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1. SCOPE
1.1 Scope. This standard contains design requirements
and design conslderations for the use of 1nertia friction welding
requirements for certification of welding equipment, qualifi-
cation of welding procedures, and qualification of operators us-
ing these procedures and equipment.

1,2 Classification Type and Class,

Type 1. Weldments which have high stresses imposed on them
or have severe fatigue requirements,

Class A, Designates a s0lid stock joint or a sclid stock
Joint sub1ect to heat treatment after welding. For such & weld
Joint, no unwelded area 1s permitted, An unwelded center area
will be acceptable only if the unwelded area is removed by a
subsequent fabrication process,

Class B, Designates a tubular configuration joint where
no unwelded area is permitted.

Flash should be removed from Type I weldments, This type
and 1ts classes will be assigned to weldments in which failure
could result in injury to personnel,

Type II. Weldments which have light to moderate service
stresses 1mposed on them or have low fatigue requirements,
Class A, Designates a s0lid stock Jjoint where center de-

fects are acceptable. The acceptability of such defects shall
be determined by the procuring activity, but in any case the un-
welded area shall not represent more than 10% of the total weld
cross sectional area,

Class B. Designates a jolnt involving a tubular configur-
ation or a joint involving s0lid state component with nonessen-

tial metal removed from the center.
Flash removal is not mandatory for Type IT weldments., This type

and classes will be 8881gned to weldments in which failure will
not result in injury to personnel.

.1 Government Documents. The following documents of the
1ssue 1n effect on date of Invitation for bids or request for
proposal form a part of the standards to the extent specified

PR
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FEDERAL STANDARD

Fed. Test Method Std. No, 151-Metals; Test Methods.

{Activities ocutside the Federal Government may cbtain cople

of Federal Specifications and Standards as outlined under
General Information in the Index of Federal Specifications
and Standards and at prices indicated in the Index. The In-
dex, which includes cumulative monthly supplements as issued,
1s for sale on a subscription basis by the Superintendent of
Dozume?ts, U.S. Government Printing Office, Washington, D.C.
20402,

fa

a arnand fia nFinn and nthan nnndunnt anan_

~T a 1
i€ LUcho o1 1410 opcv;x;ua AULI GIiIU U VIITI Pl vuuvy wpyew s

\o

1fications required by activities outside the Federal Govern-
ment for bidding purposes are available without charge at the
General Services Administration Regional Offices in Boston,

New York, Washington, D.C., Atlanta, Chicago, Kansas City, MO,
Fort Worth, Denver, San Francisco, Los Angeles and Seattle, WA )

(Federal Government Activities may obtain coples of Federal Spec-
1fications and Standards and the Index of Federal Specifications:

and Standards from established distribution peints in thelr
Agencies.)

MILITARY SPECIFICATIONS,

MIL-1-6866 Inspection, Penetrant Method of.

MIL-I-6868 Inspection Process, Magnetic Particle,

MIL-I-6870 - Inspection Program Requirements, Nondestruc-
tive Testing, For Aircraft and Missile Mat-

arniale gnf‘ Pa nﬁa
CLLIGAD Gliu raivo,

MIL-W-80244 - Welding Machines, Friction; Conventional
and Inertia Types.

MIL-H-8950 - Inspection, Ultrasonic, Wrought Metal, Pro-
cess for,

MILITARY STANDARDS,
MIL STD-418 - Mechanical Tests for Welded Joints.
amn hco T ran IS IPS DaAtammanhd
ll.I.LI-QLU“‘? }_) - .Ll]DpCb UJ.UII, 1\au.|.u5.|. lel.Lb °

(Copies of specifications, standards, drawings and publications
required by suppliers iIn connection with specific procurement
functions should be obtained from the procuring activity or as
directed by the contracting officer.)
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2.0 - Welding Symbols

2,2 - Nondestructive Testing Symbols

4,0 - Standard Methods for Mechanical Testing of Welds
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American Society for Testing and Materials (ASTM) Putlication.

ASTM A370 - Mechanical Testing of Steel Products.

