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EVALUATION OF INCONEY, 718, ACE HARDENABLE NICKEL~CHROMIUM ALLOY

ABSTRACT

Tests were conducted to investigate fabrication characteristics of
.08 inch and .250 inch thick Inconel 718. Evaluations ware made in the
following areas: Formability (Brake Forming, Uniform Elongation in eight
inches, and Guerin and Impact Rubber Forming, and Dimple Forming); Resistance
Welding, Musion Butt Welding, and TIG Spot Welding.

Room temperature tensile tests revealed that the mechanical prop-
erties were typical for the alloy.

Total elongation and uniform elongation tests indicated good form-
ability characteristics of the alloy in the annealed condition. A minimum
bend radius of .03l inch was attained vhen bending specimens perpendicular
to the rolling direction; a .OMT inch minimum bend radius was obtained when
specimens were bent parallel to the rolling direction.

Guerin Rubber Forming and Impact Rubber Forming methods vere used
to form ,048 inch specimens on a stretch flange radius of 6.05 inches and
a shrink flange radius of 9.95 inches. The specimens were formed around a
,090 inch bend radius. Various flange lengths were formed to determine the
amount of flange distortion that would result from each configuration. Both
forming methods resulted in formed parts with approximately production tol-
erances,

Testing on all aged test specimens was ceased at the conclusion
of the post-weld aging cycle, Plckling the aged specimens in a nitric-hydro-
fluoric acid solution resulted in intergranular attack which ruined the
specimens for further evaluation tests., A nitric acid-nitradd pickling sol-
ution appears to produce an acceptable means of cleaning aged parts, and
will be incorrorated in a future evaluation of the welding characteristics
of Inconel T18,
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1. INTRODUCTION

An investigation was conducted to determine the fabrication charace

(a)

(v)

(e)

(a)

(e)

()

(=)

(n)

(1)

teristics of Inconel 716, a nickel base alloy. The following tests, vere
authorized by TR 513-241,01:

Weld patch test on .08 inch sheet in both the annesled and
aged conditions. The annealed plate was aged after velding.

Room temperature and 1200F mechanical properties of manual
TIG welded ,250 inch plate using Inconel 718, and Rene’l)
filler wires., Welding was performed on annealed stock which
vas aged after welding.

Lap shear test on resistance spot velded .0M8 inch Inconel 718
sheet. Welding was conducted on material in the annealed
condition, and on material in the aged condition, The annealed
lap shear specimens were aged after welding.

Single spot tensile pull-out tests on 048 inch sheet specimens
resistance welded in the annealed condition and aged after
welding. Additional test weldments were fabricated for material
in the sged condition,

Jap shear test on TIG spot-welded .08 inch Inconsl 718 welded
in the amnealed condition and aged after welding, Additional
tent weldments were fabricated for material in the sced condition,

Single spot tensile pull-out tests on ,048 inch sheet specimens
TIG welded in the annealed condition rad aged after welding,
Additional test weldments were fabricated for materia) in the
aged condition,

Room temperature mechanical properties of automatic TIG welded
.OU8 inch sheet using Rene’ll filler wire. The head travel

vag b in/min. and the chill fingers were maintained at .8 inches
away from the weld bead. The test wae repeated with the head
travel maintained at 15 in/min with the chill fingers located

+25 inches from the weld bead. Both weldments were aged after
being welded.

Minimum bend redius determination of .048 inch material on

longitudinal and transverse specimens in both the annealed and
1n the aged conditions.

Room temperature, longitudinal and transverse uniform elonge-
ation properties of .04 inch specimens,

MAaC 231u [REY ! AuG B
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1. INTRODUCTION (cont'd.)
(3) Dimpling characteristics of aged .O48 inch material.

