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A Study on Strip Fabrication Processes Using Mushy State Rolling (1)
— Rolling Experiments of Metals in Mushy State and Rolling Force Calculation —

N.J. Baek, C.G. Kang and Y.D. Kim

Key Words : Solid Fraction(z4+%), Particle Reinforced Composite Materials (] z+7}3} &3}
A &), Near Net Shape Manufactuning (% & 7}%), Mushy State Rolling (a}-&-§
a}od), Velocity Discontinuity (4= %<1 4)

Abstract

In the direct rolling processes for the mushy state alloy, a mushy state material which
simultaneously contains liquid-solid phase is obtained from the exit port of stirring apparatus
with a given solid fraction. This solid fraction is dependent on the temperature of within the
solid-liquid range which shows to be controlled accurately by the experimental conditions for a
given stirring apparatus. Rolling conditions for fabrication the fine surface strip were obtained
from direct rolling experiment with mushy state alloys of Sn-75%Pb and aluminum alloy. In-
fluence of solid fraction, rolling speed and initial roller gap on the state of strip surface and
solidified structure was observed. We proposed theoretical model for prediction of rolling force,
and we compared calculation result and experimental value measured with load cell.

73N Y ——— H 34

A, B: Sa3}t Pbol zAH| T
Cr 2% kodREE
dt AT R wE A m ePRAS
fRERs I T P
F, 3499 P Ed
B EZAA BhAA e As R :stedge] wi
ho BT SanAdrtels] dARAS S :84c WA
Ho 2718 474779 A S, :nAE
H:, &=H%o At S. I olAE

* A3y, FAdsa T3 44sA3 e £ Az

354, Fadsta gAY 49 ASH t kA T
e Faligta oehel AR BT



T
Tu
T:
T»
T
14
Vi

x .

n

v

Vo
14

2

HE ¢dE o8 tHaAz

N A=
P gt =

. ¢ (pure lead) o] &§2=
: 242 % (eutectic temperature)

$y7qes
g9 2=
X_-!
 4Eias
CEAEEEA HANDLE
FAAEEE e JABPAY
. gt & = (mm/s)
2ol YA (= Winternar+ Whorous + Weouia)

I;Vintemal : 1‘H hﬂ% oﬂ ‘;1 Z]'E‘

Wparous . H\l' ‘g"

Wieotia © LA Aol A 2o WPolix] &
a, ¢ b0
4V, £z Eod4ee] 2
Eave - BAUZF ‘%‘1%‘%—’—‘?—‘5—
r &=g9d49
éy [ EEAE UEIe HYESEA
o CHEHEEEYY dUs
oy A Us
on - BEYEHE (= (0:+0,)/2)
or I UEB(=p;/ps)
o s
o A g0 FELH
Oop © HHEEHolA S 53
Oos - LACO)A S E-EH
on - AT¢EH
o & 7AEx
AT
n S3n Aldal gAulake] whed g
¢ 23 Ada HAukde] chgl g
L 94
P HEEFAH
S x4
1. M =2
wig-grlg mAYEI dA4AdEl FAlel
&3t dE§F45E JAAd ez avks ]-°1 -’i’-
AAAE dAA7 o GEE vhe WY, #%F,
AY =& FAAN 489 4, A4E 7;%—‘&
AEE de 7hedezs s1EHe Az, 7137

Aefoll A A5 WY&

Al B A7(1) 585

AW Aule £33, Al AxFH W ER
fil L (near net shape manufacturing), %7}3=49)
233 5o AA ol H2 AFs} FPel A
LR LT

ojo} & SlA ol Wt-E-FrHFHL 23 JHF
ﬂﬂ“iﬂ%%%ﬂﬂﬂ%ﬂ%ﬂZﬂl%

o) oll, = (matrix) 9} A5 (f1ber)4 A]“d
W 2x71F0] e FEEEANEY FEA
Aol de] o] &5 Y,
HEEAHY L o188 F4ATEY T o

FAH] 50 A §dtr] Aol sigh
A WEARE AAGE BYHAC, g
EAE 0|43 Z<2 722X (Rheology) A%
o] 3|,

