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ABSTRACT

Thi¢ report desciibes a number of experiments on the stress
relief of gray cast iron. One set of experiments consisted of
making relaxstion tésts and usging the rate of relaxstion as a
measans of evsluating stress relief. These studies showed that:
{1) the rate of stress relief is most rapid during the firat
hour at temperature; (2) the rate of stress relief is very slow
below 10000F, but increases £s the temperature is raised; and
(3) initial strees and alloy composition have an important in-
fluence on the rate of stress reducticn by heat treatment. Ob-
tervatione of heat treatments on bighly stretsed cast wheels
sevealed that (1) indoor aging snd low-temperature (600°F) heat
treatment are inefiective for stress relieving, (2) furnace
cooling after heat treatment produces lower residual cesting
stresses than air cooling, and (3) relaxation tests agree closely
with results of stressa-.relief hest treatments of experimentsi
castings.

PROBLEM STATUS
This report cencludes the work on the problem, znd unlesa
otherwise advised, the predlem will be closed one month from
*he mailing date of this report.

AUTHORIZATION

NRL Problem M06-0G1.
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STRESS RELIEF OF GRAY CAST IRON

[NTRODUCTION

With the incrsased use of gray cast iron in highly stressed mechanical
parts, nore sttention is being directed toward adaquate satress refief be-
fore the castings enfer into service.

Internal stresses sare generated in cestings by differences in the rate
of contraction of varjious sections due to temperature gradients set up
duriag cooling. Such temperature differences ususlly arise from varistions
in 4ize in crosas section and from distsnce of the mets]l from heads snd gates
The regulting stresnes are often large enough to cause zracks which msy or
may not be detected before the castings go into service, but in most instsnces
the stresses are not large enough to ceuse the casting to fail until 2 nor-
mal service 1sad iz applied. Internal stresses may also lead to distortion
during machining as well as in service, since the removal of metsl by
machining disturbs the balsnce of the internal streésses and csauses distortion
to take place in such a2 way as to restore this balance. The relief of these
internal forces by means of hesting /s generally considered &« creep phenomenon
in which the ztress is reduced through plastic flow,

This report describes the results of a zeries of streas relief tests
made with the Naval Reseerch Laborstory relzxation marhine and on a large
number of cast wheelt containing high ctresses.

CONFLICTING OPINIONS

Past studies of stress-relief hest trestments for cast iron have resulted
in n series of conflicting opinions and obssyrvations. The extent of this
confusion will be readily aspprecisted from the following summary of a number
of papess written on thbis subject.

Prior to 1915, practiceily no investigaticns of the heat treetment of
cast iton were reported. In the year 1915, bowever, an anonymous author re-
ported thet cazting strains in small hardware parts zould bte relieved by
hzating for eight hours at a dul! red heat (1100°F) fcollowsd Dy very siow




cooling for about one day.! Cestings so treated were softened because of
the precipitetion of some of the combined carbon as graphite.

In 1917, L. M. Sherwin? found that egquivaient strain removal waa ob-
tasined by heating a series of low-silicon irons at either 11000F or at
400°F for 24 hours, followed by slow cooling.

According to C. J. Wiltshire,3 casting straine were completely eli-
minated by Leating siowly to 700CF, holding for 7 hours, and cooling to
300°F in 20 hours.

Harper and MacPherrant relieved casting strains by heating st 11500F
for one hour. With longer holding times the strength and hardness de-
creesnd mateorially.

K. T. Rolfe® heated iron in the temperature range 750°F - 18300F for
one hour and coolecd slowly in hot sand. He concluded that casting astrains
could be removed by heating to 1110°F for one lLiour followed by slow cool-
ing. Tensile strength was reduced only 6.5 percent, and hardnoss 2.8
percent.

J. W. Bolton® obaserved that straing could be removed by heating slowly
tc 7000 . 1000°F snd furnace cooling. In & later paper,” he recommended
700¢ . BOOOF.

F. Grotts® recommended s S00°F annes! for quick strein removal, eand
J. A, Capp® advised thet iron castings be stress-relieved by heating to
9302 - 1020°F for a period of four to ten hours.