ASTM E3 - Preparation of Metallographic Specimens,

ASTM E10 Test for Brinell Hardness of Metallic Materials,

ASTM E92 - Test for Vickers Hardness of Metallic Materials.

ASTM EQ4 Recommended Practice for Radiographic Testing.

ASTM E99 - Reference Radiographs for Steel Welds,

ASTM E109 - Dry Powder Magnetic Particle Inspection.

ASTM E112 - Estimating the Average Grain Size of Metals.

ASTM E125 - Reference Photographs for Magnetic Particle
Indications on Ferrous Castings,

ASTM E138 - Wet Magnetic Particle Inspection.

ASTM E164 - Ultrasonic Contact Inspection of Weldments.

ASTM E165 - Liquid Penetrant Inspection.

ASTM E309 - Recommended Practice for Eddy Current Testing
of Steel Tubular Products with Magnetic Satur-
ation.

(Application for copies should be addressed to the American So-
cilety for Testing and Materials, 1916 Race Street, Philadelphia,
Pa, 19103.)

(Technical society and technical association specifications and
standards are generally available for reference from libraries.
They are also distributed among technical groups and using Fed-

eral agencies,)
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ed section F the P vlnm surfaces. The lack of bondinz hay be
caused by too low rotational velocity, too low.energy, exces-
sive thrust load, joint configuration, fayling surface condition

or slippage in chuck or fixture.

3.1.1 Flash. Flash or weld flash is the material extrud-
ed from the weld interface due to the forging action of the
applied thrust load, Flash will be obtained on both the 0.D
and I.D of tubular parts in equal amounts during the welding
process,

between the welded and unwelded components,
the displacement of the material at the weld interface and is
dependent on weld energy, rotatlion velocity and thrust load,

a. Inertial Mass: My = WK< where W 1s weight in
pounds of the flywheel assembly and K 1s the radius of gyration
in feet.

Units: 1b - ft-

b Weld nercv EK = MT (npm)2 - WKe (R M\Q
° TV N oo A ~§viw A Py T - 4 i il - WA :‘Itl IIL
AN I P I
Inits: f£t = 1b
diA VW o AV e

3.1.4 Faying Surface. That surface of a member which is
in contact or prox1mate to another member to which it 1s to be

Joined,

3.1.5 Joint Efficiency. The ratio of the strength of a
joint to the strength of the base metal (expressed in percent.)

3.1.6 Thrust Force, The force exerted at the faying sur-
face to produce friction and upset.

4, General Requirement

4,1 1Inertia Friction Welding. Two metallic parts to be
joined are securely chucked, one in a tallstock fixture and the
other in the rotating spindle., The spindle rotation 1s brought
to a predetermined R,P.M to produce the desired surface velocity
and to generate the proper level of kinetic energy in the rotat-
ing inertial mass (spindle mass). The flywheel may or may not

L
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be attached, depending on the kinetic energy requirements of
specific applications., At the desired RPM the spindle drive

is disengaged allowing only the kinetic energy to drive the
spindle. When the drive has disengaged, the controlled hy-
draulic ram pressure (thrust force% forces the parts together

at the faying surfaces, The hydraulic ram may be mounted either
at the headstock or tailstock depending on the design of the
machine, Friction between the two surfaces converts the kinetic
energy to heat which combines with the thrust force to create

a forging action and welds the two parts together thereby
stopping the spindle.

4,2 Materials. Material to be welded shall be in accord-
ance with the material and heat treatment requirements specified
on the applicable drawing(s). The materials specified shall meet
the requirements of the latest issue of the material specifica-
tions and standards in effect on the date of invitation for bids.

4,2.1 Ferrous, nonferrous and dissimilar metals may be
welded by inertis welding. For information purposes table I
is a partial list of metals and metal combinations which may bte
welded.

