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RELATION OF TOUGHNESS TO MICROSTRUCTURE
IN SPHEROIDIZED STEEL

Charles Sheldon Atherton
Inorganlc Materlals ‘Research D1v151on, Lawrence Radiatlon Laboratory
Department of Materials Science and Engineering, College of Engineering

University of Callfornia, Berkeley, Callfornla

'Abstract

' The tensile and fracture toughness properties of & 1070 steel

‘ spheroidized bywarm.roliing belou theva-Y transformation temperature“

are compared w1th graln and partlcle 51ze measurements. Carbide‘particles

_are located predomlnantly at graln boundarles. Mean graln and partlcle A
dlameters are reduced to as small ‘as 0. 6u and O 2u respectlvely The

'rOOmftemperature yield strength’ls 1ncreased from 50 ksi for pearlite

to 130:kei£ " The room temperature fracture toughness is increased

1/2 1/2

for pearllte to 106 k51—1n Finekpartioles are

found to produce greater toughness than coarser partlcles.
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'f'iLisT.oF]erBbLs1ff‘:

g subscrlpt denoting flrst or openlng mode of fracture.
Qafto as: plane—straln condltlon. w. ‘ |
ff;ﬁsubscrlpt denotlng crltlcal value of a’parameter
};'spec1men thlckness, in. :. 'hlv f'{:fﬁv.
f.f,’crack length, in. |
fspecimen-wiath, in.- :
iffYoung 's. modulus, ps1;;h

Hi{;applled load lbs.ff"

crack openlng dlsplacement, 1n.-

st” ‘yleld stress p81.

LYSa’;lgwer'y}eiﬁ»stress, RSif

= }‘D,dighkmean intercept grain diameter._

;“fstress 1nten31ty parameter descrlblng the elastlc stress fleld
:°7ﬁin the v1c1n1ty of the crack The value of K at 1nstab111ty '
a'_;lls referred to as the fracture toughness and has unlts of p31—1n

Referred~e

1/2
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I. INTRODUCTION

Since tﬁe disCovery that polished and etched_metsls display a wide
ivariety of microstructures, much effort has been expended to correlate
mechenicalvproperties with these features; The application of chemistry,
thermodynamics,.and, more recently Quanfum mecﬁenicsl to metallic solue
tions has'ellowed considereble‘control‘over the conStituents of an alloy
" and their distributioﬁ. Similarly; a great deal‘of progress hasbbeeh
‘made in»uhdersfanding~the mechanical:properfies.associated.with diffe~
rent constltuent arrangements with the development of dislocation mechanics.
The f1eld of fracture mechanlcs has introduced yet another microstructu—
‘rally sen51t1ve material property, fracture toughness, with which this
paper-is primarily concerned.

The distribution of carbon 1n'a plain carbon eutect01d steel can be
varied from plate—llke lamellar carbide or lenticular martensite to one
' of'spheroidized carbide. While this transformation has previously been
accomplished by lengthy annealing,* it has been foundh’5 that spheroidi-
zation can be accelerated by deformation below the o~y transformetion
fempersture. In addition, the carbide particle size can be controlled
by the choice of deformstion_temperature as well-as by subsequent:

annealing of the_spheroidized structure.

N

# : .
A fine spheroidized structure can also be obtained by deformation

during'the Y to a transformation;2 or by cooling from deformed

'austenite.B



Using‘ h1s technlque, - commerlcal 1070 steel was warm rolled and fv-;fx;

‘:annealed at several temperatures to yleld specimens w1th dlfferent ;

'ianrticle” nd graln 31zes. The ten51le andbfracture propertles of these;‘; o

"Jr;nstructures were then evaluated and compared w1th graln and partlcle L

'531ze'measurements.; In addition, scannlng electron mlcroscoplc examlna—¢f”'

»fﬂtions were made of the fracture surfaces and the stress wave em1551on

Uf(SWE) technlque was used to monltor elastlc waves emltted by dlscontln— o

“T»uousucrack growth prlor to fracture.ff I

e



II. EXPERIMENTAL PROCEDURE

A; »Material Preparation
Commerical 1070 steel was recei#ed as a 2"™X3"X36" bar with the follow-
ing chemical composition: 0.77% C, 0.8% Mn, 0.2% Si, 0.04% Cu, 0.04% Cr,
0.01% Ni, 0.026% S, 0.013% P, 0.008% Mo. The bar was cut into 6" lemgths,

austenitiiedAét 800°C for two hburs‘and furnace cooled.

