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Blasgtic limita, elastic modulli, stress-total
strain and stress-plastic strain curves were determsined
for free cutting Invar 36, 350-T6 aluminuas, 310 stainless
ateel, 6061 aluminua and 22922 magnesium at 75,150 and cOU°Y.
The creep benavior of these alloys was studied at the sams
temperstures of interest at gstressoes above, below and at
the elastic limit,

In all casus it was found that the precision
elastic limit did not define the minimsum stress to cause
creep, in fact cxeep took place at siregses helow tha
elastic limit at a nuch reduced rate. The data wvas
analyzed in tne light of curreat cresp theory and micro-
vield theory. A2 dislocation model was used to derive
anslytic expressicns for craep near the 10"C elastic 1imit
stress. Belov the elastic limit creep was found to
£follow an sxponential time dependsnce, while above the
slastic limit a t® time dependence was followed with
values of n from 1/3 to 1/2.

The dimsnsional changas taking place in these
alloys under storage conditions at the three texperatures

of intexest is also pressnted.
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A tacility for meaguring distortion as & function
of heat treating and machining opsratiasns was designed

sad constructed and is Geacribed.
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1. INTRODUGIION

The presant report summarizes the work under-
taken by 2lloyd General Corpozation during the period
June 1, 1903 to hAugust 31, 1904 under thse sponsorship
of the Naval Applied Bcience Lalcratory, New York Roval
Shipyard to inveatigate the dimensicnal stailility ot
geveral alloy systems.

In the course of this program dimensional
stapility evaluations ware made of five alloys, fre=s
cut Invar 36, 35676 aluminum, 310 stainless stesl 6061
aluminum and AZ9A2 magnesium. An experimental program
was developesd for determining the dimsnsionsl distortion
of castings accompunying metal fabricating operations,
and the necossarxy equipment was designed and coastructed.
Heagurements of distortion accompanying heat treating and
machining operations wvere made for castings of typs

356~16 aluminum,




<. HAXERLALE 2MD PRERMRATION

<.l gpeciman Composition

The alloys tested were Fias Cut Invar “36%,

356+46 aluminum, 310 stainless steel, 5061 sluminum and
22927 magnesium. The Invar and 6061 aluminum were
xeceived in the form of 1 inch diameter cola drawn
unantasled xod. The 355 aluaminuam and 31U stainleas
stock was receivaed a8 1 x 1 x 6 inch cast blanks. The
nagnesium wig received in the form of 25 round cast
ingots. 7The ‘heémicil compogitions of these alloys are

givew. in Table I.

T™he asz-receivad materials were given heat
treatments recommsnded for maximum dimensional -tmxlity.(l)

The hwat tresating and machining schedules <8 well as the

£final nardneass of each alloy are progented in Table iI.
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Heat treat 1525°F in hydrogen -

1/2 hour, water Quenih.

Bougk machine to over sisze dissusioas.
Heat trest 120U°F in hydrogen - air
coold.

Pinal macnine

. Stabilime 200°P - 48 hours, air cool.

Quench Amssal 1950°F in hydzoqcn R
1/2 nour, watex quanch.

pough machings to ovorsise Miom.
Stress zeliave 750 in air -« 1 hour,

air cool.

Pinal machine

Stabilixe 2UC'P - 2C hours, air cool,

Solution anneal - LUUUF in air - ¢ hrs.
Quench 4in boiling water

kouwgh macuine to oversige dimensions.
Temper 3LU°P - 4 hours, air cool

Pinal machine

Solution smnesl = 97U°F ir aix - 2 hrs.
water quench

Rough maching to oversiss dimansions
Age harden ~ 350 °F, 6 hra., air cool
Final machine

golution amnesl - 750°F im 80,
atmospdire - 20 hrs.

ALrx blast coel

lough mechine to oversise dimsusions
Age hardan « S0U°F, 4 nxs., air cool
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All creep behavior as well as the clastic limit
and stress-strain determinaetions of the slloys were made
with a8 capacitance strain gauge. This gawge (Pigure 1)
consists of a two piece precision machined invar housing
which is mounted on the shouldsrs of the specimen (Figure ).
A Quartis disc plated with platinuna on one face is mounted
in the uppér section and acts as the positive electrode
of a parallel plate capecitor. The face of the lower
housing is highly polished and acts as the ground slectrods
of the capacitor. The height of the housing can be varied
with the adjustment screws and the gauge sensitivity can
be varied within broad limits by chenging the capacitor
spacing. with this device, changes in specimen length
result in & change Of capacitor spacing which, in turn,

is translated into a change in capacitance.

