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The Location of Kyutech in Kitakyushu

Location and Size
* Northern most city in Kyushu, Japan / a large city of 1 million people
Flights

* 2 hours from Hong Kong (direct)

g ilémmﬁmﬁﬁ

* 4 hours from Beijing (via Shangha1)| _____ ' oy

* 2 hours from Shanghai (direct)  peijing | ,T”f;'-“'f PO
* 1.5 hours from Seoul (direct) o : ﬂ:,ieoﬂ_,ﬁ : Lfmapan T:;-
* 3.5 hours from Singapore (direct) * *%' '.F we [ 'MLMT
* 11 hours from Amsterdam (direct) 7 Kltakyushli;;"
* 12 hours from Los Angeles e ;:gﬁflai S

(via Narita / Seoul) = S 8
—Fukuoka Airport ﬁ Taip:?t ,  100QKm

—Hakata station
—Kokura station



Delicious Food and Drink Found 1n Kitakyushu
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CGL=Continuous Galvanizing Line
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Key points in METI Funded Project
(METI=Ministry of Economy, Trade and Industry)

(1) Development of high toughness, high thermal
conductivity special silicon nitride (completed)
(2) Accurate thermal stress and bonding stress
analysis

(3) Ceramic bonding technology based on
structural analysis

(4) Ultra-precise machining technology for large
ceramics

“Ceramics Roll Used in Molten Metal Bath to
produce Galvanized Steel Sheet (2008-2009)”
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“All Ceramics Roll Used in Molten Metal Bath to
produce Galvanized Steel Sheet (2008-2009)”




CGL=Continuous Galvanizing Line
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Application of ceramics rolls to steel
manufacturing industries
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Background

Zinc bath
Steel plate .
Gas knives
\\ wiping T

Sink rolls and the support rolls are
usually made of stainless steel

Support roll
@;/ jﬂ(): }

N—D
480°C K /-

Corrosion and abrasion arise on the roll
surface and causing the deterioration of

quality of plating.

Sink roll

High temperature resistance, high
abrasion resistance and high
corrosion resistance

In the molten zinc bath, the strip

changes direction by the sink roll All Ceramic Roll




Ceramics (Silicon Nitride) vs. Steel

Ceramics Steel
Young's modnls 200 210
[GPa) Almost same as steel
Poisson’s ratio 28 0.3
Tensile strength 600
DMPa 500
Fracture toughness 7 100
[MPa* m"“]
Fatigue stre 300
[MPa] 1 Much small t.han steel
Mass density 3200 7800
(kg/m’]
Themmal conductivity 62.5(393K) 25

("'l About 5 times larger than ceramics

Thermal expansion coefficient

[1K) 3.0x10¢  |14.5 X109
Specific heat 680 477
ke K]

Emissivity 0.4 0.4
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Sialon vs. Special Silicon Nitride
S1AION ceramics are based on the elements S1, Al, O and N.

Table 2 Mechanical properties of ceramics

Physical property Sialon Silicon 38 tlmes
(Dimension) nitride ;
Thermal conductivity I E - dlfference
{W/m-K}
Specific heat - 80
{J/kg K}

Coefficient of
linear expansion [3.0X10-6|3.0X10-6

{1/K}
Young's modulus 294 300 .
{GPa (kgf/mm2) } (29979) (30591) u=2~25mm/s, o
Specific weight 3.26 3.20 e f__-_\%ﬂ_-_-‘\ _______
Poisson's ratio 0.27 0.30 = 2 F
4 polnt bending
1050 880
strength {MPa
2
Iy (10296) (8630) —
Fracture toughness 7 5 7 7 15

{MN/m3/2}




Special Silicon Nitride reduces the thermal
40% . SiAION ceramics are based on the ¢

At 19sec
Maximum tensile
stress=219 MPa

At 17sec
Maximum tensile
stress—=136 MPa

(u=2mm/s)

100 I’//,
0(

.

