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FOREWORD

This year end report ~ocu~ e nt c  thc result s to c~rtte of a program to further

establish the characteristics of Lockalloy (Be-38A1) material.

s 
~

Lockalloy, Be-38A1, is a\cornposi te material ori ginally developed by L’~SC.

The potential use of Lockall oy as a structural material is emphasized for appli-

cations on Hypersonic Fli ght Vehicles or other installations requiring h~~ h

st i ffness to wei ght ratios , high heat conductivity and/or high specific heat .

The first major use of Lockalloy was established from the jo int  NASA/USAF

YF-12 Lockalloy Ventral Fin Prn~ect , perfo rmed by AD? at Lockheed. Easy forn-

abi lity and machinabilit y of Lockallo~ were demonstrated during the fabrication

of this f in.

The application of Lockalloy is ccr ~~ide re d by NASA and the USAF for the

proposed X-2 1~C Hypersonic airplane .

The interest and potential developed in the s eudy phase of the X..214C to-

g ether with the results of the YF-l2 Ventral Fin work has warranted this inde-

pendent study by Lockheed to provide additional material characterization of

Lockalloy.
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ABSTRACT

\ ,
- 

This year-end report docum ents the results to dat e of a test ing program to

further establish the character i c t~ cs of Lockalloy material , a beryllium —

aluminum con~posite .

The testing was performe d by Advanced Desi gn Projects (AD?) personnel. These

tests involved experimental and a a~..yt~ ca1 studies conducted to obtain additional

informat i on regarding basic £e-3~ Ll Lockalloy material properties and character-

istics. The studies provide data regar ding impact strength , resistance to stress

• corrosion , response to post-nanufactur iag thermal treatment , weldability, and

inspectability. The accuracy of nethsd s for determining the modulus of elasticity

and predicting compression in st a ’nili ty (column strength) were also verif ied.  In

addition , the behavior of this  material in certain structural concepts , considered

for the X- 2~ C airplane was evaluate~~.
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Lockheed Ai rcraft Corporation, Advanced Development Projects (ADP) is engn 1~c-d

in an independent funded test program to further establish the characteristics of

Lockalloy material . This material is a composite of beryllium an~ alumi num ,

Be-38A1, developed by Lockheed ~Ussiles and Space Divirioc. This test program was

intended to provide Lockalloy material character~r.ntion over and above the infor-

mation resulting from the YF-12 Lockalloy Ventral Fin Pr.~ :ram and previous Lock-

alloy testing programs.

Hypersonic vehicles are subject to predictable anro di y nami c heating.  Stresses

due to temo-~rature gradients and differences in expansion coefficients in dissimilar

metal ass~n~lies are of :sa~1or concern in the design of such vehicles. Structural

analysis wiU account for all calculated thermal stresses. There will be, however,

ins tanec~: w’nerc the temperature and the resulting stresses do not lend themselves

to pr~-~~ mion or analysis. Heat leaks, interference heating, and localizing sec-

or~Thr~ .~~for:;ations are a few such examples.

A material which ~s capable of withstanding repeated straining excursions

int~ U’ p~~st~ c range wo u lJ be very forgiving to unforseen over-straining and

therefore very desirable for high temperature structural applications.

• As part of this IRAD effort three non-standard tests were devised and per-

formed to evo~uat e the tolerance of Lockalloy to repeated straining into the

plastic range .

Other invest igat ions into the characteristics of Lockalloy included in this

pro~run were: buckling allowable predictions , thermal treatment response , impact

strength , electron beam welding , stress corrosion , NDT inspectability.
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A summary of the testing performed and the resultr obta~ncd fo ]uws beloj.

1. Cyclic Bendi.n~ - P 1a~t ic  H i n ~ e

Strips of Lockalloy , .250 inch thick , were subj ecte d  to en~ mo~:en ts

@ 600°F , to induce end ro tat ioc .c . The strips were repeatedly cycled

between 0 and 60 end rotnt~on by varying the anplied d.oue::t. The

cyclic bending could represent , in principal, localized deformations

induced by the thermal deflect~ons of primary structural components.

A “smooth” specimen withstood 227 bending cycles before failure. A

second specimen with a Kt = 2 (fastener hole) failed after l~ bending

cycles. It should be noted that the -~~ stress calculated from the

applied loading was approximately 100,000 psi , indicating Lockalloy’s

good tolerance to repeated plastic region stresses.

• 2. Bi-Metallic Thermal Stress Test

• A Lockalloy test specimen was attached through a series of bolts

to an identical specimen made of titanium. The assembly, which could

be representative of a portion of a high temperature structure, was

heated to 600°F while restrained from bending. Max. induced thermal

strains in the Lockalloy were 1000 j. in./ln. which, by reference to a

compressive stress/strain curve , corresponds to a compression stress

of approximately 16000 psi. Thermal stress in the titanium were measured

at 81~ o psi. The stress distribution observed agreed closely with theo-

- • retical calculations .

iv

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



3. CyclIc lThversn Bending

Reversed three po~r:t bending tests were performed on several Lockalloy

strips at stresses well into the plastic range of the material. Cycles

to failure at vorious stress levels were determined. The material

demonstrated its ability to tolerate repeated straining excursions

into th~ piasti range such as may be experienced by check and straight-

ening op~- rat~ on - luring fabrication or after distortions incurred in-

flight..

1~. Column Tests - V~ r~ :~ -~at~ an of Method to Predict Ailowables

Lockalloy ’s ~~ress-strai n relationship is relatively non-linear and

exhibits a rather low proportional limit stress.

To verify the validity of stress memo 80 method to predict buckling

allowable for Lockalloy as well as it does for other aircraft materials

with more conventional stress-strain relationships , a series of corn-

pression and column tests were performed. Stress Memo 80 parameters

were developed at R.T. and 600°F by means of autographic and strain

gage methods. Strain gage data was established as the more consistent

method to obtain material properties of Lockalloy. Column tests of

various L/p ratios were performed at R.T. and 600°F. Failure loads

very closely ai~reed with predicted buckling allowables developed by

method of SM8O utilizing actual mechanical properties for the tested

material. 
-
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5. Thermal Tre~~uent

Various thercmal treatment-s were performed to examine their effect on

the mechanica]. properties of Lockalloy. TIe very limited, single point

data obtained from these tests tends to indicate that the mechanical pro-

perties (in particular, the proportional limits/of as received Lockalloy .

sheet might be increased by an appropriate thermal treatment . The

magnitude of the increases obtained was quite small, however, and in the

absence of additional data, must be considered to be within the normal

t est scatter of mechani cal prope rties for this material.

6. Impact Test (Charpy)

Qua~rititative charpy impact-tests on various structural materials indicate

that Lockalloy has an impact strength exceeding that of Beryllium and

approaching the behavior of 7075-T6 aluminum.

7. Welding

A limited number of tension, fatigue and bend tests were performed on

specimens prepared from electron beam buttwelded remnants of Be-3~Al

Lockalloy sheets machined to .100 inch thick . On the basis of ultimate

tension strength , weld joint efficiencies of approximately 70% were

obtained accompanied by a considerable reduction in elongation.

Based on the limited tests performed the fatigue life of welded Lockalloy

appears to be equivalent to the fatigue strength of unwelded. Lockalloy

with a stress concentration factor of Kt 
= 3. Welded bend test samples

failed to pass an R/t of 20 when bent across the weld.

X-ray of the weld joints showed some porosity which nay have contributed

to the loss in ductility and fatigue strength.

vi
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Development of the electron beam w e l d i n g  parameters could result in

reduced porosity and imerens e d  str ny th , ductility and fati gue of wel ~eJ

joints.

8. St:ess-Corrosioo Tests

Lockalloy test specimens under stress up to 35 ksi were repeatedly

immersed in a 3.5% NaC1 solution for 30 days. The surface of all six (6)

coupons tested showed evidence of pitting and discoloration , but none of

the specimens failed or had evidence of any stress corrosion cracking.

9. Non-Destructive Testinc (ar :) ~iethods for Inspection of L.ockallov

Samples of Lockalloy submitted to the I’~DT Group were evaluated to deter-

mine if NDT , as a receiving, inspection tool, is capable of detecting

minute discont inuities. Additionally , the specimens were evaluated to

determine the response to :aiT methods for possible production and field

inspection applications .

In general Lockalloy responds in the same manner as most other non-ferrous

materials. The only exception being the special handling requirements.

From a standpoint of surface crack detection both penetrant and ed d y-

current inspection may be used.

The current recorn:nendation for receiving inspection methods of Lockalloy

would be X- ray and ultrasonic.  Once a criteria has been established anl

more data is accumulated as to types of defects inherent in this material,

the possibility of inspecting by a single method is conceivable.

Production inspection can be accomplished by any of the normal ~DT

metho d s es tab l i shmi  to insp ect  parts after various shop operations .
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SECTION 1

CYCLIC RF~~T~. I lE:-~T - PLASTIC HAS TE

c HI ::Ee Fur. A N n E)

OBJEC T

To investigate the capability of Lockalloy Be-3NIl to tolerate repeated

bending strains i.n the plastIc ranCe at an elevated temperature (600°F).

BACKGROUND

One structural concept consi icoci for the X-214C fuselage design would ha ve

reduced overall circuu~fcrential thermal stresses by allowing se~nents of the main

fuselage f~-arce s and Lcckailoy ski n to e:-:tnrD and rotate about pinned joints. If

the fuselage skins were continuous over the joint, tho skIn could in effect provide

the pin joint, thus greatly sImp AN fli rUl the design. However , the rotation at

these joints due to thermal expansion CI the frames during each fli oht would in-

duce high bending deformation on the skim . The test was desi~ ncd to investigate

whether the Lockalloy skin  could sustain the repeated flexing that would occur

ciiuH TE the life of the vehicle with a factor of 14 (a life ti me equals one cycle

per flight for 100 flilEts). This design concept has been referred to as “Plastic

Hinge Bending .”

-
~~ • SU~-0- AFY

- . 