1. Mechanical Treatment

~The pearlitic bars weré‘reheated to temperatures of 500°C, 60d°C or
700°C an&-rolledrwith pre-warmed rolls, reheatihg for five minutes between
'passeé;, The bars were air cooled after fOIling ana cut to sizes abpropriate
for tensile and frécture:toughneSS'specimens.v Samples were taken for

metallographic examination.

2. Heat Treatment

Prior té hegt treétmeﬁt of tﬁe acfual test speéimens, the sémples for
metallograﬁhic examinatioﬁ and microhardness tests were.placed in argon .
filled quartz tubes and aﬁnealed at 500°C, 600°C or 700°C for various times.
‘The résults of tests on'thése preliminary samples wefe tﬁen used to
Select.appropriate heat treétments fér the_tensile and fracture toughness
spéciméns,:

Tensile and fractgre-specimens were then enclosed together in stain-
leSS’steel heat treatment bags to minimize exposure to air duriné
annealing. The specimens were air éobled upon removal’from the_ahnealing:

furnace.
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5. Machining

s Tﬁe*ténsilé.and fracﬁure s?ecimens_were mgéhined'tb:the,dimensions

shoﬁﬁ in’Figs..l and 2.  Fractufe speCimenéﬁwere machined so that_thé

fraétﬁréjplaﬁe.would be perpendicular.to the rélling direction.: Tensile

sbeéimehsgﬁeré;machiﬁed-witﬁ the tensile axié_ih the:lonéitudinal{difector;,'
_"For.tevn:si-le' test specimens, bars rolled at 600° and T00°C (fiﬁal thick-

nésé of'6;38") were cﬁt longitudinally, so ‘that tensilefépeCimens were

taken froﬁ the,upper and lower halves of ﬁhe rolled bar;v-However, the

Bars.roiled at 500°C (thicknéss 0.46") were cuﬁ twice‘longitudinally éo

that thé tehsile‘spécimens were tﬁkeh from the upfer face, lowér facé

_and center of the rolled bar.

. B. Mechanical Testing

1. fensiié Tests

 ._An'Instr$n iééting'maChiné was used'at_a'crésé-head speed of .05 cm/min.
Tests-at ;75°C were made by.immersing.the speciﬁén in:ethanol aﬁd'dry i¢e.
Tests at -20°C were-perforﬁed by_édding dry ice to. the ethanol bath ét_'
;intervals.- Thevvo1umevdf ethanol waé\greaﬁ enough:tg maintain the bath

temperature to within ¢l°C. 

2. Fiacture Toughneés.Tests

Fatigue‘crﬁcks were'introduced-inté tﬁe fracturgitpughﬁésé épécimensv
b& a Materials Tésting System‘(MTS).machine‘using a sinusoidal cycle with
load alﬁernating'between 50 and 1800 poundé@ or a maximum stress inten-

1/2

- sity of_ﬁo ksi-in , at a frequency of 6Hz. An average of 10,000 cycles

were required to obtain the proper crack'length-of .063" (a/W = 0.50).



" As ﬁhe applied load was iﬁcreased duriné teeting,Athe chanée.in
dieﬁlacement betﬁeeh;tvm;knﬁé edges machined'in the’ffacture specimen
was ﬁeasﬁred by a crack_opening displacemenﬁ (COD)féauée described
in réfefence 6. One fracture tbuéhness sample was sacrificed to calibrate
the'cbﬁplience‘of the specimen geometry et knownrcrack lengths. The
calibratioh'curve’of'Fig.,B was obtalned from the slope of load versus
COD of the elastically loaded callbratlon sample at various 1ngrements of»
‘crack 1ength extended by machlnlng between tests This calibration curve
was used,to calculate the effective crack length from the load versus |
COD cufve cf actual frééture tests. The cfiterion for eelectihgvthe
L point on the load versue COD.curve from which the.fracture toughneSS'
values were calculated was the point of maximum load, even though this
m1ght not correspond to the critical load and crack length in cases of
efallure,by tearing (see Figs. 12, lh, and 15)-

Most of.the fracture toughness tests were conducted on an Insfron
'testing @achine since much sensitivity in.recording'sfrees wave activity
wes:lostvic filtering out the higher noise levels of the MTS. The cross-
heaa.speed wae 0.20 em/min., giving a rate of'lncrease of stress intensity
(166,psi-inl/2/min) within the range recommended by fhe ASTMxStandards.T

