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SUMMARY OR ABSTRACT

1 89/3

The primary objective of this investigation was to determine the capabilities
of age forming 2219-T37 aluminum to a compound curved form in the configuration
as represented by the Saturn S-1C Bulkhead Center Piece. The geometric shape
of the part is a segment of an ellipsoidal shell,

' The fact that the shell segment was located at the Y axis pole and of very small
curvature compared to the full ellipsoid permitted substitution of a spherical
form as the test configuration.

A fixture was designed and fabricated with interchangeable die and punch inserts
so that variables of thickness and depth of curvature could be investigated,
using one aging fixture. Age formed test parts were measured to establish amount
of curvature retention, effect of grain direction, and growth of the alloy.

The data was analyzed and evaluated to obtain practical parameters which were
used to design and fabricate tooling to age form sculptured blanks having a
predetermined form after age forming.

Four important conclusions were obtained:

‘ 1. The age forming of compound contoured configuration proved feasible
and repetitive for consistent manufacturing capability. Three
sculptured centerpieces were age formed within tolerances set
forth in MSFC Dwg. MRET=-SK-71k4.

2, The percent of retention varies with thickness,
3. The percent of retention is greater in the longitudinal grain
direction than In the transverse grain direction and varies at

the same rate with respect to material thickness.

4, Material growth occurs in all directions and varies to a limited
extent with grain direction and thickness,
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FOREWORD

This final technical report covers the work performed from
June 26, 1965, through December 22, 1964, under George C.
Marshall Space Flight Center Contract NAS 8-11717 dated
June 25, 1964,

This contract was conducted by The Boeing Company, Airplane
Division -~ Wichita Branch. The work was performed under the
direction of Virgil Gerstner (Manager) and R. E, Layton (Unit
Chief, Tooling-Metalworking-Metallurgy) Manufacturing Develop-
ment Section, by Robert W, Lightstone, Project Engineer.

The contract was initiated by Program R&D Branch of Marshall
Space Flight Center and was administered by C. H., Maroney,
Technical Representative, and L. A, Bowers, Alternate, Indus-

' trial Support Branch, Manufacturing Engineering Laboratory.
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SCOPE OF WORK

Contract NAS 8-11717 was initiated to determine the feasibility of age forming
double contoured parts to a configuration as represented by the $S~1C Bulkhead
Center Plece as shown on MSFC Sketch MRET-SK-714 dated March 27, 1964, and
revised July 30, 1964, Appendix Figure 1, and to resolve problems associated
with this operation. : - '

The work Included design and fabricatton of a tool In which 2219 aluminum alloy
in T37 condition could be age formed to the T87 condition. The tool was to be
of sufficient strength and durabllity to hold the blanks to a predetermined
shape during the aging process and to accommodate thermal expansion and ex-
pected material growth. The one tooling fixture was to be suitable for age
forming parts of various constant thickness in two different contours and

also to age form the MRET-SK=-714 sculptured parts by the use of removable

die and punch holding inserts.

The scope of the work covered forming of 2219-T37 aluminum alloy blanks of a

55" diameter In constant thickness of .250', ,500'", and .900' to a basic con-

tour of EE_I_%!E = ] and in the same thicknesses to a .650' symetrical overform

of the basic equation. Three test parts of each thickness and of each contour
‘ were to be age formed. Three parts, from presculptured blanks per MSFC Sketch

MRET=-SK=714, were to be age formed in a holding die and punch adjusted to compen-

sate for parameter variables determined from test forming as follows:

|

1. The effect of blank thickness on the formed part. |

2. The relationship of depth of forming to final contour of the part.

3. The effect of sculptured pattern on the contour.

4, The effect of direction of rolling of blank on final contour.

® 4 : . SOEING|NO. wis 8-11717
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WORK PERFORMED

Antroduction

The Boeing Company - Wichita Branch developed the original technique for age
forming contours into single curvature circumferential radli type configura-
tions. This ''age forming' process has the unique capability of forming age
hardenable alloys without working in the plastic range or exceeding the yield
point of the material.