A

stress of Sialon by
ements S1, Al, O, N.

.

_omax (S1alon)

o.max (Silicon nitride)

A

-----

o.min (Silicon nitride)

N

~ o ,min (S1alon)

105 120

@@@@@@@ @

Time (sec)

G, vs. time relation (u=2mm/s)



Dipping fast (u=2mm/s ) is better than
Dipping slowly (u=25mm/s)

\cszmin u=25mm/s)

0 20 40 60 80 100 120 140
Time (sec)
G, vs. time relation (u=25mm/s or u=2mm/s )



Why is Dipping Fast Better for Horizontal
Dipping?

0 omn=25TMPa o

u=2mm/

Dipping Fast

u=2mm/s (u=25mm/s) 1is

better than dipping
slowly (u=2mm/s).

6, =258MP4 | °

258 201 144 88 32 25 81 -138 -194 -250 307[MP{
\/ [ I I T [ T e e |

This is due to large

_ _ u=25mml | deformation occurs
u=25mm/s Perain ot N for dipping slowly.

6, =222MP4 |

On the other hand
for dipping fast the
deformation is
almost axi-
symmetric.

700 639 579 518 457 396 336 275 214 153 93 [°C]

?Y

Detail of F

5 5 =222MPa

222 143 64  -15 94 -173 252 -331 410 489 -568[MPq]
[ I I I I S S— —____ E.

Temperature, stresses and displacement when maximum

ctroca 1o roachad (1—m9mrn /e at 1o —7Ea arnd 19— K /o at



In vertical dipping, dipping fast( u=2mm/s )is not better.

u=2mm/ u=25mm/s
c,=128MPh 6, =219MPj
Stalk
ﬂ z z 7 z
[*C] [MPa] [C] [MPa]
699 . 128 . 718 . 219 .
| | | | =
563 2 75 ; 579 82 ;i f
| | | |
427 | 21 | w9 55 |
292 I —32 i 299 I —192 i
r L ' r & B r ' r
156 5 I 85 Oi O: - 0: >
56 | —138 | 20 - |
| | | Low Pressure Die Casting Machine
Detail | Detail | |
of A | of B y Detail |
_ /o a\— _ I B of C ' C ' 1
= = . \l/ Cylinder head
| : | — . |
o ,..=128MPa 6, =219MP Piston
Temperature Stress Temperature Stress Brake drum
(a) v=2mm/s (b) ==25mm/s Light automotive wheels

Temperature, stresses and displacement when maximum
stress appears (z==2mm/s at time #=20.5s and =25mm/s
at time =1 3< disnlacement u X 50)



Key points in METI Funded Project
(METI=Ministry of Economy, Trade and Industry)

(1) Development of high toughness, high thermal
conductivity special silicon nitride (completed)
(2) Accurate thermal stress and bonding stress
analysis

(3) Ceramic bonding technology based on
structural analysis

(4) Ultra-precise machining technology for large
ceramics

“Ceramics Roll Used in Molten Metal Bath to
produce Galvanized Steel Sheet (2008-2009)”



Proposed structure of support and sink rolls

(a)

B 58 B
A7 A BMEIT AZ7AXAPMRI2
special silicon nitride N R B/«
N > w1 82
MR
Impact A e mY WS |
. Y1 70:
resistance ’ &) B Bme Bms mms /
- 25X 1A 25X FRIF2
# <sic_ > ] / \_
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Fig. 4 Characteristic comparison with other ceramics

Ceramic bonding technology

M6 WMEOHBER (a) K- bO—ib

(b)) ¥>7n0—-iu

Fig. 6 Structure of pot rolls (@) Support roll (b) Sink roll

Hitachi Metal Technical Report Vol. 28 (2012), pp.50-55
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Analytical model