Benson and Allison!® found coxplete atress relizf after & six-hour

snak at 11100F, but csutioned th't incresse in dimecsion caused by oxidation

commences at 10200F and becomes serious &t 11100F,

1 E, E. Marbaker, Iron Age, 122: pp. 282-8S5, (1928)
2 L. X. Sherwin, Trans. Am, Foundrymer's Asaoc., 26: pp. 509.26, (13917)
8 C. J. Wiltshire, Trsns. Am. Foundrymen's Asaoc., 28: pp. 346-47, (1919)

4 J. F. Harper and R. S. MacPherran, Trens. Am. Foundrymen's Assoc., 30:
pp. 167-85, (1922)

© R. T. Rolfe, Metal Ind. (London}, 24: pp. 500-02, $25.26, 551-82, (1924)

¢ J. W, Bolton, Ircen Age, 114: pp, 820-22, (1924)

T J. %. Bolton, Iron Age, 120: pp. 611-12, (1927)

¢ F. Grotts, Trans. Am. Soc. for Steel Treating, 7: pp. 735-42, (1935)
® J. A. Capp, Am. Machinist, 63: 385.87, (192%5)

1C L. E. Benson end H. Allison, Proc. Inet. Brit. Foundrywen (London), 31:
p. 124, (1937-38)
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J. E. Hurst!!l recommended a 2tress-relief temperature of 7S09F. He
stated that pearjite decomposition commenced at B40°F and cautioned against

heating above “i(OF,
Aceording to C. H, Korken.!? an ordinary trestment for relief of in-
ternal stresases consists of holding four hours at 900CF, Becsause of the

graphitizing tendsncy of silicon, he stated that it is advisable to use
lower temperatures for high-gilicon irons, snd higher temperatures for

low-silicon i{rons.

Le Thomas!? states that the French Admiralty specificsation for stress
relief of caat iron requires "prolonged hesting to & temperature of the
order of 5000C [9300F], but lower than 6250C [115350F], followed by extremely

slow cooling. The total duration will be from 24 toc 48 hours'.

In a recent publication, P. H, Russelll* arrived at the following con-
ciusiona in his resesrch on the subject of stress relief of fully peariitic

high-duty irens.

1. Exposure for four munths to varying atmospihieric conditions end
temperetures reduced internal caating atresses about fifteen percext.
2. Heat treatment at 400°0C {7500F] weas ineffective.

3. Temperatures in excess of 5250C [9750F] were required to relieve
flfty percent of the internal stresses.

4, Internsal stresses were not completely relieved at 600°C [1110°F],

S. The physical properties of the irons wore ncot impaired by treatment
up to 600°C [1110°F], except tnat some felling off in transverse

strength was nccasionally obssrved,

Figure 1, taken frorx this report by Russell, depicts graphicsily the
obtervations of a few add.clonal investigators on the effect of stress-
reiisf temperature on percent stress removsl.

Theaw 2xcerpts from numerous papers are indicative of the diffecences
of opinion on proper streass-relief heat trestmen.s. Recommended temperatures
range from 400°F to 115(OF, and soaking time from one to twenty-four ours.

12 J. E. Huret, Iron and Steel, p. 22, October 1539, p. 61, November 1939,
and p. 134, Januery 15490
12 C. H. Morken, Trans. #m. Soc. for Metals, 22: pp. 227-248, (1934)
13 A, Le T s, Foundry Trede Journai (London), 6%: pp. 217-18, (1940)
14 P. H, Ruasell, Foundry Trade Journal (London), Vol. 80, No. 1568,
pp. 3-9, (1946)
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Fig. 1 - Observations of Several Investigators on the Effect of Stress
Relief Temperature on Percent Stress Removal

EXPERIMENTAL PROCEDURE

In the first phase of this work, the effect of time and temperature on
the relief of internsl stresses was studied with the 2id of a refaxation
machine, built 2t NRL with minor changes in design on the basis of a machine
described by Nadai and Boyd.!®

This machine, shown in Figures 2 and 3, consists of three essential
parts - the furnace, the loadiny mechaniasm, and the extensomeoter contro)
system. A test specimen, of the type shown in Figure 4 is held by threaded
grips in an eleactric furnace, B, and heated to any desired temperature.

