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Effect of the Number of Passes on the Spread and

Elongation of Billets in Hot Rolling

Yosaku Koike, voiti Toda, Kunisuke Tihara and Tunco Kuwahata

- Synopsis:

This investigation was carried out to study the effect of the number of passes on the
spread and elongation of bars. Tests were made by the two-high pinion-drive mill having

plain rolls, with a 250mm diameter.

The samples used in this test were square bars of low-carbon steel and the initial sections
of them were respectively 25, 35 and 45mm squares. These bars were rolled at temperatures
of 800°C and 1200°C down to total reduction of 40 per cent. in height.

The reduction was achieved in one, two,

three: or four passes.

In several passes the

draught of each pass was equal. The results obtained were as follows. '

(1) As the number of passes increased, the total spread of the rolled bar decreased and
the total elongation increased. This tendency was more severe at 800°C than at 1200°C.

(2) In several passes, the spread of each pass was not equal.

It increased with the number of pass.

(3) The side-shapes of the bars after rolling became either concave or barrel shaped and
the former shape was found on the bars of 35 and 45mm square, when rolled in

three or four passes.

The degree of barrelling increased as the bar size decreased.
(4) 'The rolling load of each pass was measured by the load cells inserted between the

mill screws and the roll chocks. -

The maximum load acted at the last pass when the reduction was achieved in several pass.
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Table 1. Results of rolling tests for the 25mm § bars.

