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Thermal Stress Analysis for Ceramic Roll Composed by Shrink Fitting
Dipped into Molten Metal
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This paper deals with a large ceramics structure composed by shrink fitting used for rolls in molten

zinc. The ceramics roll may provide a longer life and reduce the cost for the maintenance because of large

heat resistance and large wear resistance. However, the small toughness of ceramics may cause fracture

because of the large thermal stress when the roll is dipping into the molten zinc. Moreover, since the shaft

and the sleeve are connected by shrink fitting, they may separate each other under high temperature when

dipping into the molten metal. In this paper, therefore, the thermal stress as well as separation is consid-

ered when the ceramics roll is composed by shrink fitting by the application of the finite volume method

(FVM) and finite element method (FEM). Then, the values of maximum stress are discussed by consider-

ing the shrink fitting system as well as the thermal stress.

Key Words : thermal stress, ceramics, shrink fitting, finite volume method, finite element method

1. FL®IZ

HBH AR OY T I v 7 A2 ERERT THWS
FlE LT, KESHSSEHA M—7 <, HEERERD
SEfAn—ARDD . Bt T Iy s AMKER
—ABRHANWLND L 51T TE EGIR D - &
WOWERAZR 1 12773, /ERLY, Hoxigdhnm
—VIZIE, AT 2V AHE E LT D SRR
ENTWABD, a—TFT 4 7 SN BEEEWEL
BERA ] O BV IR 220 I OIS S DR e EICER
LT, MHEMECTHEREMEICRIEN G Y, A
Mo — N RZERERSINTND. Z0X57%
a—7 4 7 OREIC K BMOEBRNER L, ©
> ZHROIMBECTH B2 KT SE5ERO—>o L
B, va— eI Iy I REAND L, LERMm
B, MEERMEN R S, BRHEMEAERTE D
E2Ekesd. —FT, ©7 3 v AT EHC
NRTEEIBD TRNENEWIRERDH Y, EFE
RERIZE > THIET 2V A7 B3 H 5. [
oo &EFr—L T, il - RIERREIC

i fase it o 201834E3 H9H

* 1 EAE, NI ERSFTFIEAMT
(T804-8550 AtFuMl i X AlAHT 1-1)
* 92 JEAEH, UINTERFERFER
(7804-8550 AbJu T = M X Al HT 1-1)
* 3 s B, UNTZRZET 2
(T804-8550 AL MK ALK 1-1)
et T

B ABAREORT, e Y7 FEEtT
v 7 AR EOBERBEENTARTH Y, BHERS
5 D OHE S I FBREEOMREE O S B
RN EIEBALITHL Y. HoxAr—LOE
FAIZB L CORREL LT, BiED-oZmficn
— L BET DR OBER T S ReEN B D,
= OFEORIREIT 03 2 — AR E0 72 54 R BE |2 BT A%
57 BEDNTE R, WSR2 — 728
EFHMIRYZ62. T2 CTEES T, BEA
530mm OBKEEL T I v/ v — L EEGER SR
WoxML L r7u—n e LTCHETHICY-Y, B
MZRMEEF A EFANCHEY v 7 MK EREE
AL B EEROBS A LYY E, [
ETNVE RO CEEE FAINZRET 5581250 T

Steel strip Galvanized steel

Supportroll
(Ceramics)

Sinkroll
(Ceramics)

Molten zinc

(480C)
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(Approximate dimensions of the pot: width X
Iength X depth=4500mm X 3500mm X 2000mm)
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Table 1 Mechanical properties of SizNy

Property Value
Thermal conductivity (W/m * K) 65
Specific heat (J/kgK) 680
Thermal expansion coefficient (1/K) '
RT<S00C 3.0x10°
Young’s modulus (GPa) 300
Mass density  (kg/m?) 3200
Poisson’s ratio 0.3
Fracture toughness MPa\/Z 7.7

Table 2 Mechanical properties of molten zinc at 420°C

Property Value
Thermal conductivity(W/meK) 58.8

Kinematics viscosity (mm?/s) 0.489
Isobaric specific heat (Kj/kgeK) 0.505
Viscosity (mPaes) 3.26
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Fig.3 Step of dipping
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%) Bz 1, &3 OFEEE 25mm/s TlE, EEED
(iil) IRIER COAT L L L DBEEIC L WrEAh S (3) R K TT Gomax (ZFRLS B S- LIz b D &
BisH ()2 L AEhEK) Ex25. LL, BVEE 2mm/s Tl, BE, *

ING 3EDISH TN EAERRICE 22 (2R RIBICEDFRENRE S, BERIICET DAY —
T KIZBNT, (D)IFRY =7 HENIMNREZEIC 7, X7 bERENDR Y — T R OEND
ESRT), (W)F DI XV IRES T E /NS RELRY, (i) DISHPRIEINTRoTobDLFE
72595 L3 20T5% L TREERD B Z UG 2D,