The elustic limit of 2 material Lia defined as

the lowest stress required to produce a ssasurable amount

"

S

tic atrain, Wne methad usad in theae determinations

was the load-unlosd technique of Muir snd Averbach,(2)

6-
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Tests ware conductesd in an Instron gear-driven testing
maching of 10,00U pounds cspacity. The 500 amd 1000
pound scales were used and loads were ricad to the nsarest
5 and 10 pounds, xespectively. The test specimen, shown
in Pigure ¢, was gripped sgaimst its 45° shouldexs by
matched split nuts which were threaded into grips. 7ZThe
grips were consected to the frame ind cxoss-head oi the
msachine by mild steel roda hangers through spberical roa-
end bearings. Losds were applisd in incremsnts of 4UU pali
in the region of the anticipated elastic limit. The load~
ing rats wes approgimately 20,0(u psi per aminute and the
specisen was immediatsly unlosded on reaching the desired
stress. Repsatable "sero" stress cenditions wers achieved
by allowing the spocimen to bang fresly undar the weight
of ths lower grip and hamger for uniosded strain readings.
All the components Of the gripping system were precision
aachined to msintsin axiality of losding.

Upon reaching the elastic limit the load=-unlosd
sequence was continued uatil the macroscopic yield point
wos xeached. The change in capacitance was read at the
saxinmum load and upon unlosding, In this way the stress-~

total stzein and stress-plastic strain curves were generatad,

«8-
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The change in gauge capacitance was mpasurad with a
Robexrtshew and Fulton Proximity eter. Meter calihration
was carried ocut for each spacimsn by loading the specimsen
to stresses well below the elastic limit and noting the
meter deflection. There are six mster scals factors which
allow strain meagurenents 0 be made in a range from
1 x 1077 to 800 x 1070 inches/inch. The calibration was
found to be linear over this range as evidenced by
cowpirison with slectrical resistance stxain-gaugs
messurements. The maximum strain sensitivity achieved with
the capacitance gauge was 1 x 10”7 inches/inch, however,
difficulties in tempersture control causad thexsal expansion
and contraction during the load-unload cycle which, in some
cagses, dwarfed length changes due o plastic strain, As
a result the strain sensitivity used was 5 x 10”7 inches/
inch.

Testing wias carried out gt thres tamperatures;
75, 150 and 20C°F. The room temparature tests (75°F)
were carrisd out im air without tampersture control. Dus
to the large thermai masas of ths specimsn-capacitance gauge
configurstion, temperature flwtuations took place vexy

slowly 80 that expansion oz contraction durimg any load~

g~
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unload cycle was less than 5 x 10”7 inches/inch, 2t the
higher temperature (150 amd 204°P) tssting was carzied out
in a temperature coatrolled air chambex. 7The apparatus
(see FPiguxe 3) conslsted of an annular container. The
inner cylinder of the containsr was & nichroas woumd
resistance furnace and sexvad as 3 coastant temperature
enclosuxe £for the specimen and grips. The tempersture

wag controlled to within £ 1°F by a thermocouple controller.
T1 v temporature was resad independently with an iron-

coastantan thermocoupls mounted on the specimen,

2.5 Zlastis Modulus je:sursxencs

Since ths Prxoxinmity Mater does not give
abgolute valuas of strain and must be calibrated for each
spéciLasn, it is necessary ¢O moasure the elastic modulus
indapsndently at sach tesporature., To accouplish this,
stched foil slectrical resistunce strain gsuges wexe honded
to the gauge section of the specimon with BPY-400 epoxy
cemnt. Two gauges mounted om opposite sidas of the
specinen and wired in seriss were usad to balance say
effect due to nonaxiality 0. loading and to produce a
se8ding of overage sisain. ThHe geuges were moistuxe pxoofed

with a coat of Stycast £65]1 high tempsrature spoxy.

