shapes. (DaD adopted) 
Standard Specification for Mangam Bnrruc Rod. Bar. and 
Shapes. (Dd) adopted) 
Standard Specification for Phosphor Bronze Rod. Bar. and 
Shapes. (bd)adopted) 
Standard Specification for A l m i n u  Broruc Rod. Bar. and 
Shapes. (Dd) adopted) 
Standard Spxification for Copper Sheet. Strip, Plate. and 
Rolled Bar. (DoD adopted) 
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S9074-AR-GIB-010/278 

AHERIW SOCIETY FOR TESTING AN) CIATERIALS (Arm) (Continued) 

Standard Specification for Nickel-Chn#riun-Iron Alloys (UNS 
NO6600 and NO66901 Rod, Bar, and Wire. (Dd) adopted) 
Standard Specf i c i  a t i  on for A1 mi nun Bronze P l  ate, Sheet. 
Strip, and Rolled Bar. (Dd) adopted) 
Standard Specification for Aluninun and Aluuinra-Alloy Sheet 
and Plate. (Do0 adopted) 
Standard Speci f i cation for  Ti tani un and Ti tani m A1 1 oy 
Strip, Sheet. and Plate. 
Standard Specification for Seamless and Welded Titanim and 
Titanim Alloy Pipe. 
Standard Specification for Seamless and Welded Titaniun and 
Titaniun A1 lay Tubes for Condensers and Heat Exchangers. 
Standard Specification for  Titanim and Ti taniun Alloy Bars 
and Bil lets. 
Standard Speci fi cation for Seam1 ess and Welded Unal 1 oyed 
Ti tani un and Ti t a n i u  A1 loy Welding Fittings .- 
Standard Specification for Titaniun and Titaniun Alloy 
Castings. 
Standard Specification for  Copper - Ni  ckel A1 1 oy Castings . 
(Do0 adopted) 
Standard Specification for Titaniun and Titaniun Alloy 
Forgings* 
Standard Specification for Nickel -Chraniun-Holybdem- 
ColrrPbiun Alloy (UNS NO6629 Plate. Sheet. and Strip. 
Standard Specification for Nickel -Chrorrirm-UolyWenm- 
Col mbim Alloys (UNS NO66251 Pipe and Tube. 
Standard Specification for Ni ckel -Chromiun-llolyWenra- 
Col rrabi m A1 toy (UNS N06625) Rod and Bar. 
Standard Specification for Nickel Alloy Forgings. (DoD 
adopted) 
Standard Specification for Low-Carbon Nickel -HolyWenun- 
Chrwiun Alloy Rod. 
Standard Specification for Law-Carbon Nickel -Holybdera- 
Chrcmiun Alloy Plate. Sket and Strip. 
Standard Specification for Seamless Nickel and Nickel Cobalt 
Alloy Pipe and Tube. 
Standard nethods for Chemical Analysis o f  Nickel -Chranim 
and Nlckel-Chrmira-Iron Alloys. 
Standard Reference Radiographs for Inspection o f  Alminm 
and nagnesim Castings. 
Standard Reference Radiographs for Heavy-Walled (2 t o  
4-1/2-in. (51 t o  114-111)) Steel Castings. (Do0 adopted) 
Standard Reference Radiographs o f  Investatent Steel Castings 
for Aerospace Appllcations. (000 adopted) 
Standard Reference Radiogr8phs for Hi gh-Strength Copper -Base 
and Nickel -Copper A1 1 oy Castings. 
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S9074-AR-6IB-010/278 

AWUCAN SOCIEM FOR TESTING AH) HATERIALS (Am) ~Continued) 

E 280 - Standard Refercna Radiographs for Heavy-Ma7 led (4-1/2 t o  
12-in. (114 to 305-an)) Steel Castings. (Do0 adopted) 

E 310 - Standard Reference Radiographs for Tin Bronze Castings. 
€446 - Standard R e f e m  Radiographs for Steel Castings up to 2 

in. (51 mu) i n  TMdcncss. (DoD adopted) 

(Application for coples should be addressed to the American Society for Testing 
and Materials. 1916 Race St-. Philadelphia, PA 19103. ) 

AMERICAN YUDIffi SOCIrn (Am 
- Syrbols for Uelding and Nondestructive Testing Including 

Brazing. (Dd) adopted) - Welding Tern and Definitions Including Terms for Brazing. 
Solderin!& Thermal Spraying. and Them1 Cutting. (Dd) adopted) - F i l ler  M a 1  ProcmmW Guidelines. -  tica at ion w covered steel Arr ~ c ~ d i n g  Electrodes. 
(Dd) adopted) - Specification for Iron and Steel -1 6as Welding Rods. (Do0 
adapted) - Specification for Covered Corndon-Mst ing  Chromiun and 
Chrani un-Ni ckel Steel Heldi ng Electrodes. (Dd) adopted) - Specification for Low Alloy Steel Covered Arc Uelding 
Electrodes. (DOD adopted) - Specification for Covered Copper and Copper Alloy Arc Welding 
Electrodes. (DODadopted) - Specification for Copper and Coqpcr Alloy Bare Welding Rods and 
Electrodes. (Do0 adoptcd) - Specification for Fi l ler  Hetals for Brazing and Braze Welding. - Specification for Corrosion Resisting M u  and 
Chrorfun-Nickel Steel B a n  and -site Metal Cored and 
Stranded Uelding Electrodes and Uelding Rods. (Dd) adopted) - Speclflcation for A l l a i n r r  and A l r a i ~  Alloy Bare Welding Rods 
and Electrodes. (Do0 adopted) - Specification for Nidol and Nickel Alloy Covered Welding 
Electrodes. - Specification for Solid Surfacing Welding Rods and Electrodes. 
~Dd) adopted) - Specification for Mdcel and Midcel Alloy Bare Uelding Rods and 
E l  ectrodes . - Spccification for  T i tan iu  and T i tan iu Alloy Ban Welding Rods 
and Electrodtt. (Do0 adopted) - Specification for Lar Alloy Steel  Electrodes and Fluxes for 
subrged Arc uelding. (Dd) adopted) - Specification for Covered Copper and CopQcr Alloy 6as Melding 
Electrodes. (Dd) adopted) - Specification for Low Alloy Steel Fi l ler  Metals for Gas Shielded 
Arc Welding. (DoD adopted) 
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C4.1-6 - Oxygen Cutting Surface Roughness Gauge. 

(Application for copies should be addressed t o  the her1 can Welding Society. 
Inc. . 550 tkl Le3eune Road. P. 0. Box ' 35lO4O. M i  auti , FL 331%. ) 

A t 6  6530 - Steel Tubing. Seamless 0.50Cr - 0.55Ni - 0 . 2 M  (0.28 - 
0.33C) (SAE 8630). (Do0 adopted) 

(ml ication for copies should be addressed t o  Society o f  Autoraotive Engineers. 
400 Cannonwealth Drive, Warrendale, PA 150%. 1 

WACTllRERS STAWRDIZATION SOCIEM OF THE VALVE AND FIITINGS 
INWSTRY. IK. 

SP - 55 - Quality Standard for Steel Castings for Valves. Flanges. and 
' Fittings: and Other Piping Coqmnents (Visual !lethod). 

(Application for copies should be addressed t o  the Wanufacturers 
' 

Standardization Society of  the Valve and Fittings Industry, 127 Park Street. N.E. . 
Vienna. Va 24180. I 

~)longowmment standards a n  generally available for reference from libraries. 
They are a1 so distributed aaong nongovcrlrent standards bodies and using Federal 
agent3 es . 1 

Downloaded from http://www.everyspec.com



3.1 Res~onsl bi1 iQ. Each activi ty that accoapl ishes worlc i n  accordance with - 
this docra#nt shall be fimil iar with i t s  provisions and referenced specifications to 
the extent that they apply to the work being perforwd. 

3.2 v. Drawings shall indicate essential fabrication 
details. Weld joints shall be identified by sydols i n  accordance with AWS A2.4 and 
joint design selection shall be i n  accordance with section 9. Nondestructive tests 
for welded joints shall be identified by symbols i n  accordance with AWS A2.4 except 
that single sylbol K may be used i n  l ieu of DPT (dye penetrant) or FPT (fluorescent 
penetrant) . 

3.2.1 Referencina tMs docme@. Drawings shall carry a note stating that 
welding and inspection shall be i n  accordance w i t h  this doaaent and give the 
appl icable welding class. except those drawings re1 ated to components for which 
inspection requirements are covered by sections 14 and 15. 

3.3 Nanrmclature and definit loq. Welding nomenclature and definitions used i n  
the preparation of drawings, welding pmcedwe specifications. and correspondence 
related to welding shall be accordance with AW5 A3.0. 

3.3.1 pefinit ioq. The following definitions a n  applicable to this docrarrrt: 

3.3.1.1 Act-. Activity refers t o  a l l  sltes of an organization under the 
same qua1 i t y  assurance mnagmmt and using the same qml i ty  assurance plan 
perforring work t o  which th is docraent i s  applicable. 

3.3.1.2 CIbDroved (anoroval). rrpptwal refers to when the item under 
consideration has been accepted by NAVSEA or i t s  authorized representatives. 

3.3.1.3 A r c - s t r i l y .  An arc strike i s  any inadvertent heat affected zone or 
change i n  the contour of  the finished weld or base .eta1 resulting fm an arc or 
heat generated by the passage of electrical current ktmcn the .surface of the 
finished weld. or base metal and a current source. e.g. welding electrode or UT prod. 

3.3.1.4 ri zed I v t .  Authorized representative i s  any 
avenmmt S a t i v e - l y  wthoriw t o  approve equipment. material, or 
pmcedum within the scope o f  this doarnt for NAVSEA. They are as follaws: 

(a) For 60- shipyards: The delegated rcpnsentati w of the shipyard 
anmnder. 

(b) For amercial  shipyards: The delegated Fcpnscntative of  the Supervisor 
of  Shipbuilding, Conversion, and Repair (SUPSHIP) or the American Bureau 
of  Shipping when specified i n  the ship's specifications for a particular 
ship. This includes a1 1 applicable areas i n  the shipyard and appl icable 
items furnished to the shipyard by scontractors. 
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For Govemmt purchase itens (other than Govemaent shipyards) : The 
delegated representative o f  the Camsanding Officer, Naval Ship Systems 
Engineering Station (NAVSSES), Philadelphia. 

Uhen delegated by (a), (b) , or (c) above, the representative o f  Defense 
Contract Adninistration Services bnagen#nt Area (DCASHA) . 
Techni cal representati ve sped f i cal l  y authorized by NAVSEA. 

3.3.1.5 Pivina l i f e  s w r t  ~ i b i n a  svst-. Diving l i f e  support piping 
systems are piping systems for breathing gases (delivery and exhaust) for d i  wrs. 

3.3.1.6 Dissimilar metal welds. Dissimilar metal welds are welds between two 
metals which d i f fe r  sufficiently i n  metallurgical and physical properties to  require 
special consi deration i n  welding qua1 i fication and inspection. Welds made by either 
direct joining o f  the dissimilar metals or by use of weld deposited buttering are 
considered dissimilar metal welds. 

3.3.1.7 Essential elements. -Essential elementsm i s  defined as the essential 
elements specified i n  HIL-SlD-248. 

3.3.1.8 Fabrication welds. Fabrication welds are welds required t o  fabricate 
a we1 cbnent or welded system. These welds include designed we1 d joints; weld 
bui 1 dups : over1 ay c l  addi ng for corrosion mi stance. hardfaci ng for wear resi stance: 
and weld deposited buttering. 

3.3.1.9 @venment insbector. 6ovennent inspector i s  a Qvernsent o f f i c ia l  
who i s  charged with the responsibility for assuring that the materials. processes. 
fabrication techniques. inspections. tests, and testing personnel meet sped f i cation 
and contractual requirements. I n  th is  regard. he shall be the authorized 
representative or the following: 

(a) When delegated by the authorized representative. the DCASCU\ inspector. 

(b) For forces afloat: The Squadron Colaaander or his delegated 
representative. 

(c) For Naval repair faci l i t ies: The camanding off icer or his delegated 
representative. 

3.3.1.10 Lethal flui&. Lethal f luids are poisonous gases or liquids o f  such 
nature that a very small arnart o f  the gas or vapor of the 1 iquid mixed or m i x e d  
with a i r  i s  dangerous t o  hunan l i f e  when inhaled. For putposes o f  piping system 
classification, lethal includes substances o f  th is  nature which are stored under 
pressure or which may generate a pressure i f  stored i n  a closed vessel . Sane such 
substances are hydmcyanic acid, carbony1 chloride, cyanogen chloride gas. and xyl y l  
bromide. For the piping system c l  ass i f i~a t ion  purposes of th is  d ~ ~ ~ e n t .  amonia. 
chlorofl urocarbon refrigerants. natural or manufactured gas. any 1 iquefied petrolem 
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gas (such as propane. butar~?. or krtadicnc) and vapors of any other petrolem 
products a n  not classified as lethal substances. 

3.3.1.11 -. The organization inspector shall be the 
inspector of  a contractor. Naval shipyard, or 6ovemnent agemy who has been 
authorized by the ot~ynizatian t o  inspect and accept or reject materials and 
wprkmarrship and to witness tests and validate test data. I n  process. visual 
inspectors can be p-on -1. 

3.3.1.12 pressure containiq. Pressure containing shall refer t o  that area of 
a caqonent or ueld which prevents contained l iquid or gas from escaping. 

3.3.l.W pmccdurr auali f icat io~. A welding proaxlure qualification i s  an 
action by which test assemblies are prepared i n  accordance with a proposed procedure 
and evaluated either by destructive or nondestructive tests or both. 

3.3.1.14 prSa1ifIed. The term 'qualified" means that the item Mder 
consideration has been approved as required by this doammt. 

3.3.1.15 31.1 we1&. Seal mlds are mlds provided for a f lu id  contaimnt 
function only. as i n  a closure where strength i s  provided by a separate device. 
This definition does not apply to boiler. economizer, and superheater tube-to-header 
'seal" welds. 

3.3.1.16 Tube-to-hesdcr sealm we')& . . Tube-to-header 'sealm welds are welds 
between various types of boiler tubes and their respective headers (or d m )  . such 
as ecormizcr headers, #Ipcrheater headers, and so forth. These welds are located 
on the interior of  the header (or -1. Integrity of  the tube-*-header connection 
i s  provided by a carbination of welding and rol l ing the krk. Tube-to-header 'seal' 
welds shall be p c r f o d  I n  accordance with NAVSEA 0951-LP-031-8010 i n  additlon to  
the rtquinacnts specified hemin. 

3.3.1.17 )I.ldim--sited butterinp. Uelding-deposited buttering i s  weld 
metal deposited on base metal prior to ar~plet ing the weld to pemit the f inal 
portion of  a dissimi 1 ar metal weld to be capleted as a similar w t a l  weld. 

3.3.1.18 Mid-dmoslted overlav claddlq. Meld-deposited -lay cladding i s  
weld metal which i s  deposited for the purpose of corrosion protection only. 

3.3.1.19 Mld-debosited hard surfacinq. Weld deposited hard surfacfw i s  weld 
aetal which i s  deposited for the purpose of providing wear mi stance. 

3.3.1.20 fabrication or w c l ~ .  Melded fabrication or ml&ent i s  
any szcrrbly when aapmmt parts are Joined by welding. 

3.3.1.U Ueldim m. Uclding proocdun I s  written instmt ions 
desi gned for use i n  produetion welding and repair welding. delineating a l l  the 
essenti a1 e l m  and guidance to product acccqtable welds. 
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3.3.1.22 Straw (colorl. Straw i s  a color occurring on titanirm welds from 
s l  ight contamination whose hue ranges from pale ye1 low through brass. 

3.3.2 Classification. The follaJIng classlficatlons are applicable t o  th is  
docunmt: 

(a) Yachinerv. class U. 

(1) Class U-1. Class M - 1  lachinery includes welds i n  moving parts, such 
as gears. rotors. inpellers and shafting (except propulsion shafting 
and rudder stocks) that transalt torque or thrust. Welding o f  
propulsion shafting and rudder stocks shall conform to NIL-STD-2191. 

(2) Class U-2. Class M-2 machinery includes welds i n  stationary 
non-pressuri zed a s s d l  ies or structures. such as sub- bases for 
turbines. engines. motors. and pumps. 

Each o f  these sb-classes shall be further categorized as to c r i t i ca l i t y  i n  
accordance with the following: 

a. Cateaor~ A. Safety and mission o f  the ship. 

Safety. Includes machinery forming part of. or directly supporting. 
watertight integrity or machinery the fai lure of  which would cause 
loss of ship control. propulsion. or eight hand1 ing equipment. 

Hission. Machinery essential to the mission of  the ship. such as 
weapon and fire control systems. navigation cowmication system. 
and major auxiliary support systems. 

b. Catewry B. Normal operation of  the ship. Machinery essential t o  
the .normal operation of the ship. 

c. Cateaorv C. Nowessential items. Includes parts o f  caaponents i n  
categories A and B having welded joints that do not transmit the 
principal operating load or support any type o f  pressure boundary. 

(b) Pi~ ino .  class P. Class P piping includes a l l  piping. tubing. and f i t t ings 
for  conveying flulds. Classes P-1, P-2. and P-LT apply to welded systems. 
Class P-3 applies t o  brazed systems. 

-1. Class P-1 includes fabrication welds for design pressures 
exceeding 300 pounds per square inch ( lb l i d )  or design. teuperatures 
exceeding 650 degrees Fahrenheit (OF). or both. such as steam lines. 
hydraulic systems, boiler generating tubes. superheater and ecomiz-  
er elements. other pressure retaining tubes and piping (excluding 
nozzle or mot connections t o  pressure vessels. which are covered 
under the appropriate classification). and a l l  piping systems for 
conveying oxygen. gas01 ine. and lethal gases or 1 iquids regardless of  
pressure and temperature. This class also includes fabrication welds 
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i n  piping systeas which translit oxygen. helim. mixed gases. air. 
water and exhaust of diving 1 i f e  support systems. Also included are 
any structural welds made t o  the internal or external surfaces of a 
fluid boundary subject to system pressure but which do not forn a 
part of the fluid boundary. This includes any weld lade t o  a weld 
deposited pad o r  cladding on the fluid boundary as we1 1 as the weld 
deposited pad o r  cladding beneath the weld i t s e l f  . This docs not 
include cladding other than cladding b a t h  the wetd nor does it 
include welds which join clips,  nameplates. insulation supports. or 
other nonstructural lnemkrs to the f luid  boundary. Sped fical  1 y 
excluded are pipe joints meeting the classification c r i te r ia  of class 
P-LT. 

(2) glass P-2. Class P-2 includes fabrication welds for  design pressures 
and design temperatures not exceeding 300 1 b l i d  and 650°F. A1 so 
included are fabrication welds i n  a l l  open ended vent, drain and 
steam escape piping that has no isolation capability f m  its origin 
to its terminus regardless of the design terperature o r  pressure. 
Specifically excluded are pipe joints meeting the classification 
cri teri a of cl ass P - LT. 

(3) Class P-LT. Class P-LT includes fabrication welds for a l l  piping of 
design pressures greater than 50 lb/in' and service teqmatures  of 
minus 20°F and below. 

(4) glass P-3. Class P-3 piping includes a l l  brazed piping of unlimited 
presunvs and 425.F maxi- design tcapcrature. Fabrication and 
inspection of brazed piping systems shall be 4n accordance with 
NAVSEA 0900-LP-001-7000. 

sure vessels and tanks. c l m .  C l a s s  A pressure vcstel s and tanks 
include the fabrication welds for  parts of dnas .  tanks. or closed 
receptacles (including nozzle attachaents) and valves which are desi gned 
to m a i n  gases or liquids. This includes all feed tanks. lubricating 
o i l  storage tanks. and similar vessels which contain only the static head 
of the obtained liquid. I t  does not include W i n g  o r  piping that  joins 
to the pressure vessel. which a n  subject to the requirements of class P 
piping. Values to be installed i n  class P-1 piping system shall be 
fabricated and inspected i n  accordance with class A-2 pressure vessel 
requirements. Valves to be installed In other classes of piping systems 
shall be fabricated and inspected i n  accordance with the appropriate 
pressure vessel category as detcrrined by design temperatures and 
prcssut'es. 

(1) glass A-F. Class A-F inclucks fabrication welds for fired and 
unfired pressure vessels for a l l  ~ P C ~ U ~ F E S  and teaperatures that  are  
specifically designed for a f i n i t e  fatiguc l i f e  and. as a 
co,ntequencc. are required to undergo law cycle fatigue evaluations. 
A1 so included are  any structural welds mde to the internal or 
external surfaces of a f luid boundary subject to  system pressure but 
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which do not forn a part o f  the f l u i d  boundary. This includes any 
weld made t o  a weld deposited pad or cladding on the f l u id  boundary 
as we1 1 'as the weld deposited pad or cladding beneath the we1 d 
i tse l f .  This does not include cladding other than cladding beneath 
the weld nor does it include welds which jo in clips. nameplates, 
insulation supports. or other nonstructural members t o  the f lu id  
boundary. Exaaples of pressure vessels i n  th is  class are a l l  
submergence pressure sea water cooled sutnnarine heat exchangers and 
catapult steam receivers . 

(2) Class A-1. Class A-1 includes fabrication welds for f i red pressure 
vessels. drrms, and headers. i n  which steam i s  generated by the 
application o f  heat resulting from the canbustion o f  fuel. It 
i ncl udes ecomati zer and superheater headers. Speci f i cal l  y excl uded 
are welds o f  pressure vessels meeting the classification cr i ter ia of 
classes A-2. A-3. A-4. or A-LT. 

(3) Class A-2. Class A-2 consists o f  fabrication welds for unfired 
pressure vessels with design pressures or design temperatures 
exceeding 400 l b l i $  or 65O0F. respectively, for liquids at 300°F or 
higher. and for lethal gases and 1 iquids at any temperature or 
pressure. Class A-2 a1 so includes valves to be instal led i n  class 
P- 1 piping systems. Sped f ica l l  y excluded are welds o f  pressure 
vessels meeting the classification cr i ter ia o f  classes A-3. A-4. or 
A- LT . 

(4) Class A-3. Class A-3 consists of fabrication welds for unfired 
pressure vessels with design pressures and design temperatures not 
exceeding 400 1 b l i d  and 650°F. Specifically excluded are welds o f  
pressure vessels meet1 ng the classification cr i ter ia o f  classes A-4 
or A-LT. 

(5) Class A-4. Class A-4 consists o f  fabrication welds for unfired 
pressure vessels with design pressures or design temperatures not 
exceeding 150 l b / i d  and 450°F. including tanks subject only t o  the 
static head or the l iquid contained. Specifically excluded are welds 
for pressure vessels meeting the c l  assi f i  cation cr i ter ia of c l  ass 
A- LT . 

(6) Class A-LT. Class A-LT consists o f  fabrication welds for pressure 
vessels with design pressures greater than 50 1 b/i$ and service 
temperatures o f  minus 20°F and below. 

(d) Steam turbines. Class 1. Class T steam turbines consist o f  fabrication 
welds for steam turbine CoQpOnerrts or parts (except piping) l is ted i n  
table XXI.  Since steam turbines consist of col~ponents subject t o  service 
conditions varying from high pressure to vacum. class T i s  broken down as 
follows: 
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(1) Class T-1. Class T-1 consists of fabrication welds subject t o  
operating p n s # m s  of 300 lb/i$ or greater. 

(2) Class 1-2. Class T-2 consists of fabrication welds subject t o  less 
than 300 lb/ln' and fabrication welds i n  structural m r s .  
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4. QUALITY ASSURANCE AMD QUALIFICATION PROVISIONS 

4.1 Qlal i t v  assurance. 

4 .11 1 This section contains the arinirara requirements for assuring 
that components and systems neet inspection cr i ter ia speci f ied i n  th is  docuuent . 

4.1.2 Material control. The act iv i ty i s  responsible to  inspect material upon 
receipt t o  assure that it meets the specified mechanical and chemical requirements. 
Receipt inspection shall consist of. but not be restricted to. canparing the 
contractor's data with the specified requirements and siuapl ing o f  the received 
materi a1 t o  establish a reasonable confidence i n  the re1 iabi 1 i t y  o f  the contractor's 
data. An identif ication system shall be established and rnai ntained which includes 
the specification nuaber and type or grade o f  the material. Periodic internal 
audits o f  the inventories. stocking fac i l i t ies.  and shops shall be performed to  
assure that materials are correctly identified. A system shall be established that 
requires visual verification prior t o  fabrication or installation t o  ensure that the 
identification of the materi a1 corresponds to  that speci f ied by 'the applicable 
drawing or docunent . 

4.1.2.1 Walf t v  assurance swtem. Each organization shall maintain a quality 
assurance system adequate to assure NAVSEA or i t s  authorized representative. or the 
Governnent inspector that a l l  o f  the requirements of this docuaent have been and are 
continuously being Ilet. Written procedures shall be prepared t o  assign 
responsi b i  1 i t y  and provide accauntabil i ty for performing work and inspections. 

4.1.2.2 Material Control sDecial reauirements for NIL-120 and MIL-140 series 
f i l l e r  materials. In  addition t o  the requirenents o f  4.1.2. a l l  MIL-KO and MIL-140 
series f i  1 l e r  materials shall be receipt inspected i n  accordance with the 
requi rerents of paragraph 6.5.1 except for MIL-STD-2191 applications (shafting 
repairs). 

4.1.3 Records - amlicable t o  classes A-F. A-1. A-2. A-3. A-LT. P-1. P-LT, 
H-1. and T-1. The quality control system shall include preparing and maintaining 
written records o f  at least the fo l  laring items .for each welded joint that undergoes 
nondestructive test (MIT) inspection. excluding hydrostatic tests. of weld classes 
A-F. A-1. A-2. A-3. A-LT. P-1. P-LT. M-1. and T-1. The records shall be traceable 
t o  the hardware or weld jo int  and from the hardware or weld jo int  to the records. 

(a) Joint identif ication 

(b) joint design. 

(c) ' Base material type (including heat or l o t  or level I identification when 
requi red by the appl icabl e system or collponent sped fication) . 

(dl F i l l e r  material type (including heat or l o t  or level I identification for 
ti tani m materials. and when required by the applicable system or 
component speci f ication for other materials) . 
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S9074-AR-610 - OlO/278 
Fit-up. 

Uel ding procedure i denti fi cation. 

Heat tmtmts (including preheat, interpass, and post-weld heat - .  

treatment teapcrakrcs). 

Welder idart i f lat ion.  

NDT sethods and results. 

Disposition o f  welds. 

Cycles of  repairs t o  weld. 

pspe!ction procedures. 

MIT persomcl identification. 

NOES: 1. See sections 10 and l3 for i 
material weld repairs. 

&ion and record requirements for base 

- 2. Fortheweldclasseslistedabow, asigncdinspcct i tm~~~~rdisrequired 
for each weld or weld repair i n  S-51, 5-52. and 5-53 base netals. The 
record shall include the follauing atkjitional information: 

a. Verifications that the weld joint was cleaned before welding and that 
inert shielding wd purge gas of the rrqulred dew point was used. 

b. Idmtif icat ion of  the welders for each pass. Results of the i n  
process inspection of  7.10.2 and the responsible welder's (or 
inspector's) signature and date. 

c. Identification o f  any pass that failed the visual inspcetion and har 
that pass was nl#ired. 

d. Postweld heat par-. i f  applicable. 

4.1.3.1 Bca,rd fom. A neord form shall be prepared prior to the 
of the operation which it covers. Operations shall be recorded prior 

to the rnnrmranrt of the next opcr8tion. Items (1). (j). (I), and (r) of 4.1.3 
shall be signed or st- by the act iv i ty*s.qual i f id IUr pcruwncl and dated 
except that 5X magnification visual inspections of weld root layers lay be performed 
by qualified praductim persomel. A l l  other it- shall be signed and dated by 
production personnel or inspection personnel. When a specific it- on the record 
form i s  not applicable. the letters 'N.A.' (Not Appllmble) shall be entered. Final 
acceptmm of  a w e l 6 c n t  shall not be pefwitted -11 a l l  items on the record 
forcats are marked as specifled a m .  

4.1.3.2 mint- o f  records. Unless athcnise specified, a l l  required 
records shall be maintained by the activity and be available to HAW or i t s  
authorized representative thnrughout the 11 fe  of the contract and for 3 years after 
de1 ivery. A t  the expiration of the record retention period. NAVSEA or i t s  
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authorized representatives shall be given a written notification. Disposition of  
records shall be as agreed upon by NAVSEA and the contractor. 

4.1.4 Nomonforma~. If NAVSEA or the Government inspector has evidence that 
the requirements of this Qawnt are not being met. they can suspend upon written 
notification the use of  any questionable materials. equipa#nt. pmcedwes. 
personnel. and so forth. on work covered by this doarment until conformance with the 
requirements of this Qcrraent i s  judged satisfactory by NAVSEA or the Governtent 
inspector. 