"The COD3éauge cutput wasiused to drive the instron_feccrding chert.
.Fracture teSts-of.several specimens:at roomlfemperature and at ;75°C

along with'data from Guest?indicated that the traneifion temperature'

for this alloy ﬁas about -20°C. In order to avoid'having all the samples

"tear or cleave, the tests were conducted'at the transition temperatcre.-

This-elso insured the‘maximum seneitivity of fracture toUghnesscﬁo

microstructure.
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Fracture toughness test temperatures of -75°C and -20°C were obtained
bv enclosing'me speclmen and grips in an 1nsulat1ng container and 1ntro-'
'ducing nitrogen vapor through a perforated copper coil wound.around the

grips. A thermocouple within the notch of the specimen, along wlth a-

' vpotentiometer-type temperature controller and a flow- regulating system,

brought the sample to the test temperature within about twenty minutes
' The test was not begun until the thermocouple voltage‘wasAchecked on a
more‘sensitive, calibrated potentiometer. The apparatus is shown in Fig.lh.

13-15

3. Stress Wave Emissioh Technique
| The,elastic stress waves emitted by discontinuousicrach growth prior

-to failure were recorded by the apparatus shown schematlcally in Fig SF

The apparatus and test setup are 1llustrated in Fig. 6. The band pass

filter was set for a low pass of hO kHz and the high pass was varied from

5 to 25'kHz. . The best results for tests on the 1nstron were obtained at

a high pass of 15 kHz. The total’gain of the system was_varied between.

36,000 end 90,000. - . ) o |

| ‘C.' Microscopx'

1. Metallographv .

Metallographic samples were etched in nital and photographed at
2000X u81ng 011 emer31on of ‘a Zeiss metallograph From one to four
‘-photomicrographs of spe01mens selected for quantitative microstructural
'analysis were enlarged two and a half tlmes, and these enlargements were
used for the analy51s. All photomicrographs used.in the,quantitative
analysis_were trahsversevto the rolling direction. The’mean‘intercept
:transverse grainvdiameter‘was determined from the’ratiopof the length‘of‘traf

verse across a microstructure to the number of grain boundaries intersected.



O

_7‘_ .

The appérentlfransverse particle. size Wasbfound by dfopping a cricular template.
onitheuphétomicrographvat~rendom, and meésuring'tﬁe apparent diameters of
partiéles whose centers fell within the circle. To evaluate the number °

of particles per cubic millimeter and the volume fraétion occupied by

the carbides, the SaltVKovg method was wused, the parficlés being

divided into seven size groups.

2. Fractography

Immediately after fracture, of a‘specimen, a'hét,blower was directed
on thé fracture_surfacekto remove ice which had condensed‘frém the éir.v
Fracfure sﬁrfaces selected for electron microscopic examination wefe
taped to preventvmechanical damage and céntémination by extraneous
pafticles, then cut from the fracture spécimen by hand to avéid overheat-

ing or exposure to #ater; The fracture surfaces were cleaned ultrasonically

while immersed in 200 proof ethanol, then stored in dessicators until

examined in the scanning electron microscdpe.
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ITT. EXPERIMENTAL RESULTS
A. Material Preparation -

' In order to ébﬁaip‘a fully sp}.iéroidizved‘strﬁctureh the steel muét
be defdfméd to.a ﬁrué'strain of 2;OL. To obtain this heavy*reduction'
| and maintain thickneés, it was necessarykto rotate the bars'90° for
séveral'paéSes.v Rd;ling‘under these conditiéns'requifed up to 70
passes éhd eight houré'at'temperaturé. o

A'At rolling_femperatures of 600 and 700°C, the pearlitic.bars g
(2"X3" cross section) could be deformed 1;5 the required strain -("0.-_ixd"><2.o"
cross section) without excess difficulty. However, gt the 500°C rolling
'temperature, edge cracking began and become so sevére-@t higher stfains
thaf rolling.was terminated at a trué strain qf 148}' Tﬁis resulfed'in
.the inéompletely sbheroidized'structure shown in-fig. ll(a);.

