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Technical Standards Board (TSB) Rules and Regulations (TSB 001) pertaining to accelefated adoption
of government specifications and standards. TSB rules provide for (a) the publication’of [portions of
unrevised govefnment specifications and standards without consensus voting at the SAE Committee
level, and (b) tHe use of the existing government specification or standard format.

Any material re|ating to qualified product lists has not been adopted by SAE:" This mater{al was part of
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1.

1.1

1.2

1.2.

1.2

2.

2.1

2.2

2.3

.2 Welding g

SCOPE:

Purpose:

This standard establishes the procedure for qualification of welders and welding operators engaged
in the welding of aircraft, missiles, other aerospace equipment, and their parts and accessories by
fusion welding processes. This standard is applicable to aircraft, missile, and aerospace ground

support eqy

the absence of a specified welder qualification document.

Welder and

1 Welder: W
qualified &
may weld

acquired welder qualification.

which the
APPLICABLE

The following
proposal, forn

U.S. Gover

Available fr

Philadelphig, PA 19111-5004.

MIL-STD-4
MIL-STD-44

ipment or other welding, when included in the contracting documents or.w

welding operator assignments:
elders may weld all joints by manual and semi-automatic welding for whi

y producing acceptable test welds, as defined in Sections’4 and 5. In ad
all joints by machine and automatic welding within the.same limitations a

perator: Welding operators may weld all joints:by machine and automatic
y are qualified by producing acceptable test welds, as defined in Sections
DOCUMENTS:

publications, of the issue in effect on the date of invitation for bids or requ
h a part of this specification to the extent specified herein.

nment Publications:
pbm DODSSP, SubSeription Services Desk, Building 4D, 700 Robbins Ave

0 Nondestructive Testing Personnel Qualification and Certification
b3 Inspection, Radiographic

hen invoked in

Ch they are
dition, welders
5 for the

welding for

4 and 5.

est for

hue,

ASTM Publ

cations:

Available from ASTM, 100 Barr Harbor, West Conshohocken, PA 19428-2959.

ASTM DS-56 Unified Numbering System for Metals and Alloys (Same as SAE HS1086)

SAE Publications:

Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

SAE HS1086 Unified Numbering System for Metals and Alloys (Same as ASTM DS-56)
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3. DEFINITIONS:

3.1

3.1.1

3.1.2

3.1.10

3.1.11

AWS Publications:

Available from American Welding Society, 550 N.W. LaJeune Road, Miami, FL 33126.

AWS A3.0
AWS B3.0
AWS D1.1
AWS D10.

Welding Terms and Definitions
Welding Procedure and Performance Qualification
Structural Welding Code

Welding ter|

Qualification of Welding Procedures and Welders far Piping and Tubi

minology:

The welding terminology of “Welding Terms and Definitions” AWS A3.0;shall be used
interpretatign of this standard. Some of these items and additional téfrms are defined

As-welde

any subsequent thermal, mechanical, or chemical treatments.

Automatig welding: Welding with equipment which performs the welding operation

adjustme
loading a

Backing:
weld joint

Base met

Blank: Pa
specimen

Butt joint:

Complete
welding a

t of the controls of a welding operator. ;The equipment may or may not p
d unloading of the work.

for the purpose of supporting molten weld metal.

al: The metal to be welded, soldered, or cut.

It of a test weld removed for the preparation of a bend test specimen or a

A joint between two members aligned approximately in the same plane.

fusionFusion that has occurred over the entire base metal surfaces inte

in the
below.

i: The condition of weld metal, welded joints, and weldments after welding but prior to

vithout
brform the

A\ material (base metal, weld metal, carbon, or granular material) placed at the root of a

metallographic

nded for

hd -between all layers and weld beads.

Complete joint penetration: Joint penetration in which the weld metal completely fills the groove

and is fus

ed to the base metal throughout its total thickness.

Defect: A discontinuity or discontinuities which by nature or accumulated effect render a part or
product unable to meet minimum applicable acceptance standards or specifications. This term
designated rejectability.

surface melted during welding.

Depth of fusion: The distance that fusion extends into the base metal or previous pass from the

Discontinuity: An interruption of the typical structure of a weldment, such as a lack of homogeneity

in the mechanical, metallurgical, or physical characteristics of the material or weldment. A

-9-
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discontinuity is not necessarily a defect.

3.1.12 Filler metal: The metal to be added in making a welded, brazed, or soldered joint.

3.1.13 Fusion zone: The areas of base metal melted as determined on the cross section of a weld.

3.1.14 Heat-affected zone: That portion of the base metal which has not been melted, but whose
mechanical properties or microstructure have been altered by the heat of welding, brazing,

soldering | or cutting.

3.1.15 Joint: The junction of members or the edges of members which are to be joifred or have been
joined.

3.1.16 Machine yelding: Welding with equipment which performs the welding-operation under the
constant gbservation and control of a welding operator. The equipment may or may not perform
the loading and unloading of the work.

3.1.17 Manual wglding: A welding operation performed and controlled completely by hand

3.1.18 Semiautomatic arc welding: Arc welding with equipment which controls only the fillgr metal feed.
The advance of the welding is manually controlled.

3.1.19 Test weld] A joint made by a welder for purpeses of welder qualification.

3.1.20 Welder: Qne who performs a manual or semiautomatic welding operation.

3.1.21 Welder certification: Certification in.writing that a welder has produced welds meetipg prescribed
standards.

3.1.22 Welding machine: Equipment used to perform the welding operation. For example| spot welding
machine, jarc welding. machine, seam welding machine, etc.

3.1.23 Welding dperator:Onhe who operates machine or automatic welding equipment.

3.2 Symbols an

a.
b.
C.

d.

diterms:

Sheet refers to both sheet and plate, where appropriate.

Tube refers to both tube and pipe, where appropriate.

The lower case letter, t, indicates base metal thickness for either sheet or tube wall.

Mathematical symbols used before numbers mean:

less

HVIIA V A

than

more than
equal to or less than
equal to or more than.

-10 -



https://saenorm.com/api/?name=34272937f4c5e057a331bba6d1c5a2ef

AMS-STD-1595A SAE AMS-STD-1595A

4. GENERAL REQUIREMENTS:

4.1

411

41.2

4.2.