- 

Ben di ng tests were conducted on two Be-38A1 I~ ckalloy sheet specimens , at

600°F, to investigate a design concept on the X-214C airplane. Four-point loacliTI

was used to simulate the amount of fuselaGe skin bending induced by the thermal

expansion of the fuselage frames. For these tests , the specimens were deflected

a specified anouct in one direction , then loaded in the opposite dire-cUon to

return them to their ori ginal pos~ t~ cc. The first spec ir-~ n tested was of ccr.rtnct

1
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cross—section ( .250 x 1.500 inch), and wit }iutcu~1 227 ‘bcndIn ~: cycle~ before failure.

The second so- om en , of the sane 1’ ~~ic d~nensions , coctal ned two . 190 inch dia-

meter 1~olez along i ts l ong itudinal eent erlinu to sinc:] ate a row of fastener holco .

With thu stress concentiation producc i by thecu holes , th is sp uc~~’en failel after

only i14 bending cycles. These test results in licate that thir particular strueturel

arrangement would produce unacceptable bending stresses in the Lockalloy shin

panels.

TEST SET-UP

Test specimens were made from Lockalloy (Be-38Al) .250 x 1.50 x 10 inches

long. Two ~ x 1.50 x 3~
- inch stainless steel plates were bolted to each side and

at both er.ds , leaving a 3.00 inch exposed length of Lockalloy in the center , see

Figure 1-1. These plates provide a bearing surface for the 5/8 diaxeter  steel

~~l1ers used to apply the load. The plates also provide stiffness to the ends of

the assembly which confine the bending deflection to the Lockalloy members over a

known test length of 3.00 inches. The specimens were loaded into a fixture ccc-

tam ing rollers for applying a four point load . Loads are applied by a “Baldwi n-

Wie demann ” Universal Loading Machine..

Deflection of the specimen was monitored by a “Baldwin-Wiedercann ” Model FDIM

deflectometer mounted at the center lower surface of the specimen. A “Federal”

dial indicator was positioned to monitor the distance traveled by the upper loadinc

point. (The difference of these distances is the calculated deflection point.)

The required elevated temperature was maintained by a “Marshall ” controlled

oven.

___________ 
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TEST PFOCEDIVTRE
0

The test specimens were maintn~ ncI at cOO F during test.

A typical deflectmcn bend cycle Is started fran the normal  position and

defl ected dcwnward a calculated distance (Ref. Fig. 1-2), then returned to normal.

To simulate the established rotation of 6° per side at the fuselage frame joint

calculated bend deflection distance is used. The deflection distance is the differ-

ence between the distance of travel of the upper loading point (reading from the

dial indicator) and the travel of the center point of the test specime n (deflecto-

meter readout).  This dis tance was initially calculated to be .065 inches and was

used for the first 100 cycles on test specimen number 1 (unnotched , KT 
= 1.0). A

later correction changed this dimension to .087 inches (Table i-I). The test was

then continued using the .087 dimension on the same sample (No. 1).

The specimen number 2, having (2) holes to represent fastener holes

(~~ 2.0), see figure 1-1, was than tested using the same setup as used on test

sample number 1, with the .oly inch defelction dircenrion.

-

. TEST RE SULTS

Bend testing of sample number 1 (unnotched) failed after 227 cycles (the

• I first 100 cycles were run using a .065 inch deflection. The last 127 cycles were

run with deflection dimensIon increased to .087 inch.)

Bend testic~ on sample number 2, (notched , (2).l90 dia. holes) failed at i14

cycles , (see Table No. i-I).
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10.00 -

3.00 

_ 
~~~2.OO~~~~~~

/ /  /
300 C1~ES ~~ ~~~~~~~~-- z~~~ l1~

)
D~~~~ 0LTS (a . : : . )

x 1-1/2 x 3-1/2

LOCKALLOY
BE— 3BAL

V .250 x l.5O x lO .OO

1. UE)~0TClU~D SAMPLE = NO. 1

~~~~~~~ 
NOTCI-DI D SAMPLE = NO. 2, 1-ANTE ( 2 )  .190 D:A HOLES OS C

L

TEST SI -ECIND DCIII I S I S  TEST
- — l

TARLD NO. 1—I

PLASTIC ~~~~~ TEST DATA

NO FAI LURE
SPECIMEN TEMP DEFLECTION CYCLES CYCLES
NO. Km DESC RI PTION 0F IN. RUN

1 1.0 UNNOTCT-ID 600 .06-5 100

1 1. 0 ILEOTC}ID 600 .087 127 *127
— 

~ 2.0 NOT- TED .087 i14 
- 

114

*SPEC1~’ ’ -; N O. 1 FM LE
05 227 CYCLE S OV L R V .LL

*~ ( p ) .~~9’) DIA. HOLES

t 
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SECTION 2

THERNAL BI_1V-~~TLLLI C TEST

To deteradne the thermal stresses exist ing wi thin each material of a bi-

metallic specimen fabricated by bolt ing t ogethe r Lockalloy and titanium test

coupons .

SU~CdARY

Bi—Metailic Thermal Strecs T-:.- t

A test specinen made of Ti t an ium and Lockalloy , bolted together was

heated to 600°F. Stresses are i nduced into the Lockalloy as a result of

the different coefficient of expansion of the two materials. The magnitude

of these stresses approach 10,000 psi which places the Lockalloy material

in the plastic region. Since the thermal gradient anticipated on hypersonic

aircraft will be much higher , greater consideration must be given to ther mal

stress ramifications when using Lockalloy material.

TEST SETU P

A. Specimen Details. Figure 2-lA shows details of the test specimen.

Both Lockalloy and titanium specimens had identical dimensions and

all bolt holes were line drilled.

B. Strain Gage Installation. Ten strain gages were installed on each

specimen section - on both ed ges at five locations . These locations

and strain gage i den t i fi c a t i on  are shown in Figure 2-lB. Strain gage

instal lat ions were capable of withstanding 600°F and were initially

cured for one hour at 600°F before any test ing.
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B. (continued)

Four s t ra in  indica tors  and four switch boxes were used to read the

twent y st rain gages. These instrument s are seen in Fi gure 2-2.

C. Test Instal lat ion.  A th er mocoup l e  was tied to the spec imen for

meas uring temperature al though the oven was automatically temperature

controlled . Photographs oil’ the load mac h in e , oven and interior , are

shown in Fi gu res 2-2, 2-3, and 2-14.

Bowing of the hi-metallic spe c ime n  at elevated temperatures was

preven t e d  by the use of channel sections , rollers and “C: clamps as

- seen in Figure 2-5.

TEST FRc-I:TTEE

Before perfornir.T the bi-metallic specimen th ermal stress test , the

LockaIIc~- and titeniura coupons were irldiv dually tested to obtain “apparent strain ”

data and b e d  sensitivity caliPrations (Figure 2-3). These tests and the bi-

metallic spec im en  tests were accomplished in the following steps:

1. Load calibration of the Lockalloy and t i tanium coupons individually

at room temperature .

2. Measurement of no-load apparent strain at several temperatures up to

600°F.

3. Load calibration at 600°F.

4 •  Load calibration at room temperature of the hi-metallic specimen.

A 
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TEST i~~c :~~u s -~ (Co ntl’ cue ~)

5. Lo -ri - l calibrat ion at i-oem t emp era tu r e  of the  hi — s - tallic sp e c i m e n  Wi th

b end ing  restral mU irm t a l  led  -

6. No 1 oad tliemsal stress test in temperature increments up to 600°F

of the bi—rnetallic s p e ci men .  V

7. Repeat step 5 above .

TEST RESTJLTS

A. Individual Coupon Tests. Figures 2-6 and 2-7 compare ro om temperature

and 600°F strain gage lead calibrations for the Lockalloy and t i t a nium

coupons . At 6C0°F, the strai n gage outputs were greater than at room

temp erature for the sane load , showing the reduction in modulus with

temperature of the materials. 
-

Apparent strain characteristics are shown in Figure 2-8. These are

plots of the strain gage output s due to temperature alone, and each

curve shows the average of the ten strain gages on that particular

coupon.

Data from the above tests were used to calculate the hi-metallic

specimen thermal loads .

B. Bi-metallic Specime n Tests.  After assembly of the two coupons into

the single bi-ruetallic specimen , a strain gage load calibration was

performed. Figure 2-9 shows this calibration with and without the

lateral restraint installed. These tests were used to check the a c c u racy

of the load s cabcuinted from the strain gage outputs. At 5,000 pounds

applied load , the calculated loads from the strain gage outputs in both

10
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Figure 2-2. Instrumentation , oven,
and specimen installations .

—

~~~~

~~~
- -

V~~~~~

- 

il. 
‘

~

V Figure 2-3 - Lockalloy coupon installed for
load test; titanium coupon installed
alongside for apparent strain
measurement .
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Figure 2-14 Bi-metallic specimen installed
for room temperature load test
wi thout side bending restraints.
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for therma l stress test  with
side bending restraints installed .
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B. (cc nth~ue 1)

cases i r dicct  a error  in cab al ate-i lore:: after asscr:bl p of the

C OUp O nS.

Strain gage outputs for the thertr-al stress test are shown plotted in Figure s

2-10 and 2-li. For comparison , the apparent strain curve is also plotted . Idiffer-

ences between this curve and the measured strai ns repre5emt thermally i n d u V e d

loads. These loads are tabulated in Table 2-I for several temperatures up to the

peak temperature . Based on the individual gross coupon cross-sectional area of

0.375 square inches , calculated loads of approximatel y 6980 poun ds in the Lock-

allo~,’ coupon ir,iicate the stress to be in the plastic region - over 18,600 psi.

In this region , computed loads from strain rag e outputs are ~naccuret e  since load

calibrations of the strain gages were performed within the proportional limi t of

• the stress-strain curve. 1-laxim’-cm thermal s t ra in s-  in the Lockalloy were l5~ 0 ft

• in/in, which , by reference to a cornpressi ’.-e stress/ strain curve at 6-00°F ,

sponds to a compression stress of approximately 16000 psi .

Strain gage outputs on the t i tanium coupon show the maxi mum calculated thermal

-: load of 3165 poun d s at 600°F or a stress of 814140 psi which i s  well within the pro-

portional limit range of 75,000 psi. The stress distribution observed agreed

closely wi th thcoreti .cal calculations--.

A room. temperature load calibration of the bi-metallic specimen was performed

after the thermal stress test and is plotted in Figure 2-9. The ca l ib ra t ion  results

checked reasor•ab~y well with the first load calibration.

