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Experimental and theoretical analysis of fatigue
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In order to analyze the working status of the key components of large-width device online,
taking liners force status as the object of study before and after reformation of the liners. Speci-
fications for the slab: 230mmx1300mmx2600mm, the initial temperature is 1020 C, the amount
of lateral pressure is 228mm, and the angle of the die is 12°. Using the main tool of frequency
fatigue testing machine with the model of PLG-100C, based on the principle of up and down, and
it can obtain the distribution rulers of testing and experimental by the method of directly stick
the strain chip on the liners. The result of study indicates that it can provide the theoretical
basis for the reformation of the liner and the analysis of stress state of large the lateral pressure
equipment.

Keywords: Large the lateral pressure equipment, frequency fatigue, liner, stress distribu-
tion, stress state.

Jls Teryiero aHanmmsa pabodyero COCTOSTHUS KJII0UEBBIX KOMIIOHEHTOB YCTPOICTBA OOJIBIITON
IMUPUHBI IIPUHSAT CUJIOBOH CTATYC HAIIPABJISIONINX BTYJIOK, KAK 00BEKTA MCCIIeJOBAHUSI J0 U 110C-
e ux nepedopmuporanus. Pasmepsr mimactuabr: 230x1300x2600 MM, nCXomHAS TeMIepatypa
1020°C, mupuHa jgaTepasibHOrO AasjeHus 228 mw, yroJ myascona 12°. Mcmonbaysi 0CHOBHYIO
pyHKIHIO yeTpoMcTBA Ui MCIBITAHUN HA YacTOTHYH ycrasoctb mogesim PLG-100C, ocHoBaH-
HOM HA TIPUHITATIE «BBEPX-BHU3», MOKHO ITOJIYYNUTh JIUHEUKH PACIIPEIeJIeHU I UCIIBITAHUN 1
9KCIIEPHUMEHTOB METOI0M HEITOCPEeJICTBEHHOTO IIPHUCOSIUHEHNS TIACTUHKY HATIPSIYKEHUS K BTYJI-
Ke. Pe3ybraThl MOKA3BIBAIOT, UTO 9TO MOKET OBITh TEOPETUUYECKON OCHOBOM ITepedopMUpoBaAHUS
BTYJIKH ¥ QHAJIN3a HATPSAKEHHOIO COCTOSHUS 000PYI0BAHUS JIJIsI JIATEPATIBHOTO IIPECCOBAHMS.

ExcniepumenranbHuili i TeOpeTUIHN aHAII3 YTOMHUX BJIACTUBOCTEM HANPSIMHOTO
BTYJIKY JJis OOJIaIHAHHA NJId BUCOKUX TUCKIB. Den Canvuorcan, Yewn I[zonseti, Llyii Anvmeil,
13an Yorcuuyan.

Jlist moToyHOTO AaHaIdy POOOYOro CTAHY KJIIOYOBUX KOMITOHEHTIB IIPUCTPOI BEJIMKOL
MIUPUHY TPUUHATO CUJIOBUM CTATYC HAIPIMHUX BTYJIKIB SIK 00’ €KTY JOCIIIKEHb J0 1 ImicJsd ix
nepedopmyBauus. Poamipum maartiegm 230x1300x2600 mm, Bucxigua temmeparypa 1200°C,
IIUPUHA JIATePAJIbHOr0 TUCKY 228 MM, KyT myaHcoHa 12°. BUKOpPUCTOBYIOUM OCHOBHY (PYHKITIIO
IPUCTPOIO IS TECTYBAHHA Ha yacToTHy Bromy Momesi PLG-100C, mo 6a3yerbcss HA IIPUHITATIL
«Bropy-BHHU3», MOKHA OTPUMATHU JIHIMKHU POIIIOILIY JJIs TECTyBAHb Ta €KCIIEPUMEHTIB METOI0M
0e3rmocepeTHHOTO M €THAHHS IUIACTUHKYM HAIPYT 10 BTYJIKA. Pe3yabraTi MOKa3yTh, IO IIe
MOKe OyTH TEOPEeTHYHOI OCHOBOIO ItepedopMyBaHHSI BTYJIKY Ta aHAJI3Y HAIPYKEHHOTO CTAHY
obJIaTHAHHS JJIsI JIATePAIbHOTO IIPeCyBaHHSI.
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1. Introduction

The lateral pressure online is similar with
the process of free forging in the rolling work-
shop[1-8] , it has a greater impact load during
working. The liner situated at the bottom of
lateral pressure mechanism, and connects with
the lateral pressure module by the screws. Ac-
cording to fault reporting of plant, the surface of
liner has multiple cracks, in which lie in export
side of rolling mill®. The mill need to stop more
than eight hours for the accident because of
liner, to lead the seriously affected the produc-
tion when replace the new liner [10-12].