4.3

4.4

4.5

Qualification requirements:

To achieve qualified status, welders and welding operators shall demonstrate their skill by producing
acceptable test welds in accordance with 4.1.1. No test welds are required for those welds which will
not be required in production welding.

Welders: [The correlation between test welds and production welds shall be basedqn the following
factors.

Welding process (see 5.1).

Base metal composition (see 5.2).

Base metal thickness (see 5.3).

Welding position (see 5.4).

Base metal form, sheet or tube (see 5.5).
Type of weld, groove or fillet (see 5.5).
Other|welding conditions (see 5.6).

@ "0 oo

Welding gperators: The correlation between test welds and production welds shall be based on
only the first three factors given in 4.1.1.

Minimum rgquirements:

The requirements of this standard are-minimum. Other requirements may be added py the
contractor, but may not be substituted for the requirements of this standard.

Physical requirements:

The contragtor shall establish reasonable and appropriate physical requirements for yelders and
welding opgrators. Itwill'be accepted that those whose corrected vision in each eye [for long

distance is better than'20/30 and for 16 inches distance permits reading of Joeger Ng. 2 type will
ordinarily satisfy‘vision needs for welding.

Identificatiomn

The contractor shall assign a unique number or other identification to each welder or welding
operator upon qualification.

Test records:

The contractor shall complete a test record containing the essential information required as evidence
of the welder or welding operator qualification. These records shall be retained for the period of time
specified in the contract or, if no retention time is specified, the period of record retention shall be for
the duration of qualification.

-11 -
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4.5.1

4.6

4.6.1

46.2

4.7

5.

5.1

5.2

Test record forms: Suggested test record forms are given in Figure 1 and in the following
documents.

a. Structural Welding Code, AWS D1.1
b. Qualification of Welding Procedures and Welders for Piping and Tubing, AWS D10.9.

Requalification: A welder or welding operator shall be requalified every five years to the same

requirer
followin

A weld
month
anoth

There
requir

Alternat]
requirer
three m

DETAILEI

Welding
process
process

Base m
one of t
modified
each of
base m¢
groups
the bas

ler or welding operator has not welded with a given welding progcess for a

br process of Table .

s; except that this period shall be extended to six months if theswelder ha

is a specific reason to question the ability of a welder ‘©or welding operator
ements for qualification in a given welding process:

e requalification: As an alternate to the requirements of 4.6.1, requalificati
nents as an original qualification may be accomplished at two year interva
bnth and six month restrictions.

D REQUIREMENTS:

process: For welders and welding operators, a test weld made with a giv
of Table | qualifies only that-welding process. This standard does not ap
es not included in Table'\l

ne ten base metal groups of Table Il qualifies only that base metal group,
| by 5.2.1 and5.2.2 and as illustrated in Table Ill. The specific base met
the base-metal groups of Table I, are given in the Appendix of this stand
btal groups are intended only for the purpose of qualification, some of the
contaifi’base metals whose composition does not conform to the nominal

hents as an original qualification. Requalification is also required when either of the
j two conditions are present.

period of three
s welded with

to meet the

pn to the same

Is, in lieu of the

en welding
ply to welding

btals: For welders'and welding operators, a test weld made in a base metal included in

except as

Is included in
rd. Since the
base metal
description of

b metal group.

-12 -
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QUALIFICATION TEST RECORD

Name Id4. SS No.
Joint welding procedure Welder [ ] Welding operator [ ]
TEST WELD
Base |[metal description Group No))|
Welding process Single weld [ ] Double‘weld| [ ]
Current AC[] pDCI] . Backing Yes  [V1 N¢ [ ]
Vertical Down [ ] Up [} Penetration Complete [ Partial [ ]
Pogsition Dimension, inch

Sheeff groove  1G [ ] 26 [] 36 [ ] 4G [ ]
Tube |groove [ 2611 5611 0. D, t
Sheet| fillet 1IF[] 2F L1 3F[] 4F [ ' £
Tube [fillet IF {1 2F[]1 4F 111 5P I] 0. D. t

TEST RESULTS
Visugl Pass [ ] Fail [ ]
Radiggraphic NA [ 1 Pass [ 1 Fail [ ]
Bend NAT] Pass [ ] Fail []
Metallographic NA [ ] Pass [x]Y Pail [ ]

QUALIFIED
Base Meta] Group No. Single weld [ 1 Double welld [ ]
Current ac.f)] bcl] Backing Wwith [ 1 without [ ]
Vertilcal Down/ [ 1 Up [ 1  Penetration Complete [ ] Partiall [ ]

t, inch 0. D., inch
Pogition Min. Max. Min. Max.

Sheet| groote e []1 26[] 36111 4611
Tube groove 1cI]1 26[1] 8611
Sheet‘ml'et IFr 12 1T 3F T 4Fr {1
Tube fillet Ir[] 2Fr 11 4Fr [ ) 5F [ ]

The above named individual is qualified in accordance with MII~STD-1595A within
the above limits for the welding process used for this test weld.

Date of test weld

Signed by

FIGURE

Qualifier

1. Suggested test record form.

-13-



https://saenorm.com/api/?name=34272937f4c5e057a331bba6d1c5a2ef

AMS-STD-1595A

SAE

AMS-STD-1595A

5.2.1

TABLE I. Fusion welding processes.

Oxyfuel welding (OFW)

Shielded metal arc welding (SMAW)
Submerged arc welding (SAW)

Gas tungsten arc welding (GTAW)
Gas metal arc welding (GMAW)

Flux cored arc welding (FCAW)
Plasma arc welding (PAW)

Qualif]
with th

ETectron beam welding (EBW)

TABLE Il. Base metal groups.

Group Nominal description

Ia Carbon and iow alloy steels

Ib Alloy steels

11a Stainless s@eeTs

Ilb Precipitation hardening stainless steels
I11a Nickel and nickel=base alloys

11Ib Precipitation, hardening nickel-base alloys
IV Aluminum and aluminum-base alloys

) Magnesium-bdse alloys

VI Titanium and titanium-base alloys

VII Cobalt-base alloys

cation.in a base metal group with a “b” designator also qualifies for base metal numbers

&same roman numeral designator and an “a” designator. See Table Ill.

