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AUTHOiil7.,J1.1' .(0,L_ 

1. The studie~ in $teel casting reseurch were originally 
authorized by Burecu of Entlneedng letter QP/Castlngs· (6-19-Ds) of 
13 July 1928. 

OBJECT 

~- The object of t his report is to present the date obt:.ained 
from a study mltde on the first phase of solidification and rates of 
skin formution in steel cestines. In thi$ phase data are presented 
on the solidification of a 6 inch sphere and a pnrallelepiped of 
~rresponding volume but of a 50% greater surface area. 

llEniOD.s USED I:S TEST ni:; 

3. · Determlnatione of the rates at wpich solldificution proceeds 
in steel castings was thought to pe of utmqst importance, espocia.lly 
if problems in design were to be considered. 

Th~ deslg:1 of the casti ng used t~ obtain su~..h data must 
se:t1:;fy several condi tlons: (1) the design must be simple so that the 
d~ta obtalned CM be reproduced wi the fair degree of accuracy; (2) the' 
cross-section of the cnstlng should be such t ha t when the •'!e.sti~g is 
poured, conditions similar to those present in the pr oduction of a 

· large casting will be obtnlned; and (3) the casting must be designed_ 
so that it can be easlly bled et predetermined ti.111es and the formation 
of the skin _thus stopped. 

The desig!l chosen for the preli~lnary work on the proble■ 
was a six-inch sphere 111th a two-inch ~entral down-gate. Thls- design 
is si■ple, 1s easily bled through the top gate, and its thi ckness ot 
sl.x lncbes ls not uncommon in large steel castings. 

in detail. 
'Dae procedure used for the first experi~ts is giveQ below 

(l) 'lhe pe.ttern was ■olded in standerd Downer stoel 110ldlq 
sand. 4 thin coat of an emulsified linaeed oil lBOld 
we.sh •s ·sp~yed on tbe sur.face of the ■old and the mold 

· dried at 40()0 f. for twenty hours. The te■pera.ture of 
the ■olds at pouring tillle wn~ about 100~ F. 'lbe properties 
of' the sand used in the dried st.ate are: 

Permcab~li t.7 
Coapression strength 

. Shear strength 
Ten.sila strength 

~7 (?C/mln. · 
93.5 lbs/sq.in. 
29. 5 lbs/sq.in • 
2.87 lbs/sq.in, 

(2) The steel was poll!"ed into the sphere through the down-gate that 
led directly into the top of the sphere. l'be mold was 
filled to tbe top of. the down-gate. 

(.3) lhe time was noted at the m011ent the aold as eo11pletel7 
fillec:S w1 th steel. 

(4) A predetermined time was allowed to elapse and then the mold 
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,vas t urned up;::ide Jown allowing the steel that had not solidifi ed 
to run out of Uic gate. This oper utlon _has been des ignu.t-~d 
bleeding the molJ . 

(5) The co.::tinc wa:::: ~hen all owed t o cool to room· temperature, shaken 
o~it of the ~olJ anJ c~t in half, on the diameter at right 
aneles to the pour_lng g& t e . on a powe r s a w. 

(6 ) !'he skin thic:kncss wr..s meusured. The a c cura.,~y of these mensure-
::iente war, a bout + l/614 of i.n ~n~h . I t was imposs i ble to measure cl oser th& 
thi s due t (' t he " or!!l::: t.lnn -:,f l arge dend.,.. t tes on the inner surface of the 
s phere. 

1.ftcr the initial t riuls on tho six-i nch sphere had been carried 
011t , lt wns recognized t h,;t f'urther da ta would be useful i n order 
th,l t :...n at tempt :!ould be m&Je to correlate the re. te of ski n for11a tion 
of colt.is with identi:::nl volu"l'les but vc.ryl ag s urface areas . Therefore, 
s eve!'a l psrt..lleleplpeds were designed wl th the sa.me volume as the six i nch 
sphere bi..;t with !>'.lr:fa~e arcc.s 50 , 100 and 150% greater than that of the 
zp!·,ere. 