18 A, Nadal snd J. Boyd, Proc, Fifth Internat. Cont. of Applied Mechsaics,
p. 245, Cambridge, (1938)
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Temperature controller, D, meintains
ths specimen At constant temperaturs
for the durstion or the test. The
specimen isnext stretched a definite
anount by applying a tensile stress
through the lever arm, A, by means of
G and H. The elongation it measured
with extensometer, E, and the load
with Anes dial, J. The machine is then
+et for automatic operation. As the
specimen stretches plasticslly, owing
to the 1load s&nd temperature imposed
on it, the extensometes contact, F,
closes and sterts the motor, H, which
reduces the applied stress just enough
for the specimen to contract elasti-
cally andopen the extensometer contact,
stopping the motogf. The msbhove cvcle
continues to be repested, and the
load en the specimen is gradually re-
duced until astress 1evel is reached
at which the rate of plastic flow is
s0 slow that nopercéeptible change is
observed for several hour’s. Thus the
specimen is held at constant length Fig. 2 - Relsxation Testing Machine
throughout the test. A movie camera

equipred with an automatic device takes single-frame pictures of the load-
indicating diasl end of & clock underneath it so that s time-versus-load record
is obtained. A detailed description of the relaxation equipment is contained
in "Streas Relief of the Steel Casting" by E. A, Rowinski and H. F. Taylor.?!®

The relaxation specimens were nade from a cast ingot of spez.al design
developed at the Naval Research Lsborstory. (See Figure 5). The four rounded
corners were removed by sawing longitudinaliy fnd then machined as shown in
Figure 4.

Relaxition rateo of these specimens were campared with stress reductions
effected by hest treatments of the special type of casting shown in Figure 6.
This four spoke whee! casting was adopted because large stresses wesge prevent
in the "£s cast" condition since the thin spokes cooled faster than the heavy
rim. Tensile stresses are first set up in the tpokes tending to pull them sway
from the rim. Since cast iron wiil flow readily st low stress leveles and high
temperatures, the spokes stretch to relisve the stress. The spokes, baing
colder, reach room temperature and stop contracting before the rim, which
continues to contract and exert a compressive stress on the spokes. The magni-
tude of stress retained in these whecls before and after heat treatment was

16 E. A, Rominski and H. F. Taylor, Trans. Amer. Foundrymen's Asscc, 51:
pp. 709-731, (1943)
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Fig. 4 - Relexation Test Spacimen

determined by drilling reference marks approximately twe inchess spart on
the rim and spoke¢ &nd by messuring the distance between these marks to within
1/10,000 of an inch with n Whittemore Strain Gage. The rim was sswed on both
sides of the reference spoke so thst both the rim and spoke were free tc
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wmove in such a manner ss tc relieve
the internal] stressee, The diztarce
between the reference marka wes then
aessured ggsia and the et change
indicated the degree of Internal
stress. Figure 7 zshows the pssition
of the reference marks, the <sw cuts,
and a measurement being made on the
spoke with the gsage. Since the ex-
peansion wes ouch greater across the
saw cuts in the rim than sloang the
spoke, the former measurements were
used in tracing the removal of stress
by hest treatment.

The first experimental work con-
sisted of & series of relaxstion tests
on a heat poured 3t the Naval Research
Laborstory to determine the general
effect of time and temperature. This
was followed by relaxetion tegts on
bars of different chemistry supplied
by the Gray Iron Founders' Society to
Fig. § - Iagot from which Relaxstion find the influence of chemlistry. The

Test Specimens Were Made analyses of these bars are given in
Teble 1. Strzess-relief studiecs were

INSIDE
FILLETS

( . APPROX {-.\

( OUTSIDE FILLETS 47+ (APPROX)

e

Fig. 6 - Test Casting Conteining High "As-Cest" Stressoas
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then made on some streas-wheel cast-
ings poured a¢ the Naval Rasearch ]
Leboratory to determine what effect
the co.,ling rate from the hest trest.
ing temperetuze might have, and then }
stress-wheeis supplied by the Gray ‘
Iron Foaundere®' Society and poured {rom i
the seme heats zs the relexation bars

were heay trezted using the cooling

rate that w#se found to introduce the

minimum of steesa,

DI3SCUSSION OF EXPERIMENTS

Relezxation Terta

An investigstion of effects of
tempersture and time on relaxsation
Fig. 7 - Mecszsuring Strain in Streax was conducted on some Naval Research
¥heel after Saw Cuts Have Been Made Laboratory experimental sand-csat
ingots containing 2.72% C - 1.97% 5i -
0.51% ¥n - 0.080% S - 0.141% P. Ke-
lexation aspecimens were loaded to a