-14 -



https://saenorm.com/api/?name=34272937f4c5e057a331bba6d1c5a2ef

AMS-STD-1595A

SAE

AMS-STD-1595A

522

5221

5.3

5.3.1

5.3.2

54

5.4.1

542

For wq

includ

Excq
aqi

bas¢ metal group. The preparing activity shall’be notified by the organization

weld
lette
inclu

Base met
or tube wji
both groo

A test W
4t; exce
range is

Two tes
thickned

TABLE Ill. Base metal groups qualified by test weld.

Test weld Qualified
Ia Ia
Ib Ia, Ib
IIa Ila
IIb Ila, IIb
I1Ia 111a
I11b I1I1a, IIIb
IV Iv
v v
VI VI
VII VII

blders and welding operators, a separate qualification isirequired for each
d in the Appendix, except as modified in 5.2.2.1.

pption: A base metal not included in the Appendix, with welding character|
en base metal group of the Appendix, may‘be qualified with any base me

er or welding operator under the provisions of this paragraph, with DD Fg
r, of the two base metals involved and the chemical composition of the b3
ded in the Appendix.

Al thickness: The qualification:limits, with regard to base metal thickness (s
hll thickness), are given pelow for welders and welding operators. These
e welds and fillet welds.

eld with a base metal thickness of t shall qualify welds with a thickness rg
pt that, when thetest weld thickness is equal to or greater than 1 inch, th¢
0.67t to unlimited.

I welds;.€ach with members of equal thickness, shall qualify welds with al
ses,in addition to the thickness qualifications of 5.3.1.

base metal not

stics similar to
tal of the given
qualifying a
rm 1426 or a
se metal not

heet thickness
imits apply to

nge of 0.67t to
b qualification

intermediate

Welding position:

Welders: The welding positions qualified by a given test weld position, to be found at the left of
Table IV, are denoted by an X in the table. The welding positions are illustrated in Figures 2

through

5.

Welding operators: A test weld made in any welding position qualifies for all welding positions.

-15 -
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TD-1595A

5.5

5.5.1

5.5.1.

5.5.1.

5.5.2

5.6

5.6.1

5.6.2

5.7

5.7.1

Base metal form and weld type:

Welders: The base metal forms and weld types qualified by a given test weld, to be found at the
left of Table 1V, are denoted by an X in the table, with the exceptions given below.

1

Qualification for fillet welds in base metal equal to or less than 0.063 inch in thickness requires

a fillet test weld. Groove test welds do not qualify for fillet welds in this thickness range.

2  Atubd

outsid

Welding
base m¢
tubes of

Other wel
thickness
require a

Welders
of Table
process
made w|

Welding
of weldi

Test weld
411 and
welding p

Groove

test weld shall qualify only for tubes of an outside diameter equal to-ehg
e diameter of the test weld.

operators: A test weld of any base metal form and of any welétype shall
btal forms and all weld types. A tube test weld of any outside diameter sh
any outside diameter.

ding conditions: In addition to the welding process;"base metal compositic
welding position, base metal form and type of weld; other welding condit
correlation between the test weld and the production welds are given in T;

: The welding conditions qualified by the@iven test weld conditions, to be 1
V, are denoted by an X in the table. The current type restrictions apply on
. For all other processes, a test weld’made with either ac or dc current qus
th either current type.

operators: The welding condition restrictions of Table V do not apply to tf
ng operators.

5: One test weld shall be required for each combination of welding conditi
4.1.2, being qualified. Test welds shall be made in accordance with a wri
focedure.

test weld'in sheet: The test weld is a butt joint in sheet as described in Fig

-

eater than the

qualify for all
all qualify for

n, base metal
ons which
able V.

ound at the left
ly to the GTAW
hlifies for welds

ne qualification

bNs, given in

tten joint

jure 6.
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TABLE IV. Welding position, base metal form, and
weld type qualified by test weld

Test Weld Qualified position

- Sheet Tube

5 frovve Fitet, groove Filletd

Weld I

Form | type £ 1G 2G 3G 46 1F 2F 3F 4F | 16 2G 5G 6G {D1F 2F 4F 5F
Sheet | Groove | 1G X X X X X

2G X X X X X X X

3G X X X X X X X

4G X X X X X X X
Sheet | Fillet | 1F X X

’ 2F X X X ¥

3F XX X X

4F X X X X X X
Tube |Groove | 1G X X X X X )

2G X X X X X X X

5G X X X X X .X X X X X X

A 66 X X X X X X X X X X X X X X X X

Tube | Fillet }\9F X X

2F X X X X

4F X X X X X X

5F X X X X X X X X

1/ A groove test weld does not qualify for fillet welds in base metal
equal to or less than 0.063 inch in thickness (see 5.5.1.1).

-17 -
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lcw—f-]:tt—”idr&.aw—'ﬂhe—weldiugmm—“ﬂe-d to

26

weld from the upper side of the jolnt; the
face of the weld is approximately horizontal

horizontal position. The position of welding
in which the axis of the weéld lies in an
approximately horizontal<plane and the face

of the weld lies in antapproximately
vertical plane. 2

- ~

vertical position. The position of welding in
which the axis of the weld is approximately

vertical.

4G

overhead position. The position in which

welding is performed from the
of the joint. wnderside

FIGURE 2. Groove weld in sheet: positions 1G, 2G, 3G, and 4G.
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-
’/ -
flat position. The welding position used to N\ \
. joint; the 2

] F: face of the weld is approximately _ 459
horizontal. ol

Q
+ | S - - 3

horizontal position. The positdion in which
:ZF: welding is performed on the,upper side of
an approximately horizontal surface and
against an approximately vertical surface.

{
ju vertical position. The position of welding

in which the axis of the weld is
approximately vertical.

~
~
) E@

overhead position. The position in which
welding 18 performed from the underside
of the joint.