In com, lde.dng the vol u,ne of the sphere it was a ssumed that the 
total volume of the sphere is active even though a smal l porti on of the 
~phere does lle within the pouring gate. The metal 1n the gate 
probc.bly affects the skin formlitlon of the entire sphere to SOllle extent, 
but the effect ls most marked ut the junetion of the gate and sphere. 
Thi s effect is not consldere<l t o be of gr eu t importance since no 
me&surernent s nre taken nenr the junctloµ of t h e g~te and the s phere. 

The surft:1.ce urea of the sphere was :!on;;idered to be only the 
100 sq . in. exposed to the sand r&ther than the total sur.fa ce area 
(113 sq . i n. ) of a six-inch sphere. The volume, however, was taken 
cs 113 cu, in . or the towl voli..une of the sphere and not the volume of· 
the sphere mlnus the portion under. the fo-µr-inch bead . 

A pe re.llclcpi ped 3-5/8" x 3- 5/8" x 8-!il/~4" has the same volU'lle as 
the slx- incb sphere nnd has a surface area 50,., grenter than that of the 
sphere. Other patterns were deslened but no data concerning them is . 
proso:ited in thin report as 8- complete study could not be undertaken until 
the result s were obu.ined on the s lx- l nch sphere and the 3- 5/8 " x 3-5/8" x 
8- L,1/6~" parcllel.epiped. 

About s ixty-five deter minations were made in the prel tminacy 
t:; t u6e ~ of thls study. During this tlrne the procedure was changed as 
follows: 

(1 ) The pouring gs.ta was increased from two inche s to four inches as 
lt was found that the two- inch gat e would f r ~eze ove r bef ore the 
des i r ed t l me interv~ls prior to bleeding had elapsed. 

It •as f otmd that even af'ter increasing the gate d iameter from 
two to tour lnches, i t was difficult to keep the ga te open. 
i:xperlments were conduct ed using thermit on the gate and comparing 
Ute t.hi~knesse s of s uch e ns tings with other cas.~i ngs where no 
tbermit. was used. The data showed that there were no dlf'f'erenees . 

'l'bo use or tbermit was l ater dlscar ded, however , £or the more 
f a Torable me t.bod of fillin g the pouri ng top to a . certain level 

with aolten s teel. A spil lway of a definite de pth is cut 1n the 
pourlng top and the pourlng or the easting i s continued until the 



$teel ri.:ns out of t:1e :::pi.llway. rihen :. t l s time to bleed the 
.::hs tlnc:; the mold i .?- t urned ove r, the pour lng top breaks off and 
the s teel r-emulnin5 in the fluid stc.te runs out. 

(4 ) StuJieR were first made on ~;phcr e s and parcllelepipeds sepru-ately 
but n luck of cor reh..:.tlon bet-t:ecn the results made it nec~ssa.ry 
to t.!O.s t the11 fr-o::i the same b ea t. 

( 5) The pl an of s t udy called for bleeding the castings c,.t O, 1, 2, .3 
emu !. minutes . Thw:s Ht the stated t imes und in the or der muned u 
s phere ond a purtillelcpiped ~ere bl ed . After several attempt s to 
r.1[...ke the rci:;ult:; of ::,cvcrCLl heat,; correlate and attempts to got 
::;omc sort of u r a tio bet.ween t.imes thi s method of testing wi.s 
ubr..ndoned a:= the Jc.l t n J.'..J not lend .itself t o correlation. 

( 6) .:t wr.:; decided ::,;::i r-cvert c the bleeding times. In t hut manner t h e 
mol<ls to be bled in I, min1Jtes were poured first, und so on. The 
r esul t was thut all the molds were bled at about the same t.imc . The 
opcrt:.t lon of bleeding m.:.s hu1c·tlcd nicely but the results obt ained 
Jid not l end themc-elve s to ~orrelation any better than those t h~t 
had been obtc.ined in the p r cvio110 ple:.n of :;t.udy . 

(7) The prcviouf cxpedmen ts showed th&t the only plan remaining wns to 
make an entire hee. t of -~cs tings thu t were all to be bled at the same 
t l rie in tervc.l. Thi s proved t o be the correct solution . 

The procedure u.._,oJ ln collecting the duta appearing in t.~is report 
i t: t-:u fol lowf'. : 

The use of J r y ~and :nolds. 

'.2) Pouring through u Linch down- gate. 

(3) filling the pouring top to u definite level . 