The parameters for manufacturing of single curve configurations have been well
established and are being used in production. However, preliminary research
has indicated that in the age forming of compound contoured parts the grain
direction as produced by the rolling process used in sheet and plate manufac-
ture would produce variations in curvature directly related to the grain
direction.

The effort under this contract was to determine the feasibility of age forming
compound contours., The approach was to test age form a sufficient number of
compound contoured parts to determine and evaluate the characteristics which
could be used to establish the compound contour age forming parameters for

aluminum alloy 2219-T37.

Test Program

The test program was set up to age form a series of 2219-T37 aluminum
panels as follows:

1. Three .250'" thick, three .500" thick, and three ,900' thick 55"

' diam. blanks age-formed to a segment gf an ellipsoid described
by the rotation of an eilipse X ];ég =1 from X = =27.5 to X =
27.5 about the Y axis.

2, Three .250" thick, three .500" thick, and three ,900" thick 55"
dia. blanks age formed w}th a .650' symetrical overform of the

3. Three blanks sculptured to produce a part to conform with the S-1C
Center Piece as called for, by MSFC Dwg. MR&T-SK-714 (Appendix Fig. 1).

Measurements were made of the age formed constant thickness part to determine
the radius of curvature, with and across the grain direction, and material
growth resulting from the aging forming process. The measured data was
analyzed to set up parameters to be used to compensate for springback and
material growth in the age forming of the sculptured parts.
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REV SYM: -

Test Parts and Tooling Confiquration

The constant thickness test blanks were machined both sides to the required
thickness and were cut to a diameter of 55.099' +,125/-.000 inches. Light
scribe lines were made on one surface, consisting of four diametrical lines,
indexed to the grain direction, and five concentric circles were scribed with
S=inch to 25-inch radii in 5-inch increments and one circle with a radius of
27.549 inches.(See Appendix Figure 2). This gridding was used to locate
measuring points. The blanks were age formed so that the grid appeared on
the convex surface of the part.

Mechanical properties of the test part material in T37 condition were deter-
mined by laboratory tests on sample coupons from part trim. Test coupons were
cut from one constant thickness part in each thickness after the age forming
process to provde mechanical property data for the T87 condition. Results of

. these tests are found in Appendices C and D.

The aging fixture MIT-RSC-MRET-SK-714 was designed in a.two-plece octagonal
box shape with radial internal reinforced structure. Each sectionpiece sup-
ported a removable die or punch insert. Eight slotted latches were used to
lock the fixture under pressure during the aging process (Appendix Figure 12).
The structure was stress calculated for a closing and holding load of 152,000
1b. (Appendix E).

Welded 6061-T6 aluminum was used throughout the structure in order to maintain
equal thermal expansion rates in the fixture and the test parts. The die and
punch . inserts used with the sculptured parts were fabricated from kirksite in
order to permit an economy in the technique used to obtain the desired punch
and die configuration. Production inserts of cast aluminum are equally feasible.

The die and punches used to hold the constant thickness test parts were shaped
to conform in cross-section to the section of a circle with the equation of

53_2;13 = 1, This configuration does not vary from the ellipse equation

279.2832 .
73.283 X2 + 2v2 _ | more than .002 inch over the interval of X = =27.5 to

198 X = 27.5 and permitted conventional machining

operations (Appendix B).

The .650" symmetrical overform was established by adding a percentage of the
total overform to the vertical distance from a horizontal line, through the
pole of the arc, to any point on the arc at the same rate as the ratio as
this distance was to the total chord height (Appendix A).
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{
Test Procedure i
i

The test parts were age formed by placing the flat blanks between the punch
and die inserts and closing the fixture in a hydraulic press. The fixture
was then locked in a closed position by driving wedges in the slotted latches
while under pressure of 152,000 Ib. The aging fixture was then transferred
to a heat treating oven where the test part was aged for twenty-four hours

at a temperature of 325°F, #10°F, This heat treating process transformed the
aluminum part from 2219-T37 to a T87 condition. The furnace used for the
aging process was a conventional furnace which is certified for temperature
uniformity, etc., per established quality control procedures. Certification
data is on file in the Quality Control Department of Boeing-Wichita.

