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AUTHORIZATION

X. The studies in steel castings were originally suthorized by the
Bureau of Engineering letter QP/Castings (6-19-Ds) of 13 July 1928.

STATEMENT OF PROBLEM

2. The object of this report is to present information on the
nature and magnitude of stresses in cast steel that result from the hindered
contraction of the casting.

KNOWN FAGTS BEARING ON THE PROBLEM

3. There are four fundamental conditions thut make up the underlying
principles of a study iavolving contraction stresses in steel castings.
These may be listed as followss:

(1) There are no contraction stresses in u freely
contracting cast bar.

(2) In = stressed cast bar the resulting stresses
are independent of the length of the Ddar.

(3) Stress magnitudes vary as to the inverse ratio
of its cross-section in which they appear.

(4) Internal stresses in a casting are proportional
to its modulus of elasticity, to its coefficient
of contraction, and to the differences of
temperature involved.

L In order that the subject of contraction stresses be understood
better it would seem advisable to dwell at some length on the above factors
effective in stress concentration and stress magnituds.

5. The simplest of all castings js that of & round ber with o
uniform section throughout and which is allowed to contract freely.

6. Such a bar would be free from contraction stresses. If, however,
the casting were circular in shape, such as for example (Figure 1), con-
traction stress would be pronounced and their magnitude would largely depeni
on the rigidity of the inner core of sand. The greater the nhindered con-
traction the greater are the stresses acting on the casting.

7. At any one time during the cooling of this casting from the

solidifying temperature to room temperature the stress application on the
section £ (Fig. 1) is equivalent to

3 = E%

where E is the modulus of elasticity of the material and afd is the change
in length of ! that has taken place during the contracting of the steel.

i
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10. It is thus shosm that the magnitude of the stresses is in an
inverse ratioc to the size of the cross-section in which they appear.

E & This general line of reasoning can be carried out more fully as
has been done by Heyn (1)* to show the relationsnip of the internal stresses
to the solid contraction.

12 Again referring to Fig. 2 when the bar with the cros
Ay has completely solidified at temperaturc t; the smaller bar, ¢
saction A- has already solidified and is at a lower hLemperature t

where L is the original length of the bar upon cocplete solidification a
& is the coefficient of contraction. oince the burs sre held together by
the heavy sections the two bars amuct have a meun lon. th fh, and the

par A, would be under tension stress o. the amall bar “A; uriler
pression stress S5,, with the conditions of equilibriun as follows:

i

A~ S‘+ = A O 1}
£ L5 - -
':? ! ‘I , *
l Yy - Y [ i b H
Sy = 5§ g
t | 7 J
1 i = £y : s A - ] [
e E 4 H vl i “a 1 :
-ty - ! e s F : TOE:._ AR RO RO
1 i i " |
i i H * i
— E- -
shere E is the modulus of wlasticity of the steel, and the stresc o tioL
axceed the elastic limit.
T i’. .“
- r L k1
oL Ll | = i £ 2 t i i
: ¢ 1 :
A J
ad ; ] 3 i iy tey manmtiorm 1313 3
substituting valnes of souations (<), 3} and (4] in eqguallon iy 1t

yLIOWE thet

*Numbers refer to references listed in the Bibliog
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Putting the value of 4fh in enustions (2) and {3) it is found that

5, = EA, oc (t; ~ t5) (6)
Rl Gk .r: -
o - Bl o (y -t (7)
I‘-E. - ‘4. '
13. From the equations (6) and (7) it can be readily seen that the

internal stresses are proporticazl to tae modulus of elasticity, to the co-
officient of contraction, and to the difference o' temperature.

14. 8o far it has been assumed that the bar shopes have undergone
changes of only an elastic nature. As long as the Ilunternul siresses cause
only elastic deformation, the siresses #ill be tenporary; however, when
permanent deformation exists then permaneat stresses are left in the metal.