Table 1
Chemical Analylis of Groups of
Relaxation Specimens and Stress Wheels

Group c Si Mn s P Ni cz Mo
Number

i 3.21 1.74 0.70 0.094 0.111 1.05 6.15 0.53

2 3.82 2.19 0.85 0.044 0.115 0.10 0.47 0.42

3 3.58 2.24 0.64 0.092 0.140 0.10 0.08 0.04 E

4 3.41 2,33 0.62 ¢.124 0.244 ' 0.190 0.03 0.04 y

S 3.60 2.49 G.64 0.076 0.378

] 3.51 2,15 0.69 0.113 0.138 0.25 6.25 0.04

7 3.29 2.18 0.97 0.135 0.112 0.25 0.25 0.05

8 3.18 1.70 1,13 0.109 0.064 0.10 Q.10 0.03

9 3.900 1.65 0.92 0.086 0.057 1.44 0.28 0.50 ‘3

10 3.47 1.30 0.89 D.089 0.097 0.10 0.20 0.04

11 1 3.0% 2,36 ¢.70 0.095 0.344 0.20 0.058 0.04 ]
value which produced between 0.2 - 0.4 percent strein on the 6-inch gage é

iengt’.. Ax would be expected, the higher the testing temperature, the lowar
was the applied stress required to produce this smount of strain. Typical
_losding curves for three different temperatures 2re given in Figure 8, As
the tempersture incresses, the strsin for any given strexs increases and
since gray iron hes no definite yield point, but instead & emall plastic
strain component at =l] stress levels, this strein represents both elastic
snd plsetic deformation.

L g e
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Duplicate specimens were tested st temperstures ranging from 720F to
1100°F, The effact of testing temperature on the zate at whish the applied
strese was reduced ig ahown in Figure 9, Low tempersture treatments hsd
oniy & alight effect on lowsring of stressex; sixteen hours gt rocm ftempera-
tiure nad prectically no effect. Treestment at 9000CF reduced the 3zress only
from 14000 to 10000 pounds per square inch in 100 minutes, but when the

:
i ] RELAXATION OF GAST RON HELD
' AT VARKIUS TEMPERATURES
1 {2.72% 2 -107T%NS1- O.51% M
24,000 0080%5-014%P) |
S~ 72°F
1 20,000
T - 800°F
(5}
z
W 16,000
2
mIZOGG SoF
3 A
! \ i _____{ S00°F
4 P ——
g 8,000 —— e
i ~. T ——
§ o 950°F
= & 4000 ‘ 1000% —t+——ubl
: \ | K\\\ D —

MIN. 00 200 300 400 500 600 7T0C 8OO 900 1000

MOURSIST 234 500 668 8335 1000 163 1336 1500 1666
TIME AT RELAXATION TEMPERATURE.

#ig. 9 - Effect of Temperature on Relsxzstion Rate
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testing température wes raiszed to 1100°F, essentially complete relaxation
took place in approximstely one and & half hours. In 21! cases the rate of
stress relief was grestsst during the first hour at temperature, and then
decreaned ss the time #t temperature incressed.

Of special interest was u test in which a specimen wsas reloaded to the
original atress level and given & second relaxation test, As may be seen in
Figure 10, the second relaxation rate was slower than the first indiceting
e decressed rate of plastic fiow. Thus only one relaxation test could be
made on each specimen.

Since these tests showed the ineffectiveness of low-temperature heat

treatment of stresa refief, the commercial sand-cast ingot specimens werss
tested in the temperaturz range of 800°F - 1150 F. Figures 11 through 24

show the relaxation rates for the 1I groups of commercial cast irons at
various temperatures. The following general cbservations may be drewn from

these graphs:

(1) By a comparison of the relaxation curves of the alloy irons, Groupas
1, 2, snd 9 (Figures 11, 12, snd 19), with the plain carbon irons, Croups 3,
8, 10, and 11 (Figures 13, 18, 20, and 21), it is apparent that the former
recuire higher temperatures and/or longer holding times to reach the same
stress level or the same percentage of stress relief.