Figures 2-12 th~~ 2-15 show the bi-metallic specimen a f t er the tests. A

feeler gage in-licates an existing bow as seen.
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17 & 13 h?l 1571 2508 
1 

2333

9 & 10 - 917 - 11475 -2058 -3366
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GAGES 1-10 ON LOCKALLOY COUPON
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Fi gure 2-12. Bi-rnetallic specimen after
thermal stress test. dap
of .016 inch exists on Lockalloy
side .

...* ~~~~~~~

Figure 2-13 . Bi-metallic specimen -disassemble ’
after thei~al stress test. Ti~ a: 1-c-
coupon at top s f  photo1’raph~ Lockalloy
at, c -- ot t- en .
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Fi gure 2-lu . Lockalloy ~oupcn a f t e r thermal
stress test. -dan c-f .008 ~x i st s  or.
inside surface after disassenbic of
bi-netalli-c specimen .
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Figure 2-15. Titanium coupon after therm-al stress
test. Gag of . 0-0(- e x i s t s -  on outside
surface after idsassembly of bi-netailie
specimen.
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SECTION 3

CYCLIC 12- ESI-Il 12-021] Nd TEOT

OF’.TEST

To determine the durability of Lockailoy (Fe-38A1) wh en subjected to re-

versed bending at stress levels ai:ove the yield str eng th of 35 1:si.

The number of reversed bending cycles Lockalloy Be-38A1 material can with-

stand while eti’essed at different bevels in the plastic range is demonstrated by

this test .

Spec imens were tested on a simple three point bend setup by apply ing loads

of 145 ksi , 55 ksi , 60 ksi , 67 ksi , and ultimate failure loadings of 77 ksi and

80. 2 ksi .  The maximum number of cycles performed was 1214 at a bending stress of

55 ksi.

Considering that this bending repetition was done in the plastic region ,

Lockalloy exhibits excellent toughness characteristics.

TEST SETU P

Three (3) bend test specimens each having the dimensions of .150 x 1.5 x 8.0

inches in the long itudinal direction were three-point loaded as shown in Fig. 3-1.

Two additional 5 inch specimens were fabricated from one of the 8 inch coupons and.

loaded as shown in Figure 3-2. Loading was applied at midspan by mean s of a

Weideman-B al-iwin tes t ing machine . Also at midspan , deflection was measured using

a Weideman-Ba] I:l’Ir iri L’eflectometer.  Views of the test set—up are shown in Figures

3-3 and 3-14.

__  
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The test eonsis-tc-d of c v ’i h : - d  a t r n  of Loc}C ’ i < ~:, tI i- 1j a - h ‘ - �- eOef :1 .  ij - - :H

loading . The Lpsi - e -c-c is in ba th direct -nc ’,-.m:: obt - a - ~-i b; msn:tor~ ng t I , - iou-:—

deflection cur’:es for  the i i  r o t -  CI:: i e - -;ei’5, - tenth cyc]- - . The specicen woo 1c-ude~i

twi ce on the same s-J-ic before reversi: -1 it and then repeating the 1oa~iii,u on the-

other side.

BESULTi’

Hysteresis curves were plotted for  eaci~ mau i ran , load ing  sm iI~ in the p2 asti c

reg ion of Loclcalloy, show ing the ccngrc:s-1o:~ ve rsus deflection of each sr:o~ :-~n:

over the specif ied number of cycles . TIgpioal samples of these cur-ces are

in Figures 3-5 and 3-6 . The repea ted  close deformation comparison over the

respective test cycles exhibit the  excel lent  toughness qualities in the plastic

reg ion. Specimen test data is graphically shown in Figure 3-7 and list in Table

3-I.

(
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5.00 - — - - - - -J .15-I ,

L~~~± . 8.o V V V_ ±~~~~~~~~~~~~~

4

TEST SFE CT~’1ENS 50. :Ud~dL , -5L & ~B~d-14L

T }IREE—R ) iN T h-h ID LOAF-I:: :]

F l I h I F  3-]~

-

~~~ 

T

LSO I .60

• 

~ L-~
_ ~~~~~

:-- I

÷

- — 5.0 ———-- —----‘•-i

TEST SPECThIENS 1:0. 14uB-5L-l, -2 ( MArE

— FROM REI-~ iAIiT HALF OF 14UB—5L) AND

I T Z J~0J~ T BESD LOADIN G

FIGURE 3-2

_ _  
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Figure 3-3 - Test specimen and Weideman-Baldwin Test Apparatus
( oven is not ut i l ized for this tes t )

Figure 3-14 - Closeup of Test Specimen and Deflectorneter Setup
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SEOTI O:: 11

DETE RILLDATIC:: OF 1-I0d.dJLU f OF g]~ggj’j f1

tJ~1 COLU2- FTLESGD g n-J:: - T: j ’ Tc d : 1-h-;.[’DOIDi .

QDJFF TIVE~

(a) To de te rmi ne method of obtaining consistent  ao l  r CIICAN C muterial

property data.

(b )  To ve rif ~r that  methods used to p red ic t  column allowables are con siot e -ot

with experimentally obtained column failure lo a d s .

( c) To determi ne I-Iodul’~is of Elasticity from co-c-pon cia-ta at room temper-

0
ature and 600 ~~~.

SL’- -IARY

Material propert ies  were determined by tc-::si-o:: and compression tests on

coupons fabricated from two sheets of Be-38Al Lockalloy. Column failure was

determined by testing iong and short column specimens from the sane two sheets.

Compression and tensile mechanical properties were monitored ‘by strain-

gages and extensometers .  The data from strain-gages proved to have less scatter

than the extensometer  data. The data from strain-gages was established as the

more consistent  method to obtain material  prope rties of Lockalloy.

Analysis  of data from test ing long and short co lumns at room temperature an d.

600°F indic ate that the methods currently used to predict column allowables for

other structural materials appl y equall y to Lockalloy.
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DicF-:’-Ji’ (Conti nirec)

As the result of te stis - ’ s t r a i r - ’m’eJ t e n s i l e  and corcpressi- .’c- test spe~’imens ,

the following modulil ar’ ~‘~-cc~-c,~nd--ci for iie—3 t’.l Lockallo:,’:

Modulus Roc’s Temn . 600°F

E, 10
6 P~1 

28.0 20.0

E
~~

, 106 P~1 27.0 22.0

DESCRIP~IO~1 OF TEST SFFCT:-75:S

The test specimens -c-sod for the sec - ies  of column tests were cut out of two

different sheets of Lo- ’knjlc-r Re- -?Al . E soh sheet was selected from different

manufacturing heats. Tb-c sheets arc- identified as HC 3 148—1 and HC ~4C5-3. These

ident i f icat ion numbers are used th~’eu~hc-ut the test series aseur i  og that every test

condi t ion  is performed on a speci men fr cn each heat .

Material cer t i f ica t ion information i~c-rnished by the Lochal loy  ~ anufa-s tur er

( KBI) and subsequent ve ri f i cat ion  data by ADP is shown in Table 14—I.

The coupo n layout for each sheet is found on ADP drawings 3 A S  796 mn d

3NAS 78~4 . Confi gurations for the three types of coupons used are sho;-,-n in the

figures listed below:

32
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(?-t-asu red

_______ P-ic- - Size Gage Ar- -a) F~~~~re_ So.
Inch

t x c,’ x L

Col unn~
Test Spe c imen  .156 x 1.50 x 11.1- 5 14—i

.156 x 1.50 x 10.15 14-i

.156 x 1.50 x 9.13 14-i

.156 x 1.50 x 8.13 14-i

.156 x 1.50 x 5.39 14-1

.156 x 1.50 x 2.62 14-i

.156 x 1.50 x 10.114 14-i

.156 x 1.50 x 9.13 14-i

.156 x 1.50 x 8.i14 14-i

.156 x 1.50 x 5)1-2 14-i

.156 x 1.50 x 2.65 14-i

Compression
Test Specimen .i56 x .625 x 3.10 4-2

Tension
Test Specimen .156 x .500 x 2.00 14-3

*A pair of steel blocks (i .o x 1.5 x 1.5 inches) is bolted to each end of the

column coupon (Fi gure 14-i). The resulting end restraint provides a fixity factor

(C) equal to four.
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TAbLE 14— I LOCY c-’J LOY gEFET A’I~-Tii I AL

CERTIFIC—~Tiiti A:1; VIihl i- ’Ic:; :n a::

IEET :1lC-~i’~iR SC 31~~~)

- - ~~~~~~~~~~~ ~~~~~ 
_ ~~~~~~sv~cfl~ ::;~ 1L 2L AVE lT 2T AVE I lT 2T 3T AVE

~-~~~~~L- -- - - - - - ’ - V _~~~~~~~~~~~ V V V _ VL ______

- ksi 52.5 53.3 52.9 50.6 52.0 51.3 52.3 52.5 53.6 52.8

FTY - ksi 39.0 38.8 38.9 38.2 39.5 38.8 38.7 140.0 39.5 39. 11~

e - 12.5 12.0 12.2 7.0 l~ .O 10.5 8.5 9.5 11.0 9.3

- SHEET ISVJIJ~IiR TiC 1409-3

F~~ - 50.3 50.5 50.14 50.5 50.14 50.5 51.14 51.2 51.1 51.2

FTY - ksi 37.6 37.0 37.3 37.~ 36.9 37.2 36.9 36.6 35.3 36.3 -
e - 11.5 11.5 11.5 11.14 10.0 10.7 8.5 8.5 10.0 9.0

* ‘ ~~(1~ BERYLC O INDUSThIES, ISO.

I
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Co i n : ’ - Test

Column test 51ee’ i seas ( F ig .  1 4 — i )  we re tes Sd in a 30,000 lb Fm] dvi a Hark B

l 1 n i I V -~~aV ’ Test i  a d  ~- ‘achi :-~e (Fi g. 5; ) Each spc~ im-c n c-’as cocp~-cssi on l o a d e d  at a

rate of .0-0 5 i ach /ir ,chiminc -te until failure was noted by a drop in load cm the to-st

ma-Si ine dial. A t ypical failed specimen is shown in Figure 14—5 . Sp ecimens from

both :natei-iol c-beets were column tested at room temperature and - -0-0°F. A sampling

of tlie specin- -as ‘before and after the column test are shown in Figures 14-6 thru 14-8.

A comparison of these column test results to predicted failure stresses

obtal :  c i  on the bases of previously established desi gn materi al paras-sters and

the m e tb c d c -  of Stress tienj o &0, is shown in Table 14-li .

Com prension Tests

Compression tests were conducted accord ing to standard ASTS E9-70 pr a c t i c e s .

Compres~iio n test coupons of the confi guration shown in Figure 14-2 were loaded

into a Lockheed desi gned compressive fixture between the platens of a 30,000 lb

B1ad~-rin Hark B Universal  Test ing :- achine . The general set-up is shown in Figure

• 14— 10 . This set-up was used for both room and elevated temperature testing . The

specimens were loaded at a constant rate of .005 inch/por h inch/per/rcinute.

Two methods of monitoring the resulting strain were used , (1) by strain
V gages bonded to each side of the coupon and (2 )  by use of an extensometer.

The strain gage method , -dur ing the room temperature part of the test , used

“BLT[ Electronics , Inc .” st rain gages , number FAP-l2-l2 5-6. The gages were

attached to the coupons wi th SA-14 cement and then coated with “Viton” water

proofing . Dur in g  the elevated temperature part of the test “Micro H-~asur ement ”
strai n gages , WK—05-l25flB-35-0, were at t ach e - - i to the coupons with “~--:-B0Gi I Con ”

adhesive . The 3—wire leads of these gages were connected by silv e r — s o l d e r in g .
— 

38

I:—— w ~~~~~~~~~~~~~~~~~~~~~~~~~~~ . a ,— -. c~~s-. . . ~,. ,• ~r’
— -- - -  V V~~V — — rn_s_V.. 

- -- --~~~ 
-