PN M ok o

off X XN

>

oft lo o ju

EAE ] A F49 ¥
BAE FH1, n4Ee] 3
Zage AfdHez My
Shima“®"-& dh-&-gAddo] e £Ao]E%
4&7tgol HAL3l ghEH S T
ARG o3 HAAZAA velde Bl
Z.o}%-(breakout), FHA%, FAdigtsly, £¥¥E
4, elEet3 (ripple mark) % FAWIbY 22
AL wimAze] s gele| Hw, Z3 ngo]
Zolg &AL o} Fdigtsiae] 8L wpaAz4A
HEEAY ARE of7|AFA HH, ddelA A
EEE 9 Snzad & Aolst veldE &
A B,

o,
B
ofo
o
)
~z
M
o,
H
4
n"i
A
P
o
ot
2
)
-2
-4

el B g oﬂx-]“ Sn-75%Pbs}t Alggeo =
gl ae AHYAAES ddted G2 AA
A= & sle ddzad Tagen, Had

é“ﬂ‘ﬂ —_!7—}2}“2' 15114_4:5 uJ 1717]/@
A So) a}r—u Fdde et gazAel = A=
S whsich =3 wiske] JAE Aol 4gE
Ae ¢ddg dFde o)Ed =dE A

AAARE AP} v|nA E3H

}‘Jiawol l')l W
AL

2.4 H

21 AHFR

AR AAIYE Fig 1o Heolxn glow,



Fig. 1 Experiment apparatus of direct rolling process
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Fig. 2 Schematic representation of direct rolling
equlpment
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Table 1 Specification of experimental Equipment

Item Symbol Unit Specification
Roll radius R mm 170

Roll thickness 4R mm 5

Roll width L mm 200
Cooling type Water Cooling at inner surface of roller

Load cell kgf 5000

Drive motor RPM 50 (Max)
Mixing motor RPM 500 (Max)
Rotary encoder PPR 500
Microprocessor APPLE II(CPU 6502) PC
Furnace c 1000 (Max)
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Wslting and agitating of mater(ill

LSeHing of roller revolutions and roller go;ﬂ

Control of solid fraction of material
by control of heating temperature

FPouring of mushy state alloy

Direct rolling

Measurement
pouring temperature and rolling force

Test of produced strips

hardness, microstructure and
observation of surface quality

Fig. 3 Diagram of direct rolling experiment with
mushy state alloy
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Fig. 4 The state of strip formation according to
solidification phenomenon
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Table 2 Experiments data for Sn-75%Pb
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Rolling material Solid fraction Roller revolutions Initial roller gap Surface quality of strip
St(%) N (rpm) 2H, (mm)

Sn-75%Pb 0 25 1.0 O
0 30 1.0 @)
0 35 1.0 O
0 40 1.0 O
0 45 1.0 O
0 25 1.5 ®)
0 30 1.5 O
0 35 1.5 O
0 40 1.5 O
0 45 1.5 ©
0 25 2.0 A
0 30 2.0 A

10 30 1.0 O
10 35 1.0 O
10 40 1.0 O
10 45 1.0 O
10 25 1.0 O
10 30 1.5 @)
10 35 1.5 O
10 40 1.5 O
10 45 1.5 ©
10 25 2.0 O
10 30 2.0 O
10 35 2.0 O
10 40 2.0 A
10 25 2.5 O
10 30 2.5 A
10 25 3.0 N
30 45 1.0 O
30 50 1.0 O
30 40 1.5 a
30 45 1.5 O
30 50 1.5 O
30 40 2.0 A
30 45 2.0 O
30 50 2.0 o
30 45 3.0 A

O Fine surface A Breakout (J Excessive rolling force © Surface crack A Alligatoring

I =2

o —



&g g

22 ojFEAct olv Szl
ZkA o) F7h3tel uted a%-'%%ai o] 5-3}7] uwli
olc},

olgiite] S ngta AL Auo nA4ED E9 3
A4E 7 &7 AA7RAY Fd42 dbE
7H3 243 270] ",

DAE 30%9] Sn-75%PbE FJdted Azd I
Ao FHAHE Fig. 5(a), (b), (c)of Bejx gl
o, (@)F 29 E3AS7) 30rpmedw e A
ZEget 29 ¥yl Snao] 2AFH 4R
AFo] Fedol] viebdcoh, Ao Eedo) g Evla
(ripple mark) 7} el 3ASE FAA A5
£ 2jEulag) 7HAe] FopxA o =lned R
HE e A7 AxPE &+ Uk 2 o

