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ABSTRACT

Continuous strip of Ti-SMo-8V-2Fe-3A1 was investigated for possible
application in the nose cap for the main rotor blade of the Heavy Lift
Helicopter as part of the Advanced Technology Component Program. Aging
response of strip solutionized in a continuous vacuum annealing furnace
and subsequently cold rolled was determined as functions of time and tem-
perature for several levels of cold reduction. Tensile and fatigue prop-
erties of strip produced by selected practices were measured. Feasibility
of creep forming solutionized-and-cold-rolled strip to nose cap contours
during aging was explored. Warm die forming and aging of strip to those
same contours was demonstrated.
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INTRODUCT ION

During conduct of the recent Heavy Lift Helicopter Advanced Technology Compo-
nent Program (HU1-ATC) nose caps for the leading edge of main rotor blades for the
developmental aircraft were creep formed from blanks of Ti-6A1-4V alloy strip 40
feet x 32 inches x 0.060 ± 0.003 inch in size. Creep forming was done at 1600 F
over a male die in a car-bottom furnace. Interaction with air during the lengthy
cycle resulted in alpha-case formation requiring removal of 0.004 inch of contami-

-: nated metal from each surface of the blank by them-etching. Fatigue properties of
mill-product strip after forming and them-etching were less than anticipated and
below design requirements. Because the bYade was weight-critical, recourse to Ti-
6Al-4V strip of heavier gage was not permissible.

Two approaches to resolving the problem were undertaken: (a) modification of
Ti-6A1-4V strip rolling practice to produce textured material with directionally
higher fatigue strength, and (b) investigation of Ti-8Mo-8V-2Fe-3Al alloy (Ti-8823)
strip as a possible alternate. Because technology for the former approach was
thought to be more advanced at time of the ATC program, blade development proceeded
using the textured (directional) strip. This report describes the second approach
which was carried Out as a lower priority backup measure using funds provided by
the office of the Project Engineer, HUI-ATC, Army Air Mobility Research ~ Develop-
ment Laboratory, Ft. Eustis, Virginia. There were three objectives of the subject -

investigation:

(a) Determine whether cold rolling could be used to accelerate aging response
of solution-annealed Ti-8823 strip in a controlled fashion to produce material with
mech anical properties suitable for the nose cap application.

(b) Determine whether nose cap radii could be creep formed at aging temper-
atures.

Cc) Determine whether nose cap radii could be die formed at aging temperatures. -

The first objective was accomplished in part by TIMET , a division of Titanium
Metals Corporation of America under Contract DAAG46-74-C-0030 (see Appendix).

• AZ 1RC, using strip produced by TIMET, measured fatigue properties corresponding to -

selected aging cycles and conducted forming experiments.

TEST PROCEDURE

Fatigue Testi ng

- 
- Solution-treated-and-35%-cold-rolled 0.060-inch strip provided by TIMET was

aged at AMMRC according to the fol lowing cycles :

Aging Temperature Aging Time

1110 F 30, 60, 120 minutes

1150 F 30, 60 minutes

Li~ 
.-._ - .-.- - - .____ ,__ _ _. __ _ __ ___ __±._______
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The composition of the ingot from which this strip was rolled appears on page 2
of the Contractor’s report (see Appendix). Photomicrographs of the strip mate-
rial are shown in Figure A-i of the Appendix.

After the aged strip material had been them-etched to remove 0.001 inch of

metal from each surface it was fashioned into longitudinal fatigue specimens of

the design shown in Figure 1. This design was intended to reduce edge-initiating
fracture and avoid fretting associated with pin-loading. Six specimens for each

aging condition were tested to failure or run-out (lO~ cycles) in alternating

(15 Hz) tensile stress, R = 0.10, using a 20 kip MFS closed-loop fatigue system.

Creep Forming

A simple fixture was constructed which provided a horizontal pin of 0.25-inch

radius over which a length of strip could be balanced with weights attached to

each end. This apparatus was placed in an electric furnace and raised to selected

temperatures to determine whether creep would bring about conformity with the pin
radius within acceptable time/temperature cycles (see Figure 2).

0. 12 TYP

___________ 
DoLi$Iers Adhesively Bonded to Test Material~~~~~~_ .__~~

~~ 
~1T~~~~~~~~~~

T

~~~1

o2 ~~~~~~~~~~~~

2 . O R T Y P

Figure 1. Fatigue test

TYP TYP H SectIon

— ~~~~~~~~~~~~
I —

Ti.8823 strip over 1/2.inch.diameter
pin (see arrow).
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F~gure 2. Apparatus for creep forming
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Die Formi ng
Several die fixtures, see Figure 3, were constructed to simulate nose cap

contours. The nose radii of these dies were 0.25, 0.50, and 0.75 inch , corre-
sponding to the range of radii at various stations along the length of the nose
cap. As-received (solution-treated plus 35% cold-rolled) Ti-8823 strip was cold
formed in these dies, then removed and checked for spring-back . Strip was also
cold formed and retained in the dies, which were placed in a furnace and held for
the desired aging cycle. Strip was also warm formed at aging temperature and
held in the dies to complete the aging cycle.

DISCUSSION OF RESULTS

Fatigue Tests

The fatigue specimen designed for this program avoided the problem of fret-
ting, as was intended, but did not prevent edge-initiating fractures. Indeed ,
trial specimens disclosed that fractures were prone to start in the radius just
beyond the gage length. This was thought to result from a change in cutting con-
ditions at this point during the numerically controlled milling operation. In-
creased care in edge preparation alleviated (but did not eliminate) this difficulty
in the test series. It may be remarked that for fatigue testing Boeing-Vertol
Company (contractor for the HLH-ATC program) uses a rectangular 12 inch x 2 inch
strip specimen with doublers cemented on each end.
This latter desi gn is much simpler to machine , I. -

but it results in a portion of edge-initiating
fractures. _____

The aging treatments for the fatigue test series .
~~~were selected on the basis of tensile data shown in 7 1.

Table III of the Appendix. Longitudinal properties
are shown plotted against aging time in Figure 4. ____

Since aging of solution-treated Ti-8823 strip requires
4 to 8 hours, 35% cold reduction has accelerated re-
sponse considerably and in a controllable, reproduc-
ible fashion. It appears that yield and tensile
strenths fall off logarithmically with aging time
while ductility increases. It should be noted that I

the spread between longitudinal and transverse prop-
erties of the aged strip is quite moderate. Since
no property advantage accrued from the 480-minute _____

cycle, shorter cycles (30, 60, and 120 minutes) were
selected for the test series on the premise that these
would cut production time and reduce contamination.