(x) Rubber forming characteristics of annealed ,0k8 inch specie
mens using the Guerin trapped rubber method in a bydraulie
press, and impact forming using s drop hammer,

Inconel T18 43 a relatively new nickel base super alloy. It report-
edly differs from the more familiar Inconel X in that it exhibits a sluggish
response to age hardening, vhich permits annealing and weldimg vithout the
danger of cracking caused by spontancous hardening during heating and cooling,
International Nickel reports that Inconel 718 displays good ductility in the
1200-1400P temperature range with mechanical properties approximately 20 per-
cent greater than Inconel X up to 1300F,

Testing was conducted by the Materials and Methods Group of the
Structures laboratory during the period 1 Jenuary 1962 through 7 July 1962,
2, DESCRIPTION OF TEST ARTICLE

One ,048 inch thick sheet and one ,250 inch thick sheet of Inconel
718 alloy were used to conduct this investigation. All test material was
supplied by the Huntington Alloy Producta, Division of the Intermational
Nickel Company. The vendor certifies the nlloy composition of each sheet
as follows:

Sheet 1 = Heat No. Y8608 - 08" x 36" x 72"
Sheet 2 - Heat No, BTHOGOE - ,250" x 24" x 24"

Chemical Anelysis

ﬁ By Waiggt
Sheet 1 Sheet 2

c .0 R
Mn .28 «23
Fe 16.58 18,00
8 . 007 007
si .29 .30
Cu .05 .05
M 54,99 52,71
Cr 18.49 19.08
Al 'l+6 0}5
o « 95 .79
Mo 2.87 3.01
b+ Ta ) S.u41
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2. DESCRIPFION OF TEST ARTICLE (cont'd.)

The number of specimens required to satisfy the testing requirements
wvere laid out on the respective sheets of stock material, The individual
.08 {nch thick specimen test blanks were sheared from the sheet stock using
a production type Cincinnati shear, having a ,0005 clearance gap betveen the
shear blade and shear table. The .250 inch thick specimen blenks were re-
moved from the gheet stock by sawing on a Do-All. The phearing operation
presented no provlem as the edges of the specimen blanks cut cleanly., Baw-
ing the .250 inch thick materis) wes time consuming.

Automatic TIG fusion butt velding was sccomplished on 048 inch
thick material using .035 inch diameter Rene'll filler wire, Manual TIG

fusion butt welding was accomplished on .250 inch thick material using both
.000 inch diameter Repe’lsl and ,090 inch Aiameter Inconel 718 filler wires,

3., HEAT TREAT SCHEDULE

Testing wag to be accomplished on meterial in both the as-received
annealed comdition and the as-received plus aged comdition. A single aging

cycle was accomplished on all test material that required aging in the follow-
ing mamner:

(a) Heat in an air atmosphere furnace to 1325F,

(b) Bold at 1325F for eight hours,

(¢c) Purnmce cool to 1150F at a rate of 20F per hour,

(d) Air cool to room temperature.

Prior to heat treatment, all material was protective coated in accoxd-

ance vwith MAC P.S. 13155. After aging, the teat materisl was cleaned by
pickling in the same manner as specified in P.S., 12050 for unaged Inconel X.

4, ROOM TEMPERATURE TENSILE TEST

4.1 Test Setup and Procedure

Three .048 inch thick tensile specimens were fabricated with the
rolling direction transverse to the specimen length. The specimens vere
aged with the materisl described in section 3, page 5, and vere then test-
ed to determine the heat treat responge of the material.

The temsile specimen's dimensions conformed to Type F-2 per HAC
Dwg. T-052306, The edgee of each tensile specimen were polished in the gage

MAC 231U (REY 1 AUG B4
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h,1 Test Setup and Procedure (cont'a,)

length area tc remove any machining imperfections that could gffect test
results. Rockwell "C."scale haydness values were obtained for each speci-
men pricxr to conducting the tensile tests,

Testing vas conducted in a Tatnall Test Machine, The specimen
strain rate was controlled at ,012 inch/inch/minute until the yield point
had been reached; the strain rate was then maintained at ,030 1nch/1nch/
minute until the specimen failed, Values for ultimate tensile strength,

0.2% offset tensile yield strength, and percent elongation in two inches
vers recorded for each specimen,

k.2 Test Results

The room temperature mechanical properties of the heat treat response
specimens are listed below:

cimen Hardness b 29 Ptu Percent Elongation
Bmcipen R WL Ty Sy

1 W7 173 201.5 20,5
2 47.5 172 201 21
3 W7 172.5 201.5 21

Figure 1, page 22is a typlcal stress-strain tcurve plotted for the
heat treat response specimens.

Figure 2, page 23, 1llustrates the location of failure in each of
the control specinens.