1200°C

! 800°C :
‘ ——— . ‘ —
Num-{ Roll “Total Redu- Total ;‘ Total } Total |Rolling Rolliugl Total | Redu- Total | Total l Total Rolling/Rolling
t ¢ | redu- ction . ; pres- | redu- | ction I i pres-
ber of; speed | z | ction in spread spread | elon- load sure [, ction | in spread |spread | elon- : load | sure
] ol in height | i ; v in | height | N
pass ! r.p.m.| ¢ | heightat each’ b9 ' b's  gation| t kg | heightlat each b9 | b’s | gation t | kg.
9 pass | i U mm? | pass | | ! /mm?
% 9% { v % F Pog % | %
20 |1} 399 | 399 ;1 275 * 126 - 35.0 . 244 | 250 | 400 | 400 | 242 96 381 88 9.1
1 45 (1 39.8 | 29.8 : 266 ; 13.9 = 35.2  27.0 | 27.8 | 40.2 i 40.2 | 22.8 . 10.7 = 39.7 9.6 ., 9.9
70 | 1] 402 | 40.2 | 259 ! 1315 | 36.6 . 24.4 | 24.8 ; 40.0 | 40.0 | 22.3 © 117 393 4 10.4 - 10.7
20 11198 | 198 | 105 3.8 | 15.0 : ' 199 ' 199 : 95 | 3.0 ' 158 | 47 . 7.2
"2 39.5 | 24.6 | 2356 1001 | 385 39.8  24.8 . 24.0 9.0 39.8 | 6.0 ' 8.7
2 5 | 2] 200 | 200 7 107§ 30 ] 152 144 | 220§ 200 | 20| 86| 39! 160! 51 7.8
2| 40.1 | 25.1° ! 246 | 10.5 | 38.3 ' 18.4 | 24.6 | 39.9 | 24.9 | 20.6 | 10.6 | 40.9 6.1 8.9
70 1 19.8 19.8 9.5 ' 2.8 ' 15.8 16.2 24.3 20.0 200 | 8.6 4.1 ' 16.3 5.3 ' 8.2
2 39.8 24.9 23.0 11.8 : 38.6 19.4 26.2 39.9 24.9 19.8 11.3 41.3 6.4 | 9.3
1/ 132 132 | 74| 15 . 101 | 95 | 183 [ 135 | 1351 52| 21 108 | 33 6.0
20 | 2| 27.0 ° 15.9 | 11.9, | 3.6 : 23.8 { 11.2 | 20.1 | 27.0 | 15.6 | 11.5 4.1 248 35 . 6.6
3| 40.0 .17.8 | 19.4 7.3 © 421 | 125 | 21.9 | 39.6 | 17.3 | 183 8.1  42.0 i
3 1| 13.4 | 134 5.8 21 | 102 2| 23131 132 51 23! 104 36| 7.0
45 |2 26.8 | 15.4 124 = 49 | 24.0 « 11.8 | 21.4 | 26.6 | 154 | 10.9 . 6.8 | 241 4.1 7.6
3 39.9 17.9 ¢ 19.9 . 9.4 42,3 | 12.7 22.2 i 40.0 @ 18.2 . 18.0 -+ 9.4 43.2 4.7 8.2
01 1zl 32| sa] 20| 103 104 | 196|134 134 | 50 [ 23 105
70 {2 2.7 | 17.9 | 11.7 | 50 | 24.2 | 11.8 | 2.7 | 26.5 = 15.3 | 10.9.' 5.2 | 24.8 . 4.4 ' 8.0
{3 3.9 | 18.0 | 19.4 ! 10.1 | 42.3 | 12.9 | 226 | 39.8 18.0 | 17.8 ! 9.7 | 43.1 : 5.0 8.9
! LllM 10.4 5.4 ' 1.4 , 7.9 7.4 | 16.0 ' 10.1 101 3.2 1.2 7.9 | 2.8 6.1
ﬂ o0 12| 201 ]| 104 751 23! 17.3 8.4 | 18.2 ' 20.3 1.4 . 7.1 2.3 | 17.6
“3] 297 | 123 | 11.6 4.9 | 29.1 8.8 | 18.7 ' 30.1 12.3 ! 11.4 3.8 | 294 & 3.2 6.9
14| 40.0 | 144 | 172 | 7.4 | 447 | 101 | 20.2 i 40.0 142 | 16.1 7.5 | 43.8 3.6 7.5
1. 10.2 | 10.2 | 3.8 1.4, B.0 8.4 | 18.3 ! 0.1 | 10.1 3.5 1.2 7.8 3.0 6.6
45 |20 202 | 11:1 ¢ 7.9 3.0 | 17.8 8.7 | 18.7 ; 19.9 : 10.9 7.3 2.8 | 17.4 3.2 7.0
4 3{ 298 | 121 ! 14| 57 ‘ 298 | 9.3 | 19.9 | 299 . 125 | 1.2 | 4.8 | 2002 | 34 | 7.3
4) 40.2 | 14.7 | 16.6 8.4 | 46.0 | 10.8 | 21.5 | 39.6 | 13.9 | 15.6 7.8 | 44.2 3.9 8.1
1| o7 9.7 3.7 | 08| 75 81 | 18.4 | 104 | 104 | 3.3 1.8 ' 82 ! 32 6.9
0 2] 197 | 111 7.2 2.9 1 17.0 9.5 | 20.6 | 19.9 | 10.7 6.9 3.2 i 17.4 3.3 | 7.3
3| 299 ' 12,7 | 11.7 | 5.3 ! 2@.0 10.0 | 20.7 | 20.8 | 12.3 | 10.6 5.4 | 30.4 3.8 . 8.2
4| 400 145 | 16.6 8.5 ' 45.3 | 11.2 | 22.5 | 40.0 | 145 | 153 | 8.0 , 447 4.1 8.4
: ho—hy ho------Initial height
Total reduction in height 94 veverienenee -~ - -X100 ¢ .
. g % ho % hygereoee Height after z th pass
. . . hn—l—hn
Reduction in height at each pass %---- P "X 100 9,
n—-1
by —bo bo+-----Initial width
Total spread & ¢ -+ X100 9% . . .
P % . bo % by------Maximum width after » th pass
o', —bo by Width of contact surface with
Total s read b' ¢ B e & RO I
P 7% bo % rolls after n th pass
In—1o lo+-----Initial length
Total elongation %) rereverrerimiieiiiierenieeea—2 —— %100 ©
g % Lo % Lyooevee Length after n th pass
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Results of rolling tests for the 35mm § bars.

