XS4 Elo|E 172 1 Yl=E

LM £

7V Hxe AZA 1% 7+E 71e& Charles Mac-
intosh® 27} 1820 dtholl 193k Aoz wf ¢ EFRog
ka 1 fHE whEojA Textile fabricsoll F& s}
= 7]%olt}. Macintosh:= %= Manchesterdl], Thom-
as Hancock& Londond] #2ow A& AYSIT).
1830dthell Edwin Chaffee®$} Charle Goodyear* 5=
mill, calender®} 7}58& molding7]|&-& Aursigict. o]
Ng=2 §ledZ Farrel Foundry & Machnery$} Bir-
mingham Iron Foundry2he mill#} calender® 7 A 23]
A REE T /e &=

1870d0)] 312¢} gutta percha-§ screw extruder®™
109] 7Btz Q18] Francis Shaw and Compay!'@& <
= 3|49} John Royalolghs wis 3jAl7h Afo] =9l
1, EYolrj= Hannoverd|A] extrusion®} calender-
ing& 9% uF 71E8 714 A=A7E AAEA =9t
o]l5 Zojix] Paul Troester Maschinenfabrik23}
Hermann Berstorff Maschinenfabrik-& 19472l A
2E /4538 SAEeH.

204171 Elelo A3 AdE /71 7HR EAAY
7Re]l AXFaE 4Rle) wHeg o] Ho internal
mixer®] JLE ojojFn AL2oE Werner &
Pfleiderer® 1 13 43217} MHYx|9tl. Werner &
Pfleiderer= &3 443 ¥ 5o] Birmingham Iron
Foundry3]Alo|A] 19} internal mixer7jt” 9 14~16¢]
A717F " 192739 o] 3]A}= Birmingham Com-
pany = BHFSITH

Elojo] AzxFA 7|EA ZZAHL internal mixer, ex-
truder, calender, building machinest 7}& press£%l
tl, o] systeme A WHAl7] < AEe] glth In-
ternal mixere= B2 28 3l computer control

system®} Francis Shaw & Company!’9} Werner &
Pfreiderer Co.8c|4] 7WtEl  intermeshing rotor$}
Pomini-Farrel SpAol|4 g+= VIC!®(Variable Inter-
meshing Clearance)Rotorgo] 7/NE= L w3 7))
AH231 hot-feed extruder= X} cold-feed extruder
2 aAHHA FAagt F22 Hol & pin barrel ex-
truder??~23¢} computer control systemX® &5 1 gl
o

2 Zlaede HukEQ 1% 71F 7]&(processing
technology)9] 71& 7Idx n29] A FZ (vis-
coelastic property) 9] BAIE FAHLE I FHNAY
1% FAE (rubber compound)®] & AFY EAT
o]59] &4 3|4 =Y (characterization)& Elojo] |
Z 339 FHAA BRI E St

2. 179 wHEH 43

71X LT FAE Bt =372 Tt HFH
A7 19303t BHE ARPGAY BARoe
T FAE A yield valueg} thixotropic S4do] &)
sopn el e 1980t el olch.

Tk
1980  <lstoista Fojoist
sargetal (3}

1986~ Univ. of Akron, T¥2}F% 34
1989 (&AL

1989~ Univ. of Akron, 12 X}383}
1994 (2tAb)

1980~ @=El0)o|(F) FFATL
A (A7)

Rubber Processing T echnology of the Tire Industry

gtElo] o (F) FEYA T4 A B F (Kyung-Chul Shin, Material Development Department, R & D Center, Ha-

nkook Tire Mfg. Co., Litd.)

DEXTT J|% A 6W 45 19959 89
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19311, Scott®2 R —ZA EFEoIA 24
*e wol A 7
value ©]49] shear stressoll 4] shear stress-shear
rate behaviorg th53} Z-2 48 AeHsisit.

35 yield valueZ 75t yield

=Y+ Ky” (1)

o]A-& Dillon¥} Johnson?o] capillary rheometer &
o] &3l FHFoo] HYok (1)4e  Scott-Hershel-
Bulkley?6&lo|2} 1% 3},

1962130l Russia?] Zakharenko?’7} rubber-carbon
black compoundoil4] yield valueE WAsIH T, 1972
doll Vinogradov?® HA] H|%3l A3E Ac). Hlﬁfﬂ-
Al71el  Chapmani} Lee®¢)| 23} Tale-PP com-
poundsel| A}, White®} Minagawa®*= T,0,-PE com-
pound & ©]83}e] yield value®] Zzj& sl

1982:d¢4] Whitew 4= butadiene-styrene copoly-
mer,3~%  polyisoprene,®~%* 37 polychloroprene®t =}
ethylene-propylene ter—polymer34’ % 2}e]  compound

A% yield value® 'BAsI¢ct AF A rubber
compound?] yield valueZ E 1o]4 Uehl Q3
White® 3 %= 043 o2 vehlz ot

o= v+ —Ar (2
1+ By

UurH O Z yield valueE ¢7] el FAHo] e

%A= 0.15 volume fraction o]4 QFHE= Ho=

shal T

Yield value Y9} shear viscosity= particle loading
o] Z718la particle size?} 7442 2718}, Rub-
ber Compoundo] w34 vield valuel: 50kPaci]
100kpae]™ power law index: 0.20]t}. FH o)
Osanaiye®i= u]-9 & shear stressell rubber-carbon
black compound®Z creep A& 391 B stress3t
olgtol| A= flow7t D] gl AL LAsigo.