4.3 Discussion of Test Repults

MMS-164 specifies the following mechanical properties for aged
Inconel T18, one-inch thick or less:

Ultimate Tensile Strength - 180 kei minimum
Yield Strength at 0.2% offset - 145 kai
Elongation in 2 inches - 12%

The mechanical properties of the control specimens exceed the
requirements specified in MMS-16h, and all material was deemed mcceptable
for further evaluation tests,

MAC 2Y1u LHEVY 1 AuG 1)
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5. UNIFORM ELONGATIOR TESTS

5.1 Test Setup and Procedurs

Testing wae conducted to determine the total elongation and the
uniform elongation of amnealed ,0L8 inch thick Inconel 718, Three long-
itudinal and three tranesverse specimens were tested at 76F., The wmiform
elongation test specimen dimensions are ligted in Figure 3, page 2¥,

The edges of each specimen Were thoroughly polished with 2/0 grit
abrasive paper in the reduced section to minimige any notch effects that
surface irregularities would create during testing. Prior to testing, a
grid consisting of .1 inch squares was photographically applied to each
specimen, V¥Width and thickness measurements at one inch increments were ree
corded for each specimen in the gage length before testing.

Testing was conducted in a Tatnall testing machine using the 75,000
pound range, and a head travel rate of 6 in/minute, .

After the specimens had been tested, thickness and width measure-
ments were recorded at the positions that were measured prior to teating,
Flongation measurements vere made in one-~inch increments along the specimen
gage length to determine the total specimen elongation., The elongation
measurements, in one-inch increments, approximately équivalent, tc ome
another were averaged to determine the uniform elongation in each speci.
men, In addition, width and thickness measurements were recorded for the
fractured surface of each specimen after testing., The failing stress of
each specimen wna al)so determiped,

5.2 Test Results

Table 1, page 15, lists the test data obtained for the transverse
room temperature uniform elongation specimens. Data for the longitudinal
specimens are listed in Table 2, page 16.

$.3 Discussion of Test Results

Total elongation end uniform elongation test values indicate that
Inconel 718 has good formability characteristics in the annealed condition.
Transverse uniform elongation and total elongation values were slightly
higher (approximetely 3%) than comparable longitudinal properties.

6. RUBBER FOIMING TEST

6.1 'I'eatrsé'tup and Procedurs

Tests were conducted to determine the effect of Guerin trapped rubdber
and impact rubber forming methods on gtretch and ghrink flanges of 048 inch
thick Inconel 718 in the annealed eondition.

MAC 200y {hkEv § AL, 61
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6.1 Test Setup and Procedure (cont'd)

Guerin trapped ruddber forming teste were conducted in a 7000 ton
hydraulic presg exerting a preasure of approximately 11,000 psi on the test
parts. Impact forming tests utilired a Cecostamp drop hammer operating at
maximum atriking pressure. An 18 inch diameter trapped rubber ped was used
during drop hammer forming, and a 28 in. x 45 in. trapped rubber pad was in-
corporated during hydroforming to develop and distribute the forming pressure
evenly across the surface of the test parts. Specification of the rubber
pads used throughout the test program are:

Guerin Forming - 65 - 70 durometer gilicone
28 in x 45 in x 5 1in thick,

Impact Yorming ~ 65 - TO Qurometer silicone
18 inch diameter x 4 inches thick.

Test parts were formed with flangs down over a Kirksite: form block,
Ro provision was incorporated in the form block to compensate for specimen
spring-back, The form block had a 6.05 inch stretch flange radius and a
9.95 inch shrink flange radius., The form block incorporated bend radii of
.090 inches for forming the ,O48 inch material. Two 5/16 inch diameter tool-
ing pins were used for part location on the form block, The test parts were
fabricated with flanges of different lengths to determine the degree of de-
formation peculiar to each configuration.

All edges of the test blanks were deburred and the stratch flange
edge of all specimens were polished prior to forming. A grid pattern, compose
ed of squares,l inch on a side, was photographically applied to one side of
each apecimen for visually detecting material flow after forming., All bends
vere malde parallel to the final rolling direction of the materisl.