PLASTIC DEFORMATION

15. The casting as presented in Fig. < will e2ain be considered.
Bacanse of the differénce there exists betreen the diancters of bars Ay and
Ap they will cool from the solidifying teaperature 10 room temperature at
difTerent rates. Thus at any uefinite tine during cooling, the temperatureJ
of the two bars will be different. The tewperztures will, howevar, approach
sach other and equalize at roow temperature or perhaps at some elavatel
temperature. Fig. 3 represents 4 typical curve show#ing the unequal cooliny
conditions of the two bars. 1t #ill be noticed that the differences will
be the most pronounced at the higher tempersaturss. 1t nas slresdy been
pointed out that the temperature aifferences of the w0 bars creste internal
stresses, which in this case, &re S0 great thut the elastic limlt of the
naterial is exceeded. To exceed the elastic limit is not & very difficult
condition to fulfill since steel at very high temperstures has exceptionaily
low elastic limits and all deformation taking plece is principally plastic.

16. The mbld chilling affect and the variation in cross-sectional
arsas cause the wide difference in temperature. Since the contracilon of the
steel is closely aligned witn the temperature the normal rate of contraction
of the two bars will be somewhat aifferent. A sossisle condition thel may
exist is showan in Fig. 4. The date plotted pere represents tne Llne-
~ontraction cnaracteristics of each bar separsted instcad of being joined
together by the flange construction. Here again the most ncticeable
variation comes shortly after thc steel has solidified., As tiis portion
of the curve is rather interesting, it is enlarged s in Fig. 5.




Y. It wall be supposed that the flunge joined bars have plasticulily
deformed at a definite time %} aad thul tne lengths of tne bars bhave com-
prouised on a2 wean length B 80 that at the Jdefinite tioe t, the larpe Adamcter
bur lLas besen plasiieslly coupressed by the smount CB ana the small dinacter
bar :ag been plasiicsliy stretcheu by the amount DB. Thus at tJ the two bars
nave the same leagth but are at different temperstures. HNow a8 the cooling
tive procecds from ty the bvars continue to comtract and elastically deloru
8¢ that et the tise T endencies ror the respective lenzths are repr:
sentea by the Lines BE and BF whnere BF corresponds to the contraction of 4.
anl S5 corresponds to the contruction of Ay, These lines indicate tho oz
tendions wnich ould take place after psssing tise 4, if the bars were
separate instead of heing coupled., &t time i;, then, the bars tend to differ
hv oan amount F©, and they comorcuise at the wean valuve B°. Thus, the large
tinmeter bar A4 is in compression corresponding to lhe amount B'E whils the
mall disseter bar s, is In tension corresponding to the amount B'C

18. Tas above couaritisns do not represent entircely ihe scinal con-

tions found ih the cosling of steel. For ons thing, there is ne clear cat
temperature at which deforsations change from the plastic to the elastie
tnte. In fact experimentation hns shomn that stresses causing inilinzg
ielding st low temwperstures decreases szbout lincerly vith iacreasing tempera
ture, but bocome nearly independent of the te ssaperaturs ohen the maltliag poln
approachei. s spell but finite elestic limit &
tewperaturesd apy

19. emditions presented in Fig. 5 do, Lowever, corresypond wost
~losely to concitions encountered in practice and expl: the: presence of
permanent strejues within the casting.

20 In tie preceding paragraphs, tne
stresses that were developed because of ¢ross-

tal casting. | 1t should slse be pointed out

se struss conditions similar to these sbove., The aanner in shich wnid

1i ng oporute to bring sbout intermel siress has Doen ummerst Y

tizes by suthors spiting ou the subjeet of the Design of Steel Castings.
1+ is therefore sufficient to say that internal stredses srise Jue o the
revention of norsal coatraction by the rigidity of zZand molds aund cores.
1 as been shovrn in & previous paper {Z} in this serics that the universally

‘ “nH:Lﬂrnmakw*J shrinkage" i3 not the normal free contriclion ol steel

i that castiangs manufectured on this basis have, in the as cast condition,
internal strossss preogsent.