3k rubber-carbon black compound®] transient #
% (behavior)ell tidte] Mullins and Whorlow?® 417}
1950 e} 21k viell o)3}H gum rubbero]A] Ho)x|
%= time-dependent thixotropic effect”} rubber-car-
bon black compoundollA] vepdtin wEslE T uket
gum elastomero] shearZ 713t X3 T A
shearZ 2 A7t ¢l 7ltd BRE 27|19 ¥E his
tory & 7198l 27| AejoA 29k shear®tl: o
e stressZ §@S Sich. ghek ) Alzto] 1&o]4to]
HH AL ZEE  historyE Lol gume]
Az o] Aej = el

stressresponse—
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H 1. Parameters Y, A, B, K and n of the Scott-Herschel-
Bulkley(Eq. 1) and White et. al.(Eq. 2) Models for Rubber Com-

pounds from Shin et. a]®® -
Vol.
. Y =
Material ¢/B Fract K=A/B A n

type | o (kpa.)|(kPa. - sec)|(kPa. - sec)| (sec!"?)

N220| 0.2 | 119| 1345 73 0.54 |0.21
NR |N5501 0.2 79 105 97 0.93 10.20
N762) 0.2 62 89 1268 1.43 10.20
N220} 0.2 130] 200 1770 8.85 10.225
SBR |N550| 0.2| 82 187 7130 3.82 ]0.21
N762) 0.2 62 140 12970 | 92.65 10.255
N330| 0.2 63 103 587 5.63 0.175
NR |N330| 0.3: 138 104 330 3.17 |0.18
N326) 0.2| 65 108 4500 415 10.2
SBR- N330{ 0.2]60.3] 132 704 5.32 |0.22
1500 N330j 0.3 | 158 141 1030 7.31 10.19
N362| 0.2 13 142 586 41.33 0.195

CR |N330| 0.2| 56 113 178 158 |0.22

EPDM|N330| 0.2 157.6] 176 500 31.3 017

38 compoundo A= BUglol structure® =714
7171 wjEo| storage’} AW ZA4E structureS
break-updlil steady shear flowE &4 ¢ =&
transient stress?} €234 Ft}. Montes??= o]8 3}
FAHES AFEY=d HAFHow strorage’} tran-
sient stressol| v]X]= JFS el =] strorage time
o] Zojd4E stress transient overshooto] B2 # =
o} 27ART 719
(=

Lobe$} White*?= straing 7}5}8& 429 stress
relaxation® PS-CB compoundoljA] 2R3} stress
7} zero2 decaydtA] @il yield value$} Aol v]43
*ozw EgEE=n Monte®? oAl rubber-CB com-
poundell 4] Bl=dk HA4HS WAL}

Rubber-CB Compoundoll 412] dynamic viscosity 7
(w)$} complex viscosity 7*(w)ol] gt @e HA37} 3
sl =dl  Nakajima®®=  flexibble chain polymer
meltso] HEEUH Cox-Merz rule**e filled polymer
1 elastomerell & H o4 2 go] okl AL WA
o Gt oz p*(w)>y (19 2540 HYHD com-
plex viscosity 7} Abds! T,

Z83] 28 storage timeo|H &

3. Boundary Conditions

Rubber Compound$} steel EH3}9] boundary con-
ditionol #ale o HEEH BAL Hel v
Mooney*7} 1928d¢)] U.S. Rubber Companyl| A u]7}
FUR ABHS 7Y Wl ALoT 19 34 5
9] slippageol] BAE Z7] Al&bsto] 1931340 g
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3} paperoll4]= coaxing cylinder®} capillary rheome-
teroll A slippage® 2Aste WY& HEsIG L 1936
ol coaxial cylinder rheometerZ o] &35} HATHY]
shear viscosityE& Z3A3}3t}. olu] Mooneyi= cylinder
2} rotor BWol slippageE R3] #3t grooved
HERRIPEER B

19501 dtoll Mooney$} Black?’ -2 slit dieE X% ex-
trusiono A9 slippageE 97l 195430 Decker
¢} Roth*®= Mooney shearing disc rheometerol| 4] o2
714 A8 g PPt 15L BF shear viscosity 7}
shearing diskoll A|AA Q& grooved] Zlol€} rotor
surfaceol] coating®e] 3= metald] 2890 BAE
38159 3, ©HA] Mooney*®7} serrated rotor®}t smooth
rotorol| A2} slippageE Mooney viscometerol A H]iL
243591 1 AFHEA rubber 3] SBRe) soapd} &
2 BEE& 7K slippaget @S A& SN
t}. K8 rotorol] polytetraflurcethylene2 coatingsltd
slippage wj-oll torque’t IA TAshz A& & 5 A
a1 195830l slippageE A3}l 517 Y5k slip ve-
locity® & AF3ldct.

Mooney”} retirementdt o] %o 200d H<lo= E=8]
3t PFo] g, 1980vdo] Avon Rubber®] Turner
2} Moore®®= Controlled-pressure rotational rheome-
terE A|Zrsle] rubber CB compound® rheological
and shlip flow characteristicsE& A5kt 2 Sol=
butyl rubberg o]&3led HFL AT o5 FY
torque rotor speeddte] wENECL} nitrile rubber$}
high loading fillerE 37}3} compoundel4] ground
rotor®} polished rotorE B3l 790l torqueito]
polished rotoro|A] 4133} WA Yeht slipe] EAjgch
= AZ FHsdd. Slpe
terpolymerol] highly loaded filler®} oile] H7}8 com-
poundel A% WAS|o1H ARE 7F8IQ pressureo]
93l slipe Mol 3 LE7} ¥24E AXA Bk

