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A Study on the Safety Estimation of Table Liner
for Vertical Roller Mill Using HDM
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Abstract

The vertical roller mill is the important machine grinding and mixing various crude materials in the
manufacturing process of portland cement. Table liner is one of grinding elements of vertical roller mill
and is subjected to the cyclic bending stress by rollers load and the centrifugal force by rotation of
table. It demands 4x10’ cycle but has 4x10° ~ 8x10° cycle. It fractures at the edge of grinding path
of outside roller. The repair expense for it amounts to 30% of total maintenance of vertical roller mill.
Therefore, this study shows the fracture mechanism of table liner for vertical roller mill using HDM
and fatigue analysis and makes the estimation for safety of vertical roller mill.
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Fig. 1 Sampling direction of tensile and bending
specimen and fracture process of table liner
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Table 1 Chemical composition of SC450 steel (wt.%)

C Cr Si Mn Ni P S

0.22 | 0.10 0.8 0.7 | 0.015 1 0.04 | 0.06

Table 2 Mechanical properties of SC450 steel

Properties Unused Used
Yield strength g,(MPa) 238.2 241.6
Tensile strength o,,(MPa) 480 474
Poisson's ratio v 0.300 0.306
Elongation & (%) 24 227
Young's modulus £(GPa) 203 206
Density p(kg/mr) 7.85x10° 7.85x10°
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Fig. 2 Geometry and dimension of SEB
specimen of SC450 steel(unit : mm)
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Fig. 3 Schematic illustration of HDM on
fatigue fractured surface of SEB

Fig. 4 View of HDM attached to fatigue
fractured surface of table liner
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Fig. 5 Relieved strain plotted against the depth

from fatigue fractured surface for SEB
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Fig. 6 Relationship between plastic zone
depth and maximum stress intensity
factor to yield strength

oeig s BHe by slRFA Yoz
Sholl 2o o] glen B AFME o
B gl Wzsucy FAANILE, #
9YPRE 2 FLAVLES FV0E FAY
T A} HolE oy &3te tF 27
2 2T © "ol oo Bote HER
oM F7HY SHFAFTol TAEY o] R
A g@ol dA4He FAH oz Ayt Ay
Hol HFHoz JEdFHo FEstFd AYA
2ate AgdlM FE737 AYH Aoz Az
"ot E£3 gy 24 qdoel FHAX=
Hol¥ aeluel Agatt a3 FelE 1l
o FEEA7IE FEAA FAsGG

ool FEMNAHANMY 299l E Fig 7
of Vet i Zo] 500 mPE olm, o]AE
sadet AAY @ 459 HAe Hhe
Q‘EH?—'“-/-F Kmax = 253 MPd\/_—O] @01;\(_]_1:}'

TZE0 3¢ #9983 o0,E un Fig. 8-7'—]'
Ze #4€ 72 3¢ $HEUASF K v
(Newman)®] ©& 4 (3)22 yehd £ IUd.®

KA= O'b\/?b' %H

M
KB= o‘b\/_E.?SHI (3)

l
et
-

ol n—o<l<l\.__.

SR

A

- \A
~®—e,
—a—¢
-800 A

2 L L 1 ! !
0.0 02 04 08 0.8 10 1.2

Hole depth (mm)

g

€ 20 o\.\

£r \ .

@ *—e
B \

=

-

3

:4

&
8
T

Fig. 7 Relieved strain plotted against the depth
from fatigue fractured surface for table

liner
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Fig. 8 Geometry of stress intensity factor under
bending loads
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ZELPA G R 2 GPol 2N E T Hy
SHAGNAF K & 4 (3)9] WiYsld g
A1 AR &N Fatd Hug¥e Ed
BoAEANA O = 1424 MPa, o]¥gkoA

Omax = 140.1 MPa8} FARE & F Yo} =
olE glol\e] FEAH R HddssE
Omx 2 1424 MPa2 FAE 4 9t

6. Hlo|= 2tol2| m&SHE

& FoA T EHOIE ghoj 1 g
DA HEEe Tk sy
A A BN A %ia}wﬂw dAE &R 3
o fFasdyg SN F, 3 F
Alol g ﬁl?i*” ALg-3te] g o]E #olugf s
A9 R3 &Fe T Fig 9% A @)= 1
239} EHH*—}; YeRd o)k

ol gholuje] A RIE F}FL 113
MNO|3L o] g HAEF 2.9 MNET 43 Ax
& grolth

-lE-Y-i
off o

Y
.&i oo > ol 1

ot ol
Mo a8 N gl ale

b

£

P = (Omx — 0.5282) / 12518 e}
714 P HEETF, gnws HAUWETHE YE
ot
EF Fig. 102 #5240 AlEE AAZ
A% ExAe UEd Aes s3I 23 2

B
2
P
H
e
i

Fig. 10 Load and boundary conditions of vertical
roller mill

& Design load
250 A Failure load
\\
\
<

&

o

£

-

(]

o

2

3

£

©

]

2 .
& .