~~~ 
-—‘ — — — -S---



- — - — -—--
~~~~

- - -
~‘:

-—‘---
~‘ ‘  - ~~~~~~~~~~~~~~~~~ 

- -

LB 28051

-V - -
‘ 

-

I—,
- ,_5

_, I — - S

“ -
-

-S-i,

FIGURE 14-14. COLU~~ TEST SET-TIP (ROOM TEMPERATURE )

I - 
~~~~~ ._L ~~~

V ~~~~~~~~~~~~~~~

FIGURE ~- 5 .  TYPICAL COLUMN TEST SP :i:~I:: AFTER FAILURE
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~~ie S i ’CL~ I_ i ga_i - i - ST 011 C C’h cc ~c’~ UCS ,, c - )  V C O m c _ i L C t C V  i IV i 3 Is full b1’id de r_ i-:t-1o ) ’k

to give a double axial stc- : . i O~F’ C T I t  ‘c.. ti~ i -c - cc - U c_ ic - ’, Crccc>- -ll ctiocz . The i Ir lc_ i4’tc-’ C_i _i_i t

p_it was connect-e.i tb_ i-c- c- -u Ct :cc-iO: .-:_ : I; potc-sc :t c_ i - :_ ic-t er to nn X— ~ pJctt-:r to c-t~~Ur,

1oa :-C4_ i~ — c-~ c’:C_ic~ c-urvC- ,: -

The other nc --tha_ ii of rccn :~~_i’~c:~’ the compre s:Uon strain was by an extenc-ometer

that was inc - c_ i-p c- r a t  cii icc-to t i e  1.ol iin~ fixturL (Fir. 
14~ii) - Ti_ ic c -x t e c_ i soc r .c -_ it -~~r is

w~rcd dia’cc-tly into t i_ ic bai:~~im i’ecor:ier a c _ ic -  transmits strain si gmmls pro duc -ed

over a two inch rage length wiU oh is ceotere _il on the specimen. A graphicaJ. dete r— S

min ation ‘~‘cc- s then  made to obtain the compr5c:si ’; e modulus (E C ) ,  compressive yield

at .2~ off-set  (F~~ ) and .70 secant and 8~ secant modulii. The Eocbcrg-Osgood

shape parameter  (n )  was then calculated and recorded.

Testing of specimens were and-:- at room temperature ond 600°F.

A summary of material properties for thcse compression tests , as obtained

by strain gages and by an extensoneter , is sho;oS in Table ~-III.

Tensile Tests

Tensile tests we~~ corUucted according to standar~ AS~ - Elil-61 practices.

Tensile specimens of a pin loaded , two -in c h  gage length confi guration (see

Figure 14_3) were installed in a 30 , CC d lb Baldwin Testing Machine. A photograph

of the general set-up is shown in Fi gure ~4- 12.

Strain gage s and an extensocacter were used to measure the resu]t~ng teas~on

strain.  The actual set-up and meth od of attachment of the strain gages to the

coupons is the same as used for the “Compression Tests” and is desc r ibed ~n detail

on page
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Views of the c - x t ec _ i _ i’ o : - - tc - - r  i - _ i t  -- ip I oi’ _ i 3 c - _ i _ i  tc- s _ ip _ i c’ tu ’s ’€ t ’ _ i _ i c t c -  O ) e  c - hoc - c _ i  a

Fi~-u_ i ’s.- 1~~l3 ar-J for 600~ i-’ t -~ so  -ra ~- - - c-_ i t~’et r ~ Figcr~c -lu .

Te nsile test  sp ec - Ic _ i-_ in s ;-:cre J o a i c ’c -  at a constant hen - i  tr a— :el rate of .005 ~c_ ic - h /

per/ ino }i /r ier ,t s_ i inu t -c- ti_iros_igI c-p mro :-U : _ i _ i’ ely .02 inch s t r a in  on c - c.  a ’_ itc-orap -u .~ c- lo ad—

strain curve . A gr~phioal d,eter n ’i c sc - . t ic _ i c c -  was the _i s,c_ i _ it e to obtain the tensi le  mo _ i_ ia_ i cc

( E ) ,  t c -n s i l e  yield at •d~ c f f -s c t (F ty ) ansi t ensile  ulti:- ate (Ftu ) •  Coupons were

test-ed at room tecc-oi’atu_i’e and at 600°F , using the strain gape-s cmi extensos.-~ter to

mon~ tu r  strains induced in th e  re snect ive  coupons -

A susamary of material  properties as obtained by strain gage s and by the

extensoneter for this tensile test is shown in Table ~ — IV.

CONcLUSIOgS OF COLtCg 1, C0UPFL d~Ur: :  A D  TE:-:SII~ TESTS

1. In an effort  to es tab l ish the most reliable and accurate method of

measuring the mechacc-ica l properties of Lockallo’y, both strain-gages and ec-:tecc-so-

meters were used for thi s test series. The dat a obtained from strain gages was

considered to be more con si s ten t  and reliable . The strain-gages were chosen over

the extensoneters because (i) strain gage data showed less overall scatter than

extensoaeter data , (2)  the strain gn~ e pickup is inherently more accurate than that

of an extensometer and (3) strain ge,~~e data reduction requires icc-s of an objective

graphic interpretation by the techn ic ian  than that obtained with an exteasometer .

This is due to diff icul ty in es ta’cl i sh ic - :g a t angent to the small st_ i -n i gh t - l i n e

portion of the load-deflect ion curv e , wh ich is characteristic for the Iiockallc:,’

material .

Comparison of the compression modulus data obtained from strain-gages versus

extensometers is shown is. Table ~ -V•
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Fig. ~4-l2 - Overall view of a typical room temperature tensile
test. All room temperature tests were conducted
with the furnace in place but not operating .
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2_ Ac ci ] ysi s of the co] .u_ i_ iri ts-- _i t s ] _ i t t ~ c _ id _ i l  cate that t~,_ i-c cot I ,c~ h_i cc u - i-e n_ i li 
~
.- c_iCed

t pre J c_ it . C _ i ’ ]  U s c - _ i  c _ i l l  (drchles for 0th _i’ st_ i’uc-turc- ] n s .t -ri ~c 1-c C_i Pf-1: equally to

L oc k_ i_ i l ]  a:5- s t i t e r i  c_ i ] - Ca].usc_i i~ Li _ i ’.~ test _ ii- _ it _ i _ ipJlc _ its nrc ]_ i l ct t C_i I c-- . th th ’: p ’> c~ i cc’tc-]

coluc-c_i st ’>’ c-c_ i i curve corr ected to reflect the actual r _ i , -cchC -_ ini ccl ~-r_ ip ei’~ :es of coch

Lockalloy cl-_i ce_it frc-s_i which the test coupon_i were fabricated. See F_i
~ urer 14-15 thru

~4 — l C _ i . A c ocs _ i pa ’> - sc- n s_ iui ows that the actual cola_icc-i failure stress dc -ta  point _ is do

correlate w it h  pr C-~U ct _ i_ i id column allowable cux”res generated by r _ i _ ictl~odc - currently

used ( S t r - r c s  ~-1es~c 80) for other st 5ccctura] cccai_ierials . This correlation is rho _ i -_ is,

nunhcr ical ly  in the Sutr~ a~~ of i-_ iar i~lc _ i  of Safety” calcul ations , Table 14-vi.

Both the figures of column curv e grapb cr and the margin of safety cacrc -_ i-5ary

include desi p,c_ i allowable data for reference comparison .

3. As the result of teoti _ i i~~ strain-g~~ed tensile ac_ id compresrive test

speci s_ic_ ice , the fo11owin~ noculci at room tecs_iperature nnd 600°F nrc r-c-co~scended

for Be-38,d Lockalloy:

Modulus Room Temp . 600°F

E, io6 psi 28.0 *20.0

Ec, ~o6 
psi 27.0 *22.0

~~n1y the modulus for 600°F have been revised from current design allowables

for Lockalloy•
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Oi~JY0TT7 E

To evaluate the e f f e c ts , if any, of variou s t }c -_ i- _ i- _ i_ i_ ia l tr erct _ i_ i_ i--_ i- c _ it _ i _ i on the rc_ieohar_ i_i-

cal properties of as-received Be—38A1 I~~c~_ia1ioy sheet.

