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EVALUATION OF INoWL 718j AGE3 RRDENABLE NIL-CmMIu ALLOY

ABSTRACT

Tests were conducted to investigate fabrication characteristics of
.048 inch and .250 inch thick Inconel 718. Evaluations were made in the
following areas: Foruability (Brake Forming, Uniform Elongation in eight
inches, and Guerin and Impact Rubber Forming, and Dimple Forming); Resistance
Welding, Fusion 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 .031 inch was attained when bending specimen perpendicular
to the rolling direction; a .047 inch minimum bend radius was obtained when
specimens were bent parallel to the rolling direction.

Guerin Rubber Forming and Impact Rubber Forming methods were used
to form .048 inch specimens on a stretch flange radius of 6.05 inches and
a shrink f.lange 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. Pickling 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 incorporated in a future evaluation of the welding characteristics
of Inconel 718.

PREPARED BY tz APPROVED BY '~A- fly
Test Engineer Sehtor Engineer, Materials and

Methods, Metallurgical Group

APPROVED BY ..... D , .Chi-ef, Structurei Laboratory laboratory Project Engineer
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1. ITRODUCTION

An investigation was conducted to determine the fabrication charac-
teristics of Inconel 718, a nickel base alloy. The following tests, were
authorized by TR 513-241.01:

(a) Weld patch test on .O48 inch sheet in both the annealed and
aged conditions. The annealed plate was aged after welding.

(b) Room temprature and 1200F mebhlcal properties of anuml
T10 welded .250 inch plate using Inconel 718, and tene'i
filler wires. Welding was performed on annealed stock which
was aged after welding.

(c) Lap shear test on resistance spot welded .048 Inch Inconel 718
sheet. Welding was conducted on material in the annealed
condition, and on material in the aged condition. The annealed
Iap shear specimens were aged after welding.

(d) Single spot tensile pull-out tests on .048 inch sheet speciman
resistance welded in the annealed condition and aged after
welding. Additional test veldments were fabricated for material
in the aged condition.

(e) Lap shear test on TIG spot-welded .0M inch Inconol 718 welded
in the annealed condition and aged after welding. Additional
test weldments were fabricated for material in the osed condition.

(f) Single spot tensile pull-out tests on .048 inch sheet specimens
TIG welded in the annealed condition tnd aged after welding.
Additional test weldments were fabricated for material in the
aged condition.

(g) Room temperature mechanical properties of putomatic TIG welded
.048 inch sheet using Rene'41 filler wire. The head travel
was 4 in/min. and the chill fingers were maintained at .8 inches
away from the weld bead. The test was 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.

(h) Minimum bend radius determination of .048 inch material on
longitudinal and transverse specimens in both the annealed and
in the aged conditions.

(I) Room temperature, longitudinal and transverse uniform elong-
ation properties of .048 inch specimens.

1 
3
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1. Tl'T0 MMolN (cont'd.)

(J) Dimpling characteristics of aged .048 inch material.

(k) Rubber forming characteristics of annealed .048 inch speci-
mens using the Guerin trapped rubber method in a hydxaulic
press, and impact forming using a drop hammer.

Inconel 718 is 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, which permits annealing and welding without the
danger of cracking caused by spontaneous hardening during heating and cooling,
International Nickel reports that Inconel 718 displays good ductility tn the
1200-14" temperature range with mechanical properties approximately 20 per-
cent greater than Inconel X up to 13007.

Testing was conducted by the aterials and Methods Group of the
Structures laboratory during the perio4 1 January 1962 through 7 July 1962.

2. DWRIRPTION 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 Products, Division of the International
Nickel Oompany. The vendor certifies the alloy composition of each sheet
as fonlows:

Sheet 1 - Heat No. Y8608 - .048" x 36" x 72"

Sheet 2 - Hest No. HT4960E - .250" x 24" x 241"

Chemical Analyoets

% 1g Weight
Sheet 1 Sheet 2

c .o-5 .64
Mn .28 .23
Fe 16.5 8 18.00
S .007 .007
Si .29 .30
Cu .05 .05
Ni 54.99 52.71
C, 18.49 19.08
Al .46 .35
T1 .95 .79
Me 2.87 3.01
Cb + Ta 4.96 5.341

MAC W11U (,tV I AU. 11)
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2. DS P'.I=T1ON 0? TEST ARTICLE (cont'd.)