4.2 We1 d i m  aual i fication (DTVAUR!, welder, and ouerator reaui rements) . 
4.2.1 Weldim ~ r o c e d u ~ .  Prior t o  production welding. welding procedures i n  

accordance with the requirenmts of HIL-STD-248 and this doctslent shall be prepared 
by the actf vity. Welding procedures shall assure confomnce with this docrrment and 
shall be sutnuitted 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 qua1 i fied i n  accordance with NAVSEA 
392-0755 may be used for welding of seal welds wi thout separate qua1 i fication i n  
accordance with MIL-STD-248. 

4.2.1.1 Conditions oovernlna weldim ~rocedure aualification tests. Welding 
procedure qua1 i fi cation tests are requi red where fabrication drawings or 
specifications invoke this daarrent, except qualification tests are not mandatory 
where both of the fo l  l d n g  conditions are met. 

(a) E i t h e r  classes M - 1  category C. M-2 category C. A-4. P-2 (except for joint 
designs welded fm one side only with no backing), or 1-2 weldnmts are 
involved. and the base materials being joined are of the same 'S-r#rmberW 
group ( except S-11A. S-11B. S-11C. 5-51 t o  5-53] l isted i n  table I (or a 
corparable ASHE P-nunber group. i f  approved) and the corresponding f i l l e r  
materials l isted I n  table I11 are used with the following manual or 
semi - autolati c processes. 

(1) SMel ded .eta1 -arc, 

(21 Gas tungsten-arc. 

(3) Gas aetal -arc. 

(6) Oxyacetylene where group S-1 materials 3/16 inch or less i n  thickness 
are joined. 

(b) Fabrication entails welding of assdlies. the possible failure of which 
i s remote and would not result i n  danger t o  ship personnel . shipboard 
coqmnents or equipment. or ship structure. Item i n  this category 
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include but a n  not limited t o  rum plates. galley equipsent, furniture. 
fixtures. and tack welds. 

4.2.1.2 b r o v a l  of ~rocedure aualification data. Procedure qualification 
test data obtained i n  accordance with HIL-STD-248 shall be submitted for approval. 
Approval shall be obtained prior to production welding. The welding procedure upon 
which the qualification test assemblies are made shall also be subPsitted for review 
(see 4.2.1). 

4.2.1.3 )$~ldina ~rocedwe aualification - s~ecial  reau imn ts  for MIL-120 and 
M I I  -140 serles f i l l e r  materials. Welding procedure qualification requirements for 
MIL-120 and MIL-140 series f i l l e r  materials shall be as approved by NAVSEA. except 
for MIL-STD-2191 applications (shafting repairs). 

4.3 Welder. tack welder. and weldina omrator aual i f icat io~. Welders. tack 
welders, and welding aadrine operators shall be qualified i n  accordance with 
MIL-SID-248. 

4.3.1 For welding of internal tube to header (or dna) welds i n  boiler 
coaponcnts the following shall apply: 

(a) Welders who have not pe4& internal tube-to-header welding within 6 
nonths shall perform one tube-to-header weld i n  accordance with 
MIL-STD-248 except that the subject test asseabl y need only be subjected 
t o  visual impextion of  the mot pass and visual and PT inspection of the 
finished weld. 

(b) Any reject w i l l  require f u l l  recertification i n  accordance with 
MIL-STD-248. 

(c) certificatiar of carpleHon o f  this test or identification of  performed 
work with the preceding 60-h period shall be added t o  MIL-STD-278 weld 
joint history records. 

4.3.2 Ti taniun welders and welding operators qualified outside of  a chamber 
shall be trained i n  operation prior to the i n l t i a l  perfomnce of chadm 
welding. 

4.3.3 Uelder and weldim omator perfomnee auali f i a t i on  - slwcl a'l 
pauirements for MIL-- MIL-140 series f i l l e r  materials. Welder and welding 
operator performance qualification requimnents for MIL-120 and MIL-140 series 
f i l l e r  materials shall be as approved by NAVSEA. except for MIL-SKI-2191 
applications (shafting npairt). 

4.4 Ueldim -. Ueldlng cqutpant i n  the hands of cpallfied welders. 
tack we1 ders. and welding operators shall produce welds that #et the applicable 
acceptance cri teria under production c o w  tlons. 

4.4.1 I f  the authorized nprescntativc doubts the capability of any parti wlar 
Item of welding equiplent. he shall for a stated cause requr re it to be tested i n  
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accordance with the appl i cab1 e equi pment sped f i cati on or jo i  nt we1 ding procedure 
tests. I f  the requirements cannot be met, the equipment shall not be used for 
production work until satisfactory repairs or adjustments have been made. 

4.4.2 The fabricator shall devise. d l  rect . and -supervi se the test i  ng o f  any 
i tem o f  equipment (see 4.4.1) and shall bear the expense of  conducting these tests. 
The fabricator shall not i fy the GoveMwnt and arrange a time and place for 
conducting the tests so the 6ovemment inspector may be present. 

4.5 NUT ~ersonnel . Nm pmcedwes and personnel ' shall be qua1 i fied i n  
accordance with HIL-SlD-271. I n  addition. inspectors working with 5-51. 5-52. and 
5-53 materials shall be qualified t o  perform the color inspection required for these 
materi a1 s. 

4.6 Amroval for fabrication and weldina o f  titaniun and titanium allovs. See 
30. i n  appendix A. 
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5. HATORULS 

5.1 -11. This section contains requirements for base and filler materials 
fabricated under this doament. 

5.2 -a1 -. Base raterials fabricated under this docrPent and 
filler aaterials used in welding shall be in accordance with tables I and 11. 
respectively. unless otherwise appmed in aceordance with 5.2.1. 

TABLE I .  ~ r o u ~ i m  of base materials tweldim~. I/ 
- 

Appl I cab1 e Class or type 
Qcrment 

Carbon Steel 
I 

ASnl A 178 I Grade A (tube) I 

See footnotes at  end of table. 
o~igitkl 26 
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TABLE I .  m m o f .  I/ - Conti wed 

Appl i cab1 e 

MIL-P-24338 

I MIL - F-24339 

Class or type 

Pi pe 

Fittings and fl awes 
UPB (Fittings) 
Grade B (tube and pipe) 
ASTM A757. grade A1Q (castings) 
grade AM 
ASTM A216, grade WCA (castings) 
grade WCB 
grade WCC 

7 

MIL-5-24238 I N~M. cam A (plate) 

Alloy stccls (Cr content 3 N  percent - 2 percent. total alloy 
ant& 2-3/4 ~ F c c n t  RIM-) I 

CrNiHo (tube) 
crib. type 4l3O (tube) 

I MIL-S-15464 1 CrMo ,class 1. (casting) 

See footnotes a t  end of table. 
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TABLE I .  &cmlna of base mattvials (weldim. I/ - Continued 

MIL-S-18410 

I ASTn A 336 I CFWo class F5 (bar and forgings) I 

CrUo class b (forging) 

HIL-P-2469112 
MIL-C-24707/2 

WO-F-24669/2 CWO, m m s i t i o n  F-22 (forgings) b 

CFWo. wade P-22 (tube and plpe) 

ASI)I AU7, grade UC9 (casting) 

High alloy steels (lartensitic) 

403 (bars) I 110 

MIL-L-24128 
QQ-5-763 

AST)I A 176 
A 240 

See footnotes at  end of  table. 
Original 28 

403 (bars. rods. forgings) 
403 (bars. rods. foFQfftgs) 
410 

410 and 410s (plate. sheet, strlp) 
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Letter 
no. 

Appl i cab1 e 
dounent 
MIL-S-862 

Class or type 

403 (bars) 
410 
414 

MIL-S-16993 

WO- F-2466916 

12 percent Cr class 1 (casting) 
12 percent Cr class 2 (casting) 
403 (bars) 
410 
414 

HIL - C - 2470716 
ASTH A 182 
ASTH A 487 

High alloy steels (austenf 
QQ-5-763 

ASRI A217. grade CA-15 (casting) 
ASTH M7. grade CA- 1SH class A 

F6NM (forgings) 
eA6NH (castings) 

High alloy s teels  (Ferritic) 

I 

4 (bars. shapes. f o r g i w )  
4L 
9 
0 
6 
6L 
I1 , 

D7 
B (plate, sheet. s t r ip)  
-0 

Qa-5-763 

ASTH A 176 
ASTH A 240 

See footnotes a t  end of table. Original 29 

405 (bar. shapes. forgings) 
430 
405 and 430 (plate. sheet. s t r ip )  
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TABLE I .  fienslpimr of base materials tweldia .  I/ - Continued 

Class or type 

304 (plate. sheet, strip) 
304L 
309 
310 
316 
316L 
321 

ass I (castings) 
ass I1 
ass I11 
14 (pipe) 
ML 

304 (tubing) 
Class c (tube seamless) 
Class I .  11. 111 
m s 1 t i 0 1 1  A 19-9 
Cap0siti011 B 19-10 
m s l t i m  C 19-10 
304 (bar and forgings) 
304t 
347 
348 
304 (plate. sheet, strip) 
3041 
347 

304 (tube and pipe) 
3041 
347 
348 
304 (fittings and flanges) 
304L 
347 

See footnotes at  end of table. 
 MI 30 
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TABLE I. Grotmi na of base materi a1 s (wet di na) . 11 - Continued 

Appl i cab1 e 
docrnent 

MIL-P-2469113 

Class or type I 
304 (pipe) 
3041 
316 
316L 
321 
347 
ASTH A744. grade CF-8 (castings) 

High Alloy Steel (Duplex Stainless) 
ASTM A 240 ~ l l o y  2205. UNS 3i803 (plate) 51 
ASrn A 276 A1 loy 2205, UNS 31803 (bar) 51 

auenc)led and teapered alloy steels 
MIL-S- 16216 

MIL - S-20154 ! Special treatment steel (plate) I 
MIL-S-23008 HY-80 (castings) 

HY- 100 
H I L - s - ~ ~ ~ s ~  HY-80 (bars) 

m-loo 

MIL-S-23284 Class 1 ' 

Class 2 
MIL-L-24451 HY-80 (heads) 

m-loo 

Quenched and teapered alloy steels 
HIL-S-24371 HY- WO (plate. castings. bars. 

forgings , extrusions and shapes) 
Age hardening a1 1 oy steel 

MIL-5-24645 I HSU-80 (plate and sheet) 
A1 uninm and alrmrinun base alloys 

QQ-A-20011 3003 (extruded bars, rods) 
aQ-A-22511 1100 (bars. rods) 
QQ -A-22512 3003 (bars. rods) 

See footnotes a t  end of table. 
Original 31 
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TABLE I. firou~ina of base materials (weldingL. A/ - Continued 

Letter 
no. 

s-a 

5-22 

5-25 

5-26 

QQ-A-22517 1 5052 (bar. rod) 
I I 

Applicable 
docunent 

QQ-A-250/1 
QQ-A-250/2 
W-T-700/1 
W-1-700/2 

QQ-A-250/8 1 5052 (plate) I 

Class or type 

1100 (plate) 
3003 (plate and sheet) 

1100 
3003 

QQ-A-250/10 I 5454 
Aluuiw and alminrm base alloys 

QQ-A-200/5 1 5086 (extruded bar. rod) 

Alrarinr and alrrnf nrrm base alloys 
QQ-A-200/6 1 5454 (extruded bar. rods) 

I Alloy A03550 (castings) 
Alloy A03560 

HIL-A-ZIl80 ) A 356 (castings) I 

QQ-A-601 

See footnotes a t  end of table. 
Original 32 ' 

~l loy A05140 
A1 loy A24430 
6443 
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TABLE I. Eromimr of base materials (weldina) . 11 Continued 

Letter 
m. 
5-31 

Appl i cab1 e Class or type 

Copper and copper base a l l  
loy C10200 (plate. bar) 
loy C10400 
loy C10500 
loy CllOOO 
loy C11300 
1 OY C11400 

~ l l o i  C12200 
Alloy C12300 

99.9 Cu (plate. bar) I 
SlH B21 I A1 loy C46400 (rodlbarlshapes) 
ASRl 8124 A1 loy C46400 (forging rodlbarl I 
QQ-C-390 

QQ-8-637 

QQ-B-639 

A1 lay C85700 (casting) 

Naval brass (alloy 464) 
(rod. bar. and forging) 

Naval brass a1 loy (rod, bar, and 
forging) Alloy 462 
A1 1 oy 464 

a-C-390 

QQ-C-591 . 

Alloy W O O  (castings) 

~ l l o y  655 (rod. shapes. f la ts)  

Copper nickel 

See footnotes a t  end of table. 
Original 33 

S i l i m  bronze 

AS'fH B369 

MIL-T-15005 

MIL-C-15726 

MIL-T-16420 

ASrn 898 
ASTn 8124 

Alloy C96200 (castings) 
Alloy C96400 

70130 (tube) 
90110 
70130 (plate. bar. rod) 
90110 
70/30 (tube) 
90110 

A1 1 oy C65500 (rod/bar/shapes) 
Alloy C65500 (forging rodlbarl 
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TABLE I. &ou~ina  of base materials tweldinql. I! - Continued 

Letter 
no. 
5-34 

Applicable 
rkcrnmt 

HIL-P-24342 
Alrafnrrn bronze 

ASin 8124 

Nickel-alrairum bronze 
ASI?! 8l24 

Class or type I 
70130 (fittfngs and flanges) 

Alloy C64200 (forging rod. bar. and 
shapes) 
A1 loy C60600 (rod, bar, and shapes) 
A1 loy C61400 
Al  l oy C64200 
Alloy C61400 ( late. sheet, strip.  
and rolled bar ! 
A1 loy C95200 (castings) 
A1 loy C95400 

Alloy 606 (plate. bar) 
Al loy 612. 614 

(Rod, bar. plate, strip,  flats. 
and forgings) 

A1 lay C6OdOO 
A1 l oy C61400 

Alloy l3 (castings) 
Alloy 15 

QQ-C-390 
I-, 11 QQ-C-465 

Allo C63000 (forging 
rWLr!shi9pesl 
Al loy C63000 (rodlbarlshapes) 
Alloy C95500 (castings) 
Alloy I33000 (bar. rod. plate. 
strlp,  forging) 
Alloy 14 (castings) 
Alloy 15 
Castings 1 

5-368 

S-37A 

See footnotes a t  end of table. 
original 34 

QQ-8-728 

Manganese-nickel -alrainrm bmnze 
MIL-B-21230 I Alloy 2 tcastimr) 

uanganese bronze 

Class A 
Class B I 

ASTW 8138 Alloy C67000 (rod. bar. and shapes) 
r A1 toy C67500 
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TABLE I. firwDirwr o f  base materials (weldim. I/ - Continued 

I Alloy -00 
Allov (26400 

Appl i cab1 e 
docusent 
QQ-C-390 

I ~ l l o i  B6500 
Nickel manganese bronze 

0-C-390 I Alloy C86800 

Tin bronze 

MIL-B-16541 I Castings 

Class or type 

Alloy W O O  
Alloy W O O  

Phosphor bronze 
ASTH Bl39 

A1 1 oy C90300 ( casti ngs 
A1 1 OY C90500 
~ 1 l o i  C90700 
A1 toy C92200 
Alloy C92300 
Alloy a2500 
Alloy C94700 
Alloy W O O  

Alloy C51000 (rod. bar. and shapes) 
Alloy C52400 

Caaposition A 
Caaposition D 

MIL-N-24106 I N~CU. class A (bar. rods. forgings) 
I 

Ni &el -copper 

W-N-288 1 NiCuSiCb. composition E (casting) 

A494 

aQ-N-28l 

MIL-T- l368 1 N ~ C U  (tubing) . . 

Casp. M-30C (casting) 

MCu. class A (bar. plate. rod. 
fofgi ng) 
Class B 

MIL-T-23520 I NiCu (tube and pipe) 

See footnotes at  end o f  table. 
Origin81 35 

UIL - c - 15345 ' 

MIL-N-17163 

MIL-F-23509 

NiCuSiCb. alloy 19 (casting) 
N i b  (bar. rod. plate. forging. and 
so forth) 
Fittings and flanges 
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TABLE I. m i n a  of  &e materials twlditlpr. I/ - Continwd 

Nickel -chra iu - i ron  and nickel -ctm#iun-solybdemm-colrrmbim I 

Class or type Letter 
no. 

MIL ON- 23228 I bndlt ion A (plate) I 

Appl i cab1 e 
docurment 

ASTH B 166 
ASTH B 564 
HIL-N-23227 

Rod and bar 

Forgi ngs 
Tube and pipe 

ASTH B 444 I UNS NO6625 (pipe and tube) I 

9 

HI1 - N - 23229 

HIL-N-24271 

MIL-N-24687 
ASTH B 443 ' 

A m B 4 4 6  I UNS NO6625 (bar and rod) I 

Condition A (hot worked and 
annealed) 

Castings 

NiCrlbCb (bars. forgings) 
UNS ~06625 (plate) 

ASRIB265 I Wade 7 (sheet. strip. plate) I 

Ni~kcl-Cbl--Chniu Alloy 
Am B 574 
Am B 575 
ASTH B 622 

See footnotes at end of table. 
Original 36 

UNS Nl0276 (rod) 
UNS NlO276 (plate. sheet. strip) 
UNS Nl0276 (pipe. tube) 

ASnif B 337 

ASTH B 338 

&a& 1 (pipe) 
Wade 2 (pipe) 
wade 7 (pipe) 
wade 1 (tubing) 
6rade 2 (tubing) 
Grade 7 (tubing) 

Titanitm a d  t i t an im alloys 
MIL -T- 9046 . CP-3 (sheet, strip. plate) 

CP-4 (sheet. strip. plate) 
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S9074-AR-6IB-010/278 

TABLE I. ECQuDina o f  base mter ia ls  (wet dint& ;l/ - Continued 

I ASTH B 348 

-- 

Letter 
m. 

I ASTM B 381 

Ti tani un and ti tani un base 

- 

Appl i cab1 e 
doan#nt 

Grade 1 (bars, b i l le ts )  
Grade 2 (bars, b i l le ts )  
Grade 7 (bars, b i l le ts )  

Class or type 

1 wm 1 (fit t ings) 
wm 2 ( f i t t ings)  
wm 7 ( f i t t inas)  

Grade F-1 (forgings) 
Grade F-2 (forgings) 

CP-I (sheet, str ip,  plate) 
CP-2 (sheet, str ip, plate) 

CP-70 (bars, reforging stock) I 

ASTM B 338 
ASrn B 363 
ASTM B 367 

Grade 3 (tubing) 

Wm 3 (f i t t ings) 
Grade C-2 (castings) 
Grade C-3 (castings) 

1 2, I43 

f / I f  material o f  similar chemistry and mechanical properties not l i s ted  under an 
'S" group i s  t o  be used. it aay be considered as a part o f  a grorp upon 
approval. 

ASln B 265 
ASTH B 367 
ASTW B 381 

2/ Approval o f  welding procedure qwl I fications for  these mated als shall be 
obtained fm NAVSEA. 

Titanium and t i taniun base alloys 

MIL-T-9047 

Grade 5 (sheet. str ip. plate) 
Grade-5 (castings) 
Grade F-5 (forgings) 

/ The useof  t i t a n i m o r  Nickel-MlyWento-ChnaimAlloyfor applications 
covered by th is  docunent requires specific approval fm NAVSEA. 

MIL-T-9046 

6A1-4V (bars, forgings) 
6A1-4V (ELI) (bars. forg.ings) 

original 37 

AB-1 (sheet. strip.' plate) 
AB-2 (sheet, str ip. plate) 
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$1 With additional requirerents for toughness. composition. heat treatment and 
other items as approved by NAVSEA. 
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Group 

A- 1A 

S9074-AR-GI 0-010/298 

TABLE 11. &omim of filler materials tweldlW. 11 61 

- 
1 7024 

Law and mediun carbon steel (bare rod) 

-- 

App1 icable doclrment I Filler material type 51 
Law and nedim carbon steel (covered electrodes) 

Carbon and low alloy steel (covered electrode) 

AlSS A5.1 

MIL- 7015 
MIL-7016 
MIL-7010-Al 
MIL-7011 -Al 
MIL-7018-A1 

6010 
6011 
6012 
6013 
6020 
6027 

Carbon and low alloy steel (bi 
HIL-E-2376511 

.e electrode. FOd. and inserts) 
MIL-70s-1 
MIL-70s-2 
~IL-70s-3 
MIL-70s-4 
MIL-70s-5 
MIL-70s-6 
MIL-HS-1 
MIL-CIIS-2 

Carbon and low alloy steel (bare electrode and flux) 
I 

MIL-70s-7 (wire) 
21 MIL-70s-8 (wire) 
31 MIL-70s-9 (wire) 
MIL-70s-1 (wire) 
MIL-70s-2 ( w i r ~ )  
MIL-70s-3 (wire) 
~IL-70s-4 (wire) 
MIL-70s-5 (wire) 
MIL-70s-6 (wire) 
MIL-70s-F (flux) 

See footnotes at  end o f  table. 
Original 39 
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TABLE 11. Eromina of filler Raterials tweldina). A/ B/ - Continued 
Group 

A-X 

Low alloy steel (flux cored electrodes) I 

Applicable doaRent 
MIL - E - B 7 W 4  

Filler mteri a1 type 5/ 
MIL-FW-EL12 (wire and flux) 
MIL-FW-M12K 
MIL-F7AZ-M12K 
MIL-VA2-EH12K 

k 

Carbon and law alloy steel (low hydrogen covered electrodes) 
HI L - E - 22200/6 

MIL - E - 22200/1 

Carbon and low alloy steel (bare electrode and flux) 

See footnotes at end of table. 
original 40 

MIL-8015-C3 
MIL-8016-C3 
MIL - 10015 
MIL- 10016 
MIL-8018-C3 

HIL-E-23765/2 

LaJ alloy, hi*-yield steel (covered electrodes) 
HIL - E -22200/5 I MIL-10018-Nl 

Law alloy. Mgh yield steel (covered electrode) 

Carbon and law alloy steel (bare electrode) 
% 

MIL-80s-1 (wire) 
MIL-80s-1F (flux) 
MIL-BOS-2 (w in )  
MIL-80s-2F (flw) 

HIL-E-22200/1 

MIL-E-22200/10 

Carbon and law alloy steel (flux mrcd electrodes) 

MIL-9018-H 
MIL - 10018-M 
HIL-11018-M 
MIL-10018-Hl 
MIL-l2018-H2 
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TABLE 11. @vmlna of filler materials (weldina). I/ a/ - Continred 
-- 

Appl i cab1 e docunent I Filler material type 5/ 1 
Law alloy, high yield steel (bare electrode) I 

I MIL-100s-1 MIL- 100s-2 

Law alloy. high yield steel (flux cored e l e c t ~ l  

MIL-E-24355 

MIL- loon: 
HIL-lorn 
MIL - 100TS 
MIL- 1OlTC 
MIL- 1OlTH 
MIL-101s 

MIL-120s-I 
MIL-140s-I 

I mi-iiiix 
CrHo steel (1.0 to 2.5 percent Cr. 0.4 to 1.2 percent b) (covered 
electrode) 

HIL-E-22200/8 M I L - ~ O X X - B ~ ~ ~ ~  - ~ u  
MIL-90XX-B3 and -B3L 

Low alloy. high strength steel (bare electrode and flux) 

MS ASS €8018-62 and -B2L 
€9018-83 and -B3L 

MIL- E-2376512 

CrHo steel (1.0 to 3.0 percent Cr. 0.4 to 1.2 percent Uo) (bare 
electrode. rod and insert) 

I 

MIL-100s-1 (wire) 
MIL-100s-IF (flux) 
HIL-100s-2 (wire) 
MIL-100s-2F (flu) 
HIL-120s-1 (wire) 
MIL-120s-IF (flux) 

AYS A 5 2 8  ERBOS-B2 and -Bu 
ER90S-B3 and -B3L 

CrHo Steel. (1.0 to 3.0 percent Cr. 0.45 to 1.10 percent Mo) (bare 
electrode and flux) 

See footnotes at end of table. 
Original 41 
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S9074-AR-618-0101278 

TABLE: 11. G w i m  of flller materials (ueldim. I/ fi/ - Continued 

Group 1 Applicable docuaent I Fi 11 er materi a1 type 5/  I 
C d b  steel (4.0-13.5 percent Cr, 0-5.0 percent Ni. 0.4-1.4 percent 

A-7A I b) (coverad elect-) 

I MIL - E -2ZOO/8 1 A-7A-1 

A-7A-2 
- 

cover - 
MIL-] 
UIL-3 
MIL-3 
MIL-3 
UIL-3 
MIL-3 
HIL-3 
HXL-3 
MIL-3 
MIL-3 
MIL-3 
HXL-3 
MIL-3 
MIL4 
MIL-3 
UIL-3 
HIL-3 - 
E32O - - 

MIL-E-22200/8 

A- 7C 

A-70 

d electrode) 
i.8.2-XX 
B-XX 
I8L-XX 
@Hc-XX 
BL-XX 
@-XX 
Bcb-XX 
,O-XX 
2-XX 
,6-XX 
.6L-XX 
.7-XX 
.8-XX 
10-XX , 
17-XX 
17HC-XX 
19-XX 
x 

MIL -410 - XX 
MIL-410 N i b - X X  

A-7B 

High alloy steel ( ferr i t ic)  (chroaiu 15-l8 percent) (cowred 
electrode) 

AWS A5.4 I EUO-XX 
High alloy steel ( ferr i t ic)  (chrwim 15-18 percent) (bare elec- 
trode and rod) 

AWS A5.9 I ER-430 

See footnotes at end of table. 
Origin81 42 

CrCk steel (4.0-U.5 percent Cr. 0-5.0 percent Ni. 0.4-1.4 percent 
Ilo) (ban electrode. rod. and inserts) 
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TABLE 11. srocpina of f i l l e r  materials ( n l d i m ) .  U 61 - ~i~ 

Group 

A-8B 

See footnotes a t  end of table. 
Original 43 

A-9A 

A- 96 

A-2lB 

I I I :::::':L 

Applicable docunent 1 Filler material type 51 
High alloy steel (austenitic) (bare e learode rod and insert) 

MIL-E-19933 

AWS A5.9 

MIL-I -23413 
(ins~rtS) 

MS A5.10 El83 
R5356 

1 131~-348 

High alloy steel (duplex stainless) (covered electrode) 
AK A5.4 Lpl ( E2209-15116 

High alloy steel (dugla  stainless) (bare electrode a d  rod) 
AK A5.28JQI 1 ~ ~ 2 2 0 9  

A l u n i r u  alloy (bare electrode. md. and insert) 

MIL-308 
MIL - 3O8L 
MIL-308HC 
MIL-309 
MIL-310 
MIL-312 
MIL-316 
MIL -3161 
MIL-317 
MIL-318 
MIL-321 
MIL - 347 
ER309L 
ER320 
MIL-308 
MIL-308L 
MIL-310 
MIL - 312 

AWS A5.10 
A S  A5.10 . 

MIL-I-2M13 (i&) 

RllOO 
ERllOO 
ML-1100 

A l r a l n r  alloy (bare electrode. md. and insert) 
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S9074-AR-61B-O10/278 

TABLE 11. @vnmIna of flller m l a l s  (wldin,gL A/ 61 - Continued 

A-330 

A-34A 

Copper tin alloy (phosphor bronze) (bare electrode and rod) 
UIL-E-2376W3 I MIL-Cuyl-C 

Copper nickel (covered electrode) 
~ I L - E - ~ ~ O I ~  I HIL-wn (70130) 

Copper rrtdol (ban electrode. rod, and Insert) 
> 

A-358 

See footnotes at end o f  table. 
Mglna144 

A-360 

HIL-1-23413 (i-1 I H I L - ~ ~  
Copper-zinc alloy (brm rod) 

I W n - 0  
Copper rlrmrinr alloy (alminm bronze) (bare electrode and rod) 

I 

MIL-E-23765/3 I MIL-Ul-A2 

MIL-E-237W3 
ALSS A 5.8 

MIL-Cusn-C 
RBWn-B 
RBCuZn-C 
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TABLE I I. E r o u p i o f f f l l e r -  &/ - Continued' 

Group 

A - 37A 

AOpl icable document I Fil ler  material type 5/ 
li 

Copper aluainun alloy (alusinun bronze) (covered electrode) 
AWS A5.6 

AklS A5.13 

ECuAl - A2 
ECuAl -B 

EM1 -C 
ECuAl -D 
EWl -E 

A-388 

I Surfacing alloys t bare rod) 

Copper -a1 uarinm-nickel a1 loys (NiA1 and EtnNiAl bronze) 
(bare electrode and rod) 

MIL - E - 23765/3 I MIL-CuNIA1 

A-39A 

1 MIL-CUMnNiA1 
Surfacing alloys (bare rod) 

Surfacing a1 loys (covered electrode) 
NSAS.13 

MIL-R- 17UI 

A-41A 

I MIL- I -23413 (insert) I MIL-60 I 

MIL-RNiCr-B 
MIL-RNiCr-C 
MIL-PNf Cr-B-2 
MIL-PNiCr-C-2 

Nickel (covered electrode) 
MIL-E-22200/3 1 MIL-4W11 

Nickel (bare electrode, rod. and insert) 

A-42A 

See footnotes a t  end of table. 
Original 45 

MIL-1-23413 (insert) I MIL-61 
Nickel base alloys (covered electrodes) 

MIL-E-22200/3 I MIL-9NlO 
Nickel base alloys (bare electrode. rod. and insert) 
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59074-AR-6fB-010/278 

TABLE 11, ~poubina of f i l l e r  materials ( w e l u .  A/ &/ - Continued 

Appl i cab1 e doclm#nt I Fi 1 ler material type s/ 
1 Nickel base alloys (covered electrode) 

HIL-E -22200/3 I HIL- IN12 
HI L - 3Nl2 
HIL-4N12 
MIL-4NU 
MIL-8Nl2 

I Nickel base alloys (bare electrode. rod and inserts) 

Nickel-)blyWcrwr-Chnrciun Alloy (covered electrodes) 
AWS AS.11 I ENiCrHo-4 (U15-YBD276) 81 

Nickel-lblybderna-Chroorim Alloy (bare electrode a d  rod) 

MIL-E-Zl562 

UIL- I -234W 

Nickel-cobalt alloys (covered electrodes) 

I Titaniu-uulloyed (bare electrode) 

MIL-EN62 
HIL-RN62 
HIL-EN62 
MIL-IUlt82 
MIL-EN6A 
MIL-RMA 
MIL-EN625 
MIL -RN62S 
MIL-62 

MIL-E-22200l3 HIL-3N18 
HIL-3Nlc 
HIL-4Nlu 
HIL-3NlN 

1 I f  f i l l e r  material of s i l i l a r  chemistry a d  mechanical properties is not 1 isted 
under an A-group. it may be considered as a part of  a group upon approval . 