N

N
G600

1400
1/4 Cylindrical model (mm)
Definition of Shrink fitting

e} Diameter difference

d ~ Inside diameter of the sleeve

Shrink fitting >

For Ceramic roll §/d = 0.1 x 1073~ 0.4 x 1073




Dipping Process

\N

Molten

metal

2100 mm

N

\

L

i
e

Molten metal

2100
mm

o)

bl

Step | =z  Step2 =—————3p Step 3

(0~24 second) (24~84 second)

(84~204 second)



Models for Analysis of HTC in Molten Metal Flow

(HTC =Heat Transfer Coefficient)
Roll M

u=2mm/s, 25mm/s |

: —

Circle ' | h
u > <
D=170~540mm g )

— ___
Galvanizing — 11
4 Circle Q
Ellipse
b -
Pressure Casting
u < alb=1/2
—> a Stokes | Rectangular
~ 1/32.5 th | ,
2 D
£ i
& i
t 4 N i
e Rectangular i
u ——> J t=10~30mm | -ﬂ i ﬂ
\ 6 —MNO o o ;E 4: !
=0 ,45 ,90  Z I l O
~ N - _




Results and Discussion

Model Dimension 0 max oA O min @ max
ad min
U =25m/s A 2a=20mm 24.1 14.6 4.72 5.
— ) ——
—> '@ __ 170mm | 8.38 5.63 1.62 5.
—
Zinc ¢ ma -540mm | 5-21 3.07 1.02 5.
0 =0 (a= |l 17.5 92.45 1.88 J.
10
Pront 3.
0 =45 10.6 3.24 3.05
back | o 15 1.41 0.84 2.
o0 |FPt| 485 | 3.52 351 L.
back | or 1.36 1.35 2.
ab=liZ, 051] 303 || 955 | 4.53 6.
025 11399 || 208 1.61 25

*2a=2p=1 0 Fmax =
30. 4



Heat transfer coefficient (Part A)
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Thermal stress of the
sleeve and shatft

300 —————

Oy [MPa]

150 [
100 |

50 IL

v =2 mm/s
and S|

v =25 mm/s

v =25 mm/s

1 l 1 1 1

Col oy ]
50 100 150 200
Time [s]

Sink roll

Molten zinc o

0~24 second- 24~84 second- 84~204 second.

— Dipping process of sink roll —

v =25 mm/s

1 TR TN T TN NN TR TN TN SO (N RO SO S |
50 100 150, 200

Time [s




Contact Status _O_ ...

s

Molten zinc '
ContaCt Status du ring dipping 0~24 second- 24~84 second. 84~gom

—  Dipping process of sink roll

|
| Contact Near-contact |
| [
|

| N
. When the |
I .

I Non-contact =) 2 maximum !
| stress |
| [
: (1) Before dipping (2) 6 second later (3) 9.6 second later :
| [

:: (6) 204 second later
I

'L———- Step3 ----!



Thermal Stress: Conclusions

(1) Maximum tensile stresses of the sleeve and the shaft are
smaller than the tensile strength of ceramics.

Sleeve : 6, =162.7 MPa < 6, =0, /S=500/(1.5)=333.3 MPa

a

Shaft :c,.. . =160.5 MPa < 6, =c, /S=500/(1.5)=333.3 MPa

a

(2) The separation appears temporarily during dipping.
However, the contact status is recovered after 204s at the
operating position.



Application of ceramics rolls to steel
manufacturing industries
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@ SERAY  Gasknives T @

\\‘ wiping ™
Supportmu@ — g UNACE |y
@

© W W
) Maximum:1200°C

éink roll Hot strip
Strilé> A Target \T/! !! \T/! l! w’!
C)
o #
©

Plate

Roll

O 0 0 Roller

Acid tank Rinse tank
Continuous Picking Line @




64" Advanced Materials Congress World Fellow Summit,
Port of Helsinki, Finland, 1115-1135, 27 May (Tue), 2025.

