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A Mathematical Model of Crop Loss and Its Applications
to Minimizing Crop Loss in Slabbing and Blooming

Osamu TsupA, Atsuo MIzUTA, Yoshihiro YAMAGUCHI, Hiroshi OSUNA,

Mitsuo TOMONAGA, Shunji SAITO, and Kenji Dol

Synopsis:

To formulate an optimum condition for minimizing crop loss in slabbing and blooming, the crop
calculation program has been constructed on the basis of the model tests for plasticine and hot steel.
In slabbing, it is shown that the influence of each factor of ingot size, ingot end profile, and rolling
schedule upon crop loss formation changes in different ways according to the choice of their combi-
nation by use of the crop calculation program. The optimum rolling condition also .depends upon

the production mix of slabs.

The crop calculation program is applicable to minimize crop loss in blooming, as well.

It is shown

that most of crop loss is formed in the earlier stage of rolling schedule before the groove rolling pass,
and that the influence of reduction at each pass on the change of crop loss decreases in proportion to

the increase of pass number.
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Table 1. Conditions for model tests.

Rolling mill |Universal type milll Hot rolling mill
Material Plasticine Plain carbon steel
Roll dimension|132% (H-mill) 60%, 90%, 120¢,

104% (V-mill) 150%
Roll material (Plaster S40C, SCM2
Rolling speed {120 mm/sec 120 to 300 mm/sec
Size ratio 1:10 1:88 to 22
Lubricant CaCO, powder No lubricant
Temperature [Room temperature | 1000 to 1200 °C

A; atmosphere

B, —— Hy ]

O S — m> —— —-m
| e s
N i ~

]—- ag *’ 3y
PH
Ru
Fig. 1. Bump shape at the bottom of an ingot.
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Fig. 2 Schematic diagram of deflection of a rolled
slab end : (a) before rolling and (b) after rolling
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Fig. 3. Configurations of the slab ends without
bump : (a) plane view and (b) longitudinal cross
section view before the appearance of a mechani-
nical pipe, and (c) plane view and (d) longi-
tudinal cross section view after the appearance of
a mechanical pipe.
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Fig. 4. Deflection of the slab end with the bump:
(a) before rolling, (b) after rolling, (c) super-
posed configuration of (a) with reduction of ¢,/¢
upon (b), and (d) the superposed (a) shifted by
lsey until 1t meets across the curve of (b) at the
point P.
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Fig. 5. Flow chart of the crop calculation program.
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Table 2. Dimensions of ingots.

(mm)
Ingot "Thickness Width Height
30ton 759/867 2192/2264 2700
31ton 860/910 2208/2232 2500
1200
E i o TOP (Experimental)
5 —-— @ BOTTOM { . )
g soor —=  TOP { Predicted )
P \ ——-——  BOTTOM | - )
§ s
% 400
S
s | .
o Il 1 L L L 1 L
0 200 400 600

Slab thickness mm

O T7oP (Experimental)
@® BOTTOM ( " )
1800 ® —— TOP ( Predicted )
$ ----- BOTTOM ( -
L [ N J ®
. ‘ BOTTOM
(X ] L] [ ]
11771] S e
. o] S
o [ ] b4 \‘\ O
x - [+, : AN
" Pl \ 8
7 LY ?
2 1200} © o9 \
8 °g ° 5
(=) | ———C -Q_ ~o \
1 Y
o © ~
8 ~
800} o \\
° o TOP
i AN
400 1 1 1 A 1 . 1 1
] 200 400 600

Slab thickness mm

Fig. 8. Comparison between predicted crop losses
and experimental ones for 30 t ingots. (2 100V slab)

Fig. 6. Comparison between predicted mechanical
pipe lengths and experimental ones for 30t ingots.

(2 100 slab)

- )

- )

12004 '
'.‘ — o TOP {Experimental)
3 —-— @ BOTTOM |{
\{.\ —— TOP { Predicted )
N\ —e--=  BOTTOM {
£ soof N
<
)
z |
2
[=%
o
O 4001
0 . . . : ' . N
0 200 400 600

Slab thickness mm

Fig. 7. Comparison between predicted crop lengths
and experimental ones for 30t ingots. (2 100¥ slab)

kg

Experimental crop loss

3010n ingot
2000 | 1950% slab
) 31ton ingot
30!0!\1~lﬂ90l 1950% slab
2100" stab
1500}
31ton ingot
2100" slab
1000
o TOP
¢ BOTTOM
500 L " y
500 1000 1500 2000

Predicted crop loss kg

Fig. 9. Correlaiton of a predicted crop loss to an
experimental crop loss.