198830l Univ. of Akron®] Montes®?= Turner$t
Moore®7} AMgslE™ W o2 multispeed Mooney
viscometerZ A|Z3te] oj# pressure leveloA] o7
elastomer rotor speedol] wWZ torqued] WIS &3
3Rt 0.5MPadllA torquert 3Ap] 24t o
= slippagew| Zole}al AJZtsm] grek A-Jof) low pres-
sure7} 7|3l Al&a)A] pressure’} 7AW torque
7V A7) F7Feta old @42 polymer$} rotorete]
B~ adhesion®] Aoz A=W el pres-
sureE AHASIH torque’t S| decay awaydich.
slippage”} A1&He = rotoroll A A|AE rubber capolA]
HH2 Utk & rotordl2Eo A A|FEle] tEom
APt olg) A7 Han®'3 WhiteP25o] o)Al gt

ethylene-propylene

TEXDED e M 6A4T 19959 8Y

o] =1 0|52 slippage’t A& =& critical pres-
sure’} PTFEE A28t ofH £/ metald BAQ
o] ¢f 02MPa AHE9Ql Aoz FZ=Hth. 2y low
pressureol|A] brass@} copper”} 7} &2 shear stress
2 ez 2 e aluminume]x wpRwlozm
PTFEolt}, ddl& o= slippage= smooth®} serrated
rotorof A= 22 critical pressuredi|A] AR slip-
page regionolAl= serrated rotorollA =& shear
stress& ERATEH

Akronti3re] Dr. Brzoskowski®®~%= porous metal
Z 1= dieE E3}0] extrusion AEE W= air
pressure’t 0.2MPaolA] die axis W3O pressure
gradient7} A7) Folx=H] o] A= slippage de-
velopment] A Z FAIHIL YT},

4. Rheological Measurements

A. Parallel Plate and Sandwich Rheometer

NgHo g 743 71t Fefo] rheometer 24 mate-
rial& ¥/ & AN parallel plate Alole] ¥1 %7
plate®] &= V7 §Alo|A| sl FXZA Zakharenko
27 Middleman®®, Goldstein®’, Furuta®, Lobe and
White??, Toki and White®, Montes®2, Osanaiye®Z o
#Algo] o] AXE o]L3le] rubber-CB compound?]
yield value, low shear rateo]419] shear viscosity& &
s}, o] AR|oA AlAEY= shear rate®} shear
stress= URS 4]0 Z AAFHT

-V
r= (3)

o714 He platezt®] #48& JERT V& moving
plate®] £xojt},

£
- F___F
0= 2A T A VWi 4
| Air in
; W W W Air out
rubber

Air in

|
zone A zone Blair zome}

18, 3.1. Effect for air pressure in porous metal air-lubricated
die.
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o714 VwtdEL sandwich surface?] decreasing
active surface H&A-& JeEh)|® W sandwich plate?]
o)1l t= experimental timeo]t}.

B. Biconical Rheometer

Cone-plate®} biconical rheometerd] 7d-& 19403
thoil Al A)&REQ T cone-plate rheometer= Freeman
7} Weissenberg®2] ‘rheagoinometer’oj4] f2j3x
normal stress® ZAT 4+ = AX¥Ur}. Biconical
rheometer= Piper®} Scott®o] $JsiA] mQro] Hof
rubberoll €£o¢] %1 Turner®} Moore®®, Montes®5-
o sl FAE FX)Eo] TEF ). Cone-plate geom-
etry?] FHuf FH& 2L cone Z}E0| coned} plate
7+e] gapollAl shear rate7} €At ZHolt}. Shear
rated] A4t b5 21

L 2 L

"Wy T ytana  tanea

(6)

714 A(y)-& coned|ARE] plate7tx| 2] 2 AT 0]
1 o= coned plate7te] Ztrojt}. Shear stress=
Torque M2 28 A4 e 2ok

4zR’

R
szo 2ryo = —g o2 (N

C. Shearing Disk Viscometer

Shearing dik viscometer:= 194313 Mooney®ld)] .46]]
A 1Qre}] =0y rubber sample®] quality controlel] A}
£97] A2t rubber Aol 8% AL TP}

218l 4.1. Sandwich rheometer.

nligliE

H= =<
I l

J%l. 4.2, Biconical rheometer.
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F709] disk Alo}oi|Ale] shear ratel:=

y(r) = r“Q (8)

o714 k= diskzbe] Agleln, Q= diske] FHLET
o]}, Torque X-& Th&7 2.

R
M= fo 2y 01zd7 €))

o714 6, y(Radius)ol w2t H3o}.
(NAE HEFe] R Uigsha ohaa 2oh
S+3\( 2M
T) <7rR s)

0,(R) = (10)

o714 S=dlog M/ldlogf20} 11 power law fluidel] A
= S~no|t}. Shearing disk viscometerofA} torque
Me tew 2o} ERE 4+ otk

R
u=1 [ 2m'a, ar|+ 2R Moy, aD
%/—_/ ;\/——/

surface peripheny
o714 F= diske] 7 o]1l torsional shear stress=
A10)% ST e 2.
0, (R = S+4<2M3)F (12)
R

oJ7]A] function F= Nakajima®} Harrel6%¢)] ¢]3j
AR Aol

o] A 0]&35lo] Mooney®:= elastic recoil 2 =3
3}90a1, Bayer AGS Koopmenn and Kramer®&=
stress relaxation® Z%35}l= Mooney viscometer& 7§
wEtgint.

D. Capillary Rheometer

Capillary rheometer flluid®] viscosity S 4 5t=
V4 edlEm E8 AH2E T s tool2A4 19201t

&), 4.3. Shear disk viscometer . (a)parallel disk and (b)
Mooney.
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A1 1930l 2o FEEHE Qs Asel o3 =
& Al59] complex fluidol] AF2E ).

Capillary rheometer?] 712 73L& &2 AA] tube
& 38 U4E TG0 g- &40 capillary walldjl
A19] shear stress®} shear rate$}e] #AIS Jeh)= 3
X2 died £33} % pressure dropo] dieWfo)A2] pres-
sure drop¥ die & Eol|4]2] pressure drope] Folxm

& Ao vega o,

P, = 4P+ 4P, (13)

AP9} wall shear stress?}e] A= 7H33} force
balnecel 2Js)A]

7D,y = (xD%/4) (14)
oAl Bhe] 29

(6,)y = Ddp/ AL (152)
P,= 4P,/ 4(a,,), L/D (15b)

Mooney and Black?’, Bagley®7} Qg3l950] 4 b,
€ dpol vlgtd Ank. wEl L/D7y bgE ozinle
dieg ARRSI p, 9t L/ Do) grapholA 71 €712 5]
wall shear stress& F3it}. o]ZAE Bagley ploto]gl
gt} A1 (15)o] tlgt discussion capillary 9ol Q=
Barrel®] diameter”7} die®] diameter®r} HA] A7)=
pressure loss W&o & Eo]x Rolt}.

