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THE MECHANICAL NATURE OF STRESS-CORROSION CRACKING IN
Al~Zn-Mg ALLOYS: 1. EVALUATION OF THE '
DUCTILE RUPTURE CONTRIBUTION#*
%% ‘ k%
W. E. Wood and W. W. Gerberich
ABSTRACT
A detailed study of rapid stress-corrosion-cracking (SCC) in a 7075
aluminum alloy has allowed separation of the mechanical and chemical
contributions. This was éccomplished by combining scanning electron
microscopy, stress-wave emission and crack growth rate observations as a
function of test temperature. These established an activation eﬁergy of
11.2 kcal/mol, a stress—intenéity squared dependence of crack growth,
and a range of 20-80% dimpled rupture on the fracture surfaces. Thus a
two-steplcfack growth mechanism is_proppsed cdmbiniqua thermally activated

electrochemical process and a discontinuous mechanical jumping process.

* This research was performed at the Inorganic Materials Research
Division, Lawrence Berkeley Laboratory, and Department of Materials .
Science and Engineering, College of Engineering, University of
California, Berkeley, California 94720.

** Presently assistant professor of Materials Science at the Oregon
Graduate Center in Beaverton, Oregon 97005, and associate professor
of Materials Science at.the University of Minnesota, Minneapolis,
Minn. 55455, respectively.
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INTRODUCTION
The case for the type of stress~corrosion-cracking (SCC) mechanism

in aluminum alloys has oscillated between those who advocate a purely

(1-5)

~and those who advocate a com-

bined electrochemical~mechanical prOgess.<6_9)

electrochemical dissolution process
From an electrochemical
viéwpoint,»most e#planations involve localized dissolution at aﬁodic
sites such‘as.precipitate particles, e.g. Manz, or emefging élip bands
within the precipitate free zone (PFZ). A combined mechénism adds in
some discontinuous‘brittle.or ductile rupture process so that fhe ovef—;

all mechanism is an alternating two-step process. A subset problem area

J haé been whether or not the-PFZ width of high-strength aluminum alloys:.

plays a major role in the process.(loflz)

'Although considerable work
has been done on electrochemical and PFZ aspects, there-have been re1a—
tively few quantitative attempts to determine the extent of micro--
@echanical contributions ﬁo SCC except for the theoretical model pro-
posed by Krafft and Mﬁlheriﬁ.(s)

The foliowing study of 7075 aluminum was designed to attempt a
detailed definition of the mechanical aspect of the SCC mechanism.
.First, a i'ecrystallj;z\ation treatment to aid in ﬁrpvi.di‘ng;a reason'able”-'
grain-boundary path and a low pH solutionnweré utilized to éromote-rapi&
SCC. Second, the iﬁitiation stage was eliminated Ey]stérting with a
pfe—fatigue cracked, edge-notched specimen. Third, crack bfdpagétion,
rates were determined as a function of stress inﬁénsi;y factor to obtain
a better mechanical description of.the.growth process. 'Fourth, teéts

were run at a relatively constant stress intensity level as a function

of test temperature to define the activation energy of the thermally
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activated mechenism. Finally, a stress—weVe emission (SWE) teehnique to
monitor any discontinuous crack jumps and scanning electron micfoscopy
were utilized to separate out mechanical and chemical contfibutioné to
the gronth proeess. | |
EXPERIMENTAL PROCEDURE
Commefcially obtained 7075 aluminum alloy was first cold rolied'
from .080" to .060" in thickness and then solution heat treated at '500° C
for 3 days and quenched in water at 82°C, resulting in a coollng rate of

(13)

about 65 C per second The material was then aged for 5 days at

( 4)

83°¢€ to a'-T6 temper which has been reported as leading to an in-
lcreased,susceptibility to stress corrosion cracking.

To nerify the properties of the as-received.alloy as well as the
coldlworked and heqt.;reated alloy, standard tensile teété.were done.
For the SCC tests, single edge notched specimens were machined with
their tensile axis perpendicular to the grain orientation of the sheef
' The specimen éeometry selected is that given by Brown and Srawley,(ls) .

for which the stress intensity factor may be given in terms of_load,’P,

crack length, a, thickness, B, and width, W, By
K=Y — . S (1)
with Y being the finite width correction factor,

Y = 1.99 - 0.41 (a/W) + 18.70 (a/W)* - 38.48 (a/w)> + 53.85 (a/m*  (La)
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The SEN specimens were pre-fatigue cracked in a tension-tension fatigue

1/2

machine at a Ak of 13 ksi-in to introduce a crack in approximately
15,000 cycles.