After cooling to a maximum of 125°F, the part was removed from the fixture
and the chord height at 1' intervals of the chord length were measured along
each of the diametrical scribed lines. The increase in surface length over
the diametrical length of each concentric scribed circle was measured to
determine material growth, Materlal thickness growth measurements were
made on selected test parts in each thickness,

The measurements of the test parts were made with the part supported on a 10"
diameter rubber disc at the center of the concave side. This method gave a
near free standing part and eliminated distortion induced by the part weight
and irregularities when supported on the edge, or in a fixture (Appendix
Figures 13 & 14), Material growth was measured by a scale with .010" divi-
sions and estimated to the nearest 005“ Thickness growth was measured by
micrometer and by Vidigaging.

Test Part No. 6 was age formed with an eight-inch diameter center cut-out in
order to observe the effect on growth and springback. One test part in each
thickness and each fixture curvature was subjected to closing and then open-
ing of the fixture after which it was measured to determine presence of any
permanent set. No permanent deformation was incurred in any of the test
parts.

Two of the sculptured parts MRET-SK-714 Nos. | & 2 were age formed without
the center 8' dia. hole to permit observation of consistency with constant
thickness parts (Flgures 16 and 17). Part MRET-SK-714 No. 3 was age-formed
with the 8' dia. center hole. Also an 8" diameter hole was machined in the
MRET-SK-714 No. 1 part after age forming and measuring to determine effects
of the center cut-out.

SOEING|NO. NS 8-11717
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EVALUATION OF RESULTS

Material

Aluminum Alloy 2219 in T37 condition was the material used for the test
blanks. The age forming operation of heat treating at 325°F. for a period

} of 24 hours produced the T87 condition in the age formed part. Analysis of
the mechanical properties of the material used in this investigation is
shown by Appendices C and D,

A comparison with the standard minimum average tensile yield and ultimate
strength reveals that age forming produces no detrimental effects on the
material strength, in fact there is an indication of a slight increase in
mechanical properties,

General Considerations

The most important paramefer effecting the ability to age form to a r$qulred
configuration is the amount of overform that will be required in the dging fix~

P . ture to overcome the inability of the material to retain the full conéiguration

of the fixture. The segment of an approximate spherical shell shape of the S-1C
polar cap places the spherical radii as the basic measurement for data accumula-
tion and evaluation. The data assembled from work sheets (Appendix F) showed

that in the compound contour of the test shape, the retention of radii in the
longitudinal grain direction were greater than the retention of radii !in the
transverse grain direction. The radius of the developed part was calculated
by measuring the chord height along lines parallel to the gEain agd perpendi-
. . R . + CL
cular to the grain direction and using the equation R = ~8H where CH =
chord height, CL = chord length, and R = radius.. The percent of reteJtion was .
based on the residuag strain in the part as calculated from the equa%ion,
percent retentioﬁ = EE X 100, with S = calculated from strain (S) = 2R where
T = thickness ant the subscripts 'p'' and ''f'' represent the developed part
and the fixture respectively,

A graph was prebared (Figure 3) using the fixture radius as the ordinate and
the developed radius as the abscissa. The average of the radii in the trans-
verse and in the logitudinal grain direction for each material thickness for

| - | SoEINE|NO. WS 811717
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the two fixture radii were used to establish the points on the graph. Several
important parameters were shown by the graph. The rate of change in the ratio
of the Rp to Rf for longitudinal grain direction decreases slightly as the
thickness increases. The rate of change in the transverse grain direction

did not vary consistently as the thickness varied; the .250' and .900'" thick-
ness rates of change are similar while the value of change of the .500'" thick-
ness increases with increase of radius. The surface growth also is found to
increase with increase in material thickness (Figure 4). This is understood

because of the relationship between S & T in the equation § = %%. Material
thickness also increases during the age forming process. This factor was

used to calculate a blank size,

To achieve the final objective of the project, the forming of the sculptured
part of various thickness to a spherical shape, corrective measures were re-
quired to provide for the material growth and for the difference in the amount
of corrective retention in the transverse grain direction and in the longitudi=
nal direction. The growth factor was compensated for by re-dimensioning the

part blank as shown in Figure 5.