6.2 Test Results

219 The sequence of forming operstions is listed in Table 3, pages 17,18
an .-

The dimensions of all acceptable test parts after the rubber form-
ing operations are listed in Table 4, page 20, Figures 4 through 7, pages 25
through 28, illustrate the configuration of the test parts after the rubtber
forming operations,

6.3 Discussion of Test Results

Hydroforming aonesled Inconel 718 in a T00O ton hydropress using
hard lead overlays and soft lead strips, resulted in formed parts with approx-
imate production tolerances. A minimum smount of restriking and band working
would be necessary to smooth out any deformities to produce parts to production
tolerance.

L. J— - e e et e = e e —
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6.3 Discussion of Test Results (cont'd.)

Impact forming characterietics of annealed Inconel 718 are quite
similar to those exhibited by the alloy during hydroforming operations.
The hard lead overlay used during impact forming split along both flanges
at the radii spd did not allow for forming the test parts to the exact
configuration of the form block at the radii. Additional improvement in
the final configuration and tolerance of the test parte is anticipated if
the hard lead overlay used during impact rubber forming were replaced by
soft "commercially pure” lead overlays.

This inveatigation into the rubber forming characteristics of .08
inch thick annealed Inconel T18 indicates the alloy to be readily formable
using standard production rubber forming methods,

T. METALLOGRAPHIC EXAMINATION

7.1 Test Setup and Procedure

A metallographic examination was conducted on fusion weldments and
resistance weldmente which were welded as annealed and aged afterwards, and
on specimens which were welded in the aged condition. Figures 8 and 9, pages
29 and 30, 1llustrate intergranular attack of the base metal and veld areas
when the aged fusion and resistance weldments were observed at 250X.

Testing on all aged Inconel X was ceased and an investigation was
initiated to determine the cause of the observed intergranular attack,
Flgure 10, page 31, illustrates .O48 inch thick Inconel 718 in the following
conditions:?

() asp-received mill anncaled

ib) aged only per section 3

c) aged per section 3 and pickled per P.S. 12050 for unaged
Inconel X,

The lower photomicrograph indicates that intergranular attack of the aged
Inconel T18 material resulted from the past-aging pickling operation,

The effectn of pickling aged Inconel T18 per P.S. 12050 versus
time were determined using production facilitles. Samples of aged Inconel

718 were plekled in fifteen minute increments until a total time of two hours
had elapsed, The specimens vere polished and etched and were examined at
250X for corrosion.

WA
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T.1 Test Setup and Procedure (cont'd,)

The pickling procedure specified by P,S, 12050 was repeated on aged
Inconel T18 specimens uping scaled-down laboratory facilities. The nitric-
bydrofluoric pickling solution was prepared fresh and the total elapsed pickling
time was reduced to ninety minutes using f£ifteen minute increments.

The investigation was continued to determine the effects of pickling
on annealed Inconel 718 using the nitric~-hydrofluoric pickling solution. As-
received material was re-annealed at 1750F for 15 minutes. Specimens were
quenched from the annealing temperaturé-meing otill air and tap water, §8peci-
mens representing both cooling media were pickled using the nitrics-hydrofluoric
solution for periods of 15 minutes, 30 minutes, and 45 minutes., Metallographic
procedures were used to compare the extent of intergranular attack versus the
applied quenching method.

The following plickling procedure is listed in Technical Bulletin T-21
published by The International Ricke) Company, Incorporated for pickling high
nickel alloys:

Step 1
Formula Fo, T

Water 250cc
Bodium Hydroxide 66.6 gms.
Fotassium Permgnganate 16.75 gms,
Temperature 212p
Time 2 hours
Container Steel Tank

Step 2

Formula No, 10

Water 250ce

Fitric Acid (42°Be’) Thee

Hydrofluoric Acid (30°Be’) 12.5¢c

Temperature l2sF

Time 15 min. 30 min, 60 min.
Container Folyethylene beaker

Aged specimens of Inconel 718 were pickled for 15 minutes, 30 minutes
end 60 minutes, using the procedure outlined above, The pickled specimens
vere examined for intergranular attack using metallographic methods.