The number of specimens required to satisfy the testing requirements
vere laid out on the respective sheets of stock material. The individual
.048 inch thick specimen test blanks were sheared from the sheet stock using
a production type Cincinnati shear, having a .0005 clearance gap between the
shear blade and shear table. 7he .-250 inch thick specimen blanks Vere re-
moved from the sheet stock by saving on a Do-All. The shearing operation
presented no problem as the edges of the specimen blanks cut cleanly. Saw-
ing the .250 inch thick material was time consuming.

Automatic TIG fusion butt welding was accomplished on .048 inch
thick material using .035 inch diameter Rene'4. filler wire. Manual TIG
fusion butt velding was accomplished on .250 inch thick material using both
.090 inch diameter Rene'41 and .090 inch diameter Inconel 718 filler wires.

3. HEAT TREAT SCHEDULE

Testing was to be accomplished on material in both the as-received
annealed condition and the as-received plus aged condition. A single aging
cycle was accomplished on all test material that required aging in the follow-
Ing manner:

(a) Heat in an air atmosphere furnace to 1325r.

(b) Hold at 1325- for eight hours.

(c) Furnace 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 accord-
ance with MAC P.S. 13155. After aging, the test material was cleaned by
pickling in the same manner as specified in P.S. 12050 for unaged Inconel X.

4. R"C T!24PHATURE 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 were
aged with the material described in section 3, page 5 , and were then test-
ed to determine the heat treat response of the material.

The tensile specimen'o dimensions conformed to Type F-2 per MAC

* Dwv. T-052306, The edges of each tensila specimen were polished in the gage

"A( 211U (NEW I AUG, 11
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4.1 Test Setup and Procedure (cont'd.)

length area to remove any machining imperfections that could affect text
results. Rockwell "C "scale hardness values were obtained for each speci-
men prior to conducting the tensile tests.

Testing was conducted In a Tatuall Test achine. The specimen
strain rate was controlled at .012 inc/inch/minute until the yield point
had been reached; the strain rate was then maintained at .030 inch/inch/
minute until the specimen failed. Values for ultimate tensile strength,
0.2% offset tensile yield strength, and percent elongation in two Inches
were recorded for each specimen.

4.2 Test Results

The room temperature mecan.cal properties of the heat treat response
specimens are listed below:

Specimen Hardness Ftfu Percent ilwtton

c I-) i)In.

1 47 173 201.5 20.5
2 47.5 172 201 21
3 47 172.5 201.5 21

Figure 1, page 221s a typical stress-strain curve plotted for the
heat treat response specimens.

Figure 2, page 23, illustrates the location of failure in each of

the control specimens.

4.3 Discussion of Test Results

M18-164 specifies the following mechanical properties for aged
Inconel 718, one-inch thick or less:

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

The mechanical properties of the control specimens exceed the
requirements specified in MM-164, and all material was deemed acceptable
for further evaluation tests.

MA( ?11Ui (,[V AW . 1I
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5. UNIFoR ELONATION TESTS

5.1 Test Seup and Procedure

Testing was conducted to determine the total elongation and the
uniform elongation of annealed .048 Inch thick Inconel T18. Three long.
itudinal and three transverse specimens were tested at 787. The uniform
elongation test specimen dimensions are listed in Figure 30 page 2.

The edges of each specimen were thoroughly polished with 2/0 grit
abrasive paper in the reduced section to minimise 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. Width and thickness measurements at one inch increments wer re-
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 testing.
Elongation measurements were made in one-inch increments along the specimen
gage length to determine the total specimen elongation. The elongation
measurements, in one-inch increments, ipproximately 6q~tvalent, tc one
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 was also determined.

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.

5.3 Discussion of Test Results

Total elongation and 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 (approximately 3%) than comparable longitudinal properties.

6. RUBBER FO iG] TEST

6.1 Test Setu and Procedure,

Tests were conducted to determine the effect of Guerin trapped rubber
and impact rubber forming methods on stretch and shrink flanges of ,048 inch
thick Ineonel 718 in the annealed condition.
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6.1 Test WU E a Procedure (cont'd)

Guerin trapped rubber forming tests were conducted in a 7000 ton
hydraulic press exerting a pressure of approximately 11,000 psi on the test
parts. Impact forming tests utilized a Cecostamp drop hmmer operating at
maximum striking pressure. An 18 inch diameter trapped rubber pad was used
during drop hamer 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 silicone
28 in x 45 in x 5 in thick.

Impact Forming - 65 - 70 durometer silicone
18 inch diameter x W' inches thich.