The pressure equipment has two sets of lat-
eral pressure mechanism, in which have three
liners for one pressure equipment, to withstand
the weight of the lateral pressure module and
the surface of the frame of lateral pressure mod-
ule, the lower surface of the liners contact with
the support wheels, and slip on the support
wheels in process of rolling. Under the effect of
weight of the lateral pressure module and the
frame of lateral pressure module, the liner can
be simplified to beam bending, when the support
wheels in the fixed location[13—15]. The liners
suffered the biggest moment and large contact
stress in the contact area of support wheels and
liners, the liner is damaged by the factors to-
gether[16-20].

2. Test analysis

To fully investigate the stress state of the
liners, a total of 18 groups of strain gauges ware
glued on the both sides of the framework, the
layout of strain gauges are shown in Fig. 1.

However, due to the liner lie in the lower
framework, the place is a bad environment, the
liner is belong to moving parts in working, there
is many the problems of wire fixed connect-
ing the strain gauges on the liner, the impact
of cooling water and lubricants corrosion, etc.
These more unfavorable factors lead to some of
the strain gauge unable to work normally.
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Fig. 1. The layout of strain gauges

Because of the free end in edge of liner, the
value of the stress and strain is very small, and
not truly reflects the internal state in liner, but
the stress can be as boundary condition of the
finite element analysis, it is more important to
reflect stress changes during the rolling for the
lateral pressure device.

Strain waveform of the in process of rolling
for the continuous casting slab is shown in Fig-
ure 2.

The Figure 2 shows that: the main force
acting on liners with the weight side pressure
device and moving along the support wheel, it
can output the stress waveform, once the pres-
sure on the liners. The amplitude of waveform
of stress is more increase because of in the di-
rection of gravity, the amplitude of waveform
of stress is more decrease after the process of
rolling.

3. Experimental preparation

3.1 Selection specimens

Taking the 13 groups from the specimens of
the old liner, the 12 groups from the specimens
of the new liner, and making them as the object
of test and study, the part of the old liner and
physical specimen are shown in Figure 3.

The Figure 2 shows that: the up picture is on
behalf of scrapped liner, the down picture is on
behalf of specimen, because it can not directly
access the whole linier of the fatigue strength,
based on the similarity theory, at first get spec-
imen fatigue strength through test method,
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Fig. 2. Response waveform
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Fig. 3. The photographs of liner and specimens.
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Fig. 4.The dimension of specimens.

and then combined with relational knowledge
of relevant the fatigue.

The dimension of the specimens for fatigue
testing is shown in Figure 4.

3.2 Experimental plan

According to the state of liner in process of
working, using the method of the three points
bending to applied the load for fatigue tests,
the schematic diagram of load test is shown in
Figure 5.

According to relational theory of mechanics
of materials. Under the loading mode of shown
in Figure 5. The maximum stress can be ex-
pressed as.

o . .=M_ IW (1)

m;

Where M . is the maximum moment’P,
is the maximum load, W, is bending cross-
section factor, for the rectangular specimen,
W, =bh* /6.

The maximum moment can be expressed
as.

M, =P . L/4 2)
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Fig. 5. Loading mode.

Where b is the width of the specimen, b = 25.5
mm, & is height of the specimen, # = 8.5 mm.

Analysis (1) and 2 can be extrapolated, the
maximum moment in the specimen can be ex-
pressed as.

o, =3P LI2bh? 3)
The maximum stress in the specimen can be
expressed as.

P._=2_ bh3L (4)

max

3.3 Results of Experimental Analysis

The method of up and down was adopted in
the process of measuring for the specimens fa-
tigue, The so-called lifting method is that the
fatigue limit stress level was loaded with higher
or lower than the estimated fatigue limit stress,
and then make the load to reduce or increase. If
the first specimen occurred damage before not
meet the specified life under the stress, then
the second specimen is tested under the lower
level of stress. If the first specimen is no dam-
age after meeting the specified life under the
stress, then the second specimen is tested un-
der the higher level of stress. Repeatedly do it
in the ruler, until find the limit of fatigue

Fatigue load with the mode of up and down
of the specimen is shown in Figure 6.

The fatigue testing results of old liner is
shown in Table 1.

The fatigue testing results of new liner is shown in
Table 2.

Analysis of Table 1 and Table 2 cam shows:
the two tests can be considered as two inde-
pendent samples groups, it deduce the general
characteristics of the corresponding figures by
the number of characteristics of the sample in
mathematical tools. So eventually estimate the
fatigue strength of liner by the statistics and
analysis of fatigue strength of specimen.