TABLE I
METALS JOINED BY INERTIA WELDING
(PARTIAL LIST)

SIMILAR METALS

Carbon Steels Aluminum Alloys Cobalt Alloys
Sintered Steels Copper Titanium
Stainless Steels Brasses, Bronzes¥ Zincalloy
Tool Steels Molybdenum Inconel

Alloy Steels Waspalloy Nickel Alloys

*except bearing types

DISSIMILAR METALS

High-speed steel to various Colbalt - base alloys to steel
steels

347 stainless to 17-4 PH
Sintered steels to wrought :
steels Copper to 1100 or 6061 aluminum
316 stainless steel to in- Copper to medium - carbon steel
conel

Copper to various brasses
Stainless steel to medium
and low - carbon steels Aluminum bronze to medium carbon
steel

1100 or 6061 aluminum to
medium - carbon steel Nickel - base alloys to steel
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4,2,2 The following are not recommended for inertia
welding:

a, Tin and leaded bronze bearing materials,

b. Steels containlng over 15% lead, sulfur or sele-
nium.

¢. Metals subject to "hot shortness”.

d., Carburized surfaces.

4,2.3 Cast iron cannot be inertia welded.

4,3 Heat Treatment. Post-weld heat treatment of the weld
zone may be needed to develop the required Joint efficlency
specified.

4.4 Metallographic. When a section through the weld zone
is examined meEaI%ograpEically the heat affected zone (HAZ) shall
be uniform across the smallest part Jjoined. The HAZ shall be
free of discontinuities such as cracks, inclusions, porosity or
brittle phases. Acceptance standards of the base metal spec-
ifications shall be used to determine the acceptabllity of weld
defects resulting from inclusions and stringers in the base"
metal. There shall be indications of plastic flow of material

at and adjacent to the faying surfaces.

4,5 Design considerations.

4,5.1 1In inertia friction welding, one part 1is held
stationary and the second part is rotated. Designs which
are readily adaptable to '"Chucking" are advantageous as tool-
ing requirements are simplified.

4,5,2 1Ideally the contact area should be circular, how-
ever some devliation can be accommodated. Hexagonal and octa-
gonal shapes can be welded, but radial orientation of corners
may be impractical. Prior development of necessary tooling
shall be considered before final design for other than round
Joints, or components which must have a controlled rotation
relationship.

The rotating members should be symmetrical to the center
axis of the joint interface. It 1s possible to rotate nonsym-
metrical components by counterbalancing the chucking mechanism,
But such designs should be finallzed only after an economic
evaluation,

4,5,3 As a general rule, the minimum cross-sectional area
of the part and the surface area chucked should each be equal
to the faying surface area. This 1s recommended to provide ad-
equate gripping surface to avoild slippage, and to resist the

Ve
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torque developed during welding without deforming the part.
In any circumstance, the material strength to cross section
relationshin must be such as will withstand a torque equiv-
alent to a shearing stress of 12,000 - 15,000 PS1 at the weld
interface,

4.5.4 Fr#iction weld joints are basically "butt™ joints.
The five most basic variations are illustrated in Figure I,

FIGURE I

FIVE BASIC TYPES OF WELD JOINTS
1

O =

4
) o LJ

TYPE 1 TYPE 2
SOLID ROUND TO MATCHED SOLID ROUND TO
SOLID ROUND LARGER FLAT AREA
"
ATy T
- SR [ J Re-------J| |
TYPE 3 TYPE 4
TUBULAR TO MATCHED TUBULAR TO
TUBULAR COMPONENT LARGER FLAT
AREA
== 7 TYPE 5
—\- — TUBULAR COMPONENT
6 _____ ) TO SOLID ROUND
= COMPONENT

4.5.5 Angle joints are ususlly designed with faces 30°
to 45° from the center line; although angles as low as 8° hs

v
been made. For the more easily forged materials, the greater
angles are preferred to prevent pushing the one part through
the hole, Figure II illustrates two types of welding angular

l-.l..l._

Joints,
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FIGURE IT

\ ANGULAR WELD JOINTS
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4.5.6 If design ef-nonn-f-h wnqn"nnmonf—e are such that the

entire joint cross section need not be welded, consider removal

of nonessential metal from the center, See Figure III for

illustration of the principle of stock removal for reducing i
the area of the faying surfaces.