Fatigue test data are presented in Table 1 and -.
plotted in Figure 5. Reference to Figure Sa will show
that specimens aged 120 minutes at 1100 F were margin-
ally better than those aged 30 minutes at that temper- - -

ature; those aged 60 minutes were poorer. Run-out at Figure 3. Disassembled die for
40 ksi. alternating stress may be projected for specimens warm forming Ti-8823 st rip toaged either 30 minutes or 120 minutes at 1100 F . Fig- simulated nose cap contour.ure Sb shows that specimens aged 30 minutes at 1150 F

19-066.217 /AMC-75
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of solution-treated~cold-roIIed and aged

Sym(iol Cold Aging
VS IS EL Reduction Temperature
£ A~~~ 35% ll~~ F
• o a 35% 1150 F

• O o  20% 1150 F

e I
60 120

Time at Aging Temperature . mm

Table 1. FATIGUE BEHAVIOR OF SOLUTION-TREATEO-ANO-COLO-ROLLEO 11-8823 STRIP ,
0.060 INCH THICK , TESTED IN ALTERNATING TENSION , R — 0.10

Aging Specimen Alternating Cycles to
Time , sin Nunter Stress , psi Failure Remarks

a. Aged at 1100 F

30 1 40 ,000 ( 3,b43,OOO)~ Specimen holder broke, bending specimen.
2 50,000 28,000 Break in outer third gage length (GL). centra l origin.
3 45,000 (51 .200) Break outs i de 61 in radius .
4 40 ,000 (34 .400) Break outside 01 in radius .
5 40 .000 10,124 ,300 No break , specimen removed.
6 42 ,500 28,900 Break in outer thi rd GL , edge orig in.

60 1 40,000 (77 ,200) Break outs i de 0$. in radius .
2 40.000 40,500 Break in outer third OL, edge origin.
3 30.000 (6,585,300) Broken In bending by surge of testing machine .
4 35,000 10 ,210,000 No b reak , specimen removed.
5 40,000 364 ,500 Break In outer third 61, central ori gin .
6 37 ,500 10,435,000 No break , specimen removed.

120 1 40,000 (40 ,500) Break outs ide GL i n ra di us .
2 40 ,000 (6 7, 400) Break outs i de 0!. in radius .
3 40 .000 (6,553, 200) Broken in bending by surge of testing mach ine .
4 50,000 500 ,100 Break In middle thIrd 01. central origin.
5 45 ,000 26 .900 Break in middle third 61, central origin.
6 45 .000 40 ,200 Break In outer third 01. central origin .

b. Aged at 1150 F
30 1 40 ,000 10 ,583,200 Break In outer third GL. centra l origin .

2 50,000 24 ,100 Break In outer third GL , central origin.
3 45,000 (1 ,874,400) Broken in bending by surge of testing machine .
4 45 ,000 54 .500 Break in ou ter th I rd 61, centra l origin .
5 45,000 19,000 Break in outer third 01, central origin .
6 42 ,500 (6.50 4 ,300 ) Break in outsIde 61 in radius .

60 1 40,000 2 .063 ,500 Break In outer third 01, edge orig in.
2 50 ,000 15 ,000 Break in outer third 01, edge origin.
3 45 ,000 2 ,000 Break In middle third 01., cent ral ori gin. .4;.:

-
, 4 37 ,500 1 ,445 ,900 Break in outer third 61., edge origin.

5 42 ,500 67,600 Break in middle third 61, edge origin.
6 35 ,000 10 ,000 .000 No break , specimen removed.

Parenthetical v alues are questionable, see “Remarks .
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Figure 5a. Fatigue behavior of soIution~ ~
treated-and cold-rolled Ti-8823 strip, 0 Aged 30 mit, at 1161) F

0.06 inch thick, tested in alternating e Aged 60 mm at 1100 F

tension. A = 0.10, after aging at 1100 F. 30 - 

• Aged 120 mm at 1100 F
Specimen numbers are subscr ipt

Questionable Datum (see Tabl e 1).
25 I 1 1 1 1 1 1 1 1  I l I ~~~I I I I  I I 1 1 1 1 1 1 1