Plate

Thermal Stress

vaximum:1200°C &l of Hearth Rolls

2600 °
le 2000 > Furnace wall

Furnace - ' [ I l ' I I I ace

I DO° Connecte d part
o
QLIEL Room
E.IL ‘4——-5——4——4——4——4——4——4—{4——4 15— Temperature

\ / 20°C

lBea.ring 3800 —)l—kﬂ)
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Boundary Condition of Hearth Roll

Thermal Boundary Conditions

Furnace wall

Furnace

Heatl ng 12000C Insulation

Ceramic A
A, Aircooling

A

A A A steel
// // // / | | 7
Insulation Y Y V Y Y Y Y Y 2 v - " |
Air cooling VV Insulation
L 2600 J
le 2000 5| Fumace wall
Furnace = l =
N o Connected part
= ' (T TR Room
E.‘l]( € = — & &— — — 3 g— Temperature
\ 20°C
Bearitg 3800 0
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Connected Portion of Hearth Roll
Three Types of Shaft Models

Ceramics sleeve

Model
A

Model

Model

Kyutech

A : B
Length:295
K >
A

' —
g ' >z Steel shaft
S
A 295 B
<€ >
u | y
S/\ '\
A 295 B :
€ >
120mm | O TTTC- L ==
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Ceramics (Silicon Nitride) vs. Steel

Ceramics Steel
Young's modnls 200 210
[GPa) Almost same as steel
Poisson’s ratio 28 0.3
Tensile strength 600
DMPa 500
Fracture toughness 7 100
[MPa* m"“]
Fatigue stre 300
[MPa] 1 Much small t.han steel
Mass density 3200 7800
(kg/m’]
Themmal conductivity 62.5(393K) 25

("'l About 5 times larger than ceramics

Thermal expansion coefficient

[1K) 3.0x10¢  |14.5 X109
Specific heat 680 477
ke K]

Emissivity 0.4 0.4
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Shrink Fitted Portion of Hearth Roll

Model B Steel Shaft
rN
_0g(z),Temp(z) |
_1200_""""""""""""""':?00 The stress is
] LARGER than
— 1000 1 8RO 0.2% proof stress
- | (¥)
= 1500 = (00.2)
—  —800 ' N
5 400 E
© R0 : © Plastic deformation
= ] occurs
“jé ~400 =
200 O
~200 | ;
o
i 100 Not Safe
['J I ey ep s low mnowe penl oom ogrey ep ooy wpowe fhep se ey A own pew ow U
0 50 100 150 200 250 300 36

7 direction|mm]

-':;,.;‘
Kyutech



Shrink Fitted Portion of Hearth Roll

Model C Steel Shaft
rN
_ 504 (z),Temp(z) /J
R s 12 23 s
-1000 | 1 600
S Ca——

- 02 | 1500
= 800 | ’ =
—_ i Proof stress O_ 0.2 ]

N _ 1 400
S 600 |-

© I Lemp //// 300
= —— %

- 400 | /,//// ,7 -

: //

—200 //////////// 100
ol v 0
0 50 100 150 200 250 300

Kyute‘ch

z direction|[mm]

Temperature(z)[C]

The stress is
SMALLER than
0.2% proof stress

(T 2)

Plastic deformation
does not occur

Safe
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Study on Application of Ceramics Structures to
Steel Manufacturing Industries

1) Thermal Stress Analysis for Ceramics Rolls with Shrink
Fitting System Dipped into Molten Metal

2) Static Strength and Fatigue Strength Analysis for Shrink
Fitting System Used for Ceramics Rolls in the Continuous

Pickling Line

3) Analysis of Separation Conditions for Shrink Fitting System
Used for Ceramics Conveying Rollers

4) Coming out of the Shaft due to Small Shrink Fitting Ratio




64" Advanced Materials Congress World Fellow Summit,
Port of Helsinki, Finland, 1115-1135, 27 May (Tue), 2025.