‘ The adjustment for the differences in percent of curvature retention require
a fixture having a surface configuration produced by the trace of an arc
rotated about its pole, with:the radius cycling from a maximum to a minimum
and back to a maximum during 180° of rotation.

Looking toward the production future of age forming as well as the direct
fabrication of the MRET-SK-714 test specimens, alternate methods were con-
sidered. A method was sought that could avoid the initial preparations for
numerical control machining or could avoid the numerous coordinated template-

type hand-formed fixture approach,

A unique and novel method was developed by which the desired configuration
could be fabricated using only conventional machines and manufacturing
techniques and requiring a nominal manhour expenditure.

® BOEINE|NO, NAS 8-11717
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" This tooling concept was developed as follows:

1. Using the Fixture Radius / Developed Part Radius Graph (Figure 3)
it was found that to produce a developed radius of 279,238'' (MR&T-
SK=714 spherical radius) the fixture would require 238" radius in
the part longitudinal direction and 206" radius in the part ¢rans-
verse direction.,.

2, Using the graph again and using the 238' radius in the transverse
direction and 206' R in the longitudinal direction the fixture
radius is determined as 181",

3. A die and punch fixture was then machined to the 181' spherical -
radius and a blank called the ReD Master was age formed (Figure 15).
The radii of the ReD Master was 238' and 206' as required and anti-
pated (Figure 15).

4, Plasterpatterns were made of the convex side and of the concave side
of the RED Master, Grain direction was indexed on the patterns
(Figures 18 thru 21).

5. In turn the plaster patterns were used to cast a kirksite die and
punch set for the aging fixture. The grain indexing was maintained
on the kirksite punch and die set. ’

6. The MRET-SK-714 sculptured part was then placed in the aging fixture
but with the part grain direction rotated 90° from that of the die
and punch. This operation was required to adjust for the grain
reversal occurring between Steps 2 and 3 above.

7. Age forming of the part clamped in the fixture produced the required
279.3" spherical radius part within tolerance requirement.

Parts MReT-SK-714 No. 1 and No. 2 were age formed from sculptured blanks with-
out the 8'' diameter center cut-out. Part MRET-SK-714 No. 3 blank was machined
with the 8'" dia. cut-out prior to age forming with the exception of the 8"
center diameter of the Parts No. | & No. 2. All three parts were very close
to the required basic contour and all within the .060" deviation allowance.
The rate of change did not exceed the .050" in 10" in any part with the ex-
ception of a local area within the 8' center area of Parts No. | & No. 2
(Appendix Figures 6 thru 11).

There is a slight turn up on the edge of the parts and an underform in the
center 8'" dia. area on all parts. This condition was expected as the forming
parameters were selected on the basis of an average thickness, Complete cor-
rections could have been accomplished by selecting separate radii for each

BaEINEG|NO. NAs 8-11717
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different thickness and machining the punch with the multiple radii
configuration.

Conclusions

1. The effect of grain direction and material thickness is consistent and
can be predicted from tables established with accuracy sufficient for normal
. tolerance requirements.

2. The effects of sculpturing in a symmetrical pattern can be predicted and
balanced by adjustments in the holding fixture design.

3. The age fbrming of double contoured configuration in the form of a symme-
trical shell segment is feasible and within the normal manufacturing capa-
bilities.

4. By taking advantage of the effects of grain direction upon age formed
contours an economical two-stage method of tool fabrication was developed
that will reduce production tool and part fabrication costs and use con-
ventional machines (See Page 10).