[P B . S : -
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Fox tests at ambiant tempersture a similarxly prepared
unustresssd gpecimen was mountsd near the test specimen to
act ag 8 teaperature compensator. At 150°F and «L(U°F the
unptressed specimaen was mounted in an air furnace and
indspendently maintained at temperaturxe, Both the tast
Apeciman ARA CONPANAALOr apEciman tempaxstures were
monitored with irom-constantan thermocouples. For room
texparatura tests no tempsrature control was neceassary
since the ambient did not vary more than 4 O,.z°F during
tlLe ahoxt testing times. The stress values were read

on the Instron Chart te an accuracy of + 1U0 psi and the
strain values to } <& x 10’6 inches/inch with a Baldwin
type ¥ strain indicator.

A stress was applied belovw the elastic limit
and the strain was measured. Frive independant measure-
aants wre made for each specimen at sach temperature and
the modulus was calculated. 7The five values were then

averaged.

3.4 Creop Tests

Cxeey tests were conductad in a bank of six

dsad-load cragp machines using an interruptsd lcading




technique. Ths test siacimen was enclosed in a constant
temperature and congtant atmosphere chamber which was
mounted on supports connactsd to the creep frams (sed
Pigure 4). 7The temperature was mainteined by a tubular
nichrome would resistance furnace and controlled by a
thernistor element to + U.1°F. Mitrogen was continuously
fed into the chamber after passing through a drying and
heating column.

I. cxoep stress was applied for a period of time
and theon remdved; the stress was measured with a gtrain
gage load cell and the residual strain was measurxsd by
tre capacitance strain ~age. ‘The specimean was then
reloadsd ior =~ longer pariod of time. The procedure was
continued for increasing periods of time until a total
Qi 500 hours of creep was accusulated.

The strain was measured using the capacitance
geuge and the specimen of Pigure 1.

The changes in g&ge capacity were msasured with

an Blesctro=gcientific Industries T7U7r capscitance bridge

of variable sensitivity. Ths mster was calibratsd by
{
loading the specimsn with kiown weights and from the strasa~

strain curve, equating the strain to the mster deflection.

-13‘
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Maximum strain resalutisa of = < 10”7 inches per inch is

mggl'h‘i_g witdh & L= "“35"“"‘““‘\'..

The specimen was gripped against its shouldexs
by matched split nuts which were threaded into grips.

The grips were connectsd by threaded roas to the upper
and lower yokes. The lower yoks, which also served ag
& load cell for measuring stress, vas connected by 2
spherical thrust bearing to the frame cf the machine.
The upper yoke was pinned to the lever arm. The lever
Wrm was pivoted on 2 pin in a support block and could be
arranged to give a mechanical advantage of ten or twenty
to one. Stress was applied tO ths Creep specimenh Ly msans
of cast iron weights stacked on 8 hanger attached to ths
lever arm. The lcad was removed by msans of & hydraulic
Jack. Por aero readings, tha lever axm was hisld in the
unloaded position by a support arm and pin.

The creep stress was msasured by mssns of a
load cell in the lower yoka of the creep machine. Thse
cell consisted of a .35V inchdiameter section of the yoke
machinad into a 2 inch tensile bix., The tensile bar was
instrumsnted with two etched folil strain guages locested on

opposite sides of the gage section perpendicular to the

-lf=



léver arm and wired in series. The strain gages were
#oisture=-proofad with a coating of Stycast 2651 epoay
potting compound, 7 similar dumay Lear was hung Rext toO
the load cell as 2 tampsrature compansatorx, A Baldwin
type ¥ strain indicator was used £or strair zeadings
wiich were converted to stress Ly the stress-strain curve
of the mild steel rod,.

Table III lists the creep strecses and teaper-

atures investigated for each matarial during this program,

2.5

In oxdex to study the dimsnsionsl chinges underx
storage conditions, specimsns of the four alloys were
machined to the dimsnsiocns of Figure 5 following the sane
heat treating and machiniag schedule previously outlined.
hAfter the final heat treatmsnt the speciasns were given
& hand polish with 3/V grit emery paper followed by a
careful polish with a fine micropolishing paper.

The specimens were then placed in air furnices
meintained at 75,150 asd 200°F and their lenyths

periodically msasured. 7The furnace tsuperaturs was

maintained at £ U.5°F of the designatad temperatures.
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15,0Ww
Y, 00U
4,780
2280
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% Dimensional changes were determined from
precision measuremsnis of the overall length of the
specimen after each storage period. All msasuresents
ware wmade using a gheffisld aschanical optical compsratox
with an accuracy of 3 5 microinchss/inch. The comparator
indicated the diiference in length bestween ths test
spacimen and a gage block of Jnown léength.