Representative specimens of aged Inconel 718 were metallographically
examined for intergranular attack after undergoing the following pickling
cycle:

MAC 2Viu (HEV YV oAy 81
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7.2 Test Results
Step )
Turco Alkaline Rust Remover 2 1bs/gallon
Temperature 200F
Time 20 min.
Contalner Pyrex beaker
Step 2
Turco 4338 2 1bs/gallon
Temperature 200F
Time 60 min.
Container Pyrex beaker
Step 3
Water 53ce
Kitric Acid (42Be”) LOce
Nitradd (Turco 4104) Tee
Temperature T8F
Time 15 min, 30 min, 60 min.
Container Polyethylene beaker

The effects of the various pickling methods and pickling times were
compared, using photomicrographs taken at 250X to determine if an effective
method for preventing intergranular attack in Inconel 718 had been found,
All metallographic specimens were etched elsctrolytically, using a hydro-
chloric acid - 3% hydrogen peroxide electrolyte.

The photomicrographe in Figures 11 and 12, on pages 32and 33
illustrate the effects of pickling aged Inconel T18 using prodnction
facilities per P.S. 12050 (HNOz-HF). Figures 13 and 14, pages 34 and 35,
11lustrate the effects of pickling aged Inconel 718 per P.8. 12050 (HNOz-HF)
using leboratory facilities. The photomicroagraphs in Figuxre 15, page 3k,
indicates the intergranular attack when Inconel 718 was pickled per P,S, 12050
(HNOz-HF) after being re-annealed and air quenched. Figure 16, page 37, in-
dicates intergranular attack when Inconel 718 was pickled per P.S. 12050
(HNO3-HF ) after being re-annealéd and water quenched, Figure 17, page 38
11lustrates the effect of dbickling aged Incomel 718 using tle drocess out-
lined by The International Nickel Company. The results of pickling aged
Inconel T18 using the three step procedure outlined above are presented
in Figure 18, page 39,

7.3 Discussion of Test Results

The nitric acid-nitradd pickling solution appears to acceptabdbly
piekle aged Inconel 718 with little evidence of intergranular attack after
30 minutes, AlL of the other pickling solutions vhickh were investigated

resulted in moticeable intergranular attack in aged Inconel 718 efter 15
minutes pickling duration

L A »
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T.3 Discussion of Test Resulte(cont'd.)

Intergranular attack was prevalent in the annealed Inconel T18 specie
mens vhich were pickled per P.8. 12050 using a nitric-hydrofluoric acid solution.

It is suggested that additional pickling evaluation tests be conduct-
ed using the nitric acid-nitradd pickling solution on aged Inconel 718 to con-
firm the results of this investigation due to the limited number of specimens
which were examined. In addition, tests using the nitric acid-nitradd pickling
solution on annealed Inconel T18 should be investigated, since no tests were
conducted for this combination during this investigation.

The intergranular attack of the aged tested specimens which resulted
from pickling per P.S. 12050 neceasitates rerunning the following portions of
this TR:

a) weld patch test

b) manual TIG fusion welding of ,250 inch thick plate.

c¢) resistance spot welded lap shear test

d) resistance spot welded cross tension test

e) TIG spot vwelded lap shear test

f; TIG spot welded cross temsion test.
bend radius test on aged material.

h) dimple forming test,

i) mechanical properties of automatic TIG welded ,048 inch
sheet varying the welding head travel and chill spacing.

Teest results of the aged test specimens will be reported for an
addendum test request after an acceptable post-aging pickling procedure is
establighed,

8. MINIMUM BEND RADIUS
8.1 Test Setup and Procedure

Tepts were conducted to determine the minimum bend radius for ,048
ineh thick Inconel 718 in the annealed condition.

Twelve test specimens measuring 1.0 in x 2,5 in. were sheared with
the final roliing direction parallel to the 1,0 inch side and twelve were
fabricated with the grain direction perpemdicular to the 1.0 inch side. The
erfects of shearing vere removed from the 2.5 inch eide by sanding with 80
grit abrasive paper on a wet belt sander,

The vertical brake used for this test has a 3 inch stroke and
operates at 30 strokes per minute. Figure 19, pagek0, illustrates the bend
radiue test tool that was used to form the bends. The specimens were bent
with the bend axls parallel to the 2.5 inch side. The die throat opening of
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8.1 Test Setup and Procedure (cont'd.)