RELAXATION RATES OF THE SAME JAST RON
SPECIMEN TESTED TWKE AT 900°F

>

SQUARE, INCH

me m,%ns m
2
//»/ /

| SECOND RELAXATION

HBT/T\\\‘
TION

000 -+ + ?
i : )
! ! ———————
% ‘ ; %
! i
{ | |
} i
| i §
i ! | ,
4000 l J ! : {
00 200 300 400 200 600 700 800 900

RELAXATION TIME N MSUTES
Fig. 10 - Effect of Work Hardering cn Relaxation Rate
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STRESS—POUNDS PER SQUARE INCH
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(Z) No correlation was found be-
twecen rfelaxstion rate and oquivalent
carbon.

(3) Group 10 (Figure 20) shows
that if duplicate spocimens have the
aame initial applied stress, the re-
laxstion rate end the total smount of
refaxation increase ss the testing
tecperature is increazed.

(4) Figure 22 shows the resultas
when three of the specimers were
loaded to different ttress levels but
tested ot the same tempersture, i.e.,
10S0°F, By a comparison of the three
curves it is evident that for eny
given temperature the higher the
initial stress, the faster the re-
laxation rate, but the longsr the time
required to reach any specific resi-

° 0 U‘ﬁ,mmg;{m 40 dual stress level,
TIME AT RELAXATION TEMPERATURE Figure 23 has been constructed
21 from dsta contained in Figure 21,
Figure The various points on the ;raph show
the original applied stress snd the
RELAKXATION RATE OF GRAY CAST IRON AT !0SO°F SHOWING THE EFFECT
- OF INITIAL STRESS
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Fig. 22 - Effent of Work Hardening on Xolaxzation Rate
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stresy remajining after two hours et
the various tegting temperatures,
The two curves beund the maximun
and minimum points. Stress iz lowered i
slowly and incompletely a* tem-
peratures below 1000CF, but rapidly
and more completely at higher tem-
peratures. The spread of datu results
from the differences in chemical
snalyses and in initial meximum .
stress. Since the modulus of elac- f:
ticity veries for each alloy, there o TT— ‘e

is unavoidable variation in the ) , ‘ ‘ . , x \
ultimete load for each test when e - A R R EO N D
ioading to 0.2 - 0.4 percent stra.n

on the 8.inch gage length. Never. Fig. 23 - Residual Stress in
theless, the general trend of an Relaxation Specimens at the
increezing rate of stress relief at End of Two Hours at the Indi-

higher temperatures ia ciearly shown. cated Temperature

02,0000- -

STRESS N (BS/SQ IN

The relaxstion data are summarized in & different manner in Figure 24,
The points on this graph represent the initial stress, and thst remaining
after the specimens were held &t 1050CF for the indicated time. The reazons
for the spread of date have been previously given. The curves of maximum and
minimum streas show the rapid initial rate of stress velief and the laveling
off after the first hour at tempersture.

Stress Wheel Teats

Before conducting stress-relief heat treetments on tha limited number
of stresz wheels received frqm the commercial foundries, an experiment waa

? T T Y Y T 7 conducted on Naval Resesrch Laboratory
; wheels ty determine the effect of
| furnace versus air cooling from the
| stress-relieving temperature.
200004 -
z The following strein gage mea-
émmn— i 1 surements were obtained in this ex-
- \\ periment:
312 oot ¢ -
=z i Heat Tresatment Rim Strain® (Inches}
g.“”& : \\?\--“~JE£2~_- i of Wheel Air Cooled FurnaceCooled
@ oo . T
eood S ] 1 hraciosoor . 0089 -0034
PN i 24 hr at 10500F . 0052 .0019
e e B * As Cast rim strain - 0.0183
sran TIME AT :(50°F (HOURSY
Fig. 24 - Residuel Stress in The difference between the resi-
Relaxstion Specimena Hest dual stresnes in sir-cooled e&nd
Treated at 1Q50°F for the furnace-cooled cestings tresuits from

Indicated Time
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RE2IOUAL STRRIK - INTHE L
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Holding Industry ‘‘heels at Varying

T

the unequal cooling rates existing between hesvy and thin sections when
sir-cooled; the slower furnsce cooling keepe all parts of the casting at
approximately the same temperature during cooling. Tt is interesting to
note that one hour at 1050°F followed by furnsce cooling results in lower
residual stress than 24 hours at tompersture followed by mir caoling. Thus
2ir ecooling may introduce considerable edditional stresserz. For this reason
furnace cooling was adopted for all cornercial strese wheslz studied.