Capillary wall shear rate= Weissenberg®7} 113}
WHo 2 A& 4= ). Shear stress= radiusol linear
A wEslnz

0,,(1)=(0,,), (¥/R) (16)

21(16) & extrusion rate® ThA] Al sdhw

R wD* (o) d
Q= 2myy. dr= 3 ™
fo ar (GIZ)W .fo Z< dr)dz
(17)

AL (ool WelA 32Q/zD*% wlEsxn
Leibnitz ruleg Integral®] differentiationol] ©]-2&}e]
capillary wall shear rate§ +3}%

e T R

TEXESD 7|2 A 6A 45 19959 8Y

dn(o,,),
dIn(32Q/7D,)

wehA] A (16) 3 4 (18) 2 shear viscosityS & 4=
.

Mooney'* 41(17)& ol 48l slipg T8 %)
cappilry wallol4] slipg ZRE 4 J=AS ALk
t}.

A7NA n = (18b)

R
Q= [ 2mmar

94 D (0,0

1%
=—9y.+ _ 1
4 75" 8(q,,),, 1o (=) o

T

fr

(0, )y

8Q 2 1 dv
— =54 2 _ 1
D, D (olz)wfo 2~ g )dz (%)

21(19b)o|A419] Integral® die wall shear stress$} T
A7} et

@—[8(40/”03)]

= 30D (20)

(612 w

Capillary rheometer= 1920Q37~73tjo)e] 2 rubber
industryolA] quality control&0 =2 AlRF ATt
1970 dti o) Monsantooll A A3t 50] viscosity 7}
A 22 molecular weight?} molecular weight dis-
tribution®l] insensetived} high shear rateolA]e] zZ+&
27] Wl o]7le] major problem o2 831 glrt,
Attt gum elastomer= unstable flow regiono] 24

sz .

3. 4.4. Capillary rheometer.
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E. Compression Rheometer

Compression rheometer = Scot?’ o) 2]3ld power
law fluidel] &8°] =i 7|24 2% laminar shearing
flowo]sz fluid7} disk vPgZEog g3t 7j&3F<]

A1
H
oo ) [frmos @
%749 disk Alo]o]l g pressure fieldis FAlol
A] Htjo] L pressure gradient= shear stress} A7}
93 o3 2ok
aﬂ(r)=<2“7 % (22)

Scott®] modelo A= power law fluidE 7133}
A5

dv B ap
— YV — Z_._ o
K( dz) ( 2)or (23)
2 (23)A  velocity field w27} ZAAAG.
Compresion force F?} d(y)8] BAZHE
R
F=- [ 2mpnar (24)
0
A (24) e ST Zol |k
_ 2n+1\n
F= 27( n )
R n+3 1 d i
K vm o (%) (25)
Shear rate$} shear stress= th53} 2},
o AV, [2p+1R\(_1d
iR=—gr =2 (A7) @

0x(R =0, (R="F)E; @n

Compression rheometer= William®, Van Rossem
and van der Meijden™ol 2Jdte] QITE7| A|FEe
19201 dthel} Firestone Tire and Rubber Company3®$}
B.F. Goodrich Company™ 0|4} quality control & &
compression plastomer® ARL3ItE7E 1930dtho)
Baader””~8 and Continental GummiwerkeojA]
‘Defo'sbn F-2& vlxdt 71718 ettt <] 7|7le
A2z} AAthAF| 1.G. Farbenindustrieo)A] Buna S.
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8. 4.5. Compression rheometer.

FHANTE AP SsiA AR AT
Defool] thgt #4lo] glojx] 11 Mooney viscometer?} 1

2] & A 5HA 5otk Bayer AGY] Koopermann®
84~860 n)o AWty $£FFY DefoE Haake Me-
sstechnik 0 2 3}lo]F A|ZEESI] dA| AME3sa et

F. elongational Rheometer

F 29 elongational rheometery= Ballmanel] 234
TUQEPY oM £AOF specimend HEAEI 1 A|RE
cross-head speed2 ZFHolPF7|=F Ho] ok, 1
stretch ratios=

. 1
by 28
o714 L& samplee] Zo]r}. 7kt AJ7bo] constant

ol L(t)E wr=A] A(29)1E F7lsHA "ot
L(H=L0)d E' (29)
Stressi T 2tk
o= Rt)/zR* (¥ (30)

o714 R& sample radiuse|Tt}.
Cottoni} Thiele¥’2 elastomerell t3)A] uniaxial
elongational flow& 73l cth.

5. Processing Technology

A. Mixing Technology

glojo] Az A A BHPCE ‘HFAFTA ozt
223 rubber compound®] Z+# ingredients2 mixing
deviceE o] &3dtd TRA)TI= Aot of HAHL Az
FRY 7P 525 B ola o] FHo] BRE Y AY4=
rubber compound= X}F 6] o] FTAHA] BE B
o] LAYsHA Hoh. o] FEEolAME mixing devices}
mixing mechanism, process 5& FA40g Y372

s,
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A.1 Mixer

Mixer®] %= %709 counter-rotation rotorg i
33} mixing chamber®} o] chamber $] 2 & shaft
(Ram)”7} yolA] mixingo] A]ZHE uw] ingredient&
chmber ¢toZ Wol@ iy mixingZEolE chambery]e]
ingredients2 A& R=3l:= A b Mixing
chamber o}Z]Zo= cycleo| B w el drop door
7} 13 mixed compound& mixer o}&ol] AEIZL 3
= two roll millZ g ¥ujEct.