Table 3 Maximum thermal stress cemax for sleeve with or without shaft

Shrink fit sleeve Sleeve without shaft  [Sleeve with partial insulation
@ Contact state @ Oomax Difference ® Difference
Dipping speed | ' =\ — _
162.7MPa’ 100.8MPa. @D 100 185.4MPa, DD 100
25mm/s | ig6s ” ‘at42s @ L atges | @
jata. P = | A |y,
Ogmax Non-contact Obmax
@ ® ®
Contact state Ogmax Difference Difference
Dipping speed | =, % _ —_—— _
258.9MPa | 131.0MPa ® @XIOO 141.0MPa © @Xloo
2mm/s ' at63 " | | RS @ at38s @
 at63s |/ at120s | | = _490 / /| = _460
o # /| =-49% . 46%
fmax Contact Oprmax

(iii) Temperature difference
in the axial direction

1

lATs

(i) Upper part

I ,l Insulating due to fitting | X
—— preventing curl up

..................... AT, I
. ° . T1 }
Molten zinc (480° ) ‘ Maximum stress(A) ‘ -y
Curl up
(i) Temperature difference
in the thickness direction A AT
o, (Temperature
8 ‘&' difference) (Range)

Fig.22 Mechanism for the maximum thermal stress
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BRlEROSEARAEEII v I AV =T DUy
7 NE ORI R EREEEET 28T Iy
70— Do XEHR~OREREIZE T 28U
ERENTLT-. 2T, IRIR S OBMREREE 3K
TATARIE E U CRENT L, AU — 7 HfRsmsic it
FLUTBEREAE S BT 2BUE 1 & 2 RITEOBE
LD HERITESIT DL HITEDT-.

BonlfiRse, RICEBENBITLEZAY —7
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&7, 3TN N LE L2 D.

(2) ISR BE R BE A 2 BT 2 A U — 7 O iR ER
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FEDOETIVTIEAY —THEOEHE LY 60~
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fRLTLES Y R DEFEEZHLMNC L.

(4)BER D A — TR T — L DOBS S D AR &
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DOHEEZREEIZ LTV D Z & a3z,
AFRORER (1) ~@D 1, HEIZFOER

600mm D = —/L TIXEHEMRFETE TV, L

L, EZFIABELEAY —7HERE 530mm, &I
1500mm DFE 1 —/LITAFER R e —/L & Efk, &
KER—NLLENZDHEDOTHD. Zor—1i%, H
BRI OIRELD > & T A > TRUBEIRICKTh L Tk

(46)

v, BEROBULSICH A S 52 &2, EiEshi
EEZTND.

B 500mm #2253 KHEII v/ A —T R
—IVDOERDSETA UA~DORINIERITH Y,
2010 FEFRBM L ¥ —aREEZE L. 0
B AN AT B ICEE T cHY, H
WADFT- 72> X 54 b EFENFEDOE T I
v 7 AN =T OERATERPRL O NEREIED 5
nTna.

SEXHk

FHER, MMAFIIE, BAERAE, © BREBRR
7—/b, FEB¥, 1991-63565 (1991).

BESCHY - UM TR RSB+, (2012) 13.H
AR F SR, R IREE, SEkatt
(1987) , A4-135.

EFHEE, LHER, EEFE—, BILEE, )N
WE—, EREMeERDsEHEI IV IR
o — L OBYSHICET 2858, B AT
FMOCEE, A, 70,700 (2004), 1755-1763.
BEEZSE, NI, EKRE—ES, B E i,
FERnE, EHEE—, CEGERD o S s
FA AR ET I v An—LOBZE, FEF
¥, 51,12(2010), 54-58.

Noda.N.-A., Hendra, Li.W., Takase.Y., Ogura.H.
and Higashi.Y.: Thermal Stress and Heat Transfer
Coefficient for Ceramics Stalk Having Protuberance
Dipping into Molten Metal, Journal of Solid Me-
chanics and Materials Engineering, 4, 8(2010),
1198-1213.

/NE ALK, B{E5E, Hendra, ZESUHE, B H A
BB, RESHEEAAR b—7 2EEERICRIE
T HBEDOBRERE L BUS NITHOWT, HARH
WP TUNSTER S 63 Bl iliE S e
No.108-1(2010), 191-192.

SRFZ, ARILEA, BE%E, @ REVZE
Ebr A FERRE R L O ol ik L EE
FLH, %FBH, 2002-293642 (2002).

BIEHE . RIS S & 1 5 BIR MR
\\\\\ A A 258, 96,892(1993),198 —203.
BASHHRRS RN THATE 136 ZES,
TrArvT I v AFMAN T v, B
SRR (1998), 414.

)

2)

3)

4)

5)

6)

7

8)

9

Vol49, No.3 (20144E3 H)



	08 別刷り表紙
	p38-46論文01_高瀬