the test tool was adjusted t0 be equal Yo twice the radius of the mandrel

plus two and one-half times the test epecimen thickness. The redius of

the male die was progressively increaged until three specimens could be bent
through 130° without evidence of failure in the bend area, After each speci-
men was bent, it wes measured to determine the amount of spring~back in degrees
that had occurred. The minimum bend radius was determined to be the measured
inside radius, after spring-back, of those specimems vwhich were acceptably
bent around the smallest redius bend mandrel,

During the bending operation, individual specimens were examined for
defects with a 10x magnifier. Penetrant inspection methods were used to veri-
fy the visual inspection of the bend specimens,

8.2 Test Reaults

Table 5, page o) , lists the bend radius test results for the annealed
Inconel T18 material,

8.3 Discusslon of Tept Results

Bending specimens arcund a.031 inch radius mandrel with the final
rolling direction perpendicular to the bend axis resulted in a measured mini-
mum inside bend radius of 1/32 inch. A 3/64 inch meapured minimum inside bend
radius resulted from bending the specimens around a ,047 inch radius mandrel
with the final direction of rolling parallel to the bend axis.

9. CONCLUSIONS

Room temperature tensile tests indicate that the Inconel T18 uged
in this investigation possessed mechanical properties that are typical for
the alloy.

Uniform elongation and minimum bend radius test results indicate
that annealed Inconel 718 should have good formability characteristics. The
case with vhich amnealed Inconel 718 was formed using both the Guerin trapped
rubber, and the impact rubber forming methods further attests to the good
formability characteristics of the alloy.

Intergranular attack was present in both annealed and aged Inconel
718 material that was pickled per P.8. 12050 using a nitric-hydrofluoric
acid pickling solution, A nitric acid-nitradd pickling solution appears to
acceptably pickle both annealed and aged Inconel 718 with little evidence of
intergranular attack after 30 minutes. Additional testing on welded Inconel
718 will be conducted in a later phase of testing using the nitric acid-
nitradd solution for pickliog purposes. Dimple forming characteristics of
of the alloy will alao be investigated.

o e b B 4 pme e i s 4 amcaa
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1IST OF EQUIFMENT AND INSTRUMERTS
Equipment and instruments used in this test are listed below, Applic-

able calibration records are available for inspection.

Iten Manufacturer and Model Rumber Berial or laboratory Number
Universal Tensile Tatnall 150,000 lb MAC 35627
Test Machine §/N U=112-AR
Niagra Press Brake Niagra Machine and Tool Co, USN 890097

Modei 150-6-8
Metallograph Bausch and Lomb Optical USRg124uh
Serial No. JEOL
Drop Bammer Chambersburg USN 701561
Ceco Stamp
Hydropress Hydraulic Prese Mfg. Co. USN 804158
TO00 ton capacity Mt. Gllead, Ohio
Bend Radius Test Tool Mfg. at MAC T-041122
Hardness Tester Clark Instrument Inec. USN 92833
Model Cl6A
REFERENCES

1, MAC P.S. 12050

2. MAC lavoratory Engr. Dwg., T-052306

3. MMS-164

4, Technical Bulletin
T-21

5. MAC P.S. 13155

6. Certificate or Chemical Analysis
(Inco Order 5796861)

Pickling
Specimens - Mechanical Properties

Rickel Alloy,gheet Strip, and Plate
(Inconel T18)

Pickling High Rickel Alloys
Huntington Alloy Products Div,
International Nickel Company, Inc.

Protective Coating for Steel and
Ttanium during heat treatment.