SIG-0- ARY OF RESULTS

Five tension specimens prepared from a sheet of 0.150 Be-35A1 I~ ckal1oy sheet

were each subjected to different thermal treatments and their rse ccbaaioal properties

compared to those of an “as-received ” specimen prepared from ti_ icc sane sheet of

material -

The very limited , single-point data obtained from these specimens tends to

indicate that the mechanical properties (in particular, the pr-c-nc rtional limit)

of as-received Lockalloy sheet might be increased by an appropriate thermal trcat-

ment. The magnitude of the increases c’otained was quite small, however, and , is.

the absence of additional data, must be considered to be within the normal test

• scatter of mechanical properties for this  material.

BAOKIIRO1FOD

For certain applications , a post-manufacturing thermal treatment (solution

treat , sub-zero quench, and artificial aLe) has been used to increase the pro-

portional limi t and yield strength of as-fabricated boron-aluminum (6061 alloy)

metal matrix composites. It has been theorized that the large di f ference in th ermal

coefI ’icient of expansion between the boron filaments and alumim’:c_i_i matrIx _ i a t e r~ a1

induces h i f ~h residual stresses in the aluminum as the compor~ te cools fr_ i—_ i._ i the

dif fus ion  hon-dir ,C or con col i—l at lon  temperatures. Apparently these residual

stresses are part~ ally relieved by a solution treat and sub-zero qucc-_ich. The

57 
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I rs cr s--ase in i_ii’c’p’-rt ac _ ia ], 1 _i~ :10 n _ i _ i d :.- .~c1 2 ~ ,i-~- c 0 h  ha ’s -c ’ bC-efl i _ i t~- -_ i l - - i t e _ i i  to t}_i eo_ icc~

binad effects of th~ s re du- . ’c_ on _i- res~ -1 _ i _ i-i _ i-tre ss and the su~--_ i e _ ijue _ i_ it a_ i~e r€-_ iJ 0)n -’e

of t~ _i_ i a- T---O l alu’s’~ u i _ i  Cilia:.’ na_ is -i:-: -

Be-38A1 I 1oc_ikall c’sy ~_ ia: a relativel-,- low ps-opc-rtional limit (approxl_i_iictely

10 ,000 psi)  co _ i_ i_ ipci r e - J to other  _ ic t r _ ie t ’ or _ i u i  materials of equal st re _ i_ i~ th .  Since

Lockalloy Is  a part~ cu] ate c o_ iposd . t ’~ consi sting of InterlockinC r.atr ces of cc ‘:e

e lum licur _ i c a~cJ berylliusi, which also ha-r e si g c_ iiOd cantly dif2er e_ i’c t coe f f l o l e c_ i t s of

e) :p se _ i s_ i :o_ i_ i, it was postulate_il that some form of therm ’s],  t rea tment , similar to that

— used on the fi la_ i_ ic enta ry :u.etal mat rix  composites , mi gh t produce a similar inercase

in proportional l i _ i _ i _ i t .  The vscry l ’ o ted stud y d e s cr d b e_ i 1  he r e in  was uridertahen

to Invest~ _i-;ate this possibility. ho ef fec t on yield st rength was anticipated

since pure aluminum (unlike the Cts(’1 alloy) can not be strengthe ned by thermal

tr eatment . -

DES TRT PTION OF TEST s~~cr-2::s

Six , two-inch gag e length, transverse-grain tensile specimens , of the

configuration shown in Figure 5-1 , were prepared from a remn ant of 0.150 inch

Be-3~ Al Lockalloy sheet (Kaveoki Eerylco Industries , Inc . ,  Sheet ~o. HC-2l~3-l).

These specimens were identified L935-lT through -6T. The -lT specimen was to

be tested in the as-received con_iIiti or_i to establish a basis for comparison. Prior

to testing, the -2T through -6T specimens were subjected to the thermal treatncc_its

indicated below: 
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________________ 
-4Sjceci _i ’_ i t ’f l

Th _ i ’ r _ i _ i al T~~-~-~~~~- ,t

0-lCd) 1- (2  ~_ i _ iu . )

-3T -3F0 °1’ (2 ~~~~~ - )

1100°F (20 _i~ :i .) ;  ~~~_i tar Q c_ ic h; -100°F ( 2  h r_ i_ i. )

—5T 1100°F (20 mi _ i_ i.); W~-l - -  Q-oer_i c_i~ ; — 300 °F (2 hr _ i_ i_ i.

-GT 1100°F (20 m I _ i _ i . ) ;  ~:a te~— Q _ i _ ic _ i _ i c ’ ) ; -100°F ( 2  hrs.);

350°F ((1 hrs.)

TEST Ed)-OFOVRE

All sp e c I me n s  were tested to failure at room temperature in a 30 ,000 lb.

capacit-:; Bal-iwin ~ark B Universal Test ld c_ ichime . The specimen s were loaded at a

constant s t ra in  ra te  of 0.005 in./in./min. A Wiedercan TIM-lOEil, tvo-inci. gage

length extensc: .et -er  ar_ i d a ioad-strnia recorder were used to ct-tam . autogrrip~,ic

load-st_i-sIn curves.  Expanded load and strain scales were used on initial l ’sa_ iui r.~

to more accurately es tnb l ish  i_i_i !tial deviation_i from the straight l ine  po rt ion of

the load-s trai n curve  an_ is- defi ne the prc -pos-tional iisdt . The lead am_il strc In

scales on the recorder were then contract- i (without union-ding ti,e specimen ) ac_id

loading continue_il until the specimem fai ed.

TEST F~SULTS

The mechanical properties obtained for these test specimens are given in

Table 5-I.

cOI;cwsio:Ts

The proportIonal l imits reported for the specimens which had been subje cted

to 1100°F for 20 “ i _ i -i. followed by a water quench , and a sub-zero quench at -IC-0 0F

(-I~T) or -320°F (-5T) for 2 hrz . were , respectively, 22.5 and 25.5 percent hi_ il-_i cr

than that  of the as-received specimen (-iT). WhIle these would appear to be

59 
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--——--—— — 7.50

r ~~~~~~~~~ 6.00 — _
~~~ .75~~ i.88 .~~~~~~~~~ 2. 25 ~~~~~~~~~~~~~

_  _

~~~~~ 2.0~~~(TYP)~~~~~~~

. 500 DIA.

.501 (TYP .)

NOTE : RADIUS ROh F_ihDS OF REDUCED SECTION TO C~~~T~~

2. SCALE 1/2

3. USE FOB EI~ VATED TE!-~PERATUBE TESTS

I i .  LEAVE ALL ED GE S SH,ARP

SY~-Th~~ThICAL T0LER~NCE ±.001

Figure 5—1 — T c c c s i o n  Spec i: -c en , Two—Inch Gage Len c-th
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Tabie 5-I - ho - ’ h _ i i _ i . I  ni ~ _ i c - _ i~~’_ i ’ t i c- f } - -~~~AL I_ i_i-cOal] oy

Sheet a f te r  ‘ s T a • s _ ic c -  0l~ ucc - _ il Th-aat_ iccn ts~ ~

F F E Proportional
Specimen tu t y e T 6 Li mi t
N-on _ il _ ic r çksi) (ksI) ~~~~~

- i _ i _ i  2 i n . )  ~~ si x ]~0 ) (k s i

D939~lT(2) 50.3 35.0 11.0 27.8 10.6

-2T ~9.l 3~4- .2 8.5 30.3 n.8

-3T 50.1 3~ .3 11.0 27.0 9.3

52.8 35.0 12.0 29 .0 13.0

-5T 52.6 35J~ 11.5 27.3 13.3

-6T 52.5 35.2 15.0 28.0 12.0

(1) Reference: Research hatch-coO Page ho . 568685

(2) Tested in the as-receive d condition

61 
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H
s i g r : u i i c - : _ i c _ i t  increases , the ac t-os--i values uI 13.0 and 13.3 ksi  are s t il l  quite low

with resp- - -,_i t- to u l t i m a t e  t o _ i _ i _ i _ h e st ic -:_ i : :th.  Also , on the b c _ i s i s  of th i s  very

i l _ i - _ i  ted t a _ i _ i t dat a , it I _ i_ i di f f1 cc i t t  to  conclude that  the h n d i c a t e i  I i_ ic _ i - e a s e_ i c c - _ i - a

actually t i_ ic result of the  ther:sal tr-catc:~-s_ i_ its . They n_ i c _ i
~
,- have be e_ i_ i the result of

nor mal test scatter for this material and/or inherent testing inaccuracies. E-rc-n

though speci alized load-strain recording techniques were used during these tests ,

the poi nt of initial deviation I’rom the strai ght line port ian of the curve (p_ i cc--

portional limit ) is very difficult to establish without using strain-gaged

spe~imens -

If , in a particular applic rF_ iIoc_i, the low proportional limit of Lockalloy

would result in a si gnificant weight penalty, a more thorough investigation of

the effects of various thermal treatments c_in the mechanical properties of Ec-38,L_il

sheet may be warranted. The added costs of any such thermal treatments on a pr_i—

duction basis would , of course, also be an important consideration in evaluating

the benefits of any potential i _i_iprcves_ient in mechanical properties.

I
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0101010:: 6

NOOChE ID BAR (c:i ;_ii~r~ ) 3~--G ,0T TIcISO

OBJECT

To determi ne ar _ i - _ i l c ’o_ i ._ ip c_ i r c t i_ i a  Chary:.-’ iti_ipact strength 01 ’ Be—38A1 LocOrO l my to

other structural materials o-iien subjected to a single  applica t Ion  of load ot room

ter ._ ipe rature .

Quantitative charpy lmpaot tests on various structural materials indicate

that Be—38A1 Lockalloy has an impact strength exceeding that of P5-20 Beryll ium

and approaching that of 7075-T6 alumi na_ic_ i .

TEST fl~0CED’LTRE

Impact tests were conducted according to standard ASTII E23-72 practices.

Testing was performed by “Atlas Testing Laboratories , Inc.,” Los Angeles, California.

Test coupons (see figures 6-1 and 6-2) having a cross-section of .197 in. x .197 in.,

with a type “A ” configuration (AS 23-72) notch, in the longitudinal , long os-ac_is-

verse and short transverse dire_ ictions were impact tested at 72°F. The various Cou-

pon materials tested include Be-28A1 Lockalloy, 7075-T6 Aluminum , PS-20 Beryllium ,

• 20211--T35l Alumi num , 14130 Steel (H.P. 125 ksi), 5A 1-2.5Sn T ita _ ic ± u: _ i _ i, Annealed

6A1-14V Titanium, and Aged l3V-llCr-3Al Titanium. Three (3) coupons for each

-
- - grain direction were tested for all materials investigated .

