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AUTHORI ZATION 1

1. The studies in steel cast lhgs were originally suthorized i
by Wie Buresu of Engineering letter P/Castings (6~19-Ds) of 13 July A
1948. ﬂh
|
STATEMENT OF PROI
2. The object of this report is to present information con-
cerning the progrese attained on the studies of the strength and

ductility of steel castings at temperatures slightly below the
solidification tempersture of the steel.

KNOWYN _FACTS BEARING ON THE PROGLEM

3. Some of the most serious dofects found in steel castings
&re cracks. In some cases the crucks are quite large and will &
extend many feet in length, while st other times they are found to i
be snort in lengtn of perhaps only en inch or two and are present
88 a Very line network. These crucks are cuused by hindered contruc-
tion. By that it is mesnt tnet elther the mold or the custing is so
Shaped that it woes not allow the metal to contract normully. Be- .
Ceuse of this resistance to norme.l contruction large internal stresses il
are developed which concentrate st hot 8pots or other structurally weuk

sections with the result that the metlal s trength is exceeded and the
casting cracks,

4. Becuuse these cracks have & very irregulur and jugged
uppecrance, and us the fracture fuce is yulte oxidized and shows a :
heut effect, these crucks are Known uas hot tears.

5. From vurious practical considerations and from certain it
@xperimental observations it has been somewhat estavlished thut hot L
tearing takes pluce in the neighborhood of 1350 degrees Centigrade.

6. Though the cracking lemperuture was somewhat tentatively
kiown, there were many other polnts on whicu steel founders needed
information. These points may be stated as foliows:

(1) What is the Strength and ductility of cast steel at hot
tearing temperutures?

(2) Do carbon or alloy contents have any influence on the
mechenical properties of cest steel ut these high
tempers turcs?

. (3) Is there » minimum point in strength and ductility through
; wnich cust steel pusses upon cooling from its sclidification
' temperature to room tempers ture?




. ] wo5 witl i€ View ol unswering some of these juestiong

L. 4 reseurcl I, the strength wnd ductility of cast steel at
enperatures r <50 to l4U0 uegrees Centigrade was undertaken.
5 &

8. First of «ll, in order that experimental results be com-
Wrable t Clucl manufacturing conditions, it was necessary to test

. Wie steel, while it was cool ing, shortly ofter it had solidified. !
Lt secmed [ul Fly evident that zny results odtalned on cust bars
that wear Lowe t Cool Lo room tempers ture before tcsl.Lnt; wiem gt

Algh Llemperature would not tell the actual story of hot tear
conaitions. This svems é3peclally true when it is considered that i
i€ properties of the cast lng arc evaluated in terms of the "as cast"

r Widmans letten structurs » Whnereas bars cooled to room temperature

L then reh ted, y thr ign two phase Chianges, which proauce a :
iliferent structur: Lot compurapie to s Leal which has not traversed !
phase chunge.

Ve Thug, in view of + ubove considerutions, it was neces-

8ary thut u metho i testing be devised thet would allow the cast _ﬂ
iteel 1Cc be studied us it cooled from its solidifying tempersature, 1
In this regard, it wus nec essury to provide u mold to hold the !
Molien steel, an accur:te testilug machine, snd clumps to hold the

Specimer in the machine. !

10, Alter three yeurs of study «nd planning, machine construc-
10N, lesting, redesignin, » Teconstruction and further testing, four
i ared i|1d

~“€SLlilg machines with mold ussembly were prep l.

J

% B The detuils of the u 14l nd mold deslegn are showm in "1_
rlavtes t +y L0Clusive,

ik

A bed plete wus provided witn & 1/2 H.P. motor securely h

lastened tu one end. The wot ' 18 80 constructed thuat its speed of i

operution is constas whicther opersting witn or without a losd. I \b
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Jrdance witn the standard ratlo 0L §

Lolg its length.
= + .
. - i s - - e o b b
| g} I WE . ! e MWht
L P 1.0 BOVE t. o1l th I Llag
e3ting. LI i Wiy, there wus no porti
S P S 4
1 i n 28 L CAS 5 L
A wl AI 14 wer Liowed TO enter
i 8. . il p whs8 1 lasten th as
L . i B " 1 into the
# . y '
LLE, I Lldlliculion, sSecureclLy
e » * s e p ) .
' WoE 1 1l O { - woull De < aquare
Wd are witd rre8ponalng gage iengun ol

age lengin

rimcntel study was given to designing the

1ge length the temper.ture was
re wos tempers ture gradient existing from

‘e th tiic bar. This condition,

it became merely one
temperutures mentioned in

nerwise designoted, reflor to the temperature of

ber. This temperature was uniform throughout
rue ends of the bur took care of the chilling

he bolts. Details of the bar design and the

(=in bolte are ghown in riZte <.