21 To be a1 so used for welding ordinary s t r e n g t h  steel to HY -86 steel . 
31 To be used with neutral flux. 
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T 

A- 538 
T i  t a n i u  base alloys (bare electrode) 

I 

AWS A5.16 ERTi -5 1 mi - 5EI.I 

Downloaded from http://www.everyspec.com



Electrodes with an 'HY' suffix are also suitable for welding ordinary or higher 
strength steel to HY-80 steel or t o  HY-100 steel. 

A f i l l e r  material type containing an 'X' i n  the designation allows various 
options: for  exanple. 'MIL-309-XX' pennits 'MIL-309-15 or -16'. 

Use of  AWS f i l l e r  material shall require capliance with 5.2.1 where the same 
mil i tary specification f i l l e r  laaterial type exists. I f  there i s  no mil i tary 
specification f i l l e r  material type, conformance testing o f  each l o t  o f  
electrode shall be accoaplished i n  accordance with AWS A5.01. As a mininun. 
schedule J shall be enployed. Lot classification shall be i n  accordance with 
AWS A5.01 Class C3 for covered electrodes, Class S2 for bare solid electrodes 
and MS. brazing f i l l e r  metal . and conzlrnable inserts: C l  ass T2 for fl wc cored 
electrodes and metal cored electrodes and rods: and Class F2 for fluxes for SAW 
and brazing. Test requirements shall be sutnnitted for approval i n  accordance 
with 5.2.1. 

See paragraph 6.5. 

The covered electrodes shall confom to a l l  the qual i t y  conformance 
requi rements of MIL-IN12 specified i n  MIL-E-22000/3 but with tensi 1 e properties 
and chemical composition of E NiCrb-4 as specified i n  AW5 A5.11. 

The f i l l e r  metal shall confom to a l l  the qual i t y  conforaance requi m m t s  for 
ENlRM25 specified i n  MIL-E-2l562 but have a mini- tensile strength o f  100 
ksi . an elongation of 25 percent and a chemical conposition o f  ER NiCrHo-4 as 
specified i n  A S  A5.14. 

With additional requirenmtt for toughness. ferr i te content and other items as 
approved by MVSEA. 

5.2.1 Material substitution ammval. Unless otherwise covered i n  the 
Govemnent equipment specifications, material s acqui red i n  accordance with AMS. AWS, 
ASTH. or ASHE standards (or approved substitution material list) may be used for 
materials 1 isted i n  tables I and I1 subject to the following provision:' 

(a) To ensure coupfiance to the governing material specification. quality 
assurance and inspection requirements shall be established by the 
contractor and srrbaitted to NAVSEA or authorized representative for 
approval. After obtaining approval, the contractor shall invoke the 
requirements i n  purchase orders for materials or perform the required 
inspection upon receipt of  laaterial or prior to i t s  use i n  fabrication. 

5.2.2 Swcification deviations. Unless othewise covered i n  the W v e m n t  
speci fi cati on. deviations f ram sped f i cation requi r e n t s  of governing materi a1 
specifications shall be submitted to NAVSEA or authorized representative for review 
and approval. 
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5.2.3 m. Approvals required by 5.2.1 and 5.2.2 ul11 be granted only 
by NAVSEA when materials related t o  sections W. 14. and 15 are involved. 

5.3 Haterial inswctim. I n  addition t o  the requirements of 4.1.2. material 
records shall be verified to assure conforaance of the mter ia l  with the applicable 
specifications. Verification shall be accoaplished by checking m i l l  or inspection 
reports against the -1 icable specification rcqulFer#lk and material marking. as 
applicable. against the wter ia l  received. Additionally. for material supplied fm 
a warehowe or jobkr (not directly fnn the manufacturer). the user act ivi ty 
(construction) shall conduet periodic indepcndcnt testing to establish reasonable 
confidence i n  the re l iab i l i ty  of  contractor test data i n  accordance with a written 
procedure. I f  the contractor's q w l i t y  conformance inspection records are not 
available. the construction activi ty shall establish specification conformance of 
the material i n  accordance ulth a written promlure. 

5.3.1 Material identificatioq. The identification of the material shall be 
maintained t o  the point of i n i t i a l  fabrication i n  accordance with a written 
procedure. The identification of  the material shall be visually verified at the 
point of  i n i t i a l  fabrication as k i n g  the same material identification or an 
approved alternate later ia l  idcntlfication. as nquircd by. the installation plan. 

5.3.2 c. Inspection test reports covering tests 
conducted by the manrfacturer shall be verified by the contractor for conformance 
with specification mnnents. If the marufacturcr's quality confomnce 
inspection records am not available. the construction activity shall establish 
specification mforrrance o f  the mterial.  

Original 48 
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6.1 ene ra1  . This section contains the requirements or controls that  are 
essenti a1 for ensuring sa t i  sfactory we1 ds i n  aachi nery. pi ping . pressure vessel s . 
and stem turbines hereinafter referred to as  H. P. A. and T. 

6.1.1 5 as  uteta 1 - arc we 1 d i m  - short ci rcui t ina  transfer (GMAW sho rt arc) 
restriction. This process shall not be used unless approved otherwise for  a 
sped  f i  c appl ication. on a case-by-case basis. by NAVSEA. 

6.1.2 Non-structural welds such as  name plates. c l ips  and insulation supports 
on class P-1,  P-LT. A-F. A-1.  A-2. A-3. A-LT. T-1. and H - 1  components shall be made 
by welders qualified for butt or f i l l e t  welds. These welds shall be inspected i n  
accordance with section 10. 

6.1.3 Autogenous welding shall not be used for 5-1OH materi a1 s. 

6.2 Ueldina Drocesses and f i l l e r  materials. Acceptable welding processes and 
compatible filler materials are shown in  table 111. Specific f i l l e r  materials for 
steam service applications shall be i n  accordance with 6.2.5.1. Processes and 
materials not l i s ted  i n  table I11 and material not i n  accordance w i t h  6.2.5.1 shall 
be penri t t ed  where applicable welding procedure qua1 i fication data are approved by 
NAVSEA and authorized for  the  parti cul ar production appl icati ons. A1 mi nun a1 loys 
shall be we1 ded only by the  inert  gas metal -arc and the inert  gas tungsten arc 
processes. The root pass of S-8 piping welds i n  which the reverse side of the weld 
cannot be visually examined and is exposed to water shall be welded with a gas 
shielded welding process. Inert gas sMelding is also required for  5-51. 5-52. and 
5-53 materials as  required i n  6.2.7. 

6.2.1 pxvacetvlene restrictim. Except as  pemitted by 11.6. oxyacetylene or 
fuel gas welding processes shall not be used for welding on chronoim-ml ybdenurn 
(S-4. S-5). chrmiun alloy (5-6. S-7). chrarrim-nickel (S-8). quenched and teapered 
alloy steels (S-11). and alrminm or aluninun alloys (5-21. 5-22. 5-25 and S-26). 

6.2.2 5 5  1~11. The shielded metal arc process 
my be used for wall tMdcncss of 0.109 inch or over when welded on board ship and 
0.083 inch or over when welded i n  the shop. Mher welding processes will  be 
permitted for  thinner walls on the basis of welding procedure qualification tests. 

lectrodes for  class P-1 carbon steel D ~ R  6.2.3 Covered e . Class P - 1  carbon 
steel pipe shall be welded with electrode types MIL-7018. HIL-7018H. HIL-7018-A1. 
H1~-7015 or n1~-7016 ( A - a )  except when nominal wall thickness is 1/2 inch or less 
MIL-7010-A1 electrodes A-1A ray be used. 

6.2.4 Prohibited elect-. Unless specifically approved. types HIL-6010. 
6012 or 6013 electrodes of AM'S A5.1 shall not be used for H. P. and A applications. 
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TUBLE 111. f i l l e r  material w. 
le f i l l e r  material 1/ and congatll p processe! 

Shl el  ded 
metal -arc 

- 

Gas shielded processes 
(gas metal -arc, gas 

tungsten arc, and flux 
cored) 

A-20, A-38, A-2D 

oxysen 
acetylene 

Insert 
material s 

A- 2B 

A-20 

A-2B 

A-66 

A-68 

P l  asna 
arc Base metal 

arc- 

A-X $/ 
Carbon- steel I 

A-X 
A-3C 

Alloy steel (q 
3/4 percent 

A-X 
A-3C 

3/;2 perced) 1 
HI alloy steel 
(a 10v 

HI& alloy steel S-1W 

Quenched and 
temered alloy 

See footnotes at end of  table. 
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TABLE 111. Weldina P I  1 ler  material chart. Continued 
-- - 

Base metal 

\lumlnum and 
a1 unl rrrrm- base 
a1 1 oys 

Copper and 
copper - base a1 1 oys 

- - 

Nickel and 
nickel -base a1 1 oy 
Ni ckel - Hol ybdemn 
-Chromim alloy 

Hardsurfacing 

Ti taniun and 
titaniun, alloy 

See footnotes at  end of table. 
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6.2.5 Selection of filler materials. Fi l ler  materials shall be selected for  
m p a t i b i l i t y  wi th  the base material on the basis of chemical conposition. 
mechanical properties, post weld heat treatment requi ren#nts. and cu~qmnent/system 
operating conditions and requirements. Tables I1 and I11 identify specifications in  
which guidelines may be found to assis t  i n  selecting conpatible filler materials for 
wre naarn l  y used base materials. 

6.2.5.1 Filler mte r l a l s  for stem service amlicatior& 

6.2.5.1.1 Ferritic and martensitic steel filler metals for the bbse materials 
ammonl y used i n  steam service applications shall be as  fol 1 ows: 

Base material S-group No. Filler -1 A-group no. 

For 5- 1 materi a1 s - A-2A. A-2B. A-2D. A-10, and A-1A 
(MIL-7010-Al only as noted in  6.2.3) 

For 5-3 materials - A-2A (MIL-7010-Al. 7011-Al, 7018-A1. 
and 7020-Al only) 

For S - 3 .  materials - A-3A. A-3%. A - X  
For 5-4 materl a1 s - A-6A (80XX-82 and -B2L only) 

A-68 (MIL-515. ER8OS-82 and -B2L only) 
A-6C (F8PX-OB2-82HB only) 

For 5-5 eateri a l s  - A-6A(90XX-B3and-63Lonly) 
A-68 (HIL-521, ER90S-63 and -63L only) 
A- 6C (F9PX - EB3 - B3H8 on1 y) 

For 5-6 and 5-7 materials - A-7A-2 or A-7B-2 
For S-6A materials - A-7A-2 (MIL-410-Nib-XX only). A-7B-2 

6.2.5.1.2 For welding of  diffelynt colabinations of the base materials as  
specified i n  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 w i t h  S-3A. 5-4. 5-5. 5-6 and S-7 base 
mteri a1 s . 

6.2.5.1.3 For joining base materials udcr groups S-1. 5-3. S-3A. S-4. 5-5, 
5-6 and S-7 t o  base materials under S-8. the follasing filler metals shall be 
used: 

H i g h  a1 1 oy steel  (austeni ti c) 
A - 8 ~  (HIL-~O~-XX. MIL-309L-XX, MIL-309Cb-XX. and MIL-310-XX only) 
A-8B (MIL-309. MIL-310. and ER309L only) 
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Uhen post weld heat treatarnt is required by oorponmt or equipaent specifications. 
or where design service teapcrakre exceeds 400°F, only the above listed A-4% or 
A-43B filler netals shall be used. 

6.2.5.1.4 For surfacing applications to  resist stem cutting. the f i l l e r  
aetals specified i n  6.2.5.1.3 lay be used on base materials under groups S-1. 5-3. 
S-3A. S-4. 5-5. S-6 and S-7. Whcm rubscqwnt post heat treatment of these base 
materials is required. only the MIL-BN12, 01-82. and RNB2 f i l l e r  metals shall be 
used. 

6.2.5.1.5 For welding the dissimilar .eta1 d i n a t i o n s  of S-1OH to S-11 or 
5-2 alloy steels, the electrode for shielded metal -arc welding shall be MIL-lN12 OF 
MIL-E-22200/3 and for gas metal -arc and gas tungsten-arc welding the f i l l e r  metal 
shall be MIL-EN625 or MIL-RN625 of MIL-E-21562 as applicable. 

6.2.6 m r  of weld wsses. Unless otherwise approved. no less than tm, 
1 ayers shall be used for a1 1 pressure containing we1 d joints . 

6.2.7 Weld -dim. Inner root surface of a l l  consunable insert 
type welds and a l l  ful l  penetration butt welds not eqloying a backing ring shall be 
shielded by inert gas. Internal purge shall be continued until after rompletion of 
the third layer or a thickness of 3/16 inch, whichever is greater. This requiremewt 
does not apply to P-2 type weld joints in  P-2 piping systems of laterial  s other than 
5-21 thrwgh 5-26, provided it can be demcmstrated to the satisfactim of the 
authorized representative that the internal surface of the weld wtts the visual 
mirenmts of HIL-STD-2035. 

6:2.7.1 When welding i n  or to titaniu or  titanim alloys (including repair 
welding of base wtal and welds) the mid area backside shall be shielded with inert 
gas unless the backside tcnpcrature is &teraincd to  -in less than 500°F. 
Shielding shall continue until coppletlon of uel&ng. Te~pcrature shall be 
deterrined by checking actual backsick surfaces during welding wlth  pymmeters or 
other suitable aeans. or if the area is 9naccessible for masmmt. a mock-up of 
the weldaent heat sink simulating worst case production conditions shall be uelded. 
Teqerature measummts shall be obtained from the mck-w weld backside area as  
necessary to dcnonstrate that tclpcr- will m i n  below 500°F during a l l  
production welding. A desmiption of the .ock-ug and welding and tmperature test 
results shall be maintained wi th  the welding proccdurce qualification records. 

6.2.8 @ie h a w l e  allom. Welding of age hardenable alloys is subject to 
NAVSEA approval. 

6.3 Preheat and intemass tenner-. Preheat and interpass tenperaturcs 
shall be~spec l f i cd in tab lcs IVandVun l~soUlen isc~rovedbywe ld ing  
procedm qualification. 
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U t e r i  a1 I Miniaun preheat 
identi f icat ion I ty;Fre,'F 

Mxm steel * 

r steel cr > 2 

Naxiwn 
i nterpass 

temprature 
F 

Supplementary 
provi s i  ons 

f o r  oreheat and 

Where both carbon 
content i n  base metal 
i s  greater than 0.30 
percent and thickness 
exceeds 1 indl 
For a l l  other S - 1  
fnateri a1 s 
Mininun preheat and 
i nterpass 
temperature for  a17 
th i  cknesses 
Where either the 
specified m i n i m  
tensile strength i s  
greater than 70.000 
l b / i$  or thickness i s  
p t e r  than 5/8 inch 
For a11 other S-3 
materials 
For a1 1 thicknesses 

Where either the 
specified mini- 
tensile strength i s  

$" ter  than 60.000 
b/i# or thickness i s  

greater than 1/2 inch 
For a l l  other 5-4 
laaterials 
there either the 
sped f i ed tensi 1 e 
strength i s  greater 
than 60.000 l b / i d  or 
has both sped f i ed 
chroaiua content 
greater than 6.0 
percent and thickness 
p t e r  than 1/2 inch 
For a l l  other 5-5 
materi a1 s 

See footnotes at end o f  table. 
original 55 
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TABLE I V .  preheat - c o n t i a  
intemass for welded ferrous all=. 

Materi a1 
group 
numr 

Hateri a1 
identification 

High alloy steel 
mrtensi ti c 

High alloy 
steel 
mrtcnsitic 

High alloy 
steel 

High alloy 
WlftCIlitic 
steel 

uaxiarrp 
interpass 

teaperature 
OF interpass terperature 

For a l l  5-6 materials 
except as petwitted 
below 

For 410 welded wi th  
4lONi Ho 
For 410s welded with  
410NiHo unless 
otherwise pemi tted 
below 
For 4105 welded by SMAW 
Kith 41ONi)b. with  
0.03% C maxim, or 
when using W or GTAW 
for 410s with 410Ni)(o 
filler material 
For a l l  S-6A material 
excevt as ~errrftted 
bel& 
For thickness less than 
1.5 inches: and SEWJ 
with. 41ONi)b electrode 
with 0.03% C laxiam or 
when using GTAW or GHACJ 
and 410NiW filler' 
material . 
Preheat is not 
mandatory - The preheat 
and interpast 

t-'r- qua ifying the urcd welding in 
procedm shall be an 
essential element of 
that procedure. to be 
a lied in production 
we 9 ding. 
Preheat and interpass 
tcrperature shall not 
exceed 350°F for a l l  S- 
B materials except as 
provided for in 

Suppl m a r y  
p w  sions 

for preheat and 
I 

I 

- 

- 
I 

I 

- 

I 

.. 

See footnotes a t  end of table. 
Original 56 ' 
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TABLE I V .  pm$eat am! intemss tgp?rature for welded femws a l l o ~ .  - Continued 

Material Material Hiniwn preheat 
Ilaxi- I Supplementary I grow I identification I teamature OF I intemss provi s i  ons I 

iature I for pret 1 1 I. I 1 tgcl 
o r  

eat and 
interpass temperature 

I S-11  I I I 1 See 6.5 I 
s-lOH 

Where consunable inserts are used, preheat temperatures for GTA root welding 
(tacking and comming the insert) can be the temperatures established i n  
approved we1 ding procedure qua1 i fi cation tests. 

Preheat and i nterpass temperatures for dl ssilal 1 ar metal we1 ds , where sped fi ed 
tenperatures for the different materials are not within the same range, shall 
be established by approved uelding procedure qua1 if ication tests except as 
provided for i n  footnote 3. 

High a1 loy steel 
d u d e x  stainless 

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

These lower preheat tenperatures are only permissible for SMAW when electrodes 
are specially procured to 0.03% lnaxinn carbon content. Applicable we1 ding 
procedures shall specify this requi merit. Records required by 4.1.3 shall 
1 i s t  the heat and lut nuaber of a l l  electrodes used with these lower preheat 
terperatures. A procedure for purchasing electrodes t o  this requirement and 
for segregating a1 1 such electrodes from high carbon content electrodes shall 
be developed by the activity and suhitted for approval i n  accordance with 
5.2.1 prior t o  use. 

60 

The naximrr interpass taqerature for welding with a1 1 410NiCb type f i l l e r  
materials shall be 50O.F. 

Original 57 
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For a1 1 thicknesses. I 
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% - 
S9074-AR-61B - OlO/Z78 

TABLE V. preheat and interpp2;lf;ggerature for w e l w  nonferrous alto-. 

H i  niarrn 
preheat 

tcrperature 
"F 
60 S - 2 l  

5-22 
5-26 

Maximull 
interpass 

teaperature 
O F  

Aluninuaand 
a lminr ,  
basealloys 

Supplementary provisions 
for preheat and 

interpass t-rature A/ 

Preheating may be used to  
control distortion and 
prevent cracking providing 
the preheat and interpass 
tenpcratures are supported 
by qualification tests. To 
prevent a reduction i n  
resistance t o  stress 
corrosion cracking i n  
a1 toys 5086 and 5456 
tempcrams between 150°F 
and 400°F should be 
avoided . 
Preheating may be used to 
control distortion and 
prevent cracking providing 
the preheat and interpass 
temeratures are supported 
by h l i f i c a t i o n  t d .  
Preheating i s  not required 

Prehtat i s  not mandatory. 
The preheat and interpass 

"4" a k n w  used i n  
qua i fy lng the welding 
procedure shall be 
essential elements of  that 
pnrccdure to be applied i n  
production welding. 

See footnotes at end of table. 
Original 58 
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TABLE V. heat and lntemss temerature for welded nonferrous alloys. 
%ntlnued 

Manganese- 
ni eke1 - 
alunintm- 
bronze 

N i  -1 - 
manganese- 
bronze 

Tin- ni  ckel - L-T- 

N i  ckel -copper 

temperature I O C  

Supplementary provisions 
for preheat and 

i nterpass temperature I/ 

Preheat i s not mandatory. 
The preheat and interpass 
temperatures used i n  
qua1 i fyi ng the we1 ding 
procedure shall be 
essential e l m  of that 
~rocedure to be amlied i n  . . 
production welding. 
Depnding on welding 
process used. preheat and 
interpass t ratures fm 
500°F to 800' =r? my be 
necessary to ensure 
crack-free weldmts. 
Preheat i s  not mandatory. 
The preheat and interpass 

tTtures qua ifying the welding In 
procedure shall be 
essential elanents of that 
procedure t o  be applied i n  
production we1 di ng. 
Preheat i s  not mandatory. 
The preheat and interpass 

t7-m qua ifying the welding in 
procedure shall be 
essential elements of that 
procedun to be applied i n  . . 
producti on welding. 
Preheat I s  not mandatory. 
The preheat and interpass 

t=r--'in qua ifying the welding 
procedures shall be 
essential elements of that 
procedure t o  be appl ied i n  
production welding. 
Preheating i s not requi red. 

See footnotes a t  end of table. 
O r i g i ~ l  59 
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TABLE V. preheat and interpass t- for welded apbferraus a l loq .  - Continued 

Meri a1 
identification 

/ Preheat and interpass tgpcratures for dissimilar metal joints shall be those 
establtshed by welding procedure qua1 i f icat ion tests and approval. 

N i  &el - 
chronrlu- 
iron and 
nickel - 
m u -  
mlybdenlm- 
c o l I d i m  
Nickel - 
aolybdenm- 
chruuiu alloy 
Ti tani tn 
and 
t i tan i  un 
a1 1 oys 

6.3.1 J&thods of  bnkat ina  and interwss temerature control. Preheat may be 
appl ied by any method which ensures mi form temperature of the joint to be we1 ded. 
Cyclic ha t ing  and severe taperatum gradients i n  the welding area shall be 
avoided. Interpass tcaperature shall be controlled by: 

Uinimm 
preheat 

tcopcrature 
OF 

(a) Proper placement o f  preheat elements and control. of pawer input. 

Welding operations shall be shielded fm wind and inclement weather unti 1 the 
weltbent has amled t o  wtthin annbimt terpcrature p l  us 50°F. unless post we1 d stress 
relieving i s  required and i s  to be performed inmediately upon ampletion of welding. 
Where gas tom flame i s  used for low terperature preheating. there shall be no 
condensation i n  way o f  weMng. 

Maxiarm 
interpass 

tcaperakrre 
O F  

Preheating i s  not required. 

Preheating i s  not required. 

I nterpass temperatures 
greater than 250°F shall 
require reqwl i fication o f  
the procedure with the 
maxiaura interpass 
temperatures to be used for 
production. 

- 

60 

6.3.1.1 Titaniun and t i t a n i u  alloys. Heating of 5-51, 5-52. and 5-53 
materials shall be l i a i  ted to  the use of laaps. resistance heaters or induction . . 

heating equipment. Use of oxy-fuel gas torches i s  prohibited. When using 
resistance heaters or induction coils. contact of the heating elements with the work 
shall be avoided. 

Supplementary prow s i  ons 
for preheat and 

interpass temperature I/ 
I 

350 a 

200 

250 

original 60 
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6.3.2 Verifvina temeratures. Preheat and interpass temperature shall be 
verified by periodic checks using such indicating devices as crayons o r  electrical 
potentimeters. Use of law melting metallic alloys for temperature measurement is 
prohibited. Crayon marks shall be located a arinimrn of 1 inch away from the weld 
area. Temperature indicating crayons shall not be used on 5-51. 5-52, and 5-53 
materials. For these materials the teuperature shall be measured Kith  a contact 
pyrolaeter 

6.4 Postheatinq. Unless otherwise approved. postheat of welded joints t o  
relieve stresses and t o  inprove the metallurgical and corrosion resisting properties 
of the heat affected zone shall be performed i n  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 
wmber. Holding time a t  tenperature shall be based on weld metal thicluless. 
i ncl udi ng reinforcement . 

Original 61 
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TABLE V I .  post heat rmlrements for welded ferrous a l l o v ~ .  - Contlrmed 

rlaterl a1 
Qr'n"' 
number 

S - 6  

S-6A 

S-7  

Material 
Identlflca- 

t lon I/ 

i lgh alloy 
steel 
nartensl t l c  

Hlgh alloy 
steel 
martens1 t l c  

Hlgh alloy 
steel 
fe r r l  t i c  

21, 
1250- Them1 stress 

re1 l e f  mandatory 
should 5-6 mter la ls  
be used t o  fabricate 
class H machinery 

iiSo 
81 1100 Thermal stress - 1150 re l ie f  mandatory 

should S-6A 
mter la ls  be used t o  
fabricate class M 

should S-7  n a t e h l s  
be used to fabricate 
class M ~achlnery 
arts. 1 

ry provlslons and exceptlons 
Pressure vessel s. turbl nes 

classes A-F, A-LT, A-1, A-2, 
A-3, A-4 ,  T-1. and T-2 

rhermal stress re l l e f  
r ulred. No exceptlons. 
91 7 attactnnents or arts 
elded thereto shal be 
stress re1 leved. 

P 

r h e m l  stress re l l e f  
requl red. No exceptlons . 
911 a t t acbn t s  or arts 
rselded thereto shal be 
stress re1 leved. 

P 
r h e m l  stress re1 l e f  
requl red. No exceptlons. 
411 attactunents or arts , 

r~elded thereto shal be 
stress re1 leved. 

P 

Piping class P 

thermal stress re l l e f  r 
for welds i n  a1 1 slzes o "I"1red 

thermal stress re l l e f  r 
for welds i n  a l l  sizes o 'Yr* 

bml stress re l l e f  r 
for welds i n  a l l  slzes o TIrd 

See footnotes at' end o f  table. 
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TABLE V I .  Post heat reaulremenb for welded ferrous a l l a .  - Continued 

Materi a1 
identlf ica- 

t ion  I/ 

Appl lcabl e supplementary provirions and except ions 
L 

Haldlna I Machi nerv I Pressure vessels. turbines 1 Pi~ lm class P 

Hgh alloy 
wsteni t i c  
;tee1 

High alloy 
duplex 
stainless 
steel 

--- - - - - - -  

I 
. - 

temper- I class H classes A-F, A-LT; A-1. A-2. 
ature O F  I A-3. A-4. T-1. and T-2 

I I 
Weldments o f  austenitic corrosion resistant steel shall not be post-weld heat 
treated unless othemi se spec1 f led herein or I n  the control1 lng component 

I flcatlon. Annealing or solution treating o f  austeni t i c  corrosion resistant 
s eel shall be done only for putting precipl tated carbides back into solution and 
only for those weldnents that can be entirely water quenched Innedlately after 
heating. Uhen such heat treatment I s  required. the weldment shall be heated t o  a 

rature o f  between 1950 and 2050°F. held at that temperature for 1 hour for 
ea t?t? Inch or fraction thereof o f  thlckness at the thickest part. and then the 
entire weldwnt shall be water quenched. Post weld heat t r e a t m t  o f  CN-7M or 
CW-7W stainless steel castings i s  m i r e d  t o  restore the corrosion resist1 

r t l es  o f  the material. Heat treatment shall consist o f  heating the cast t o  
5 O F  minimum. hold for sufficient time t o  heat the casting t o  temperature. a hT "5 

then qwnch i n  o i l  or water. However. post weld heat treatment i s  not required for  
welding on the nonwetted surface (casting surface which i s  not exposed t o  sea 
water) where such weld1 can be accolnpll shed w l  thout causing any portion o f  the 
wetted surface to  be hea "O ed to  a temperature exceeding 800°F. 
Ueldments o f  duplex stainless steel shall not be post-weld heat treated unless 
otherwise specified hereln or i n  the controlling c nent spec1 flcation. 
Annealing or solution heat treating shall be done on "P" y for putt ing preci i tated 
carbides or s i m  phase back in to  solution and only for those weldnents ! hat can be 
entirely water quenched inmediately after heating. When such heat treatment i s  
r uired. the welchnent shall be heated t o  a tenperature o f  between 1900 and 19755, 
a d  at that t a p r a t u r e  for 1 hwr for each inch or fraction thereof o f  thickness 
at the thickest part. and then the entire weldment shall be water quenched. When 
th is  option i s  exercised. test samples shall be removed from the heat treated 
parts, or test coupons from the same heat and l o t  as the heat treated subassenbl ies 
and heat treated with the arts. shall be tested as required by the base la te r ia l  P sped f icat ions. The heat reatment procedure, including the mhanical  test 
,specimen requirements, shall be sutnai t ted for approval . 