. Recommendat ions

1. It is recommended that further research be done on compound contoured
symmetrical shell configurations. The contours should not be so near spherical
but should have a shorter distance between foci and also have greater eccen-
tricity. ‘ :

2. An investigafion to determine the parameters of various age hardenable
metal alloys should be conducted in single and compound contoured configura-
tions. Included should be the fusion weldable aluminum alloys 7002,7039,5X7106.

3. A wider selection of material thickness age formed in a more than one
degree of overform should be studied.

4. It is further recommended that the nature of residual stresses in both

surfaces of the age formed parts be investigated and compared with similar
stresses developed by conventional forming.
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Empirical Method for Symetrical Overform

¢ x2 + 2vy2
1982

The X Axis of the Ellipse

FIG. 1  Translation of Ellipse
x2 + 2Y2
1982

=1 is translated to

coiﬁcide with the Chord 6f the Curve at X = 27.5

At X = 27.5

2

v - 198° - 27.5

Y = 138.650

" Translating the Curve Equation becomes

Y +138.650 = T\

2 .
Y -#19_8_2_-_L2 - 138.650
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[ APPENDIX A ‘
. Proj. 28.43
(N 8-11717)

% Page Zof 2
.

v
0'B = Total Chord Height {X=0) = 2%;2& - 138.650
0'8 = 1.357 (1)
For Point P 0'A = 20‘; . 138.650 (2)
Chord Height of Chord Thru P' = AB = 0'B - 0'a.
The Empirical Deviﬁed for Symetrical Overform is to Add to the
Chord Height (AB) at any Pbint P' the same percent of Maximum Overform
K as the percent of the Chord Height (AB) at that point is to the Total
Chord Height (0'B). |
.
The Empirical Equation for the above becomes Total Overform Chord Héight
(At X)) :
n 0's - 0'A . ,
L, = K [——67——8]4-0 8 .-.O_A.
Substituting Equations (v, (2)
. 2
L, = K |1.357 - ( 392?f3' X2 - 138.650) | + 1.357 - (P22%=Xa - 138.650)
1.357
Fo20h - x2 - 2
I T E357 - (i-———nswz‘ X - 138.65031 +1.357 - (P22 =Xa - 138.650)
’ . _ y2 .
Ly = gy + 1) (1%0.007 - v_3_930_12&_1,,) R
. —
For K =.650 Lp = 1.479 (140.007 - 3-9-23‘2‘——-—’53)
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. - ; APPENDIX B -
. - - . Proj. 28,43