regarding the size of the flask used and

pbolt is connected to the pulling mechanism

A upling on W end of a four pltch s crew
’ is the flask is placed in
nstructed wit siide movement on the

the spparatus, the coupling is set tc a ilne
screw will move 1/8 of an inch before it
L1018 WL ; th:{ there would DOe IK
L Wi Liog QuUI'lI Co rlil‘x.l, before the

ther words, the test bar was silowed O

the recording ena of the flask wus held In

wa I pold uSsAmo detulils of ne
LEBK . i 11 Blil N steel spring




18 from i 1 sk to the her. The bolt is
ster t ring, Jusl slightiy wore tnan finger tignt, but

sufficient ¢ le spring to deflect., The spring is 7/8

nes tnick inchnes wide und 15 curefully calibrated ut regular
tervals, The spring def'lec ia recorded by an Ames dial gage
11ng iU, 000ths inches. This diul is held securely in place

Oy a Yok mOlicn 15 bolted L the fl.sk.

257 ¢ About an hour's time is required to make the mold and

et 1 1y ready testing.
. In generul, t process of testing is onc that by the
uge of Virlible speed motor, gears und screw, one bolt is moved
forward whil ' ther is tied dow calibruted spring. The
ulting tension brough Dout Ly pulling aguinst the spring is
cords in luches of deflection on the Ames diul. When the tensicn
JmES gfstl, Uie bar breax na ihe spring returns to zero
1le Ml e

dy o I umber ol revolutions of wovement required by the

screw before Our Orecks 1s recorded on the revolution counter.

N movement ol the bolt is in effect an elongation of the

test bur prior t 3 breaking, record of the ductility (elongation)
3 Dlallied.

T :88embly ld and views of the equipment are
Snown in the photographs of Plutes 5 and 6. Figure L, Plate 5, shows
L ifag 1N plac gL lnst tne yoke; ealso both bolts are in plaCu and
Wie core 1s set. In Figure 2 the cope has been placed, the spring end
JOKe added w0 W LaBK and the c mera-recording appurctus installed.
The pullin, end of the equipment is shown in Figure 3 and the recording
“nd ol the rlask is pictured in Figure 4. The Ames di:l, the revolu-
tion counter, und stop watch are shown. Figure 5, Plate 6, i3 an
ililustratlion ol the mold ana equipment fully shiclded reading for

w8ting.

26, Thi \IrLilg ele employed is thet of 2 strzight down

Wl Smull runner tint leads int n open riser. A step

leads f': I ri i ne oar. It was necassary to bring

teel i bur flowin, P iletly as posaible. The open

{ WLS LS r ti \T DO S itting cown the swirl of metal
y th . ad @ prevent tue steel from spurting into toe car
cavity. 1 g yte ir nnection with the open riser was prouvided

, 3 { nteri 1€ Dar LY.
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Since e ber is not fed by an outlside reservolir, a olae.il
wunt of center line porosity is found., This 18 & I tursl condition
1 o test, since it is impossible to care 10r solidificetion con-
r * )
I 400 - LeeQlIlE e e
29 . e gate enters the test bar near ine recordiig bolt
shicre movement of the test bar is very slight.
[t hes been previously stoted that four sets of equipment
were constructed, luis was to allow ifor testing of the same steel
atl four different temperstures.
It wes found theat thermocouples pliced in the bur being
tested caused conditions of stress concentration, so thut the bars | I

would often break
bar. It wes thus decided to set up a fifth mold, under the seme |
conditions, out without the pulling mechanism, for temperature fi—
sontrol. Into this mold two or three plstinum-plstinum rhodenium i
thermocouples were placed. The couples extended into the center of
the mold cuvity. The tempersture recording set-up is shown in Figure
6, Plate 6. Synchronized telechron motors operate cameras which take

Jg I A& UK

~t the position where the thermocouple entered the |

—

readings e¢very 1O seconds.

e ——

32, Since the mold conditions are practically the same in
all tests ana since the same degree of super-neat is desired for
concurrent tests, it follows thut the cooling curve of the test bar 'l|
is practicully identicasl with the previous run. i

i |

: 3. Stop watches are set in motion &t the moment the molds i
y I filled., The motors on the test machines Lre started by the ?
per:tor according to prearranged times which represent the desired .}
temperstures on the cooling curve. i

; V4 Thne steel is melted 1D 4 4 ¥) pound nigh i requency lﬁ
'_ " el S s 44 o de with ferro-mangonese und .
juction furnace. Final additions uni€ made with S e A 1%

PRI : 14 \ iust before the steel 18 tapped into a pre-hezte 1§ 1]
ferro-8111CO0O0, Jid JUe L u-. 25 i 3 ‘e S ;’S‘Ulfl}! The I