Huntington Alloy Products Div,
The International Rickel Co. Inc,
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' | | | | |
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PEeceNT  |Lnimomar | 48.5 A L
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BsFrore | ./ 007 | /,.007 /.008 | /0085 | Loo88| /. 004
W7 # M/ : -
2 ¢ )/ Arrae | .852 | .839 832 -828 .80/ | 835
T e s [ Bimoza | . 0489 | .0¢88 | .0488 | .OFBE | .0487 | .08
COESS [hrvme | .o#07 |.o%o/ | .0B59 | 0894 | .0383 | 085
O A O vrs owy | /39 | .40 | 143 | 147 | 7.6/ |/
Crece~nT /(/Nu-—oe./vf 42.3 >{ ‘\;:“
.[49~6A7'/a~ / anA et 46. 6
w (le&/:'oe: l0088 |/ 0085 | 1008 | /0075 | /. 0065 |/, 004
17 A (/ N 4 mree . 866 .86/ . 854 . 843 . 828 . 790
[Barcoes | .09288 [ 0250 | .o02e8 |.0989 | .0490|. 028}
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— AV 22
7= Q260
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/0085 | foo85] /o088 | roo7 | /.00658 /0065 (Ps7)
828 | .80/ | .833 |. .84« | .848 | .8+8 Feo /23,900
r.o4-56 L0487 | OBt | . oFBH | L0482 | . 0280
0394 | ,0383 | .0396 LOFO2| 0402 | L OROO
3 1727 | r¢cs 1753 79¢ | /44 |Soccinre~n No. UES
— — W IRS
l >1J Ar.
-~ 46, 6 ol AECHAN/CAL FROPERTIES
L S/
10075 | /- 00eS |/, 004G /- 006 | /006 Xolel%] fZé 2
843 | .828 | . 750 | .833 | .643 |.855 e ) =0
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0 AL) [ Arreee | .B43 | .876 |.8e/ |-82¢ |.827 |.850
THICANESS [ Berors | 0488 | . 0489 | . 0290 | .0490 | 049/ | .O%
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A | Arrer | 856 | .853 | .850 | .843 | .832 |.&32
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(4 ™) | Arrer OR20 | .O4/8 | .04 /5 |.0%// | . 040G | .0
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PERCEN v A W_.775 —
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—
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TABLE 3
FORMING SEQUENCE
MATERIAL: INCONEL 718
SHEFET THICKNESS: .048 INCH
Operation Remarks
7000 Ton Hydropress 1.40 stretch flange

.86 shrink flange
(1) Three wrinkles (approx. 2 inch
equidistant) in shrink flange,
diagonal buckel in stretch

flange ends.
7000 ton Hydropress 1.40 stretch flange
#1/2 inch hard lead .86 shrink flange
overlay with 3 soft lead(1) Ome slight wrinkle in shrink
straps flange, slight web warpage.
7000 ton Hydropress 1,40 stretch flange
#1/4 inch hard lead over- .86 shrink flange

lay with 3 soft lead straps(l) Very slight wrinkles in veb
at ahrink flange ends, slight

web warpage.,
T000 ton Hydroprees 1.40 stretch flange
#1/2 inch hard lead over- .86 shrink flange

lay with 5 soft lead straps (1)No wrinkles in either flange,
slight web warpege

7000 ton Hydropress 1.60 siretch flange

#1/2 inch hard lead over- 1.06 shrink flange

lay with 3 soft lead strips (1) Part shifted toward the shrink
flange causing distortion
around the tooling holes

(2)81ight wrinkles 1 inch long

in web at both ends of shrink
flange, slight wrinkling at
center of shrink flange,
gome Web warpage.

T000 ton Hydropress 1.60 stretch flange

game as Al except lead 1.06 shrink flange

strips placed at (1)¥rinkles are smaller

wripkled areas in Al (2)lead strip curled under stretch
flange at middle and bent it
slightly.

(3)811ght wrinkles in web 1/2

inch long at ende of shrink
flange.

daC 131y ALY ¥ AuG B0
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TABLE 3 (cont'd,)
c. Fo. Operation Remarks
A3 7000 ton Rydropress 1.60 stretch flange
Seme as Al except 1.06 shrink flange
lead strips cut shorter (1) Stretch flange not eonpleteh{
formed and bent out slightly
in center of bottom edge.
(2) Ssmall wrinkles rerain at
ends of shrink flange.
(3) Slight web warpage
Bl Impact rubber formed 1.40 atretch flange
#1/2 inch hard lesd .860 shrink flange
overlay (1) B81ight web varpage
(2) Slight wrinkling of shrink
flange, slight wrinkling
at ends of stretch flange.
B2 Impact rubber formed 1,40 stretch flange
same ag Bl .860 shrink flange
21) Slight web warpage
Restrike 2 times without 2) Small wrinkles etill present
overlay to eliminate in shrink flange.
wrinkles
Ab Impact rubber formed 1.60 stretch flange
*1/2 inch hard lead cv:rlay 1,06 shrink flange
(1) Slight web warpage
(1) Wrinkles worked lightly with (2) Wrinkles not completely re-
mallet moved from shrink flange.
52) Restrike with rubbexr pad (3) Small wrinkle present at
3) Restrike no rubber pad end of stretch flange,
A5 Impact rubber formed 1.60 stretch flange
{1) Soft lead strip overlay 1.06 shrink flange
at shrink flanxe (1) Slight web warpage
(2) Restrike without overlay (2) Small wrinkles present in