B. Mechanical Behavior

1, .Tenéilé Behavior

The3fesults of tensile tests are listéd in Tabie I and plottedvverSus
anneal time‘in Fig. 7. ‘Most tests wgre c&nductedﬁat room temperature.
Testing at:—75°C raised the yield and tensile'sfrgﬁgths an average of 10

‘and iS ksi, respectively; The only samples ﬁhiéh did not exhibit yield

' poipt phenomens, wefe the pearlitic structure and thé incompletely spheroi-
dized specimens taken from the outer faces 6f'thé barlrol;ed at SOO°C.
ﬁowevér, a Luder's strain’appeared for the specimen taken‘ffom the central
portion of the.500°C rolledvbar, as weil as'in all those specimené annealed

afterfrolling}‘ Microhardness tests and examination of the microstructure



&

across the thickness of specimen rolled at 500°C failed to show any
varlatlon with thickness.
- The yleld stress was determlned using either: the load durlng the

Luder's strain or, where no yield phenomena occurred, the loadvat 0.2%

- offset.

2. Fracture‘Toughness Behavior
brThewreSults of fracture toughnessltests-are listed in Table‘II.

"_ The most striking feature offthe test is the wide variation in
fracture surface appearance, shown in Fig. 8. pWhereas the‘pearlitic
structure cleaved at both -75°C and room temperature, the fracture sur-
face appearance of the spher01d1zed samples varled from a heavily serrated
form of ductile,rupture»to predominantly cleavage rupture. A comparlson
of the fracture surfaces of Fié. 8 with the toughness data of Table II
indlcates that this serrated mode of failure euhances'toughness.' In
case of failure'tv a mixed_mode of cleavage and serrated ductile rupture
the'later'mode'appears in the.central portlou ofithe fracture surface.

The serration effect is reduced at louger anuealing times.

3. Stress Wave Emissiou Results

Several examples of stress wave em1351ons are shown in Flgs 10,12,

' .lh-l6 and 18 w1th the regions of the load versus COD curve from which

they are taken marked on the curve. Stress wavebemlss1on from.the samples
of Figs. 10 and 12 were recorded.at a high pass of lS kHz and a‘gain of .
36,000 while the stress waves shown in the.remaining figures were»d- |
recorded at a hlgh pass of 5 kHz and a gain of 90 OOO The numberiof
stress waves counted prior to. maximum load for several speclmens are

listed in Table III.
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Q. ‘MicfoscoEx :

1. Metaiiogréphy

v V, The lbﬁ feSolﬁtion of the optical microscopevaf-QOOO; made examina-
tion of:the‘fiﬁé particle sizes of sampies rolled at 560°Cvdifficult
(see Fig. 11). For this reaééh; and sihce the microstructures were not
éompletely spheroidizéd, particle size measurements were not attempted,-
on samples rolled at 500°C.

It can be_seen.from several of the photomigrographs that carbideé'

ére lécated pfedomingntly at graih boundariés;

| Thé.resﬁltS'of'qﬁanfitative microscopié analysis on selected.
sampleslare shown in Table I?, Figure 19 shows the distribution of-
_apparént'ﬁfanéverse particié sizes for tﬁe two samplés’most widély

‘separated in particle density of those analyzed.

2}, Fraétogfaphy

_'The most frominent fraéiographic feature of'fhe sémples of this
invesfigatibn-is the formation 6f longitudinal "éhimneys" during ductile
.fracﬁuref From Figé. 13 and 20 it appearé that these chimney coalesce
Parallei'to the crack growfh-direction to'nucleéte the‘ﬁacrbécopic
' serrations.' Trdcéé of theéé chimneys aré observed on the faces;of'the

serrations.
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IV. DISCUSSION

A. Material Preparation

Sherby obtained a yield strength of 130 ksi with 5 per cent
elongation Ey rolling a eutectoid steel at appreXimately 500°C to a true

strain of 2.0. This was accomplished in 14 passes with five minutes

. between each pass at a furnace_temperatﬁre'of 600°C. 1In.addition, he

- found the yield strength to increase slightly and the ductility to triple»

upon'annealing at 500°C for 6000.minuﬁes. In the present inveetigation
the elongatlon increased upon anneallng but as can be seen in Fig. T
no secondary hardenlng was observed. Thls could be a result of the con-

31derable dlfference in tlme at temperature during rolllng as well as

‘the smaller strain of 1. 8 obtained.

Sherby has_suggested that edge cracking might be avoided by main-

taining a rectangular cross-section during rolling.