FIGURE III
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4.5.7 When welding metals with widely differing forging
temperature strengths or thermal conductivities or parts of
widely differing masses, adjustment of the faying surface

ratio of the parts may be necessary. By experiments the needed
ratio can be established. See Figures IV A and IV B for ex-
amples of faying surfaces area matching.

FIGURE IV A

Design with fay surface area ratio not equal to 1, Parts

of different materials,
ﬁ {(:_:_:.: ._..._.___.._q
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NICKEL ALLOY STEEL NICKEL ALLOY STEEL
FIGURE IV B

Design with fay surface area ratio equal to 1, Parts of
the same material.

4,6,1 Inertia friction weld joints shall be classified in
accordance with section 1.2.

4,6 Classification.

4.6.2 1Inertia friction welding requirements shall be spec-

ified on the drawings as given herein, and in Pigure V,

4.6.2.1 Weld symbols shall be in accordance with AWS A2.0.
Welding Symbols,

4.6.2,2 Symbols for weld flash contour and/or method of

removal shall be in accordance with AWS A2.0. The height of flash

or depth of removal shall be indicated as a note in the tail of

the weld symbol (arrow). See Figure V for weld symbol indication
of flash or upset contour,

9
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4.6.2.3 The type and class of welds required (see 1.2)‘8h311
be indicated as a note in the tail of the weld symbol {arrow).
Example: MIL-STD- -1252{wWC) Type 1 class A,
FIGURE X
WELD SYMBOL USAGE
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4,6,2.4 Nondestructive testing when specified shall be
shown as part of weld symbols in accordance with AWS A2.2,
Nondestructive Testing Symbols,

4,6.3 Type I, class A welds (see 1.2), having no unwelded
area at the center, may be reliably obtained when a sultable
center grojection feature 1is provixéd on one component, It is
desirable, for cost reduction, to use the configuration method
which is most economically produced by the processing method
involve (forging, cold heading, machining. For examples
see Pigure VI.

FIGURE V1
STANDARD CENTER PROJECTION DESIGNS

b UP TO 5°*2° DRAFT ANGLE
° "f ON FORGINGS IS ACCEPTABLE

e e g —

T

A= .25D *.08D

p e |t

[ 08 ol .04 ol '

4,6.4 Surface Preparation, Unless otherwise specified on
drawings the weld surlaces shall be prepared as specified herein,

11
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8 to be 1n1npd should be free

a VaALiTN aiviada ~

in ace
from heavy mill or for rging scale, or other contaminants such
as paint and grease in amounts which would adversely affect
welding parameters and weld qualiiy. All surface treatments
which produce an anti-friction action such as carburizing,

2

surface hardening, nitriding, phosphating, chrome plating and
cadmium plating should be removed.

g
4.6.4.2 Brittle phases are sometimes formed at the fay-
ing surface when we’ds are made of two different base materialg.
i.e., aluminum to steel. These brittle phases are the result
of the formation of intermetallic compounds., The use of a

thrust force sequence or of a final thrust higher than the in-

itial thrust force has been used successtully to eliminate the
intermetallics from the Jjoint as flash,
4.7 Upset

4,7.1 Acditional component length 1s required to compen-
sate for the metal displaced during the welding operation. To
produce the specified welded assembly length, additional stock
equal to the amount of upset must be included in one component

ha AL vl A~

or it may be divided (in any proportion between the components)

when the joint faying surfaces are matched. When unmatched com-
ponents are to be welded, the upset allowance should be provided
in the component having the smaller cross section at the inter-

face,

4 ,7.2 The following calculated formulas to compensate for
upset shall have a tolerance of + 10% of the upset.