2416 474
0 100 200 300 400 500 600

Mean stress a, {MPa)

Fig. 11 Goodman diagram for table liner by standard
fatigue limit

A719 Yare mejsted 14 ARl AFsts
Zzte] We HARAZAL AASm, HolB
Bolus AEYYol F&9 3L Lashe ¥

o3
[s:}
=
Tyt os 248

M

7. HOlE 2joliel ok M HI}

7.1 53 n28tof ost oMM Hot
Fig. 112 HolE gold9y HAsE(x73%)
H wEdE 2A50A Ay FAAS F,
SC450 749 HZHFEHEQ Goodman A E"%
el ZAoz AdAsFe BFE HAE
2 7+7} 18.39 MPa® 18.39 MPaolil H&aEe]
<8y SHANEL 7124 MPa# 71.17 MPa
otk YoM B A} go] HAEFH &



THEYEE ol8F Y 2 E47]8 HeolE ol A Hrld g A7 1227

&5 9% 24 o] Goodman A= WP
of A3l glo] HolE ol A3t o]
#Hg Ad3E Fig 110 FAS GRAZIET} A
HUG Adga7o] o} FHQA HNA FF gtol
7] WEo AA BEo HziIwoE AFT
ol Holg ALoR AZHolA AA FF o
& dHAAE FP37] A AEHAA T
¢ A2 g AAA £ FAY BhE
Fgsor 28 ¢ & Utk

b3

72 £ m2strof o8t oMM ot

TE HJEAY AEH EE A AFAA T
FHERE EE FHAERITE AIZAH 4AFH
1 =7 Alole] AT 2&9 Hol, 3FS F
statE WA Y Aol 5& FAlY mesteof
ok meEld EolE oy ALY 4 Qe
AT AR ATA deo YU
A2 g 3242 AFE F89 o9 4
)= 248 F Ik

Se = Cload Csize Csurf Ctemlz C re liah Se’ (5)

4714 Sz £33 A2IEE degda S,
Tt &84 19 A9 F4A JRIEEE A
BZAE AEY IRIE)E Yehdo 4 (59
ZEREATE th&F 2ol Fodrh

Cuw® 32 EHE YehdlE )\-—i ER ki
o A% Ax@2 dFaRASsE 12 vehdh
Coee 271878 Yehie ﬁai 42
Ago] AFAFAF U e RES
3 9o} Shigley?t Mitchell'” 5-& 433 &
A ded Z¥E AUgsn Jdon A7)0}
Aol dalM Cues 0.6& AMEITE Wy
HolE Zoliie] 4= FAZAGAH Hla) 2
A FREY A vl mEz CL= 062
A3l Tt

(RN

itﬂioﬂ E?ﬂ:@ﬂrﬂl
HolE oo A o
Juvinall'®e] Dz & A=sle FHEANAS
0.814& A}l-&-35F% ).

%3
by ] ro\

300
® Design load
250 | A Failure load
s D
o
s 200
o
3 1501
2
a
E
©
0w
3
1
7]
474
RSN

0 100 200 300 400 500 600
Mean stress o (MPa)