(/4) Devo~ing & s ingle hen t to~ definite bleeding time. 

I , ) 
\.0 

RccorJ.lng the po:.iring tempe::::·i:..tt~rc of each mold w.i th an optical 
py::-ome t ·3!' . 

Obt~iining ti:e flu i<ll t y of the steel a t vt:.rious intervuls during the 
pouring of a hei~t. 

To r~;cikc t.nc dntc :::omplctc the temp•3rc<ture at whl•:::h the molds were 
poured and tl1e flu i d .i.ty of the :::- teel pour-ed. were recorJ eJ. It is b~lleved 
t h,{:, the opt~:::cl t e::iper:::.ture r eud i.ng,:; arc fairly ac:::ur<ite, or at least 
~:omp:: ro.blc , r.:.::- ~11 ret:...i i :1gs we!·e taken ·,vl th the same instrument by one 
O0:c:ar-ve::- . 

.:'be r.::. :1i.<lity of the ,:;tecl was obtttined by uslng u modification of 
the ::.urer.;.u of Zt :::.ri.iur ds' fl u iJ~:,y mol u.. 'l'hiz mold is des~rlbed in 
detail by 8.Ni. SGegcr. Jr . , c:.n tl /. .. I. Krynlt;;ky in the rransactions of 
the Amerlcc,n .roi;n.Jryrnen's 1,t' 2.o ::: .:. i.l tlon (1932) Vol. I.O, p.125. Toe 
mo C.:.fi-::::,;ti.on mr:Je ut l:.he Labo1·t~toz-:1 ~onr-.isted of lnerelc.5 ing the dier.1eter 
of ti,e .smnll er and of the hcrn f;&tc f r o~n 1/1, to 1/2 inch. 
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'lhe fluidi ty molds were pr e pared of_ green sand a f ew hour s prior 
to pouring. These molds arc poured f rom a teapot ludle and a slo• 
pouring speed was maintained. The resul ts obtained with this mold 
nrc not as cccura t e as ls des ired and too much stress should not be 
glven to the fluidity data collec t ed . 

A t e~perature st~dy of a s i x- i n ch sphere wns m~de w'aercln n 
Pt &nd Pt-Rd thermocouple regist e r ed the metal temperature. 'lbls 
ther'.!!ocouplc was prote~ted by a small quo.rtz tube. The hot junction 
wns pl~ced at the center of t he sphere . Other the~mocouples registered 
t he t emperature of the sa nd a t di2tances of 1/8 inch ~nd l inch fro~ 
the ~ol d-metal interfa~e. 

DISCUSSIOU Of RF.SULTS 

I.... 'The d:::.ta obtained ln the t emperature study of the six-
i :-i ~h spher e are ~how:1 gr nphlcally on Plate 1. It will be noted tha t , 
according to these tempera ture r endlngs , the sphere has solidified ~om­
pletcly in ubout nlne minutes . 

The data obti;ti=1ed by bleedi!lg the ca.stings a t 0 , 1/2 , 1, 2 , 3 end 
1. r!llnutes after pour lng nre given i.n Tables 1 , 2 , 3 , 4 and 5. l'he 
averages of these rcudlngs are s ummarized in Tuble 6 and plotted on 
Plates 2 find J. nie lapsed time shown in these tables la the time 
between the pouring of the first paru.lelepiped or s phere ln the heat 
and the pouring of the remainder of the molds . 

The blecdln& time o f zero l?llm:tes refe!."s to t urning over u mold 
as s oon as the pouring i s ~ompleted. That ls , the skin formed is the 
resul t of only filling the mold. 

'I'be ,velghts t aken on t he s pheres i:.nd pe.rt::.l lelepipeds are accurate 
t o only ± 5~. The gr nphi-:ml presentation of the data or. Plate 3 
indi cates the gener al trend of solidi f i cation. 

Th.o r a te or skln forme.tion, linearly, is a straight llnc f unction 
ex ~ept f or the firs t one-half minuta where i t appears that the chilling 
of the mold wns re;:;ponsible for a fas ter ru te. It is ulso evident thut 
t.n lnc~ecsc of 50% in the surflice area does not cau$e u very pronounced 
change in the linear rc.te of ~,kln forlll!itlon. 