Test parts were formed with flaaW dova over a Kirksite, form block.
No 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 .048 inch material. Two 3/16 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 stretch flange
edge of all specimens we polished prior to forming. A grid patternp compos-
ed of squarem .1 inch on a side, was photographically applied to one side of
each specimen for visually detecting material flow after forming. All bends
were ua'e parallel to the final rolling direction of the material.

6.2 Test Results

The sequence of forming operations is listed in Table 3, pages 1, 18
and 19,~

The dimensions of all acceptable test parts after the rubber form-
ing operations are listed in Table i4, page 20.. Figures 4 through 7, pages 25
through 28, illustrate the configuration of the test parts after the rubber
forming operations.

6'3 Discussion of Test Results

Hydroforming annealed Inconel 718 In a 7000 ton hydropress using
hard lead overlays and soft lead strips, resulted in formed parts with approx-
imate production tolerances. A minimum amount of restriking and hand working
would be necessary to smooth out any deformities to produce -parts to production
tolerance.
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6.3 Discussion of Test Results (cont'd.)

Impact forming characteristics 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 and 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 parts is anticipated if
the hard lead overlay used during impact rubber forming were replaced by
soft "commercial y pure" lead overlays.

This investigation into the rubber forming characteristics of .048
inch thick annealed Inconel 718 indicates the alloy to be readily formable
using standard production rubber forming methods.

7. METALLOGRAPHIC EXAMINATION

7.1 Test SktuR and Procedure

A metallographic examination was conducted on fusion weldments and
resistance weldments 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 illustrate Intergranular attack of the base metal-and weld 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.
Figure 10, page 31, illustrates .048 inch thick Inconel 718 in the following
conditions:

(a) as-received mill annealed
b) 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 718 material resulted from the past-aging pickling operation.

The effects of pickling aged Inconel 718 per P.S. 12050 versus
time were determined using production facilities. Samples of aged Inconel
718 -Jere pickled in fifteen minute increments until a total time of two hours
had elapsed. The specimens were polished and etched and were examined at
250X for corrosion.

MAI %1 t,, r



MCDONNELL
DATE A __eptem er 1 -6 ST. LOUIS. MISSOURI PAGE 10

REPORT. A250
IEVESO T"0RATORY REPORT

REVISEo

FINA REPOMt7.1 Test Setup and Procedure (cont'd.)

The pickling procedure specified by P.S, 12050 was repeated on aged
Inconel 718 specimens using scaled-down laboratory facilities. The nitric-
hbdrofluoric pickling solution was prepared fresh and the total elapsed pickling
time was reduced to ninety minutes using fifteen 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 temperatmr6using still air and tap water. Speci-
mens representing both cooling media were pickled using the nitri-hdrofluoric
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 pickling procedure is listed in Technical Bulletin T-21
published by The International Nickel Ooapany, Incorporated for pickling high
nickel alloys:

Step I
Formula No. 7

Water 250cc
Sodium Hydroxide 66.6 gme.
Potassium Permanganate 16.75 gs.
Temperature 212F
Time 2 hours
Container Steel Tank

Step 2

Formula No. 10

Water 250cc
Nitric Acid (42°Be') 74cc
Hydrofluoric Acid (30*Be') 12.5w
Temperature 125F
Time 15 min. 50 min, 60 min.
Container POlyethylene beaker

Aged specimens of Inconel 718 were pickled for 15 minutes, 30 minutes
and 60 minutes, using the procedure outlined above. The pickled specimens
were 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:

?1( 11, (IWEV 1 11". All
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7.2 Test Results

Step 1

Turco Alkaline Rust Rewover 2 lbs/gallon
Temperature 2007
Time 20 rin.
Container Pyrex beaker

Step 2

Turco 4338 2 lbs/gallon
Temperature 200F
Time 60 min.
Container Pyrex beaker

Step 3

Water 53cc
Nitric Acid (42Be") 4 0cc
Nitradd (Turco 4104) 7cc
Temperature 78F
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 electrolytically, using a hydro-
chloric acid - 3% hydrogen peroxide electrolyte.