The nominal finished length of the storage
spacimens was 4 inchaes but the longth varied from specimsn
to specimen. 8Since the gcale range of the comparator is
V.Uul imkhes, a3 single gauge block (4,050 inches in
length) was used. when required, a small standard block
could oe selected from a seriss of standards aand placed
under the spscimen so that the overall height of the
specimen plus block was within .Gl inches of 4,050 inchas.

The storage specimen, upon removal from the
furnace, vas placed on a large copper block for a period
in excess of 30 minutes., Because of its large thermsl
nass, tae copper block served as a coastant temperxatuxe
plate. A reading of the spécinen was taksn on the

comparator and them retusnsd ¢o the copper plate.

D
U
[\
‘¥

i

=£ -
-

H
L3




The gage block was thea read. This procedure was repesated
thrae tisss and averaged ior both specimsn and gage

block. The relative leangth of the specimen was calculated
from these values. The reaoclution of the comparator was

5 x 1070 inches. ¥or a 4 imch specimen length, this
resulted in & sengitivity of 1.25 » 10'6 inches per inch.
The specimens and gage blocks were handled with gloved
bands at all times to reduce hesting and soisture changes

and handling was kept €O a minimun,

-




4. RESVIZS MND DASCUMEION
.1 Rlsstic Limite and Microviald Eshsviox

The stress-~total strain and atress-plestic strain
curves for the five alloy systems are presented in Figures
6 = 10. All determinations reported ware msde witn the
capacitance strain gauge and this elsstic limits axe the
strosses at which the first 5 x 1077 strain was detscted.
The elastic limits and elastic moduli are summariged in
Table IV, The slastic limits and the slastic moduli showed
2 sinilar temperature dependence, but the elastic limits
wére somewhat more sansitive to temperature. This has
been confirmed in other pure nntala(B) and 311025(4) and
has been esiplained by & tharmally activated mschanisms of
dislocation multiplication and aotion.

Brxown and Luxﬂnl(S) and Thonas and Averpach(©)
have chesexved amd explained a paxabolic xelationship
between atress and plostic strain. The oOm temperature
plestic strain curves of Pigures 6-10 are replotted in
Pigure 1l with the stress plotted against the square root
of the plastic strains 7 straight line dependance weas

obaerved confirming ths parabolic work hardening law,

—-gles
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ZARLE_LY

Blastic Linmits and Elastic Moduli of
—XIhxee Allove a8t 79, 150 snd 200°F

rest Rlagtic Rlastic
Matsxisl Iempexatuze Limit. pei  MedulusdS psi
Invar Vi) 26, 4oy 23
150 5,000 zé
200 4, Tou 1.5
35610 75 8,1 11.3
Aluminum 150 T,55¢ ii.l
c0u 7,190 10.9
310 stainleas ™ 22,7¢Cu 9.4
Steel 150 20,400 9.1
<0U 20,000 «8.7
A luninum 150 11,700 10.5
<00 10,430 10.3
AZ92A 75 5,280 6.5
00 4,780 6.1
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h.2 Creap RERAYVIOX

™he creep bshavior under load of f£ree cut Invarx
36, 356~T6 sluminum, 31U stainless steel, 6061 aluminum
and 7292/ magnasiumn at 85,150 and <UU°F is preseated in
Figures lo=-:0, The creep rate in all cases wus seen to
sturt at a3 high value and decxsase continuously until it
approached & steady state comdition. The early creep
rate and creep astrain are seen tO inKcresse with tenperature
&t comparable stresses.

At creep stresses selow the elastic limit the
cxeep rate in all cases decreased continuously approaching
20 at the lower tempsratures in a short tims, Haar
the elastic limit stress the creep rate decreased
continuvously approsaching a steady state creep rate. At
still h.gher temperatures the creep rate was higher and
decradsed more slowly.