The SCC tests were done in a 3.5%Z NaCl solution with Al1Cl. added to

‘ 3
lower the pH of the solution to less than two. 1In order to determine the
crack growth rate as a functién of temperature, the NéCl‘+ AlCl3 solution
was heated to a controlled temperature, and then allowed to flow slowly.
thréugh a plastic tubing and ﬁast the notched area of the SEN specimeﬁ..
A thermometef was inserted into the ﬁubing close td the specimen in ofder
‘to actually measure the ﬁemperature of the solution as it passéd the - |
,Spegimen. | |

Elastic stress waves are caused bj the discontinuéus growth of a
crack before catastrophic failure. By using a suitable piezéelectric
transducer attached to the speqimen'grips,_thése emissions can be de-
tected, if they are within-the_sensitivity range of the instrument. The
stress wave emission teéhnique develdpéd by Hartbower et él.(lé_ls) has
been used to study tﬁe behavior of slow crack'growth propagation in SEN
'specimens,_and providés anvextremely sensitive methdd for monitoring
stress-wave emission producedlby diséohtinuous crack growth. The toﬁ—
plete instruﬁentation and test apparatﬁs isvshown SChematically in
Fig. 1. As the signal is the result of a very smali amouﬁt of enefg&
being,réleased by a discontinuous crack ﬁovement,_it is necessary to
amplify it and to filter out extraneous noise. _After the test was ovér,
the taped siénal was played back at 7-1/2 ips (at one-half speed and thqs

one-half of the highest recorded frequency),.so as to be well within the

frequency response of the galvanometer (SkHZ) utilized in the recording
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oscillograph. The resulting gain of the sy§tem comprising the cb?gge
amplifier, Qoltage amplifier, and the recorder amplifier of i £$_3, was
,approximately 112,500,

| Standard metallographic techniques were used to examine the micro-
structure of the as-~received material in comparison to the cold worked
and heat treated material. Tﬁe scanning microscope (SEM) employing
secondary electron emission at 25 kV was used to study the fractufe'
surface of‘the specimens over a range of magnification from 200X ﬁo'
20,000X. | | _ |
| EXPERIMENTAL RESULTS- AND OBSERVATIONS

Typical microstructures, as Shoﬁn in Fig; 2, indicate the as-received
material.contained about 250 grains acrqss'the thickness, or a grain
width of about 12.5 microns. After cold rolling and heat treating, there
were about 70 grains across the thickness or a grain width of about 22
microns. The grain length did not change betﬁeen the two céndiﬁions and
avéfaged about 100 microns. Five ténsile tests:each ofvboth conditions
gave the avé:agé results in Table 1.

SCC tests were done at differéﬂt.load lévals for short intervals of
crack groﬁth.so that both K and %% could-be determined. Due to thé'.
geometry of the SEN specimen, the stress intensity level increases and
the crack grows. Thus, for these tests, the initial value, Ko’ and the
final value, Kf; were calculated and anvaverage value assﬁmed. In order'
that there.be only a small change in the stress intensity during the
test; the tests were run iong enough so that_there would be a relatively .
- small amount of crack growth. This also had the advantagé of aliowing

little time for additional corrosion of the exposed fracture surfaces.
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The specimens.weré then broken by loadiﬁg at 0.13 in/min so that the
amount of slow crack growth cbuld be determined. Figure 3 shows a ldg—
log plot of the stress intensity versus thé slow crack\growth rate. _The.»
slope of the curve, determined by a least square analysis on an IBM com-
puter, was found to be equal to 2. No crack growth was observed (after _
328 minutes) at a stress intensity of 9250 psi—inllz; ' ‘

Tests were performed to detefmiﬁe the dependence of the slow~créck
grow;h fé;e on the temperature of the eﬁvironment. The results are given
in Téble 2 and shown in Fig..4 for thfee different stress intensify

levels. AAgain, a least squares analysis was done to determine the best

curves that could be drawn through the data.pdints. From the eqhation

2 peE @
the activation energy, Q, can be compﬁted from the slope of thevCUrves.
The average value of the apparent activatipn energy was found to be 11.2
kcal/mol. |