The photomicrographs in Figures 11 and 12, on pages 32and 31
illustrate the effects of pickling aged Inconel 718 using 1rodvtction
facilities per P.S. 12050 (HN0 -HF). Figures 13 and 1 4, pages 34 and 35,
illustrate the effects of pickling aged Inconel 718 per P.S. 12050 (HN03-HrF)
using laboratory facilities. The photomicrographs in Figure 15, page 34,
indicates the Intergranular attack when Inconel 718 was pickled per P.S. 12050
(HN O-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
(HNOi-HF) after being re-annealdd and water quenched. Figure 17, page 38
illustrates the effect of ickling aged Inconel 718 using te brocess out-
lined by The International Nickel Company. The results of pickling aged
Inconel 718 using the three step procedure outlined above are presented
in Figure 18, page 59.

7. Discussion of Test Results

The nitric acid-nitradd pickling solution appears to acceptably
pickle aged Inconel 718 with little evidence of intergranular attack after

30 minutes. AU of tho other pickling solutions vhich were Investigated

resulted in noticeable intergranular attack in aged. Inconel 718 after 15
minutes pickling duration
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7.3 Discussion of Test Results(cont'd.)

Intergranular attack was prevalent In the annealed Inconel 718 speci-
mens which were pickled per P.S. 12050 using a nitric-hydrofluoric acid solution.

It is suggested that additional pickling evaluation tests be conduct-
ed using the nitric scid-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 718 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 necessitatm 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 welded lap shear test
f) TIG spot welded cross tension test.
g) bend radius test on aged material.
h) dimple forming test.
i) mechanical properties of automatic TbG welded .048 inch

sheet varying the welding head travel and chill spacing.

Test results of the aged test specimens will be reported for an
addendum test request after an acceptable post-aging pickling procedure is
established.

8. MINIMUM BFND RADIUS

8.1 Test Setup and Procedure

Tests were conducted to determine the minimum bend radius for .048
inch thick Inconel 718 in the annealed condition.

Twelve test specimens measuring 1.0 in x 2.5 in. were sheared with
the final rolling direction parallel to the 1.0 inch aide and twelve were
fabricated with the grain direction perpendicular to the 1.0 inch aide. The
effects of shearing were removed from the 2.5 inch side 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. Figur .19, page O, illustrates the bend
radius test tool that was used to form the bends. The specimens were bent

with the bend axis parallel to the 2.5 inch side. The die throat opening of

MA( J1P V11 A. 4Uo 14
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8.1 Test Setup and Procedure (cont'd.)

the test tool was adjusted to be equal to twice the radius of the mandrel
plus two and one-half times the test specimen thickness. The radios of
the male die was progressively increased until three specimens could be bent
through 130* without evidence of failure in the bend area. After each speci-
men was bent, it was 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 specimens which were acceptably
bent around the smallest radius bend mandrel.

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

8.2 Test 1esults

Table 5, page 21, lists the bend radius test results for the annealed
Inconel 718 material.

8.3 Discussion of Test Results

Bending specimens around 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 measured 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 718 used
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
ease with which annealed 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.S. 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 pickling purposes. Dimple forming characteristics of
of the alloy will aso be investigated.
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LIST OF EQUI ENT AND I1UtKEMTS

Equipment and instruments used in this test are listed below. Applic-
able calibtation records are available for inspection.

Item Manufacturer and Model Number Serial or Laboratory Number

Universal Tensile Tatnall 150,000 lb MAC 35627
Test Machine S/N U-112-hR

Niagra Press Brake Niagra Machine and Tool Co. USN 890097

Model 150-6-8

Metallogr,%ph Bausch and Lomb Optical USN912444
Serial No. JE04

Drop Hammer Chambersburg USN 701591
Ceco Stamp

Hydropress Hydraulic Press Mfg. Co. USN 804168

7000 ton capacity Mt. Gilead, Ohio

Bend Radius Test Tool Mfg. at MAC T-041122

Hardness Tester Clark Instrument Inc. USN 92833
Model CW6A

REFERENCES

1. MAC P.S. 12050 Pickling

2. MAC laboratory Engr. Dwg. T-052306 Specimens - Mechanical Properties

3. mmS-164 Nickel Alloy,heet Strip, and Plate
(Inconel 718)

4. Technical Bulletin Pickling High Nickel Alloys
T-21 Huntington Alloy Products Div.

International Nickel Company, Inc.

5. MAC P.S. 13155 Protective Coating for Steel and
Titanium during heat treatment.

6. Certificate of Chemical Analysis Huntington Alloy Products Div.

(Inco Order 579c 6861) The International Nickel Co. Inc.
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FORKNG SEQUMIE

KA'M : INCOKE 718

biHt TfficawB~: o48 INCH

Sp eratin Remarks

7000 Ton Iydropress 1.40 stretch flange
.86 shrink flange

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

2 7000 ton Hydropress 1.40 stretch flange
*1/2 inch hard lead .86 shrink flange

overlay with 3 soft lead(l) One slight wrinkle in shrink

straps flange, slight web warpege.