It should be noted that although the i nzreasc in surface aren 
d oet: not co.use an i n crecse ln the l i~eur rate of skln f ,:,rme.t ton , t he 
O.,'.! tui~l weight of s teel solidified is greater in the parallelepiped t han 
ln the s phere by an amount roughly proportionnl to the incr ease in &rea . 

It will be noti.:ed thr.t in obta1n:.ng the ave:.c.ge s used l:1 prcp, ,rlng 
the ~urvcs , no reg~r d wus glven to the ~o~position of t he s teel , the 
s.ctual fl uldi ty <le ta ns :mea~--•.ir ed by U1e fL1idi ty mold , or the te;;ipert:. ture 
of the steel as poured. The right to dfarcgc. rd thL::, duta in complllng 
Ui e ... vera6es i~ bs.oed on other evidence furni0heJ by the data. f or 
exe:..:1ple, n sti.:.dy of T:-bl e 8 ;_•,how:: t: variation i.n tne curbon ~ontcnt 
whcren;; the s kln tl:1 ~r:ne.s~ rem ... ~ns prll.'~t:.~r,lly cons t &nt . The flui d ity 
a nd t empcrc. t ur e r end.!.ngz in th.:.~ ;,;et a.re verj' unlf::,rm . It would a ppear, 
therefore. that the ~cmlc!:.l t:.nn.lyses ( the :.;t;ue.l cons ti t ucn t:; nnc..lyzed 
for in pll.. : n :mrbon .steel) 1.:.rc of im::u f fi'.!ient impo~t e.nce to bring 
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c.bout c :ncjor ::hi.Ilgc ln ti;e r <i te of .skln f ormutlon. This poLnt is 
sub.r.ttmtl.::.tcd further by d~ ta obt3lnad c..t o ther bleeding t imes su~ as 
""t one minute ln he .. t ::- 78 c.nd 86, et~. 

l'cl!lpcru ture dc.,tc:. c.:..:-e of lmpo.:- tun~c .!.n that they show t:.he pouring 
rc..n6 e over whl::h tile di..tb was collected . Other t.irn.n that i.t docs not 
uppear to be s i b'lllflcunt us it ls i~possible to correlate temperature 
with the fl:.;.idity ue t.! obt,;.ined. 1\0r does & drop in t emperature 
necessarily mean ~n lncren ~e in skln thi~kness . In f.Ol!lC ~cses the r~te 
of incren::ie in thl~kness with temperature drop i:; very pronounced wh:!.le 
in other::; it b no t app&r ent. Thi"' can be noteu i n 'fuble 9, and by 
r evtewlng Table 8 . In the:;c caGe:; the fluldlty l ::i also uniform. 

It would tbm: uppe.:.r that ev::::i thouf;h temperati.:re vari a tions are 
noted , an averugc of the thlckne~s dat a cc.m rightfully be made without 
taking the.'l lnto n~cour.t . 

!t haz been pointed out :-.h:::..t no rogard ·,'It:..;, glven to the f;ctuul 
f uicii ty da tc. as measured by the fLi idl ty mol d in ~or.ip ili ne; the u veruges 
for the different bleeding tlme3. :i'hl~ s tate~ent doe~ not infer thnt 
fluidi ty 1~ not a f~ctor l n the rate of skin form~ tion. Hcferen~e is 
!::[..<le only to u -~or relation of the lndividuc,l fl:;idity mcr,.surcmenta 
\litn those of flkln thl ,;kne:=rn measured at the r,a.me time und ter.ipernture. 
Ob:-e:-vatlon of ar.y or t.he tables will ~how this t o be t r ue. Perh.::tps, 
ho,;cver, the gene::-::...1 clla.nge found in the fl uidl ty as sho'lll1 by test 
l ength i o not of euff'lclent '!le gni tude to ettempt a correlation. In 
rable 10 data arc given showing a falrl~ large change in the ~agnitude 
of the flutdi ty and an accomps.nylng ch&nge in the skin thickness. From 
this t&ble it o.lso appea rs thnt when the fluldity was high the skln 
thicknes3 remaL'led cons tant and wo.3 not of the Sl:l!le megnltude 6.5 that 
obtained by lower mecsured fl~idlty. This ls not ac significant, however, 
as it would see2~ since ~onstant skin thlclcnesses huve been obtained 
with a low measured fluidity . 