Fig. 12 Goodman diagram for table liner by modified

fatigue limit
Cemps SEETNE Vel A2 2 Shigleyot
Mitchell™® $& 450 T ©l3l9 % 2xan7

FE 12 Yeidt geis HolE gojye A}
4870l o 260 T AFo)nE SEAAAF
= 18 283t

Crine AIEE Yehe ZAog ojn] B
1d @& 7= dolg FFgtolth T2 AEFE
oA 2L F&d dig oy AdME 4
A%k EA4ko] 2Tt Haugendt Wirsching'? 52 7
o F2ARe] REHAAE IREY HI#Y
8%E YA edzn R A EAF
90% oAl =] g AFE 0.897% AHEE
o}

ubx] A (S)el 7 £ FRIEE 797
MPao] HY, ¢34 J2gxE T3 23R
Bla] o 562 %P = Za"T) Fig 12 2 (5)9)
*‘] T3 A HZIEE Goodman A Ed| UEH
W Zolth Fig. 12914 & F de AHRP A
stFolA T BFEH $EAFo] F4A 1
EgrdroME Ui dAdgdgd Eoem
AT 4 AR FEHTAqAE J2IEHTY
FHYG AR st n Yo H2PE #A
X AALFGd EAlsle AR YAt

2 AFes 3% 28 EH7]8 HolE o
2] A %

2E Are) g



1228 SEERE P RET RS

#4¢ 98 ¥ g3 2L 238 Y
(1) SC450 7} H2FAAALY 2, sHY
24970] 0,9 ANSHBNAF Ko L T2
AT 0, AboldlE e e AANE AT

w,=0.0457(K oy [ 0,,)*

2) HlolE ol H&EsA A3, HAgH
oA KexE  25.3 MPaVmol3, HuivpE
L8 0 = 1424 MPaE FA FAc}

(3) B AZAYAA 13 J274=d] BEZF
2448 12238 23S Goodman Axol 283}
W F2AEst Assold B ¥l F&dy
o2 olF3tA At wy ey £E9 AA
A Hrtd AEAAFI AP0z G845
Aok gg & & ok

1k}

e

ng

(1) Tongyang Cement Co., 1993, "Maintenance of
Table Liner for Vertical Roller Mill," pp. 16~19.

(2) Minoshima, K., Endo, M, Miyawaki, T. and
Komai, K, 1995, "Three Dimensional Quantitative
Analysis of Brittle Fracture Surface with
SEM/STM/AFM," JSME, Vol. 67, No. 2, pp.
1587~1594.

(3) Chiaki Tsubouchi, Takeshi Horikawa, 2000,
“Analysis of Connecting Rod Fatigue Fracture
Surface by X-Ray Fractography,” J. Society
Material Science, Japan, Vol. 49, No. 10. pp.
1143~1147.

(4) ASTM Standard E647-95, 1995, “Standard Test
Method for Measurement of Fatigue Crack
Growth Rates,” ASTM standards Sec.3, Vol. 3.
No. 1, pp. 591~596.

(5) Gross B. and Srawley, J. E., 1965, “Stress

Intensity  Factor for Edge-Notch
Specimens in Bending or Combined Bending and

Single -

Tension by Boundary Collocation of a Stress
Function,” NASA, Technical Note, D-2603.

(6) ASTM EB837-99, 1999, “Standard Test Method
for Determining Residual Stresses by the
Hole-drilling Strain-Gage Method,” Annual Book
of ASTM, pp. 1~6.

(7) Levy, N., Marcal, P. V., Ostengren, W. J. and
Rice, J. R, 1971, Int. J. Fract. Mech, 7, 143.

(8) Boo, M. H,, Park, Y. C, Yun, D. P, Huh
S. C. and Kim, T. H, 1999, “Evaluation of
Fracture Mechanics Parameter using X-Ray
Fractography Method of WC-Co Cemented
Carbides,” J. of KSME(4), Vol. 23, No. 10, pp.
1709-1715.

(9) Newman, J. C., Jr. and Raju, L S, 1979,
“Analysis of Surface Cracks in Finite Plates
under Tension or Bending Loads,” NASA,
Technical Note, TP-1578.

(10) Smith, J. O., 1942, The Effect of Range of
Stress on the Fatigue Strength of Metals, Univ.
of Ill, Eng. Exp. Sta. Bull, p. 334.

(11) Shigley, J. E. and Mitchell, L. D., 1983,
“Mechanical Engineering Design. 4th ed.”
McGraw-Hill : New York, p. 293.

(12) Jubvinall, R. C., 1967, “Engineering
Considerations of Stress, Strain and Strength,”
McGraw-Hill : New York, pp. 233~234.

(13) Shigley, J. E. and Mitchell, L. D., 1983,
“Mechanical Engineering Design. 4th ed.”
McGraw-Hill : New York, p. 300.

(14) Haugen, E. B. and Wirsching, P. H., “Proba-
bilistic Design,” Machine Design, Vol .47, pp.
10~14.