io6 io~
Cycles to Failure

• .~::
4 0 -  

~~~~~~~~~~~~~~~~~~~~~~~ 
Dl

Figure Sb. Fatigue behavior of 
~ -

solution-treated-and-cold-rolled 
~ a Aged 30 mm at 1150 F

Ti-8823 strip, 0.06 inch thick,
~ Aged 60 mm at 1150 Ftested in alternating tension,

A = 0.10, after aging at 1150 F. C I Questionable Datum

Specimen numb ers are subscript (see Table 1).
25 I 1 1 1 1 1 1 1  I I 1 1 1 1 1 1 1  I I I 1 1 1 1 1 1  I I 1 1 1 1 , 1 1

to5 to6

~t. 
Cycles to Failure

performed better than those aged 60 minutes at this temperature . A run-out stress
of 42.5 ksi is projected for 30 minutes aging treatment at 1150 F.

Some di fficulties were experienced with control of the fatigue testing ma-• chine which in several instances promoted premature failure in compression (see
data marked “questionable”). Other questionable data represent failures initiat-
ing in the radii of the specimens.

Although these projected run-out values are considerably higher than the
mean for standard Ti-6Al-4V annealed strip, they are not substantially better
than those of highly directional (textured) strip of that sane alloy (see Boeing
data, Figure 6). It is well to note, moreover, that Ti-8823 has a density of

- —•-—•—.—.- .- ~~~~~~~~~~~~~~~~~~ •—-— -.-.--— . — ~~~~~~~~~~~~~~~~~~~~~~~~ . . .  - -
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0.175 poun d per cubic inch versus 0.161 pound for Ti-6A1-4V. However, the Ti-
8823 strip is relatively nondirectional. Since transverse fatigue properties are
not reported for the textured Ti-6A1-4V and could not be obtained from the cold-
reduced Ti-8823 strip (because its narrow 6-inch width precluded specimen prepa-
ration), possible advantage of the Ti-8823 material is a matter of conjecture.

Five fatigue specimens which ran out (i.e., remained unbroken after ~~ cy-

• des at the selected alternating load) were submitted for tension test. The data,
presented in Table 2, show properties somewhat lower than reported by the con-
tractor (see Table III, Appendix), possibly excepting the single specimen aged
at 1150 F for 60 minutes.

IMPROVED STRENGTH OF:: NN —

~~3O . 
_ _ _ _ _ _

~~2O — 0 s~c 301—10135—1 MEAN —3c (V= .07)
~ SK 301—1035—2
Q Sit 301—10183Q SIt 301—1.0124 “~0
D Sit 301 —1. 0202—3

10 -

I I __1 z~~~~0 D
10” 10 ’ 10’ 1.0’ 

•

:1 c?CL.~ S —
0
-J

Figure 6. S-N data for 6A1-4V titanium alloy. 2

Table 2. RESIDUAL TENSILE PROPERTIES OF SOLUTION-TREATED , .D-
ROLLED , 880 AGED Ti-8823 STRIP , 0.060 INCH THICK , PREVIOu~

TESTED* TO RUN-OUT IN ALTERNATING TENSION , R 0.10

Aging Aging Y ield Tensile Elast ic
Temp Time Speci— Strength (ksI) Strength h o ” . Modulus

• (deg F) (mis) men No. 0.2% Offset (ksi) ( ) (psi)
• 1100 30 1 161.4 172.B l2. r~ 16.1 10 

•

1100 30 5 161.4 173. 5 12.5 16.5 4
_
.

• S 1100 60 4 155.2 169 .8 10.0 15.2

• 1100 60 6 162.2 174 .3 10.0 16.1
1150 60 6 154.9 165.6 15.0 15 . 4 ‘ ‘1

• . *5cc Table 1.

f - .

6
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• Creep Forming

Exper iments were undertak en with the hope that confo rmity with the 0.25-inch -
radius pin could be obtained by creep form ng during the aging cycle. This did
not prove possible , al though symmetrical loading of 15 pounds per inch per side
(i . e . ,  15 pounds on each end of a 1-inch-wide specimen) was sufficient to achieve

• the 0.75-inch radius in 120 minutes at 1100 F (see Figure 2). Most of the defor-
mation occurred wi thin a few minutes , but then aging set in and relatively less

L change took place wi th increasing time . Increase of edge loading beyond the 15 lb/
r inch/ side value was deemed unattractive , because of space limitation and problems

of attachment in the actual nose cap forming operation .

Die Forming

It had been hoped by creep forming dur ing aging to avoid a high temperature
cycle such as that necessary to creep form Ti-6Al-4V strip to nose cap contours .
Since high temperature creep forming of titanium alloys leads to costly removal of
oxygen-contaminated surface metal and would likely give rise to quality control
problems in production , experimental die forming of Ti-8823 strip to simula ted nose
cap contours was undertaken to explore this possibility as an alternative low tem-
pera ture forming process.

Attempts to cold form 0.75-, 0.50- , and 0.25-inch nose radii from 1-inch-wide
samples of the strip revealed that the 0.75- and 0.50-inch radii could be achieved ,
but considerable spring-back occurred on removal from the dies . The samples broke
before cold conformity with the 0.25-inch radius was obtained.

When cold formed and then aged in the dies (by placing the die assemblies in
an electric furnace) , samples displayed no spring-back upon removal. Simi larly ,
when samples were placed between dies already at aging tempera ture (1 100 F) all
three nose radii were easily achieved and no spring-back occurred after aging and
removal from the die assembly . It would appear, therefore, that warm die forming

• could be employed to fashion the nose cap section . However , construction of equip-
• ment for such an operation would be very costly and present a number of technical

problems .

RECOMMENDATIONS

Whereas the Hill nose cap presents unusual forming and fabrication diffi cul-
• ties because of its length , shorter nose caps (for other helicopters) and various

airframe structures should be considered for advantages to be realized through
applicat ion of warm-die-formed Ti-8823 sheet and strip . Results of this investi-k gation suggest that parts could be formed and aged in warm dies using cycles pos-
sibly as brief as five minutes . By proper choice of aging temperature , a wide
range of useful properties may be obtained , including , as demonstrated , high spe-
cific fatigue strength .

Another factor worthy of investi gation is material cost. Ti-8823 strip ,
solution treated and cold reduced for rapid aging response , is readily produc-
ible by continuous rolling and continuous vacuum-heat-treatment operat ions.
According ly, it may prove to be a less expensive mill product than strip or
sheet of othe r t i t anium al loys .

5 7 P1
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• CONCLUSIONS

1. Cold rolling has been shown to accelerate aging response of solution-
treated Ti-8Mo-8V-2Fe-3A1 alloy (Ti-8823) strip. Several combinations of cold

-1 reduction and aging appear useful for obtaining reproducibly a wide range of
mechanical properties with limited directionality .

2. Strip of Ti-8823 solution-treated and cold-rolled 35% to 0.060 inch in
thickness displayed a run-out value of 42.5 ksi when tested in tension-tension
fatigue (R = 0.10) af ter aging 30 minutes at 1150 F. Comparable values were
determined for similar strip aged 30 and 120 minutes at 1100 F.

• 3. on the basis of these results , solution treated/35% cold rolled/aged Ti-
8823 strip 0.060 inch thick satisfies fatigue strength requirements for the nose

• cap of the main rotor blade of the developmental heavy lift helicopter HLH .

4. Creep forming the nose cap section from solution-treated/35% cold-rolled
Ti-8823 strip during the aging cycle is not possible with edge loads equivalent
to those used in production of prototype nose caps under the HLH-ATC program .
Since recourse to higher edge loads is considered undesirable , the alloy does not
appear to be a suitable alternate material if th is creep forming practice were to

• be used in quantity production of HLH.

• 5. Warm die forming the nose cap section from solution-treated/35% cold-
rolled Ti-8823 strip is possible , but could require equipment development .
Warm-die-formed sections -ou offer the advantages of minimal spring-back and
negligible surface contamination.

* ~

•

C
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FINAL REPORT
Contract No. DAAG46-74-C-0030
Page 1

OBJECT

To determine the effect of cold rolling reduction on the
aging response of Ti-8Mo-8V-2Fe-3Al alloy strip.

SUMMARY

Considerable promise for the approach of cold rollin g to
accelerate aging response of the Ti-8Mo—8V—2Fe-3A1 alloy was
demonstrated. Several combinations of cold reduction and aging
appear useful and reproducible for developing a wide range of
strengths. In the range of 145 to 180 Ks! yield strength it
would appear possible to develop reproducible properties withir~what is known of the range of current control on forming and
sizing variables. As strength level aim increases control of
the variables would become more critical. Additional study of
the effect of heat—to-heat, penultimate reduction—anneal cycles
and aging variables would be required before control limits on
strength could be established .

An unexpected range of instability was found in the cold
reduction—aging temperature-aging time range examined where
reproducibility is questionable even with laboratory control of
aging temperature. The data obtained, however, indicate that