See footnotes at end o f  table. 
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6.4.1 Nickel allom. PoskJeld heat treatment of the following nonferrous 
alloys shall not be performed unless it i s  necessary for dimensional stability, i n  
which case temperatures shall be as indicated: 

!!h&i& Holdina &meratures O F  Holdina tie 
Nickel -copper alloy (5-42) See Note 1 hour per inch of 

thickness. For th i  dvlesses 
Copper-nickel alloy (5-34) 575 i 25 less than 1 inch. the 

holding time shall be 
Nickel -chnrpiun-iron 6-43) See Note proportional but not- k s s  

than 30 minutes. 

N[m: Weldmts t o  be post-weld heat treated shall not contain weld deposits made 
with electrode type 3N10 or 8N10 of M I  L-E-Z2OO/3 or electrode types € NiCrHo-4/ER 
NiCW-4 of MS A5.11 and AS. 14 respectively. Precipitation hardened nickel -copper 
weldments shall not be stress relief heat treated. Copper-nickel alloy welded with 
copper-nickel or nickel -copper f i l l e r  materials m y  be stress re1 i e f  heat treated 
for dimensional stabil ity (subject to the prohibitions against types 3N10 and 8N10 
electrodes). Holding teaperatures for 5-42 and 5-43 materials shall require NAVSEA 
approval prior to the perfomnce of any post weld heat treatment. The responsible 
activity shall reczm#nd the desired holding teqmature and shall provide 
sufficient technical infomation to demonstrate that reqrrfred mechanical properties 
w i l l  -be maintained. 

6.4.2 Alrninm a l loy.  Post-weld heat treatrent shall not be performed on 
wrought alrarinrn alloys. 

6.4.3 A1 f Post-weld heat treabent of  alloys not 
covered by thi~o~%l:"$lk,"~% for approval on the basis of the 
qualification tests where such post-weld heat tfeatwrrt i s  an essential element o f  
the we1 di ng procedure. 

6.4.4 -. allovs.~here the specified aging heat treatment cannot 
be performed or where f i l l e r  metals a n  used that & not respond to  aging heat 
treatn#nt. a design review shall be perforled to ensure that the weldaent satisfies 
design requimmts and NAVSEA a p p m l  for repair shall be obtained. 

6.4.5 fXmw a l l o ~ .  I n  general. copper alloy castings do not require 
post-weld heat treatment to irprove corrosion resistance. An exception to this i s  
nickel-alminun bronze i n  accordance with HIL-B-24480. where a post-weld temper 
anneal heat treatnent i s  required i f  the weld i s  lade on any surface exposed to 
seawater or where the heat affected zone extends to wlthin 1/4 inch of this surface. 
Post-weld heat treatrwnt i s  not required for non-seawater applications. WheH 
required, teaper annealing shall consist of holding the casting at 1250 * 2 5 O F  for 6 
hours minim. followed by air  cooling. 
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6.4.6.1 m r a 1  heat treatina r e a u i m .  For furnace equipaent 
requirements. heat treating procedures. miniarm metal removal after exposure to high 
teaperaturn. and general information.. refer to MIL-H-81200. 

6.4.6.2 Stress relieviqg. M m  required for dimensional stability. S-51 and 
5-52 materials shall be stress relieved i n  the temperature range of  900" t o  3100°F 
for 1-1/4 hour per inch within the range of  1/4 to 4 hours. 5-53 materials shall be 
stress relieved i n  the tcqcrature rang@ of  900" to 1200°F for 1 hour per inch, 
within the r a m  o f  1 to 4 hours. 

6.4.6.3 pnnealiq. Uhen required to improve ductility. dimensional or tkml 
stability. f r a c l r e  tougtmess. and creep resistance, 5-51 and S-52 materials shall 
be annealed i n  the teaperatwe range of  1200° to 1400°F for 1-1/4 hours per inch. 
withln the range o f  1/3 t o  2 hours. 5-53 material shall be annealed i n  the 
tcnpcrature range o f  1275' t o  1500°F for 1 hour per inch. within the range o f  1/3 to 
2 burs. 

6.5 S p c c l a l m m t s  for weldm and fomina S-11 steels a n d s i a l  
-1. Welding and foruing of HY/HSLA steels and STS steels shall 
be i n  accordance with MIL-SlD-1681. MIL-SID- 1688 or MIL-STD- 1689, as appl icable. 
Preheat and interpass teaperatures, f i  11 er metal selection, and postheat temperature 
and holding time for MIL-S-23284 steel shall conform to the requirements of MIL-STD- 
2191: welding prrmdurc qualification shall crploy HIL-S-23284 steel unless 
othcnise approved by NAVSEA. 

6.5.1 m a 1  reauiranents for weldim with u - 1 2 0  and MIL-140 series f i l l e r  
~ t e r i a l p .  Except for MIL-SlD-US1 applications and handling and storage of MIL- 
KO18 electrodes (see 6.6). addi tianal requirements shall be as approved by NAVSEA 
for welding with MIL-KO and MIL-140 series f i l l e r  materials. These additional 
requirements involve at least the following items: 

Heat input ( m i n i l  and mu) rquinwnts. 
Heat soaking n q r r i m  of welds and weld repairs (as required). 
Preheat and inkrpast tgpcrature (min im and #xiwn) rquirenmts. 
Loss o f  pnhccrt or heat soak and weld m v a l  requirements. 
M n g  nqrri-• 
Receipt inspection o f  welding filler aaterials. 
Weld repairs of  base mterial. 
Weld repairs using d e m t c h i n g  f i l l e r  materials i n  l ieu of  MIL-KO or 
MIL-140 series f i l l e r  materials. 

6.6 flcctrodc m i m  storm. 

6.6.1 General. Welding electrodes. including covered types and ban spooled 
electrode (wire form) shall be handled so as t o  prevent damage. Where containers 
show evidence of damage. thelr contents shall be examined and electrodes with 
cracked or flaked-off coatings, or damaged spools of f i l l e r  metal shall not be used 
for production welding. Covered electrodes and bare electrodes (wire form) and rods 
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shall be stored under clean dry conditions to prevent damage fm contarrfnati on. 
misture. or water. 

6.6.1.1 Covered electrodes texcludina MIL-tms 9018. 10018. 11018. 12018, 
30018-N1. and 410NiHo1. Low hydrogen types, including fer r i t i c .  austenitic and 
nonferrous alloy types. except MIL-types 9018. 10018, 11018. 12018, 10018-N1. and 
410NiHo or s la i lar  AWS or ASTM types (see 6.6.2) shall be used within 9 hours after 
removal from hemt ica l  1 y sealed containers or holding oven. The holding oven shall 
be a vented type and a temperature o f  150 to 350°F shall be maintained. Electrodes 
exposed to abient  conditions for wre than 9 hours after removal shall be held for 
at  least 8 hours at 150 to 350°F i n  a vented oven prior to reissue. 

6.6.2 Bndi t ioni  na electrodes (MIL-types 9018. 10018. 11018. 12018. 10018-YL, 
nd 410NiMo and t w e  E2209-15/16. Electrode MIL-types 9018. 10018. 11018. 12018. 

f0018-N1, and 410NiMo and type E2209-15/16 shall be conditioned i n  accordance with 
6.6.2.1 through 6.6.2.4. 

6.6.2.1 W s e d  electrodes. Electrodes pemoved fm holding ovens or 
hermetically sealed containers shall not be used i f  they are w s e d  to the 
atmosphere for  more than 5 hours. Electrodes which have been exposed for more than 
5 hwrs shall be stored i n  the holding oven for at least 8 hwrs or baked i n  
accordance with 6.6.2.3. Electrodes which meet the wisture and moisture resistance 

e 

requirements as specified i n  MIL-E-22200/10 may be used for a period o f  9 hours 
without baking. 

6.6.2.2 Storaae i n  holdim o m .  Electrodes should be stored i n  holding 
ovens upon opening the hemetically sealed containers. Electrodes which have 
baked shall be transferred to holding ovens before cooling to 150°F. The 
teaperatwe o f  the holding oven shall be 225 to 300°F. 

6.6.2.3 pakinq. Electrodes shall be conditioned by baking at teaperatures o f  
800 t 50.F (625 2 25OF for MIL-41ONiHo-XX) for  1/2 to 1 hour i n  a forced convection 
or circulation oven. The oven tcaperature at time of  loading shall not exceed 300°F 
and the electrodes should be spread i n  thin layers on trays. During baking. the 
teaperatwe shall not be raised more than 300'): for each hour when oven teaperatures 
are 500°F and above. Ovens should be autoaatically controlled and calibration shall 
be checked periodically at  intervals of not more than 6 .orrths. 

6.6.2.3.1 Rhkinq.  Rebaking of electmks i s  permitted. provided tests are 
performed on each electrode brand t o  confim that the nrmber of rebaking cycles t o  
be used does not adversely affect weld deposit qua1 i t y  i n  accordance with governing 
specification requirements. 

6.6.2.4 Mi sture t ea .  Hoisture test o f  electrode coatings at the jobsi t e  i s  
not required. 

. 6.6.3.1 storae. Granular flux shall be stored i n a dry area. 

Original 71 

Downloaded from http://www.everyspec.com



6.6.3.2 w. Except as specified i n  6.6.4. unfused granular f lux may be 
reused subject to the follasing conditions: 

(a) Flux shall be collected from clean. dry work pieces. 

(b) Flux should be Rixed with nesJ flux. 

6.6.4 Subwrwd-arc aranular flux for mldina hiah hardenable a l loq .  

6.6.4.1 Prrwration for u*. Prior to the start of any wedding operation. 
granul ar flux shall be heated to 250°F Rirrtlrra and used while warm t o  the touch. 
F l  ux shall be heated i n  clean. m t c d  metal containers. Requi rememts for fl w for 
S-11A and S-11C materials shall be i n  accordance with  HIL-m)-1689 or HIL-STD-1688 
as appl i cab1 e . 

6.6.4.2 b. Unfused granular flux my be reused subject to the following 
condi ti ons : 

(a) Flux shall be colleckd fraa clean. dry work pieces. 

(b) Flux should be mixed with approximately 50 percent new flux. 

(c) If flw IS not warn to the touch. it shall be nhsated to 250.F minim. 

6.6.5 Titanitan and titanlm allov elect*. Bare spooled electrodes and 
bare rod electrodes shall be kcpt i n  their original sealed containers until used. 
To pnvcnt contanlnation. wire and rod shall be handled only with clean fabric 
gloves except leather may be uscd i n  actual welding. Once mounted on the wire spool 
tub. the titanitm wire shall be kept crrclosd i n  a dust cover. l'he wire feed path 
shall be cleaned a t  least once dally to NOW any actuulated chips or d i r t  In the 
gide tube. rollers, or torch. Uanually fed win or rod shall be wiped with a clean 
solvent-soaked cloth before use and thereafter handled,onty with clean gloves. Wire 
or rod shall always have 1-Inch of filler length ~ ~ v e d  fra the t i p  before reuse. 
Wire and rod not In use for an extmkd period shall after moving the contrwinated 
stib end be placed In clean. dust-free containers. Prior to reuse. this wire or rod 
electrode shall be wipe-tested by drwing a clean. lint free cloth. uet with 
solvent. along a 12-inch length of the electrode. A slight & W i n g  or smudge on 
the cloth is acoeptable but any evidence of foreign material cooing off the 
electrode is cause for rejection until the w i n  I s  dwble-wipcd with solvent. 
respooled. and passes the wipe test. 

6.7 ProductIan tes t lm of 5-51. 5-52 and 5-53 wela. See 40. i n  appendix A. 
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7.1 e n e r a l .  This section contains the m i n i m  requi reslents for workmanship 
practices and methods t o  ensure sound welded joints. 

7.2 Cleaninti ~ r i  or  to and durina weldinq. The joint umbers to be we1 ded, 
including the  base metal surfaces. shall be cleaned to remove foreign material for a 
m i n i m  of 1 inch from the weld edge. M i l  scale or metallic oxides shall be 
renoved fm surfaces on which weld metal will be deposited. Slag shall be removed 
from a1 1 weld metal surfaces prlor to depositing subsequent passes o r  1 ayers and 
upon canpletion of the weld. For S-1OH materials, wire brushing shall be 
accomplished using stainless steel brushes which have not been used on alloys other 
than s t a i  nl ess steel s . 

7.2.1 Seal weldim i n  areas havim threaded connections. Threads i n  the seal 
weld and inspection areas of threaded connections shall be removed prior to welding 
and subsequent inspection. 

7.2.2 Titanim t reweld ~ rewra t ion .  As a min im.  a l l  contanrfnants shall  be 
reaoved fm the  weld joint surface (i .e.. surfaces to be welded over) and the 
adjacent I-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. 
Unless otherwise approved by NAVSEA. the following shall be performed, as  a min im.  
prior to welding. Forged and cast surfaces and surfaces heat treated i n  a i r  which 
w i  11 be we1 ded over shall require a mi nimm of 1/32 inch metal reaoval . Ueld joint 
should be prepared by machining with carbide or ceramic tools. If high speed steel 
tooling i s  used, weld joint surfaces shall be dressed with carbide6 burrs to remove 
any e&sdded steel particles. Ueld joint surfaces prepared by shearing. sawing. 
etc. shall also be ch essed wlth a carbide burr to rewve a11 surface markings from 
the cutting operation (see 11.3.1 for  cleaning of them1 cut surfaces). The final 
surfaces shall be brushed wlth a stainless steel wire brush. and then wiped along 
w i t h  1-inch of adjacent material with solvent. 

7.2.3 Titanirn intermass clearrtq. Uhere required. discoloration shall be 
re#,ved by burring or f i l ing  type operations. Except for 5-53 materials. straw 
color may be reawed by stainless steel wire brushing. Should discoloration of a 
weld bead occur. tk cause shall be detenincd and corrected prior to further 
welding. there cleaning and dcfect removal type operations on weld beads i n  
t i t a n i m  materials are  perforued. r e q u i m  of 7.2.2 shall be let. 

7.3 Peenina of wel& Uelds m y  be peened t o  help control distortion. t o  
relieve stresses. o r  to iapmve =Id quality. Uhen peening is performed on weld 
layers subject to nondestructive evaluation. a l l  visual evidence of peening or 
smeared metal shall be removed. Peening of the first or l as t  layer of pipe welds 
shall not be p e r f o d .  Peening shall be p e r f o r d  wing a round or blunt nosed 
tool of circular or oblong cross section. Welds shall not be overpeened. causing 
fl aking and 1 aps or reducing the cross section of the adjacent base metal . Surface 
slag. slag inclusions, cracks. porosity, and other weld defects shall be removed 
prior t o  peening. Uelds i n  S-51 and 5-52 materials shall only be peened using 
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NAVSEA approved procedures and equiplac*. Peening of welds i n  5-53 materials shall 
not be peraltted. 

7.4 putt *I&. Butt welds shall be as follom: 

(a) Welds shall have colaplete penetration. u h a ~  required, for the f u l l  length. 
Undercutting. overlapping. and sharpridged or deep-valleyed surface 
conditions shall be avoided. The reinforcement need not be removed except 
as required t o  rect reinforcemerrt requirements. Whcre nonrmvable 
backing strips are used. such strips are not considered to be weld 
reinforcelaem. 

(b) Before applying weld metal on the reverse side of double we1 ded joints, 
the joint shall be prepared for welding by chipping. grinding. machining. 
or arc-air gouging to remove a1 1 unsound weld metal . except as permitted 
i n  section 9. Proper contouring and cleaning shall be achieved as 
preparation for sound reverse root welding (see 9.3.2.1.1). 

7.5 Thermal cut surfaces. Them1 cut surfaces for welding shall meet the 
acceptance standards of  11.3 and sa~ple 2 or better of AWS C4.1-6. For S- 1OH 
materials. thermal cut edges shall be gnwcnd or machined t o  bright metal prior to 
welding. 

* 

7.6 g. Jolnts shall be f i t ted and aligned i n  
position. Tack welds or Acchanlcal devices my be used to retain the alignslent 
during welding. Tack welds shall be mmved by suitable W h o &  so that they do not 
become part o f  the welded joint unless they are made using approved welding 
p r o d m s  and meet the requirements of  10.3.8. 

7.7 Reoairs. Held dcfccts. defined herein as u~cceptable. and detected by 
visual test (VT) or other Nm mthods, shall be raoved and repaired only to the 
extent necessary to render the area acceptable. A l l  visual evidence of arc-stri kes, 
weld or HT prod. shall be nnoved by grinding and repaired i f  necessary to met 
m i n i m  thickness requirements. Arc-strikes which reduce metal thickness below the 
mini- design requirement shall be repair welded. Discoloration on letat surfaces 
due t o  Ul inspection shall be disregarded. Excavations nsul t ing fm defect 
removal shall not require repair mlding unless the depth and extent of the 
excavation exceeds the allawable depth and cxtcnt of acceptable weld undercut 
allawed by MIL-STD-2035 for the class of welding. or unless any portion o f  the 
excavation reduces the tmainlng lctal thickness klar the minima desim thidu#ss 
for the part or we1dm-t. 

7.7.1 Excavations not nqufring repair mlding shall blend slooUiiy and 
gradually w i t h  the adjacent weld metal or base material. Excavations not requiring 
repair welding shall be Ul or PT examined if UT/m inspection i s  a requiramt for 
the class o f  welding. 

7.7.1.1 For a11 arc strikes that occurred after f inal heat treatment i n  S - 1  
materials with carbon content greater than 0.30 perrmrt. 5-3. S-3A. 5-4. S-5. 5-6. 
and S-6A naterials. coaplete naoval of the heat affected zone shall be verified 
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w i t h  an etchant t h a t b s  been deaonstrated t o  disclose heat affected zone structure 
i n  the material involved unless repair  welding is required. Etchants shal l  be 
prepared and used i n  accordance with good metallurgical practice. 

7.7.2 Excavations 'requiring repair we1 ding shall be W/PT examined o r  visual 1 y 
examined a t  5X magnification. prior  to repair  welding. i f  HTIPT inspection is a 
requirement fo r  the c lass  of welding. Excavations requiring repair  welding shall be 
welded only to the extent necessary to restore ninimun design thickness o r  to 
achieve a condition equivalent to acceptable depth and extent of we1 d undercut. 
Repair we1 ds of excavations. if required. shal l  be inspected by the same NOT method 
a s  the original weld. Except where the  repair  welded excavation of previously 
accepted radiographed or ultrasonicall  y tested welds does not exceed 3/16 inch o r  20 
percent of the base metal thickness. whichever is less. the repair  m y  be MT/PT 
inspected i n  l i e u  of radiographic tes t ing  (RT) o r  ultrasonic t e s t ing  (U). The 
t o t a l  thickness. repair weld plus base metal . shall be used fo r  detenni ning the 
approved acceptance c r i t e r i a .  See 13.2.8.1 fo r  addi ti  onal requirements fo r  5-51, 
5-52, and 5-53 materials. 

7.8 Barkinq. Harking of welds for  identification purposes. such a s  may be 
required i n  wpping of joints.  record k e p i  ng. and establ i shi ng responsi bi 1 i ti es fo r  
worloaanship and qual i ty  of welding. shall be done preferably with an electro-etch 
pencil o r  vibro-tool nethod. Where it m y  be necessary to retain identif icat ion 
markings and the electro-etch pencil o r  vi bro-tool methods a re  inadequate due t o  
application of paint o r  other coatings which may tend t o  obl i te ra te  such marking. 
the  law-stress round-bottm irpression stanping method raay be used i n  l i eu  of vibro- 
tool o r  electro-etch methods. Where the  s taq ing  method is used. impression should 
be placed on the thicker joint  m r ,  such as  f i t t i n g s  i n  piping systems o r  the 
lowest stressed surfaces of other classes of welding. Pipe and tubing shall not be 
stamped. The laaxiarw allowable depth of the iapression shall be 0.01 inch and the 
irpression tool shall be i n  accordance with the follaJing requirements. 

Character size Mini- character face radius 
(inches) ~inches) 

The depth of the iapressions shall not reduce material thickness below t h e  r iniaua 
thickness required by design. Harking shall be located so a s  not to interfere with 
interpretat ion of radiography . 

7.9 fife& removal. Defects. whether fran weld o r  base material. my be 
removed by grinding, machining. o r  f i  1 ing with clean tools. The removal process 
shall not deposit iron. lead o r  other deleterious contaminants on the surface of 
corrosion res is tant  m e r i a l .  For titanium and t i taniun alloys. see 7.2.2. If weld 

original 75 

Downloaded from http://www.everyspec.com



repair is not required to meet r tniun thickness specifications. the excavation 
shall be blended smoothly into the adjacent material. 

7.10 Jitanim 3nd titaniun allov welds. 

7.10.1 T l h e n n a .  Them1 methods shall not be cnployed for backgouging 
or defect removal. 

7.10.2 Jn ~ r o c e s s  color insDectian. Each weld pass. including the backside of 
aJo sided welds. shall .be inspected for color in  the as-deposited condition before 
brushing and cleaning, and shall meet the cr i ter ia  of table XI. note 5. Results 
shall be pccorded when required by 4.1.3. note 2. This inspection may be performed 
by the production personnel if trained and periodically audited t o  ensure 
proficiency in accordance w i t h  a program approved by the activity's HIL-STD-271 test 
examiner. 
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8. POST WUD HEAT TREATMENT 

8.1 m r a l .  Unless otherwise specified in  the qualified welding or heat 
treatnust procedure. post-weld t h e m 1  stress relief  heat treatment shall be 
performed i n  accordance with  table VI, 6.4. and t h i s  section. 

8.2.1 Pissimilar 1 .hints. When parts of two different S-nrrsber groups 
are joined by welding, st-weld heat treatment teraperatures shall be selected 
on the basis of preserving the mechanical properties of the more cr i t ical  of the two 
materials for the application concerned. 

8.2.2 Po s t  - weld heat treattmt for different thicknesses of  late in  ~ r e s s u  r e 
vessels. Uhen the welded joint connects parts of pressure vessels that  are of 
different thicknesses, the thicknesses to be wed in  applying the requirements for 
post-weld heat treatment shall be as follows: 

(a) The thinner of two adjacent butt-welded plates including heat t o  shell 
connections. 

(b) The thicker of the shell or  head plate i n  connections to interntediate 
heads. 

(c) The thickness of the  stell in  connections to tube sheets, f l a t  heads. 
covers. o r  s iu i la r  ~ r u c t i o n s .  

(dl The thickness of the shell or head plate i n  nozzle at tachent  welds. 

(e) The thickness of the nozzle neck a t  the joint in  nozzle neck to flange 
connections. 

(f) The thickness of the pressure part, at the point of attachPlent, where a 
nanpressure part is welded to a pnssun part. 

8.3 Ferrous mte r l a l  . Post-weld heat treatwnt for fcrrws materials shall be 
i n  accordance with table VI , 

8.4 Nonferrous materia.  Post-weld heat treatment for nonferrous materials 
shall be in  accordance w i t h  6.4.1 thrwrgh 6.4.6. 

8.5.1 Loadina terareratuq. The furnace t e q e r a t u n  shall mt exceed 800°F a t  
the time welcbaent is placed i n  it.\ 

8.5.2 Pate o f  heatinq. The rate of heating above 800°F shall be not more than 
400°F per hour divided by the maxim metal thickness of the component or vessel in  
inches. but i n  no case more thar, 400°F per hour (see 8.5.7). 
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8.5.3 m variation durim heatim and coolina cvcles. During the 
heating and cooling period. the portion of the welcknt being heated shall not vary 
lore than 250°F between the highest and lowest reading. 

8.5.4 *. Holding teapeFature shall be considered 
the #an between the highest and the lowest themcouple readings. Thermocouple 
readings shall be within the teqmature ranges specified for the materials 
involved: table V I  for feprws materials. nickel alloys (see 6.4.1). and other 
alloys as approved. During the holdlng tile at the specified stress-relieving 
teapcrature. the raxilrra tcnpcrature difference betweer~ any Go points on the 
weldwnt shall not exceed 100°F. 

8.5.5 5. During the heating and holding 
periods the furnace atwsphcrc shall be controlled to minimize surface oxidation. 
Flame shall not ilpinge directly or, the welcbmt for which support shall be provided 
i f  required to minimize Sagging due to i t s  weight and the effect of  high 
tcqeratures. 

8.5.6 Rate of furnace cooling. Except for materials that are quenc)red fm 
post -we1 d heat treatamt temperatures. cooling above 800°F shall be done i n  a closed 
furnace or cooling chamber at a rate not greater than 200°F per hour. From 800°F, 
vessel or cdlPpOnent my be cooled i n  s t i l l  a i r  provided it i s  protected from 
inclement conditions and drafts (see 8.5.7). 

8-5.7 Spccral consideFalonc (heatim or caallna ratea. The rates of  heating 
and cooling necd not be less than 100°F per hour. tlrmver, consideration of closed 
dwbers and m l e x  structures my indicate the necd to reduce loading teaperatures 
and rates o f  W i n g  and cooling to avoid structural dmge due to excessive them1 
wadi ents. 

8.5.8 Post-ueld h u t  treatmat of  t i t a n i u  and t i t a n i u  alloys shall be 
perforwd i n  accordance with ML-H-81200 and the additional requirunmts of 8.8. 

8.6.1 mtim m. Post-weld heating shall be aceaplished by electric 
inductance or electrical resistance devices. or other approved local heating 
BetMs.  

8.6.2 Thc 
heating rate??;E::z Ed;: :haFA:Fp?5zS $id. 
Holding teqmature variation and rate of cooling shall be i n  accordance with 8.5.4 
and 8.5.6 respectively. 

8.6.3 postheatina bibina wela. The width o f  c3PCLPfemtial band to be 
heated shall be at least equal to 3 times the wall thidarss. but i n  no case less 
than 1-1/2 times the width of  the weld face. on each side of tk joint. Hhere a, 
pipe i s  welded to a valve. the width of  the heated zone rayk decreased on the valw 
side to a m i n i m  distance. lleasund froa the cdgc of the weld. -1 to the width 
of  the weld face. 
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8.6.4 postheatina Dressure vessels. CircrnPerential welded joints lay  be heat 
treated by uniformly heating a circunferential band having a m i n i m  width o f  6 
times the material thickness on each side of the joint. Nozzles or other welded 
attac)raents for  which post-heat treatment i s  required may be treated by local ly 
heating a circraaferential band around the entire vessel with the connection at the 
center of  the band. The band width shall be a m i n i m  of  6 times the material 
thickness on each side of the attachment. Local postheat treatment for applications 
other than those l is ted above w i l l  not be permitted without approval by the 
contracting act iv i ty  o f  the detailed pmcedm. 

8.7 Postheatina m a i r e d  welds i n  Dressure vessels and ~ i ~ i r r g .  Unless 
otherwise approved, vessels or parts of  vessels and piping that have been heat 
treated i n  accordance with section 8 shall again be postweld heat treated after 
repair or a1 terations have been made. 

8.8 fie fi l o .  Protective (inert gas) 
atmospheres. vacmra. or molten salts can be used. when needed. t o  protect surfaces 
fm oxidizing or reducing reactions, contiwination. and changes i n  carbon content 
or ernbrittlement by undesi rable elements such as hydrogen. oxygen. or nitrogen. 
Refer to  HIL-H-81200. 

- 8.8.1 Gases used for protective atmspheres shall be limited to argon or 
heliun reeting the requirements of  30.2.1. 

8.8.2 When parts are heat-treated i n  a vaam furnace, the furnace shall be 
purged and backfilled twice before heating with pure argon or heliun meeting the 
requ immts  of 30.2.1. The furnace may also be backfilled during cooling with the 
argon or heliun. 

8.8.3 When salt  baths a n  used for heat treating. the salt mixtures shall 
consist mstly o f  nonchloride oxidirtng salts with chloride l ia i ted to 2000 ppm 
maxinrr~. Reducing'or ni tr lding salts shall not be used. 

8.9.1 Pvrornetric e a u i m .  Pynroetric recording quiplent shall be provided 
t o  indicate the teaperature of the we1 dnent and not the furnace except as sped fled 
i n  8.9.4. The average o f  the observed teaperatuFcs of  the weltbent i s  considered 
t o  be the temperature of the wel- provided a l l  observed taaperatures are within 
the teqxrature range specified i n  table VI .  