FIGURE 3. Fillet weld in sheet: positions 1F, 2F, 3F, and 4F.
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horizontal rolled position. The position of
a pipe joint in which the axis of the pipe

is
is

rotating the pipe.

approximately horizontal, and welding
performed in the flat position by

vert|

o]
ho
ro

hor

o

inc

Hcal position., The position of a pipe
{nt in which welding 1s performed in the
rizontal position and the pipe is not
tated during welding.

Hzontal fixed position. The position of a v
ipe joint in which thelaxis of the pipe 5G
approximately horizental and the pipe

\l/
not rotated during welding. F—=_]f:?==}

f B

i
!

1ined positionh., The position of a pipe

joint In whic
approximately at an angle of 45 to the
horizontal and the pipe is not rotated
during welding.

FIGURE 4. Groove weld in tube: positions 1G, 2G, 5G, and 6G.
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flat position. The welding position used to
weld from the upper side of the joint; the
face of the weld is approximately
horizontal and the pipe is rotated during
welding.

hbrizontal position. The position in which
welding is performed on the upper side of
an approximately horizontal surface and
against an approximately vertical surface
and the pipe is not rotated during welding.

overhead position. The position in which = -
welding is performed from the underside of ‘;F:‘, £
the joint and the pipe is not rotated

during welding.

—

sF1,

A ————

multiple positién.’ The position in which —
the axis of (the pipe is approximately
horizontal'and the pipe 1s not rotated
during welding.

FIGURE 5. Fillet weld in tube: positions 1F, 2F, 4F, and 5F.
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TABLE V. Welding conditions qualified by test weld.

"~ Qualified

Backing .

Groove weld

Current
type 1/

Complete

Partial

Test weld

With

Without

Single | Double

penetration

Penetrati

ac

dc

With backin
Without bag

9
king

X

X X

Single welgd
groove welg

Double welg
groove weld

ed

ed

Complete
penetration

Partial
penetration

weld

weld

ac welding

dc welding

1/ Applicy

ble only to GTAW process (see 5.6.1).
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et W _'L,F W

= BASE METAL  MINIMUM
= THICKNESS ~ DIMENSIONS
5% t W L
= INCHES

L = 0,063 2 | 5
| >0.063 3| 8

\

t |

A AR )
[

FIGURE 6. Groove test weld in sheet.
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BASE METAL MINIMUM
THICKNESS  DIMENSIONS

t W L H

AL O

H t
{ |
T

NOTE: ~Where the members differ in thickness more
than 10 percent of the thicker, the cap
sheet shall be the thicker.

FIGURE 7. Fillet test weld in sheet.
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L L Lo L -t 0D
l . : S
- 3 — 17 O

) H
|
BASE METAL MINIMUM
WALL THICKNESS DIMENSIONS
t L
INCHES
<0.063 2
>0.063 3

FIGURE 8. Groove.test weld in tube.
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i S

3.0 IN. }
MINIMUM 1¢” I 2.0 IN. MINIMUM,
]

TYUNTAAL 1 n P
“' --------- FTTFLIUVALy & TLAUVLO

NOTE: Where the members differ in thickness
equal to or more than 10 percent of the
thicker member, the sheet shall be the
thicker member.

FIGURE 9. Fillet test weld in tube.
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5.7.2

5.7.3

5.7.4

5.7.5

5.7.51

5.7.5.2

5.8

5.8.1

5.8.2

5.8.3

Fillet test weld in sheet: The test weld is a T-joint in sheet as described in Figure 7.

Groove test weld in tube: The test weld is a butt joint in tube as described in Figure 8.

Fillet test weld in tube: The test weld is a tube to sheet joint as described in Figure 9.

Special applications: When none of the test welds described above are applicable to a given

product
test wel
product

Qualif]
with r¢
positig

Accep

criteria shall be consistent with 5.9 through 5.14.

Inspectiorn

Visual i
test wel

Radiogn
bend te

The b
The b
The
For tu
equal

oo oo

Bend te
0.063 in

on weld, a more limited welder or welding operator qualification may be.a
1 consisting of the given production weld or a test weld representatiye/of 1
on weld.

cation limitations: The qualification is limited to the welding conditions of
bgard to welding process, base metal composition, base metal thickness,
n, base metal form, type of weld and the other welding.conditions of 5.6.

tance criteria: The required inspection, examination;bend testing, and ag

, examination, and bend testing requirements:

spection: Visual inspection is required.for all test welds and shall be com
d in the as-welded condition.

aphic inspection: Radiographictinspection is required for all groove welds
5ting may be used as an alternate under the following conditions.

hse metal is not included in Table VI.
bse metal is included in the Appendix.
embers of the test weld differ in thickness by less than 10 percent of the t
be welds, the-outside diameter is equal to or more than 2 inches or the w
to or more.than 0.250 inch.

stingBend testing is required for all fillet welds with a base metal thickneg

chieved with a
he given

he test weld
welding

ceptance

pleted with the

except that

hicker member.
il thickness is

s of more than

chi~except that metallographic examination may be used as an alternate t

b bend testing.

Bend te

tingof groove welds may be Used as an aiternate to radiograpiic inspe

described in 5.8.2.

ion as
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TABLE VI. Base metals for which bend testing is not applicable.

Base metal Unified
group number Common description
Ia NA 9N{-4Co steel
K92810 18N1 maraging steel
Ib ATl
Ila K63198 19-9 DL
K63199 19-9 DX
R30155 N155
R30590 S$590
S15500 15-5PH stainless' steel
S17400 17-4PH stainless steel
$35000 AM350 PH stainless steel
S$35500 AM355 PH stainless steel
S41800 Greek ‘Ascoloy
$42000 420
$42200 422
S45000 Custom 450
S45500 Custom 455
1Ib Al
IIIb Al
IV A03560 356
A92014 2014
A92219 2219
v All
VI R54620 Ti-6A1-25n-4Zr-2Mo
R56210 Ti-6A1-2Cb-1Ta-1Mo
R56260 Ti-6A1-25n-4Zr-6Mo
R56620 Ti-6A1-6V-25n
R58640 Ti-3A1-8V-6Cr~4Mo-4Zr
NA 1 Ti-6A1-25n-2Zr-2Cr-2Mo
NA Ti-15V=-3Cr-3Mo-33n
VII All
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5.8.4

5.8.5

5.9

5.9.1

592

5.10

5.10.1

5.10.2

5.10.3

5.11

5.11.1

Metallographic examination: Metallographic examination is required for all fillet welds with a base
metal thickness of equal to or less than 0.063 inch. Metallographic examination may be used as
an alternate to bend testing for fillet welds with a base metal thickness of more than 0.063 inch.