21 . I%+ may be nelpful if ‘urther consideration were g

tual case involving striss application due fo mold isntance.
. flung: on either <ond molded in s hard dry sand may sulfice as
It is .vident that the sand bet n' the two flanges will grevent tae bar from
tructing pormally. The bar tends to contract towsird its center ut the
and ur@ﬁsinz zguinst the inside faces of tL flange prevents it trom so
;-~z;.ani hence atresses are built up in the casting, the bar portisn being
inder & tension 5tiruss.

2528 Now nne of two things can happen; (cese 1) elther the o siinz
tears at the junction of the bar to the flange, or {¢use Z) it ¢ Lo roo
teuperature in one plece put its oversll length 1s auch gregter Lone t.at of

bar witil

i

sut flanges.

plair



23. Way should the custing tear -8 suggestea in cuse (L)?  The
tonsion stress that was developed In tne bar by nue ilunges will concentrate
nt the weakest section, which in this cuse wus the junction of the flunge to
the bur. The stress was so great, since the hard wold prevented any wove-
ment of the flanges, thut plastic deformation could not take place rapidly
enough and consequently the physical properties of the metal werc exceeded
and hcot tears tformed.

2w In case (2) it is evident tha® stress centralization did uot
occur in the sagnitude of case (1) since tiue casting did not tear. But the
casting was Lindered {rom coutracting normally and hence szs wnder stress,
s has been conclusively demonstrated (2). The magnitude of this stress de-
nds on the rate of the stress application, or to put it in ¢nother way,
he stress acpends on the rate of plastic deformation.

i O

d r

2 = K ———

dt
shore S is stress snd ¢ is the plastic deformation, or c¢longation, or if
onn prefers, the hindered contraction.

25 Perhaps a diagrammatic representation of the priaciples involveld
would present the case more clearly.

I. Lengtn of the bar ; O N —
immediately al'ter { J
solidifying. s - e

II. Length of the bar L
at t° C when con- [ g B
tracting freely. . i _J :

III. Length of the bar atc g
t® C when hindered from l ! -—] c
contracting freely. 3

ad 08

26. In diagraa (1) the bar takes on a definite length corresponding
vo the dimensions of the mold. If the bar were t.en allowed to contract
frecly its length would be as illustrated in (11) wherein ¢ represents the
anount of free contraction. If, however, the bar were not allowed to contract
freely, such as has been done above where flanges were placed on the ends of
the bar, then (© would represent the amount of elongation or plastic deforma-
tion that has taken place. The magnitude of /© depends on the amount of
stress acting on the bar and the time in which it is offective. Plestic
flow of a metal occurs only as long as there is & force acting on it and
the rate at which it takes placec depends on the magnitude of the force. Thus,
when metal is cast under conditions that teond toward high resistance to

b



contraction, the magnitude of the stresses acting on the casting is high,
the rate at which they build up is fast, and the amcunt of plastic deformation
that takes place is large. If, however, the resistunce to contraction is not
high, then the other factors bearing on it will be correspondingly lower.

27. The above has been set forth to explain some of the more iam-
portant points of plastic deformation. It should bc added ihat if at any
time the cooling cycle of the stressed casting could be arrested, at some
nigh temperaturs, the magnitude of the stress would be progressively less
with time, since plastic deformation of the metal would reduce the stress to
zero. From this it can be seen that the cooling rate of the metal is im-
portant in considering the magnitude of the stress. In two hindered con-
tracting castings acting under like conditions, except for the cooling rate,
the fastest cooled casting will build up the highest stresses.

STRESS CENTRALIZATION

28. 1t was stated under the discussion of the flanged bar abcve that
the casting would tear at the junction of the bar and the flange. The
reason for this is two-fold: (1) this section is at the highest temperature
and therefore the weakest since it was the last point in the casting to
solidify; and (2) corners are excellent points of stress centralization. All
abrupt changes in section, sharp corners und casting irregularities are
potential positions of stress concentration. Wnen stresses arising from
hindered contraction of a large casting concentrzte at one point, it is essy
to see that stresses may build rapidly. It is because of this condition of
stress centralization that many foundrymen have looked skeptically at the
statement made previcusly that contraction stresses arising in a casting are
independent of the casting length since they are able to point to the f=at
that many long castings fail while short castings do not. This failure in
long castings is not the result of greater stresses developed because of tocir
length, but it is due to the fact that these stresses may centralize in one
place due to hot spots, sharp corners, et cetera., and the combined stresses
centralized in a long casting will be much greater than the combined stressos
centralized in a short casting.