In the testing, the turning point of the first
“break- continuous” or “constantly-off’ is the
starting point of the stress test, and then de-
termines the low-frequency events. Take the
specimen break as the LEF, the low-frequency

Functional materials, 23, 1, 2016
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Table 1. The Fatigue testing result of old liner

Table 3. LEF event of old liner board sample

No. Stress/MPa t?n{(éls(jls\I Results
1 800 125017 Break
2 700 134613 Break
3 660 185411 Break
4 640 10000000 Good
5 660 416362 Break
6 640 518276 Break
7 620 326283 Break
8 600 10000000 Good
9 620 10000000 Good
10 640 147529 Break
11 620 10000000 Good
12 640 10000000 Good
13 660 223562 Break

Table 2. Fatigue testing result of new liner
board

No. Sﬁi,srj/ t?nzzlsE;IS\I results
1 660 10000000 Good
2 690 10000000 Good
3 720 10000000 Good
4 750 10000000 Good
5 780 10000000 Good
6 810 3304125 Break
7 780 1574730 Break
8 750 10000000 Good
9 780 10000000 Good

10 810 10000000 Good
11 840 2156712 Break
12 810 10000000 Good

events of testing for the old specimen liner is
shown in Table 3.

The low-frequency event of testing for the
new specimen liner is shown in Table 4.

In Tables 3 and 4, the column 1 is experi-
enced stress level of LEF, the “0” of the column
2 is lowest stress level of LEF, the “1” is higher

Functional materials, 23, 1, 2016

1 2 3 4 5
600 0 0 0 0
620 1 1 1 1
640 2 2 4 8
660 3 3 9 27

Table 4. LEF event of new liner board sample

1 2 3 4 5
750 0 0 0 0
780 1 1 1 1
810 2 1 2 4
840 3 1 3 9
850
800
£ 750| S N

Stress, MPa
~
(=)
(=)

600

550 | | | | | | | | | | | |
01 2 3 4 5 6 7 8 9 101 1213
No
Fig. 6. The curve of fatigue loading.

stress level of LEF, and the “2” is higher stress
level of LEF, and so on.

The column 3 is times of occurrences in the
stress state, the column 4 is product by the col-
umn 2 and the column 3, the column 5 is prod-
uct by square of the column 2 and the column
3, the mark “A” is a representation of the sum
the column 4, the mark “B” is a representation
of the sum the column 5, the mark “N” is times
of LEF (the sum the column 3)

There are:

For the old liner specimens:

A=14,B=36 N=6
For the new liner specimens:
A=6,B=14, N=3

The statistics fatigue limit can be expressed as

sm:so+d{%i%} 5)
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Where s, is the lowest stress level of LEF’d is
step of stress.

The formula (5) select positive sign, when
the specimens is no fracture, otherwise select
negative sign,

The d of overall standard deviation is as

following:
_ 2
NEA 03
o 2
§ =1.62d [u + 0.029} (6)
N
NB- A’

<0.3 6=0.55d (7)

2

From (6) and (7) shows,
For the specimen of the old liner, it can be
derived
NB-A®> 6x36-14"
N> 36
From (6), the value of the overall standard

=0.556 (8)

deviation is as following:
6 = 2x20{0.556+0.029} = 18.954(MPa) (9)

For the specimen of the new liner,
NB - A? _3x14-36

i =0.667  (10)

From (6), the value of the overall standard
deviation is as following:

0=1.62%30%1{0.667+0.029 } =
= 33.83(MPa) 11)

The 6 of standard deviation S, can be ex-

pressed as.
G

s =|—|s
s 12

Where 6, is estimates overall standard devia-
tion, G is confidence factor, the linear function
of d /s determined from Figure 7.

For the specimen of the old liner:

d=20, §=§,x 18.954’d/ & x 1.06.
From the Figure 7.
G=1.058 =1.05//6 x18.954 = 8.125(MPa)
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For the specimen of the new liner:
d =30, 6=06,%33.83d/ 6 x0.9
From the Figure.
G=0.986 = 0.98 //3 x33.83 = 19.14(MPa)

The true fatigue limit of the specimen at a
given confidence interval p can be expressed
as:

P{S, Y5 <u<S +Y}=100(1-0) (13)

Where « 1s the factor of effective level of
specimen, o = 0.05.

With the corresponding of Y,and « in the
95% confidence interval, if the o = 0.05, then,
Y,=1.96 by the look-up table of standard nor-
mal distribution.

Old test specimen liner confidence interval
can be expressed as.

P{636.667 —.96x8.125<11<636.667 +
+1.96x8.125} = {620.74<u<652.59}

New test specimen liner confidence interval
can be expressed as.

P{795-1.96x19.14<1<95+1.96x19.14}=
= {757.5<n<832.5}

5. Conclusions

It can obtain the range of limit fatigue
strength from 181 to 190MPa of the old liner,
and the range of limit fatigue strength from
221 to 243 MPa for the new liner. The maxi-
mum calculated stress is 341MPa before ref-
ormation of the liner by analyzing the fatigue
limit of the old and the new liners, the value
was significantly greater than the fatigue limit
strength, it can be concluded that the reasons
of liner fracture is belong to fatigue fracture be-

Functional materials, 23, 1, 2016
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fore reformation of the liner. The calculation of
the maximum stress liner is only 176MPa af-
ter reformation of the liner, it make the liner
of the force greatly improved for the method of
the transformation, but also improve the liner
useful life.
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