Mixerol| 4] 7}¢ %83t Y52 rotore]t}. Rotorg)
origin-2 Banbury!> 167} design3t RS2 o]A L non-
intermeshing rotore]3 $7§9] curved flight7} &=}
o] chamber{te] rubber compoundE whHiHlEo =
pumpingdhs H¥-E 3l ingredient7} 2 Eo| HE
E A7 Houtk. 2 F9 internal mixer®] rotor
design®] ol o] AlgEo] =&l E op7|A Yk
1 Zo)A Werner & Pfleiderer®] Lasch and Frei®8,
Goodyear?] Tyson and Comper®, Bridgestone/Kobe
Steel?] Sato et. al. %2 79 flight& 71X rotor&
AAsIgcr. o]AL  two-flight rotor®t} dispersive
mixing®] Aol @=29o] Tangential type? mixer
= th5& four-flight rotor} L% U},

T 2 ¥ele mixing chamber® A Z}E internal
mixer”7} Francis Shaw and Company$] Cooke!”(Fig-
ure 5-3)¢} Werner & Pfleiderer Co.9] Lasch and
Stromer'®)| )&l TQHE YT}, o] Eo] U= internal
mixery intermeshing rotor& 8|3l ©]E rotore=

2 452 HAEE HASHS Yrh. W ltalyo
Pomini Co.9] Passoni'®% intermeshing rotor& 72
39 =6} interrotor clearance® control®@ 4 YE=
rotor&o] Y4 YA A F] gt

WA © 2 internal mixer manufacturer& A EH
tangential rotor internal mixers= v]=¢] Farrel Corp.,
dE2] Kobe Steele] 3IAIR u)=9] Kobelco-Stew-
art Bolling Co., =99 Werner & Pfleiderer
Gummitechnik(F20ll= Krupp Co.olA A9l 48)1
oleiz]2] Pomini Co.o]t}. dEoA= Werner &
Pfleiderer Gummitechnik®] licenseS Zt1 & b2
HjA|S3H 3 Kobe Steel Co.7t X243l QUth. Inter-
meshing rotor internal mixer= %932} Francis Shaw
and Company, =Y Werner & Pfleiderer
Gummitechnik3} ~19} license& 2} &= Y E-2) ujx
BlA1EFY, olefa]el Pomini Co.2) VIC(variable-
intemeshing clearance) rotor®} Kobe Steel Co.7} ¢
t}.
A.2 Mixingoil &8t 7|2Eel 47

FHIZ7MA| internal mixero] i3} basic study7} 2x|

TEXTIED 7% A 6P4 3 19959 89

oForth. 1979130 Freakley and Wan Idris?l7} Hixg
non-intermeshing internal mixerol] $%9% §2]& A&
3t chamberWle] 1R9] FEL E + A& ‘flow
visualization’7|{-& 7asltt. $o| Bridgestone®?7}
Kobe Steel Co.*%¢)|A] rotor design2 HA38l= EHo
2 mixingell tistd ATE stP 2 olwl= FHE poly-
carbonate chamber& A3t FHZo| Univ of
Akrono| 4 Drs. Min and White%> %, Morikawa%% 9. 97
¢} Drs. Kim and White?~1® =o] Freakley and Wan
Idris®' 9} §AF8 A& o]L35l internal mixerilo)
material motion®%g} opje}l o7 EF2] elastomer}
mixing cycleS v)1 731 ¥ .

B} HZd P.S. Kim and White!®1:= Cookel’9] in-
termeshing- rotor®} 7]&2] nonintermeshing rotor&
vl ¥71E 3l9=ul bale homogenization, black
incorpeartion 3 oil absorption time®] noninterme-~
shuing rotoro] B])3}ed intermeshing rotor internal
mixer’t ¥4 weEcks 4748 YRS

A.3 Mixing Operation

Z|12& o d7FX]  processE  FAHC Qe
incorperation, dispersion, distribution3} plasticization
Ti= viscosity reductiono]t}. Incorperation z}zte]
ingredient&°| cohesive mass& ¥A8A HE stepe
& Cotten!®®2 incorpearion stepg rubber$} carbon
blacke] A& wettingo] Bl Heoldla o} stepol 9
3 ingredient Atole] QIW air7} whAUzicky F@ASHY
I %3 Nakajimal®®~106 = o] stepollA] rubber=
large deformation®] %31 breaking straing Xm}8}o]
o] stepollAe TF9] flowHTH:s failure’} B2 28
stk 93}, Nakajimas 3 incorpearion step&
714 BW¥E mechanismo 2 FHo] J=H A=
elastomer?] deformation®] carbon black®] agglomer-
ate$} o] HE FES IUFEL AFsn wapA
elastomer”} carbon black agglomerate®& Zxh@t}.
FHH = elastomer”?} breaking strain® XUH frac-
turedtA] e} o] AefdlA filler agglomerates} &g
o] Hr}. o]#3 AAEL internal mixerd| A= rotor
9] designoll wgl =X rotorAle], rotor tipd}
chamber wall AlojolA 2 gojdtin RAF31 Qu}.
Cotten!72 elastiner®] crumbling(&}e =zte g B
Z)H tearing(BAA )L internal mixertjolA2] ex-
tensional folw regionol4] rubber7} failuregdlei ulz}
oPI= 1L rotor®] YHE-EoA LI I FAEGTE T
3t extensional flow7} ZH2 small deformation rateoj
A& shear flow2rt} rigid3t agglomerateE breaking
up@ wiy} incorperationdl| M= BT} FHHolgln gF
3tth. I8y internal mixer= high shear rate re-
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giong AFs7] wlFol extensional flows AHA=Z
mixing© 2 Q3 £8H F oiX)e] GFE W= 2
X)&}x] B3ith. Freakley and Wan Idris®'= low elon-
gationg 712 material2, 53] mixertfe] volume
fractiono] Zr2 Ao Cotteno] ZdH= crumbling¥}
tearing2 FZ rotor FZoA FAEE W FZH(void)
ol A gAg & vk st £HE 212 mixing
process®] o3l modelo]2}E  extensional flows}
shear flowE 7 25t Foiof gt

Incorperation stepoll4] carbon blackg dtjizog
2 agglomerate(10~100um)E FAst 2 AX|gt, dis-
persion stepol| A} ©] agglomerateSo] 7jeix lum o]
32 B4R}, Cotteng carbon black®] final #AME
= carbon black9 B]aEA (morphology, surface
activity )%l opJ&} mixing 24 (A7, &%, total
shear straom)o) w&} t}=3 W3 rubber property
(MWD, chemical structure)o] uwlg} th2ro}.