;B. Mechanical Behavier

1. Tensile Tests

fThe.plot‘of yield strength versus the inverse square root of the

" mean intercept grain diameter'of'Fig. 21 agrees'with‘the data'of Petch
for a .11% C steel. This would be expected as long as carbides remain-at

the grain boundaries. The equation of this line follows the Hall-Petch

relation: }

' _ ~1/2

OLYS = OO + Cd
1/2

where 0 = 9,000 psi, C = 94,000 psi-in and d is the grain diameter in

. inches.
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vahe lack of a Luder's straln in the spec1mens rolled at 500°C and
1mach1ned from the bar surface, and its appearance in- the spec1men taken
.from the center of the bar, imply that. spher01dizatlon was more complete
'at the center. However, the tens1le strengths of’ these spec1mens adjusted '
to room temperature show no signiflcant difference, which accounts for the
uniform Vlcker s hardness observer across the thickness of the bar.s The
dfact that the yleld strength ‘and fracture toughness of these spec1mens
correlates well with the.remaining"data‘suggests that the'effect of iﬁé
:'complete spher01dlzatlon was minimal |

. The specimens ‘rolled at 500°C and annealed for various times at -
500°C, in agreement w1th Sherby s data, showed no straln hardenlngbut

necked without exceedlng the lower yield stress.»

2. Fracture'Toughness Tests

For strength levels of (K /OLYS) for materials similar to. those
: used in this investlgation, Brown and Srawlefsfound that the spec1men-
thickness, B, requlred for a valld plane straln fracture toughness tests
was B > 2 5. (KIC/GYS)Q' Wessef' found that for materials of the same
~yield strength as those presented here, a less strlngent requirement of
B Z;(KIC/GYS)Q gavevconsistent values Of'KIC' Both of these criteria are
shown in the plot'of K/GLYS vs. GLYS'in.Fig. 22,vand it can be seen that
" only a'few fracture toughness values ﬁtx-75°C satisfy Wessel's criterion
for KIC:‘ | | |
| In Fig. 22 the samples are lelded according to their particle
densities. Slnce the yield strength ‘depends only on the graln 51ze for

these materlals, thls plot shows the dependence of fracture toughness on.

: particle size. It can be seen that smaller partlcles give a higher
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vtoughheéé'thanvlarger.bnes,'eséécially at'the —26°c-test temperature.

- Again, the.duéfile_serration mode of failure ppedominates,in these
‘tougher spgcimens; | |

| 'Longifudinai cracks similar fo thoéé'observédvin this investigation
were oﬁéérved by Beachem et alill‘in fracturewtests of A302-B pressﬁ?e
vessel‘s£¢él;-énd were attributed to stringer inclusions. Liu and

: Gurl.a.ndl.2 observed the formation of érééks pafallel to the tensile axis

in the necked region of spheroidized plain CAern steel'tensile specimens.

These were nucleated from interfacial qracké at grain boundary carbides.

:3, ‘Stréés Wave Emission

'Notrenough stress wave data was analyzéd to show clear trends with._
particlé'and.grain size. :In'addition, the various high'band ?asses used '
in fiitéring extraneous ﬁoisé and the different'gains'used to émplify the
gcceleroﬁeter signal made étress wave COﬁparisons of different samples_
and test tempefétures difficult. However the data does show approximately

an order of magnitude increase in stress wave activity at test tempera-

tures of ~75°C above that at -20°C.

C. Microscopy
1. Métallqgraphy

Althoﬁgh the carbides in most samples ﬁere loééted at the grain
boundéries, there was a‘tendency for moré particle§ to be lécated_within
grains.in'samples rolled at 500 or 600°Ciaﬁd annealed atv6OO or 700°C.
Appgrently‘the smaller particles férmed ét lowervrolling temperatures
éﬁé unéble.to bin gréin’boundériéé ét‘fhé higher aneéling témperatures.v

Unfortuhaﬁely; the fraction of<partic1es‘1oéatedfat grain bounddrieslwas‘



' not determined 1n the quantitative mlcrostructural analys1s. This
: observatlon does’ suggest a means of separatlng the effects of ‘particles 'J:” : "‘c“

located withln gralns and those located at graln boundarles._

RUSTRNE




'f,.for the pearlltlc structure to 106 ksi-in

v ?'CON'CLus'iONs

jvi; Spheroidlzatlon of a plaln carbon eutect01d steel by warm rolllng N
produces a graln 51ze of almost half a micron and a mean partlcle 51ze:!'*'
'Lofnless thanv0.2 mlcrons, '
24 The yleld strength 1s 1ncreased from 50 k51 for pearllte to 130 .