process variables could be chosen to avoid this unstable range.

-4 INTRODUCTION

• The Ti-8Mo-8V-2Fe-3A1 alloy is an age hardenable beta
titanium alloy readily produced as a unidirectionally rolled
strip material. Normally , beta alloy materials are supplied in • 

- -

the cold rolled plus solution annealed 1450F, 788C condition.
The fabricator hot or cold forms the desired shape and then ages
the formed part at 1000 to h OOF , 538 to 593C for times up to
16 hours in dies to retain the formed shape. Cold work following
the solution anneal is known to accelerate the aging reaction
in most age hardenable alloys, and preliminary data indicate
this acceleration of aging exists in the Ti-8Mo—8V—2Fe—3A1 alloy.

• - 10
~~. ‘ “ - I
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The purpose of this investigation was to determine if the
• aging characteristics of cold reduced material can be controlled

sufficiently for practical application. The advantages of
accelerated aging would be lowered costs by decreas ing age time
and the expense of contamination removal. The three prior
reports covered preparation and hardness test results .

MATERIALS AND PRocEDUREs

• The starting material for this investigation was approxi-
mately 0.150—in, gage x 36—in, wide hot band rolled at 2050F.
The ingot number was K5055 which analyzed:

Element Wt,%

Mo 8.0
V 8.2
Fe 2.0
Al 3.0
02 0.14
N2 0.011

The material from this particular coil had been rolled to strip
and thoroughly evaluated at 0.060, 0.040, and 0.020—in, gage
for an internal development program at TIMET .

The material for the present investigation was rolled as
short panels without tension applied on a 2-high, 4-high Fenn
laboratory mill. This mill is normally used for research and
development studies on new alloys and processes before applica-
tion to the production Zendzimir mill in the Toronto Plant.

The electrical resistance laboratory furnace used for the
solution anneal treatments of 1.450F—8mins has a cycle of t7F
around the control point which is less than the cycle for pro-
duction type furnaces . This same furnace was used for aging

. • • . where the thermal cycle in the 1100 to l250F range was plus or
minus 15F , but again less than for conventional production

• I 
‘
~~

‘ . furnaces used for aging. ~‘urnace temperatures were measured
,•. with chromel-alumel thermocouples and a semi-precision poten-

• ~~~‘ tiometer. Aging times are time at temperature as measured with
the thermocouple resting on top of the pieces being aged. All
aging was by placing the cold material in a hot furnace so as
to minimize heat-up time.

-.4 ”-- - ~~~~~~~ - A
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Levels of cold reduction investigated were 35 , 50 , and
58 per cent with aging at 1100, 1150 , 1200 , and 1250F for times
of 5, 30 , 60 , 120 , 240 , 480, and 960 minutes. An additional
reduction level of 20% was also examined for ll5OF aging for
the times above. Penultimate reduction was varied to give a
0.060—in, gage final at all reduction levels .

Hardness was determined on a section through the 0.060-in.
sheet thickness using the elongated indenter with the long
axis parallel to the sheet surface. The five hardness impres-
sions were all placed in a line at the mid thickness level• through the sheet. The hardness tester was calibrated prior to
use on this program by a factory representative , and the single
operator who took the readings checked the machine with a cali-
brated test block immediately prior to starting the program.
The tensile machine used is a screw driven Riehie having multiple
load ranges up to 120,000 pounds.

RESULTS

Knoop hardness results are shown in Table I. The accel-
erating effect of cold reduction on aging kinetics is readily
apparent from comparison of these data with those in re ference
1. For example, the 35% cold reduced material aged to a peak
hardness at h OOF sometime between 5 minutes and 60 minutes;
whereas , the as—solution annealed material in reference 1 had
hardness increasing out to 24 hours. At 50 and 58% cold reduc-
tion , maximum hardness at h OOF was reached in less than 30
minutes and possibly less than 5 minutes .

The secondary aging peak at 240 minutes shown for the 35%
cold reduced aged at 1150F for 120 minutes and longer condition
also occurred for other conditions, e.g. 58% cold reduced and
aged at ll5OF for 60 minutes. This secondary hardening remains •

an anomaly outside the scope of the present study . Metallo-
• graphi c examination showed some evidence of recrys tallization in

samples aged longer than 120 minutes at 1250F for the 58% cold
- ‘. - . reduced material. The trend toward a secondary peak was repro—

ducible as shown in Table II for this same 35% cold reduced -:
material aged at ll5OF and for re-rolled and re-aged material.
The hardness level of 333 for the re-rolled and re-aged was
somewhat lower than the 357 and 356 values obtained for the
original material indicating an unstable region which should
probably be avoided in view of the aims of the present program.

-~~~ 
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Other areas of the aging temperature—time relations , such as
50% cold reduced and aged at 1100 , 1200 , and 1250F appeared
reasonably reproducible as shown by comparison of Table I and
Table II results.

Tensile results for selected conditions are shown in Table
III. These values are consistent among themselves; and when
yield and tensile strengths are compared against hardness, a
reasonable correlation is obtained with all points on a graph
of strength vs. hardness in a ±6 Ksi band . Reproducibility was
also good for the llOOF-l2Ominute aging of the 35% cold reduced
material (see footnote) .

RECOMMENDATIONS FOR FUTURE WORK

Obviously, process capabilities and other factors unknown
at this time will weigh heavily on future plans. From the
standpoint of the roller , factors needed to establish a process
for making cold rolled material to a specific gage would be

• 1) importance of controlling reduction level, and 2) the ef fect
of reduction and annealing practice from hot band gage , 0.15 to
0.18-in., to the gage for annealing. Fabrication of the finished
part is more complicated ; but the factors of aging temperature
control, aging time, and rate of heating to the age temperature
should be considered and investigated relative to process
capabilities.

.. . ,.

1~ ’ ~~ I .
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TABLE I

• Aging Response of Ti-8Mo-8V-2Fe-3Al Alloy Strip
for -Three Levels of Cold Reduction

as Determined by Hardness

Knoop Hardness 1.0Kg’

Aging Treatment 20% 35% 50% 58%
Cold Cold Cold Cold

• Time, Rolled Rolled Rolled Rolled
Temp ,F Mins. & Aged & Aged & Aged & Aged

0 0 329 311 314.8 326.7

1100 5 372.3 391.7 388
30 383.6 373.1 373.8
60 376.5 368.5 367.8

120 367 356.8 363.3
240 357.5 355.7 357.1
480 354.3 354.3 353.3
960 345.6 348 346

1150 5 336 345.6 350.8 359.7
30 334 348.7 357.5 348. 4
60 335 347 344.3  388.8
120 319 337.9 333.7 370.4
240 319 357.1 336.6 345.6
480 316 341.6 331.1 346 .7
960 303 334 328.9 340.6

1200 5 340.6  331.1 327.9
30 338.9 321.8 318.7

L 60 327.9 318.4 313.0
120 325.7 322 .4  304.2
240 317.8 313.0 298 .9
480 325.4 308.4 317.5
960 313.3 308.7 321.8

1250 5 316.9 303 323
30 3.5. 9 306.7 314.2
60 311.6 299.7 318.4

120 309.8 299 .7  310.7
F - ~~ , 24 0 309.5 300.2 312.2

480 298.3 297.5 307.2
• 

-~~

.
-

, 
960 299.7 301.4 301.6

E - 
‘Values shown are the average of five readings.

14
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TABLE II

Retests for Aging Response
of Ti—8Mo-8V-2Fe-3Al Alloy Strip

for Levels of Cold Reduction Indicated

Knoop Hardness 1.0 Kg

Aging Treatment 35% 50% 58%
Cold Rolled Cold Rolled Cold Rolled

Temp ,F Time ,Mins . and Aged and Aged and Aged

1100 5 — 382 —
30 — 367 —

120 — 363 —
480 — 353 —

1150 30 — — 333•4
60 — — 335

120 348* , 329.9 — —
240 356* , 333.1 — —

1200 5 — 342 —
30 — 329 —
120 — 327 —
480 — 320 —

1250 5 — 314 —
30 — 311 —

120 — 312 —

*These values are for same pieces prepared for original results.
L Unmarked values are for newly rolled and aged materials .
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TABLE III

• Aging Response of
Cold Rolled Ti-8Mo-8V-2Fe-3A 1 Alloy Strip

as Determined by Tensile Properties

Aging Tensile Properties
Cold

Reduction , Temp , Time , Test UTS , ~YS , Elong ,
_ _ _ _ _ _ _  

_ F Mins. Direction Ksi Ksi 
_ _ _ _

20 1150 30 L 165 149 16
T 169 157 12

U 60 L 160 144 15
T 169 150 12

35 no — L 161 145 12
no — T 165 137 10

• ‘I 1100 30 L 189 172 10
• T 198 187 7

II II 60 L 183 165 11
T 194 180 9

H 120 L 177 160 13
T 187 174 8

35 1 1100 120 L 178 162 13
T 186 174 7

480 L 171 154 11
171 154 12

T 179 165 9
179 167 10

35 1150 30 L 182 164 12
U T 190 178 8

60 L 168 152 14
T 173 162 10

120 L 168 150 14
120 T 178 165 10

1Saxnples rolled and aged independently of prior samples.