On the commercial whesls, studies were made to determine:

(1) The strain reduction effected by two hours at various temperatures,
and

(2) The strain reduction effected by verying lengths of time at 10S0°F,

T* procedurs followed in tresting the vheelsz was to place them in & furneca
a- -‘pom temperature, to hezt to the desired msximum, to hold for 3 specified
per20d of time, and then to furnace-cosol.

Although a essting may be held at the maximum heat-tresting tempersture
for only one hour, during the heating and cooling cycle, the temperature of
the cmeting is sufficient to «ffect further stress retlief. Therefore the
extent of stress relief in 2 csgting held sne hour st temperature will be
slightliy greater than that obtisined in a specimen held at similar temperas-
ture and time in the relsxatinn muachine.

The date on effect of temperature variation at conatant time are shown
in Figure 25. They are in agreement with the relaxation data in Figure 23,
The stresses in the rim are reduced only slightly by two hours of heat
treatment below BOOOF. Hewever two

’ ! T ' ! ’ ! T hours at temperstures ebove 9500F
oso0l- | | preduce substantial reaductions of
' strass,
SR IO -
In 8 test to zthow the inef . tive.
ﬂqu 41 ness of long stresx-relief t¢reatmont
at low temperatures, stress wheelz of
oso} tye different metal compositions were
held at 600OF for 24 hours. Whesel &
pock 4 had an as-cast rim strain of ¢.0174
! inches and 2 final strein nfter heat
o 1 treatment of 0.0168& inchez. Wheel B
! 1 , ; . 1 . tested 0.0187 inches originally snd

‘;;‘, wo 300 43G 800 7SO 806 w080 its duplicate 0.0157 inches after
TEWSRRATURC OF STRLSS RILIEF TREATMERT~ °F trectment. Thus appreciable stress
reliof {8 not ohirined at B00CF for

ig. 25 - Strain Redvecticn Effected by
one day.

emperatures for Two Bours and Ffurnacs

The date on 2ffect of time varla-
Cooling

tion 8t constant temperatuce are sum-
merized in Figure 26. The temperature
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of 1050CF was etelected becauss r
pregeding experiments tad indi- ;
csted considerehle gtress-relief Y
sction at thin tezparatuce. A ‘
marked reduction of internalsiresses
occuryved durting the fira =nd
second hours at temperature, after
which the rate decr2ased rapidly in
s way 2imilsar toe tho reisaation
datz givern in figuro 24, The spread
of data has been previousiyexplalned

STRAIN  (INCHES)
8
g d
- i o
SR SN

N T ey
-

RYNIDLAL

-
- ———— »-‘.-»«_—-—L~ R e

!
m!- i\,\,! “""",
The resulli of teats on the i § ﬁm:r~—:Z::~i::
stress-whneel costings eppesar o0 : Q — 3 - :
sgree closefy with those frow the HOURS AT TEMPERATVOE
relaxatiocn teaxts. The sdevantsge of :

the relaxation test for obtaining

streas-relief data is apparent, Fig. 26 - Strain Reduction Effec<ed
since one such teat gives & com- by Hgiding Industry ¥heela st 10500F
plete stress-time curve while = for Varying Lengths of Time Followed
ierge number of whee! castliangs by Furnace Cosling

ere required ic yiclid the same

infovmetion,

.Stress Relieving by Other sethods

Since maany foundries clain to have stress-relisved castings: By aging
then outside for periods sanging from six mentha 0 & year, several Stasts
ware nmede in an stiempt to =valuste thie practice. In the first test, four
stress wheela were poured from the sare ladle 6f metsl having a compoaition
of 3,82% C .. 1.93% S§ - B.48% 8n - 0.130% 3 . 0.3148% P, Cne wheel wat sswed
the following day and the others wére sllowed to sge inaide the ‘oundry for

varying perlods of time. Tha following dats summirizee the e?fsct of time
an atrezs reductions:

Aging Tiwme Strain Ubrerved in Rin
by Sawing

1 day D, 0688 inches

3 months 0.G0BE inchesx

1% ydars 0.0082 inches

Indoor sging obviourly did not recduce tha "as cxst’ stress in these whaeis.