CEERT Ty s luminum is wdded \« younds per Lo Al

LI LUl y & b L F ,? '_:L\ Tl"li)'n‘.i {'_, snLJ‘B -|‘.

tapping temperal ure 18 albc ul 2800 ¥ . :‘._Ly,"-l,l";!_ M o b |
' 1 . luminum and the beglnning ©4 LLPPing . E ]
nddition ol wWe L4 1 gy gy z

,f Figure 8,

Late ’ nhe steel is belng poursd into »

I L”T‘L‘f' tllir o &4 «t the moment the
L1l i L

1 o R aa , u‘_‘ll. f\ -'IJ l

m,la is filled. Figure 7 18 an illusiruil ' g

: ] } v « Aats + e L1t JOV1

sure bar. In Figure 10, the Opes stor starts Uie b g

tur . eg shown by the stop walC 1. .

: ne stop watch |
. i @& Lio0n the 8LOp WL L ,
operstor 18 SEL - ,f pouring the tempers- \

amere and then

Ll motor at Ule ,‘rL-:-AII‘h.',L,ml time a8 SH
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L series sh.ows nly levigtion of 1JU pounds per
re inch In tensile strength. I, however, this value is fijgured

leviztion, or 16 percent, it may be looked upon to be a
iders bl rror. However, this is about the best that can be ob-

I[f there is nVity present in the bar, the bur will :
L fuster .nd al zny one testing time, such o bur will show £

r strengtngs thun w recorded for . completely homogeneous bar. :l
Tnis condition may be observed ‘eviewing the following data: i

o
~d

ile Strength Elongation Condition :
Lbs.per Sg. In, I of bar

L 1020 L .05 Solid
p 1150 1 .40 Cuvity
) 30 LSl Solid

+ .Lf'l;:j A.-,;)l L:;I‘gt. {.:{vltly i

e The smcllest figures cunnot in wll cases be token as ,
picting the true results, for in some cases included slag droplets :
;re found neur ti surfuce of the baur in such s monner as to act |
E notch effect upon the bar. In such cases, the values obtuined |
8 ulwuys of Low order. Thus, considers.ble care must bDe exercised !
st burs and in the study of the fracture to

ascertuin whethor the results are in line with duta from other sources. 14
This may be difficult to do if, in the testing of the series of four i
burs, euwch bur is teoted at a different temperature. '

lic '-..'..3'-.;.[.;; ol the e

The wetusl collection of duta of various carbon and alloy

teels Las 1 rogressed fur. From the present inform.tion available [
{g evident thut consideruble repetition must be undertuken before
tfinal velues cun be reported. '
46, A indicution of preliminery results muy be ovbtalned by 4l
studying Plute 11, From the data presented, it muy be conciuded that
there are no cutstunding differences in the strength or ductility lI
characteristic as the caroon cuntent of the steel is increased from |
).08 1 <l percent curvon, This statement 18 necessary in view of W
‘the fuct tant o 0.27 percent carbon steel varies widely from the V.24 :;"
‘percent curbun steel curves. In fact, the 0.08 percént carbon curves |I
fall tween the 0.24 und V.27 percent carbon curves, !
i

e present strength curves show a Vvery steep increase
en 1400 and L4400 degrees Centigrude. Below tnis tempersture, the
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FIG I~ OPEN MOLOD,

: FIG. 2~ GENERAL VIEW
SHOWING CORE /N P ACE

OF OPERATING ASSEMBLY

FIG, 3~ MATOR, GEAR UNIT Fl6. 4~ CALIBRATED SPRING, AMES
AND PULLING SCREW. DIAL AND REVOLUTION COUNTER.
FPLATE 8

e P T
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G 5~ COPERATING ASSEMBLY SNIELOED FOR

FlG.€~ TEMPERATURE CONTROL BAR
PROTECTION,PREPARATORY TO CASTING.

Fl6. 7- ADDING ALUMINUN AS METAL
IS POURED INTO LADLE

PLATE €@

———
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/6 8~ CASTING TEST 8AR. MEN IN EI1G. 9-CASTING THE TEMPERATURE BAR,

BACKGROUND SKIMNMING THE
METAL AND SETTING STOP WATCH.

Fl6. 10~ OPERATOR READY |
TO START TESTING. ;

PLATE 7 i
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FIG 11-TEST BARS ANDO TEMPERATURE

A TR ]
F16. 12~ SANME AS 1 WiTH
GATES REMOVED

BAR AFTER TESTING,

FIG. I3 -BRONEN ENOY OF TEST
BAR, SHOWING FRACTURE.

PLATE 8

e

. —— I
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FIG. 11-TEST BARS AND TEMPERATURE
BAR AFTER TESTING.

F1G.13 -BROWEN eNOS OF TEST
BAR, SHOWING FAACTURE

I
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