29. How is it possible to prevent stress centralization? Proper
casting design will limit the concentration of stresses. Castings should be
so designed that they will embody the minimum number of abrupt changes in
section, sharp corners, skin irregularities, and isolated hot spots. Brackets
are used to a considerable degree today to distribute stresses from sharp
corners over & thin web of steel that has quickly solidified, and hence, be-
cause of its greater strength, would absorb the stresses, preventing casting
failure. Brackets are, however, not always successful, for in the final
analysis they add but little stirength to the casting and at best are weak tie
rods to adjoining sections, since the brackets themselves are at ths same
temperature as the skin of the casting. A judicious use of good casting
design principles is by far the best method of preventing centralization of
stresses.,

30. In the preceding puages, it has been pointed out that contraction
stresses may result from the differential cooling of wetal scctions and fror
the action of the mold hindering the normel casting contrzction. It should
be stated that there may be a combination of both stress forming methods
arising within the casting.



THE MAGNITUDE OF CONTRACTION STRESSES A1 HOT TEARLN. TEMPERATURES.

31, Probably the most serious defect with which the steel casting
manufacturer contends are cracks, and of these the hot teur crack is the most
prevalent. Prior to 1928 much had been said concerning the cause of Lot
tearing and how to prevent it, but little was known of the actual conditions
of hot tearing, such as the cracking temperature or the maynitude of the
stresces causing hot tearing. In 1928 Kdrber anc Schitzkosski (3) produced
hot tears in flanged bars by hindered contraction and decided that the
critical temperature at which hot tears are most lizble to be formed was
about 1250 to 1300 degrees Centigrade (about 2280 - 2370° F.}. They did rot,
however, measure the stresses on the bars at the tiwe of hot tearing. In
1932 the author and lr. Gezelius made =« study of the stress acting on &a bar
during hindered contraction. These bars did not break under the hindered
contraction applied as they were so designed as to prevent points of stress
centralization. OSince the bars did not bruak this work did not show tine
actuel amount of stress necessary to cause hot tears at tue hot tearing
temperature, but it did show the load carrying ability of steel under hindered
contraction.

2. In 1936 Mr. Hall at Woolwich Arsenal (4) presented data on the
strength and ductility of steel at temperatures rear the welting point. In
the region of 1250 to 1300 dezrees C he showed that the ultimate stress neces-
sary to cause failure in one inch bars averaged, for c:st cardon steel, from
1700 pounds per square inch at 1300° C. to 2500 pounds por square inch at
1250° C. There is no indication from this work that the temperaturc r.nge,
1250 to 1300° C. is more conducive to the formation of hot tears thaen sny
other temperature range. In fact the temperaturc-ultimate stress curves show
ncarly a straight line relation in that there is pructically a uniform in-
crease in the ultimate strength as the temperature drops.

33. A stress of 2000 pounds per square inch is guite large considering
that in the case of cracked castings it presumably is developed by hinuered
contraction.

34. It was showm in the second and fourth publications of this
series (2)(5) that in a 0.35 percent carbon 3teel in the temperature range
1300 - 1250 degrees Centigrade, the amount of stress developed on 2 bur of
2 square inches with various types of hindered contraction wus as follows:

Stress, pounds/sg.in. Type of % contr. at
1300° c. 1250° C Hindered Contr. Room temperature.
230 350 E spring 1.7
500 700 G spring 1.0
700 1000 C spring 0.5

35. The above figures would indicate that even under the most drastic
conditions of hindered contraction the stresses developed during the 1300 -
1250° €. temperature range would not be sufficiently high enough to cause
failure since Mr. Hall shows evidence of ultimate strengths in the neighbor-
hood of 2000 pounds in this temperature range. Notwithstanding all this it
is known that castings do fail and the hihdered contraction that is active
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may not be much greater than that developed by the E spring as listed above.
The realization of this fact leaves two points for consideration; elther

the critical cracking temperature has been selectedat too low a temperature,
or else stress centralization is responsible for the apparent discrepancies
80 that tearing does occur when most of the casting cools to the 1250 -
1300° C. eritical cracking range.