8.9.2 m a t i n o  ~rnwrcouple~. Themcouples shall measure the t q r a t u r e  at 
the anticipated hottest point on the we ldmat  and at the anticipated coolest point. 
The nunber of t h e m u p l e s  provided shall assure ca~plete coverage o f  the we1 dmt 
and adequate temperature history. I f  more than one wetbent i s  to be stress 
relieved at  the same t ime. themca@es shall be attached to each weltbent. In  no 
case. hwever. shall more than six t h e m l e s  be required for a furnace charge. 
For local heating operations. not less than two t h e m l e s  shall be attached to 
the welcbent. When only two therimcouples w e  used. they shall be separated by a 
distance equal t o  3 times the width of  the weld reinforcement with the weld centered 
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between them. For flange to pipe joints, one thermocoqle shall be attached to the 
flange side of  the joint. 

8.9.3 Jnstal l im thenmomle~. Therrocollple wires shall be electrically 
insulated except at their hot. junctions. f n order t o  avoid erronews readings, 
themcouples shall be so arranged that flms do not iapinge on the junctions of 
the wires themselves. Whcrr the electrical resistance heating method i s  used. the 
themcouple p v i d c d  t o  control the operation shall be covered by a protective 
wrapping t o  prevent direct radiation of the heating elements on i t s  hot Junction. 
Thermocouples shall be attached to tk wldment by a method which ensures that the 
thermal junction i s  held firmly. 

8.9.4 pwanetricallv amtralled f-. For furnace stress relief of 
welchmts. when a recording pyrunetric control furnace has been calibrated and it i s  
verified that the temperature variation within the furnace i s  within the stress 
relieving temperature range for the materials involved. the furnace control 
t h e m u p l e s  may be used as the indication of  the temperature of the part being 
treated i n  l ieu of themcouples attached to the component. 
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9. DESIB( REQUIREMENTS FOR W E D  JOINTS 

9.1 eneral. m i s  section contains the d n i l u  nguinrnLs for the design o f  
welded joints for machinery. piping, pressure vessels . and turbines (M. P. A, and 
T) . Piping schedules and fabfication details for specific piping systems o f  surface 
ships and submarines are covered i n  MIL-SlD-777 and MIL-STD-438 respectively. 
Within th is  docm#nt design group classifications consist o f  butts. tees. corners, 
and part ial  penetration type joint designs. 

9.2 Joint desiaq. Unless otherwise approved or unless otherwise md i  f ied by 
the application and limitations of  MIL-SlD-777 or MIL-SID-436. the design o f  welded 
joints for classes M. P. A. and T shall be as shown i n  table V I I  . Figure 1 gives 
ucaaples of acceptable nozzle and flange joint locations for radiography. 
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service 
c l  assi - 
fication 

Hachi nery 
class H 

Pressure 
vessel 
c l  asses 

A-1. A-2. 
A-3. A-4. 
A-F. A-LT 

Presswe 
vessel 
c l  asses 

A-3. A-4 

Pressure 
vessel 
c l  ass 
A-4 

P-1. P-2. 
P-LT 

-Joint 
efficiencies I 
a d  notes u/ I 

Joint identification numkrs (MIL-STD-22) 

80 percent BlS.1 ClV.2 ClV.4 CW.1 ClJ.3 ClJ.5 ClS.2 TlJ.1 
efficiency ClV.1 ClV.3 CIU.l ClJ.2 CW.4 ClS.1 TlV.3 

100 
Pem 

efficiency 

BIV.l BlV.7 B2U.3 821.3 W . 2  C2J.5 P-70 V-9- 
BlV.2 W.l B2U.4 821.4 W . 5  W . 6  P-71 V - 1 1  
BlV.3 B2V.3 82U.5 B2CSlV.2 C2V.6 P-14 P-72 V - 1 2  

100 
Peroent 

~ffidcrr~y 

/ / 51 

See footnotes at end o f  table. 
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V-4 V-25 
V-5 V-26 
V-6 
v - u  
V-22 

100 
Percent 

efficiency 
/ / 51 

B2S.1 ClV.8 C2V.1 C2V.6 C2J.5 n V . 1  T2J.2 
B2S)Y.Z ClV.9 QV.2 C2J.1 W.6 nV.2 PT2S.1 
ClV.5 ClV.10 C2V.3 C2J.2 C2S.1 T2V.1 V-23 
CIV.6 ClV.11 C2V.4 CZ1.3 C2S.2 T2V.2 V-24 
Clv.7 Clv.12 m . 5  C2J.4 C2U.1 T2J.1 
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TABLE V I I .  m & ~ .  desicms.1 - Continued 

Piping 
class . 
P-2 

Steam 
turbines 
class T-1 

I 
. . 

1.a~ be used for adance. 
' 

21 jg/ 

/ / 

Welded joints shall be f u l l  penetration (see MIL-STD-22 for guidance) 

Steam 
turbines 
class T-2 

The application o f  the l i s ted joint designs to a specific service 
classification i s  subject t o  the applications and limitations o f  MIL-STD-777 
for surface ships and IUL-SlD-438 for subarines. 

These joints may be used when specifically approved. 

P-1 P-61 
P-2 P-62 
P-16 P-63 
Po42 P-64 
P-60 P-66 

Joint designs of the same types used for previous Navy turbines are 
acceptable. New jo int  designs, not proven i n  service. shall be reviewed 
and comacnted on by NAVSEA prior to oroduction application. MIL-SlD-22 

Pressure vessel joints: Wefdcd joints for a l l  pressure vessels shall be o f  100 
percent efficiency (see 9.3). Ciramferential and longitudinal joints shall be 
welded from both sides or consuable inserts or badring strips shall be used t o  
assure complete weld penetration. Welds shall be lade with multiple layers o f  
deposited -1. 

Welded joints for openings I n  class A-I, A-2, A-F. and A-LT pressure vessels 
including noules. handholes, aanholes. or other penetrations of  'sizes 2-112 
inch nps and greater shall be o f  a design and i n  a location which pemi ts 
radiography i n  accordance w i t h  HIL-SCD-271. 

Butt welding plates of  unequal thicknesses shall be i n  accordance with the 
applicable fiw of  MIL-STD-22. 

The joints l i s ted a n  applicable t o  welds i n  the pressure containing envelope 
of  the vessel except for systeas d j e c t  t o  slrbnergence pressure where welds 
shall be f u l l  penetration. The designer i s  not limited to these joints or 100 
percent efficiency nquireamlt for internal or extcmsl structural attadrments 
except where requi red by collponerrt or systea 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 i n  submarine seawater 
systems shall be the consrrmable insert type except that backing rings m y  be 
used for closure weids where a l l d  by drawings or specifically approved. 
Joint P-73 m y  have 8 = 45 degrees plus or minus 5 degrees for copper-nickel 
seawater systems. Joints P-13. P-14. and P-15 shall be limited t o  2-inch nps 
and smaller for class P-1 piping systems (except that socket weld designs shall 
not be used i n  systens where 100,000 or more cycles of pressure variation. of 
mre than 2/3 nonnal operating pressure. are expectW and a reference mark 
suitably located shall be established as a benchnark for verifying f i l l e t  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 pemi tted by footnote 10. 

Except as permitted by footnote 10. joints such as P-1. P-2, P-12. P-60. P-61. 
P-62. P-67.' and P-68 shall not be w i t t e d  on materials subject to  crevice 
corrosion unless the inside surface of the weld i s  visually inspected to assure 
coaplete weld penetration. 

Joints addressed by footnotes 8 and 9 are satisfactory for use i n  seawater 
service when the materi a1 of f i t t i ng  and pipe i s  copper-nickel . 70-30 or 90-10 
alloys or a cabination of  both. 

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

(a) Branch connection fit-up. welding processes. and final inspection ensures 
amplete mot penetration and an acceptable weld contwr on inner surface. 
Uelding of  such joints requlm' separate welding procedures and welder 

' 

qualifications i n  accordance Wth MIL-STD-248. 

(b) The K or Ill (as applicable) inspection lethods shall be used for the root 
weld layer and both final weld surfaces. Visual examination at 5X 
aagnification may be substituted for m/PT of the root weld pass i n  the 
grooved side. 

P-42 joints shall not be used with butterfly valves. spriral wwnd gaskets. or 
flanged joints i n  o i l  system. 

Unreinforced branch connections such as P-60. P-61. P-62. P-63, and P-64 joints 
shall not be used i n  any systems whcn the design gauge presswe i s  over 150 ' 
1 b/i# or the design m a t u r e  i s  over 449°F. Reinfor##rrt shall 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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9.3 &int e f f i c im.  The efficiency of a welded joint shal l  be based on the 
m i n i m  tens i l e  strength of the weaker member where the  weaker lPember is defined to  
be t h e  neslber whose product of thickness times its minima t ens i l e  strength has the  
1 ower val ue . 

9.3.1 F i l l e t  ml&. 

9.3.1.1 Qmtimnnrs cbuble fillet tee o r  continuous double fillet lap  welded 
0 1 .  When it is necessary t o  calculate t h e  size. strength. o r  efficiency of a 
continuous double fillet welded tee o r  l a p  joint.  the resulting data shall be 
considered a s  the  allowable u l t i m t e  deslgn values regardless of  the  direct ion of  
application of  the load. The sizes, strength, and eff iciencies of double fillet 
welds shall be determined by using the applicable fornulas and the appropriate 
filler metal shear strength data of MIL-STD-1628. 

9.3.1.2 F i l l e t  jo in ts  welded a l l  around. For those cases where the fillet 
weld is continuous around the ends of the umber: such as  fn  the case of a round o r  
rectangular tube. bar. o r  rod whose end is welded to a plate o r  similar amber: the 
weld shal l  be sized to develop the strength required by the design. Calculations 
f o r  t h e  sizes. strengths. and eff iciencies of these joints  shall  be made i n  
accordance with MIL-SID-1628. giving f u l l  credit  for  the  length and location of the 
fillet and the sectional properties of the  tube. bar. rod. and so forth. 

9.3.2.1 Full tenetrat ion .ioints. Full penetration welds. where compatible 
weld metal of equivalent o r  greater ultimate tens i le  strength is used, a re  
considered to be 100 percent efficient welds. For welds made with MIL-120 and HIL- 
140 series filler materials. joint  efficiencies of welds i n  th in  material (where a t  
l e a s t  one #laber is less than 314 inch thickness) shall be modified to account fo r  
the reduced strengths of a s  deposited filler aater ia ls  which ocan' i n  these law 
cooling r a t e  applications (see 6.5). 

9.3.2.1.1 Ful i i Full penetration 
jo in ts  we1 ded fm kthyz % ~ ? ~ ~ e " : ~ ~ ~ " P a , " ~ ~ b ~ c k ~ ~ .  chipped. 
ground. o r  machined to sound metal prior  t o  welding the second side: however. jo in ts  
may be welded without such cleaning whem qualified procedures and techniques (such 
a s  twin a rc  and srrbaerged arc) a re  approved fo r  such application. 

9.3.2.1.2 Full m e t r a t i o n  joints welded from one sit&. Full penetration 
jo in ts  welded fm one side only KT thout backing bars o r  conslrwble inse r t s  may be 
rated 100 percent efficient when fabricated using a qualified welding procedure. 
Joints of this type not conforming to tk above shall be rated a t  efficiency values 
wCIichdonotexceed80percent. 
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9.3.2.2 Partial D c m t r a t i m .  Where parti a1 penetration we1 ded joints 
are required. the d d  shall be sized t o  develop the strength required by the 
design. 

9.3.2.2.1 For class M-2 and class A applications. the thickness limitations of  
MIL-STD-22 do not apply. 

9.3.2.2.2 Joints wtthin the saw design group may be interchanged uithout 
drawing changes provided ueld Joint efficiencies are not reduced. 

9.3.2.2.3 Full pcmtration joint designs may be used where partial penetration 
joint designs are spccrffid provided the required joint efficiency i s  maintained. 
When th is i s  done. the inspection requirements for the partial penetration joint 
design apply. 
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10.1 enera1 . Thls section contains the atnirmm requirements for inspection of 
we1 ded joints i n  aachinery, piping, and pressure vessels. This section i s  not 
applicable t o  conponents l isted i n  sections 12. 13, 14, and 15. 

10.2 Performi NDT shall be performed i n  accordance withhIL-STD-27l. 
Whcn RT i s  sped fiTa?~he gcortry of the part or weld i s  such that RT i s  not 
technically practical, an a1 ternate inspection system shall be approved by NAVSEA. 
Where HT or PT inspection methods are applied. both root (backside when accessible) 
and finished weld surface shall be so inspected. Pnerraatic testing may be used i n  
l ieu of hydrostatic testing (for pressure test) for pneunatic systems. 

10.3 w e n t  of insbection and metho&. 

10.3.1 Class M machinery. Welded joints i n  class H lnachinery conponents. 
except welded joints i n  turbines and propulsion and auxiliary gears (see sections 13 
and 14). shall be inspected as specified i n  table V I I I .  

TABLE V I I I .  Class H laachinerv inswctlon r e a u f m .  

Hachi nery 
c l  ass 

Category Welded 
joint 
trpe 

I 
. . 

A l l  others 

I C I A l l  

Required examinations and tests 

Vr z/ I H T / ~  test 6/ I m q/ 

Root Final Root Final . Final 
layer wed l a m  weld weld Extent 

NOTE: X indicates that the test i s  required. 

A/ For joints welded fm m side only. WT/PT inspect the mot pass. For double 
we1 ded joints. MT/m inspect the backchipped. gouged. ground. or machined root 
area prior to welding the second side. VT a t  5X magnification may be 
substituted for NT/PT inspection. Linear di sconti nui ties shall be 
unacceptable. Root 1 ayer inspection my be delf!ted i f  the weld i s  given a 360 
degm (or 100 percent) RT or UT inspection. 
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When post weld heat treatamt or stress rel lef  i s  performed. th is inspection 
shall be a v l i s h e d  after heat treatment or stress re1 l e f  . Where access1 ble. 
the inner face shall be m/PT inspected and the inspection shall be performed 
after any lachi n i  ng operations. 

Inspection requi red when specified i n  drawing, shipbuilding, or CoQpOnent 
specification. 

Ur may be substituted for RT when approved. 

For Class 112. category B welds i n  Ship Stores Refrigeration Plant. structural 
canponents of S - 1  mterials, VT of the f inal weld my be substituted for the 
required HT inspections. 

See 10.3.12. 

See 10.3.13 for 5-51. 5-52, and S-53 material welds. 

10.3.2 Class P ~ i ~ i n q .  Welded joints i n  class P piping systens shall be 
inspected as specified i n  table IX.  

TABLE I X .  Class P ~ i ~ i r r c r  i m c t i o n  reauirenentf. I/ z/ 

p i  ping 
class 

Lethal or 
g a d  i ne 
P-1 and 
P-LT 
w 

Ueldcd 
joint 
type 

Butt 

Butt 

sockts. 
f l l l e t s  u/. and 
other. 
attach- 
ments 

See footnotes at end of table. Original 88 
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TABLE I X .  Class P ~ i ~ i m  inswction reauimewts. I/ 2/ - Continued 

NOTE: X indicates that the test i s  required. 

c l  ass 

p-2 

f / Thi s table does not apply t o  piping used i n  components or accessories covered 
- i n  sections U. 14. and l5. which specifically l i s t  inspection requirements. 

21 Wherenewwelds i n  piping intersect existingor olderwelds. the la t ter  welds 
shall be inspected for a distance of  6 inches or a distance equal to 50 percent 
of thepipe sizediaaeter, whichever i s  less. asmeasured frampoints of . 

intersection. Acceptance cr i ter ia for the existing or older welds and adjacent 
base letal shall be the sare as that specified by MIL-STD-2035 for inadvertent 
radi ography . 

Welded 
jo int  
type 

B u t t  

Sockets 
f i l l e t s  

and other 
attach- 
llents 

/ For the fol lar ing applications or systems. MT or PT may be substituted for KT 
provided the inspection requiremtts of  foatnate 4 are Iret: 

(a) Piping for gas turbine and diesel engine exhaust systea, except that 
section i n  submarines between the inboard and outboard exhaust val ves 
which i s  sub- t o  subPlergencc presswe. 

Pipesize. 
inches 

2 - 1/2 
and > 
4-1 /2  

A1 1 

(b) Incinerator *-takes. 

(c) Exhaust re l ie f  valve which duPps to  the bilge or the atmosphere. 

(dl Trim and drain prap suction piping welds which are not i n  the reactor 
coapar-- 

-- 

Required examinations and tests 

4/ For joints we1 ded fm one side only. W/PT inspect the root pass. For double - 
welded joints. m/PT inspect the back chipped. gouged. ground. or machined root 
area prior t o  welding the second side. Vl at 5X magnification may be 
substituted for W/PT inspection except for boiler tube to drun joints and 
superheater tubes t o  header joints. Linear discontinuities shall be 
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VTu/ 
~ o o t  
layer 

. 

Final 
weld 
%/ 

X 

X 
X 

W/PT test 
IU 

~ o o t  
layer 

- 
- 
- 

Pressure 

X 

X 
X 

Final 
weld 
s/ 
u/ 
u/ 
u/ 

RT 

FinW 
weld 
a/ 
n/ 

- 
- 

Extent 
s/ 
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unacceptable: Root layer inspection may k deleted i f  the weld i s  given a 360 
degree (or 100 percent) RT or IIT inspection. Root layer inspection i s  not 
requi red for welds, such as bosses and replovable backing. where the root layer 
w i l l  be removed. 

The outer surface and, when accessible, the inner surface shall be HT/PT 
inspected, and the inspection shall be performed after machining operations. 
When postweld heat trcatrmt or stress re l ie f  i s  performed, this inspection 
shall be amnqalished after heat treatment or stress rel ief.  

RT of welds on piping i n  the horizontal fixed position shall represent a sector 
which was welded i n  the vertical or overhead position. 

I n  1 ieu of 60-degree RT. PT or )1TT may be performed on the inside of  a joint 
where the weld i s  within 2-112 romtnal pipe diameters from the open end and i s  
back welded, has backing ring remved, or used consuoable insert. 

Welds i n  boiler generating tubes and cconoaiser elements, and external 
superheater tube-to-header stub welds may be MT or PT inspected i n  l ieu of  RT. 
For safe end welds and other welds i n  superheater tubes (support tubes 
excluded). sanple RT inspection i n  accordance with NAVSEA 0910-LP-331-5300 may 
be perfomed i n  l i e t i o f  RT of each weld. 

RT i s  required only when the design pressure exceeds 575 1 b/it?. For design 
pressure of 575 lb/in' and less. only UT or PT inspection i s  required. 

PT inspection shall be required for seawater systems i n  submarines on campleted 
P-70 thrwgh P-72 type cow-n icke l  welds as defined i n  MIL-STD-22. Other 
systaus shall require W P T  and KT only when specified i n  the shipbuilding or 
coaponent ~ f i c a t i o n .  

(a) Refer t o  the app'llcable system or caqmmt specifications for tests 
requirenentr. Testing shall be conducted on m t e d  piping welds. 

(b) For repairs t o  system that have .passed a hydnrstatlc test. rehydrostatic 
test i s  not qulred rrhcn repairs do not exceed 3/16 inch or 20 percent 
of base metal thickness, whichever i s  less. This exception does not apply 
i f  the repair weld i s  srrbjected t o  post weld heat t-. 

For class P-LT piping constructed o f  c t m i c  conpati ble materials such as 
aluninun alloys or 300 series stainless steel, the inspection requirea3ents 
shall be as follows: 

(a) Butt joints and other f u l l  penetration welds - 60 degrees minima shall be 
subjected t o  KT i n  addition t o  VT and PT inspection. 

(b) Socket welded joints and other partial penetration joints - YT and PT 
inspection. 
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1 For hpwlic  systems. RT is requ id  only when the design pressure exceeds 600 
1 bl i  

u/ Includes boiler tube to drtrm joints and superheater tube to  header joints. 

/ Where unacceptable defects i n  pfpe welds are located by partial radiography, 
the entire circunference of these welds shall be radiographed. 

UI See footnote 9 of table VII. 

171 See 10.3.12. 

BI See 10.3.13 for S-5 l .  S-52. and 5-53 material welds. 

10.3.3 class A Dressure vessels and class T turbim. Welded joints i n  class 
A pressure vessels shall be inspected as specified i n  table X. except welds i n  
forced draft blowers shall be inspected i n  accordance w i t h  section 16. Welds i n  
class T turbines shall be inspected i n  accordance w i t h  section 14. 

See footnotes a t  end of table. 
Original 91 

Downloaded from http://www.everyspec.com



TABLE X. x i o n  essureimeq&. A/ - Continued 

Pressure 
vessel 
c l  ass 

Weld joint 
tVpe 

Butt and other 
coaplete 
penetration 
welds 

A l l  mules.  
pads. and other 
attac)mcnts 

Butt and other 
collplete 
penetration 
welds 

A l l  noulcs. 
pads. and oUwr 

quired emmination and tests 

m/PT test p/ ( KT / Pressure 

Final Final 
Root weld weld 
1 aycr z/ Z/ 81 21 
X a/ X q/ X 10 per- X 

5/ fi/ cent of 
a1 1 
long. 
and 

NOTE: X indicates that the test i s  required. 

Uhere new k l d s  i n  p r a s ~ a  vessels intersect or tetminate on existing or older 
welds. the lat ter d d s  shall be RT inspected for a distance of  6 indm (each 
side of  inkrtcction). aeasured frw the point of Intersection. Acceptance 
cr i ter ia for the existing or older mlds and adjacent base metal shall be the 
sme as that specified by HIL-STD-2035 for inadvertent radiography. 

Uel ded vessels shall be subjected to hydrostat1 c pressure test i n  accordance 
with the requirements for presswe VCSSC'IS of  their type and held for 
sufficient time to p m i t  VT of a l l  welds. Pressure tests shall be conducted 
on uncoated pressure vessels. 

For joints welded fra on side only. UT/PT i r q e c t  the root pass. For double 
welded joints. H l / K  inspect the back chipped. goug&. ground. or machined root 
area prior t o  welding the second side. YT at 5X magnification my be 
substituted for MT/K inspection. L i m r  discontinrities shall be 
unacceptable. Root 1 ayer inspection may be deleted i f  .the weld i s  given a 360 
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degree (or 100 percent) RT or inspection. Root layer inspection i s not 
required for welding such as bosses and movable backing. where the root 1 ayer 
wi l l  be removed. 

The outer surface and. when access1 ble. the inner surface shall be MT/PT 
inspected. and the inspection shall be performed after any machining 
operations. When post weld heat treatment or stress rel ief  i s  performed. this 
i nspection shall be accaapl i shed after heat treatment or stress re1 i e f  . 
Where both longitudinal and circunferentlal weld joints are used. the 
intersection of these welds shall be included i n  the 10 percent radiographed. 

RT i s  not required when the m i n a l  operating pressure does not exceed 125 
lb/ir?. even though the rel ief  valves are set at gauge pressures greater than 
l50 lb/inz. 

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

RT (butt welds only): a m i n i m  of 8 hours after reaching ambient 
teaperature. 
HT (a l l  uelds) : a mini- 24 hours a f t e r  reaching ambient terperature. 

Where unacceptable defects i n  pressure vessel welds are located by partial 
radiography. the entire length of  these welds shall be radiographed. 

See 10.3.12. 

See 10.3.13 for 5-51. 5-52. and 5-53 material welds. 

10.3.4 Rewired welds. Completed weld repairs of weld defects. i f  required 
as sped f ied i n  7.7. shall be inspected by the same nondestructive lethod required 
for the original weld. Where additional weld metal has been deposited on the 
surface o f  previously accqsted RT or UT mlds and finished repair weld thickness 
does not e x a d  3/16 inch or 20 percent of base metal thickness. whichever i s  less. 
the finishing l a p r  may be inspected by the HT or PT method. The acceptance 
criteria shall be those specified for the weld class involved. 

10.3.5 Base metal m&. Surface defects and damaged base material may be 
repair welded provided the repair weld and adjacent aetal i s  inspected by the same 
methods as required for the class of welding. Excavations on the pipe within the 
socket bore depth of socket welds are not required t o  be repaired. Excavations i n  
way of the f i l l e t  weld of socket welds may be PCStOred during welding of  and 
considered part of the f i l l e t  weld. Weld repairs not i n  excess of those defined for 
minor casting repair (see 13.2.2) can be aade on wrougM lateri  a1 at the discretion 
of the fabricator provided a11 requi renents of this docunent are met. b r e  
extensive weld repairs shall require approval except that no approval shall be 
required for repairs made with an approved standard repair ppocedllre including 
welding parameters. inspection. and record ~ i r e n e n t s  lleeting a11 the r e q u i r m s  

Downloaded from http://www.everyspec.com



specified herein and i n  HIL-STD-248. Clmere RT i s  a reqrrire#nt for the class of  
welding. HT or PT m y  be used i n  1 ieu of RT where finished weld thidcness does not 
exceed 3/8 in& or ha1 f the design thickness o f  the base material . whichever i s  
less. I n  addition. where RT w l d  n o m l l y  be required for the class o f  welding 
involved and the repair falls within a non-fluid boundary area (such as sisdril led 
flange bolt holes and so forth). case basis approval to delete RT may be obtained 
frau the authorized represe!ntative. Repairs on 9-1. P-LT, A-1. A-2. A-3. A-F or 
A-LT coaponcnts shall be Qcuented and records maintained avail able to the 
authorized representative for review. These repair records shall include the 
following: name and identification of caqment: description of  defects repaired 
(location. length. width. and depth of excavation): base material: welding f i l l e r  
metal : post heat treatment (where applicable): and final inspection results. 

10.3.5.1 Arc strikes and removal sites o f  welded attachoents shall be gmmd 
to  f a i r  slnoothly into base material surfaces. Where grinding reduces thickness 
below design requirements. areas shall be restored by welding and grinding. Finish 
ground areas. whether repair welded or mt, shall be inspected by HT, PT, or VT at 
5X lnagnification where any of the following apply: weldment i s  class P-1. P-LT. A-1. 
A-2. A-3. A-F. or A-LT: or base material i s  S - 1  (with carbon content 0.35 percent or 
greater). S-3. S-3A. 5-4. S-5. 5-6. S-6A. S-11. 5-51. 5-52 or S-53, 

10.3.5.2 Base lnetal weld rcpafrs of  class P-3 brazed piping system coqonents 
shall be inspected i n  accordance with 10.3.5 using the appropriate equivalent welded 
piping system classifiwtion (P-1. P-2. or P-LT) for the system after matching the 
brazed piping system fluid. operating pressure. and operating teaperature t o  the 
equivalent welded piping system classification for those system conditions. 

10.3.5.3 Where buildup by welding i n  a joint to correct oversize root openings 
or errors i n  joint preparation i s  a m l i s h e d .  it should be done prior to f i t t i ng  
and unless sped fi call y approved otherwise. such bui 1 dup of each joint edge shall 
not exceed 1/2T or 1/2 in&. whichever i s  less (where T i s  the thickness i n  way of 
the weld M l d u p  wdcr mng welded). The buildup allowed for both joint edges my 
be applied t o  one joint edge. 

10.3.6 Weld dcbosfted c l a m .  hardsurfacim. and m. Weld deposited 
cladding or hardsurfacing shall be VT and PT inspected: acceptance criteria shall be 
i n  accordance w i t h  10.4.2. Buttering shall be impected by HT or P l  method. as 
applicable. Where joint edgs a n  kRtcrcd prior t o  joint welding and the joint 
requires RT inspection. the buttered edges shall also reqrrire RT inspection. The 
buttered area and the caapleted weld can be radiographed at the same time. Where HT 
or PT inspection o f  the n l e t e d  joint i s  required. a l l  exposed surfaces of  the 
buttered area shall also be inspected during the inspection of the finished weld 
joint. I n  addition. weld deposited krtkring that foms part of a pressure boundary 
subJect t o  s~~ pressure shall also m i r e  lK inspection to detect defects 
and lack of bond prior t o  joint welding. UT inspection shall be i n  accordance with 
HIL-STD-27l as wdif ied by 10.4.4.1. Acceptance criteria shall be i n  accordance 
with 10.4.4.2. 

10.3.7 Loss of  reheat and i n t e r n s .  Melds for which the preheat and 
interpass temperature i s  permitted to drop below teraperatures specified i n  table IV 
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before conpletion shall require reheating as necessary. pr ior  t o  resuaption o f  
welding. Part ial ly cora~leted welds shall be MT inspected pr ior  t o  resunption o f  
welding when ferromagnetic f i l l e r  material i s  used and the following condititions of 
teqerature drop occur: 

(1) For S-3A. 5-4. S-5. 5-6 and 5-7. tenperatwe drop i s  mre than l O O T  below 
the m i n i m  specified i n  table I V .  

(2) For 5-11A 1 1/8' and thicker. material temperature decreases t o  less than 
1005. 

(3) For S - 11B 5/8' and t h l  cker . m t e r i  a1 teoperature decreases to 1 ess than 
lOOS for GMAW and 1505 for W. 

Inspection records are not required. For loss o f  preheat and interpass temperatures 
when using MIL-KO or MIL-140 series f i l l e r  material. paragraph 6.5.1 shall apply. 