Solid Basr to Solid Bar - -

Upset = 0,05 inches + 0,1 X Diameter {inches)
Example (1 inch diameter):

Upset = 0,05 + 0.1 X 1 = 0,150 inches

Bar to Plate - -

Upset = 2/3 X Solid Bar Upset

Example (1 inch diameter)

Upset = 2/3 X 0.150 = 0,100 inches

For prepared end designs, length of the projection shall be in-
cluded as part of the up set No distinction 1s made between up-
set requirements for prepared end design and flat end design,

2

-
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Tube to Tube --
Upset = 0.150 inches + 0,2 X Wall Thickness (inches)
Example (0.2 inch wall thickness):
Upset = 0,150 + 0,2 X 0,2 = 0,190 inches,.
Tube to Plate --
Upset = 2/3 X Tube - Tube Upset
Example (0,2 inch Wall Tube to Plate):
Upset = 2/3 X 0,190 = 0,126 inches

4,7.3 When the components are matched at the faying sur-
faces, components of identical composition will be displaced
equally. For uniike compositions, the components displacement
may be slightly disproportionate, however total displacement is

within the standard amount of unset
v il VilLl Viine MVl G A CALILW/ Uil v !JU\;V.

4.,7.4 Deviations from the standard upset are permissible,
when advantageous, for conditions peculiar to a particular
application,

4.7.5 The weldment length is affected by the component
At mviAaAnnaa Al AavarAaAas A a1l na +l A u Tvma PA'IAqnnvsn 1:‘.-“@
4 TLHIpUVIL PLULCTODO LVUALATLaGlILCO aOo WwWCTlad ao vilc UupocTuL LVUATL Gl vi

more restrictive weldment length control than these would af-
ford, it 18 necessary to provide additional component length
and specify machining of the weldment.

4,8 Flash,

h Q 2 1T man delam 20maT A OF mmle 2emiiT 3 2 nd maa D mmm o8 b 4_ PR

+,0.,4 WIIC[] LIl WEJL1U 114511 wouldu lnuveriLer'e willl e 1uric -
f4inn nf +tho nart Nnv nroaant an ' 1mMmAcairahle annaaranno flaah
v i Wil v i vile FUL v A y-& whI\wil v ALl MMLIVMWW L L LUV A uyybu). ull\l‘f, 1A ACANILL
removal shall be specified. See Figure V for method of specifying

flash removal. Note: Inertia Friction weld flash appearance
is not objectionable per se. For maximum economy, specify flash
removal only when necessary.

h ~
O.C

Fi
various type J

IrTT
Vil
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SOLID ROUND TO TUBE TO LARGER
LARGER FLAT AREA FLAT AREA

4.8.3 Flash 1s extruded equally inside and outside the
bore when welding tubular components., If the inside flash is
unacceptable and it cannot be removed because of inaccessibility,

a8 flash trap shall be incorporated into the design., Figure VIII
1llustrates the principle of Flash trap design.

[
=

N

\V



N4

S

N’

Downloaded from http://www.everyspec.com

MIL-STD-1252
30 JUN 1975
FIGURE VIII
PRINCIPLE OF FLASH TRAP
, _
70 N R S, 4%4rusu'7%
N\ LN N RN
NN NN A\ ]
AN DS AFTER WELDING
BEFORE WELDING (FLASH NOT ILLUSTRATED)
77 e ken Vo [ FLASH pﬁ/
VA rRap ;?CC o) TRAP AKX
(fgg,/3}—~*ﬂ \ Tik?’“'f“*tth
N N\ §§k3 =N
h ] ,R\\ AFTER WELDING
BEFORE WELDING (FLASH NOT ILLUSTRATED)

4.8.4 For materials which produce a hardened flash upon
cooling to room temperature, flash removal may be difficult.
Removal may be done on a part which is still warm from weldlng.

Also local softening of only the flash is permitted using in-
duction or flame heating. Whether the weld flash is to be re-
moved and the amount of removal shall be specified on the draw-
ing. The extent of flash removal shall be based on the class
of the weld.