1500mm

Mechanical

d=540mm

100mm

4 [100mm

Ceramics sleeve

/ /Cerar;;cs flange S tress

D=600mm

\

2200mm

of Ceramic Rolls

Steel Shaft

# Kyutech

Kyushu Institute of Technology

in CPL

Nao-AKki Noda
Kyushu Institute of Technology
804-8550 1-1, Sensui-cho, Tobata,

Kitakyushu, Japan

nao392noda@gmail.com 39




CPL=Continuous Picking Line

CPL 1s a steel processing facility that removes oxide scale from
hot-rolled steel using a continuous pickling process.

A

Tension Acid tanks Rinse tanks ryers

Double-cut Oiler Flying
Brush rolls = shear
k. b

" Delivery | 5
elivery loop car
%"" Side

Entry loop car trimmer Carrousel
reel

Leveler

Roll

OO OO

Acid tanks Rinse tanks




Analytical model

Sleeve : ceramics

) 1500mm \
' \
shaft: steel
2200mm \
. x .
€ N
Spacer rings: g
*Hexahedron ——— —ceramics S
Number of Spacer
elements 1s sleeve |y rings
32070 W& shafts
b
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Pickling Roll in CPL vs. Sink Roll in CGL

Picking roll D=600mm

1500mm 5 )
: /Ceramlcs flange
N
‘ / :
£ 3, £
El E £
= S
| . I
] Ceramics sleeve Pl &
vV
\ 2200mm \
Steel Shaft
e T
E|l € :
- £ E :
Sink roll = S
_ ol © v
D=600mm | 5
i 800mm |
L 1400mm__
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Ceramics (Silicon Nitride) vs. Steel

Ceramics Steel
Young's modnls 200 210
[GPa) Almost same as steel
Poisson’s ratio 28 0.3
Tensile strength 600
DMPa 500
Fracture toughness 7 100
[MPa* m"“]
Fatigue stre 300
[MPa] 1 Much small t.han steel
Mass density 3200 7800
(kg/m’]
Themmal conductivity 62.5(393K) 25

("'l About 5 times larger than ceramics

Thermal expansion coefficient

[1K) 3.0x10¢  |14.5 X109
Specific heat 680 477
ke K]

Emissivity 0.4 0.4
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Boundary Condition

12000kgf . 12000kgf

Strip steel

The weight of the strip steel is
expressed by the distribution load.




The maximum Tensile Stress vs. Shrink Fitting Ratio
(Thickness of sleeve h=30mm, w=100N/mm)

] 50 I T T | 1 1
Ogs-  Stress due to shrink fitting
q{,},: Stress due load distribution after shrink

— L Ofb - Opmax —

Obs

Og

-

0.05 0.1

Shrink fitting ratio 6 /d

1~1103.6

3 Hau

(a) BERDIETN a,,

Gﬂmax =

. Width of strip : 1200mm i

k

.

a
O omec= 103.6
A
-

agl 4 =99.0

(b) BEWEDIES + o ML X 5 8m

Oys T Oy,

[ 100N/mm

0.15 0.2 0.25 0.3% 103



Static Strength Analysis for Picking Roll

1500mm

Z /Ceramics flange

N\

/ E
. E E £
Picking roll || § 8
| «— ) I
™ Ceramics sleeve J00mm A
V

\ 2200mm |

1 g

Steel Shaft

5oo—~—~ﬁj Y —————————
b Lo
; h=10mm ] } i
400 h 400 h=10mm: i
- 0=333MPa__ 3 N T
£ 300} i 3 300t j :
> b = ¢ l 1
£ ool B o PN i
o “V} © 200 20mm i 1
t / ; /30mm ' : *;
100 [/ {

i U S ‘_._.._1

% 005 01 015 02 025 03 00005 01 015 02 025 03
3
(a) 64,4, VS 0/d (b) 6y, VS. 0/d (6pyax = Oyt Op1)
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Fatigue Strength for Picking Roll