36. A study of hot tear fractures as they actually occur in the
foundry will show that there Las been little or no elongation or reduction
of area of the steel prior to fracture. ir. Hall hias shown thai all the
steels he tested had an elongation value at skin tewperatures below 1300° C.
In some of the low carbon stecls (below 0.15% carbon) ductility, as measured
by clongation, was found to exist at tewperatures approaching 1400° €. Im
fact all the steels he studied had a 5% or greater eclongation when fracture
occurred at 1250° C.

37. If thesc points are considerad it would seem rvasonable that
the critical cracking temperature range was above 1300° C., perbaps between
1300 end 1400° C.

38. In a study of the tensile strength at elevated temperatures of
cast steel, that had previously cooled to room teaperature, Piwowarsiy, :
8%z1¢ and Séhnchen (6) reported tensile strengths of 250 to 300 pounds per
square inch at 1250° C. These figures arc more in line with the stresses
developed by hindered contraction, but it is felt thst not too much sig-
nificance should be placed on Piwowarsiy's figurcs since the rate of testing
was considerably slower than that used by Hall and temperature gradients as
are usually found in castings were not prcsent.

39. It was suggested that perhaps, because of stress centralization,
tearing occurs when most of the casting cools to the 1250 - 1300° C. range.
It is quite possible thst such may be the case since, as has been shown, dif-
ferential cooling and hindercd contracticn due to the mold will set up
stresses that will concentrate at a hot spot in the casting with the result
that the casting will tvar. The hot spot may have a temperature approaching
1400 degrees C. while other purts of the casting w1l be at temperatures of
1250 to 1300 degrees Centigrade. In such e situnlion, stresses of 250 pounds
to 500 pounds per squarc inch could arise tlhrough hindered contraction which,
if concentrated at the 1400 dagree hot spot would bu, according to Hall's
cxperiments, a sufficient loud to causc tearing.

40. Thus, it is possible that small tension stresses as developed by
hindered contraction are responsible for hot tear formation providing thati
the hindered contraction present is greater than that normally allowed under
"patternmakers shrinkage".

L1, A study of hot tearing as exhibited in various castings is
responsible for & realization that tesaring in some cases takes place when tie
responsible stresses are even lower than that which appears to be nccessary
to cause failure by tension. It is often cvident that failure has been due,
from the very naturc of conditions involved, to shear strosscs. For uxample,
Figure 6, shows a small casting made in green sand that consisted of 4 one '
inch diameter bars having been run from a larger block section. The bars
were 30 inches long and frec at the end. It will be noticed that the two
outside bars were completely torn away from the block where the two inner

-



bars were solid to the block and had to be cut from it. Tae bars con-
tracted towards the block and the block contracted towards its center. The
hindered contracticn due to the green sand was necessarily low, yet thae
shear streus developed, because the contracting of the block, was sufficient
to czuse thc outer bars to be torn froa the block. From the very nzture of
things, it can be seen that the resulting shear strcss was very low. This
would indicate that steel at these very high temperatures nes very little
resistance to shoar stresses, in fact, much less resistance ithan it has to
tonsion strcssas. Hot tearing is not 30 much a result of tension struscus
as it is & product of shear stresses. 1f such is the casc, an entirely
different light it brought to bear on tinc problem and a knowledge of the
propertics of steel under tcension would not therefore show the magnitude of
the strogses causing hot toar formation. Sowe attempt to increase tie know-
ledge along this line is undoubtedly necessary. It should be added, Low:ver,
that the entire problem of stress magnilude at the time of hot tearing is
undoubtedly tied up with (1) the rate of stress application, (2) the cen-
tralization of stresses, and (3) the nature ot the acting stress,