Stress wave activity was observed in all the tests‘where‘SIOW crack
‘ growfh occufred. Figure 5 shows some representativé oscillogram record-
ings 6f the monitored waﬁes and Table 3 indicates the dependence of the
amplitude and frequency of the stress waves on the stréss.intensity; Due
to the sensitivity of the system, the bubbles formed'.by the feaction of
the environment with the méterial, produced_é noise, which at elevated.
temperatures made it impossible to distinguish between real'stréss waves

and the wave produced by the bubbles. Even at 48°C the‘hoise of the



5~ - ' LBL~2229

bubbles made it impossible to identify the stréss waves. However, at
33°C and below, bubbles did not significantly raise the background qdiéé,.
and allowed stress waves to be observed as aqunctioh of stress intensity.
For example,lfig. 5 shows that the baquround noise level is negligible
compared to the stress waves qbserved duriﬁg SCC tests. 'The'ﬁumber of .
stress wa&es per second taken from data.stored on the tapes, is only of
the major waves. The real SWE‘activity might.possibly be_soméwhét
higher, involving more low energy waves. The'average.amplitude of the’
stress waves for eéch test was obtained from the amplitude 6f the six |
biggést waves in a given time interval.

:Qualitatively theﬁ, the SWE observations show that as the stressv
intensity increases, the frequency and amplitude of the stress waves
increéses. Eétimatés'of the incremental area swept out by the crack have

(16)

been made By Gerberich and Hartbower.' Quantitativély, a relation-

ship between the incremental crack growth and stress wave activity has

(19)

been'suggested by Gerberich and Desai. Based on expérimental-work
on an Al-Zn-Mg allow and a theoretical compliance analysis, they derived
a semi~empirical relationship of the form

C 2.5 crwt/? ma | B 3
- YB e - . _

where g is the amplitude of a stress wave, AA'is the inérementél_aféa
§wept out byva crack as'aséociated with one stressfwave, e is the distaﬁce
between loading pins, C is a constant of about 0.05, B is the épecimen
thicknessl, and Y is the f(%) appropriat'e to the specimen configuratio_n. _

By carefully calibrating the instruments shown schematically in Fig.ll,
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the amplitude of the stress waves can be expressed in terms of g. For
the‘settings used in these tests a stress wave amplitude of 1.9 inéh is
'»equal to .0008 g. Table 3 shows the calculated values ofvg and AA for-
different stress intensity levels based on Eq. (3). |

Nexf, consider the metallographic observations. Figure 6 shows
. representative macroscopic fracture. features fér all the tests.
Indicated on the figure is the pre-fatigue cracked regioﬁ (A—B), the.éloﬁ
crack growth region (B-C), aﬁd‘the unstable crack grthh fegion (C-D).
Figures 7-10'show thé microécopic details of the fgacture surfaces. ‘At
low temperatures, the time of the tesﬁs was 1onger; and\theref&re the
solution was in contact with the fracture surface for longer periods of
tinw, thus destroying many of the fine details. . This made it difficult
to fina any areas of dimpled rupture that migﬁt have been»éreseht
initially. Howe?er, at high témperaturés with sbof:er exposure timesvto
‘the environment, fine detail can be'obéErved.v-Figure 7 shows the'two‘
general tyéeé of morphology'oﬁserved: (4) a relativelj flat sﬁooth sur-—.
face and (B) a dimpled ruptufe type surface, A comparison of Figs; 8
and 9 shows that as the.Stresé intensity level increases, the amount of
dimpled rupture also increases. Tbe dimpledvregiéns repfesent’discon—
tinuous jumping or tearing of the material, as compared with the rela-
tively flat surfaces which might be indicativevof electrochemical dis-
solution. Besdies thé two general characteristics of the fracturé
process,;there were also some artifacts on the fracture surface due to
fracturg of precipitated salts. For example, Fig. 10 (A-B) cleafly sﬁows
one region of a test specimen containing wﬁat éeemed to be deposits of

the solution. This was verified by taking the solution, drying it. on a
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nickel plate, and examining it under the scanning electron microsgope.
As seen in Fig. 10 (C-D), the features of the residue aie perfectly
smooth with no texture present; the cracks in the residue are formed as
the éolution dries. Comparing Fig. 10(€) to Fig. 10(B) -
at the same magnification strongly indicates that this feéture is not
characteristic of the fracturé surface and is merely a result of frac-
tured salt crystals.