~~~~~~~~~
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Washington . 0. C. 20310 New Jersey 07703

2 ATTN: Physical  and Engineering Sciences Division 1 ATIN: DRSEL-GG-DD
1 DRSEL-GG-DM

• Coninander , Army Research Office , P. 0. Box 12211 , 1 DRSEL-CT-A
Research Trian g le Park , North Carolina 27709 1 DRSEL—WL-N (Mr . Max Adler)

1 AIIM : Information Processing Office
1 Engineering Science Divis ion Comander. U. S. Army Missile Coninand , Ped sto nv Arsenal .

Alabama 35~~9
Conmiander , U. S. Army Av iation Systems Coimnand , 1 ATTN: Technical Library
P. 0. Box 209, Main Office , St. Louis , Missouri 63166 1 DRSMI-RB

2 AIIM: DRSAV-ZOR 1 DRSMI-RSM , Mr . F. J. Whee lahan

Director , Ii. S. Army Air Mobility Research and Comander , U. S. Army Armament Connrand , Rock Island .
Development Laboratory , P. 0. Box 209. Main Office, Illinois 6120 1
St. Louis , Missouri 63166 2 AiTh : Technical Library

I AIIM: SAVDL-SR
Coman der, Frankford Arsenal , Philadelphia ,

2 Director , Li. S . Army Air Mobility Research and Pennsy lvania 19137
• Deve lopment Laboratory . Ames Research Cen ter, 1 ATTN: Library , Hl300 , Bl . 51-2

• Moffett Field , California 94035 1 SARFA- L300 , Mr. J. Corrie

I Ames Directorate, U. S. Army Air Mobility Research and Coninander , U. S. Army Foreign Science and Technoloay Center .
Development Laboratory, Ames Research Center, MS-2l5-l , 220 7th Street, N. F., Charlottesville , Vir v inia 22901
Moffett Field , California 94035 1 AIIM: DRXST -SD2

I-!
2 Lan g ley Directorate . U. S. Army Air Mobility Research Coimnander , U . S. Army Tank-Automotive Research and

and Develop ment Laboratory , MS-266 , NASA-Langley Development Coqinnand , Warren , Mi chi Qa n 4l~ 9O
Research Center . Hampton , Vi rginia 23665 2 ATTN: DRDT A , Research Library Branch

2 Lewis Directorate , U. S. Army Air Mobility Research and Deputy Connandant for Comba t & Training Developments .
• Development Laboratory , MS—77- 5. NASA-Lew is Research U. S. Army Aviation School , Fort Rucker , Ala bama 3t-5h (~

Cen ter , 21000 Brookpark Road , Clevelan d , Ohio 44135 1 AITN: ATST-CTD-D2
1 AT ST- CT D-D4

Coma n der, U. S. Army Aviation Engineering FIiaht
- 

- Activity, E dwa rds AFB , California 93523 Couinnandant , U. S . Army Transportation School ,
• 2 AIIM: SAVIE-A , Reference & Research Library Fort Euslis, Virginia 23604

1 AITN : AISP-CTD
• 1 Coimnander , U. S. Army Scientific and Technical 1 Marine Corps Liaison Off icer

Information Team (Europe), Box 48, APO New fork 09710 . - .
Coninander , U. S. Army Medical R&D Conynand .

U. S. Army Aero medical Research Laboratory , P . 0. Boa 577 , WashIn gton , 0. C. 203 14
- 

. Fort Rucker , Alabama 36360 1 AIIM : P~ DDH-S I .-‘ -

* 1 A I IM :  C ommander
1 ScIentific Advisor Commander , DA Edgewood Arsenal , Edgewood Arsenal ,

Mary land 21010
r . 1 Commander , U. S. Army Nobility R&D Center . Petroleum and 1 AIIM: SAREA-RA , Mr . A. Flatau , Chief , Aerodynamic

Materials Department . Fuels , Lubricants and Coatings Research Group -
Division , Fort Be lvoir , VIrg inia 22060 .5.- ..
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Commandant . U. S. Army Command and General Staff College , Commander , Naval Safety Center , Nava l Air Station ,
Fort Leavenworth . Kansas 66027 *orfolk , V irgin Ia 23511

1 ATTN: Acquisit ions, Libra ry Division 1 AT M : Life Sciences Department

President, U. S. Army Aviation Test Boa rd, Commande r , Macal Air Rework Facility. Naval Air Station .
Fort Rucker , Alabama 36360 Norfolk , Virginia 23511

2 AiIM: STEBG-MO 1 ATl~l: Code 350

U. S. Army Arctic lest Center , Test Engineering Branch , Commander . U. S . Naval Air  lest Center . Patuxent River ,
APO Seattle, Washington 98733 Ma ry land 20670

1 AIIM : Aviation lest Section 1 ATTN: Flight lest Division

Commander , U . S. Army Agency for Aviation Safety, Commander, Naval Air Development Center , Wa rm i nster ,
Fort Rucker , A l a bama 36362 Pennsylvania 18974