Summary: The required inspection, examination, and bend testing of test welds are summarized
in Table VII.

Visual inspection procedure: Visual inspection shall be completed with the test welc
welded cqndition.

Weld le

thicknegs, the center 6-inch length of welds in sheet of more than 0.063"inch thick
entire weld in tubes shall be inspected.

Magnifi¢ation: Inspection shall be performed at a magnification.of 3X for welds in &

a thickn
inch.

Radiographic inspection procedure: Radiographic inspection shall be completed wi
in the as-yvelded condition, except as modified by MIL-STD-453.

Weld le

Radiognaphy standard: Radiography shall be performed in accordance with MIL-$
Radiognapher qualification: Radiographers shall be qualified in accordance with N

Preparatiq

Groove

a. Blank

Figura_10

ngth: The center 4-inch length of welds in sheet of equal to or less than 0,

ess of equal to or less than 0.063 inch and withoutthagnification for more

ngth: The same length of weld as given in 5.9.1 shall be inspected.

welds inssheet:

5 forbend specimens shall be removed from test welds at the locations sk

| in the as-

063 inch
ness, and the

ase metal with
than 0.063

h the test weld

b TD-453.
1IL-STD-410.
bn of bend speciméns: Blanks for bend specimens may be removed from the test weld by

any means of cutting, provided that any crack or heat affected zone caused by cutt
by mechahical means:

ng is removed

own in

b. The bend specimen type and dimensions for sheet are given in Table VIII. Each specimen type
identified in Column 3 of Table VIl is illustrated in Figure 11.
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f test welds.

ing o

, and bend testi

ion

t

Ion, eXxamina

TABLE VII. Required inspect
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BEND BLANK

LONGITUDINAL

WAL TN

DISCARD

e } o T

DISCARD

a. LONGITUDINAL BENDS

é DISCARD
TRANSVERSE % BEND BLANK
WELD &
CENTER -
TRANSVERSE E BEND BLANK
, % DISCARD
{

- S ‘~I

b. TRANSVERSE BENDS

FIGURE 10. Blank locations for bend specimens in groove-welded sheet.
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1
8
a DISCARD

NOTE:

DE_BEND BLANK M
. b umw
— DISCARD CENTER
[ SIDE BEND B2 BLANK |
% DISCARD
¥
R

—_

c. SIDE-BENDS

Discard pieces from b to be of equal width.
Discard pteces from c to be of equal width,

FIGURE 10. Blank locations for bend specimens in
groove-welded sheet. Continued.
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TABLE VIII. Bend specimens for groove welds in sheet.

Base metal Bend test specimen
Dimensions, inch
Thickness Type t] W
t shown in L
inch No- Fig—H Min—Max—Min—Min Max
1 2 3 4 5 6 7 8
< 0.063 ATl LB-a t Y 5 1.00| { 1.05
> 0.063- Al TB-b & TB-c 0.9t t 6 1.50] | 1.55
0.125
> 0.125- 2/ TB-b & TB-c 0.115 |L0.135{ 6 1.50| | 1.55
0.375 _
’ Others TB-b & TB-c 0.9t t 6 1.50( | 1.55
> 0.375- 2/ TB-b & TB-c 0115 {0.135] 6 1.50( | 1.55
0.75%0 or
SB-d 0.115 } 0.135} 6 t t
Others | TB-b & TB=¢ | 0.350 | 0.400 | 6 1.50| | 1.55
or
SB-d 0.350 | 0.400 | 6 t t
> 0.750 2/ SB-d 0.115 | 0.135 1 6 3/ t
Others SB-d 0.350 {0.400 ] 6 3/ t
1/ The weld face and root surfaces shall be dressed to produce smopth
sirfaces with a maximum weld metal thickness variation of 10 pepcent.
2/ AP6061,and A96063 of Base Metal Group IV.
3/ Fopr-base metal thicknesses of >0.750 to 1.50 inch, W is equal tp t.
F i > i cut linto

approximately equal strips between 0.75 and 1.50 inch wide for testing,
or the specimens may be bent at full width.
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‘4—— E«————'v

LB  LONGITUDINAL BEND
= 1 EL ﬂ" "_"E
1 1
-+
t
T s U t
i
SB  SIDE BEND

FIGURE 11. Bend specimens in groove-welded sheet.
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ROOT BEND

ROOT BEND - FACE 'BEND

NOTES: - Longitudinal corners of 6b, 6c,
and 6d specimens shall be
rounded to a radius not
exceeding 10 percent of
the finished thickness.,

- Dashed lines indicate
machined surfaces.

- Where members of the test
weld differ in thickness,
the finished dimensions of the
bend specimen shall be based
on the thickness of the thicker

membey

SIDE BEND

FIGURE 11. Bend specimens in groove-welded sheet. Continued.
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FACE or ROOT BEND

SIDE BEND

FIGURE 12. Blank locations for bend specimens
in groove-welded tube.
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5.11.2 Groove welds in tube:
a. Blanks for bend specimens shall be removed from test welds at the locations shown in
Figure 12.

b. The bend specimen type and dimensions for tube are given in Table IX. Each specimen type

identifi

ed in Column 4 of Table IX is illustrated in Figure 13.

5.11.3 Fillet wg

location
5.11.4 Fillet wg
location

5.12 Bend test
or any he

5.12.1 Groove
Base
aroun
place,
from i
specir
shall {

5.12.1.1

Altern
bent i
specir
for tra
by apj
inch d
shall 4
with th

5.121.2

Lal : L 4 Dl 1 £ L | H 1o 1o £ Fu) 4 4
IUS 1T STICCL DIdAlTAS TUI DETTU SPCUITICTIS STidIl U TTCITIUOVEU TTUITTT U1 IC5L V
shown in Figure 14.