"DISCUSSION

(1-5)

Those investigators favoring a purely electrochemical prdcess“
have considered how either matrix slip bands or a preferred siiﬁ in the .
PFZ might assist anodic dissolution. On the other hand, there are’
those(zo)vﬁﬁo have suggested that a grain-boundary crack is nucleated
mechanically, and then propagates by an electrochemical mechanism or,

(21)

alternatively, is nucleated by an electrochemical mechanism and then
propégates mechanically. Various modifications of these with the influ-
ence of pfecipitate particles as the dissolution site have also been

'proposedi(lA)

(2)

A recent review of most of théée mechanigms has been pre-.
sented, - and thﬁs a reiteraﬂién willlnot be attempted here. HQWever;
it is‘uséful.to reconsider those mecha#isms with respect to the present
findings._

First, one can state unequivocally from this study, that:

1) The‘site for the SCC process is in ér ét the inéerface of the
PFZ.

- (2) A thermally-activated mechanism controls the rate of crack

growth.
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(3) The crack growth rate increases with increasing stress in-

- \
tensity.

(4) Fractographic and stress-wave emission étudied show thét”the
crack growth process‘is diséontinuous; with mechénical rupture being a‘
significant fart'of the growth mechanism.v

All mechanismé are compatible with the fifst point, - The second
point suggests a tﬁermally*controlled éorrosion’and/br diffusion process;
which is' also compatible with all mechanisms. The third point wéuld be -
- a 1ittlé difficﬁlt to undef;tandvif only an electfoéhemiéal dissolution
process were involved. One.could argue thét with higher stress inteﬁsiﬁy
factors, there are more sites, e.g.;‘gre;ter frequency of slip bands,
and hence ﬁofe rapid anodic dissolution.' However, in lieu_of additional
evidehce,.it is move satisfying to considef tﬁat the excess mechanical'
énergy re5ultsbin:1arger amounts of mechanical rupturé. ét least for
the‘present'investigation, the preQious pqinﬁ.is clarified by.thé_fou;th‘

point which definitely confirms -the discontinuous, mechanical feature’

of the SCC process.

Méchanical'NatuQé ofvthebPrdcess
"In light of the.érésent findingé, it~ is useful to conside; why the
meéhénical aspect @f the SCC mechanism has previously been rejected.
Probably the most formidable argﬁment ié thét there has been little
o evidence on the fracture surfaces to suggest a mechanical fracturefpro-

(7

did feport having evidence of méchanical rupture, -but
22)
(22)

cess. Jacobs

the corrosive nature of the "dimples" seemed to several others
: P _ ,

make this evidence inconclusive.. In a similar set of experiments on a
(10) ’ : R v . v ..
reported no evidence of microvoid.

Al-Zn-Mg alloy, Sedriks, et al.
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: coalescéncebin the stress-corrosion areas. However, they did find'
dimpled rupture on the part of the specimen that failed byithe rapid
ﬁechanicél fracture that terminated fhe test. Even thdugh this raéid
vfracture part oflthe surface was eﬁpOSed to ﬁhe environment for some
éime, the dimpies observed iﬁvthat_area were not attacked by corrosioh.w
They then argded'that'ig_dimples existed in the SCC part of the fracture
surface;vthese’élso should not have been gorr§ded and hence should have
been detected by either scanning eieétfoh microscopy or fractography.

" They therefore concluded that since ﬁo microvoids were in evidénée, thenf
" the process must be purei& anodic dissolution. The salienf point'éf
thelr aréument is that thé dimples forming uhdgr fapid crack.growth
‘would be g$ iikely to corrode aé' dimgles forming under.SCC~conditions,
gi@eﬁ equéi time of exposﬁre to the environment. However, théfe is no
evidénce to this effect and in fact, it is‘mqre likely thaﬁ the con-
ditions just behind a sloﬁly growihg'cragk would be more ééndupive to
corrosion attack. Boéh'the potential and the pH conditiohs_would.be
considérably,differen;'from an(unstressed; completely egpdsed fracture
surface: Méreover{ the pfesent study has définitely establisﬁed the
 fact that'microvoid coalescenég may be aﬁ integral part éf the'SCCv‘
mechaniém in 7075-T6 aluminum.. Thus, it is probable ;ﬁat'jacobs(7) did
observe microvoid coaiescence associated_with scc. ,Thé fﬁct that the
microvoids were heavily corroded suggests that'in-ﬁany ﬁrevious cases,
obliteration of the true fraéture sruface deﬁails-may‘have led some in-

vestigators to conclude, erroneously, that the mechanism was entirely

void of any mechanical process.