1 ATTN: Librarian , Bldg. 4905 1 ATIN : Code 503 , Paul Young
- - 1 Aero Mechanics Dept. • Code AM

Hg Air Force Systems Command . U. S. Army Field Office , 1 Ae ro Materials Dept., Code MA
Andrews Air Force Base , Washington . 0. C. 20334 1 Aero Structures Dept., Code ST-I

I AIIM : AMXFA (SDOA)
Commander, U. S. Naval Weapons Laboratory , Dahlgren ,

1 AFFIC (OOiEP) Edwards Air Force Base , California 93523 Vi rginia 22448
1 AIIM: Code EM, Mr. II. Mannschreck

• A i r  Force Aero Propulsion Laboratory ,
Wright-Patterson AFB , Ohio 45433 Commander and Director , Naval Ship Research and

1 AIIM: SFL /Mr . H. Jones Oevelopment Center , Bethesda , Maryland 20084
I ATIN: David W. Taylor , Code 522-3 , Aerodynamics Library

Commander , Air Force Flight Dynamics Laboratory .
I:- Wri ght-Patterson AFB , Ohio 45433 Comina inder and Director , Naval Ship Research and

1 AIIM: FUN, Mr . Clark Development Center. Washington , 0. C. 20034
AFFDL/FB5 1 AITN: Code 630, Robert Williams

1 AFF DL/ FGC 1 Sea-Based Aviat ion Dept.
I AFFDI. (FES

AFFOL /D00, Technical Libra ry, Bldg. 45 1 Commandant (GDST—l/62) . U. S. Coast Guard ,

• 400 7th Street , SW., Washington , 0. C. 20590
A i r  Systems Division , Wright-Patterson AFB , Ohio 45433

1 AITN: ASD/ENFDP Transportation Systems Center , Department of Transportation .
ASD/ENJET 55 Broadway. Cambridge . Massachusetts 02142

1 ATTN : Dr. George Kovatch , Co de TM
A ir Force Materials Laboratory, Wright-Patterson
Air Force Base, Ohio 45433 NASA Headquarters , Aeronautical Vehicles Division ,

I AIIM: AFft/LAE , Mr . I. Reinhart Washington , 3. C. 20546
AF1t/LPH , IL H. Griffith 1 AITN: Code RAO , Mr . John H . Enders
AFPL/NXE , E. J. Morrissey
AFIL/LPT . Mr . Robert Van Vliet National Aeronautics and Space Administ ration ,
AFPL/LLN , Dr. J. P . Henderson Washington . D. C. 20546
AFIL/LC I AIIM : Mr . 8. G. Achhammner
AFPt/LLP , 0. H. Forney, Jr. 1 Mr . G. C. Deutsch - Code RR-I - •

AFPt/I~ C . Mr . Stanley Schulma n
National Aeronautics and Space Administ ration , Marshall

4950 TES TW/TZHM , Wri ght-Patterson A ir Force Base , Space FlIaht Center, Huntsville , Alabama 35812
Ohio 45433 1 ATTN : R-P&VE-M , R . J. Schwinghame r

1 AIIM : Mr . Johns 1 S&E_~1E_~?l, Mr. W . A. Wilson , Building 4720

Commander , Naval Air Systems Coimnand , Department National Aeronautics and Space Administration , Ames
of the Navy, Washington , 0. C. 20360 Research Center , Moffett Field , California 94035

1 AIIM : Rotary Wing Acft Br , Code AIR 5106 1 AITN: Mr . Dave Hickey
a 1 Code AIR-5030 1 John McCloud LII , Mail Stop 2�l-2 . Large Scale

1 AIR 53643, Mr . S. N. Collegema n Aerodynamics Branch
2 Tech Library (Code AIR-604) 1 Technical Library
1 A IR-530ll
1 AI R- 5 l04 National Aeronautics and Space Administration ,

A IR-5304 Langley Research Center . Hampton , Virg in ia 23665
A I R-5364 1 AITM: Mr . Robert J . Tapscott , Flight Research Branch ,

1 A IR-5302 LSAD . MI’S 249
A !R-5302 14 1 Technical Library , Langley Field

1 A IR-530 l l2
• 1 A IR- 53O14 Di rector . National Aeronautics and Space Administrat ion ,

Lewis Research Center , 21000 Brookpark Road ,
Chief  of Naval Research , Department of the Navy , Cleveland , Ohio 44135
A r l ington , Virg in ia  22217 1 AIIM: Chief , Library

1 AIIM: Code 438 . -
Code 461 Di rector , National Aeronautics and Space Administration ,
Code 470 Manned Spacecraft Center , Houston , Texas 77058

I Cocj~ 471 1 ATTN: Code 8146 - -

Naval Research Laho’atory . Washington , D. C. 20390 Federal Aviation Ad ministrat ion , Great Lakes Region , ,~~~
I AIIM: Code 8430 , Dr . J. N. Krafft  2300 F. Devon , Des Plaii’is , Il l inois 60018
2 Code 6332 , Or . G. R. Yoder 1 AIIM: Marvin J. W alke y , MS-AGL-214
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Department of Transportation Library , FOB- b A Services The Boeing Vertol Company , P. 0. Box 16858 , Philadelphia ,
Branch , TAD-494.6 , 800 Independence Avenue , S W . , Pennsy lvania 19142
Washimgton , 0. C. 20590 1 ATTN: Mr. W. C. Boehm (P32-23)

1 Technical Librarian (P32-0 1)
Federal Aviation Administration , Federal Building,
J. F . Kennedy International Airport , Ja maica , N. Y . 11430 Bolt , Beranek , and Newman , Inc. , Cambridge ,

1 AIIM: Eastern Region Library , EA—49 Massachusetts 02138
1 ATT N: Shelden Baron

Federal Aviation Administration , 800 Independence Avenue ,
S W ., Washington , D. C . 20590 1 Booz-A llen A pplied Research , Inc., 4733 Bethesda Avenue ,

1 ATIN: Systems Research & Development Service, 80-142 Bethesda , Mary l and  20014
1 Engineering & Manufacturing Division , FS-l20

A California Institute of Techn olo oy, Gua sen hei m Aeronautical
Federal Aviat ion Administration , 2100 Second Street , Laboratory , Pasadena , Cal i forn ia  91109
S.W. , Washington , 0. C . 20591 I ATTN : Aeronautics Library

• 1 AIIM: Chief , Aircraft Safety & Noise Abatement Div isi on ,
ARD—500. Systems Research & Development Service 1 Cessna Aircraft Company , Boo 1877 , Wich ita, Kansas 67201

LIC Thomas C. West , ARD- 53l SRDS
Conrac Corporation , New Jersey Division , 32 Fair 6 ie ld Piace ,