Dispersion step-& incorperation step®ths higher
shear stress$} energy inputo] Q% 11, o] stepoilA]
mixture®] physical property”} W3lgch. HFA<l
rubber mixol|41¢] power consumption®] ¥ 3}= proc-
ess?] step?] FA|e]IL end-product AL ¥slele &
A7} St

Cottenl®o] =¥ 3} paperd] ¢J5}H power consump-
tion® mixing stage?] WA EZAYL TIRFEU
power consumption chartol]A] RH A peak: elasto-
mer] £]#} ram®] downg oU|3l FHA peak=
elastomer®] wetting(incorperation)$} carbon black
agglomerate®] break down dispersion¥2] balanceo]
7109, o] incorperationo] MPE wj thFEe
carbon blacko] large agglomerate2 &x)8l1 Zt ag-
glomerate Alo]ol] rubber”} occlude® z{=, ©] rubber
/black agglomerate”7} large filler particleZ ZHg4-2 3}
1L particle W¥-9] rubber®} particled} particle A}o]o]
=0J9)lE rubber uwj&o] o]l effective volumeo]
carbon black xkH|9] AR} =}, o]H effective vol-
ume®] =77} rubber mix2] viscosityE ZVMAIAH =
t}. Carbon blacko] & &4kgle) wie} occluded rubber
9] volumeo] Zo}R| 1 o]¥l action®] viscosityE 74
A|AZt}. Distributive step& dispersive stepd} FA]o]
=™ black agglomerate?] e 2SS F1F
gt FE 988 0.

A.4 Operating Variables

Operating variable-2 degree of mixingol] #t}&t 4
g A 2AFe FHRE A7 Uk, Operating
variableol]&= rotor speed, ram pressure®} chamber
loadingS°] o, B4z oz 2rASt= temperature
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control# mxing cycleso] At}.

Rotor speed= total shear strainol g o2 g3
& A1, HAEs A4S 18sted high rotor
speedo]® dissipative heatol] 2]3} shear stress®} vis-
cosity7} Z4®th mEtA] aggregateE E4HA1717] A
3} minimum shear force7} I 83}7] uj &l LAl
£ rate of dispersive mixingg ZFAAIZICH

Ram pressurex= ingredientE mixing chamberujoi
Z BEAI|e 988 3t} Ram pressure’} F715HH
mixe) void7} &1L, rubber®} rotor surface7te]
slippage’} 7+438}1 contact force’l Z715le] flow7}
low temperatured| A= 7}535}ct.

Chamber loading® HA] HZA3lEojo} Jr}. Thet
overload¥|® good dispersiong %7] 9514 mixing
timeo] ©] BLREA H1 o)A L temperatureE A5A|
7 physical propertyoll @¥& XA Fc}. optimum
chamber loading& rubber?] £79} typeol we} th=2
1 filler, plasticizer® W<olt}h. welA] Farrel Co.&
mixing =2 I 2 FA] ram attitude recorders A
a7 % st

B. Screw Extrusion Technology

o] AL elolo] FHA] tread, sidewal, bead filler
% tire componento} 4] shapeS 33t= WHAEZE Ti=
=d) AMHI, oJ7)A4)= screw extrudere] e A},
basic research®} performance parameter%2 493}
Atk

B.1 Screw Extruder

Screw extruder:= 194)7]%o| Francis Shaw, John
Royle®} Payk Troesterel] 2]8j4] rubber industry<i
270 Gl el rubber extruder:= hot-feed screw
extruder@ct. o]AL two-roll millA} ©jE] A=A
strip© 2 ¥ rubber compoundE& extrudere]] feeding
3}t WHAlelal screw HElE= Z-2 channel deptho}l &
2 Zol/A7u|E Z1 YT

19300l Paul Troester Maschinenfabrik!? Cold-
feed screw extruderE 473141 ol @SR Fe
rubber compound strip-& extruderd| feedingd}= w4
ojt}, o] extruder:= screw channele] 211 Zo] /27
H]71 hot-feed screw extruderBr} Ak, HZ9] cold-
feed extruder® AYAME extrudate(PYSE)L 2% B
39 27} Asta die25E wpAugkS uf distortiono]
A5l t}. Cold-feed screw extrudero|A]9] Q3 34
& extrudate?] YUY B FHFY S g ¢EE
< A4tEls Aotk 1960\ dthel] cold-feed extruder
9 qualityg FEA7IEHE J37H A=7F QAT A
HAE Mailefer'®®(Uniroyal Co.)= barrier screw de-
signg 4. 1R GA flowH A gb= materi-
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alg IHAF|= A 29 screw flight& TH5o{A] ©] ma-
terialo] soften & w72 screwol do} QYL FE A EH
o] At} o)Al u]=Fo] NRM Co.(2 3A] Uniroyal?)
licensed 23 ULl A 4E35A 2 Pla-
stiscrew’el 81t YEle] ZAS Maillefero)] 2s)
thermoplastic®] solid bed?] meltingS F& o= A4

R Geyerd] o&|A scorch® 1F-E E2]5t7] 8]
Al 213 Aolgled o172 cold-feed screw extruder
of 283 9o extrudate®] distortion& LAY}
RUXD Ao g =& 259 extruderES P45l
o}, AlZslA] cold-feed screw extruder?] screw de-
signoll W3k A7 ks X3 o] Troestere] shear
serew®} Lehnen and Menges!!'! 1129] o] 7}x] 2oke]
screwE2 F4E §45 Bo FUh