In oxder to undexrstand the creep behavior of
theae alloys it is nscessary to develop a dislocation
mechanism of cresp. Crxeep at high losdsy gensrxally consists
of three stages, the £irst of which is chiracterissd by a

decxeasing creep rate (transient creep)., Rveatually the

-9~
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Figure 1. - Total Creap Curves of Invar "o at L YF.
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TOTAL CREEP STRAIN (10°¢)
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Figure 1L - Total Creep curves of 5%-T4 Aluminum at & °F,
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IFigure 21
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Figure 34 = Total crecp curves of L. 1-T. aluminum at =zCC°F.,
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Figure 24 ~ Total creep curves of AY7 A magnesium at &L °F,
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Cresp rate decrxesases to & constant or steady state
condition (secord stage) wnich is folilowsd by am
increagsing creep rate (tertiary creep) until failure
occure.

To eiplain cresp bshavior in the £irst or
transient stage two mechanisms have been &dvanced.
Considering the rate determining mechanism at low tem—
peratures &s the motion of dislocations throwh a rorest
of dislocations b, the creacion oi jogs leads to the well

known logarithmic creep law(7) given oy
¢t ~k log t (1)

2t higher temperatures where the dislocations can
acquire gnough thermal ensryy to climb and thereby
avoid obgtacles, analysis gives the rndrade relation-

ship.(8)

which is known as the f~cxeep law,
Both these mechanisms issume a large degree
of cold work prior to creep in ordar to create the forest
of diglocations. Howsver, it has been recently demcastrated
that although well definad deformation occurs in the micro-

yield regicn, the dislocations are not sxtensive enouwgh




to form extensive foroat-.( 9) Thus, at stregs below and
slightly above the elaptic liait the p and logarithmic
cresp laws are not expected to be strictly valid,

It has been demonstrated that in the region
of the 1070 or 10”7 elastic limit, permsnent plastic
deormrtion takes place y the multiplicetion and motion
of pinnwd dislocations and that this wechanism is
thermaily activatod.(B'A) with the gpplication of a
stress in the region of ths elastic limit, dislocations
bow out creating aew dislocations vwhich move uatil
oLstacles arxe mot. The dislocation smultiplicaticn
ceases when the back stress from the blocked dislocitions
stops the operxaticn 0i the scuxce, T:his is the otate
when mRicrocresp begins.

fince the average sources active at the constant
strass level have been exheustad further defcrmation can
only be accomplished by sctivating more dislocaticn
souxces or by re-activating the sxhausted scurces, It
is assumed that this occurs when a fluctuation of the
internal strews aided by theraal sctivation takes place.

he creap rates for thie process is given By

el R (3)

Y-
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where N is the number of dislocation locps per square
cont.sstex, A is ¢the area of active glip planes in the
specimen, b tha burgex's vecteor, . ig the rate of multi~
plication of dislocations, and n is the nuxber of fluc-
tuations necaessary to build up to the minisum stress

to activate a dislocastica source, If we assume that
random stress fluctustions take place with a maean square

distribution around the applied streéess 7,, then:

5

e 4’ ome (4)

oa g/
From the streas-plastic strain curves of Pigure ll, at
stress levels above the e¢lastic limit and stress

fluctuation is given by

A = KFL/E (5)

However, gsince the Cresp curves represent total creep
rather than the plastic componsnt of total cresp, the
strass fluctuatiuns may not be defined by the plastic
strain curves but should fall nearsr the stress-total

strain curves. Writing the stress fluctuation as

Be - Ky (6)

-y



¢ Wb '52
i BD (7)

which integrates to

, —e
v = (embl) MRR. 2mtl (raft) omel (8)
~ l(o‘/
or
s s By (ra€ €) w4l (9)

For the parabolic stress dependance, m = 1/z and
Bg. (9) reduces to ¢ = Klwt(.t)l/z. The difference
vgtween the cuke roct time depandsnce of f-creep and
the parabolic time dependence of equaticn | arises
from the value of the stress fluctuations which in
the E~craep derivstion were assumsd to ke directly
proportional to the strxain.

