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Synopsis :

Characteristics of mandrel mill rolling were investigated with a model mill. The results
are summarized as follows: (1) Mandrel bar speed has a great influence on rolling force.
The rolling force has a peak when the mandrel bar speed is nearly equal to peripheral
roll speed. (2) This phenomenon explains the mechanism of "stomach formation" in the
full float mandrel mill. (3) Rolling force and material flow are easily controlled by
backward tension. (4) Temperature of the mandrel bar during lubrication has a great

influence on lubricity. The above results were successfully applied to the field operation.
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Rolling Load and Material Flow in Mandrel Mill Rolling
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Synopsis:

Characteristics of mandrel mill rolling were investigated with a
model mill.  The results are summarized as follows:

(1) Mandrel bar speed has a great influence on rolling force.  The
rolling force has a peak when the mandre! bar speed is nearly
equal 1o peripheral roll speed.

(2) This phenomenon explains the mechanisin of “stomach for-
mation’ in the full float mandrel mill.

{3) Rolling force and material flow are easily controlled by back-
ward tension.

{4) Temperature of the mandrel bar during lubrication has o great
influence on lubricity.

The sbove results were successfully applied to the field operation,
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Fig. 1 Schematic view of the mode!l mill
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Tahle 1

General specification of the model mill

Number of stands 5
280 man

SO0

Roll fange diameter

Distance between stands

Maximum outlet speed I m/s
Thermometer 2 sets
Bulge width gauge 2 sets

Load-cell for rolling foree 2 setsfstand

Lesad-cell or inter-stand force 2 setsfstand

Loadd-cell for bur thrust [orce 1 set

Torque-meter 2 selsfstand

Photo 1 Appearance of model mill
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Esperimental conditions

I Single stand
rotling
‘ (Znd stand}

Twao stand rolling
(1st and 2nd stand)

89,1 mm# % 9.0 nunt x L 500 mm*

66.0 mm# x 10m

Material
Mandrel bar
Lubricant Mixture of graphite and water

Healing temperature in BUTIv
1 220°C

hearth furnace

Rolling  temperature at

the pass entry 1 050°C

Rolling temperature at

Gy
the pass exit H307C
Pass reduction at | st — ; 38.49
caliber bottom | and | 43.5 and 32.89 43.59%,
Peripheral roll 1st [ 385-500 mm/s
speed at caliler . | .
hottom 1 2nd 674 m/fs i 674 mm/s

Mandrel bar speed

400 — 1 000 mm/s 300 mys
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Fig. 2 Schematic view of single stand rolling
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Fig. 5 Effect of the mandrel bar speed on the rolling force
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Fig. 5 Effect of the mandrel bar speed on the mandrel bar
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Fig. 8 Schematic view of two-stand tandem rolling

Licls, 22 x v FHEBOAASifE 7 7 v o OB
AT e, 1 Aay SRl IgE 7 3 v CHOAE DM
IR Xy, Fige 12 g% 7 2 o IR ool Al AZLR
ST, &fl (A) T A&y P e — LB T F
AR TVD, FAUIK L, &fF (B) THEH1AF v e —u

PEESHETEIE & 0 30% BUVGEEIETIHEI R TV A, @l AF v FD
R AL OETFIE B sy, 82 A8 VB ETSREEE

LT 5 A% 1A & v VIR O Z i R S O
Do Eph, WL TEA L 0 S EFRICKkE (R an
BT EMNID,

o —



TV R U T B S IR & AT 259

Ind stand 115

45 A =

= . ¢ _~Rolling force - =
= g 4’ c
o 40 ]
= o
o :g 41 &
= oL Jstostand L. z ot : [ —y -
e oo \ — g
= /ﬁ\ bt
—_ - L] ey
g asle” , \: 5
Inter-stand tension Sl 5 =

i l L L I ; T

4] 5.0 o 156 200 250 300

Reduction of 1st stand's voll speed
from standard speed (%)

Fig. 9 Effect of roll speed of st stand on rolling force and
inter-stand tension

095.0

B & B a a o
B ) ;\ ] —-cr r——r
o 9001 At exit of lst stand
€
S E s0.0p
:’:_.é \
e
= 50k £
Ly 750 \ \""":--—_..___g
E"E At exit of 2nd stan(l\\a
= 7 -
Z2Z fU.OJ_

0 1 1 L 1 1 1 ]
] a0 10.0 15.0 20.0 25.0 0.0

Reduction of 1st stand’'s roll speed
from standard speed (%)

Fig. 10 Relation of the bulge width at the pass exit 1o the rcll
speed reduction of 1st stand

At exit of ZmV

2.0} —

)

o
[
=
=3

1

1.0r At exit of Ist stand

| \ o 3

§—Bf——8— °

oL ! L I I i |
0 5.0 1.0 5.0 20.0 25.0 30.0

Reduction of wall thickness
of flange at each stand exit{

Reduction of st stand’s roll speed
from standard speed (%)

Fig. 11 Relation of the wall thickness reduction at flinge o
the roll speed reduction of 1st stand

4 2w ELLR—DHEEY

VN L SV RT, s F Laesd = E R R O
PO EE L EH O BB E H s, WKL LT
IS REAR AR S Tk b, oAy & WA A I
ek Ef A ME C B AERB L X CanhTv 3, oo
i R M T M T T S A, i g v KER
BT o Tl I e

4.1 EEBHZE

B2 ETHEM L EF A AR HGTHEE~ v F e asd =0

Ilange N
X Caliber lottom \\

f=t
stand

2ndd
stancl

(A) 1st stand’s rolls are driven  {B) 1st stand’s rolls are driven
at speed 309%-reduced from

standard

at stancard speed

Fig. 12 Material cross sections at each stand exit

Mandrel bar thrust n,
load coefficient

Bar thrust load cell

Fu [ Vl.

@Q

Load cell

Vi<V V<

Fig. 13 Measuring method of frictional coefficient between
material and mandrel bar

Table 3 Experimental rolling conditions

Material

Manclrel bar

Plain carbon steel

5% Cr—19%Mo stee!

Mixture of graphite and water
1 650°C at the pass entry

21.49, at caliber bottom

Lubricant
Rolling temperature
Reduction
Peripheral roll speed 480 mmy/s at caliber bottom
Mandrel har speed 526 mms

Moaterial speed About 450 munys at pass endry

About .}h.)mm]:a at pass exit
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: | m=
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Q tity of d I l_ t RPN N N = °
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(s/0) T o
o
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just before inserting to hol- | Y0 1 90 | 90| 90 115 | 15 | 15§ 15 . o o
low bloom (°C) i Z 0I0F g o
. — e e | —
. . f L o}
Appearance ol lubricated ' 5 0
har surface® DDy D| DL DWW El o] g
, AU PR U U A S S =005 8 8 g
Maundrel bar history®s vilvu'ulvulujululn ©
Do odry, W wet - 0 \ ! L L ) s " .

# J;  After used more than 100 time
N:  After newly machined
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Fig. 16 Comparison hetween rolling characteristics in full float

Fig. 17 Ruolling force at each stand under constant rolling speed
(roll speed control “OFE™)
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Fig. 21 Distribution of the rolling pressure when the mandrel

bar speed is between inlet and outlet material speeds
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