Table 2.
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Table 3. Results of rolling tests for the 45mm§ bars.
800°C 1200°C
! i 7
Num-| Roll Total |IRedu- | Total | Total | Total |Rolling|Rolling| Total |Redu- | Total : Total | Total !Rolling Rolling
S | redu- |ction pres- | redu- [ction ! : pres-
ber of| speed | Z | ction |in spread |spread [elon- load |sure ction |[in spread spread [elon- load |sure
. fe|in height in height '
pass r.p.m.| & | heightjat each] b % b’% | gation t kg height{at each| b % b’¢s | gation t kg
a, pass /mm?2 pass /mm?
% % % % 9 %
20 1 39.8 39.8 19.7 8.4 42.0 17.0 7.4
1 45 1 40.0 40.0 18.2 9.0 42.5 18.0 7.8
70 |1 39.8 | 39.8 | 17.5 | 10.3 | 43.9 | 18.9 8.2
20 11 205 20.5 7.6 3.5 ’ 18.2 32.1 20.2 20.8 20.8 7.5 4.0 : 18.1 10.7 6.7
124 30.8 | 2¢.4 | 16.1 8.2 | 449 | 351 | 21.7 | 39.4 | 23.6 | 15.7 8.1 @ 422 | 11.9 . 25
2. 45 | 1] 202 | 20.2 6.7 3.3 | 18.4 | 326 | 19.1 | 19.7 | 19.7 7.0 3.7 | 17.2 | 11.6 | 7.5
2| 40.0 24.8 16.7 7.8 45.4 33.8 20.7 39.7 24.7 15.9 8.7 44.8 13.3 } 8.1
720 | 1| 204 | 204 7.4 3.4 | 18.8 | 32.6 | 20.6 | 20.1 | 20.1 6.9 41 | 174 | 129 | 8.2
2| 40.1 | 24.8 | 15.9 85 | 46.0 | 36.1 | 22.1 | 39.5 | 24.3 | 15.5 9.6 | 4.6 | 13.4 . 8.2
11 13.4 13.4 4.2 1 1.7 23.5 18.6 13.7 13.7 4.5 2.6 11.5 8.1 7.1
20 |2] 2.3 | 14.9 9.6 ' 4.6 25.8 | 20.1 | 26.2 | 14.6 9.2 5.2 | 25.8 9.0 7.6
3| 39.8 | 184 | 144 | 89 | 476 | 29.2 | 21.5 | 39.8 | 18.4 | 14.3 8.3 | 46.6 9.4 7.1
3 1| 13.4 13.4 4.2 1.4 11.4 27.1 21.4 13.5 13.5 4.6 2.4 11.0 8.5 6.3
45 | 2| 26.6 | 15.2 8.4 4.3 | 26.7 | 278 | 21.7 | 26.7 | 15.3 9.2 4.8 | 26.0 9.1 7.1
3| 39.8 18.0 13.0 7.3 48.2 |. 28.2 21.3 39.6 17.7 13.8 8.1 46.5 10.0 7.0
1| 13.6 | 13.6 4.4 1.9 | 11.5 | 26.0 | 20.3 | 13.7 | 13.7 4.5 2.5 | 11.4 9.9 6.0
70 2| 26.6 | 15.1 8.7 4.2 | 26.5 | 2.7 | 21.6 | 26.3 | 14.6 9.4 6.1 | 25.9 | 10.0 2.0
31 39.7 17.9 13.5° 7.4 48.0 27.4 20.7 40.1 18.7 13.8 8.8 47.4 11.0 7.6
1| 97| o7 271 10| 81| 202 | 188/ 105! 105]| 341 171 92! 671 6.0
9 | 2| 200 ' 114 6.3 ! 28 188 | 20.9 { 18.6 | 2.0 ' 10.6 6.5 + 3.0 ' 18.9 7.3 6.7
31 29.8 ' 12.4 9.4 ° 4.2 31.8 21.4 18.8 20.7 ! 12.2 X 9.7 ° 45 ! 31.5 : 7.1 6.4
4! 397 142 141 . 7.3 | 49.1 | 226 | 19.6 | 30.7 143 | 14.0 ; 7.1 ' 47.9 | 7.4 6.4
1] 99! 99 31 . 13| 82| 25189 102 102' 35 19! 82 74! 67
2 19.7 | 10.9 6.0 ! 3.0 | 18.5 | 22.8 | 20.7 | 19.8 . 10.7 6.2 35 ' 184 | 7.5 i 6.9
4 45 |3 I 29.7 | 12.7 9.5 48 | 321 | 239 i 20.8 | 29.6 ; 12.3 95 ¢ 5.3 | 31.2 . 1.7 6.9
4 ! 39.9 | 14.2 12.2 } 6.8 50.1 23.8 20.6 39.7 k 14.4 13.1 | 7.4 l 48.7 ; 8.6 7.4
11200 | 200 38! 15| 83 [ 26| 26| 101|101] 32] 15 s2]
2] 199 ' 109 ' 67 | 3.4 | 18.2 | 23.5 | 21.3 | 204 | 11.4 6.4 3.6 | 18.4 | 8.0 7.1
70 |3, 2.9 124 100 © 50 | 31.8 | 24.6 | 21.9 | 29.8 | 11.7 9.3 54 | 31,0 | 8.6 7.6
4! 3.9 144 - 135 | 7.9 | 492 | 26.0 | 2.3 | 39.5 | 13.9 | 129 | 84 . 491 | 80 , 7.1
3 # X4 : .
BRELTBBDE, # 45mm ¢ Number  25mm ¢ ERF SR IE i ¢ -
SRR } of passes ETa EOERRE » ”%¢
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Table 4. Results of rolling tests with unequal draught at each pass.