-11~ LBL-2229

Of course, it might be argued thét the present déta.repreéeﬁtla
relafively unique case and that thié situation is not charéctéristic‘of_
other éluminum alloys. HoWevgr, it is significaht thaﬁ the crack growth

rate dependence on stress. intensity is nearly identical to the K% depend-

(23)

ence observed by Tetelman and McEvily for Al—S.SZnQZ.SMg in a neutral

]
NaCl solutipn.- The only difference was that the present growth fates
‘were faster by a factor of four. Nevertheless, this is consistent with

(24)

the fact that McHardy et ai. repo;tgva factor of four decrease in
tiﬁeﬁto féilure for 7057—T6 stressed in an NaCl +»AlCl3.solution where
fhe pH‘ié less than»two asbcompared to'a neutrél NaCl solution.

Ohe fina1 comment about the~ﬁechanical coﬁzribution éoncérnslthé
ébsolute_mégnitude of the mechanical rupture proéess. Consider‘the s%ze,-
of the area swept out in a singie jump, as indicated b§ the SWE amplitude,
.This 0.09 x'lO6 inzAarea would only be about 3% of.the total cross-—
sectibnal-area of a single grain. Thus, it would appear that the
mecﬁanical nature of the process, even at.relatively high sfress in; v
tengity levels, is a relatively localized process. Thié may not be so
for_fine;'grained materialé or more susceptible higher étrengfh‘alloys.'

CONCLUSTIONS )

’(l) The crack'growth.fate for the SCC process was strongly
dependent on tﬁe temperature with an apéérénf éctivation energy of 11;2
kcal/mol: The crack grbwth rate was proportional to Kzf

7(2) Stress wave emission results showed thaﬁ crackinngas discon-

tinuous and that the frequency of stress wave emissions increased with

increasing stress intensity.
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3 Both mechahical and electrochemical fracture in the SCC region .
was.intergranular,_and the amount of dimpled rupture was proporfional to

Kz.

' (4) Crack growth drying SCC is concluded to be a two;step procesé;
cqmbining an electrochemical and mgchanical process.
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FIGURE . CAPTIONS
Schematic illustration of the experimental setup used to perform
SCC tests and monitor stress wave emissions.

Typical microstructures of 7075 aluminum sheet. (A) and (B) as

received material, (C) and (D) after cold rolling from .080" to

.060" thickness, solution heat treating and quenching. A, B

-viewed from the top; B, D edge view perpendicular to the rolling

difection.

Stress corrosion crack growth rate vs applied.sfresé ihtenéity
for room temberature tests of.7075—T6 aluminum.

Stress corrosion crack growth rates vs fempeféture for threé
levels of applied stress intensity for 7075-T6 aluminum;'
Oscillogram recordings of stress waves during\room temperature
SCC tests of 7075-T6 aluminum. (A) Baékgrbund noise dpe'to the
testing machine and environment, no load applied; (B) SCC ﬁest'

1/

with K = 25,400 psi-in.™/%; (C) SCC test with K = 36,200

psi-in./2; (D) SCC test with K = 48,300 psi~-in./?.

Macroséopic fracture features of SCC test specimen. (A-B) pre—

fatigued region, (B-C) slow crack growth region, (C~D) unstable

;rack growth.

Séénning electron ﬁicrographs illustréting the two different
types of fracture sﬁrféces observed in the slow crack growth
regions of a SCC specimen testéd at K = 37,00d psi—in,¥/2.

(A) relatively flat fracture surface indicative of anodic dis-
solution; and (B) dimpied rupture fracture surfaée indicative

of discontinuous jumping, or tearing.



Fig. 8.
Fig. 9.

Fig. 10.
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Scanning electron micrographs of a SCC specimen tested at an

1/2

applied stress intensity of 26,740 psi-in.”/~.

Scanning electron micrographs of a SCC specimen tested at an

1/2

-applied stress intensity of 49,600 psi-in.”"". -

Scanning electron micrograph,éhowing a residual deposit of the

test solution. (A) and (B) deposits on the actual fracture

" surface, and (C) and (D) depoéits evaporated on a nickel piatev'

for comparison.