197034l Institut fur Kunststoff-verarbeitung}
‘Uniroyal?] Menges and Harms?'~2%:= pin barrel
cold-feed extruder?] AlEE AslgE=d o|Aow
extrudate?] ¥ FYA (Uniformity) 2 dimension
stability7} wi%- A AT o] 7AE HSole Paul
Troester Maschinenfabrik license® 2tz AJAkstn &
o] 52] Hermann Berstorff Maschinenbau®} Krupp
Gummitechnik, [Italy9] Pomini  SpA, YE9
Nakkatazoki®] v)=2] Farrel Co. SollA] A7} s}
I et

B.2 Basic Studies

Screw extruderoA]2] elastomer flowE 73 AL
Vilal'? and Pigot!%e] 2Jsllx HEJo|t}t. Flow B3}
Starvationol] #3}o] Brzoskowskill4$} Vergnes!!®7}
devolatilizing screw extruder& o]g&3sle] BI-L 3¢
a1, cold-feed extruderoA]9] starvation study7}
Kubotallbe) 2]3}e} #§sledHti. 2= rubber com-
pound®] screwol AYR]= FE7} die pressured] H]E
Sbs AL BT

Rubber compound®] flow marker experiment7}
Menges and lehneno} 28l 42 7}R] screw typeoi
w2bA] mixing¥} homogenization characteristics& 3
7rstach.

£AFgl flow marker experiment’} cold feed rubber
pin barrel extruder® o] &3} Menges and Harms?®
o oJsjA] 3k H 2ol Yabushitall?, Shin and White
o] osr RuHEw D¥He pin barrel sec-
tion normal screw sectiono}] B}3}e] mixing capabili-
ty7} 953] Frhi gt} =3 Shin and White!'#:= 4]
7FA] rubber compoundZA4] pin effectE® ZA}SIR =4
pin®] AHEoZ A homogenizationg FAIEIR|TE 2

T AHEE rubber compoundel] wlElA ThEAL B
tt. 43| homogenizing character= large extrud-

IEXoEn J|1E A 6@ 435 19953 8%

erdAl= temperature field®} #AI7} Y o|RCE
pin barrel extruder”} thermally uniform3} extrudate
& AL output EF FA4AE = A

B.3 Extruder Operating Characteristics2| Z=E=}
a3

Screw extruder®] material flows 4Y)J7ER] flow
mechanismo] Qt}. 15 &9 F7l= drag flows}
transverse flow¢lt| drag flow= screw rotational ve-
locity, V9] longitudinal component(V cos¢)2A]
screw flight9} &3 HFgfolxr, transverse flows
transverse component(V sing) 241 screw flighte} 2
zZ}ol "igko|t}, Drag flows dieZo 2 Z#7}= mate-
rial W&ol WAo] T transverse flow= heat trans-
fer$} mixingol] %83} circulatory flow &¢I o)A
£ extruder outputel] & 9Jg& v|x)2] &I},

Die®} screw geometryoll 2JsjA] flow restrictiono)
Ast=H 01712 screw channel& wiehd] Y=
pressure gradiento] 7|¢1® Ze]t}. Maximum pres-
sure= die ZX oA YA, oA diag flow2] W}
3 ¥ Wgko g pressure flow wiEo] wHAIEITH,
Pressure flows= barrel®} screw flight A}o}9] clear-
anceol|A] leakage flw wEo)x LAHT}. wlabr] ex-
truder®} volumetric out-put@Q= th&-3 zt}.

Q=Q, 0,9, (31)

71X D, P9} L& drag, pressure®} leakgeS o]n]
ict,

Leakage flow2] %8 F& barreld} screw flight A}
0]9] clearanceo] wWe} W&l screwl} barrel surface
o] vhgo] WA S AR, e A7 AS o
2ol HigASR 23},

1. 4 (31)9llA AY outputo] Foj=r},

2. g5k X3 29 §4 T4 (operating charac-
teristic curve) & HF& 4 gt

3. Extruderwj 9] material residence timeg& ZA|&}o}
scorch®] $18& Z7INE 4 Ut

BE 13 25 AR A3o] FHo 9T screw ¥WH u}
HE Q3 leakage flow7} 271 screw speedE =
FAN output ZAZE RS BASS Bo). me}
A] extruder power7} %7}%|31 material temperature
7} it

Extruder®] pumping characteristics& A7}z og
checkdle] extruder performance$} die designe] A&
Z match’} H&=2 screw characteristic curve®} die
characteristic curveZ Z4sle] RISIEE Fldo} 3

o.
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Rubber compounddl] w2 shrinkage FAX pro-
cessingoll g £23% Algelr};. Shin and White¥:=
Carbon black®] particle sizeo]] W& tread shrinkage
extension rationg &A%}l black particle size7}
ZS 5+ E, high loadingd 4% tread shrinkage exte-
nsino ratio7} Zo}A A dimension stability”7} ¢tAe] &
t}. E3} practicaldt Holl4 rubber compound®} vis-
cosity®} extrudated] &% w3iol ATIAZT Zed
AAT screw speedoll 4] rubber compound®] viscosity
7} =842 24)(31)0) 98l constant total volumet-
ric flow& §X13}7) 948)A)= pressure flow§2] pres-
sure drope] A% (die ¢&o] Z71)5HAl o] energy
balanceol] 2J3) extrudate®] &%7} AA5slA 9ct. ukel
A] rubber compound®] viscosity uniformity+ extru-
sion processing parameterd] 22 %g+& v XA Hr}.

C. Calendering Technology

‘oteiziel’olgl a1k 8l shaping operationo]c}. o]
L tire?] carcass®}t belt componentE A|&sl= F
AHog steel wire, fabricord®} rubber compound’}
roll nip Ale]& XUZIHA] toppingdtes &gdoltt.