In the theoxy oi p-creep the rate of dis-

location multiplication is replaced by the xate of

dislocation climb, To evaluate W DUSt evEluate




the probability of cresting s mobile dislccation, It has
béeon Gemoascrated that this process takes place when an
unpinned length of dislocation bows out to sn unstable
aize wire its radius of curvatura reaches half the
original pinned dislocation length. PFurthermore, tals
process is thernally activated snd sided by the internal
stress. Denoting the activation energy as @, ths
sctivation probability for dislocation multiplication

in the forward dirxection is given by

P - oxp =Q =( perg)bE ()
kT

wheie o, is the critical stress necessary to sctivets
the average dislocation source. In the xeverse dirxection,

the cipression is:

Py ~ 8xp =0+ (1p= o)b¢ (11)
k%

S8ince the rate of dislocstion multiplection
48 given by the product of the number of attexpts to
climb the enexgy barier anc the probability of over~
coming the barrier, adding eQuations 10 and 1l aives

the net rata of dislocation muitiplication as:

-l

5



- = nv eimh {sa=30)b° exp (-Q/%T) (1z)
kT

wheére n is the numbar of sources and v the vibration
frequency of the dislocation line. Cowbining equations
9 and l2 yielde a final expreusion for the creep strain
arove the 10~6 elastic limit stress of

¢ = kl -av g ¢ sinh (“n’”nléf§ e+l exp -~ (Zmel )P (13)
‘ kT S

~

or
T v S t sinh (f~,-.;n)b‘) 2w+l exp - (2mel)kr  (L4)
X y

In Piyure 7T-41l the creep curves are
replotted cn a logarithmic scale. The constantas of
eqguation li wers calculsted from the curves at stresses
above the elastic limit and are tabulated in Table V.,
The values of ?iéf"" seen tO vury batwsen 1/3 and 1l/2.
The value of 1/2 results from a stress fluctuastion
defined by the stress—-plastic strain curve and eguation 5

wnile the 1/3 valus would come from equation 6 with n « 1,
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IANA Y

SIeep ConsSania foi Eauation )4
Invar 310 356-T6 6061 AZ92r
—20. Stalnisss AlVBADME ALURARNE M2CDAsiuB
n 0.3 C.33 0.45 0.5 -
k cm’/mole u.3 G2 1.5 0.2 -
A nr7l 1.6x1072 5,104 2.521076 3.0x1077 -
Q cal/mole 48,000 62,000 21,000 24,000 -



Pnalysis of the activation enecgy, Q, yields
résults very close to reported valuea for the activation
enargy for seli diffusion. Diffusional type creap, however,
was not vbserved for the »Z% A magnesiun except at the higher
teaperatures. 7This may be dua to the low testing stresses
at which difiusional creep may not predominate.

At stressdes below the elastic ligit small stress
fiuctuations will not result in instantansous creep defor-
maticn since the stregs-plastic strain curves have infinite
slopes in this region., Eowever, wany diglocation sources
axre active at stresses below the elastic limit and ‘hease
will opexate, coatributing to the creup strain until
ezhausted. As thess sources are sxnhsusted the creep rate
should diminish eventually going t0O Xeroc when no wore acktive
sources exist.

Yollowing genaral rsacti... rate theory and
assuﬁ&aq the rate of dislocation gensxation is of fixst
order, the rate of exhaustion of active sources would ba

proportional to the concentration of active sources

- R (15)
de pHl

67~




waich upon integration yields

M- lbt'ﬁt (16)
S8ince the creep rate is given by

dt

where b is the Burgers nector, p the rate at which the
dislocation sources operate and ¥ the number of active

sources, the creep strain is given by:

¢ = mén (r - “'5t) (18)

where ID:E is the limiting strain after infinite time.

It is expected that the limitiang strain should be dicectly
proportional to the stress and the temperature, that is

with increased temperature and at higher stresses the
Limiting strain increases. Analysis of the curves of
Figures 27-il at stresses below the alastic limit indicates
that the limiting strain can be expressed as

fo=NOD R = Ry WP (19)
-

where 7. is the applied stress and T the adeoluts temperature.

68~



¢« A (1-a7BE) . By (20)

T™he constants calculated from Piguros 7=l are tab-
ultated in Tadle VI.

In sussary, tha resulis show that sicrocreep
can be agpressed by two relationships depending on
wbgther the applied atress is larger or smallex than the
16" elastic limit stress, og.

Purther analysis will aim at resolving the
arosalous behavioxr of AZ92A magnesium. Riforts will be
2ide to evaluate the constants from a theoretical model.
Thé functional dependance of the crxeep strain on
tanperature and applied stiess will be anzlyszad fronm
theozxetical considexrsticas.

4.3

"The results of the evaluations of leng:h
changes in the five alloys undexr storage conditions at
75,180 and 20U°F are shown in Pigures Li-U46, HNegative
length chanjes wors observed in sll the alloys afterx

50 hours with the exception oi the 6061 alusinum,
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The 356-76 aluminum and 310 stainless steel showed a
slight increase in length followed by a decrease in length,
The 606L Aluminum showed an initizl negative change which
slowly increased to an overall positive length change.