Table l.; Mechanical properties of 7075-T6 aluminum

Yield Strength .

" (0.2% offset) Ultimate Strength = % Elong. % ﬁéduction
(psi) _ (psi) (1.0 in. gage) of area
As reééived material 71,500 =+ llOO4vj v 80,700'I<QOG ‘ 11.6 = 1.6 28 £ 8
Rolled, solution o o S ‘ : B
H.T., and aged 56,800 £ 1200 . = 79,000 * 1200 . 15.2 £ 1.8 26 3

A
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Table 2. SCC data from crack propagation.tests"

‘ Test -

| '.”Stréés Intensities . fTimev " Crack .  Crack,Growth
Temp . X A ;K Increment Increment . Rate.
T ° 32 £ 1/2 “AVE 1/2 At . ba . da/dt
C(°CY  (psi-in.T'7)  (psi-in.”'7) (psi-in." ") (min) “(in:)  (in./min)
3\ - N
10 36,100 : 29,500 ' 37,800 . 47.0 ©.048 .001¢
23 45,400 ~ - 50,700 - . 48,050 4.8 ,070 . .0047
23 44,700 50,000 47,400 - - 5.2 - .070 . .0135
23 7 7 34,700 38,500 .7 "36,600 019.3° - 070 - 0 L0036
23 36,500 38,500 - 37,500 - 21.4 .043 . .0020
23 . 32,200 . © 36,800 . 35,500 . 14.7 ..055 1 ,0037
.23, .. 27,600 . . 40,000 . . 33,800 173.0 . .270 .. . .0037
.23 31,700 34,700 33,200 . 25.5 . .065 - .0026
23 24,000 - - 27,500, . 25,800 26.0 - .090 - .0035
23 23,800 26,300 25,000 47.0 -.077 . .0016
23 - 21,800 25,700 - 23,8000 - . 60.0 . -.110 - .0018 -
23 30,600 52,800 ... 41,700. 67.8 . .405 . .0060.
22 29,000 32,400 30,700 - 26.7, .08 - .0030
© 23 7 14,900 20,500 = 17,700 ©  '230.0 - .195 ~  .00085
23 9,250 9,250 . 9,250 ~328.0 7 .000 - .0000
23 - 38,900 39,900 - . 39,400 13.0 . .065°  .0050 -
23 15,600 ' 18,800 - 17,200 - 204.0. - .070 - .00034&
32 . 46,900 . 49,900 - 48,400 . 5.2 .045 - .0086
33 35,100 35,500 ©  ° 35,300 6.7 ©.025 ¢ .0037
33 . 23,800 25,000 . 24,400 .. . 7.6 . .040 - . .0052
43 0 .. 34,400 . . 37,600 . . . 36,000. b2 . 063 . .0150
43 25,600 27,500 26,500 9.4 --.050 .0053
43 - .25,300 26,500 . 25,900 5.3 .045 .0085
48 - 47,700 51,500 . 49,600 1.4 055 0402
53 34,800 38,800 36,800 2:8  ..070 T .0250
53 24,900 28,500 26,700 . . 7.5 o ,.090 o .0120
: 53 - 24,600 27,400 26,000 . 11.4 - .080 . - . .0070
© 62 126,200 25,200 - 25,700 . 0.8 ©-,010 ¢ .0122
62 25,300 25,300 25,300 1.2 .025 - - .0220
68 47,300 .. 48,700 48,000 L.l ..076. .- 0724
73 36,100 37,300 36,700 0.9 - ~..045 . ,0500
73 25,500 - . 25,600 25,550 - 1.0 . .020  .0200
0.75 .020 . .0267

73 -+ 24,600 24,400 24,500
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Table 3. Stress-wave and fractographic observations -

.KAVE’ psi-in.l/zv T, °C  SWE/sec Ats, sec _’Dimple'Rupture,_Z‘

25,400 - 23 2.0 0.5 20
36,200 33 6.6 0,151 33

48,30 23 . 1.0 0.091 . 8
SWE Amplitide,

172 da/dt,.in./sec x 105 g, ft/sec2 X 104, AA,Vin.2 x 10

KAVE’ psiQin.
25,400 2.7 2.3 - . 0.078
36,200 10 | 3.6 . 0.085

48,300 - 12 - o5y ot 0,113

6
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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