10.3.8 Tack welds. Tack welds t o  be incorporated into the f inal  weld shall be 
visual 1 y examined and defects. such as cracks. excessive undercut. entrapped slag. 
and excessive surface rougtmess. shall be corrected to the extent necessary t o  
assure that final weld quality- requirements w i l l  be met. A l l  cracks shall be 
removed except cracked or broken tack welds need not be removed provided: (a) they 
werehade by the GTA process. (b) they w i l l  not permit m v e m t  o f  jo int  annponents 
which causes the jo in t  t o  exceed f i t -up  requirements. (c) they w i l l  be completely 
re-melted i n  deposltion of the first layer. and (dl the first layer i s  mde by the 
K A  process. 

10.3.9 Seal welds. The final layer o f  seal welds shall be Inspected by the PT 
adhod if MT/PT i s  required for the class of  welding for the system involved or i s  
sped f ied  by governing equipment or system specification. Other system seal we1 ds 
shall be visually inspected. 

10.3.10 Substitution of YT imbect i~~.  YT inspection a t  a magnification o f  5X 
may be performed i n  1 ieu o f  PT inspection within 1/4 inch o f  open ends o f  welds or 
repairs t o  the root layer o f  part ial  penetration welds which would pennit entrapnent 
o f  penetrant materi a1 s. 

10.3.11 Non-structural wela. Non-structural welds covered by 6.1.2 shall be 
MT. PT or 5X visual inspected t o  ussure freedoc from cracks. 

10.3.12 MT i n s m i o n  for  M&-140s. MIL-120s and MIL-12018 welds i n  class A-F, 
A-1. A-2. A-LT. P-1. P-LT and H-1 (Cateaarv A and B l .  Final )1TT o f  MIL-KOS and 
HIL-KO18 butt welds i n  Class A-F, A-1. A-2. A-LT, P-1. P-LT and H - 1  (Category A and 
B) shall be perforued i n  accordance with the additional CTT requi reme!nts for Class 
I .A. l  butt welds as specified i n  MIL-SID-1688. For MIL-140s welds additional CTT 
requirements shall be as approved by NAVSEA. 

10.3. W Titaniun and t l t a n i m  allov welds. The f inal  surface o f  t i taniun and 
ti taniun a1 loy welds including the inner surface o f  any weld or weld repair. when 
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accessible shall b e  inspected for color i n  the 'as-deposited' condition by a 
qua1 i fied VT inspector. Use of borescopes i s  not required. 

10.4.1 -. Acceptance of coapleted welds subjected to visual 
examination shall be based. on conformance with the docMcnt and class requirements 
specified i n  table X I .  

TABLE X I .  &xmtame w r d s  and classes. 

We1 d 
appl i cation 11 

Uhere unacceptable defects i n  pipe wedds a n  located by partial radiography. 
the entire ciramference of  these welds shall be radiographed. For other 
applications of  partial radiography. where defects i n  excess of the standard 
arefound. the welds shall be radiographed until the f u l l  extent of defective 
welding has been located. 

Class H-1  

Class H-2 

Class P-1. P-LT 

Class P-2 

Class A-1. A-2 

Class A-3. A-4 

Class A-F. A-LT 

I n  gencral . UT shall be used on ferrous mteri a1 s and PT on nonferrous and 
austeni t i c  corrosion resisting steels. 

YT 51 and 
MTIK 

C l  ass 

Acceptance i s  to be based on amforranee with the requirclents of the indicated 
class where the specific inspection lethod i s  Fcquired by a governing coaponent 
or equipment specification. 

2 

3 

1 

2 
1 

2 

1 

PT shall not be used on weld beads i n  5-51. 5-52. and 5-53 materials that w i l l  
be welded over unless a era& i s  dekckd by VT and shall Urm only be used i n  
the 1 i m i  ted area o f  the crack to explore i t s  m v a l  . A1 1 traces of the 
penetrant must be pemoved h# the joint before welding over. 

HIL-SID-~O~S 
RT 

Class 

Prior to any cleaning, brushing. etc.. intemdiate and final weld surfaces, 
including irmer weld surfaces, of 5-51. 5-52, and 5-53 materials shall be as 
follaws: 

MIL-STD-2035 
W 

Class 

2 

a/ 3 
1 

31 2 
1 

21 2 
1 

Original % 

2 

3 
- 
- 

- 
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(a) Welds and sumwrnding 1/32 inch o f  material shall exhi b i t  a bright. shiny. 
silvery 1 uster. Other conditions are unacceptable and shall be 
dispositioned as follows: Loss of luster or colors other than straw or 
very l ight  blue (e.g.. blue, yellow, gray etc. , I  shall require complete 
removal o f  the affected weld bead along with 1/16-inch m i n i m  o f  
surrwndi ng materi a1 . Straw or very 1 i ght blue color on surfaces t o  be 
welded over shall be removed prior to  further welding. Very l ight  blue on 
accessible f inal weld surfaces shall be removed. Straw color does not 
require rentoval from final weld surfaces. 

(b) For areas beyond 1/32 inch frola the weld toes. A1 1 discoloration on 
surfaces to be welded o w  i s  unacceptable and shall be removed prior to  
further welding. Colors except for straw on other surfaces shall be 
removed. Renoval may occur after canpletion o f  welding. 

10.4.1.1 General. VT inspection shall be p e r f o d  using a written procedure 
and qualified personnel i n  addition t o  the requirements o f  MIL-STD-271. VT 
inspection qualification and training shall be docrnented i n  a written procedure. 
VT inspection shall be acaql ished without the use of  magnifying glasses or other 
visual aids except for  corrective aids t o  restore normal vision. 

10.4.1.2 Welds. YT inspection of welds shall be performed after slag removal 
and with the weld i n  the final surface condition. For welds i n  S-51. 5-52, and 5-53 
materials VT inspection for color (contamination) shall be i n  the as-welded 
condition before wire brushing or any other cleaning. After correction o f  
unacceptable color condition. a f inal visual inspection for color shall be 
performed. 

10.4.1.3 Base material. The surface to be inspected shall be i n  a clean 
condition. Surfaces which have been cleaned and painted with one coat o f  p r i m  are 
consi dered suitable for  inspection. 

10.4.2 MT and PT inmeetion. m n c e  of  welds and the adjacent base metal 
subjected t o  CTT or PT inspection shall be i n  accordance with the standard and class 
requirements specified i n  table XI .  Acceptance cr i ter ia for cladding or weld 
overlay shall be i n  accordance with the class specified for  the weld application: 
hawever, where weld cladding i s  used to provide corrosion resistance for gasket 
seats or similar applications. the follaring acceptance cr i ter ia apply: 

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

(2) Other cladding normally subjected to l iquid pressure - - class 2. 

(3) Other c l  adding normally dry (for exarple. on the low pressure side of  the 
gasket) - - class 3. 

10.4.2.1 Adjacent castina base materid. PT indications i n  casting base 
material adjacent t o  fabrication welds lay  be evaluated as follows: 
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(1) - Castings requiring K inspection i n  accordance with tk footnotes to the 
tables i n  section l2 may be evaluated to * applicable casting acceptance 
standard. 

(2) Castf ngs not nqulrlng PT inspection i n  accordance with the fwtnotes to  
the tables i n  section 12 may be evaluated i n  accordance with 13.2.8.2.1. 

10.4.3. ~ d i o a r a ~ .  Radiographs forwelds shall be coqmredwith the 
standard for radiography and el asses i n  aceordam with table X I .  

- 10.4.4 fl illswctn. Acceptance of welds subjected t o  UT inspection shall be 
in-aceordance with the applicable standard and classes specified i n  table XI.. 

10.4.4.1 fl insoectim of weld dewsited butterinq. 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 blodc which has been fabricated by buttering 
using the sam process. f i l l e r  metal, and base metal as the production part. 
(Equivalent S nunber base #tal may be used. For this purpose. S-1. 5-2. 5-3, 5-4. 
5-5. and S-11 material are considered equivalent. Calibration blodc shall have 
equivalent weld thickness and surface finish as the production part and shall be 
sufficiently thick to acamxlate the required calibration holes needed to establish 
the distance a@itude correction (MC) curve. 

(a) Holes shall be drf l led into the block as follows: 
Either 1/8-inch dfackr flat bottoacd holes shall be dr i l led fm the 
base metal Hde with their axes perpendicular to the sound entry 
surface or 1/16-inch d iawt t r  holes at least 1-112 inches long shall be 
drf 1 led para1 l e l  to the sound beam entry surface. The holes shall be 
positioned so that Ule following test aetal distances (T)1D) from the sound 
b entry SUPfacc to the nearest surface of a hole a n  obtained: 

1 Deposited thickness tp t o  a d  'including 1/2 inch: 

1/16 inch T)O 
Cr/2) Tm 1/32 Inch 
CT) T)ID t 1/16 inch 

Uhere T - Deposited thickness or 1/2 inch. whichever i s  less. 

For deposits less than 7/16 inch thick, Ult T/2 T)1D hole may be mi tted. 

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

1/2 inch TllD 
U/2 inch + 1/4 inch) TII) 1/32 inch 
CT) Tm + 1/16 inch 
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For deposits greater than 1/2 inch and less than 1 inch, the (T/2 + 1/4 
inch) RO) hole my be omitted. 

A l l  holes i n  the test block shall be separated sufficiently t o  preclude 
acoustic or mechanical interference with cal i brat i  on. 

(b) I n  the case o f  deposited metal 1/2 inch or less i n  thickness, the test 
equi pnent shall be adjusted t o  provide an indication 85 t o  90 percent o f  
f u l l  screen height fm the hole at T/2 TH). A t  th is  equipaent setting, 
the signal anplitudes received from the other two holes shall be marked on 
the srreen and a1 1 three s i  gnal s shall be connected by mans o f  straight 
l ines to provide a DAC curve. I f  the T/2 QlD hole i s  omitted, the test 
equipment shall be adjusted to provide an indication 85 t o  90 percent o f  
f u l l  screen height from the hole which reflects the greatest signal 
ampl itude . The peaks of the signals received from the two holes wi 11 be 
connected by a straight 1 ine to form the DAC. I n  the case of  deposited 
metal thicker than 1/2 inch. the test equipment shall be adjusted to  
provide an indication 85 t o  90 percent full screen height fm the hole 
which reflects the greatest signal ampl i tude. A t  th is  equipaient setting, 
the indications fm the m i n i n g  holes (or hole) shall be marked on the 
screen and a DAC curve lade. Uhen inspecting production hardware, the 
first 112 inch of  weld deposited aetal shall be evaluated using the DAC 
curve specified i n  (a)(l) and the reuaining thickness shall be evaluated 
using the DAC curve specified i n  (aI(2). The horizontal sweep shall be 
adjusted so that the position o f  the indication from the calibration hole 
at  TI@ + 1/16 inch i s  at least 25 percent o f  f u l l  screen width. 

10.4.4.2 Acceptance cr i ter ia for  weld defects and lack of  bond i n  weld 
deposited buttering: 

(a) Indications greater than the DAC curve specified i n  10.4.4.1.1 are 
unacceptabl e . 

(b) Indications greater than 50 percent o f  the DAC cure and longer than that 
permitted by figun 2 a n  unacceptable. 

(c) Separate indications greater than 50 percent of the DAC m shall be 
separated by a miniua distance of  2 inches i n  any direction. 

(dl Indications greater than 50 percent of the DAC curve shall be recorded on 
the UT report as t o  aqlitude, extent. and location. 
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FIGURE 2. accgptable ultrasonic indication 1- 
m* 

10.5 Pismsition of re-kctd wela. Welds not wcting the specified 
acceptance criteria shall be rejected until repaired and reinspected to the 
applicable criteria. 

10.6 n 
l r d r r s  testT,"igS:i,"~L::tL2~tz:,"z;:1: zEs 0"RA":tigyd 
surface at  approximtely 6 inches interval to ensure that a l l  ~ n a t e d  metal has 
becn reaoved. Hardness of the conditioned art surface shall be not more than three 
points Rockwell C higher than that of the base material taken as an average of ten 
readings. a t  a m i n i m  of 1 inch fran the cut surface. 
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11. ALLIED PROCESSES 

11.1 a .  This section contains the miniman requ immts  for welding 
processes a1 1 i ed to those processes used for we1 ded joints . 

11.2 Thennal s~ravinq. Thermal spraying for  purposes other than providing 
corrosion protection by alurir#rm shall be i n  accordance with HIL-STD-1687. Them1 
spraying for  corrosion protection by aluuinun shall be i n  accordance with DOD-STD- 
2138. 

11.3 Jhermal wtt inq. Thermal cutting may be employed i n  the preparation o f  
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 
my be oxyfuel gas cut. Higher al loy steels shall not be oxyfuel gas cut. Wherever 
practicable. machine thermal cutting shall be used to cut materials greater than 1/2 
inch i n  thickness. After cutting, a l l  scale and slag on the cut surfaces shall be 
r w v e d  by mechanical means pr ior to further fabrication or use. The discoloration 
which may remain on the cut surface i s  not considered t o  be detrimental oxidation. 
Themal cut surfaces to be welded shall not contain gouges or other irregularit ies 
detrimental to making of sound welds. Preheating, as necessary, shall be done t o  
avoid cracki ng . 

11.3.1 Titanium and t i taniun all=. Them1 cut surfaces o f  5-51. 5-52, and 
5-53 materials shall be conditioned by removing a 1/8-inch miniarm o f  material. 
beyond the kerf. from the cut surfaces by saw cutting, burring or machining and 
preparing the weld jo int  per 7.2.2. The conditioned thermal cut surfate shall be 
inspected visually with 5X magnification pr ior t o  wire brushing to ensure absence of  
cracks and shall be hardness tested per 10.6. 

11.4 Resist= weldiq. Resistance welding shall be perforned with 
autcnuati ca l l  y- timed machinery capable o f  producing welds o f  acceptable strength, 
duct i l i ty,  and corrosion resistance. Qualification of-both prcocedure and equipnent 
shall be required before any production wrk i s  undertaken. The strength, location. 
and spacing o f  the we1 ds proposed shall be clearly shown on the drawings suhi t ted 
for acceptance. Welding shall be i n  accordance with HIL-W-6858. 

11.5 Stud weldinq. 

11.5.1 General. Autosatic tilled arc or percussive (capacitor discharge) 
welded studs for a l l  permanent applications shall be inspected at  the beginning and 
end o f  each set-up (diameter change) or sh i f t  operation by bending or torque testing 
f i ve consecuti vel y we1 ded studs. 

11.5.1.1 testing. I f  bend testing i s  performed. the studs to be tested 
shall be welded to a piece of  material of the same S-g~oup thickness and position as 
the production application. W i n g  of production studs i s  prohibited. Studs shall 
be bent t o  an angle o f  15 degrees and return using a device similar to that shown on 
figure 3. 
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FIGUIE 3. pevice for testina welded st*. 

11.5.1.2 Torwe testinq. Studs shall be tested by torquing until a tensile 
load equivalent t o  80 plus 10 or m i n u s  0 percent of the yield strength of the stud 
material is applied. Production studs shall be tested. The stud cross section a t  
the stud base or roat of the threads. whichever is less. shall be used as the basis 
for determining the required load. kry convenient means. such as  placing a sleeve 
and washer over the stud and tightening a nut with a calibrated torque wrench. my 
be used to achieve the required axial load. To ensure that the weld is loaded 
primarily i n  tension. the stud threads and nut-washer interface shall be clean. free 
of burrs and lubricated with a graphite base. or a coaparablt lubricant (do mt use 
molyWenra disulfide on studs of (or studs welded to) high strength law alloy steels 
such as 4140.4340. W / W .  where stress 
tensile loads and torque values specified 
field strengths and dimensions apply. 

corrosion cra&ing mi& occur). ?he 
In Table XI1 shall be used whcn the listed 
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imun v a l w  (80 mrcent of vield strenathl. Table X I I .  Tow-tension min 

Carbon ' steel & 
stainless steel (35 

klbs/lnf yield 
strength) 

UNS NO6625 (60 
k l  bs/i d y i  el d 

strength) 

Aluuinun (15 klbs/ 
inf yield strength) 

Stud S i z e  
and Thread 

C l  ass 

UNC. UNF 
W N F  

Class 2A 

10 - 24 
10-32 
l/4 - 20 
l/4 - 28 
5/16 - 18 
5/16 - 24 
3/8 - 16 

- 3/8-24 
7/16 - 14 
7/16-20 
1/2- 13 
1/2 - 20 
5/8- 11 
W 8  - 18 
3/4 - 10 
3/4 - 16 
7/8-9 
7/8-14 
1.0-8 
1.0-14 
1-1/8-7 
1-1/8-12 

Hi  nor 
Thread 

Diameter 

Axi a1 
Load 

Axi a1 
Load 

Axi a1 
Load Toque 

- 

Inches 

0.1379 
.I508 
.I876 
.2O5Z 
.243l 
.26O3 
.297O 
.3Z8 
.M85 
.3749 
.4Ml 
.4374 

.5554 

.62% 

.67l8 

.7368 

.7858 

.8M6 

.8%O 

.9475 
1.0210 

(a) Becrirmim of set-m or shiR. I f  any of the five studs tested show signs 
of failure. the conditions causing failure shall be rectified and the test 
repeated. 

(b) EM of shift or set-(lp. I f  any of the five studs tested show signs of  
failure. a sampling plan shall be used to determine the extent of 
defective stud welding performed during the shift or set-up. The 
conditions causing failure shall be corrected and a l l  defective studs 
elded during the shif t  or set-up shall be replaced. 
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11.5.2 pressure conta in im'amlica t io~.  In  addition to the testing required 
by 11.5.1, studs used i n  cormection wi t h  openings i n  watertight, oil t ight .  gas or 
a i r  t ight ,  or pressure containing applications shall also be tested as follows: 

(a) Ten percent of the studs. but not less than two per opening, shall be 
toque tested i n  accordance with  11.5.1.2. The s q l e  tested shall 
include the first and last studs welded for each opening. I f  any of the 
st& tested shaw signs of failure, al l  of the studs for the opening shall 
be tested. Studs showing signs of fai l  u n  shall be removed and new studs 
welded and tested. 

11.5.3 Non~ressure contai ni na am1 i cati om. For permanent nonpressure 
containing applications, the inspection rquinrents of 11.5.1 apply. 

11.5.4 Temwrarv attactmgg& No testing is required for te~porary attac)nent 
studs. 

11.5.5 Reoair to st*. Undercutting or  la& of fusion-up to  1/4 of the stud 
diameter may be gnwnd and repair welded using shielded aetal -arc or gas 
tungsterr-arc welding processes. Undercutting or lack of fusion greater than 1/4 of 
the stud dl anmter indicates poor stud welding technique for which the cause shall be 
deteruined and corrected. Studs whose defects exceed 114 of the stud diameter shall 
be removed and the plate surface ground smooth. Each stud that has been repair 
welded shall be inspected i n  accordance with 11.5.1.2. 

11.6 Hard surfacina valve w-. Hard surfacing alloys are overlaycd on valve 
part areas sub j e c M  to abrasion. corrosion, irpact, and seizure i n  service. Hard 
surfacing alloys my be applied by shielded aetal arc, oxyacetylene. gas 
tungsten-arc, and plasm-arc welding proasses. Use of the oxyacetylene process for 
5-8 materials shall be limited to lmt carbon or stabilized grad& only. Applicable 
welding pmudmes shall list only these grades. 

11.6.1 W a t i m  and heat tmatmnt of carbon and allov s t a .  Preheating 
shall be a t  least t o  the! m i n i m  preheat terppcrature specified i n  table IV. Upon 
corpletion of welding, the part shall be covered and allowed to cool slowly. 
Wel&mts may be post weld heat treated i rcdia te ly  upon capletion of welding. 
without prior cooling. Postheat stress relieving of austenitic stainless steels 
sha1 1 be restricted to the stabilized and 1- carbon grades and shall require 
specific approval as specified i n  table VI. Stress relief for S-1. 5-3 and S-4 
aaterial s is not required but may be performed for dimensional stab11 ity. For other 
alloy steels, stress relief shall be performed i f  required by table VI. 

11.6.2 Inspecti~. Hard surfacing welds shall be visually examined and P l  
inspected i n  accordance with MIL-STD-27l. 

11.6.3 @-. Hard surfacing welds shall be i n  accordance with visual 
acceptance requiream& and criteria for PT tests specified i n  HIL-STD-2035. I 

11.7 Piw and tube bendirlp. Pipe and tube bending shall be i n  accordance with 
MIL-STD-1627. 
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12. CASTING INSPECTION 

12.1 -pal. This section contains the ainirmm requirements for inspecting 
castings and repairing defects t o  the extent necessary to meet the applicable 
acceptance standard. 

12.1.1 Castings purchased or manufactured by the contractor shall be i n  
accordance with the specifications and standards specified herein, except MIT 
requlmmts shall be as specified herein. If no specifications or standards are 
referenced. drawings for castings which are subject t o  stress i n  service shall 
include the following information: 

Chemical amposition of material. 

Requi red n#chani cal properties. 

&l ting process to be used. 

Heat treatment. including aging or stabilizing treatments. 

Cleaning lethods t o  be wed. 

Pressure or proof test. i f  required. 

RT. HT. or PT Inspection mqudremts. 

Identification markings. 

12.2.1 Pressure containinq. For purposes of section 12. pressure containing 
leans a casting area which prevents contained f luid fm escaping. 

12.2.2 Sub-cateao~y. Sub-category designatlw (for example: A. Al. B. B1. C. 
C1. and so forth as shawn . in tables X I I I ,  XIV. and XV for category 1. 2. and 3 
castings) are assigned to s i lp l i f y  reference to the various application rules 
specifying which castlngs are to be inspected by which inspection rules. 
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TABLE XIII. Cat-w 1. ntm-~ressure w i n i n a  castinas i n  
l l u m l u x - ~ s *  11 

Application rules 

Castings which by 
failure of any one 
casting w l d  prevent 
normal steering. 
diving, or propulsion 
and for which there i s  
no standby capabi 1 i ty. 

Castings which by 
failure of any one 
casting wwld reduce 
the capability of the 
ship to launch, land. 
or transfer aircraft 
ktmcn flight and 
hangar dcdo 

Castings for weapons 
handlfng systerz. 
which by failure of 
any one casting w l d :  
a Result i n  . 

dro~ping or 
-giw a 

(b) Result i n  
reduction of 
weapons service 
to any space. 
launcher. or 
aircraft by 50 
percent or .ore 

D-c 91 A1 1 X X X Al 
loads 

I 

Static A1 1 - X X A4 
loads 

H i  inpact *2/3 o X X X 82 
shock grade 
A 2/3 o X X 83 

Static A1 1 - X X 84 
loads 

0 

See footnates at d of table. 
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This table does not apply t o  castings used i n  colllponents and accessories 
covered by sections 14. 15. and 16 i n  which the MIT requirements are 
specifically l isted for the castings involved. 

Sub 
cat 

Dl 
- 

H i  i-ct 
shock grade 
A 

Static 81 
load 

HT or PT i s  required for ferrous castings. PT i s  not required for nonferrous 
castings. 

Ship propellers shall be subjected to VT with PT used only as an aid i n  
locating discontinrltiesas specified i n  MIL-STD-2035 ( R I  not required). 

NUT requirements 

213 
and < 

A1 1 

For purposes of clarification. castings stressed by dynamic loads are castings 
with areas which are designed for mml  service dynamic loads of a degree and 
frequency that such loads are used i n  the strength equations which determine 
dimensions of the area (note: H i  i-ct shock i s  not a dynamic load for 
putposes of this rule). 

Wight' i s  design weight (when design weigbt i s  not calculated, actual weight 
o f  f i nI shed part may be used). 

Stress 
level 

pepcent 
of yi el d 

* 213 

Stress 
dueto 

Dynamic 41 
L/ loads or 

Sclb 
cat RT 

X 

A1 1 weights of a1 uni nun shall be subjected t o  RT and VT (PT not required). 

fi/ 
kim 

>I00 
1 bs 

Applicationrules 

Other than A. B. and C 

100 
1 bs 

and < 

A l l  

A1 1 

Includes static or dynaric loaded castings i n  wei gM hand1 ing equipment where . 
the stress level under wcinrm test conditions exceeds 2/3 percent of the 
m i n i m  specified yield st- of the material. 

KT/pTz/ 

X 

Except for static loaded castings addressed by footmte 7. 

VT 

X 

- 

- 
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TABLE XIV. Qgggory 2. Dresswe containina caainas - machinery 
or* 11 

NDT rquirernents fi/ 
Application rules 

Lethal or gas01 ine service A1 1 

A1 1 

2- 1/2 
and > 

2-1/2 8/ 
and > 

2-112 
and * 
A1 1 

A1 1 

300 
and > 

1000 
and * / 

casting for mapons 
- hand1 ing systems 

(b) service; 
pressure castings 
associated with hull 
boundary and subject t o  - P- 

2-1/2 
and + 

(c) Aircraft carrier 
sscYiGc 
castings. failure of  
which m l d  nducc the 
capability to launch. 
land. or transfer 
aircratt bdwecn the 
f l ight and hangar decks 

2-1/2 
and* 

I Castings not covered above 

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

Table X I V  does not apply to castings used i n  components and accessories covered 
by sections 14. 15. and 16 i n  ki ch the NDT requi remi ts  are speci f i  call y 
l i s ted for the castings involved. 

'Pressure' i s  the design pressure o f  the system i n  which the casting i s  used. 

For machinery and pressure vessel castings, the size sham i s  the inside 
diameter (or an equivalent cross sectional area). 

HT or PT i s  required for ferrous castings. For nonferrous castings. FT 
inspection i s  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 i s  not required. 

Where MTT requirements of  the coraponent specifications d i f fer  fm those 
specified i n  th is  table, the f o m r  shall govern. 

Exception: Subcategory 'D' NDT requirements shall apply t o  w i n  feed water pump 
castings o f  design pressure of  550 I b / i d  and greater. 

Refer t o  the applicable system or capponent specifications for pressure test 
requirements. Pressure test shall be conducted on m a t e d  castings. 

For hydraulic collponents with cylindrical datm features. th is  size i s  the 
largest diameter subject t o  normal operating pressure. For, co~ponents with 
non-cylindrical d a m  features, the size shall be the largest d i m i o n  of the 
1 argest cross-sectional area subject t o  mml  operating. pressure. 

TABLE XV. -rv 3. Dressure cantainlna castinas - b i ~ i n a  svstem c a s t i m  
- v a l v  es. f i t t inas. flanaes. and _awiiiarv_elpRent. 11 

See footnotes at  end of  table. 
Original 109 

S* 
cat 

A 

B 

I 

Appl icat i~n rules 

Lethal or gas01 ine service 
Oxygen 0r hydr~gen service 

m w i - V  Pressure 
2/ 

(lbh*, 

A1 1 
100 

and * 

.Nps2/ 
s i  a 

(iKhu) 

A1 1 
1/2 

and * 

yy 

X 

X 

P ~ S U W  
- g/ 
X 

X 

X 

x 

m/n4/ 
X 

X 
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TABLE XV. 

Application rules 

Other than lethal or -line. I > 3400 1 1 and 
oxygen or hydrogen a d  
submarine seawater servlces 

(c) castings i n  sea 
connected systems 
inboard o f  the badcup 
valve which are open to 
the sea klar 200 feet 
srrbrrrgcMedepth-m 
any normal .ode o f  
ouerati on 

Subaarlne service 6/ 
(a) castings associated w i t h  

pressure hull boundary 
and subject t o  
sldrnergence pressure 

(b) castings i n  sea 
connected systems from 
the inboard flange of  

- the backup valve 
outboard t o  the hull 

4 and * 
L/ 

- 

- 

Castings not covered above 1 I - 

NUT requirements s/ 
Sub 
cat 

C 

D 

E 

F 

6 

H 

I 

RT 

X 

X 

0 

X 

X 

X 

/ Table XV does not applyto flangeconnetions a d  f i t t ings integral with 
annponents covered by sections 14, l5. and 16 a d  auxi 1 i ary equipment furnished 
with the basic equipmt and specifically l isted for the equipment involved. 

2/ 'Pressure' i s  the design pressure of  the system i n  which the casting i s  used. 

WI/PT4/ 

X 

X 

X 

X 

X 

0 

a/ For piping systea castings. the size shown i s  nps s i  a. 

Pressure 
g/ 
X 

X 

X 

X 

X 

a X 

X 

4/ MTor PT is  rqu i red for  fcrrouscastings. ForllOnferrous castings. PT - 
inspection i s  required only on subwrgencc pressure boundary surfaces. where 
stresses due to norwal mrdcing loads would exceed U3 of the yield strertgth of 
the casting material . 
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I n  event of conflict i n  MIT requirements betwxm this table. the ship's 
specifications. the conponent specification or other docrslents. the more 
stringent HTT requi resents shall be invoked. 

RT of cast valve discs and ball s i s  required only where such discs or ball s 
form a part of the hull boundary and fai lure could pemi t direct flooding 
inside ship, except RT i s  not required for centrifugally cast balls. 