o i {NAS 8-11717)
’ - - Page 1 of .1 .
) Variati 1’Ell'se_x2'—_"‘+2Y2 1 and Circl _'XZ+T'—'2 -1 from
i = = -
.> v ariations o P 1982 an ircle 279.7382 1 from v
4 X = -27.5 to 27.5
/—/'_—-——.f\ ¥ L?z o, .
.”‘_// 5 \\\'\ Dg /”——‘-‘ - ‘S ‘?19 za’) *’_
— ! S - \ Oc
P i o . [
1{-21.5,13%6%0) " lens,m.‘so} R £21%,277.879) R (275, 277.219)
!
Ellipse Circle
Dp = 140.007 - m;}_—_x}, D, = 279.238 - 7]279.2382 - x2
% De L
- 0 0 0
. | 002 .002
-2 007 .007
3 .016 .016
4 .029 .029
5 .043 . 043
' 6 .065 ~.065
. 7 .088 .088
8 .15 14
9 .45 145
10 179 179
11 .217 217
12 .258 258
13 .303 302
14 .351 350
15 .403 402
16 460 458
17 .518 517
18 .582 581
19 647 646
20 V7 716
2] .791 790
22 .869 867
23 .949 .948
24 1.033 1.032
25 1.122 1.121
26 1.213 1.213
27 1.309 1.308
27.5 1.359 1.357
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WICHITA L KANSAS ' ; Page | of 2 |
‘ A w_.__,Q‘_j
@ QUALITY CONTROL LABORATORY REPORT Q 28682 |
Dote B=27-54 Submitted by. 3070 - R, Layton Prepared by, 3070 - R, Lightstone 3L52
, "~ DEr. No. INSP. OR SHOP SUPY, iy Dert. No. NAME . HONE
Description: RN Port No M2 & T-SK-T1  p ¢ Quontity Recd_______ |
‘ Materiol_______ 2219=T37 Alumirum Vendor :
oo, of Samples__ 30 No. of Pieces_30 Spec. No_Feds Tole 151 oy, 103070 = Hlavton ___loe
] . : DEFT. NO, Namg :
S 3070 - RLightstone lcc|
information Requested____Tensile tes:t, ultinate strencth, yield, USAF - Chiel,Q.C. lecc
elongation, &nd reduction in area, ‘
l The 2219-T37 specimens were tensile tested with results as follows ' » ]
¢ | YIELD  ULTIMATE YT.LD TENSILE - REDUCTION
SaPLE AREA L0AD LOAD STPENGTH  STRENGTH ELONG, 1IN ARE4
TUMPZR DTMEWSIONS s¢. IN, LB, 1B, PSI P31 s g
.130-5812 : ' o .
11 0.5CLLk x 0.2520 0,127 5,870 7,220 . 16,200 . 56,800 19 2.9
L2 0.50L8 x-c,251L C,1269 . 6,050 7,290 7,700 © 57,L00 19 . 38.1
L3 0.5038 x 0,2507 0.1263 5,880 7,230 L6,600 . 57,200 .19 .1
Tl 0.5053 x C.2522 (C.127L 5,370 7,340 42,100 57,600 17 37.2
T2 0.5C11 x C.2520 00,1270 5,35 7,280 L2,100 57,300 16 35.0
T3 - 0,5029 x 2,252L  (0.1269 5,220  7,2L0 11,100 57,100 18 - 38,5
13-1903 a | - - |
11 0.5CLC x C,5010 0.2525 12,020 14,200 L7,6C0 56,200 . 21 - Lo.2
L2 0.5020 x 7,L966 c.,250L, 12,360 1L,520 19,100 ' 58,000 22 L5.3
L2 0.5028 x c.50Ck C.251%6 11,980 13,980 L7,600 55,600 22 10.0
ik 0.5032 x £.50C3 C.2518 12,500 1L,560 L9,600 57,800 23 5.6
| . 0.5028 x-£.5011 0,2520  10,3L0 14,200 11,000 56, 300 2 | La
T2 0.5031 x ©.5008 0,2520 10,800 1L,60C 12,500 57,900 2 36.5
13-150k S ‘ S |
11 0.5050 x C.L,986 0,2518 11,360 1L,360 47,100 © 57,800 21 38,8
L2 0.5032 x C.L997 C,2514 12,120 - 1L,260 48,200 56,700 23 42,3
13 0.502L x 02,5002 £.2513 11,500 1kL,280 k6,200 - 56,800 22 L2.3
Lk 0.5030 x 0,500k 0.2517 12,160 1,300 118,300 56,800 - 21 38,4
T1 0.5038 x 0,501 0,2528 10,660 -1L,720 L2,20C 58,200 22 37.5
T2 . 0.503L x 0,4978° 0.2506 10,920 1L,720 43,600 58,700 20 3%9.7
o | - Continued -




. | | | [ APENDIX € 4
_i

: . - | Proj. 28.43
L. - ~ | | (NAS'8-11717) -
: _ o Page 2 of 2 f
| 4, ;
 YIELD ULTIMATE YIELD TENSILE - REDUCTION
| SAMPLE ' AREA LOAD LOAD STRENGTH STRENGTH ELONG, 1IN AREA
. NUMBER DIMENSIONS SQe IN. LB, 1B, PSI PSI % 2
181-113 _ : .
1l 0.5065 0.2015 9,280 ~ 11,250 k6,190 55,800 20 L3.5
| L2 0.5078 - .0,2025 9,290 11,330 k5,900 56,000 21 Lis.2
L3 0.527% 0,2026 9,250 11,320 15,800 55,900 22 LkL.2
T1 0,5073 0.2021 8,330 11,520 11,200 57,000 17 32,8
i T2~ 0,5059 0.2010  £,240  11,L0O L1,200 - 56,700 18 3.9
! T2 0.5042 . 0,1596 £,130 11,250 Lo,700 - 56,900 18 35.8
181-11L
11 0.5071 0.2020 9,>63 11,520 L7,300 57,000 20 Lo.L
L2 0.5039 0,159% 9,4,0 11,3L0 L7,3c0 56,900 20 42,0
TT - ©,5032 20,1589 5,30 11,5L0 k1,500 - 58,000 18 345
T2 0.5051 - 0.200L E,Soo 11,710 L2,Lo0 58,L00 15 23,5
T3 Co50LS 042020 ,,37“ 11,6L0 11,900 58,200 17 3ue5
) ™