This table o.lso points to the observed fact thnt the steel analysis 
is not of major importance for , a.scan be seon, the cE.rbon o.na.lysis 
ls uniform mile there ls considerable variation in the ski n thicknesaes 
obtained. 

CONCLUSIOtJ 

5. Conclusions as to the results exhibited in this repor t are 
not presented as this portion con3iStG of only the first phaGe in the 
studies on solldifientlon and the rates of skin formution. further 
lnformutlon l s neceJsary be~ore any definite cooclUGlons can be 
formulated. 
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Bled &Ster O i:iirn.:tez . 

- . Lap.::cu 
ThLcknc::·~.:.: Wel.gh t: tir:1c .fl:;i dlt;r 

lnchc§_! po:.:nclz : Mi:1. ~:ec.: inches 

87 C 0 . 18 . 1 37 / •• 0 0 21... ".l 
.; 

87 Mn 0 . 68 .1.:::9 J.9 1 12 ".l .,, 
87 ( ' . 

.. )1 0.2/4 . l: 3 L.2 3 50 2.5 
8'7 . 156 ,~. 8 I -, L,0 1 

]- 5/8 lnch Pcr&ll elepiped . 

87 r, Q.18 .1~8 V 
c I 0 3 ,/ . .. ; 

8,-' , : lli) 0.68 .129 5 , 5 0 1.8 3 
87 ;,;;i 0 .21, .lLJ. .5 .8 3 36 2 . 5 
8'7 , . l!.l 5. 7 !.. 23 1 

.1~8 6.o '.i 3/. 0 

i~VCl"'~bO 

" 
f o r ~phurc.s 

11 PLrc.lleleplpod::. 
.l!.O '·. 2 
. 11.2 5. 9 

Te :?;pcr t: :,,:r e 
_ _ .ofY:'.£ · 

2900 
2860 
2?60 
27/.0 

2910 
2880 
2770 
2750 
2720 
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Bled after 1/2 minute . 

6 in~h Spheres. 

u-e· " t #' •• '·- l · n, "' - _ "un ysis 

Lapfcd 
TI,ickm:s::;: Wei i:;11t: time Fluidity Temgero.turc 
inches Eounds: Mir!• .::;ec. : in~hes FD.hr. 

89 C .18 .360 ff 
Mn . 69 . )78 

It Si • .39 . 368 
" • 378 

3-5/8 L~ch Paru..lleleplpcu . 

89 
89 
89 
89 
89 

C 0 .18 
Mn 0 .69 
Si 0.39 

.JI.O 
• 332 
.?,07 
• 3:25 
.309 

Ave!:"age -
G ,!nch i.:nheres 

3-5/8" Parallelepiped 

9. 5 
10.0 

9 . 9 
10.0 

l 3. I. 
12.8 
12.0 
13.0 
lZ.5 

. 371 

.323 

0 
0 
2 
5 

0 
2 
~ .,, 
5 

1 5 
54 
4 .3 
52 

0 
35 
31, 

: 59 
: 34 

6 
5 
4,5 
2 r. . . ) 

6 
5 
I. . 5 
J 
2 . 5 

2860 
28.'35 
2790 
2720 

2875 
2845 
2795 
2775 
2725 
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TABLE III 

Bled after l mi~ute . 

6 lncll Spheres. 
Lapsed 

Thickness: 'riel~t: t ime Fluidity 1'emper1:1ture 
!ieak_.f: Analysis inches pounds: !iln.~.: inches OFE.hr. 

77 C 0.18 .488 12. L. 0 : 28 4 2880 
77 Mn 0. 68 . 515 12.8 3 : 1.0 3,5 2790 
77 Si 0,19 • 550 13 ,4 4 : 30 3,0 2760 

78 C O. 3.!. , 500 12.8 0 16 5,5 2910 
78 Mn 0.63 • 535 13 ,2 4 14 4,5 2815 
78 Si 0 . 30 - 553 1_3. 5 5 08 4 2800 

83 C 0._30 .456 11.0 0 20 5.5 3010 
83 Mn 0.62 ,481 11.6 7 09 '~-0 291.0 .,I 

SJ 51 0.37 ,488 11.9 3 49 4 .0 2920 

86 C 0.18 . 500 13.2 0 : 25 6. 5 2960 
86 Mn 0,48 .1+69 11.9 0 55 4 .o 2940 
86 Si 0.18 , 500 13.0 3 15 3.0 2860 
86 -507 12.6 5 00 2 . 5 2820 
86 .507 13.5 6 04 2. 5 2790 

J-5/8 inch Pare.lleleplpcds. 