bom i e ————- = > = A - - g

WAC PO EREM ¢ ALG 91

(3)

shrink flange.
Slight warpage at one end
of gtretch flange.
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TABLE 3 (cont'd.)
Spec. ¥o. Operation Remarks
AS Impact rubber formed 1.60 stretch flange
#1/2 inch hard lead overlay 1.06 shrink flange
(1} Reduced heavy shrink flange (1) slight wrinkles oot
wrirkles by hand forming with completely removed by hand
soft lead straps. working and restriking
(2) Restrike 2 times with no over- operations.

lay.

(3) Additional working of wrinkles
with lead straps.

(4) Restrike with no overlay.

#The hard lead overlay consisted of lead alloyed with 6% antimony.

MAL 134y WREY 4+ AUG 84}
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MAC 1009 (REV. 26 JAN. 39)
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TEST REQUEST

TITLE_Evaluation of Inconel 718, hge Hardenable Nickel-

Chromium Alloy

LADORATORY OR DEPT. RESPONSIBLE FOR TEST MODEL
ac .

TEST PARTS ON I18M L]1 ON TPL NOw—— = APL7EPT

PRODUCTION PARTS FOR TEST NOT REQUIRED [XI None

WORK REQUESTED

OBJECTIVE (GIVE PURPOSE OF TEST, WORK AND DATA REQUIRED.

INCLUDING SERVICE HISTORY AND BACKGROURD INFORMATION

OBJECT

To continue the determination of the fabrication char-
acteristics of the nickel-chromium alloy, Inconel 718,

P N ———

JUSTIVICATION LFes7d 0%

B
10
:
Ny
3
2.0
340

ﬁ'?‘ A /' £
Results of the testing which has been completed 1n
Phase T justify the continuation of this program.

WORK TO BIL PERFORMED

e s i S

work to be performed under this addendum to TR. 513-
241 will be as stated in pege 3 of the basic TR. as
Phase 1I and IIXI:

Phase I1

We'ld Pateh Teat
Tensile Proportics, lanual TIG Fusion Welded
Pliute
1 Lean Shear, Resistance Spot Weld
2.2 Pen=ile Pull-Qut, lteristance Spol Weld
3.1 Lap Shear, TIU Spot Weld
2.7 Tensile Pull-Out, TIG Spot Weld

"1.
>

5
2
'%
3

Phase 111

Lial Delete (Work completed under Phase I)
b2 Uni form Blonpation

L2 Uimpling

Iy Rubber Forming

""REFERENCES OR ENCLOSURES

ol TR oe M=2h1

& B Apdf AToALS
Rév o-~30-62% <}
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STANDARD AND SUBSIZE TENSILE SPECIMEN

. DIMENSIONS Fl 52 2 F3 |
A - WIDTHE AT CENTER 1.50 N%w .50 £ 01 500 ¥.010| ,s00 ..
B - WIDTE AT GRIPS, APPROX. 2,00 «75 «75 75
C - LENGTH OF REDUCED SECTION|9.00 (Hin.) m.mmﬂummwimwwoﬁmubwwMHMW|i;.
| D - GRIP LENGTE W;%guoa..v.rm.!uiz&rv 2 375(¥1n.)| REN
| ¥ - FILLET RADIUS, MIN. | 1.00 | .50 | 3.00 | .50
G - GAGE LENGTH 8.00 +.01 | 2,000+ .005 2.0002.005 | 1.00 1
L - TOTAL LENGTH, ¥IRN. 15,0 .:|Mﬂm ] Ho.mz-:::+‘|!--s:,mmv
7 - THICKNESS T 575 % 2,00 .500Max. | .SOOax. [2Sarlss |
NOTES: | ) S
1. Rsduced secticn Efun to parallel within ,002
RMW To be determined by length of avallable stocke.
3. The reduced section shall be parallel to within .002,
4, Under no circumstances shall the dismeter of the ends of the roduced soctlion

be less than the diamaeter of thse center.