L2. Before leaving the subjoct of stress magnitude at§high tempers-
‘tures, it might bc well to call attention to a question that is often stried
as follows: In order to reclicve casting stresses, it is necessary to .ert
the casting to fuirly high tempcratures. In view of this fact, why is it
that therc is any stress at alil on the casting at these high tocuporatures?
The answer is obvious in that the casting sections are continually in stress
under hindered contraction conditions. Though plastic aeformation does take
place to relicve this load, the time that the casting remainst al any one
temperature is not sufficient to allow for & complete equilibriws of coudi-
tions to be obtained; hence, the casting scctions ure tlways under siress.

MAGNITUDE OF STRESS AT ROOM TEMPERATUHE

43. A very definite estimate of the magnituuc of stresses that sy
be found in steel castings has been presented in tie sacond and fourth r.norts
of this series (2 and 5). These investigations presenteu in detuil the stress
conditions acting on various carbon and alloy steels under nindered contruction.
Summarizings this work in a very general manner the follouing conditionc are
found to prevail on a section of a cross sectionael area of 2 sguare inches .t
room temperaturet

% Hindered Stress, pounds
Contraction per square inch
Q.5 11,000
1.6 7,000
k.7 2,700
2.4 0
L4 If a casting contracts only ong percent during cooling frow its

solidification to roum temperaturc, then a sStrass of approximately 7,000
pounds per square inch will be acting on the casting due to hindered con-
traction alonc. If, however, the casting is reuoved from the mold, hindered
contraction can no longer be offuctive, and the strcss due to hindered con-
traction is romoved. For cxample if s flanged bar cool.d in a hLard wolu

so that at room temperature it had contruacted only 1 percent a stress of

10—



7000 pounds per square inch would be acting zlang tbe sar due to the action
the flanges. If

of the mold exerting a force against the inside fuc of
1 iz removed, the force is removed, and the casting 15 no longer
under stress iroan tindered contracticn. This does not neces ssarily mean that
' 1ng rely free from stress. It may have locked up sirescos
larpu magni tudes., This fact is well known from practical
types. Lurge castings that have been ¢ out and
on the founary floor have cracked badiy il reom tempura
ur¢ has dropped considerably. In anoiher casc, pastings that have been
oickled may show surface cracking caused by high stress counditions (7). These
high stresscs are developed by uncqusal ceooling of the metsl sections. One
range while anotner sectlon 18
5 much as 0.2 percent movement
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ieformation due to temperature grudients in varyins sectiont, =nu {inol
stress centralization resulting in a she:r stress causin, wckings

U 4id nct break from A becususe it is cooled at somewnst the sSune ! 5
However, B might oresk from D such as € did from A. 1If, nowever, in Usg

11, Fig. 8) cores E and E' were wery collapsible and stiresssel were not f
raction due to core resistance, then 1t is5 guite puusible

oy tandered conl
5 B : : o C v TH T e R ’ L3 s .
hat a vear will be found where D joins A, In this ease, Ylg. &5, sires
) ; g W
on due to Setdl Sectison dallerenCas.

e buiit up by hindered contracti

iong £ and C' are cooling fester than section D and conseyucnily con-
acting more than Scction J;Lhuc sections C and €' are under tonsion whi
iz under compression str The tear occurs &t the hot rpot whien

" Syymy vt 4 ~ g o o o »
the junction of the sectibns D and A.