300 300 300
. o £
250 250 250 0,1X10% &
o 200 o 200 o 200
R oW a¥
= 150 = 150 = 150
& = o
100 ° 100 ~ 100
50 50 50
0 L L e ’ _ 0 _ 2 L L 11 L 1 I }
0 100 200 300 400 500 600 0 100 200 300 400 500 600 UU 100 200 300 400 500 600
Om JMPa Om MPa om JMPa
(a) Oa VS. Om for A=30mm (b) Os VS. Om for /=20mm (c) Oa VS. Om for //10mm

Stress amplitude vs. mean stress diagram
when 2 = 10mm, 20mm, 30mm
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Conclusions: Pickling Roll

(1) The maximum tensile stress appears at the inner surface of the sleeve
at the right end as 0Bmax. The maximum tensile stress after applying
load distribution is 96.60MPa appearing at point B when 8/d=0.3 x 103,

Sleeve: o, =96.6 MPa < 0,=500 MPa

¥

Safety factor=5.1

(2) For small values of 0/d, the maximum stress c6max becomes larger
because large contact forces may appear between the sleeve and
space rings. Appropriately large values of d/d may reduce oBmax
effectively. In other words, c6max has a minimum value at a certain
value of &/d.

(3) Fatigue strength analysis is very important for ceramics rolls subjected
to load distribution. Fatigue strength can be decreased by reducing the

shrink fitting ratio e



Study on Application of Ceramics Structures to
Steel Manufacturing Industries

1) Thermal Stress Analysis for Ceramics Rolls with Shrink
Fitting System Dipped into Molten Metal

2) Static Strength and Fatigue Strength Analysis for Shrink
Fitting System Used for Ceramics Rolls in the Continuous

Pickling Line

3) Analysis of Separation Conditions for Shrink Fitting System
Used for Ceramics Conveying Rollers

4) Coming out of the Shaft due to Small Shrink Fitting Ratio
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Heating Separation possible 7

¢ In Ceramics-Steel rolls, wear and deterioration are
casy induced on the steel shaft

= It 1s necessary to exchange the shaft sometimes
for reconstruction.

Heat Heat
L '/ e

Purpose
@Sepamtian can be realized ?

@T he appropriate conditions to make separation easily?
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Analysis conditions

10000 ke o Air cool Heat
800 - ) ]
el T,,.=1000°C -
5 600¢ c
5 :
8400 - E
£ :
E onnl
200, ] u,=0,7,=0 Insulation

O L1 b v b b b b b a7 . .

0 5000 10000 Thermal parameters in details

Time [s] )
_ Radiation: £=0.4
Heating . )
Convection: a=50W/m“[Kl5s

*Forced convection for heating
and water cooling

N

Water Cooling: a=1.163x10*W/m*[K[s

*Natural convection for air cooling

(Air Cooling: a=50W/m’[Kls 52



Material properties

=

|
Ceramics H | Ceramics | Steel
Young’s modulus
[MPal] 300 294 210
Poisson’s ratio 0.28 0.27 0.3
Tensile strength
[MPal] 500 500 600
Mass density
[ka/m?3] 3200 3260 7800
Thermal conductivity 62.5(393K) 17(393K) 25
[W/m-K] 12.5(1273K) | 3.2(1273K)
Thermal expansion
Coefficient [1/K] 3.0xX10°6 3.0X10% 1.45X%X10°
Specific heat
[J/kgK] 680 650 477
Emissivity 04 04 04
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Large o/d—Large Separation Time

Separation starts
from both ends

L.ast separation is at

the center

Separation Time [s]

6000
5000
4000
3000
2000

1000

0

Way of
separation

5/d =3.0 X104

1.2X10

1.5X10% /1.0x10+

10.8x104

y—0.1X10+4

ontact area

59‘”“””7‘00‘”“”
O\

k. >
590~mm 205 |
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Study on Application of Ceramics Structures to
Steel Manufacturing Industries