The sffzet of sutdoor xging hes been aaid to be due to the sliternste
heeting end coeling cf the casting. A repld check on this tﬁaory was made
by pleacing # streas whesl in & dzy-ice box a: O°F for two hoursz and then
trensfersing it en oven at 220CF for two haurs. Aftsr four complete cycles
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of alterngte hesting ar cooling, the rim was sawed and G.0191 inehes of
strein was measured, bofors thic trestment, & duplicste whezl ghowed 0.0209
inches of atrein. Thue only » smal! amount of stress reduction weg obteined
by this treatment,

Besides the tampersture changes to which can.ings are subjected {n out-
dvor szing, the poseibility that corrosion relieves s part of the stressex
tockad in the outer ikin of the castinog hes boen suggested. To detsrmine
the effectivences of such corzosion, & rapid test was conducted by conmpletaly
jmmarsing a stress wheal in 2 6 percent solution of sulfuric gcid {or 20
minutes gt & temperature of 1680F, Sawing of the wheel revsaled a resgidusl
straln of 0,015¢C inches compared with the "es caest'" atrain of 0.0164 inches.
From this gbservaticn, it 1is possible that corrosion might contributs alightly
towerd relief of 2esting stressec,

The manner in which 2tresses are gensrateou sn the test wheol werg de-
scrided aariier in this report. In sddition to the strese {nduced dy
differsntisl ccoling, some may resuit from tho resistance thaet ths sand
mold offers to the contrection of the rim as it coolws. The possible magni-
tude of thie «ffect was determined by ramming a pat}arn in the spscs Leiween
the spokes and rim so that relief cavitics weer produced with sapproximstely
ont half inch aids wall of sand between the osutor periphery of th cavities
and the inner contour of the wheel. Two wheels ware pouzed with 1 tvo with-
out thyse cavities. The strain srounted to 0.0218 and 0,0&. inches on the
tec wheels without cavities and 0.0211 and 0.0177 inches on the wheels with
telief coavities. The difference is not great but does show & trend in the
expected diresction. Another way te reduce the restricting #ffcct of the sand
i1 to shake cut the castings shortiv sfter pouring. That this practics might
be¢ helpful ia shown by the dats in the following tablie which {ists the strain
measurements mede on five wheels poured from the same ladle of metal snd
ahaken out st various time intervals.

Castin Time_ Rim

Number Intervel Steain
1 5 Min ¢. 0035
2 1¢ Min 0.0041
3 20 Hin .0084
4 1 Br 290 M¥in 0.0154
5 13 Hr 36 Min 0.0114

Up to sbout the firat hour after pouring the xtraia increazed with time;
efter this 1t remained congtant, indiconting that the reaistance vffered
by the sind msy incresze the degres of interasl atreas,
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CONCLUSIONE

Pelaxation Tests indicate thst:

(1) If the initiail stress xnd the composition of specimens are the ssme,

the relaxation rste ond degree of stress reduction increazzes as the tempera-
tuse ¢s incresszed.

(2) Rate of stress reduction {8 very slow beiow 1G6GOCF,

(3) Rate of stress reduction ia most rapid during the first hour al
tempersture, and decresses aa the time at temperature increase,

{4) Feor any given tempersiure, the higher the jinitlal stress,

the inltisl reloxation rate, but the Jlonger the time required
specific residunl stross level.

the fazter
t3 reach any

(3) Alloy irons require higher temperstures snd ‘of longer holding times
to reach the seme stress level 3x plajn ¢arbon irans.

Stress Fheel Tests indicate thst:
{1} Tws hours at temperatures below 80GOF are i{neffective, wherszes at

temperaturds avove 950°F substantial stress reductionz are effected in the
same 2ime.

{(2) The greatest reduction of internsl ftresses ocecurs during the first
hour 8t tempereature,

(3) Hest treatment &% 600°F f{or 24 hours shows practical’ no_stress
reductrion.

{4) Alt cooling efter stress-relief heat treatment may introduce consid-
erable sdditional strezses which do not develop with furnace cooling.

Cther Tests indickte that:

{1) Indoor aging is an insffective method for stress relieving.

(2) Alternste hesgting and cooling &f stress wheelis between 0°F and
2200F producss only & very stight stress reduction.

(3) Corrpsicn of stress wheelz with 2 minersl acifd resulxs in a very
slight ralief of interansi stress.

(4, The rozistance of the mold send may hinder the contraction of =
2aeting in suech = way oz to wmateitisally increase the internal stress.

The relsxation mechine gives a good indication of the ttresz-relief
charscteristicz of grsy cast lron and provides this information more easily

thea csn be obtained from wctual castings.
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