TEST RESULTS

Table 6-I lists the impact test results for all the materials tested. A

summary of the average impact strength values for each material is shown in

Table (-II and graphically pr sente~ in  Figure 6-3 .

63
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The notch 1-uhavi or i _ i _ i - i  ~catc-i I n  a_ ic I _ i _ i d i v i  -dual t a _ i _ it applies only to the

speci re_ i_ i size , notch gao_i_ i : try , a_ i_ i-c t-~-_ i_ iti: - g c-om . Cd or_is c .vu lve  I s - _ ic _ il  c an _ i_ i_ i t  be

generalize_ i l  to c d_ icr sizes _ i - f sj-- - ’. :5cm_ i_ i i _ i _ i _ i -i con-i l t i _ i _ i _ is. These erces-gj value s

cannot be converted into v _ i _ i l _ i _ i c -s that ‘-‘said serve for ec.gir eeri _i _ig design cal-

culati c _ i _ i s , but do o f fe r  a comparat ive evaluoti or_ i of the I s-pact strength of the

materials t es ted .

_  
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~~~~~ ~~~~~~
÷ - oo~,— . \ O o

SCALE

NOTE : 1. all surfaces c _ i _ i- i  c _ i o t -c }_ i .

all edges to be f i s k , _i_iquare , and parallel.

3. Loave all edges sharp .

14. Out of square - .001 inch in .197 ir i s h .

$

I-i c~ _ irs 6—i — I c_ i r s - s t  Test Sped _i .e _ i _ i

65
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TG-_ iLh c-— I — i io_ i - _ i T - :r ._i~ I_ il_ il L  
0~~~~~~~~~ 

--

- 
( )  

- - 

~] (~ ~~~ 1 - -

I 
-p ~ ~ 7Q _ i 1 a i ) 1 (jc I

~ 0 - 10 r I T~ ~ - , )l_ ~ ~ i-_ ( i  Ic ) ( c _ i

cou~vo~ oo. _ io .  _ L o  io. -i.o _ i _ i  i::. -TI_ id 10. - L i  i::. -Lil’ i::. -E -
~ _i 1... -L~S - ~~ -

~~~~

L-1 52 (5 85 i2~~, 
1
~7 5  1

t~ 2 5.5 8.25 16.0 ~8.
_i I 2 5 . 1)  32 .5 12.5

L-3 
-- 

5 .5  8.0 12.0 60.0 26 .5 t 3 .0  17.5 -

LT-1 5.75 9.75 25.0 116.0 30.0 
- 

26.5 10.0

LT-2 5.75 9.5 22 .5  115.0- 26.5 30.5T ~~~ -

L - 3  S 75 9 5 230 115 0 25 0 
- -  

3k_i o f~~ 3 5

ST-i 
- -  

6.75 11.5 16.5 72.0 ~_ i 0 . 0  38.0- 3 1 . 5

ST-2 7.25 11.0 16.0 69.0 14~ .o 39.0 30.0

ST-3 7~ 5 L ~~5 lL75 15.0 7~~0 50.0 142.0 31.5

LOGO . TRANS .

(2) BERYLLIIOOI PS-20 MATERIAL PRCPERTIES; F~~ 78 ,600 78.800

(“ EEl ” ~!-i-i855) FTY 53, 000 53,300

% ELONG 214.7 22.7

1. TY PE OF STE CD- EG: V-NOTCH “A” ; SIZE: .197 x .197; TEST TETIP : 72°F

TABLE 6-Il - SUI-~-’J1RY OF D7PAC T
E1-~ERGY AVERAGES (io-i~ss) Ti

14130(H.T. Ti l3V-liCr
Be-38A1 Be1 ‘ 7075-T6 20214~ 125 ksi) I Ti 5Al-~V -‘ml

LOCKALLOY PS-20 T351 STEEL 5Al-2. 5Sn ‘(Ac_i_ ices-led) (Loot)
1G.— LBs 1G.-LBS 1G.-LBS 1G.-LBS IN. -Lr3S 1G. -LBS 1:1. —LBS 1G. -Li-S

CL)
11101 0’i_iTGIL 5.t~ .75 8.25 13.14 59.6 27.1 143.0

( IA- ) 1o::o
Tl~_iES0EBSE j 5.75 .75 9.6 23.5 115.3 27.1 30.3 15.6

(sr)  SilC~T 
— —-

~~~~~~ 

_______  — — —- -  ____ --

7.1 .75 11.14 15.8 71.6 14~~f 39.6 30.3
_ _ _ _  _ _ _--—— I
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0Ed~1i c:: 7

~-:o i_ii i::-- : :!~~oTS

(Cdl GOT

To deter_ i: , re ti _ i a  p r _ i c c t i o a l i t y of fur _ ic _ i _ i wel_ i31 ~~ as a j o i _ i_ i i r i . 1  _ i -_ i e th s_ ic  for

Be~3
ri0J _ i _ i. ’_iteriai .

A limited number  of t en s ion , fa t igue an_ il be _ i_ i d tests were p ar i cr_ i -.ed on sp-c c i r _ i _ iens

prepared from electron beam b_ istt o’eiLdc- i re _ ic _ i _ i_ ic _ i_ it s of Be—3SAl Lockailcy s_ i .e e t s

machined  to .100 inch thick. 0_i_i the bas is  of u l t im ate  tension s tr en~ ch , weld

joint efficiencies of cppro :-_ iinatcly 8c~ wei’e obtained , acco_ i_ipan_ iic-d by a con-

siderable reduction is_i elongation.

Based on the limited tests performed the fatigue life of welded Losi_icilcy

appears to be equivalent to the fs.tigue strength of unwelded Lookailoy with a

stress coricentrat_iiom factor of Kt 
= 3. Welded bend test samples failed to pass

an Bit of 20 when bent across the weld .

X-ray of the weld joints showed some porosity which may have contributed

to the loss in ductility and fatigue strength.

Development of the electron beam welding parameters could result in reduced

porosity and increased strength, ductility and fatigue of welded joints.

WEld) PROCEDURE

All welding was performed by I1-~SC personnel in their Hamilton-Standard

150KV 50 M.A., Mo-del Go. EBW (7 .5)  108-56-56 electron beam welding _i_i.achir_ie.

- 

__________________
- — - — 
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Twelv e Lockalloy p i e r c~o 0 _ i’ I ri - e n -_ i l _ i c r  _ i - i _ i apc -  , \ ‘_ i_ ir5’.i _ i _ i
~~ 

I _ i _ i  s_ i z-s f i -c:c . cIj rr o_ i ’ : j

2 x 7 to 5 x 20 i _ icc _ i l _ i _ i _ is were _ i - _ i _ i ppl  I -~~~ c_ia U -Oh to p~-c lu c e  si x ) c t t_ _ i ;c l I e i  ac:_ i~~~.] icc _ i _ i .

The ma t _ i - c - i  m i _ i _ i _ i wer e r e_ i a _ i _ i _ i t s of -
- _ i _ i _ i- : c_irs .125 and .150 ri _ i-I _ i  tiE c_i T_i _ i _ ii _ i e-o t s left es’c-r

from an earl i c-i- pr_ic . l _ i- a_ ic - . All  i- -n- ann _i. c_ i I _ iL. )  aS ic-art one al ga is. t u e  “as received ”

machine e o _ i _ i J ± t l o _ i _ i  which was used for the join_ing cd0c.

Preparation for welding consi ste_il of abras_ive cleaning the f_ i-ni ng surfaces

of the joint  with 2140 grit abrasive cloth followed by a ~~K solvent w_ i pe . After

cleaning, each assembly was pi ssed on the welding ~ ig and clamped. The ch a_ i_ i cber wa

evacuated and the joint aligm c-d wI t h  the bean_i. A tack weld was then made at each

end of the joint.

The welding assemblies #5 and ~6 were used for set-up purposes to establish

welding parameters . FE-are 7-1 si_isws a diagram of the welding set-up and Table 7-I

summarizes the preiisc mary woldimg data.

Panels number 1 t i_ in_ i 14 were m ach Oned on both surfaces to clean-up the weld

bead , weld undercut and to maintain a uniform thickness (.100 inch). Another

radiograph of the weld joints were then taken. The general characteristics co_ i_ i-

paring the radiographs before and after  machining the weld joint are compared am

the next page .

- t
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X—RAY Al-I SR WELl ) X—RAY AI- Il-:R CU AN —UP -:- ‘_ i fl u iL ’ i:g

BOTH i l l - i - Oh ( ‘-1 ’dGLl -T O . ‘oo c~~: c ~~~
1.: : r 2 _ i~

ASSE~~ LY ~/ -]~ (.150 THI CK)

One spot C~ inches Cc-a _ i_ i : start Scattc-c’od p_i rosity. Op_ i t (~ i_ i_ isLes
of wel d , where b o a_ i _ i -did not full y from start now loak s l i _ i _ i c  a typ i c al
penetrate. So_ i_i_ ia precocity, porosity spot.

ASSETSIII’ /L .l (.12 5 ThICK) - -

So_i a undercut  on sides of Some porocOty still visable.
welds. Good pene t _ i - a t i o _ i _ i.
So_ice porosity .

ASSE~-rn LY i~3 (. 125 THICK)

Good weld except last 3 inches Some porosit y is visa’ble.
where pieces were riot clamped properly .

A SSETG~LY~~1~ ( . 125 THICK)

Some us_iiec’cut and/or lack of fusion Some porosity is visable . Lack of
at the ed ge_ i_ i of the weld. A slightly ftsion at edges.
wider co_ ic_ is_ isle pass is recommended.

AS~~~~ LY #5 (.125 TiacK)

Intermittent welds at various Since assemblies #5 & #6 were used
settings . only to establish weld set-up para-

meters no machining was performed.

ASSE~~LY #6 (.150 T1~~CK)

Weidment sectioned for r_i_ietallographic
exam.