Federal Av ia t i on  Admin istrat ion , Civi l  Aeromedical Institute , Wes t CaIdwell , New Jersey 07006
P .- o. Boy 25082 , Oklah oma City , Oklahoma 73125 1 AITN: Mr . Max Unnles , Project Manager

1 AIIM: CAMI Library , AC—922
• 1 Teledyne CAE , 1330 Laskey Road , Toledo , Ohio 43601

1 Chief , Safety Anal ysis and Promotion Division , Bureau of
Aviat ion Safety , NA87A , National Transportation Safety General Dynamics . Convair Divis ion . P~ o . Boo 80986 .
Board , Washington , 0. C. 20591 San Diego , California 92138

1 AIIM: Research Library
U. S. Governnent Printing Office , Division of Public
Documents, Washington , 0. C. 20402 General Dynamics , Convair Division , p . a. Box 80847 ,

1 AIIM: Library San Diego , Cal i fornia 92138
1 AITN: V .  A . Chase , Mail Lone 640-04

1 Aero physics Company , 3500 Connecticut Avenue , N W .
Washington , 0. C. 20008 Cal sp an , p. o. Box 235 , Buffalo , New York 1421 7

1 ATTN: Library
1 Airesearch Manufacturing Company . A Division of the

Garrett Corporation , 402 South 36th Street , Cornell Univers ity , Ithaca , New York 14850
Phoenix , Arizona 85034 1 AT IN: Pro f . W. R. Sears , Grumman Hall

I Air Vehicle Corporation , 8873 Balboa Avenue , Curtiss-Wright Corporation . Ca ldwe ll , New Jersey 07006
San Diego , California 92123 1 AIIM: Library

General Motors Corporation , Detroit Diesel All ison 1 Del Mar Engineering Laboratories , 6901 W. Imperial Hiqh w av ,
Division , Indianapolis , Indiana 46206 Los Angeles , Cal i fornia 90045

1 A ITM: Mr. N . E. Eggers , Mgr. , Ae rospace Sales , Dept. 7827,
• Mail Stop U— 9 Enstrocn Helicopter Corporation , Boo 277 , Menominee .

Michigan 49858
American Power Jet Company , 705 Grand Avenue , Ridgefield , 1 ATIN: D. E. Brandt , Vice Pres . Enoineerin g
New Jersey 07657

1 ATT N: G. Chernowitz . Director Fairchild Industries , Inc. , Helicopter Development Center .
Farmingdale , Long Island , New York 11735

Arizona State Univers i ty. lem pe , Ari zonu 85281 1 AIIM: Mr . Frank Roberts
• j 1 ATIN: Dr. James Iurnbow -

1 Crash Survival Investigators School , Fail-child Industries , Inc. , Fairchi ld Republic Div is ion .
College of Engineering Sciences Farmingdale , New York 11735

5 1 ATIM : Engineering Library
Aurburn University , Auburn , Alabama 36830

1 AIIM: Aerospace Engineering Department Forge Aerospace , Inc., 1705 Desales Street , N W .
Washin gton , P. C. 20036

Autonetics , Division of North American Rockwell Corporation , 1 AIIM: Mr . Robert L. Kaplan
3370 Mira loma Avenue , p . 0. BOx 4171 , Anaheim ,
California 92806 General Dynanics Corporation , 1120 West Mercury Boulevard .

1 AIIM: Mr . H. I., Ehlers , 0/344— 17 , 8018 SuIte 210, VIrginia National Bank Buildi ng .
Hampton , Virginia 23366

AVCO Corporation , Lycom i n g Division , 550 MaIn Street, 1 AIIM : Mr . H . B. Henderson . Manager
Stratford , Connecticut 06497

1 ATIN: Technical Library General Dynamics /Fort Worth , P . 0. Box 748 ,
Fort Worth , Texas 76101

Beech Aircraft Corporation , 9709 Eas t Cent ral , 1 AIIM: Research Library . 2246
Wich i t a , Kansas 67206

1 ATTN: Aerospace Marketing A Contracts 1 General Electr ic Company, AE G Technical Infor mation Center .
N-32, Bldg. 700, Cincinnati , Ohio 45215

Bell Aerosystems Company . P. 0. Box 1 , Buffalo,
New York 14240 General Electric Company , 718 B . J. Cl yde Ui~r riS  B l v d .,

1 AIIM: Technical Libra ry , C-87 Newport News , Virginia 23601
2 AiIM: Mr . A . A. Wes t

Bel l  Helicopter Company , Division of Textron ,
P . 0. Box 482, Fort Worth , Texas 76101 Georgi a Institute of Technology , School of Aerospace

1 AIIM : Engineering Library En gineering, Atlanta, Georgia 30332
I Chief , Research Administration 1 AIIM: Or . Arnold L. Ducoff e, [lirector
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North American Aviation , Inc., Los Angeles Division ,
1 Goodyear Aerospace Corporation , 1210 Ma ssilb on Road , International Airport , Los Ange l es , California 90045

Akron , Ohi o 44306
1 North American Rockwell Corporation , Engineering Data

1 Grumman Aerospace Corporation , Technical Information Services , 4300 East Fifth Avenue , Columbus , Ohio 43216
• • Center , P1. 35 , Dept. 313 , Bethpage , New York 11714

1 Ohio State Univers i ty , 2101 Robinson Lab.,
1 Gyrodyne Company of America, Inc., St. James , Columbus , Ohio 43210

New York 11780
1 Operations Research , I nc., 1400 Spring Street ,

United Technologies Corporation , Hamilton Standard Silver Sprin g, Maryland 20910
Division , Wind sor Locks , Connecticut 06096

I AIIM: Advanced Systems St. Loui s Univers i ty , Parks College , East St . Lo uis,
1 Library Illin ois 62201

1 AIIM: B. H . Ulric h , Chairman , Aerospace Engineering
Hayes internat ional Corporation , P . 0. Box 2287,
Birmingham , Alabama 35201 The Pennsylvania State Univers i ty , Department of

• 1 AIIM : Engineering Library Aerospace Engineering , Univers i ty Park , Pennsylvania 16802
1 AIIM : Dr . Barnes W . McCor m ick , 233 llangnond Building

I Beli e Aircraft Corporation , Hanscom Field , Civilian 1 Engineering Librarian , 201 Hammond Building
Terminal Area , Bedford , Massachusetts 01730

1 Piasecki Aircraft Corporation , Island Road . International
I Henry V. Borst A Associates, 203 W . Lancast er Avenue, Airport, Ph iladelphia, Pennsylvania 19142

Wayne , Pennsy lvania 19087
Piasecki Aircraft Corporation , Island Road , International

Hughes Helicopters , Division of the Suma Corporation , Airport , Philadelphia , Pennsy lvania 19153
• Culver City, California 90230 1 AIIM : Mr . D. N . Meyers

1 AI IM: K . B. Ame r . Bld g . 2 , 14/5 T7B
1 Library Planning Research CorporatIon , 1100 Glendon Avenue ,

Mr. Robert A. Wagner , Director , Aero Engr. Div. Los Angeles , California 90024
Dr . E. Robert Wood , Asst. to Technical Dept., 1 AIIM: K . L. Harms

MS-2T7s
1 Polytechnic Jinutitute of Brook lyn , Graduate Center Libra ry.