ﬂ'_-
U.
it
§

49 . Suppose,
) cocled to| room tempe kiny
mentation that by cutting seciion D {(Case 1II), the gage lengtih marked ir
section increased and it w 5 nacessary oL
return the gZage leng b t t A
tress of 1,000 poundc was autln? on section U when the casting was al r
temperature.

nogever, the csstings as illustrated in iigures |

- % L ol by 43.:(;.-5:

.&n

50 Section D in Cass 1 wa8 given o ldike treptment bul It was 1
that the gage length did not move to 2 messurable smount und t “h LA

presumably was without stress., 1hls shoved that il sectiong of 1he csst
lastically deformed :-nd when the custing wag removen irom bhe Tudd, ne

stresses due to mold resistance were relieved and tne costing apporentiy
from stress. (The word “"apparcntly™ was inseried becouse th
not measure the stresses in section A or section B,

51. It might be worth pointing out thet it ls praecticsally impossi
to produce even & freely contracting round bar thil is s8¢ itree 4
internal stress due to temperature greodients. Since such bat cools 4'r
the outside towurd the core, circunlerencicl teasion nnd ecompre=dsion dtre

wre always present.

TS The above experiments golnt oul that if stress wnalysiyg i

sade of castings, more fumiliurity with cesting stresgses can be obliined

.y v

T OF SOLIDIFICATION ON CONTRACTEON STREGGEG.

53. At several places in the preceding
to hot spots within castings and the part they
of stresses. 1t was also suggested that if thes could be ellr
a casting would be less subject to hot tear formaticn. By controllea
directional solidification, castings may be produced Lo thatl no ndversu
perature gradients and hence no pronounced hot spots will ‘

large adverse temperaturc gradients are potential siress formers, any tning
that can be done %o reduce adverse temperaturc Jradicents witnin a casting

would likewlse roduce the stresses acting on tie vaTIOUS SerTlons Gl X
ting. Other investigators have reported the difficulty that srises fron

AaSting J
trying to form hot tears in castings that have & uniform cooling rate.
Thus castings that have & controlled dircctional solidifiicaticn not only
more properly fed but are less prone to hot tesr formation.



54« Besides eliminating hot spots and reducing adverse temperature
gradients, there is also the possibility that & casting produced by controlled
directional solidificetion may be subject te lower hindered contraction
Stresses due to mold resistance than are found in the same costing produced
oy the orthodox solidification methods.

55 For example, = puttern wus designed that would be subject to
~onsideruble mold resistance and castin,s were produced by the orthodox
munner and by Butty's partial reversal controlled directional solidification
method. Figure (9) shows & plan view of the pattern znd Figures (10) and (11)
illustrate the two methods as molded. The dircctional solidification casting
Wig rotnted through sn angle of 30 degrees immediutoly after pouring. The
costings were sectioned and it w.s foumd that both methods produced solid

Ch8tings.

56, Accurate moosurcacnts woere t & to the ‘mount of contrretion
t took pluce; these are listed ns follow:

hindoered
Bting wola 4 Contrrction

) y* . 5 i 5 Y i ”
Conditions Conaitions 1bs5/3g.1in.

Orthodox Ury sond 1.0 3700
ol Sip Dry sand kD 4350
rthodox ireen sind L i 56 2975

) Gryun. sond L.59 2800

Furn o yiod,
14 Ll I tionni ...‘E._ B s tion
7 The column "Hizdercd Contreetion, lbs/sg.in' wes obtaincd
rve, Fi 123 ' ; i i seecond roport of
ri.s ) ttur: of the stresses tnnt
n6ld resistonce at the time
Bin the mold.
<8, at in the dry sand practice
cantraction results. The
P n for more liberal use is made nf
Teedi . surt'szce area of the castir
n there 1s more amold resistnnee
r & : peortunity to contract. The
$ e : L0 percent more than roe
4 ¥ boe Ty "":i_?t.i' 438 {18 by
WlE Ve litt iifforsnes 1o thely fotal
1 1 Wi r TouEnLy helf il [ i
. 4



60.

If a casting is shaken out of the mold scon after pouring and
placed

in a heated furnace and slowly cocled to room temperature, then con-
traction values equivalent toc & freely ccntracting bar can be obtained, und
the casting would be practically free from all types of contracting stresses.

6l. It therefore may be said that the method of solidification in-
fluences the action of contraction stresses.
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