Ids in tube: Blanks for bend specimens shall be removed from the\test we
5 shown in Figure 15.

ng procedure: Testing may be performed with the bend specimen either in
bt-treated condition.

welds:

metal thickness of more than 0.063 inch: Bend specimens shall be bent ir
1 bend test fixture illustrated in Figure 16.<After clamping the bend specir
the roller (planetary cylinder) shall be advanced slowly through an arc of
s starting location directly below the-fixed mandrel (cylinder with radius A
nens shall be placed with the weld‘root out toward the roller and face ben
e placed with the weld face out-toward the roller.

ate method for base metalthickness of more than 0.063 inch: Bend speci
1 the ram-and-die bend test fixture illustrated in Figure 17. After placing t

nsverse bend and-side bend specimens, the specimen shall be forced int
plying a load_ to.the ram until the curvature of the specimen will now allow
ameter todeinserted between the specimen and the die cavity. Root be
e placed.with the weld face against the ram and face bend specimens sh
e weld'root against the ram.

eld at the

bld at the

the as-welded

the wrap-

nen firmly in
180 degrees
. Root bend
d specimens

mens shall be
he bend

nen across the die-shoulders, with the center of the weld at the center of the die opening

b the die cavity
a wire of 0.12
nd specimens
all be placed

5.12.1.3 Base

base metal

metal thickness of pqlml to orless than 0 063 inch: Bend me‘impnq with

thickness of equal to or less than 0.063 inch shall be tested in a manner similar to that

described in 5.12.1.1, except that the roller is not used. The free end of the bend specimen is
gripped with pliers and slowly wrapped around the fixed mandrel. Specimens shall be placed
with the weld face against the fixed mandrel.
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TABLE IX. Bend specimens for groove welds in tube.

Tube Bend test specimen
: Dimensions, inch
Outside Wall Base Type
diameter] thickness ~metal | shown in t, W
inch t, inch number Fig 13 Min. b Max Min ax.
1 2 3 4 5 6 7 8
< 2 AN Radiographic inspection
2-5 <0.250 Radiographic inspection
>0.250- 1/ TB-e & TB-f{0.115 [0,335 |0.750 [Q.800
0.375 .
Others | TB-e & TB-f| 2/ 2/ 0.750 |0Q.800
<0.375- 1/ TB-e & TB-f}0.715 }0.135 }0.750 |Q.800
0.750 or
SB-g 0.115 [0.135 t t
Others | TB-e ‘& TB-f| 3/ 3/ 0.750 |G.800
or
SB-g 0.350 }0.400 t t
>0.750 1/ SB-g 0.115 [0.135 t t
Others | SB-g  [0.350 |0.400 | t t
> 5 <0.250 Radiographic inspection
>0.250- | 1/ |TB-e & TB-£|0.115 [0.135 [1.50 |1.55
04375
Others |[TB-e & TB-f| 2/ 2/ 1.50 |7.55
>0.375- Y TB-e & TB-f|0.115 [0.135 |1.50 {1.55
0.750 or
SB-g 0.115 0.135 14 t
Others |TB-e & TB-f 1.50 [1.55
or 3/ 3/
SB-g 0.350 {0.400 t t
>0.750 1/ SB-g 0.115 }10.135 4/ t
Others SB-g J0.350 0.400 4/ t
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1/ A96061 and A96063 of Base Metal Group IV.
2/ The maximum ty s the thickness resulting from dressing of
the curved surface to a plane. The minimum ty is 0.9 times
the maximum,
3/ The maximum ty is the thickness resulting from dressing the
curved surface to a plane, or 0.400 in., whichever is the lesser.

n s .

the second case, the minimum ty is 0.350 in.
4/ |For wall thicknesses of> 0.750 to 1.50 in., W is equal toCtT |For
wall thicknesses of >1.50 in., specimens may be cut into'-apprgxi-
mately equal strips between 0.75 and 1.50 in. wide foritesting,
or the specimens may be bent at full width.
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B

NOTE:

= {
|
t—ﬁ f—i W }
I
g AN o
J’——' - ————#’J..-' - t
3 B r :

The thickness of the transverse poot bend specimen
is measured at the specimen edge.

a. TRANSYERSE-ROOT BEND

NOTE:

The thickness of the transverse root bend specimen
is measured at the specimen center.

b. TRANSVERSE FACE BEND

FIGURE 13. Bend specimens in groove-welded tube.

- 40 -



https://saenorm.com/api/?name=34272937f4c5e057a331bba6d1c5a2ef

AMS-STD-1595A SAE AMS-STD-1595A

SB c. SIDE BEND

ROOT BEND

FACE BEND

NOTES: - Longitudinal corners of afl
: specimens shall be rounde
to a radius not to exceed
10 percent of the finished
thickness,
- Dashed lines indicate
machined surfaces.

L

- Where the members of the test
wed—differtmwati—thickness,
the finished dimensions of the
bend specimen shall be based on
the thickness of the thicker
member., .

SIDE BEND

d. BEND SPECIMEN SECTION DETAILS

FIGURE 13. Bend specimens in groove-welded tube. Continued.
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WELD CENTER

/l"s-“\\\'/‘
oY

r%

FIGURE 14. Blank location for bend specimens
in fillet-welded sheet.
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B = BEND SPECIMEN BLANK

CUT PLAN

-
e ®

a. [For tubes <1.5 in. in b.

butside diameter, 0D

FIGURE 15. Blank location for bend specimens

For tubes 21.5 in{ in
outside diameter, (0D

0D W
INCHES
1.5 to 3.0 0.75
> 3.0 1.50

in fillet-welded tube.
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P

liélLfAl'Ml—Bllul

p)egigrtiiegey

MR
i

1=

A= Ft], where Ads the bend radius
) F'is the bend factor
t1 is the bend specimen thickpess

NOTES:

1. Diménsions not shown.are the option of the designer. An essentiall con-
sideration is to have‘adequate rigidity for the applied loads.

2. For| transverse weld bend specimens, the center of the weld shall
be located within angle E.

3. Thik clearance dimension shall be a maximum of 0.06 inch plus 0.1 t].
4. Thik rolTer shall be free to rotate about its cylindrical axis and shall

have“® minimum diameter of 0.75 inch. The minimum roller width shall be
W plus 0.25 inch,

5. This fixed mandrel may or may not be free to rotate about its cylindrical
axis and shall have a minimum width of W plus 0.25 inch.