Ill i nois Institute of Technology, Ch icago , Illinois 60616 Route 110 , Fa rmningdale , Long Island , New York 11735
1 ATTN: Prof . Irving Michelson , Technology Center

-‘ 1 Pratt and Whitney Aircra ft, Division of United Technolo gies
1 Kaman Aircr aft . Division of Kaman Corporation , Corporation , 400 Main Street . East Hartford ,

Old Windsor Road , Bloomfield , Connecticut 06002 Connecticut 06108
I AIIM: Mr. Donald W . Robi nson , Jr ., Chief Research &

Dev. Engr . Princeton University , Department of Aerospace A Mechanical • -
1 F . Morrison , Librarian Sciences . James Forrestal Campus , Prin ceton ,

New Jersey 08540
1 Ke llett Aircr aft Corporation , Box 35, Wi ll ew Grove , I ATTIi : L ibrary

Pennsyl vania 19090 1 Prof. Edward Seckel , Fligh t Research Laborator y

Lockh eed-Californ ia Company, P. 0. Box 551 , RCA Government A Commercial Systems , ~‘ . 0. Box 588,
• Burbank , California 91503 Burlington , Massachusetts 01803

1 AIls - Mr . A . 8. Yackle, 75-23,63, Acting Division I AIIM : Richard J. McLaugh lin . Sr . Sales Representative
Engineer , v otary Wing Technology

I Central I ibrary 1 Rensselaer Pol ytechnic Institute . Dept . of Ae ,-on autica l
Engineerin g and Astronautics . Troy , New York 12181

Lockheed-California Company . Department 7584, Bldg . 3k ’~ ,

• Bu rbank , California 91520 General Research Corporation . Operations Analysis Di’~isi on .1 AI IM: F . P . Wood McLean , Vir ginia 22101
1 ATIN : Document library/MF

ockb ~ed. v-~- ,’:r, ( o rpany,  Ma r , e t t a , C,~o rA i d  30063
1 O T T O  A l v a n c y d  I o l’ pos , iPn  Ir ’c rination R yan Aeronautics . San Diego. tal c f o i r . ’ v  92112

11c r t - 72-34 - /nne ?C/P ( 1 AI IM: Army Mana g e r

I LIV Aerospace r p ~ - ’~ , t i r r , Vo ught Aer on. ,,t cs T~ .ic ,on , , Ryan Aero nautical Company , 2701 Harbor Drive,
P. 0. -

~~
, 5907 , : n-, - • . ‘enas 75222 San Diego , CaliOo rn ia 92112

1 AITS : Technical  Informat ion Services
I , -‘ t  n c t ’ t j ’e - - ‘ ‘.-~~ -“ ‘  ~- - I , , ~- : — ‘  ‘r”,’’ ’ r I

a . ’ ’  I. A- . ’ .- n . ..  ‘ “ i a ’.- .’~~~~~.-’-ue . :r~~t o 5  ~ec I inoloqie~ Cnrp oratio n , Sikorsk y Aircraft
c - I ’ - : .  • ‘ - ‘-‘ I - 021 i° • ,, - in. • ‘I( r th Ma i n .  Street , Stratford, Connecticut 06607

1 O ’ 4~~~~~. , ’ i , . , c t r , n .a , ,’ , c c  L i t - ’.’. . Rg~~n 3 3_ l I e  1 ~~~~~ M Pp~,~~~p 1. M ,ch el . (hnef , R&D Planning (Engr)
• 2 O r” ’ - P M l,r
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Texas A and M University , College of Engineering, University of Texas , Department of Aerospace Engineerin g,
• College Station , Texas 77843 Austin , Texas 78712

1 ATTN : A . F. Cronk , Dept. of Aero Engineering 1 AIIM: Engineering Library
Balusu  M . Rao , Aerospace Engineering Dept.

University of Utah , Department of Mechanical Enginee ring,
Tulane Univers i ty. Dept. of Mechanical Engineering, Salt Lake City , Utah 84112
New Orleans, Louisiana 70118 1 AITN : Dr . L. K . Isaacso n

1 AIIM : Dr. K . H . Adams
1 University of Washington , Department of Aeronautics and

1 United Technologies Corporation , Research Center , Astronautics , 207 Guggenheim Hall ,
400 Main Street, East Hartford , Connecticut 06118 Seatt le, Washington 98105

University of California , Santa Barbara , Virginia Polytechnic Insti tute , Blac ksburg ,
California 93106 Virginia 24061

1 ATIN: Sciences—Engineering Library 1 ATTN: Documents Dept., Carol M . Newman Libra ry

University of Denver , Denver Research Institute , 1 Washington Univers i ty , Department of Mechanical and
Denver , Colorado 80210 Aerospace Engineering. St. Louis, Missouri 63130

1 ATTN : Mr . William 0, Howel l
1 Western Gear Corporation . Applied Technolog y Division .

University of Maryland , Colle ge Park , Maryland 20742 P . 0. Box 1040, 14724 Proctor Avenue , City of
AIIM: Director , Wind Tunnel Industry , California 91744

University of Mew Hampshire , Durham , Mew Hampshire 03824 Wichita State University , Wichita, Kansas 67208
1 ATTN: Prof. C. K. Taft , Mechanical Engineering 1 AIIM : Dr . Glen W . Zunwalt, Aeronautical Engrq. Dept.

University of Notre Dame , Office of Res. & Sponsored 1 F. Burke Wilford , Aer~ A Research Engineer ,
Programs , Motre Dame, Indiana 46556 Merion Station , Pennsylvania 19066

1 ATTN : Or . Francis 14. Kobayashi
President , General Research Corporation , McLean ,

University of Southern California , Institute of Virginia 22101
Aerospace Safety A Management, Admin . Bl dg., Room 261 , 1 AITN: Library
Univers i ty Park , Los Angeles, California 90007

I AIIM: Mr . Norman L. Horton 1 Vizex , Inc., 4524 Bailey Avenue , Amherst , New York 14226

“ University of California , Los Angeles, California 90024 Director , A~~ Materials and Mechanic Research Center .
1 ATTN: Peretz Friedmann , Asst. Prof ., Mechanics and Watertown , Massachusetts 02172

Structures Department 2 AITN: DRXNR-PL
1 DRBMR-AC,

University of Texas , Arlington , Tesas 76010 2 Authors
1 ATTN: Engineering Library
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