800°C - 1200°C.
Bar Pass | Total | Redu- Total | Total | Total {Rolling ilolling Total | Redu- Total | Total | Total {Rolling|Rolling
redu- | ction elon- Ipres- redu--| ction elon- pres-
size No. | ction |in heightispread |spread | gation| load |sure cti on [in height|spread |[spread | gation| load [sure
: in at each | -, L in at each
mm 1 height| pass b ¢ b’% . % t kg height| pass b % b’ % % t kg
% % /mm? | % /mm?
1 9.8'| 9.8 ] 3.2 1.0 |- 7.9 | 80|80 1009.] 1009 86171 81| 32 6.8
2 19.7° 11.1 6.8 247" 17.6 9.6 | 21.2° 195 | 9.7 6.9 2.8 | 16.5 3.4 8.0
25!# 3 39.8 25.0 18.8 10.3 42.4 16.9 24.6 39.9 25.2 18.1 9.6 41.4 7.3 10.5
12 19.4 19.4 9.7 3.4 14.8 14.2- | 21.8 19.6 19.6 8.8 3.6 15.6 5.4 8.7
2 29.7 12.4 14.1 6.3 26.9 10.3 22.7 29.9 12.8 12.6 5.2 27.9
3 40.3 15.1 19.2 9.8 43.2 11.9 23.3 40.0 14.3 17.2 8.2 43.1
10 9.6 9.6' . 2.7 1.3 7.7 12.8 17.4 | -11.2 11.2 3.0 1.7 9.1 6.1 | 7.2
2 20.2 11.1> 6.2 2.7 18.2 15.9 20.3 20.7 10.7 5.4 2.6 18.1 ,
35 § 3 39.6 24.3 16.0 9.5 43.9 25.5 22.8 39.9 24.2 14.8 8.1 4.7 10.4 9.6
1 19.9 19.9 8.0 3.7 16.3 20.9 19.4 18.9 18.9 7.1 3.4 16.0 8.8 8.2
2 29.8 12.4 11.1 5.8 29.3 13.8 17.6 30.1 13.8 10.8 4.9 29.0 7.3 7.8
3 039.7 |. 141 14.8 8.0 45.9 16.6 20.7 139.5 13.5 14.2 7.6 45.4
1D 10.7 10.7 4.2 1.6 8.5 20.9 20.7 10.1 10.1 3.4 1.7 7.9
. 2 19.9 10.3 7.1 3.3 17.6 21.6 20.1 20.1 11.2 6.9 31 17.2
45§ 3 39.9 25.0 15.1 9.0 46.1 37.3 22.6 39.8 24.7 15.1} 9.4 45.8
12 20.1 20.1 7.4 3.1 17.4 33.9 21.5 20.2 20 8.3 3.4 17.2
2 29.7 12.0 10.4 5.3 29.9 22.5 20.2 29.3 11.9 10.1 5.3 29.6
3 39.7 14.4 14.1 8.0 47.3 24.7 21.0 40.1 14.8 14.7 8.7 47.8
1) Ratio of draughts of each pass 1:1:2
2) 7 4 7 2:1:1
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1) E. Siebel: Stahl u. Eisen 57 (1937)," S. 413.

2) A. Pomp: Mitt. K.W.1:. Diisseld. 17 (1935)
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