77 C 0.18 ,372 15. 7 0 4 2900 
77 Un 0.68 , 391 15,4 3 : 22 3, 5 2795 
77 Si 0.19 , 488 17.l 4: 13 J.O mo 
78 C 0,34 ,475 17,4 0 5, 5 2920 
78 Mn 0.63 .475 17. 5 ., . 53 4. 5 2820 .,I • 

78 Si 0.30 ,475 17. 4 4 : 47 4,0 2800 

83 C 0, 30 ,407 15,l 0 5,5 3020 
83 lfn 0.62 , 425 15,8 2 : 21 l, .• 0 2945 
SJ $1 0.37 ,454 16.2 3 : 32 4,0 2930 

86 C 0.18 ,452 15.4 0 6. 5 2970 
86 Mn 0 • .t.8 , /,35 l/,.6 0: LO 4,0 2950 
86 Si 0.18 .l 52 15.4 3 : OJ 3,0 2875 
86 .376 14.8 4: 42 2.5 2825 
86 .l,50 15 , 5 5 : 49 2. 5 2800 

;,vcr~ge -
. 503 12. 6 6 in~ Sphere:, 

J-5/8 .. Parallelepiped . l,37 15.9 



3le<l cl f ~er 2 mim;.te:; . 

l..t:pzcd 
ill l '.!kne 2 .::: : We i.6h t: tl::ie Fl uld i ty Tc::ipe !·a turc 

Hcat.i: Arn,ly:: :f> l:1chc~ pounds: Min.;:.)0c.: ir. ~hes °Fah:r:__. _ 

l .. 3 
58 
:i9 
60 
62 
62 
62 
63 
63 
6:3 
65 
66 
66 
66 
66 
67 

C 0 .38 
G C.20 
C O. l f. 
C 0.16 
C 0.1.B 

G 0 . 21 
Mn 0. 50 
.&l 0 .21 
~ 0.2'5 
C 0. /40 

Mn O. ·::;l 
S i O. '3:, 

G 0. 30 
Mn 0.88 
~i 0 .50 

.84 

. 75 

.72 

. BL. 

. 868 

.810 

.878 

. 718 

.797 

.718 

.718 

. 70/, 

.706 

. ?15 
• 7 3'> 
. 765 
_797 
.875 

17. 5 

18.2 
17.2 
1?. ,, 
16.0 
lG.8 
16.2 
l 7 .I, 
17 .9 
18. I. 

3-5/S inch Parallelepipeds . 

52 
:;2 
~I. 
57 
57 
59 
61 
62 
62 
62 
62 
63 
63 
63 
63 
61, 
61.,, 
65 

66 

67 

67 

C 0 .52 
C 0. 52 
C 0.26 
C 0.18 
C 0 .18 
C 0.H. 
8 o. '38 
C 0 .48 

C 0.21 
Mn 0. 50 
~i 0.21 

C 0.20 
Mn 0. 34 

C 0.25 

C 0 .40 
1tn o. 51 
Si 0 . .35 

C 0 .30 
Ur. 0.88 
Si O. 50 

. 625 

.625 
,563 
.625 
-596 
. 688 
. 686 
. 720 
. 756 
,742 
.7J8 
♦ 576 
.61.4 
.650 
.782 
.632 
.587 
. 689 
. 656 
.623 
.625 
.656 
• 545 
• 5/46 
.61.2 
.626 

22.0 
22.5 
22.1 
22.0 

21+ .l 
22.l 
22.9 
22.6 
21.L. 
21.5 
21.7 
21.1 
21.2 
23 . 5 
22 . 5 

Aver£gea - 6 inch Spheres . 773 
3- 5/8 " P&rall eleplped .650 

0 50 
1 15 
7 00 
0 50 

1 12 
3 00 
1 15 
1 55 
1. 31. 
5 38 
O 58 
1 32 
L. ! . .3 
5 .33 

0 
1 : .35 
1: 55 
7: 00 

0 
1 : 32 
l : 51 
8 : 19 

0 
1 : 1..9 

0 
0 : 50 

0 
0 : 48 
1 : 36 

0 
O 43 
1 : 17 
4: 30 

18.1 
.. 22.2 

3 
3 
0 
6.? 