3 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 web
at shrink flange ends# slight
web varpage.

4 7000 ton Flropress 1.40 stretch flange
*1/2 inch hard lead over- .86 shrink flange
lay with 5 soft lead straps (i)No wrinkles in either flange,

slight web warpage

Al 7000 ton Hydropresa 1.60 stretch 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)Slight wrinkles 1 inch long
in web at both ends of shrink
flange, slight wrinkling at
center of shrink flange,
some web warpage.

A2 7000 ton Hydropress 1.60 stretch flange

same as Al except lead 1.06 shrink flange
strips placed at (I)Wrinkles are smller
wrinkled areas in Al (2)Lead strip curled under stretch

flange at middle and bent it

slightly.
(5)Slight wrinkles in web 1/2

inch long at ends of shrink
flange.

_______________ I _____________ _______________________________________________________
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TAMLE 3 (cont'd.)

ec. n. Operation Remarks

A3 7000 ton Hydropress 1.60 stretch flange
Same as Al except 1.06 shrink flange
lead strips cut shorter (1) Stretch flange not completel,

formed and bent out slightly
in center of bottom edge.

(2) Sfall wrinkles remain at
ends of shrink flange.

(3) Slight web vrpage

B1 Impact rubber formed 1.40 stretch flange
*1/2 inch hard lead .860 shrink flange
overlay (1) Slight web varpage

(2) Slight wrinkling of shrink
flange, slight wrinkling
at ends of stretch flange.

B2 Impact rubber formed 1.40 stretch flange
same as B1 .860 shrink flange

1) Slight web werpage
Restrike 2 times without 2) Small wrinkles still present
overlay to eliminate in shrink flange.
wrinkles

A4 Impact rubber formed 1.60 stretch flange
*1/2 inch hard lead o';arlay 1.06 shrink flange

(1) Slight web warpage(1) Wrinkles worked lightly with (2) Wrinkles not completely re-
mallet moved from shrink flange.

(2) Restrike with rubber pad (3) Small wrinkle present at
( 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 ±l.- : (1) Slight web varpage
(2) Restrike without overlay (2) Small wrinkles present in

shrink flange.
(3) Slight Warpage at one end

of stretch flange.

94( 1 8 1 13 A.. 
.

41
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TABLE 3 (cont'd.)

spec. No. Operation Revarks

A6 IUlact rubber formed 1.60 stretch flange
*I/2 inch hard lead overlay 1.06 shrink flange

(I) ncued heavy shrink flange (1) Slight wrinkles not
wrinkles 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.

MA( 234W 01rV + AU6 6*1
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TITLE Evaluation of Inconel 718, Age Hardenable Nickel-

chfomium Alloy

•LABORATORY OR DEPT. RESPONSIBLE FOR TFST jjMODEL

TEST PARTS ON IBM ON TPL NO.- APL/EPI

PRODUCTION PARTS FOR TEST NOT REQUIRED [ None

WORK REQUESTED

SOBJECTIVE (GIVE PURPOSE OF TEST, WORK AND DATA REQUIRED,

INCLUDING SERVICE HISTORY ANDI BACKGROUND INFORMATION)

1,0 OBJECT

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

2.0 JUSTI 1?ICATION ------'

IReult.- or the te.ting which ham been completed in
Phase I ,uitify th. continuation of this program.

3.0 WORK TO BE PErMFORNED

Work to b" performed under thii,, addendum to TR. 13-
241. will he aq ,tated in page 3 of the basic TR. am
Phase 1I and III:

Phase II

3.1.1 .3 Weld Patch Te.:st
.1 .2,. Ten.ile Proporti'.!, Ilanual TIG Fusion Welded

i ~l ] tc

2.1 Lp pShcL;r, lieintarice Spot 'eld
" 2° T ri Pull -Out, ltfri taicH Spot 'Auld

S 3,3.]. Lap Shuar, Ti0 Spot Weld
1.3,2 TunsilE Pull-Out, TI(0 Spot Weld

Phan. Ill

La Deltc (Work rompn ted under Pha!e I)
14.2 Uni form El]onation
4 • 3 jimpli ng
11.h Rubbcr Forming

REFERENCES OR ENCLOSUREC

?." L7) TI{ p r -7 - r ) AL
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