Table 3. Variation of crop loss of 22t ingots for the increment of each factor by 100 mm.

Factor

Results of the

simulation tests

Actual data in the

slabbing mill Predicted values

Initial thickness H,
Initial width B,
Reduction in thickness per pass 4k

Reduction in width at the
earlier stage of rolling 4B,

Reduction in width at the
latter stage of rolling 4B,

Gap size in the thickness direction myg
when 2-my+ ay=-const.

Gap size in the width direction mg
when 2.mpg-+ag=-const.

Convexity of the bump d

2.09%
2.0

1.2

0.80
—0.14

0.99%;,
1.43

—0.5% —0.45

0.67 0.62

0.17 0.11
1.12

1.39
—0.39

The five articles from the top show the values for flat ended specimens.
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Ingot Size
1600 930 x 1550
[— my, Variable
—
f -—0—- Simulation test
1200 |- o. / ---#--  Calculation
o0 L ;
= - . —4— Simulation test
g — & k\ -‘J —-&—  Calculation
= goo}
g
5 Ingot Size
850 x 1300
Flat end my Variable
400 |
Plasticine
1 ) 1 1 1

0 100 200 300 400

Gap size myormg, mm

Fig. 10. Comparison between predicted and ex-
perimental crop loss for specimens with bump.
(The values here have been translated to the
actual ingot size.)
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Table 4. Original condition of a basic study on
minimizing crop loss.

{mm}
Ingot size 773/855 x 1450/1510

Bump shape = 120 my =10, mg =10,

aH—4193 ag = 1047.3

. Small slab Large slab

Slab size )

180 x 1380 210 x 1300

AB, =0 AB, =200
Rolling schedule ! '

Ah =65 Ah=70
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Table 5. Three typical cases to minimize crop
loss in a basic study.

Case | Variables Constraints
Ho-B, = Const. and the
| Ho, Bo .
difference of H, 2 —30mm.
] my, d 2my + ay = Const.
i mg, AB, 2mg + ag = Const.
1 0.1
0.5
< -
e 0 e — 40.08
o T
3 X -
= 0.06 0.06
[
S
© 0.04 H0.04
§
§ 0.02 0.02:
0. 1 ! 1 1

0
0 20 40 60 80 100
(Small Slab) Production ratio, % {Large Slab)

Fig. 11. Decrease of crop loss for the optimum
conditions of Case T, J[ and [J.
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BIb7ry 7 ADKHWER#S 3 5. Table 6 1
SR E, Fig. 12 @A R 2 o2 — %R 3. Fig.
13 &= Rolling Schedule A kit 57 vy 7o ADE

Table 6. Comparison of sizes of an actual ingot
and a model test specimen for plasticine.

Practical rolling Model test
Ingot size
Thickness| Width | Thickness | Width

Top end of

747mm 747mm 67mm 67mm
6ton ingot
Bottom end of

830mm | 1050mm 71lmm 50mm
11ton ingot

Kal. 11 Kal. 1 Kal. 1
o~
a1 -
l——405—-l L-zss——] ap
455 92.7
[.
. ROLLING SCHEDULE —
="
— A | i
z 1
£ 60f -——— 8B rozd-----
I c i
§ 4
3
s = 12 pass
" Aor kal. 10 | kalll[_ kal. 1
F——">=%16pass
19pass :
20 ] i ' 1 L 4. - o
20 40 60 80 100
Width mm
Fig. 12. Rolling schedule in model test for 11t
ingot.
19
-
11ton Bottom
600
E
E
=
>
5
3 400
S
o
x
g
a 200 6ton Top 13
o © 6
¥ / ——— Crop loss

—-— Crop length

1 3 5 7
Rolling ratio

F1g 3. Changes of crop losses and crop lengths
in bloom rolling for 11t ingot. (Numbers mean
pass times).
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Fig. 14. Comparison of crop loss and crop length
in respect of rolling schedules for 11t ingot.

Table 7. Influence of rolling factors on crop loss
in blooming by calculation.

.. Top of Bottom of

Condition 6ton ingot | 11ton ingot
fpr the increase of reduc- —0.18% —0.080%
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Fig. 15. Relationship between ingot size and crop
loss for the top end of 6t ingot.
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