(8) N=30 rpw

i A IO 5 S o G RS Yl

(b) N=45 rpa

(c) N=50 rpm

Fig. 5 Surface quality of strips fabricated at solid
fraction 30% and 2H,=1.5mm

€ ol &3 H|AZIAA FL AT(D) 589

Adoz FUn ey AL
ES R

Fig. 6(a), (b)¥ @ Zv}a(ripple mark)e] A4
1% 2oz it} Fig 6@+ 2§46 F
g ¢dT dwolzm, (b)& HE§FA4H F5F
gted ] 2)-Fvla(ripple mark) 9] AA71T+E o
it TAEC] & BEFFES EAbold F
et = Axsl zr|wgol ®Bee] £t A
HAslo] 2 Zntag] 7pAe] FotAa, ={ 1A
Fo) B¢ 5 Sade] vl 44 A== F
o) wpiol & Fo] HAE HEetz A
ol7} ztolAlcty AZAE 4 glch

Fig. 72 34 wwe) 7xs) I H=A
FAARE Holx g}, olw AAFZHYS Hx7}
FARR Z AEAE B]H, ol UAEY F
PE e oA FTiFolre YALET 27) o
Fo| it A o] u|Ad} HUAckn AT
Fig. 8& 4459 #slol m& AzE A
39} Axe FEHE Beln gk FAE=7L
44 4% gd=o)d BAY AEAE lffs}xlﬂ}
iﬂl -*-Z*El“ﬂ} o] olf2& ddLEst ¥
= 240 £33 ¥ o AfFZezR 2—]
%“ﬂgﬂ aA Hzm, 4dge] Ad+F
ddF zAo] sAHAZE o T A=A} FF
£ Az 44T 4 ok
Az kg

2E 2y A

\1

SIS

~l

Foyst Adae

Solidiflcation
proflle

Roller surface
Ripple
mark

() (b)

Fig. 6 Formation mechanism of ripple marks when
rolling with (a) liquied alloy and (b) mushy
gtate alloy



590 W A

Rolling
direction
CROSS—SECTION OF STRIP
A O S¢=0%
0S¢ =10%
A S =30%

Hardness, Hv
°

*] W

-0.75 -0.5 0 0.5 0.75

Distance, t mm
Fig. 7 Comparison of hardness distribution of strips
fabricated at solid fraction S,=0, 10 and
30%
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Fig. 8 Hardness values according to changing of Fig. 9 Comparison of microstruictures of strips fa-
roller revolutions bricated in different solid fraction
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Table 3 Experiments data for Al 7075

Rolling material Solid fraction Roller revolutions Initial roller gap Surface quality of strip
S5:(%) N (rpm) 2H,(mm)
A17075 0 30 1.0 J
0 35 1.0 1
0 40 1.0 d
0 45 1.0 O
0 25 1.5 ]
0 30 1.5 O
0 35 1.5 O
0 40 1.5 O
0 45 1.5 O
0 25 2.0 @)
0 30 2.0 O
0 35 2.0 O
0 40 2.0 A
0 25 2.5 O
0 30 2.5 A
0 25 3.0 PAN

(O Fine surface 4 Breakout [ Excessive rolling force @ Surface crack a Alligatoring
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Rolling
direction

Fig. 10 Microstructures of strip fabricated with solid
fraction S,=0% of Al7075, 2H,=2mm and
N=30rpm
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Table 4 The physical constants and properties of Sn-75%Pb

Item Symbol Value
Solidus temperature Ts 186C
Liquidus temperature 'y 272°C
Thermal conductivity in solid Ks 9.09 cal/sec:m-C
Termal conductivity in liquid K 3.79 cal/sec-m-°C
Density 0 10.20 Mg/m®
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