C.1 Calender2] o}

Calendere oz HFAE 2'E rubber compound
sheett} fabric coating, steel wire toppinggoll AM&-%
£ 71Alelt}.

At o g rubber compounde TS viscousdA]
calendering processo) 4] roll Ale]oA] =& separating
force® WAYA)ZIct. Separating forcex= rubber com-
pound®] viscosity2} sheet T7e} FA 7} U1 BE 1
A7)E= 2,000~10,000N/cmo]t}.

Calendering process E<4 rolling bank”} roll nip
A A EH olwje] air’} rubber compounduiol
EgEch(I8 5-1) ©]# air: materialo] roll gap
Alo] £ millingo] Hujgte] AAF + Uot. o]2{§ HF
Z air7l TFHY YA Y= sheetE FF calender
lineo| A} AJAF5LT maximum 2m SAI7FA] 7VE8cH(
g 5-2).

C.2 Calender2] &7

Calender= ¥t o2 calender framed] Ax]xo]
Qe robllee} rolle) FxFH widel o3 FRAC
Rubber compound processingol| A= S04 1719 roll
€ & calender’} dE] AMEElT 9tk & AVIR|
roll arrangementoll WetA] calender?] ©]E8 &2 T
21 9o},

Calender roll& #FgZHoz face lenght’} 225mm
(lab. £)o]x rubber industryol4l= 1700mm (steel
cord calender), 2100mm(textile cord calender)%o] A}
L3}, I8l 5-3%9l4] S-type calender= rubber
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@ 5.1 Band formation on a two-roll mill in the calender.

yan
N

%], 5.2 Rolling bank in the roll nip.

compound$} fabric aord?] double sided coating2 20 2
ALE-E] 1 Z-type calenderol B]3}e] mf$- compactdict.
w3l 1, 3¥ roll Alo] 2 4A Feedingo] &= o] Ho]
I BE FAE AT & Je FE F2e] U

C.3 Calender Roll

Calender 2¢]-& AA= calender rolloll Q)84 o] &
olZic}. ke 2& 27 2ol YUt

1. A}] Lo Ae] shape] A AT} concentricity
249

2. 1EEY BEAE € 33x

3. rubber compoundsl] 2]3] WAE = deformation
3} deflection ®}x}

4. Cooling/heating agent®] E%a}4

Calendering performance: oj# Qlx}dl| oja) =-$-5}
=4 WA} feedstock temperature, roll nipollA]¢] bank
2] 77], roll profile, roll-bending device®} cross-axis
device roll temperature® wind-off tensionS-o|t}.
rubber compound Z%Ho|A= deformation rateo} w
£ viscoelastic property 2 3 7}sledo} 311 E35) stress
relaxation test7} Awsic}.
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3%8l. 5.3 Roll arrangement of calender for steel cord

coationing.

D. Vuicanization Technology

Vulcanization process= F7}A] groupl 2 L}yozl
t}. AU = molding methodo] i1 0] A& cross-link-
ingo] A)2+el7] ¢hA PR d™HS ZE shaping op-
erationo|t}. FHA= assembleyd green tireE cur-
ingd}7} §ajAl AHRSl= 2 E techniqueo]t}. Vulcani-
zation Fol| & FojlA] FFF heate FufAHe] A
2 87 rubber?] dHEAHC I3 2H & @
2} rubberZ Hg=Er}. RubberolA] conductive heat
transfero] 2J3] A7]= &% Fu|: external heat
source®} &%, heatingA|7t, 7}55 = material®] ¥
3 32719 o] BA9 7] %o wel Wk Rubber
productli#9] 2x7} WHIEH 7FFAZ’E non-uni-
formdledz) 1. rubber producte] %2} We] physical
property& thEA 9hET). wiabA] vulcanization proc-
ess?| optimization®} W3 4 #PE S Mdsi= AL
uniform?®t cure stateE Q= EHo|z}ty & 4 ut.

D.1 Compression Molding

Compression molding-& rubber compound& 7}g %
¥4 molde] W1 IAAT T 71t 7128} cross-
linkingo] deju =& 3}ed solid productZ B A 3}
= #&elth. &% rubber compoundel| wa} 140°Co}
A 200CE WaY gtele 2MPao|A] 7T0MPaztA], A|
= @8kAr}. Vulcanization reaction& molduoi| A
doluz BAER dojRe gasE F$8t= venting
operation Q& I},

Compression molding press= U¥9] two piece
moldZ presse] )¢} olefel] £ gt}

Dome typed} platen type2® JFEEE=H Dome
type2 ¥ sizeo] H&Aslw ul cyclerttt domeuel
steamo] blow% o4 steam 4AR#o] B},
platen type2 4% sized] HY3tL platentfol] A}
steamo] X} QQoA] steamo] Amako] &}

Tire molds= AR ©E two piece moldE AMLsH}
22FL sectional mold2 wAs} 71 Yo}k, AP

DX 7| A 6@ 43 19953 89

steelT} alumimum& AMEE=d alumimume AT
7 3 7ol Fo1 e o] QAR cost7}
=31 mold o] Bom ¥ sizeol = Lo T},

6.9 S o

o]Ato] o] rubber processing technologyol] i&}ed
=5tk 7HE 3R WA #dE] B tire compo-
nent®] A5 FAe] o}lfa] EFITBE processing 4
Bioll meka B4} Wt sl A JeAe] =)
2ol 7k FHA 2THE Yiles PAIER A7) AsiA
£ A 71A9 AMge] FH9Mela uniformityE 1eis}
o 7149 &S 53| o] vHiEAE}. XA A
2 ol & BEE YA ARHoz Jed ¢ Y= 7]
37} 2aEt AZEa 7k A AL 2 ATl g4le)
et AAolA 71 47 71 7149 BiFo) 5
EE FHA& OF ol
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