, The samples were destroyed in testing and the remnants disposed of as scrap.

/

o o . ; . o -7 Gl"‘ nel ‘_,; ned b),
Prepared by_ 4, Shapley Approved by 0.R. Borngesser PAUL C. 1ii3Ex




' —_— : APPENDIX D .
| W 4% W RED ™E B@E[/‘lacouw ‘ : Proj. 28.43

AIRPLANE DIVISION - WICHITA BRANCH : (NAS 8-1]7\7)
WICHITA. KANSAS 67210 " Page 1 of 1

H
1
-.‘.—--‘—- -

o QUALITY CONTROL LABORATORY REPORT Q 3':671*'““

Dote_12=10=0li  Submitted by__BQZ_Q_B._Ig"ﬁg.mwm Prepared MJ_ZQ_&_I&M__}LSL
Description: R. Part No : L0 : . Quontity Ree’'d __________
Material 2219-787 Vendor__

No.'s.m,l.. 3 No. of Pleces—3 Spec. No cepnnnW«

) . USAF = Chief,Q.O. lcc
Information Requested___Flease make check in lonpitudinal and transverse _ :
grain direction, for mechanical properties on yield
strength, ultimate tensile strength, percent elmgaﬁ.m.

Samples may be destroyed, return remnants.

BJW:mm

— = — ———
Sample Nos. -3 Part I  All F2 Samples - }/l* Plate
131-903=7 Part II A1l R3 Samples = 1/2% Flate .
" 181-114-13 Part III A1l Rl Samples - 3/h= Flate .-
Test results were as shown by the following datas . L
' YIELD ULTIMATE YIEILD . TENSILE
.xm: ~ AREA LOAD LOAD STRENGTH STRENGTH ELONG.
NUMEER DIMENSIONS Q. IN. 1B, 1B. PSI PSI - £
I-1-1  0.5053 x 0.2577 0.1302 7,250 8,750 55,700 67,200 12
1-1-2  0,5048 x 0,2590 0,1307 75250 8,770 55,500 . 67,100 12
T-1-1  0.,5052 x 0,2575 0.1301 7,210 8,770 55,400 67,hoo 12
T-1-2 0,50l x 0.2570 0.1289 - 7,160 8,680 55,500 67,300 1
1-2=1 0,251 0.0507 2,880 3,190 56,800 68, 800 12
1-2=2  0,25L0 0.0507 2,840 3,10 56,000 67,800 12
T-2-1 - 0,2535 0,0505 2,850 3,470 56,100 68,700 n
. Te2=2  0,2542 0.0508 2,850 3,470 56,100 68,300 n
1-3-1  0,5100 0.2043 11,660  1k,320 57,100 70,100 12
1-3-2  0.5111 0.2051 - n,'lho 1,500 57,200 70,200 12
T-3=1  0,5095 0.,2039 11,580 14,320 56,800 70,200 1]:1L

Te3-2  0,5080 0,2027 11,520  1h,260 56,800 70,1400

W by | B.J, Wade X/ Q"I./ 1[.//(_’-1",“,‘ by. | O.R. fomgesser :



|1®

|

APPENDIX E .