1) Thermal Stress Analysis for Ceramics Rolls with Shrink
Fitting System Dipped into Molten Metal

2) Static Strength and Fatigue Strength Analysis for Shrink
Fitting System Used for Ceramics Rolls in the Continuous

Pickling Line

3) Analysis of Separation Conditions for Shrink Fitting System
Used for Ceramics Conveying Rollers

4) Coming out of the Shaft due to Small Shrink Fitting Ratio
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Dimensions of Hearth Roll

Analysis Condition

2600 N
2000 Shrink fitting
padrtion
S X =
A | |
s || | | <
&\ | — 7/
Bearin 1800 <l

9

In this rsearch, analysis of coming out was carried
out under room temperature
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Boundary Conditions of Hearth Roll

Mechanical Boundary Conditions

/Steel plate 1
T 36k

vofo— @

Steel plate

Distributed load :
w=30N/mm

' | support N
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“Load Shifting Method”
to realize coming out of the shaft

‘ Y @=
/ Roll Rotation |

1825
< . W= 18 kN Tu 18 kN

Load shifting method 6,, when 8,=12° , 30 steps =1 cycle

9 () 9—&) l9=2a) !9=3ﬂ)
] E \ |
. @ @» @ - 0 0 ©

\
\, » X 600 MmMm
Pomt C



Effect of the Friction Coefficient

(6,=12° , &/d=0.4X1073)

0 L L l.Y ‘Y v v T L L ]' L 2 . 2 v v '[ T i —]‘
b " 4 ]
. 8/d=0.4x10" j:
c, =210GPa > <l
w =30N/mm 1 E
-0.005 |- L =300mm i 1
|
[ t =20mm 5 3
‘ - 8/d=0.4x10" 1
= 4 003 :
g £ _  E_ =210GPa 1 j
_E. -0.01 E ~ w =30N/mm e f:
Q 002— | _300mm .
% a Tt =20mm u=0.§3(?,*_;'1 *) 1
N _ \ 1
0.01 - 1
N pu=0.5\ ]
r \ ]
-0.015 of ]\ |
‘1
| ‘l
) -0.01 -

_002 i i i " | i A 3 i 1 M M i N 1 i A " M

0 0.5 | 1.5 2 '0-020 1 ) 5 . .
Number of Cycles
L LT Number of Cycles
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2D alternate load model

3D

Simplified to ‘517

4
‘ | i i — 2D

Alternate load Cycle N, >40

Time saving
Easy to judge & analyze

/
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2D alternate load model
with stopper

® To find out the generation mechanism of the driving out force.
® To cvaluate the driving out force.




Diving out force F ;4

100 =
F;up :1272 N T mna 204MPa

(+)

50 = =—>—> —> —>
- Entrance Tendency

No contact with stopper

0 e O Y O 111

U down
z.| . =0.8MPa i = =i
E=| dds
> Resultant frictional shear force
F=F FTdOW” F d drives the inner plate out
1272+ (-
‘ _ 00
Ty | min—0MPa P = 1000N/mm

|

et T U

_50 - 8 - - Inner plate (Steel)

Going _l.?t Tendency
-100 Frdown — _992N

Contact portion

Stopper on outer plate
(Rigid)
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Diving out force F ;4

F —1272N Does not contact with stopper Example: 3
o S 3/d =02 10
P =1000N

u=20.3

\ e e *

Fd()wn — —992N
F= ZSONInper plate contacts
with stopepr

Fd _ FS _ Ffup + Frdown

F” + F*" >0 (Coming out)
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Displacement of Point D (mm)