dk51 for a rolllng temperature of 500°C

'h3 Yleld strength versus the 1nverse square root of mean 1ntercept

"graln dlameter follows a Hall-Petch relatlonshlp. :

1/2

b The room temperature fracture toughness 1ncreases from 67 ks1—1n

1/2

for the'spher01drzed struc- f

.\ture.formedfby rolllng at 500°C. The fracture touéhness'at*~75°C'is

) 1ncreased from hl 1(51—1nl/=2 for the pearlitlc structure to 88 ksi- 1nl/?

-ﬁfor the spher01dlzed structure produced by rolllng at 600°

75; Fracture toughness is hlgher for small graln boundary carbldes than
- for large graln boundary carbldes. ThlS effect is less pronounced at

- -T5°C then at -20%C.
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Fig.15.

Fig.16.

Fig.17.

Fig.18.

Fig.i9.

Fig.20.

I
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(A) the load versus crack opening displacemeﬁt,"(B):the stress
Wave emissicn and (C) the fracture surface of a specimen rolled
at 600°C without anneallng and tested at -20°C

(A) the load versus crack opening dlsplacement curve, (B)

‘vthe stress wave'emission and (C) the fracture Surface of a

vspec1men rolled at 600°C, annealed at 600°C for 3000 minutes

and tested at -20°C

(A) the microstructure; and (B) the fracture surface at the

'fatigue—transgranular'ffacture transition of the sample of

Fig. 18. The arrow shows the general direction of the crack
propsgation.
(A) the load versus crack opening displacement curve, (B)

thre stress wave emission and (C) the fracture surface of a

bvspecimen'rolled at 60090,_annealed at 600°C for 3000 minutes and
tested at -75°C.

“The apparent transverse pafticle size distribution of the speci-

ﬁens with the most widely aeparated particle densities of thosev

“analyzed. The upper~distributioh vas for a specimeh rolled at

600°C without annealing snd the second is for a specimen rolled

~at 600°C and annealed at 700°C for 6000 minutes. The particle
.densities were obtained by the method of Saltukovg, with the

" particles divided into seven size groups.

(A) the region of slow crack growth between fatigue and brittle

fracture regions showing coalesced "chimneys" (B)a closer view
Y

of a 'serration surface show1ng what mlght be partlcle fragments

on the wall of the_ chlmney
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.Figl21m;-The r6om5température yiéld”stress versﬁs'meah1intér¢épt‘,-
‘grain diemeter to -1/2. The key for identifying points is
'shown. in Fig. T.

B LYS LY

>"’Fig.22.ﬁ K/o versus d"8 £or2£wo:clgssqs;fopartiéle~density‘and ﬁwo

"test,tempefatureé;<‘~'




75

200"

100 | 5 f——os :

B e i —— SPECIMEN THICKNESS: 360"
o . ‘ e T XBL7IZ-6582



o -30-

i ﬂ_‘_‘-——;b“-l—sfg—q _

SRt TENSILE SPECIMEN

o Flgure 2 ,". o T :

o XBL 698-1155"



2000

L

— 175 =

.‘ 60

" 'SPECIMEN THICKNESS o
ST | UXBL7I3-6582

| oo

D375

360"

|-




- TENSlLE SPECIMEN .
: SCALE 2| e

o Uxele9s-11ss -




3L

/
@
90}
@
70}
I E ®
P | /
@
/
2 /
@
(&)
i 3
| & l [ 1 l
3015 50 60

A/W  CRACK LENGTH

XBL713-G597

Figure 3



-S0w

XBB697—h6L5

igure L

F



ENDEVCO ACCELEROMETER

-

MODEL 2234 E

-33-

CHARGE SENSITIVITY 59.5pC/q
— -MAJOR RESONNANT FREQ. 32 KHZ

STRIP CHART

VISICORDER~-

MODEL I108

Figure 5

CHARGE . T
AMPLIFIER | CAIN 150
VOLTAGE
ampLIFIER | GAIN 80/200
TAPE RECORDER — AMPEX SP-300
4 CHANNEL
FREQUENCY
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B 40 kHz
FILTER = at 1Sin/sec
GAIN 3
BAND PASS
S/10/1S — 40 KHZ . s
i
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1 |
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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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