FIGURE 16. Wrap-around bend test fixture.
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NOTES :

1/ Dime
cons

2/ The
cavi
shal

3/ The
0.25

Y
lw

foe e e cne aud

ty.

hsions not shown are the option of the designer. An essential
ideration is to have adequate rigidity for the applied loads.

| be made for attachment to the testing machine.

A = Ft;, where A is thé bend radius
F is.the bend factor
t1 is the bend specimen thickness

length-of-fhe ram shall be sufficient to reach the bottom of the die

The ram shall be fitted with an appropriate base and provfision

minimum width“of the die cavity and the ram shall be equal to W plus
in.

4/ The maximum.radius of the die cavity shall be equal to A p1us'1.1t!l plus

0.06| in.

The minimum depth shall be 2 in. The die shall be fittefl with

“an appropriate base and provision shall be made for maintaining thg ram

centpréd in the die cavity.

5/ This dimension shall be twice the radius of the die cavity.

6/ Either hardened énd greased shoulders or hardened rollers, free to rotate,
shall be used. The minimum radius shall be 5t1 or 0.75 in., whichever is

less

FIGURE 17. Ram-and-die bend test fixture.
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5.12.1.4 Bend radius: The bend radius (A) to be used with a given bend specimen thickness and a given
base metal may be found in Table X. Other ranges of bend specimen thickness and bend
radius may be used, provided that the bend factor does not exceed the range of F to 1.1F.
(See equation of Figure 16.)

5.12.2 Fillet welds:

512.2.1
root of
the wq
512.2.2 Weld
groovs
specir
513

pld.

bd as shown in Figure 18. For fillet welds in tube, the grooveé shall be cut &
nen blanks are removed from the test weld.

Metallographic examination: Blanks for metallographic specimens shall be removeq

the weld is in tension. The load shall be slowly increased until the speci

racture: Where it is necessary to ensure fracture in the weld,-the€ weld fag

ccordance with Figures 19 and 20.

Removal from the test weld may be by any means of cutting, provided th
bcted zone caused by cutting is removed by mechanical means.

g: Extraneous metal may be trimmed from the blanks, either before or aftg
weld, to obtain a metallographic-specimen of convenient size, provided th
d heat affected zone at the designated cross section remains in the metal
n.

ections: Each of the sut'weld cross sections, designated in Figures 19 an
jraphic specimens shall be smoothed by fine abrasive or file and etched v
to clearly reveal the weld macrostructure for examination at a magnificati

Ce criteria:

spection:

Loading: The stem of the bend specimen shall be loaded parallel to the cap shget, so that the

en fractures in

e shall be
efore the bend

| from test

at any crack or

r removal from
at the entire
lographic

d 20, of the
vith a suitable
on of 5X.

welds in g
5.13.1 Cutting:
heat affd
5.13.2 Trimmin
the test
weld an
specimg
5.13.3 Cross s
metallog
reagent
5.14 Acceptan
5141 Visualin
51411 Groo

€ weldsGroove welds i sheetor tube whiciT ttave any of the foftowing d

unacceptable:

a. Any
b. Inco
c. Und

type of crack.
mplete joint penetration.
erfill.

efects are
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TABLE X. Bend specimen thickness and bend radius.

Bend specimen thickness™ 1/
Unifiled number
R54520
R54810 R50400 A95083
Bend R56320 A96061 R50550 A95086
Rad4us PS&-’:CC A96063 - R52400 RS50250 AS5456. Others—
A )
Ingh?/ | F=123/| F=8 | F=5 F =4 F=3 F =2
2 < 2 < 2 < 2 < 2 < z <«
0{070° 0.031 0.035
01079 0.035 0.039
0{088 0.039 0.044
0{099 _ 0,029,0.033 0.044 0.0%0
o 0.033 0.037 0,050 0.0%6
04125 : 0:037 0.042 0.056 0.042
04140 0.037 0.035 0.042 3.047 0.062 0.010
| 0]157 : 0.035 0.039 0.047 0.052 0.070 0.078
04176 0.031 0.035 0.039 0.044 0.052 0.059 0.078 0.088
0{198 ' 0.035 0.040 0.044.°0. 049 0.058 0.066 0.088 0,099
0]222 0.040 0.044 0.049870,055 0.066 0.074 0.09% 0.111
0{249 0.044 0,050 8.055 0,062 0.074 0,083 0.111 0,124
. 04279 0.031 0.035 0.050 0.056 0:062 0.070 0.083 0.093 0.124 0.140
0i313 0.035 0.039 0.056 0.063 0.070 0.078 0.093 0.104 0.140 0.1%7
04351 0.039 0. 044 0.063 0070 0.078 0,088 0.104 0.117 0.157 0.1%16
01334 0.029 0.033 0.044 0.04 0.070,0:079 0.083 0.099 0.117 0.1 0.175 0.197
01442 0.033 0,037 0.049 0.055 0.079-0.088 0.099 0.1 0.1371 0.147 0.187 0.21
0l496 0.037 0.041 0.055 0.062 0.088 0.099 0.111 0.12% 0,147 0.185 0.221 0.248
o|ss7 | 0.041 0.046 { 0.062 0.070 | 0,099 0,711 | 0.724 0.139 | 0.155 0.186 | 0.248 0.219
0l625 0.046 0,052 0.070 0.078 0.111 0.125 0.139 0.156 0.186 0.208 0.279 0.3]2
0l701 0.052 0.058 0.078 0.088 0.125 0.140 0.156 0.175 0.208 0.234 0.312 0.3§1
o0l787 0,058 0.066 | 0.088 0.098 0.140 G,157 0.175 0.197 0.234 0,262 0.357 0.393
oless | 0.065 0.074 | 0.098°0.110 | 0.157 0.177 | 0.197 0.221 | 0.262 0.294
0l991 0.074 0.083 0.110. 0,124 0.177 0.198 0.221 0.248 0.294 0.330
. 1]
m 0.083 0.093 0.124 0.139 0.198 0.222 0.248 0.278 0.330 0.370
11247 0.093 0.104 0.139 0,156 0.222 0.249 0.278 0.312 0.370 0.416
14399 0.104 0.117 0.156 0,175 0,249 0.280 0.312 0.350
14570 0.117 0,131 0.175 0.196 0.280 0.314 0.350 0.392
10761 | 0.1310:47 | 0.196 0.220 | 0.314 0,352
1{976 0.14770.165 0.220 0.247 0.352 0.395
2l218 0.Y65 0.185 0.247 0.277
21488 0185 0.207 0.277 0.3
21782 \f~0.207 0.233 | 0.311 0.349
3132 0,233 0.261 0.349 0.392
3.515 0.261 0.293
3.943 0.293 0.329
4.425 0.329 0.369
4.965 0.369 0.414

_l/ The body of the table contains the bend specimen thickness (tl)
in inches.