6. ') 
3-5 
? .O 
8.5 
6 . 5 
5 . ) 
6 .0 
5-7 
I, .0 
3,5 

3 
3 
3 
0 
6 .7 
6 . 5 
6.5 
0 
6.2 
6 
7 . 25 
7.25 
6.0 
6.5 
8 
6 
6 
5,75 
4.0 



TABLE .::!_ 

Bled aft~r ] minu t es. 

6 inch [phercs . 
Lapsed 

Thi ,~knesf.: Wei.6h t: t .irne Fluidi ty Temperature 
Hcs.t q: /1.nalysls inches . pount.ls: Mi n . .Sec . : inches °Fahr. . 

70 C O.JJ 1.01 22.2 l 11 5. 5 2920 
70 Mn 0.66 1.00 21. 5 /4 25 -~. 5 2850 
70 Si 0,.35 1.03 22.2 I. ~.- 50 4. 25 2830 
75 C 0.42 0.98 21.2 0 55 5.5 2890 
75 Si O.L.O 1.01. 23 .2 I, 25 6.0 2770 
79 C 0 .19 0 .975 22.5 0 26 3. 5 2910 
79 Sl 0 . 33 1.005 23.l 4 : 18 1.0 2810 
88 C 0.18 1.00 21 ./; 0 13 6 2955 
88 Un o. 64 1.00 21. l 0 50 5. 5 29L.0 
88 Si 0.19 1.00 21.6 .l: 05 l.5 2860 
88 .985 21.4. 4 28 I,. 5 2810 
88 .982 21.4 5 a 44 4 2710 

3-5/8 inch Parallelepipeds. 

70 C 0.33 0 . 81. 27.0 0 38 4 . 5 2940 
70 l!.n O. 66 0 . 83 26.2 I., 10 6.25 2850 
70 St O. J5 0.85 26.9 4 40 5.0 281.0 
75 C 0 .1.2 0.815 26.0 0 55 5.0 2900 
75 Mn 0.90 0. 951. 25.8 4 25 6.0 2780 
79 C 0 .19 0. 855 26.2 0 3.5 2920 
79 Mn 0.80 0 .850 25 .8 3 : 58 1.0 2820 
79 Si 0.33 0.890 26. 5 5 . 10 1.0 2800 . 
88 C 0.18 . 790 2/, . 4 0 6 2970 
88 Mn O . 6/, .832 24. 3 0 28 5,5 2955 
88 ' .. ,).l 0 .19 . 863 24 .8 2 49 4. 5 2870 
88 .835 24.1. 4 . . 09 4.5 2830 
88 .790 21 •• 2 5 36 4.0 2785 

Avel'c,ges -
6 i nch Spbe:-es 1.000 21.9 

3-5/8 It Parallelepipeds .846 25.5 

-5-



Tf.BLE VI 

filed after I. minutes . 

6 inch Sphere~ 
Lnpecd 

·Thicknes~ : Weight: time fluid! ty . Te111pcn t.m-c . 
Hee. !,_.Jf.: Annl~{t:lf~ --1JLches : QPunds: Min.Sec.: lncnes_ : °Fahr _ ___ ,L._. 

68 C 0.15 1.)6 22 . 6 l 06 9.0 2900 
68 Mn 0.72 l.l5 26.7 5 12 5.5 26J0 
69 C 0. '.38 1.21. 21 • • 8 1 05 9. 5 2860 

Mn 0 , 53 1.32 25,3 l : 15 4 , 5 2780 
8~ C 0 . 38 1.20 24.5 0 12 16 2960 
82 Im 0 . 77 1.22 24.6 I+ 08 2830 
s~ Si 0. 36 1.21 ' 21.,8 4 53 16 2820 

3-';/8 in~b Parullelepipeds. 