Castings of sizes less than 4 inches shall be RT inspected where their failure 
would result i n  the loss of propulsion pmer due to lack of  cooling water 
necessitated by the closing of the hull and back-up valves i n  the main seawater 
system for the purpose of isolating defective castings . 
Refer to the applicable system or collponemt spec1 f i  cation for pressure test 
requirements. Pressure tests shall be conducted on m a t e d  castings. 

KT and HT/PT requirements do not apply to castings i n  open ended oxygen or 
hydrogen vents or drains that are located between the last isolation valve and 
the open end. 

RT i s  not required for holding bulkhead is01 ation valves 2- 1/2 inches NPS and 
larger with design pressure of 300 through 3400 psi of nonpropulsion systems 
unless required by a t k  requirements of this military doaanent. 

12.3 Iospection details. 

12.3.1 &meral. Tables X I I I .  XIV. and XV slarnarize the inspection 
requirements for cast norpressure and pressure containing castings based on 
application, service conditions. size. and i n  sane cases, stress. 'X' indicates 
that the specific )8m test i s  required for the application and conditions described 
by the applicable pertinent horizontal data. 

12.3.2 Visual exanrfnatioq. Each casting shall be visually exmined for 
confomance with specified dimensions and surface conditions. Identification 
mrkfngs shall be checked t o  assure accuracy. 

1 2 3 . 2 1  ~ m x t i o n  aelification. Visual ematination shall be per lmd  by 
personnel who have successfully passed the vision test i n  accordance with 
MIL-SlD-27l. 

12.3.3 m. NIT shall be conducted i n  accordance with HIL-STD-271. Except as 
specified i n  12.3.2 castings described for applications listed i n  tables X I I I .  X IV .  
and XV regardless of la ter i  a1 shall be inspected by the NIT method indicated. Uhere 
m/PT i s  indicated. materials which are magnetic at abient teaperatures shall be 
inspected by HT: Raterials which a n  m-mqnctic shall be inspected by PT. 

12.3.4 Radioaradtic standard shaotirm s k e w .  Shooting sketches prepared i n  
accordance with MIL-STD-271 shall be provided to assist i n  interpretation of the 
applicable radiographics. Approval of the sketches i s  required. 
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12.3.5 S i .  tests. RT i s  specified and the geauetry of  the 
castings i s  such that inspection by radiography i s  not meaningful or cannut be 
performed i n  accordance ulth HIL-STD-271. rn or PT. as applicable, may be 
substituted when approved. PT lay be substituted for )ICT when a casting surface 
location or condition i s  such that it i s  inaccessible for Hf or may be injured or 
contiminatcd by the )ITT method. UT. i n  accordance wt t h  an approved written test 
p rodwe .  my be substituted for RT when approved for the application. 

12.4 AccePtance criteria. 

12.4.1 Visual emnat ioq.  Casting surfaces shall be free fm cracks, tears. 
qaps. shr inka~. inclusions. gas holes, and other harmful or injurious defects. 
Fenrws castings shall rat the nquiracnts of SP-55. 

12.4.2 HT. PT. and q. Acceptance cri teria for HT. PT. and RT shall be as 
specified i n  tables XVI. XV I I .  X V I I I ,  XIX, and XX. 

TABLE XVI. cri teria for Hf and PT. A/ 

Cast laaterial 

k!iwumm 
Corrosion- resi stant steel 

I Carbon steel 
Alloy steels 

Copper-nickel 
A1 mi nur- bronze 
Nickel -alrrpill~-bronze 
Mnganese-bronze 

l f tan im-t i tan i r r  alloys 

Finished metal 
t h i  dv#ss 

~Inc)#t) 

1 and less I Class 2 I - - -  Class 3 

Less than 1 
1 to 3 
over 3 

HT 

Less than 1 - - Class 1 
1 t o 3  Class 2 

m 

Class 1 
Class 2 
Class 3 

112 and less 
over l/2 

- - -  

I /  It i s  charactcrlstlcof somecastings to b e ~ J e c t t o # r p c r f i ~ a l  surface 
craze cracking. liT or PT hdieat l  am of  such craze cracking shall not be 
prejudicial when they do not exceed 5/16 inch i n  length. Indications beyond 
t h i  s 1 ength shall rrqui re removal . except that  such indications may be approved 
subject t o  technical evaluation for acceptability dependent on intended 
appl i cati on semi ce condi ti om. 

MIL-SID-2035 

Class 1 
Class 2 
Class 3 

original 112 

- - 
- - -  

Class 2 
Class 3 
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r ~ ~ t e s  table XVII ; 

/ A974 E 155. reference radiographs (films) shall be applied as specified. 
Reference films l is ted provide a basis for acceptability by comparison with 
production radiographs. - D i  samtinui t ies  shown i n  the r e f e m -  f i  l m  are 
acceptable i n  any unit area as defined belw and may be accepted when 
discontinuities i n  production radiographs are concentrated i n  an area the size 
of the reference f i l m  (2 by 2 inches) provided Ule balance of the unit area i s  
clear. The unit area shall be a sqwre. 4 inches on each side. Areas less than 
a unit area shall be judged proportionately t o  the unit area. 

TABLE XVIII. #r- cri teria for steel (carbon. allov. and corrosion 
resistant). ti tan1 rra. and ti- a1 lov cas t iw .  

Thickness Critical i t y  
(inches) leve l f1  Inclusion tear. crPplct 2 

B 2 None )kne 

None 31 EA 2 T 
None 21 EA 2 it 
None y E A 3  I 

See footnotes at crd of  table. 
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TABLE XVIII. 

Criticality level 1: Areas requiring A percent Rfnlaua RT coverage (see 
12.5.3). 

Thickness 
(inches) 

Over 2 to 
4- 1/2 

Over 
4-1/2 

Criticality level 2:- Areas requiring 50 percent RfniruP RT coverage (see 
12.5.3). 

Cri tf cal i t y  level 3: Areas not requirjng RT but are inadvertently 
radiographed or radiographed for i nfonwtion 

Evaluation or radiographs for a-nce shall be in accordance with the  
appl icable ASTn stanbard. 

Cri ti cal i ty  
level&/ 

1 

2 

3 

1 

2 

3 

ASlM E 186 shall be used for evaluation purposes. 

Original 115 

m 

21 

E 186 

E 186 

E 186 

E 280 

E 280 

E 280 

M a x i m  severity 1 eve1 
' 

Shrinkage 

CA 3 
CB 3 
CC 3 
CA4 
CB 4 
CC 4 
CA 5 
CB 5 
CC 5 
CA 2 
CB 2 
cc 2 
CA 3 
CB 3 
CC 3 
CA 5 
CB 5 
CC 5 

Inclusion 

B 3 

B 4 

B 5 

B 3 

B 4 

B 5 

Porosity 

A 3 

A 4 

A 5 

A 3 

A 4 

A 5 
b 

Hot 
tear. 
crack 
None 

None 

None 

None 

None 

None 

Insert 
chapl& 

None 

EA3. 
EB 3 

EA 4. 
EB 4 

None 

EA 3, 
EB 3 

EA 4. 
EB 4 

- 
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TABLE NIX.  BT accestme crlterla for nonferrous castimg. 11 
t a) Nickel base alloys. (dl Nickel -alumlnun-bronze. 
i b j Copper - nl ckel . - (el  Manganese - bronze. 
( C) A1 mi nun- bronze. 

Crltlcallty level 

- 
llllck- 
ness - 

1 Inch 
M d  

less 

- 

Over 1 
inch 

- 

Lwrl 
dtflnltlons 

F a x % ?  
IT coverage (st. 

12.8.31 

&ear not 
rqulrlng RT but 

Inrdrtrtently 
rldlograpbd or 
r r d l o g r ~  for 

Infwution 
prposos 

Sam 8s 1-1 1 
8s deflnd &ow 

S r c  as level 3 
rs deflnd dave  

Shrl nkage 

1 L l n w  ::: Ca 3 

- 
X-ray 
SIma 
Brr - 
X-ray 
6;wu 
6rr 
7 

x-ray 
6ama 
Grrw 

- 
X-ray 
6wu 
6ul 
7 

X+ay 
s&mm - - 
x-ray 
6ul 
6ul - 

Refmnce Reference 
c d l w  

X-ray 

ASlH E 186 
(except as 

Chaplets 

None 
lcceptable 

See footnotes at top of next'page. 
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Footnotes to table XIX: 

1/ ASTI4 E 272 and E 186 reference radiographs ( f i lms)  shall be ap~ l ied  as 
specified. Reference f i lms  i n  ASTM E 272 are identified by tk thickness 
ranges: (a) up to  2 inches and (b) 2 to 6 inches. F i l m  are s h q  for the 
various discontinuity types i n  both t h i  ckness ranges. Three types of shrinkage 
are shown. designated (a) Feathery. (b) Spongy and (c) Linear. Only feathery 
type i s  s h  i n  the up to 2-inch thickness range. and spongy and linear types 
are shown i n  the 2-inch t o  6-inch thickness range. Films from both thickness 
ranges have been used without regard to applicable thickness specified herein 
i n order to provide the best coverage and gradation of discontinui ties. Since 

. f i l m  identification designations are duplicated i n  the two thickness ranges. 
they are further identified i n  the table by stating the source. Where 'X-Ray' 
appears under source i n  the table. th is indicates that the 'Law Voltage X-Ray 
Film' i s  applicable. Where 'garma' appears under source i n  the table, th is 
indicates that the '2 HEV X-Ray or Cobalt-60 Garaw Ray Film' i s  applicable. 
Reference films specified shall be used for a l l  production radiography sources. 

TABLE XX. RT acceatance cr i ter ia for tin-bronze castlna~. 

sowrlty 1-1 
Crltltrl lty lml rmC E 310 I Am E 186 

but inmWtmt1~  

See footnotes at top of  next page. 
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E 310 and E 186 mfcrmce radiographs ( f i lms)  shall be applied as 
specified. The specified films shall be used for a l l  production radiography 
sources. 

For the inclusion fl1.s. the discontinuities of  f i l m  82 are considered to be 
mre severe than those of  83. Those o f  62 and 84 are considered to be 
apprwcimtely equal, wlth those of 84 k i n g  fewer i n  nslber but larger i n  size. 

12.4.2.1 Jtl evaluation$. Production radiographs shall be evaluated for 
acceptance by comparing thea wl t h  the applicable ASTM reference radiographs 1 isted 
i n  tables X V I I .  X V I I I ,  XIX, and XX. 

12.4.2.2 msfment castfm. Imnstrent castings shall meet the m r  5 
acceptance level o f  ASTM E 192 except that filamentary type shrinkages contained 
therein are not pemitted. For double-wall radiography a reference radiograph with 
a wall thi-s carpatible with the thickness of  both walls af the casting being 
radiographed shall be used: however. the rrrraber 4 acceptance level shall then be 
used for evaluation purposes. 

12.4.3 pressure test. Pressure test acceptance c r i  teria shall be i n  
accordance KT th the applicable rratM a1 , system, or equipment sped fi cation. 

12.4.4 a. UT acceptance cri teria shall be approved on a case basis. 

12.5.1 n. VT shall be canduetcd on 100 percent of  a l l  accessible casting 
surfaccsor areaswhichcoqrisethe finishedpart. 6ates, riscrr, test caupons. 
teaporary test f l a m e  or similar extensions used as part of foundry procedure are 
excluded. 

12.5.2 pressure tern.  PFctunc tests shall be applied t o  a l l  pressure 
containing areas. 

12.5.3 &&nt o f  ractime. CastIG shall receive caplete coverage, when 
required. i n  accordance! with tables X I I I ,  XIV, and XV. Insofar as casting 
confirnations and thickness variations prevent attairamt of the required f i l m  
density i n  sane locations, and for the purpose of &fining coverage required, a 
casting i s  considered to contain the follawfng areas: 

(a) 75 wrcent m i n m  radiQgrabhic c o v e r ~ ~ e  a m .  Areas include pressure 
containing amas. areas designed for dynamic loads i n  accordance with 
footnote 4, table X I I I  and areas stressed t o  2/3 or more of the yield 
strength under h igh- imct  shock. 

(b) 50 miu radigsr-so R m i n j q  areas i n  the 
casting . 
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The 75 or 50 percent minim coverage i s  defined as casting areas i n  the f i l m  which 
are within the specified density l i l i t s  and are interpretable. It i s  not the intent 
that only 75 or 50 percent o f  casting be radiographed and that any specific area be 
excluded. Noncritical areas need not be radiographed when approved. 

12.5.4 went of  HT or PT insuection for ferrous castinas. Ferrous castings 
for  which radiography i s  required i n  accordance w i t h  tables X I I I .  XIV.  or XV shall 
receive i n  addition to radiography. 100 percent HT or PT inspection of  a l l  
accessible areas. Ferrous castings for whi ch HT or PT inspection i s  required i n  
accordance with tables X I I I .  XIV,  or XV and radiography i s  not specified shall 
receive 100 percent HT or PT inspection of a1 1 access1 ble surface areas. Static 
loaded f e r n  castings shall mi w 100 percent HT or PT inspection o f  a l l  
accessible surfaces which are sub Sect t o  stat ic loading. 

12.5.5 went of PT for nonferrous castinas. Except as required by footnote 3 
t o  table X I I I  and footnote 4 to tables X I V  and XV. nonferrous castings do not 
require PT inspection. 

12.5.6 petards for NDT of castinas. Records o f  casting inspection by VT and 
MTT methods shall be as follaws: 

- (a) Casting identification. including heat &r and where appl icable. heat 
treatment l o t  nmber , drawing nrmber and seri a1 m r .  

(b) Material identification by specification nrrmber and class or alloy. 

(c) Inspection methods and results. 

(dl For suhmrines. extent of inspection and traceability. 

Inspection records for castings shall include casting repair records as specified i n  
13.2.10. 

12.6.1 bsioner res~onsibil i tv. Whcn 100 percent inspection i s  not required. 
the casting designer shall inpleaerrt the requirements of  12.5.3 and 12.5.4 by 
identifying areas requiring HIT on engineering drawings by appropriate assi g m m t  of 
syabols conforming to AWS A2.4. 

12.6.2 Contractor reswnsibility. The foundry or activity perforaing the 
radiography shall prepare the radiographic shooting sketch i n  accordance with 
HIL-STD-271 based on requ immts established by the designer (see 12.1.1). Prior 
t o  preparation. the design requirements for radiography shall be reviewed t o  ensure 
feasibi l i ty fran the fabricator point of  view. When disagreements arise between the 
designer and fwndryman concerning areas for which radiography i s  required, but 
considered inpractical by the foundrylaan. a meting of both parties shall be 
arranged t o  resolve any controversial issues. Drawings shall be mod1 fied t o  ref1 ect 
the decisions mutually r e a M  by the designer and foundryman. Since a variety of 
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processes a n  perattted under MIL-STD-271. the shooting sketches w i l l  necessarily 
depend not only on the coverage! nquireamts but the equipacnt and procedures of  the 
parti wl ar radiographic facl l  ity. 

l2.6.3.1 Enaineerim drawl=. Casting drawings larked for RT coverage as 
required by 12.6.1 shall be forwarded to the acqutsition activity for acceptance. 
Copy of  transmittal le t ter  shall be forwarded to the DCASHA. 

12.7 Weldabilitv test& Uhen required by the applicable cast material 
specification. weldability tests shall be performed to demonstrate that a particular 
heat o f  metal i s  of a composition that i s  readily weldable. 

12.8 S w ~ l e  cast im.  Except for castings covered i n  sections 14. IS and 16. 
prior to production of a nrrPber of siai 1 ar castings for which foundry llethods or 
techniques have not been establ i shed. one or mre saaple castings shall be produced 
and subjected to NDT saapling agreed to by the designer and foundry. The results of 
this KJl shall be rwicwed by both designer and foundry prior t o  production of  the 
m i n i n g  castings. Significant changes t o  casting pracedurcs, thereafter. shall be 
subject to a similar s w l e  casting review for the area affected by the change. 
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13. REPAIR OF CASTINGS 

13.1 Jmreanation. Only castings of copper-base alloys or aluninua-base 
alloys shall be considered for approval to inpregnate. Iapregnation of castings 
wi l l  be permitted to seal off minor leakage due t o  micro-porosity or other casting 
defects only after NAVSEA approval and when the defective castings are shown by 
radiography t o  be structurally sound. The suitabil ity of aluuinun 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 
radiographi c standards are considered satisfactory for  iapregnation. Copper-ni ckel 
castings shall not be impregnated. Castings of any a1 loy for oxygen service shall 
not be iapregnated. Welding shall not be perrltted on castings which have been 
i npregnated. 

13.1.1 Jmrwnation authority. Authority to impregnate castings shall be 
obtained from MAVSEA. Requests for authority to impregnate shall be accompanied by 
radiographs of the defective areas of  the particular casting or representative 
casting i n  the case of a large lot .  together w i t h  caaplete information as to the 
condi ti on of the castings i ncl udi ng marked drawings where appl i cab1 e, the percentage 
of castings of each type requiring inpregnation, the service for which intended. the 
name of the foundry or contractor, and the contract or order nunber. Approval to  
impregnate i s  solely at NAVSEA discretion. I n  addition to the above requirements 
approval or disapproval depends upon other considerations such as terperature. 
pressure. service application (including the need/.eans for in-service repair) and a 
collparison o f  service exposure duration and severity to the conditions i n  HIL-I- 
17563 qualification tests. 

13.1.2 J l , .  The impgnation of castings; uhen approved by 
NAVSU. shall be perforaed i n  accordance with MIL-STD-276. Each casting which has 
been impregnated shall be staqed 'IW' on the stanping pad or i n  a amspicuaus 
place that wit 1 not qrpair the strength or serviceability of the casting. 

13.2.1 W r a l .  This section contains requirements for repair of weldable 
castings. I n  the event of a conflict betweem requirenents sped fled herein and 
those contained i n  casting materlal specifications. the requirements specified 
herein shall govern. 

13.2.2 pinor rwairs. Minor repairs a n  those repairs which do not exceed the 
follaring limits: 

(a) )taxi- depth docs not exceed 20 percent of the casting thickness or 
1-inch depth. whichever i s  less. and individual repair areas do not 
involve sore than 4 percent of the casting surface. 

(b) Weld build-up for correction of casting d i m i o n s  or machining 
discrepancies not exceeding 10 percent of the total area of the castings 
may be made a t  the discretion of the contractor or foundry when the weld 
build-up i s  within the follawing limitations: 
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(1) 3 /16 - im  . a x i ~  M l d - w  for w a l l  thicknesses 1 inch and under: or 

(2) 20 percent of wall thickness maxirrrm build-up for w a l l  thicknesses 
over 1 inch but not to exceed 3/8 inch. 

NOTE: These thidcness limitations apply t o  the finished condition. 

13.2.3 m n a 1  pew1t-s. Nominal repairs a n  repair welds i n  excess of those 
outlined i n  13.2.2 but which do not exceed l /2 the casting thickness. 

13.2.4 -a1 remirf. Special repairs are those repairs for which 
excavations of  defects are more extensive than those classified as naarfnal repairs 
or those that extend through the thickness of  the casting, or for which the use of 
cast inserts m y  be desired. 

13.2.5 Authorltv for -air of cast im. Authority to perfom repair on 
castings by welding shall be as f o l l m :  

(a) fflnor repairs may be mde at  the discretion of the contractor or fwndry. 

(b) Naninal repairs of castings m y  be accoaplished without obtaining approval 
provided that i n  addition t o  the records required (sce 13.2.10). the 
manufacturn. shall record the carting identification nrPber. welding 
proaxbe nder or t i t le .  welder identification, and naue of the 
authorized representatl w. 

(c) Special. repairs require 8dvance approval of the authorized representative. 

The authorized representative shall be notified that repair welding has nanurnrPII. 
The Govement represewtatiw nservcs the rlght to reject castings where there i s  
evidence that the provisions of  this section a n  violated. 

NOTE: For nickel -almirun-bronze castings. weld repairs (including post weld heat 
treataent) shall be i n  accordance with MIL-B-24180 (see 6.4.5). 

13.2.5.1 P a i r  Dnmduns and m*. Casting repairs shall be w l e t e d  i n  
accordance with 13.2.5. Upon colpletion of nminal and special repairs copies of  
records required by 13.2.10 shall be made available upon request. 

13.2.6 b a t  treated we1 d rewirs. For feppous castings which are to be heat 
treated at tenpcratures above the cri t ical transformation temperature. weld repair 
using weld metal which I s  responsive t o  heat treatment may be accolplished prior to ' 

such heat tmtmemt provided castings a n  gim a preliminary anneal or softening 
treatment to avoid welding i n  the as-& condition. and the following operations 
may be perforued i n  th is d i t i o n :  

(a) Raeliograptw o f  tht castings. 
(b) Weld repair of  the casting. 
(c) Re-radiography o f  weld repairs. 
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Responsiveness o f  the f i l l e r  metal t o  the Spe~ l f i c  heat treatment enployed shall be 
established by pmcedwe qualification test. Heat treatment as appropriate shall be 
performed after the foregoing operations. Required ECT inspection shall be performed 
after such heat treatment. Should any weld repairs develop by reason o f  the )3T 
inspection, repair shall be accaaplished and re-radiography o f  the repair shall be 
perfonned i f  required. Post weld treatment shall then be el  ther re-heat treatment 
or stress re1 i e f  treatment as appropriate. MT inspection shall be perfonned 
following the f inal  thermal tmatment operation. Stress re l ie f  of  repair welded 
castings shall be i n  accordance with table V I  and section 8. I n  th is  regard where 
the tern w e l M  i s  used, it shall be construed to include repair welded castings. 

13.2.7 Stress rel ief of weld reoairs. When stress re1 ieving o f  repair welded 
castings i s  perfonned i n  furnaces having recording pyroa#tri c 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 o f  no less than 6 mnths or after any changes or repairs t o  the furnace 
that might affect i t s  temperature distribution. Holding temperatures. t i m e  and 
cooling rates shall be as established by the approved welding or heat treatment 
procedure. 

13.2.7.1 A1 1 l o  a1 
rel ief.  Alternate temperature measuring methods specified i n  section 8 are 
appl i cab1 e. 

13.2.8.1  lora at ion and reoair of cracks. Visual evidence o f  cracks shall be 
explored at 5X magnification or by PT inspection and the cracks shall be removed and 
repaired by weldlng (see 13.2.8.2) or faired i n  or radiused providing wall thickness 
i s  not reduced below the specified allwable thlclcness. PT inspection shall be 
l imited t o  the inmediate area of  the defect when exploring defects i n  welds i n  5-51. 
5-52, and 5-53 materials that w i l l  subsequently be r e p a i d  by welding. Surrounding 
areas which may later  be overu?lded shall be masked away fm penetrant or 
developer. Uhen a defect has been moved, the PT inspected area shall be burred 
with a carbide burr before welding any further. 

13.2.8.2 surface msse. Colplcted 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 i n  13.2.8.2.1. 

13.2.8.2.1 For non-ferrous castings where PT inspection i s  not required by 
footnote 2 to table X I 1 1  and footnote 4 t o  tables X I V  and XV, the adjacent casting 
surface (1/2 inch fm weld edges) shall be visually examined. For the heat 
affected zone (3/16 inch fm weld edges). the visual examination shall be at 5X 
m i n i m  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 minimrsl magnification. 
Linear indications greater than 1/16 inch shall be cause for rejection by the visual 
exanti nation speci f ied herei n . 
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13.2.8.3 ~ i m a ~ l e t c d  reDair. Repair welds i n  casting areas 
o r i g l ~ l l y  requiring radiography shall be radiographed except i n  the following case: 

Radiography i s  not required for repair welds of defects not detected by 
radiography or pressure test I f  they conform to the cri teria o f  13-22 for 
atinor repairs and are satisfactoril y PT or CIF inspected as applicable. 

13.2.8.4 For repair mlds I n  castings that require radiography which are 318 
inch and greater i n  thickness and are made with MIL-120s or MIL-12018 f i l l e r  metals. 
also perfom the HT inspection required by 10.3.12. 

13.2.9 <Accebt~~ s t a m  for m i r  wela, Acceptance cri teria for repair 
welds shall be as follars: 

Inspection Acceptaf=e 
Ekthod 

RT 
Standard 

(see me 1) 
HT MIL-STD-2035 (see note 2) - 
m MIL-STD-2035 (see note 2) 

Repair of casting radiographic indications i s  required only to the extent of  
bringing such indications wtthin the appl icable castlng acceptance standard. 
Men radiographs are made after repair excavations, and prior to weld repair to 
deterrim the extent of any remining discontinuities, the acceptance standard 
for the design thickness of the casting i n  the excavated area shall apply. UT 
inspection gploycd i n  accordance with an approved pmcedwe lay be used for 
such thickness dctcrrination. For post weld repair radiography. 
discontinuities occurring i n  the weld -1 shall be judged for acceptance t o  
the applicable reference radiograph for casting defects. I f  the cambination of  
weld defects and casting defects does not exce!ed the d i s c o n t l ~ t i e s  allowed i n  
the applicable referenced radiograph for castings. the! area shall be accepted. 
Cracks. lack of fusion. and incolplete pmctratim i n  the area of  weld repair 
shall be rejected. Slag and porosity shall be judged as sand incl wions and 
gas. respectively. 
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2. . IfT and ff o f  repair welds shall be i n  accordance with the following: 

EamluMm 
Corrosion- resi stant steel 
Carbonsteel l to3 
A1 loy steels 3 and over 

v 
N i  ckel -base a1 1 oys 
Copper -nickel 

1 
A1 rarinrm-bronze 
Nickel -allstrum-bronze 
Wnganese- bronze 
Tin- bronze 

A1 mi nun casti m 
I 

nmmuul 
Ti tani m A1 1 OY 

Q m E s  

Finished Acceptance cri teria 
mated a1 MIL-STD-2035 
th i  dcness 
0 - 

Less than 1 
1 t o 3  
3 and over 

1 and less 
Over 1 

A1 1 

A1 1 

less than 1 
1 to 3 
OW 3 

Class 1 
Class 2 
Class 3 

Class 2 
Class 3 

Class 2 

Class 3 

Class 1 
Class 2 
Class 3 

;I/ I t  i s  .characteristic of these castings to be subJect t o  superficial surface 
- craze cradting. UT or PT indications of  such craze cracking shall not be 

prejudicial when they do not exceed 5/16 inch i n  length. Indications beyond 
t M  s length shall nquf re r m v a l  . except that such indications may be approved 
subject t o  technical cvalwtion for acceptability dependent on intended 
application service &tions. 

13.2.10 Records. Records of weld repairs shall be maintained and shall 
include the following (except as modified i n  sections 14. IS and 16): 

(a) A sketch sh#ing the size (lmgth. width. and depth) and location of a l l  
naninal and special repairs. 

(b) Record of post weld k t  treatment (when applicable). 

tc) Record of weld repair inspection results. 
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(dl Record o f  material weldability tut when required by the applicable 
wter ia l  specification. 

(el Records shall be retained as required by 13.2.10.1. 

13.2.10.1 mint- o f  recorn. Unless othenrise specified. required 
records shall be maintained by the activi ty and be available t o  the NAVSEA 
representative throughart the l i f e  of the contract and for 3 years after delivery. 
A t  the expiration of  the record retention period, NAVSEA or I t s  authorized 
representatives shall be given a written notification. Disposal o f  records shall be 
as- agreed upon by NAVSEA and the contractor. 

13.2.11 Rebair weldina on existinu shlbboard castinas. Repair welds made on 
existing shipboard castings shall be inspected by the MT or PT method, as specified 
i n  13.2.8.2. KT shall also be perfomed when repair welding i s  located i n  an area 
for which radiography was specified for the casting i n  new condition, except 
radiography i s  not required where tk fol lowing provisions are met: 

(a) Weld overlay i s  used t o  restore surface material .lost through cornsion, 
erosion. and wear. 

(b) Depth of area prepared for welding does not exceed the allowable depth of  
a nwinal repair (see 13.2.3). 

(c) Finished weld thickness i s  3/8 inch or less. 

hem the provisions of  (a). (b) . and (c) apply t o  castings of S - 1  material. post 
weld stress re l ie f  i s  not required. For repair welding on nickel -alminun-bronze 
see the special note t o  13.2.5. 
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14. N[TT REQUIREENTS FOR W I N E  PARTS 

14.1 1 This section contains the minimm inspection requirements for 
welds. weldments. and castings used i n  auxiliary and main propulsion turbine 
caqments and accessories. 

14.2.1 Turbine caPponents or  parts (fabrication. welds. and castings) shall be 
inspected i n  accordance with tab1 e X X I  . 

TABLE XXI. insDection of turbine wrts. f / 

Part or  service 

Bead ng pedestal s and caps: 
(a) Weldjoints 
(b) Castings 

(a) Below3001blinf 
(b) 300 ta 900 1 b/i# 
(c) Above 900 I b l i d  

Inner shells and nozzles chambers 21 

- -- 

Control .echanism and operating gear 

Supports. flexible 

Support girders for  turbines 
(fabrications. welds. and castings) 

Control valves 

(a) Seating surface of valve and 
seat we1 d over1 aylinl ay 

Expansion joints (cross - over) 

Gland seal regulator body (hydraulic type) 

See footnotes a t  end of table. Original 127 
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TABLE XXI . m m o f  turbine1 - 
Part or service 

-- 

Piping hutt welds: (steam) 

(a) Belw 300 l b / i d  
(b) 3001b/ i~andabove.  4-1/2inches 
(c) 300 l b / i d  and above. (2-1/2 inches 

and above) 2/ 
Piping f i l l e t  welds (steam) 
300 lb/ir? and above 

Piping and pipingwlds (oil) 

We1 d over1 ay/i nl ay (for erosion 
resistarm!) 