The 356-T6 2luminum shcwed the grsatest dimensional

instavility. In all cases the magnitude of the dimsnsional

changes were insignificant in comparison to the creep
changes under load.
The measurements, although not complete, show

dimensional changee similar to that reported y Lemsent

and Averbach., (10)



A facility for the determimstion of distortion
in castings and welded struwctures after heat tresting
and michining operitions wes designed and the nocessary
squipment wis purchased and constructed., The facilivy
consistes of the following iteuns,

1. Hilger-watts Tr~l autocollimator

. HRilgerewattas H° prism

3. & opticelly flat silvered amirrors

4, f£lat pyves plaote 1z x 12 x 1/¢ incn

5. & standard blocks

6. precision 440C stainless steel balls u.375

inch in diameter in seversl sise renges.

Ths complets assembly is mounted on a granite
surface plate which is isolated from the f£floor by shock
abgosrhers to minimize building vibration and smbiguity
in the msasurensnts.

The distortion lpociua was rough machined to
the dimensions of figure 47 on & milling machine. On
the external faces Y(° holes were rough ﬂrillofl with &

tap drill at the indicated points.
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Following ageing a slot was cut as shown in
Pigure 47 with sn Blox electrical discharge machining
unit with a brass electrode. The surfaceswere then
milled with all faces parallel to within 0.0l inches.
The conical noles were then finish machined in a Moore
No. 3 Jig=borer to a depth of (.¢33 inch using an
electronic depth stop. Carbide toolinjy was used to
minimize tool wear. The hole dimension allows a C.375
inch steal ball to rest at a depth of 0.10C inch in the
distortion specimen.

The testing configuration is shown in Figure 48,
The specimen rests on balls on the pyrex plate. The
standard block is placed against the distortion block.
For msasuremsnts in the horisontal position the standard
block is fitted with a single steel ball. The mirror
rests on two biells on the spacimen and one on the standarxd.
In this configurat.on a msasureasnt in the change of
height can Le made, and by turming the autocollimator
cross=hairs 90° the change in pitch of the specimen

surface can be measured,
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In the vertical position the standard block is
fitted with two balls. The mirror rests on these two
balls and one in the specimen, Messurements of the
distortion across the slot are made by resting the mirror
on three balls placed in holes on both sides of the slot.
2 beam 0of light from the autocollimator paﬁsos through
the prism and is reflectsed by the mirror back through
the prism and into the autocollimator. The angular
divergencs of the light beam in its passage appears as
2 shadow displaced from the cross~hairs of the instrumsent.
This displacement can be read and from simple geomstry
converted to the angle @ that the mirror makes with the
distortion block. By measuring this angle & before and
after s machining and/or heat treating operxation, it is
possible to measure the distortion due to these operatioms.
By rearranging the specimen, linear distortion of the
specimen can be messured in all directions.

In the event that distortion causes certain ot
the measurements to fall ocutside the field of the auto~-
collimator, balls of differsnt sises can be calibrated

and used.



Preliminary mesasuressnts of distortion in 356~%6
aluminus Rive desn mads which bave demcastrated the
techaique ‘s high rxesclutioa and usefulmess. Distortion
will be determined as & function of machining operations,
age hardening and stress relief heat treatments for sach

of the five alloys svaluated in this program and for the

thres alloys to be evaiuated in the coming year,




6. KUSURK NORX
This work will continue in the next year under

a8 remewal coantract. Dimensional stability evaluations
will be conducted for HK31lA-TO magnesium~thorium,
berylliive=copper and BH~ll ausforming tool steel.

The analysis of microyield and microcreep data
will continue in order to understand the mechanisms for
these phsnomena,

The msasuremsnts of dimensional changes under
storage conditions will be carriod out using auto-
collimation techniques. This technique will eliminats
errors due to slight temperature variations and wesr on
the ends of the specimens from the couwparator probe

A testing program to evaluate distortion as a
function of heat treating and machining opsrations will
bs initiated as outlined in section 5. The five alloys of
the previous program as well 33 those msntioned sbove
will be tested aftor fabrication procedures similar to
those commonly used in structural applications of each

alloy.
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