68 C 0.35 .1.12 28.0 0 9 , 5 2930 
68 ::il 0.2l 1.07 26.8 0 : 1,8 '). 0 2900 
68 Mn 0.72 1 . 26 29~9 4 . . 55 5-5 2650 ' 
69 Sl 0.28 1.1a 29.0 0 . ~8 9, 0 2890 . 
e:2 C 0 . J8 1.06 28.2 0 16. 2960 
s;: Si 0. }6 1.17 2e.1 3 50 2830 
82 Un 0.77 1.06 28.0 4 . 35 16 2820 . 

f'.VO:"o.iC6 -

6 inch ~phcres l.260 2.4.6 
3-5/8 It Parallelepipeds 1 .130 28.6 

-6-



L · ;; ;;.o . inchc~ 
:~~ti1:,;.~f? i'io . __ Gf_:~c;., ~~- I;c tc1~mll}~ttcn.s._ _Ave~~ 

6 in•:m Epher·c.s. 

" V l 5 .llO 
1 ..... l 1.. .371 /,:.. , 

! . lL . 503 ... 

" 7 18 .773 
) I.. 12 I.000 

I '• 3 7 1.260 

3-5/8 lnob Pnralleleplpcd~. 

... 
" l 5 .143 
' ,. l 5 .J23 .l/ ,.. 
] J .1,.l. . 437 .. 
.-, 7 26 .650 
3 I, 13 .846 
·' 3 7 1 .130 

Weight 
pou."ld2 
f.vcrl:l.ge 

l .2 
9.9 

12.6 
18.l 
21.9 
24.6 

5.9 
12.7 
15.9 
22.2 
~5.5 
28.6 



Ti\ELE nrr 
Study lr. the VE..ri~tion of Carbor, Contents. 

6 lnch Spheree . Ti:nc of Ble eding ,, mini; tes. .,, 

Cc.r bon :?ontent Hea t // lh l.ckne se Flui dity Te!!!pereture 
-- ------ inches inchec Of:;i.hr. 

0.18 88 1.00 6 2955 
0.18 . 88 1.00 5. 5 29L,0 
0.18 88 1.00 I.. 5 2860 
0.18 88 .98 4. 5 2810 
0 .18 88 . 98 4 , 0 2710 
0 . 33 70 1.01 5-5 2920 
0 .33 70 1.00 5 .o 2850 
0 . 3J 70 1.03 4,2"5 2820 
0 , L.2 75 , 98 5.5 2890 
0.42 75 1.04 5 2770 

-8-
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TABLE rx 

Temperl:.ture - Thl:!knc::,;s Relt-:. tionsh ips . 

(.> .i.r:,-:h ;'phcr er,. Ble eding time 1 minute . 

Iicc;.t !I Toi eknec:,,;; Temperature fluldi ty Carbon 

-·· -- ---- _lw:h~I.f_ Ofa.hr. inche s content 

Ov .500 2960 6.5 0 .18 
8 (; . ' 69 29.t,0 L..0 0 .18 
8(, . 500 2860 3,0 0.18 
8' . 507 2820 2 , 5 0.18 
s~~ . 507 2790 2 . 5 0.18 

,..,,. 
' '-' .500 2910 5.5 0.34 
78 .535 281 5 4.5 0. 31, 
?8 . 55.3 2800 , •. 0 O. 3L. 

SJ, . 456 3010 5. 5 0 . 30 
83 . /+81 291..0 4.0 o. 30 
8'3 . /,88 2920 4 . 0 o. '30 

.-r• 
I I . / 1.88 2880 4.0 0.18 
77 • 515 2790 3. 5 0 .18 
77 . 550 2760 3 . 0 0 .18 

-9-



,; 0 tudy of Fluidity - .ibi~knc~$ Correh:.tlon::i. 

Bleeding time L, mim:.tes. 

1'blcknc::s Fluidity 'fernpcru ture Cllrbon 
~,;;_: . :, I:o. inches lnchet: Ofahr. content 

S8 1.36 9 . 0 2<)00 o. 36 
68 l.4.5 5. 5 2650 0 . 36 

69 l.~/4 9.5 2860 o. 38 
69 l. J2 /4. 5 2780 o. 38 

82 1.20 16 2960 o. '38 
1.22 2830 0 . 38 
1.21 , , 

2820 0 . 38 

-10-
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