Valve bodies ( t r ip  throttle. astern. 
guard. strainer, maneuvering. and 
m-reknn) 2/ 
(a). Below 300 lb/irf 
(b) 300 1 b / i d  and above 

Valve seat seal weld 

/ Inspections red do not el iainate nqui raents of applicable material 
~ i f i c s t i a r s .  

X- Indicates test required 
X- Follaued by tuber  indicates acceptance class or level 

Records as specified i n  W.2.10 are required. 

Q/ m l i c a b l e t o  castingswithan insickcHaWer2-1/2 inehesor greater (or an 
equivalent cross sectional area). 

14.2.2 padiourahv of castinas and steam dn&. R a d i ~ a p h y  of castings and 
stem chests shall be as follafs: 

(a) External pressure boundary walls above valve seats (nozzle control and 
by-pass). 

(b) S t e m  inlet. 

(c) S t e m  chest flange and cover (castings only). 
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(dl Front wall and first stage shell area (horizontal flange excluded) where 
in let  gauge pressure t o  chest i s  900 1 b/in2 or greater. 

(el A l l  fabrication welds i n  the above areas. 

14.3.1 MJT inspection shall be perforred i n  accordance with MIL-STD-271. 

14.3.2 Radioara~hic standard shoatina sketches. Shooting sketches i n 
accordance with MIL-SID-271 shall be provided to assist i n  interpretation of the 
applicable radiographs; hawever. approval of the sketches i s  not required. 

14.4 pCceDtance standards for MTT insoection. 

14.4.1 Radioara~hy. Radiography of welded joints and repair welds i n  castings 
shall be coapared and shall be i n  accordance with class 1 of MIL-STD-2035. 
Castings radiographs shall conform to tab1 e XXI . 

14.4.2 $4T and PT insDection of welds. Inspection for surface discontinuities 
i n  welds and adjacent areas shall be performed by HT or PT method. In general, the 
HT method shall be used on ferrous materials and the PT method on nonferrous 
material and austenitic corrosion resistant steels. Acceptance criteria for welds 
shall be i n  accordance with MIL-STD-2035. 

14.4.3 jfl and PT insoection of castinas. There shall be 100 percent HT or PT 
inspection of a l l  accessible areas for items shown i n  table XXI. Acceptance 
standards shall be i n  accordance with MIL-STD-2035. except that foatnate 1 of 
tables VI and X. therein, does not apply. 

14.5.1 U l  inspection i n  accordance with an approved written test procedure and 
acceptance standards may be substituted for radiography when approved for the 
application. 

14.6 m i t i o n a l  insDcction for fer r i t ic  materials. 

14.6.1 Ferrit ic castings and fabrication welds thereto which are subject to 
MJl prior to stress relief. as permitted by MIL-STD-271. shall be subjected to HT 
after stress relief. Acceptance standards shall be as required for the parts or 
welds involved. 
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. \ 
SW4-AR-6IB- OlO/270 

15. Nm INSPECTIOIS REQUIREMENTS FOR PROPULSION REDUCfION 
GEARS M STUW M I N E  #UKN AUXILIARY GEARS 

1 a .  This section contains theminiminspection requirements for 
welds and castings used i n  the fabrication of  propulsion reduction gears. 

15.2 i-. 
15.2.1 Propulsion reducti.m gear amfmmts or parts shall be inspected i n  

accordance with table XXXI . 
TABLE XXII. insDcction of ~ r a w l s i m  reduction aear mrtp 

(imludina st- turbine driven auxiliarv aeara. 
- - -  

Part or service I" 
Hain element forgings for: 
Pinions, gears, gear rims, shafts, 
annul us. carrier 
Teeth of main elements I X-VA 
Piping welds 
(a) Small sections of low pressure X-VA 

such as lube o i l  supply. including 
welds joining nipple t o  casing 

(b) A1 1 other low pressure lube o i l  
piping welded joints made by the 
gear aanufacturer 

Welds, fabricated gear elentents 
(a) Stnngthwelds X-2 
(b) A l l  otherwelds 
Welds. casing 
(a) Strength welds X-3 
(b) O i l  t ight welds - 
(c) A l l  other welds - 
Hu~s. cast X-VA 
Thrust bearing housing and caps X-3 

Lube o i l  srnp 

LT VT Reference " I I I notes 

/ UT shall be inboth radial and longitudinal directions usingeither a shear or 
longitudinal wave w i n g  upon the geomctry of the forging. 

2/ Steel forgings shall be amined by the WT method: m m g n t i c  mated a1 s shall 
be examined by the PT method. 
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Inspection shall be perfomed after ar t t ing or grinding teeth. as applicable. 
but before shot peening for  through-hardened elements. 

Piping which i s  furnished i n  sections by the gear manufacturer for instal lat ion 
welding at  the shipyard w i l l  not require hydrostatic testing by the gear 
manufacturer where the f inal  assembly i s  p r e b m  tested by the shipbuilder. 

Test pressure shall be a gauge pressure o f  150 1 blir?. 

A strength weld transmits propulsion torque or propulsion thrust. 

Test shall consist of f i l l i n g  suap with water or clean hot o i l  and v i  s w l  1 y 
examining for leakage. Leaks shall be cause for rejection pending corrective 
repairs and retest t o  assure a sound leak-free smp. 

X - Indicates test required. 
X - Followed by nunber indicates acceptance level . 
X - Followed by VA indicates vendor level s as approved by NAQSEA 
LT - Leak test (grad ty) 

15.3 Performina NDl insDection. 

15.3.1 NOT inspection shall be performed i n  accordance with HIL-3SD-271. 

15.4 A c k  i n  i o  . 
15.4.1 fl and PT insDection of wel& Inspection for surface discontinuities 

i n  welds and adjacent areas shall be performed by MT or PT method. I n  general. the 
HT Whod shall be used on ferrous materials and the PT method on nonferrous 
materi a1 s and austmi ti c corrosion rest stant steels . . Acceptance mi t e r i  a for we1 ds 
shall be i n  accordance with HIL-STD-2035. 

15.4.2 . There shall be 100 percent IK or K 
inspection o f  a1 1 accessible areas for the items shown i n  table X X I I  . Acceptance 
standards shall be i n  accordance with HIL-SD-2035. 

15.5.1 UT inspection i n  accordance with an approved written test procedure and 
acceptance standards may be used when approved for the application. 

15.6.1 Ferr i t ic  castings and fabrication welds thereto which are radiographed 
pr ior  to stress re l ie f .  as pemitted by MIL-STD-27l. shall be subjected to MT 
inspection after stress re1 i e f  . Acceptance standards shall be as required for the 
parts or welds involved. 
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9074-AR-6IB-010/278 

16. WT INSPECTfON REaCIIRaOaCrS FOR FORCOD DRAFT BLOWERS 

16.1 1 This section contains the  a i n i n n  inspection requirements for 
welds and casting used i n  the fabrication of forced draf t  blowers. 

16.2.1 Forced draf t  blower coqmmts or  parts shall be inspected i n  
accordance wi th  table XXIII. 

TABLE XXIII. NDT insbection reaulrements for  forced draft  blowers. 

Part or service ( I I I / P T (  RT ( HT I LII I VT 

cYl i ndye s 
Blade rings (compressor s ta tor)  
Packing casings 
Supports. fl exi bl e 
Control valves: 
Seating surface of valve and seat  

Discs - turbine and propeller 

X - Indicates test required 
X - Followed by nrmdnr indicates acceptance class 
X - Followed by VA indicates vendor levels as  approved by NAVSEA 

16.3.1 WT inspection shall be perforwed i n  accordance with MIL-SID-27l. 

I 

16.3.2 Padioafa~hi c standard shaatim s k m .  Shooting sketches i n  
accordance with MIL-STD-271 shall be provided to assist  in  interpretation of the 
a w l  icabl e radiographs; hmever, appmval of the sketches is not required. 

X - - - 
- - 

X-3 
X-3 
X-2 

X-1 
X-VA 

16.4.1 ftadioara~hy. Radiography of welded joints and repair welds i n  castings 
shall be -Fed with class  1 o f  MIL-m)-2035. Casting radiographs shall conform 
to table XVIII. 

- 
- 
- 

16.4.2 -ion of welds. Inspection for surface discontinuities. 
i n  welds and adjacent areas shall be perfarmed by )ICT or PT method. The IK lethod 
shall be used on ferrous materials and the PT aethod on nonferrous materials and 
austeni ti c a r m s i o n  - resi stant steel s . Acceptance m i  terl a shall be i n accordance 
with ~ 1 ~ - m - 2 0 3 5 .  

. 
- 

X-VA 

16.4.3 HT and PT i n m i o n  of c a s t i m .  There shall be 100 percent Hl or  PT 
inspection of a1 1 accessible areas for items shawn in  table XXIII . Acceptance 

X 
X 
X 
X 

X 
X 
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standards shall be in  accordance wlth MIL-STD-2035, except that  footnote 1 of 
tables VI and X. therein. does not apply. 

16.5 UT inspection. 

16.5.1 LIT inspection i n  accordance with  an approved written test procedure and 
acceptance standards may be substituted for radiography when approved for 
application. 

16.6 Additional insbectlon for ferritic ~naterials. 

16.6.1 Ferri t ic castings. and fabrication welds thereto which are subject t o  
Nm prior to stress relief. as permitted by MIL-STD-271. shall be subjected to HT 
inspection af ter  stress re1 ief. Acceptance standards shall be as  required for the 
parts or  we1 ds involved. 
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17.1 cancel 1 ed mexi f i cati ow. The fol  1 owing are cancel 1 ed or superseded 
specifications for materials. They are listed i n  this doarent t o  identify 
applicable requinaents for welding. )(ma etc. when the materials are encountered. 
e.g. i n  d s t i n g  ships. cqwmfts* etc. 

FEDERAL 

- Aluninrrn Alloy Sand Castings. - Brass. Naval : Rod. Wire. Shapes. Forgings, and 
flat Products with Finished Edges (Bar. f l a t  Uire. 
and Strip). - Bronze Hanganese: Rod. Shapes. Forgings. and f lat 
Products ( f la t  Wire. Strip. Sheet. Bar. and Plate). - Bronze. Phosphor: Bar. Plate. Rod. Sheet. Strip. 
f lat Uire. and Structural and Special Shaped 
Sections. - Copper-Aluf mm Alloys (Almimm Bronze) (Copper 
A1 loy W r s  606. 614. 630. 632H. and 642) : Rod. 
Flat products with Finished Edges (Flat Wire. 
Strip. a d  Bar). Shapes. and Forgings. - Copper f l a t  products with S l i t .  S l i t  and Edge- 
Rolled. Sheared. Sawed. or Machined Edges. (Plate. 
Bar. Sheet. and Strip). - Copper-Silicon. Copper-Zinc-Silicon. and Copper- 
Nickel-Silicon Alloys: Rod. Uire. Shapes. 
Forgings. and Flat  products (Flat Uire. Strip. 
Sheet. Bar. and Plate). - Electrode. Uelding. Covered: Mild Steel. - Nickel-Copper Alloy and Nickel-Copper-Silicon Alloy 
Castings. - Steel. Stainless and Heat Resisting. Alloys. Plate. 
Sheet. and Strip. - Tube. Copper. Searless. Water (For Use with Solder- 
flared or Colpressiarr Type Fittings). 

- Steel Forgings for S t e m  Turbine Rotors. - Steel Bars. Corrosion Resisting. Naval Stem 
Turbin Parts Use. - Steel Bars. Cormsfon Resisting. and Steel Billets. 
Comsion Resisting: Reforging App1ication. - Steel Castings. Corrosion Resisting Austcnitic. - S t e l  hstim. WyWcnrr Alloy. - Steel Bars. Billets. and Forgings-Carban-UolyWcnra 
A1 10y. - Pipe. Corrosion-Resi stant. Stain1 ess Steel . 
Seamless or Welded. 
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HIL-S- 18410 

- Steel Bars and Forging Stack (4330) Vanadiun 
Hodi f ie& Ai  rcraft  Qua1 i ty. - Steel Casings. - Castings. Nonferrous. Centrifugal. - Steel , A1 lay. Chroariun- Hol ybdenun; 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 Chranim). - Tube, Carbon Steel, Electric Resistance Welded. 
brine Boiler. - Steel Castings. Austenitic. Chranirm-Nickel , Low 
Hagneti c Permeabi 1 i t y  . - Steel Bars. Billets, and Forgings - Chnaiun- 
lblybdenua Alloy. - Tube and Pipe. Chwrsim-)blybdenun Alloy Steel. 
Seal ess , - Steel : Plate. Special Treatment. For Protective 
Hull Plating. - Tube and P i p ,  C a r b o n - H o l m  Alloy S t e l ,  
Seamless ~ ~ - A - 3 3 5  -55T, Grade P- 1) - Tube and Pipe. Carbon Steel. Seamless. - Copper-Nickel Alloy Castings (UNS No. C96200 and 
C36400). - Tubes, Brass, Seaniless. - Bronze, Nickel Alminua and Manganese-Nickel 
Alralrwa: Castings. Ship Propeller Application. - Steel, Special Structural Shape. Ueldable. High 
Tcnsfle (HT): for Subaarine Hulls. - Brwue, Nickel A l u i n u :  Rod. f l a t  Products w i t t i  
Finished Edges. Shapes. and Forgings. 
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ADDITIONAL REaLlIREHWrS FOR WELDING TITMIUH AM) TITANIUM ALLOYS 

10. SCOPE 

10.1 This appendix contalns additional requirements for a fabrication plan. 
personnel and production testing of  welds for titaniun fabrication. 

20.1 This section i s  not applicable. 

30. APPROVAL FOR FABRICATION AH) WING 

30.1 Fabrication DI an. Activities, including a1 1 involved subcontractors. 
seeking t o  fabricate (i.e.. weld. repair weld. heat treat. fom. or machine i n  
preparation for welding) 5-51. 5-52. and 5-53 materials shall prepare a written 
fabrication plan that describes. i n  detai 1, a1 1 controls for ensuring the qua1 i t y  
and integrity of the fabricated product. This plan shall describe and assign duties 
and responsibilities for each aspect of fabrication and quality assurance. The plan 
shall include: 

Fabrication desiqn. Cqmmts and systems fabricated of  S-51, 5-52. and 
5-53 materials shall be specifically designed to  ensure that location of 
welds. assembly of subcolponnts. etc. are such that a l l  welding i s  
perfotaed I n  the shop t o  the mxi9rrm extent practicable. and that 
shipboard welding i s  minimized. I n  addition a l l  shipboard welds shall be 
designed to ensure that location affords good welder access (considering 
t ra i l ing shields. ck. ) and that consideration i s  given to  purging access. 
obtaining rcquislte fit-up, practicality of  establishing tenporary areas 
for cleanliness (See 30.2). and a l l  other nquireaentt of this douamt. 

g. The standards for 
acceptance of  materials on receipt and i n  a l l  stages of  processing shall 
be stated. Included shall be a l l  requirements for alloy composition and 
condition i n  a l l  f o m .  cleaning procedms for welding electrodes and 
weld joints. shielding gas purity and weld coverage through t ra i l ing and 
backing shields. weld contmination color standards. specific weld joint 
designs. preparation. aligramt and tooling for erection. weld repair. and 
nondestructive inspection. 

Fornrfncr and heat treatinq. Detalls of  the foraing and heat treatlng 
procedures. including sequencing and inspection. shall be provided. 
Qualification of the p r o m .  verification of  results and provision for 
process control i n  production shall be r e v i d  for approval by NAVSE4. 

safety. Procedures for the safe collection. storage and disposal of 
titaniun chips and dust resulting fm machining and grinding operations 
shall be established. Included shall be plans for f i r e  prevention and 
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fighting of fires i n  t i t a n i m  fines. Safe handling, storage, and disposal 
methods for solvents shall be referenced. 

This plan shall be submitted for review and written notification o f  acceptance 
shall be received from NAVSEA pr ior to the start of  fabrication. Any proposed 
technical changes t o  the plan shall be proaptly provided to NAVSEA for review. 
Where evidence i s  provided t o  s b  that similar fabrications have been previously 
produced t o  th is  doamat or that the act iv i ty has extensive t f t an im  fabricating 
experience, NAVSEA may, at  i t s  discretion, accept procedures established by that 
act iv i ty i n  1 ieu o f  a l l  or portions of the requirements o f  th is  paragraph. 

30.2 Facil i ties. The act iv i ty  and/or i t s  subcontractor(s) shall prepare and 
obtain NAVSEA approval of a procedure that establ ishes fac i l i ty  requirements for  the 
fabrication o f  t i tanim. This procedure shall include the controls to be 
established for  the welding and fabrication of t i t an im  to preclude contamination. 
A1 though. the use of a dedicated fac i l i ty  i s  reconmended, the act iv i ty may establish 
temporary fabrication areas for t i t a n i m  welding. The procedure shall address: 
equi pent necessary for laateri a1 s hand1 i ng , envi rommtal control . we1 d i  ng . 
machining. conditioning and cleaning. inert  gas distribution, heat treating. and 
mndestnrctive eval wtion. The procedure shall provide requirements that ensure 
that the welding area i s  restr i  cted from general t raf f ic .  and i s  protected from 
winds and draft. d i r t .  sroke, grinding residues, welding and machining operations on 
other materials. and other airborne contaminants. A1 1 equipment to be used i n  the 
ti taniun welding area shall be blaun clean and wiped to remove accunulated dust and 
d i r t  before being brought into that area. Pneunratic tools shall not be used i n  the 
area of welding or fabrication operations unless requirements specified i n  the 
procedure preclude contamination o f  welds. base materials, and f i l l e r  materials. A 
regular scheduled cleanup of  welding areas and tcaporary areas (while maintained for 
use) shall be established. Clean up i s  to include use of  v a w u  cleaners exhausting 
outside the area rather than i t m s  such as brooms. Controls for the use o f  
mndedicated materials, equipment. and faci l i t ies (e.9.. preheat funrace for hot 
forming) shall also be included i n  the p m e & m  to ensure that such use does not 
contaainate the t i t a n i u  or t i t an im  alloy. 

30.2.1 Haterlals. A l l  materials Involved i n  the fabrication or inspection o f  
t i tan i rn  and t i t a n i u  alloys. including consuables such as shielding gases. 
cleaning agents. and dye pcnetrantt. shall be certified as to purity and confomnce 
to specification and/or fabrication plan. Shielding and purge gases shall be argon. 
he1 iun or mixture thereof. A l l  shielding and purge gases used for welding or for 
heat treating (vacuua furnace purging) shall have (1) a purity of  at least 99.995 
percent and (2) a dew point o f  -60.F or less at the work piece (weld) or purge exl t . 
Shielding gas hoses for welding shall be new or shall have been used to carry ine? 
welding shielding gas only. Records o f  certification shall be maintained. 

30.2.1.1 Dew point o f  shielding and purge gases shall be tested at the 
beginning of  each sh i f t  or whenever gas flaw i s  interrupted, except as follows: dew 
point shall be verified for each weld and repair weld that i s  not inspected on the 
backside per 10.3.13 because o f  inaccessibility. 

30.2.1.2 Stainless steel brushes used for cleaning shall be free of any 
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contaatnant and -11 be used only an t i t an im and titaniun alloy. 

30.2.1.3 The cleaning solvent used shall be acetone. Alcohol Formula 23. 
isopropyl alcohol or other nonhalogemted solvent proven to have no potential 
adverse affect on titanira. 

30.2.1.4 A l l  tooling for fabrication used on the f inal surface such as bending 
dies and mandrels, machine carbide bits. carbide grinding burrs. etc. shall be only 
used for titanium. 

30.3 Personnel. A l l  personnel working with titaniun and titaniun alloys shall 
be given f o m l  instruction, within the l imi ts of  their discipline. on procedures 
for handling these materials to avoid inadvertent contamination and to attain the 
highest qua1.i t y  product. Included shall be: riggers and other materials handlers. 
mduf nists. heat treaters. spinners. forgers and press operators. welders. grinders. 
nondestructive evaluation personnel . the various inspectors responsible for work 
performance. and materials/welding cnglnecrs i n  production or support positions. 
Records of personnel training and test nsu l  ts  shall be maintained with appropriate 
review to keep qualification current. A training plan, including methods of review 
to ensure continuous corp'liance. shall be submitted for N A V a  approval. 

30.3.1 jrkldeq. Qualified uelders and welding operators should not be 
assigned to weld other materials during the tire period that they are engaged i n  
production welding of titanim. 

40. -ON TESTING OF S-51. 5-52. AN) 5-53 UELDS. 

40-1 @nd t e a m  of welds i n  class A comments, For class A-F. A-1. A-2 and 
A-3 pressure vessels and having locations A or B type welds as described i n  this 
section. a production test plate of the saae specification. grade. and thickness 
shall be made of sufficient size t o  prod de at least one face and one rout bend 
speciuen or two side bend speciaens. depadent an plate thickness. Uhere 
longitudinal joints are invol ved. the test plate shall be attached by welding t o  one 
end of the longitudinal joint and welded continuously with the joint. Where 
ciramferential Nintt a n  imrolved. the test. plate need not be attached but shall 
be welded along with the joint and each welder or welding operator shall deposit 
weld uetal i n  the test plate at th location and proportional to that deposited i n  
the production weld. Test plates shall represent each mlding process or 
combination of processes or change from mchim to manual or vice versa. A t  least 
one test plate i s  mqclred for each vessel provided not over 100 ft . of Location A 
or B joints are involved. An additional test plate. meting the same requirements. 
as above. shall be lade for each additional 100 ft. or portion thereof of  Location A 
or B joints involved. The bend specimens shall be prepared and tested i n  accordance 
with MIL-STD-248 and strall meet the requirements therein. Failure of either bend 
specimen constitutes rejection of  the weld. 

40.1.1 Welded Joint Locatlq. fhc location of a welded joint i n  a vessel 
defines the placement but not the type of joint. This paragraph establishes joint 
locations for use i n  specifyfng special joint type requirements and degree o f  
inspection of certain welded pressure joints. Since these special requirements. 
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which are based on service, material . and thickness. do not apply to every we1 ded 
joint i n  a1 1 classes of  vessels. only those joints to which special requirements 
apply are included. Figure 4 illustrates typical joint orientations and placements 
included i n  Locations A. 0, C. and D. as described below. 

40.1.1.1 Locations A. Longitudinal weld joints Klthin the main shell. 
canarrnicating chambers. transitlons i n  diameter. or nozzles: any weld Joint within a 
sphere. within a formed or f l a t  head. or within the side plates o f  a f l a t  sided 
vessel: circunferemtial welded joints connecting  spherical heads to main shells. 
to transitions i n  di-r. to nozzles. or t o  m a t i n g  chaabers. 

Notes: 1. Cmmicating c h a r s  are de f iW as appurtenances t o  the 
vessel which intersect the shell or heads of a vessel and 
fom an integral part of the pressure containing enclosure. 
e.g.. smps. 

2. Side plates of a f l a t  sided vessel are defined as any of the 
f l a t  plates forming an integral part of the pressure 
contai n i  ng end osure. 

40.1.1.2 Mat ions B. Ctraafererrtial welded joints within the main shell. 
conaunicating chdms. nozzles. or transitions I n  diameter including joints between 
the transition and a cylinder at either the large or sml l  end; circumferential 
welded joints connecting formed heads other than hemispherical to main she1 1s. to 
transitions i n  diaueter fa nozzles. or to cammicating &&ten. 

40.1.1.3 J&cations G. Uelded joints comecting flanges; Van Stone laps. tube 
sheets. or f l a t  heads t o  main shell. to forred heads. to transitions to diameter. t o  
nozzles. connecting one side plate. to another side p l  ate of a fl a t  - si  ded vessel . 

40.1.1.4 J,ocations R. Welded joints cmmcting nannrlcating ctmbers.or 
nozzles to maln shel.1~. to spheres. to transitions i n  diameter. to heads. or to 
flat-sicled vessels. and those Joints connecting nozzles to ammmlcating chambers 
(for nozzles at the saall end of a transition i n  diartcr, see Locations 8). 

40.1.2 Whcn butt welded joints are repired elscwhcrr i n  this doaaent for 
Locations 8. an angle joint connecting a transition i n  diaetcr to a cylinder shall 
be considered as meeting this requirement provided the angle. a (see Figure 4) does 
not exceed 30 degrees. A l l  requirements pertaining to the butt welded joint shall 
apply to the a l e  joint. 

40.1.3 Test results shall be recordd and signed by the activity's responsible 
off icial.  Records shall be iderrtlfiable to the vessel a d  welds they represent and 
shall include date of tests and bend radius. Records shall be maintained along with 
other doamentation required herein. 

40.2.1 Eachwelderandweldingaperator qal i f ied for pipe shall 
satisfactorily unnplete one pipe test coupon for visual and color inspection and 
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bend testing as described klw. Each coupon shall k anpleted at intervals of  not 
less than 60 days nor greater than 92 days. Visual and color inspection o f  
individual passes and f inal weld surfaces (inside and outside) shall be performed 
per the requi rvnents of  this docraent. Any occunmce of unacceptable color except 
for straw or very light blue shall cause rejection of  the coupon. Bend specimens 
shall be prepared and tested i n  accordance w i t h  NIL-STD-248. Welding of  the test 
coupon shall conform to the following: 

The coupon shall be a ful l  penetration butt joint design of NIL-STD-22 and 
represent the upper range o f  thickness welded by the welder i n  the last 
three aonths. or 1/4 inch whichever i s  less. A backing ring joint design 
shall not be cqloysd unless the pcrson i s  only cpial i f i ed  for backing r ing 
joints. For personnel nut having butt weld qualifications. an alternate 
testing method that includes macro and hardness testing can be submitted 
for NAVSEA approval . or the requirements of th i  s section shall be met. 

The coupon shall be large enough to provide necessary bend specimens (one 
face and one root knd specimen). 

The coupon shall be welded i n  the production enviroment alongside a 
production weld following the production welding proadun. The sae 
welding equipment. base metal grade, base metal preparation processes. 
f i l l e r  material. and inert gas distribution systcr as used i n  production 
welding shall be used for thc coupon. Preparation and f i t -up of  the 
coupon shall be performed by the same personnel performing these 
operations for production welds. 

The coupon my be we1 ded i n  any position. 

Sub jet3 to g. below. a welder who uses lore than one mlding process. may 
use any one of  the processes for wMch hc i s  qualified to weld the coqxm. 

Srrbject to g. belaw. the test coupon should be welded using the manual 
process where the welder used both mnual and autoaatic processes i n  
production. A l t o  i f  the elder  i s  engaged i n  shipboard welding. the 
coupon should k tdwduled so as t o  be colpleted shipboard. 

Tk activi ty shall structure the welding of cwpons so that a l l  welding 
areas and cquipwnt wad for production welding a n  regularly eaployed for 
aaking test arupont from t ime to ti=. 

If there 1 s no production weld1 ng at the end of 92 days. the welder shall 
wke a test coupon~ttenextproductimwelding i s  started: 

40.2.1.1 Except as permitted belaw. i f  the test cwpon fails. thc activity 
shall ascertain the cause of the failure and correct it and the welder i s  permitted 
to repeat the test coupon once. Failure of the second test coupon terrfnates a l l  
the welder's qualifications for titaniun and f u l l  requalification i s  required. If 
the failure i s  due to a weld defect only. one bend specimen failure per test coupon 
i s  permitted provided tm additional bend specimens of the sane type are removed 
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from the coupon and are satisfactorily tested per HIL-STD-248. 

40.2.1.2 The activity's methods and controls for acconplishing coupon testing 
shall be described i n  a written procedure. Records o f  test results signed by the 
activity's responsible of f ic ia l ,  shall be maintained for  a l l  welders for the 
preceding l2 months. Records shall include base material grade and thickness, 
welding process. bend radius, location of test (shipboard. shop, etc. 1 test date. 
results and welder's nare. 

40.2.1.3 Activit ies exclusively welding piping or tubfng of  sizes less than 1- 
112 inch nps are ex- fm the requ immts o f  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 i s  nat required for 
class H, category C welds. For personnel performing welding o f  casting fabrication 
welds or fabrication welds i n  other components covered by th is  &anent. testing per 
40.2.1 shall a1 so be p e r f o m  except that plate may be used i n  I ieu of  pipe. 
Alternatively, bend testing per 40.1 may be performed for each collponent. 
Activit ies exclusively perfoming repair welding o f  castings or producing coraponents 
made by automatic welding processes i n  a dumber, or vacuulll. o f  materials less than 
1/8 inch thickness are exeapt fm these requirements. 

' 40.2.3 As an alternate t o  40.2.1 or 40.2.2. saapling o f  i n  process and f inal  
weld hardness in  accordance with methods and procedures approved by NnVSEA my be 
performed. 
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