It is concluded that most of the porosity condition evident in the radiograph

of the initial weld will be present after the weld has been machined to remove

the weld bead and undercut .
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EB GJ~

11 ~~~~~~ 

- 

~~~~~~~~~

I ~ 
LO0KALLOY PANEL

-CL~-1PiNd FODOD )

_ _ _  _ _  ~~~~~~ ~~~~~~~ -

_ _  / ~~~~~~~~~~~~~~~~~
r~~_ _ _ _ _  _ _ _  / no ~

‘
~~~~l~ El, /

/ ALUI-:I:Tlo-: ELOIK
- \ TO STOP ELE-ogho: :

SIDE VIE ’,’I

FIG. 7-1 - PIAGR !l-~ OF ELECTRON YIEAM WE LDIN G SET-UP
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TARLE 7-I

5 i: _ i _ i - r - ar\~ of lc~- l h_i.i _ i _ i _ i c:~_i~
U :1! F r -~- —

Cirr - ] s-  fl~
Run Travel Speed V _ i_ il  t age l_ i e a _ i_ i. C _ i _ i r i - r _ it Focus F~~~~~~ _ i-y C~ i-cic Si ze
No. 

— 
( i  a_ ic ) ( K Y )  _______________ Loc-nCd on ( - _ i r - : )  

- 
( i s _ i )

~~el5mi_ i~~ry Wel d _ i~ — .1~O— i n-Cd t h el-c_ in s 
~~~~~~~ 

v

6-i 30 125 10 Top Surface - -
6-2 30 125 12 Top Surface - -

6-3 30 125 11 Top Surface - -—

~~~ 6-14 30 125 i14.~ Top Surface 7000 1/32 dia.

6_5* 20 110 10 Top Surface 7000 1/16 dia.

Preliminary Welds — .125—Inch thi ckness (Ar_ iemu iy #s)
5-1 30 125 20 Top Surface 7000 1/614 dia.

5-2 30 125 15 Top Surface 7000 1/614 dia.

5-3 30 125 11 Top Surface 7000 1/614 din .

5...t~ 30 125 11 Top Surface 7030 3/128 d i n .

30 125 11 Top Surface 7000 1/32 dia .

5_6* 20 110 10 Top Surface 7000 l,’l6 di a.

*Cosmetic- P_ i_ iss (cleaned top of first pass with a
-

- 
stainless steel wire brush before placing cosmetic pass.—

~~~ Parameters used in welding remaining test panels.

.- (
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WEb - DPOSEDURE

Pa _ i -sin 1, 2 and 14 were cut h r_ ito test c cn_ ipsn-c . Table 7— 11 l i _ i _ i t _ i :  the !ateri al

1. i-es psc t  we coupon and test pe r fo r r -_ ie - ) . Spool fie coa~ ar_i dr_ i-al n_il _i_i _ i_ ire shown in

Figure 7-2 thru 7-5.

T en _ i - i a _ i .  t es ting was performed on nine coupons at rues. tempcr at -oc ’e and on three

coupons at 600°F. Tension tests were co_ i : - i u c te d a c c or e i _ i_ ig  to atandard ASTi-~ Elll-61

practices. Yield and modulus volumes were determine d graphically from the auto-

graplci c b a-i-strain curves. Exter_ isometer measurements were ut_ i u sed.  Permanent

deformation was determOned by measuring between lightly seribed gage marks within

.0032 inch.

Bend. tessEcg was performed at room temperature by a power brake on three coupons

machined to .063 th ickness , see Fig. 7-6. Radii of the brake for_icing tools used

to bend the coupons were .75, 1.0 and 1.25 i_ i_ i sL es .

Roll bending was demonstrated by rollIng a butt-welded remnant having an approxi-

mate size of 3 x 15 inches (Assembly #3) on a three-roller machine to a 7~ inch

radius segment . See Fig. 7-7 for picture of rolled specimen.

-: Fati me tests were conducted in a 10,000 lb. Lockheed designed constant amplitude

resonant fat igue machine as shown in Fig. 7-8. 
- 

-

H Welded fatigue coupons (Fig. 7-2) were fatigue tested at room temperature and

600°F. A close-up view of an installed coupon at room temperature is shown in

Fig. 7-9.

All t est s wer e conducted at a range ratio , B 0.1, util failure or unti l  1OT

cycles were reached at which time the test was terminated. Specimens were

stabil E_ ic -i at 600°F for 15 minutes prior to the 600°F fatigue test .
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TABJiI 711

~-I~_ iT _ i -.i AL LIP) CC1 rC0: L- I -hOl E

Weld Test Ref
Si c _ i- _ i t ID Assy Coupon Coupe_ic

( 2 ILF ves) (Thick_ice_is) 
— 

No. (Fig.)

HC-lCl-14 #1 Tensile R.T. Th-l-l;-2;-3 Fi g. 7-3
110-227-1 ( .i~o) Tensile 600°F TH-i-14;-5 ;-6 Fig. 7_ 1~

___— 
Bend R .T .  TH-1-7;-8;-9 Fi~~~ 7-5

110-1(1-i #2 Tensile R .T .  TH-2-1 ;-2;-3 Fi g . 7-3
HC-2 27-14 (.125) Fatigue R.T.  TH-2- 14;-5;-6 Fi g. 7-2 

Fat igue 600°F TH-2-7;-8 ;-9 Fi g. 7-2

HC-197- 14 #3

110-107-14 (.125) Roll For_iced Ent i re Assembly 
________  _____

110-137-14 #14 Tensile R.T. TH-14-l;-2;-3 Fig. 7-3
110-137-14 ( . 125) _____________ ________________

HC-197-1_i #5 Used for Weld

HC-137-5 (. 125 ’ Set-Up 
_____

:50-1)43-2 #6 Used for Weld

HC-227-3 (. 150 ) Set-Up 
-
~~~

________

75
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I- 

_ _ _ _  

_

- _ _ _ _ _ _ _ _  - -_________ - ____

- 

--

~~~ 

_ _

H ~~~~~~~~~

- - I-V-TIIUE COIJPO)-J — L’NNO TC 1~~D

- 

(
~~)

- 
- 

- 

TO BE SY1~~~TRICAL Ar_iCUT CENTERLINE WIT1~~N ± . 003 INCNES

° Till S C OUPON K t = 1.0

- 
- 3. ENDS MAY BE 22115ArJ13, ALL OTi-~ R SURFACES TO

INC REASE AS PEQ~tJI RED TO MAINTAIN ~J~~\ � .02 3 SQ/INS.

FIG. 7-2 - FAil-dU ll cou~o~ - iOlN OT CIIED
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_ _  - 3.75

- .95 
w~~~~ 

?1~ .25O ±.0~~~~~~~~~~

~~ENTIFY

3 . 00 ~~~

TENSION COUPON - 1 INC H GAC E LENGTH —

NOTE : DI~~1NSI0N AT FlIP S OF THIS GAGE L~~ GTH ~-OlST BE L!-d-IOER 3Y
+.032 TO +.003 12012-IS TE tO TI lE W .251) + . 3 0  0~l011ES AT
CENTE RLINE . RAD IUS TAPER FROM EIIPS TO Cil::TRELII;E ~~~V IP,ED.

NO ?{tSMATCH ALLOWED

14 . USE FOR ELEVATED TEMPERATURE

SY
~~

€TRICAL TOLERANCE ± .001

FIG. 7-3 - TENSION T0UF~li - 1 INCH GAGE lEN GTH
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/ THFLI- -J2 -lOfl

/
6.00 - - - -

~~~~~~~~~~ .75 

~~~~~

8-S
-t 

2~~~~~~~~~~~~ -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

/

IDE!~~~~ 
~~~~~~~~ ~~~~ 

1.185

.501 
_i)L-~. ( . _ i .L T . )

TI-OldIflU COIlVOlI — 2 LIcil GAC I THNdTI L —

HOOP : D1-2HS:OOl AT ENEO OF O l h 0  dAdE LEHOOJI FOld: PP LAROI’P P0
TO +~ 1-1)5 I lOl I lE S UIIA : Il i lE W . ;ld0 + .01-J I2C LS Al ~lh ERL I1}l .
RADIU S TAPER 1-110:-: EHDS CO OE:HLRLI :T IIEQUIHED .

/
‘
2
’
\ NO i-~GS1~ATCii ALLc?~ED.

3. USE FO B ELEVATED TE1-1)PRt_i TUEE TESTS

14.  LEA~vEl ALL EDG Ed SHARP

Sl0- -flC1)%I 0A l_ i  0Y_ iilhA g lE ~.O O 1 
-

FIG. 7— 14 — YEEIP : 02 coupo:: — 2 12011 GAGE IdIHOTh
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HH~~~~~