2/ The tolerance on bend radius A is *0.001 in, or :1%, whichever is
the larger.

3/ F = Bend factor
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NOTES: G shall be a maximum of 0.5 t
or 0.25 inch,‘“whichever is less.

P shall be-no less than 0.5 t.

FIGURE 18. Slotted fillet weld.
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t W
WELD CENTER )(ﬁ> o
~
Tl | <0.063 0.50
2N J Wi | >0.063  0.75
W
W
\ 4
FPPELY
SR
7
o

e

FIGURE 19. Blank locations for metallographic
specimens in fillet-welded sheet.

i
CUT PLAN

Ciryy

FIGURE 20. Blank locations for metallographic
specimens in fillet-welded tube.
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5.14.1.1 (Continued):

5.14.1.2

5.14.1.3

d. Overlap.

e. For test welds with a base metal thickness of more than 0.063 inch, undercut at any location
in excess of 0.05 t or 0.032 inch, whichever is the lesser.

f.  Mismatch at any location in excess of 10 percent of the base metal thickness or 0.12 inch,

whichever is the lesser, except that a mismatch up to 25 percent is allowed for a base metal
thickness of equal to or less than 0.063 inch.

Reir

forcement of the weld face or the weld root in excess of that shown in Ta

Fillet welds: Fillet welds in sheet or tube which have either of the following)defe
unacceptable:

a. Any
b. Ove

Base
thickn

Und
Fusi
For

thich

co

type of crack.
rlap.

metal thickness of more than 0.063 inch: Fillet welds.in sheet or tube with
bss of more than 0.063 inch, which have any ofthe following defects, are

ercut at any location in excess of 0.1 t or 0,063 inch, whichever is the less
on evident at any sheet or tube surface:gpposite the weld bead.

pase metal thickness equal to or less than 1 inch, a leg size less than t. Fg¢
ness of more than 1 inch, the minimium leg size shall be 1 inch. Where t

ble XI.

cts are

a base metal
unacceptable:

per.

br a base metal
ne members of

the {est weld differ in thickness, the minimum leg size shall be based on the thinner member.

For
0.25
max
the

f. For
that
g. For

pase metal thickness equal to or less than 1 inch, a leg size in excess of
inch, whichever is the lesser. For a base metal thickness more than 1 in
imum leg size shall be 1.25 inch. Where the members of the test weld diff
maximum leg size shall be based on the thinner member.

A ratio of the leg of larger size to the leg of smaller size greater than 1.5 at an

A convex weld, @tany location a convexity in excess of 0.1 times the aver
location.
H concaveWeld, a theoretical throat size of less than 0.5 t at any location,

members of'the test weld differ in thickness, the minimum theoretical throat si
bas¢d ondhe thinner member.

B 1, or t plus
ch, the
er in thickness,

y location.
age leg size at

Where the
ze shall be
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Illa, IIIb, VI,
and VII - :

TABLE XI. Maximum allowable weld reinforcement.
Maximum allowable weld reinforcement 1/
Face Root.
Base
metal Base ‘Base
thickness metal Any “metal Any
t, in. -group Tocation - group Tocption
< 0,068 A1t - [ 0.020 inch + t IV and V 0.030 [inch + t
o . or 0,050 inch or 0.0F0 inch
la, Ib, Ila, LIlb, 0.020 [inch + t
I1la, IIIb, WI, or 0.0b0 inch
and VII
> 0.068 A1 | 0.8t IV and)V |t
or 0.25 inch _ or 0.25 inch
fa, Ib, Ila, IIb, ol8 t
or 0.2b inch

1/ Thp app]icable maximum is the smaller of the two values given in
body of the table.

the
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5.14.2 Radiographic inspection:

5.14.2.1 Interpretation of indications:

a. A linear indication is defined as one whose maximum dimension is more than three times its

mini

mum dimension.

b. Non-linear indications with major and minor dimensions shall be evaluated as an equivalent

circl
det
dia

c. Tun
d. Ina
indig
than
gres

5.14.2.2 Unacd

rmining the acceptability of the indication, and the area corresponding.to
eter shall be used in calculating the area of an indication.

gsten inclusions shall be counted as porosity.

test weld with a base metal thickness of equal to or less than 9:063 inch,
ations of less than 0.002 inch size. In a test weld with a base’ metal thick
0.063 inch, disregard all indications of less than 0.005 ingh or 0.02 t size
ter.

eptable indications: Test welds, whose radiograph.of the inspected length

size used in
this estimated

a disregard all
ness of more
whichever is

shows any of

the following indications, are unacceptable:
a. Any|type of crack.
b. Incomplete joint penetration, except as indicated in 5.14.2.2c.
c. Internal linear indications in excess of those shown in Table XII.
d. Porgsity in excess of that shown in Table Xlll. Examples of the allowable maximum total
porgsity area and the maximum pore’size are shown in Figure 21.
TABLE Xll. Maximum linear indications.
1/
Indication length-
Base metal thickness, inch
Linear indication £ 0.063 > 0.063
Length of‘any indication 2t t or 0.38 1nchg/
Accum ny 2t top 0.38—inchg/
1 inch weld length
Average length t 0.5 t or 0,18 1nchy

1/ Where the members of the test weld differ in thickness, t is
- the thickness of the thicker member.
2/ The applicable maximum is the smaller of the two values.
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