0.225

0.2 I
0175
0.15 I
0.125 I
0.1 A
0.075 i
0.05 I
0.025 I

-0.025

Simulation of coming out

10 20 30 40 50 60
Number of Circle N

20 40 60 Effect of 0/d
0.2
Hl“l“lHIIHIHIIHIHll“lHIHIIHIHIHI T L —
T e
| 3/d=0.01x10° {1’ il B -Pl
8/d=0.03x103 Ir; FPME : 0.125
§ o e Pl
- \\\ 0.075 5/d =
: S“’PPE" 1 0.05 P = 150N (Constant)
Sl s | igoE = (.3 (Constant)
;I V' 8/a-0.1x10°  8/d- 04110 i No
_ ERAAMAAMAMAMAMAAMANMAMAMNARBAMAAAMMAAAN RO Coiitict
-0.025
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Effect of Friction coetficient x# on the
Driving out force F

+ upside
"y

3000

2000

""F 1000

-1000
2000

-3000

—
P=1000N
S R | | semis

3

Ln Lo

< -

- .
e

-

-

1

i

= Resultant F d

Illlllllll’llllllllll

lllllllll'llll | L L L ! |lll|llll

l e i B B

02 03 04 05 06 0.7 08 09 1

Friction coefficient u
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Effects of Several Design Factors on

the Driving out Force
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Driving Out Force in 3D model

Ceramic Sleeve (S1;N,)
600

W= 30N/mm

Ll

[eXe}

4

00

Slesve

Shaft

0
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\

Vs

i

|

3

i

|

I

Steel

_ 25  shatt
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\
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Il
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New FEM model (half) with the Ball-stopper (3D)
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Driving out Force in 3D model

N=3.9
70000 ———————— relatively stable —
= i 9 =6° 2 >d
[ 0=12° ] Point R
60000 f0/d=0.2x107 =120 N/mu
[ u=0.3 .
50000 [ L =250 mm
— - E,=210GPa
z I
LL?40000 i
8 I P =60 N/m Point R
= 30000
F, 2 |
d g i
S 20000
y -f
S 10000 L and angle 0 = 12°
o: |
= [
0
O < «
-10000 FS
Number of cycle N

N =1 is equivalent to the roller rotates 1 circle

Ball-
F,=F_(F after stable) stopper g



2D model vs. 3D model
(W=3ON/mm)

SO M|

o . Ball-stopper
2D NS 3D
e AN P=1000 N 0 — X, Gap
500 — LS Tt s e s s e 35 T T T ] | ]
® - E =210 GPa
- E=210GPa - 30 - A\ 5/d = 0.2x107
400 — o/d=0.2X103_| C .
=250 - [=250 mm
mm 25 [ _
- P=1000 N . - w =30 N/mm
300 | — — 20 {
F,(N) | | (kN |
200 | | 15 -
100 — — i ]
L 5 ]
#=0-1 0.45 - 0.5 i
0 : ‘ : ‘ : ‘ : ‘ : ‘ : ‘ : ‘ O - A T I N NI A NN A N R IO -
0010203 0-‘.‘ 0-.5 0.6 0.7 0.8 0.9 1 0 0.1 02 03 04 05 0.6 0.7 0.8 09 1
Friction Friction

coefficient u coefficient u
== Similar tendencies are obtained from 2D model7 nd

3D model



Driving Force in 3D model
(w=60N/mm)

0.18

0.16

0.14

0.12 F o/d=0.2X103 ‘
L L=250mm K=0.65 x=0.35
0.1 | E,=210GPa

w = 60N/mm JE
0.08 F N\ y

0.06 F

Displacement of Point C, Uzc(mm)

0.04

0.02 F

-0.02

Number of cycle ¥



Conclusions: Coming out Analysis

1. The 3D driving out force F3” is in the range
of F3°=26.3kN~35kN. when u = 0.3,
6/d =0.1%x10"°~6/d =0.4%x 1073, L=
150~350mm, Eg; = 150~400GPa.

2. The effects of the design factors such as
friction coefficient u, engagement length L,
and shrink fit ratio 0 /d on the driving out
force are investigated.
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Application of ceramics rolls to steel
manufacturing industries
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