1.OO± .OIL X I

1~ 
N 
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~~~~~~~~~~~~~~~~ 
~~~ 

-

~~

P0LIS:~~~ ~~GES

l_ iR c 12 REND TEST C -OTJTON I D E  E L I  X T2USIOH~ &~ T DRO IN-G S

NOTE: 1. JOLD 125 RMS FINISH

FIG. 7-5 - BIIAKE 21112) TEST CU ’ )P0 H FOR )_iAB , 111101121 Cl:, & FOBO TAIO
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-~~ . .‘~ , a —

Fig. 7-6 - Typical Set-Up of Room Temperature Bend Test
At R/t of 15 in Power Brake.

(\j

•1

Fig. 7-7 - Roll Formed Weidment

J (7~ Inch Radius). Note Visfble
Weld Line Along .

80
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!~~~1~~ ~ 4~~1

Fig. 7-8 - Lockheed Designed and Built 10,000 lb.
Resonant Type Fatigue Machine .

—~r• _ _

F~~. 7—9 - ~]c~ e-Up View of Sp’~ ~ ‘~e~i E~istai1e
I~ ~r~ p~’ ~eaiv for Fr~~~ ’;e ot R :~~~• ~~~~~~~~ 

;r~
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NELL: TF~T RE~T ~r u ~
Test da t ~ I ron tensile te~ t~~j~ w I ~~ I co1~~~un~ is Co 0 ’ar€~:i to tLe tensile

• propert5es of LLt ~ as— rece~v cni ren~ an t s of Be—38A1. For t~~ 603°F part of the

test , the re r:~ o~ t as-r~~ eI~.od  tenc~ le properties were de tcr::J nod by factorj ri~

the roaterial properties at room tenperature . TLo factor was calcul ated by

co :pcrJ n~’; exist~~ g dnta on Be-33A1 at room temperature and 600°F. Table 7-Ill

listc the complete tens~ ie test data.

Data for welded coupon bend te n:~ including data on an as-received

remrn~nt for comparison purposes is shown in Table 7-IV. View of the welded

coupons af ter  the bend test is shown In  Figure 7-10.

The roll fo rned welded rero :ant is shown in Figure 7-7. Close inspection of

the photo will show some porosity voids near the ends of the weld joint . The

weld joint in general appeared to be good and showed no degradation due to the

roll forming.

Fati~~~ test data for room temperature and 600°F is shown in Table 7-V. For

comparison purposes , fatigue test data is included for sanp~es of as-rece:h.-ed.

Be-38A1 .150 thick with =

~
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C0I ’- ’ FiI~ UL~ S

.7, .—~- iI

TH—1— ~
; 1-[~ 1J 1:) 1. 1 )  .C~ 3 16 FIJLhL

TiI—1— 9 ~-TDU :~D i.~~; .063 20

* AS-RECEIVED - .150 15 10 FATL~JRE

* PREVIOUS TEST RE SULTS

TABLE 7-V . F~TI(DJE TEST DATA
co~-~p;5~ioo .100 UhICK ~~I:~ ’o

- Be-38A1 coUPC S ~-Iro: AC-PIICEIVIO I 4
MA’ITRIAL SJ’~C1~-EU K~ 3.

~~C’ • TI ST MAXIMUM CYCLE S TO
~~~~ ~~ C0I~DITI0N ~~~ STRESS FAiLURE

______ — —___________ ~~~~~~~~~~~~~~ - 
hS L N

T]I-2 -5 WELDED COUFON 
- 

F00~’i 20.0 7,359 ,295
TH_ 2_t+ 

- 

WELDED C0~~~’N ROOM 1~ .0 ll ,938 ,Edd 1 .F.

Tlt-2-6 WE U)ED COUFON P0CM 15.0 10,003, 00 N.F.

* 3NF-27 AS-RECEIVED K
~
=3 ROOM 15.0 1O~ N.F.

• • • - - - ----- ---- ---- -- -~~~~ -- -- --- - 
~--t —

TH-2-8 WELFET) C0UFCT~ d’,TD 15.0 671,660

TH-2-9 WELDED CCU1~~ 12.5 5,776,600

T~-2-
’(
_ - - 

WELDED C0T~F(~L (DO 10.0 11,719~030 N.F.

* ~:;r - i  (lo 33 7

flI~T.’IOtJS T~-dT RESULTS

U.F. = I~0 FAILu RE

‘

~

• ‘• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ ~~~~~~~~~~~~~~~~ - - 
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1,_ I

L f t~~ 
r

_ _

_

• S-23
-1-7 S-23

TH-1-8 TH-1-9

• Fh~. 7-iC - Bend Specimens. Room Temp .

ID NO. FORMING RADIUS

TR-l-7 .75 IN. ( ALL FAILED )
TH-l- 1

~ 1.00 IN.
1.25 ~1T1 .

05
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SECTION 8

STRESS-CORROSiON TESTS

O~ )Efl r

To determine susceptatility to stress-corrosion cranking of Be-38~1

~~ckalioy mater I al in a 3.5% salt environment .

sLC-CD ~~
I~ ckaJic~,- test specimens under stress were alternately immersed in a 3.5%

NaC1 solution tor ten minutes and allowed to air dry for 50 minutes. This cycle

was repeated for 30 days . The surfa oe of all six (6) coupons tested showed

evidence of pitting and disco1orat~on , but none of the specimens failed.

TEST PRO SEDUPE

Stress-corrosion tests were conducted according to standard ASfl~ GLI~ _75

practices. The test was performed on six (6) Be-38A1 Lockalloy spocinens. The

dimensions of the specimens were .69 x 3.96 x •lI ~5 inches in a transverse

direction. The coupons were placed in a ~~~ frame fixture and stressed to the

values shown below:

• Specimen Stress Deflection
No. K 51 Inch

D 9110_i 35 0.018

D 9140_2 35 0.018

D 9~iO _ 3 25 0.013

D 91~O-1~ 25 0.013

D 9~O- 5 15 0.0075

D 91~0_6 15 0.0075
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The f ixture and ends of the np~~r i mc’: s were coated ‘~TJ th plastic to rrc-’-~ nt

diss imilar metal  con -os ~c n . The ‘e2i~:,-3: :n w-~’re th-: r 5 i t :  er~-ed in a 3. 57~ ~4 r-D1

solution for 10 minutes and ah13’ - tr o to a ir  ci !-~: for 50 Cimutos. TiIs cycle wa::

repeated for 30 days. No fai1ure~ or evidence of stress corrosion cracking were-

reported dunin d the t et -t .

At the end of the test 1 the specimens wore remove d from the f ix tures ,

washed with water and dried.  The appearance of the stressed side of t i e  coupr m~

after testing is  illustrated in figure 8-i an-C sl-iows evi dence of p i t t i m~; and i D i s -

coloration .

-
~1

-I
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METHCT:D ~OR i: .3FdJ3ILCN 01- De—~ 3Al IDCKALIDY

OBJECT

To determine if EDT r: et }iods such as , radio-graph ic and ultrasonic inopectiom:

can be used for detecting inclusions or discontinulties in as-received Lockalloy

material.

su~:-~~y

To guarantee structural intecr it y ~~ 
I T ~ •5 rec eived ” Lockailoy acterCol it is

reco::.mended to use both ultrasonic and an x—ray inspection techni quec. After a

criteria has been established and more data is accuauiated a~ to t~~es cf in-

herent material defects , the possibility of inspecting by a single method is con-

ceivable . ~~‘od uction ir icp~ ction cam be accomplished by any of the normal ~5~ T

methods to inspect parts after various shop operations.

E~TAILTATIO~ OF EDT ME THOD S Fl-P I::S~~ 0TIO:: OF LOCXALLOY

Samples of Lockalloy submitted to the EDT Group were evaluated to determine

if EDT , as a receiving inspection tool, is capable of detecting minute discon-

tinuities. Additionally , the specimens were evaluated to determine the response

to EDT methods for possible production and field inspection applications .

In general Lockalloy responds in  the s ame manner as most other non-ferrous

materials. The only exception be ing the special handing requirements.

The preliminary i nsp e c t i o n  of a 35-inch x 1t0—i nch x 0.125—inch Loc :ulloy

(Beryllium) panel us ing ra Di ograph ic  and ultrasonic methods hn s been co:: p ] e t -e C .
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From a radiographic st andpu l ot t ) :u de tec tion  of l ore dens e  ino l ~ ::io ns ( su ch

as aluminum oxides) is encily acid eve-C . i-~nre ci o::e inc iu s  DO the range of

0.00 5— i nch are det est :d:le .

From a standpoint of surface crocI detection both penetrant arid eJcT~
r_cmrremt

inspection may be used.

~~trasonic inspection of Lockalloy presents no mew problems. The only

possib]e probleni would be dependent on the criteria established. Currently,

defects of 1/32-inch and larger are readily detectable . The detection cf i/C~4 -

inch defects is currently marg inal but with further  refinement of the ultr i :onic

beam this size defect will be readily detectable .

ultrasonic C-scan in spection (u s ing  the immersion method and a 10

transducer focused on the back surface) disclosed numerous areas of acoustic

• attenuation. The test equipment was calibrated to the standard previously

fabricated. Since this standard is not the exact thickness of the test panel ,

the C-scan indications should be subject to further verification.

An additional ultrasonic reference standard was fabricated to more closely

match the material thickness under consideration. A new 6 x 8 x .125-inch plate

was inspected utilizing both ultrasonic and radiographic inspection techniques.

A previously submitted .125 thick panel was also inspected at this time . Numerous

ultrasonic indications were noted on the 6 x 8 panel and previously noted indications

were se en on the original panel. These ultrasonic indications did not correlate

with radiographic indications .

90

~~~~~~~~~~~~~ 

- 
- 

~

. ~~~‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - • 
- 

.. -- 
‘ -

- — —- -  -- —- — _4_ _ - —- - S~~.A ,-s-_ .~~~~~~ .~~- ~~~~~~~~~~~~~~~~~~~~ - - —* -



~ 
-=~~~~-- — — — - —

~~~~~~ — — -
~~~~~~

-
~~~ ~~~~ •1

LR ~(y -

In an effort to cd Luin corre) t i  cii c-I tI: tin ; ult i  cc -c- n :: C 1 u’:s one of

the la~-1 ’cs i : :d icot ioo: ;  we - s  sectionc i :~~;i s-nc- - t e d  i l l - I L ) : -n::.: c e-i !y. ‘i: c s :~ :ro :

did not ~L ~‘ cc’ c~ unc:~ n~l 1ore--rit~ un:: u’n en wou .1 - : enpia:: toe u l t r : - i : n c  n : cc--

tioms. Further work n-i ll be ocec : pu shed, in an a t tn -p t  to dm a- 5- t:•r I

process.

The curr ent  rcccm :c oec: i~ t-l on for r scc or : I : . - p c 2 L I  c-n of i~~cls1Co ,- w o ~Jd be

X—ray and ultrasonic. Once a cr 1 te rm has toe:: est : -bJ JsL- - i coc cI acre da t c  is

accumulated as to types of de fec t s  I nherent in this mot i - r i n i , the D ac sill lit1,

of inspee-t in~. by a sinpic  method is eonc i e iva i -Tc .

Production inspection can be accoup li  shed by a~~- of the nc~-mo1 IDT method :

established to inspect part s aft u- various shap operatio:s. Ultrasonic DnscmesOic:

is re~ommende-J for hondl im e  appllsat ons . This method f ar  bos• -D os :;ecoion has

been successfully used for alrro::imaoel-5r 10 years . Like all other srr-ii catie:::

of ultrasonics the only i-equi rersccct is an adequate calibration stn:Ce -2--i con-

tam ing planned defects and si:- ulat ag the actual joint - to be i n sp e c t e D .
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