45

w o (04 | . 3
Bt L300+ ( S

, (NAS 8-11717
FIND DeFLEcrioN Dus ToO Page 1 of 5

STRESS «t CENTER = 43 00Q ‘psL;(ViELD P or&._’EIQTAL)
.238 , 4. i?.]*-
+ .29 ( t)

| - :
N0t 2 (10.\,40")( .9)‘ [\'.2 38 - y 294
27.5)* H- 36( -9) | %'*) }
o= .41392 + 244 3—4‘?\ -0

\)'= - + ‘b’-—dcgc_

2a :
on ))r + \-60 W,

Foarte wWivtw WHicd MAT'L REACTS AGA\VST CLAMP\NG =

w215 _ 4 /. O) + . 37!.(
(/D.L'/o“)(.‘i)f’ t3{(l- 3(»)(

TovaL Loads= ISZ, OOO l\a

Momen+ or /Uetz-rm WECESSANY To wiTHsTuo LoﬂDM/6~

1.FOoMCE WITU WHied maAT'L. PEACTS AcAmsT BEING HELD.
* Faom 'Qomw_ P ). "Foamuins ?oo. %To.ess k Stoaw"

= b4 P‘.:\.i '

LLoap per meam = 38 00O |b.

y=_3 W |
=20 "ET ‘ %
Jo3s 3 (a8
=20 ((o.p o) ( T)
I = 2110 n¢

Cuae, 10, P&\c,e) 220

CALC

Twers Y224 revisep | oate

CHECK;

M IT- A5 —M&EFET -k ~7/4

APR

APR

v VD ETN LS corrorce

CONTRACT NO. STRESS CALGULATIONS

o
AIRPLANE DIVISION . WICHITA BRANGH | WICHITA, KANSAS, cm PAQj

E 1196 R4 V



APPENDIX E

Pro!. 28.43
{N -11717

woﬂ?W‘r, ol‘-’. Ipenrm /Twﬂ, 5=c-rma0) . Page 2 of 5

I 1_ 3%

T
[ | i34
lems—f 1
ITOTAugzb—\f'*ZAc\} .

L
=2(@n3’ + @) (7.67 sl)] + (2. oo (14 )5
Nz
=2193 v

 WELD LewerH TQ wiTwsyand ], 000\, a1 cLAmPs -

P- 9L DL Ps Loas w s

/9 = At (’/—L)( L) L= Wewe LuneTy
L= 3.76 . D= Wewr Sizs

w0

CALC TTronss | 77244 revisen an l . -
CHECK| =477" : ! .
APR ,U..(d‘ai}.‘?.-':,n ”/ffa/uH‘{l MIT=RSC=MLET-SK -TH |
APR _ wn DEING o,
] AIRPLANE DIVISION - WICHITA sSRANCH WICHITA. KANSGAS. 87210 PAQE
CONTRACT NO. STRESS CALCULATIONS - <

E 1196 R4



. KPENDIX-E

F-oi, 2
(hAS 8-11717
Fage 3.of §
Momen+ oOF lwWerTiA  FOR UPPER PLATE:
—
E | »
l t T ‘ P- ToTAL LOAD
19,000 8,000 7,000 \C\OOO 1 = LeNGeTW OF Beaw
:-DQ} (31"44.)*
1° ==
121 |
—5 0™ = - 38,000(%)" (3-T3 -4-°1)
(12)(10.6-10%) T . :

T = 288238 1%
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KEY = J-37 COND.

' BLANK DM = 55.000 T-37 COND.

ARC LENGTH = LONG, §5.190 T-87 COND.

T-8T7 COND. SECT.B~B TRANS, 55.206 T-87 COND.
cMIC DATE MRET-SK-714 PART NO. |
CHECK MATERIAL GROWTH
pe- FIG. 6
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: - "ASE
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. JT-37 comp.
KEY T-87 COND.

BLANK DIA = 55,025 T-37 COND,

ARC LENGTH = LONG, 55.200 T-87 COND,
TRANS, 55,210 T- 98T COND.

SRR

MRET-SK-TI4 PART NO.2

MATERIAL GROWTH
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