5. Detaill Requirements.

5.1 The inertia friction welding machine shall be capable
of joining similar as well as dissimilar materials of known weld
ability with a resultant forged bond equal in cross-section st-
rength to the weakest parent materlial, These machlnes require
work pleces which are designed with the faying surfaces concent-

ric and usually perpendicular to the centerline between the head -
stock and tailstock, with the axis of the rotating work plece
being coincident with the centerline between the headstock and

the tallstock. The 1ength of material upset \snorten1ng) trans-
ferred to the woerlece by application of the thrust force shall
be predictable and repeatable for the type and size material be-
ing worked, and upset shall be held to within two percent of set
b WA l’\\a\l’ CALI\A uyuwv WL1A0A & LA A &N e A VN WY A Vaaaes ~ ~ P e Ve - L
values,
15
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5.1.1 Revolutions per minute and pressure shall be
controlled by sultable means within the tolerances shown
below,

Revolution pre minute:
Pressure: * 50.0 p
Instruments used for indicating and controlling revolutions per
minute and pressure shall be callibrated and maintained on a reg-
ular schedule,

5.1.2 Machine certification ton verify performance repeat-
ability shall be achleved by making satisfactory welds in accord-
ance with the requirements of 5.1.2.1 through 5.1.2.3. A machine
which has been previously certified under MIL-W-80244 and on
which a written record is available will be considered as cert-
ified and not require recertification.

5.1.2.1 Weld specimen. The specimen Jjoint shall be com-
posed of two solid pleces ol AISI 1018 material of the same
diameter and three inches minimum in length. The exact dia-
meter 1s dependent upon the maximum rated diameter for the
appropriate machine., The Jjoint shall be formed by inertia weld-
ing the circular cross sectional area.

5.1.2,2 Inertia friction weld a minimum of five specimens
(AISI 1018) as described in 5.1.2.1. Welds shall meet the re-
quirements of 5.1.3.

5.1.2.3 Each machine shall be certified for two sizes of
sample Joints and the certification of that machine shall be
limited to the faying surface area range represented by those
two samples, Recertification of the machine 1is required for
welding of Jjoints out of the certified range. A written record
of certification will be maintained.

5.1.3 Weld quality.

5.1.3.1 Two test joints shall be sectioned; polished; etched,
and metallographically examined at 100x magnification. Weld heat
affected zone shall be uniform across the bond line. The bond
or weld line shall be uniform and free from any indications of

unbonded areas or inclusions,
5.1.3.2 Welding equipment previously qualified and approved

on which a record is available and qualification has been re-
tained shall not require requalification,

16
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5.2 Welding Procedures.

\JI

5.2.1 Prior to beginning production welding, a qualified
welding procedure shall be established for each machine produc-
tion welded Joint Quaiification of the procedure shall be

accomplished when a minimum of five production or simulated
production joints of the same materlal are welded., The welds
shall meet the requirements of 5.2.2 and 5.,2.3.

5.2.2 When non-destructive tests are required in the con-
tract or order, drawings or detail specification, all tests shall
meet the requirements of these tests,

5.2.4 A welding procedure sheet, see Example I, shall be
prepared to cover each inertia friction welding application

Each sheet shall be kept for reference purposes. Wwhen similar
welding procedures appear, previously approved procedure sheets
shall be utilized for their welding datsa.

5.2.5 Welding procedures, once established, that produce
a part that met the requirements specified 1in the contract or
order, drawings or detaill specifications, shall be the qualified

procedure for that part.

N

5.2.6 Requalification of welding procedures shall be re
quired when any of the following changes occur.
A. Joint Geometry

(1) Any change in the joint preparation exceeding
+ 10 degrees from the preparation qualified

(2) A change in the cross-sectional area of the
weld joint greater than + 10% of the area qual-
ified.

(3) A change in the outside diameter of the cylind-
rical weld interface of the assembly zreater
than + 10% of the outside diameter qualified.

(4) A change from solid to tubular cross section

. at the joint or vice versa.

(5) Any change in the faying surface condition -

example noncarburized to carburized.

17
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5.2.7 Welding procedures previously qualified and approved
on which a record in available and qualificat ion has been retain-
ed shall not require requalification.
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5.3.1 The operator shall be a qualified machine operator
and shall be considered qualified if he has prepared the weld-
ing procedures and set up the machine to produce weld samples
for machine certification (see 5.,1). The operator may qualify
if he is able to set up_ the welder an d stablish welding pro-
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which records are avallable and qualifications

ned shall not reguire requalification.

