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Discussion by Stress Analysis and Material Strength of Broken Rolls of
Large Sized Backup Rolls with a Center Bore

Kenji MiyAazAwA

Synopsis :

Breaking accidents which started at the center bore face of the journal of large sized backup rolls were
experienced. To settle these problems, the working stresses inflicted on the center bore face of the back-
up roll was analysed by the three-dimensional photoelastic method. The fatigue strength of the test pieces
taken from the core part of the journal and the residual stresses were also mvestlgated The main results
obtained are as follows:

1) Though the repeated tensile stresses were inflicted on the center bore face of the journal, they were
not so large. It is thought that the main cause of the fracture in question was the residual tensile stresses
there. l

2) The fatigue strength in the core part of the journal was equivalent or less than the fatigue strength
of the sharp notched test pieces.

3) It was concluded that the breaking accidents from the center bore face could be prevented by giving
the residual compressive stresses on the bore face.

Key words : stress analysis ; backup roll ; photoelastic method ; fatigue strength ; residual stress; working
stress ; breaking accident ; center bore.
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Fig. 1. Dimension of three-dimensional model of a

backup roll (1/10).

Photo. 1.
roll model.

Appearance of the three-dimensional
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Photo. 2. Method of loading on the three-
dimensional roll model.
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S : Cross sectional slice
T : Longitudinal sectional slice

Fig. 2. DPositions to cut slices from the three-
dimensional roll model.
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Photo. 3. Isochromatic fringes in the longitudinal
sectional slice (T-1).

Photo. 4. Isochromatic fringes in the cross sec-
tional slice (S-7).

Photo. 5. Isochromatic fringes in the cross sec-
tional slice (S-4).
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Fig. 3. Distribution of axial stresses on the cen-

ter bore face of the backup roll (load 10° kgf).
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Fig. 4. Distribution of circumferential stresses on
the center bore face of the backup roll (load 10°
kgf).
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(a)A scope of the broken part
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'(b)Cutting down the broken part
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Photo. 6. Appearance of the inner broken part of the journal of a backup roll.
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Fig. 5. A route of the fracture from the center
bore face.
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Fig. 6. Distribution of the maximum tensile

stresses in each position on the center bore face
(load 10° kgf).
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Table 1.

Chemical composition of the steel used
(wt%).
C Si Mn P S Ni Cr Al

0.39 0.35 0.55  0.015 0.010 0.13 2.49  0.014

Table 2. Mechanical properties of the steel used
at room temperature.

Tensile Yield Elongation Reduction
strength strength o?g ) . of area
(kgf/mm?) (kgf/mm?) ? (%)
78.5 38.5 16.8 28.5
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Fig. 7. Dimension and taking position of the fa-
tigue test pieces.
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Fig. 8. Stress pattern in the fatigue test.
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Fig. 9. Result of the pulsating tension fatigue test
of smooth test pieces taken from the journal of the
backup roll.

FRELIRA L EH LR —F vy — (B
#8 EHF-EA10 #, A8 + 10%kef) CTHEE LHEE L
— VO MEEE (5 110rpm) ICHbET4Hz &
L7
3-2 HBRER

FEBR YR ERBFICEAERABRER % Fig. 9,
10 K ZFNRFRRLT. Opin=0kgf/mm?® O & & DN
FREE X SE ¥ M T 25.0 kgf/mm?, Y) R & #F T 12.5
kgf/mm?> THo7z. T/, FIRBRELNEEEL T
Opin = (+)20 kgf/mm® % HIEEL L7:BE DR L LT,
SEVEM T 0 =(+)19.9 kegf/mm® O & EFENRE
14.5 kgf/mm?, IR & B TI1d 0pin = (+)17.7 kgf/mm®
THENEE 8.0kgf/mm?2 THo7. ThOORKELIE
NEEEHKE LTRTE, Fig. 11 X )%k 5. IR
ATt o,,=(+)10kgf/mm® DL EIZ% % LERR
BiZ 17, $%bb 0m,=(+)20kgf/mm* T 7.4
kgf/mm?, 0, = (+)30 kgf/mm? T 4.9 kgf/mm?® & %
5.

2-3-2 I & B L WERPLILEEDIERIG I XS 4 4.7

—139—



1376 g& & M F 75 F (1989) £ 8 F

30
- A Min. stress : 0 (kgf/mm2)
~ 9 O Min. stress : (+)17.7 (kgt/mm2)
E [
s 20t A\l\\\ | |
o
5 -
& [ IA
~O. ¥_
o -
o o) R
@ 10 ~3 I 1
¢ I — o3
"t |
o L 1 1 1. 1141l L L1 1 1 tadl
105 108 107

Number of stress cycles

Fig. 10. Result of the pulsating tension fatigue of
notched test pieces taken from the journal of the
backup roll.
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Fig. 11. Endurance limit diagram under pulsating
tension of the steel of the backup roll journal core
part.
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Fig. 12. Residual stress in the core part of a
backup roll journal.
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Fig. 13. Residual stress in the core part of a
backup roll journal whose center bore face was
cooled forcibly.
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