3
Q,
V)
oo N
ko I
=
Q
<
o®
Q‘
o
=3

5.5 Mechanical Properties. When mechanical properties
requirements are specified by The procuring activity, inertia
welded Jolnts shall meet the mechanical properties requirements
shown 1n the contract or order, drawing or detail specification.
Unless otherwise specified; the materlial shall be tested in accord-
ance with the applicable testing methods of Fed., Test Method Std.
No. 151, MIL-STD-418, ASTM-A370 or AWS-A4,0,
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EXAMPLE I

Procedure: Include the following in a written form

Machine: Type

Certification: Date and Range

Spindle Velocity: RPM

Thrust Load: Pounds initial and pounds final if different

Inertial Mass: Pounds -Feet?

Weld Energy: Foot-Pounds

Upset: Inches

Faying Surface Area: Inches?

Base Material: Type of material and Thermal Condition

Type of Joint: Five (5) basic types, Dimensions and angles

Post Weld Operations: Post heat, stress relieving, ueat treating, and

upset removal

Faying Surface Preparation: How cleaned, if cleaned

Type of Inspection- Class of Weld:

DIAGRAM OR CROSS=-SECTION OF JOINT

-
O
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5 6 Magnetic Particl

1nsnecéion 1s scéci?i d in Be contract or order, drawing or
detail specification it shall be carried out 1n accordance with
MIL-I-6868, MIL-I-6870, SNT-TC-1A, ASTM-E109, ASTM-E125, ASTM-E138
or AWS-Bl,1l.
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5.7 Radiographic Inspection, When specified in contract
r order, drawings or detall specification, inertis welded Joints
shall be subject to radlographic inspection in accordance with
MIL-STD-453, MIL-I-6870, MIL-R-11470, SNT-TC-1A, ASTM-EQ4,
ASTM-EQQ or AWS-Bl.1l.

5.8 Dye Penetrant Inspection. When dye-penetrant inspec-
tion is specified in the contract or order, drawings or detail
mumand Ol annbdawm dumawmbla 1w.walA AL wME~ ~lam19 A meclh daand ~ Aae
ﬁpCU.LJ.J.Udb.LUU’ liTCl'vdia WCJ.U JVilIUD Dllaldl WT DUV JECL v U‘yE-[JC(lC"
trant inspection in accordance with MIL-T-6866, MIL-TI_-6870,
SNT-TC-1A, ASTM-E165 or AWS-Bl.1.

5.9 Eddy-Current Testing., When eddy-current testing is
specified in the contract or order, drawing or detail specifi-
cation, inertia weld 301nts snail be subJect to eddy-current

- e om omam ) mam o om  =a [ S P

LEBL.LI]S .Ll'] dLbUIUdl’lbe w.u,n l'lIL ..L-OO[U, OIVL-LC .LH or HDLI’I—DJUy.

5.10 Ultrasonic Tesating. When ultrasonic testing 1s spec-
ified in the contract or oraer. drawing or detail soecification,
inertia weld joints shall be subject to ultrasonic testing in
accordance with MIL-I-6870, MIL-I-8950, SNT-TC-1A, ASTM-E164

or AWS-Bl.1.
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examination Is anecified Iin the
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detaill specification,inertia weld ﬁoints shall be subject to
metallographic examination 1in accordance with ASTM-E3, ASTM-
E112 or AWS-Bl.1l.
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5.12 Hardness, Hardness, when specified in the contract
or order, drawing or detail specification, shall be tested in
annnnAanana wiéelh ACQTM _A27N ACTM 1IN A ACTM AN
avuouvivuailuivceo wailivuvlil ULI'I-HJ[V, NI LU=l dNJ wvai nuxlz-uyc..

6. Intended use, The inertia welding process described
herein is to be used for the joining of parts which have at
least one member with configuration that can be rotated. Joints
involving similar and dissimilar ferrous and non-ferrous alloys,
inciuding superalloys, may ve assembied using this process,

mas ha '|A1A A sialmm ¢hhda munuAancaas ana

Weld configurations that may be welded using thls process are
bar to bar, bar to tube, bar to plate, tube to tube and tube to
plate,

-
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