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Ring Rolling
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Equipment
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Equipment
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Products

-

SECTIONS ROLLED-FORMED- -~ L Sl et s
TO EXACTSPECIFICATIONS 7§ ' :
Rolled Pipe Easy-Way Rolled Hard-Way
M And Tubing Rectangular Tubing Square Tubing Rectangular Tubing
i ', ; _
Zees 2 Channels Channels-Hard Way Channels
E-Z Way Flanges In .;_;__.._-_—_ : ?,__ Flﬂl‘l?uﬁ_ﬂ-ui
'H = o - = ""h.._ e e —— "'f Ry
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Angles—Leg Out Angles—-Both Legs In  Angles Bara-Hard Way
_ Ltg In ‘
.;l. = e !
L ‘ % N &) &_’ w

Tess-Stem Up Teas—Stem Dut Tees—Stem In Rails—Ball Qut Rails—Ball Up  Rails—=Ball In
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Products

Shapes

— |-beams, railroad tracks

Sections
— door frames, gutters

Flat plates
Rings
Screws
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Products

» A greater volume of metal is rolled
than processed by any other
means.
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Rolling Analysis

* Objectives

— Find distribution of roll pressure

— Calculate roll separation force (“rolling
force”) and torque

— Processing Limits
— Calculate rolling power
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Flat Rolling Analysis

« Consider rolling of a flat plate in a 2-high
rolling mill

Width of plate w is large = plane strain

Prof. Ramesh Singh, Notes by Dr.
Singh/ Dr. Colton




Flat Rolling Analysis

|
. i

 Friction plays a critical role in enabling rolling - u=tana
cannot roll without friction; for rolling to occur

« Reversal of frictional forces at neutral plane (NN)
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Flat Rolling Analysis

Stresses on Slab in Entry Zone
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Equilibrium

* Appling equilibrium in x (top entry, bottom exit)

(0. +do.)-(h+dh)—-2pR-d¢-sing+2upR-dp-cos¢g—oc h=0

Simplifying and ignoring HOTs

d(o.h)

a4 :2pR-(sin¢$,ucos¢)
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Simplifying

* Since a << 1, then sin$ = ¢, cosd = 1

d(0h)
d

 Plane strain, von Mises

=2pR-($F p)

'
Yﬂow

p—o,=115-Y,
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Differentiating

* Substituting
dllp~Yon) 1]

* Or

=2pR-(F
i PR-(¢F )
J i [ D N ( )
il R —1|-h|=2pR-(4F
flow ' P H
d¢_ \Yﬂow )
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Differentiating

, d d (., _
Y, -h- & P 1. 2y, -h)=2pR-($F u
flow d¢[Y]’7OWJ+[Y]’(ZOW ] d¢(ﬂ0w ) P (¢ )

Rearranging, the variation Y’
the variation p/ Y’

aow-N With respect to ¢ is small compared to
with respect to ¢ so the second term is ignored

flow

d| p
Ao\ Yaow ) 2R, _
= ¥
P . (¢6F 1)
Y]’(ZOW
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Thickness

h=hy +2R-(1—cos¢)

from the definition
of a circular segment

N

hy

or, after using a Taylor’'s series expansion, for small ¢

h=h;+R-¢°
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Substituting and integrating

S REI

p he+R-
v / ¢’ o [2RG -
Jlow =) e are ©
VR ¢
ArcT
U ArcC an{ — } Log[hf+R¢2}
outf]= 2R |- "
VRE VR 2R

lni ln£+2,u itan = 0, Ed +InC
Yy R \/hf \/hf
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Eliminating In()

h

po-Y]'qOW-Eexp@,uH)
—— ()
H=2 itan_1 Y, i
| K N T
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Entry region

cat¢g=a,H=H,,
h

p= C.Y’OW .Eexp(—ﬂH)
R

C=_—explut,)  p=y, Lexplult, ~H)
b b

p=v, -o, )hi exp(u[H, — H]) With back tension=(Y"flow - o)

b

Hy =2 itan_1 o LS H=2\/Etan1[¢ i]
hy hy hy hy
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Exit region

f) h (,LLH) With forward tension
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Effect of back and front tension

maximum pressure

pressure /7
—_— \\\ /// Y
Y /\
Y_be Y_fo

distance
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Flat Rolling Analysis Results —
without front and back tension

Stresses on Slab in Entry Zone Stresses on Slab.in Exit Zone
/? s
GX + dO'X—> Gx O.X + dGX GX
= up

\p ”p‘/\p

Using slab analysis we can derive roll pressure distributions for the entry
and exit zones as: hyand h, are the same thing

2 h (Hy—H)

p=—FrY —e"" R [ [r
\/g h() H=2 Ztan ( hf¢J
Entry Zone Hy=H@¢=a
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Average rolling pressure — per unit
width

1 n
pave,entrjy -~ R(CZ . ¢n) ipentrde¢9 pave,exit — R¢n jpexzt
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Rolling force

exit

* F = pave,entry X Ar.eaentry + pave,exit X Area
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Force

 An alternative method

a ¢n
I = jw'pentw ‘R-d¢+ jw'pexit ‘R-d¢
b, 0

* again, very difficult to do.
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Force - approximation

F/roller=Lwp,,.

L ~~RAh
Ah =h, - h,

have
pave_f( 7 j
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Derivation of “L”

circular segment

hzhf+2R-(1—cos¢) 1

7z

hy
Taylor's expansion ?/O 2
P
cosg =1-— 3 +A!---
h=hg+R-¢°
R-¢p=L
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Derivation of “L”

setting h = h, at ¢ = a, substituting, and rearranging

2
hb_hf :AhZR(%j

or

L=+R-Ak
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Approximation based on forging
plane strain — von Mises

— ILLL
— 1 . 1 5 ‘ Y ow 1 |
pave ﬂ [ 2have

average flow stress:
due to shape of element
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Small rolls or small reductions

A= i >> 1

L
* friction is not significant (n -> 0)

pavezl.IS'Yﬂow(I'l'z ]

0

pave :1.15'?ﬂ0w

Prof. Ramesh Singh, Notes by Dr.
Singh/ Dr. Colton




Large rolls or large reductions

_ Mtave <<1

L

* Friction is significant (forging
approximation)

= HL
:1.15’Y ow 1"‘—
pave ﬂ ( Zhave
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Force approximation: low

friction
A = Pave >> 1
L
B o =115 LwY,,,
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Force approximation: high

friction

have <<1

L

A =

F — IwY el
oller = 1.15 LwYﬂ0W£1+ o )
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Zero slip (neutral) point

* Entrance: material is pulled into the nip
— roller is moving faster than material

« Exit: material is pulled back into nip
— roller is moving slower than material

Vs

—_—

VR VR

material
pull-in

7Y
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System equilibrium

* Frictional forces between roller and
material must be in balance.

— or material will be torn apart

* Hence, the zero point must be where
the two pressure equations are equal.

by expluH,) _ [Ty
hf exp (2lan) exp(,u( b n))
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Neutral point

2 I Y
[ \
h H |h
S n |'f
= ,|— tan
Z R 2 R/
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pi
L ~~ RAQ | )y —

L/2
R
Ah=h,-h
b f |:roller
a P,
ZF =0 , .
) T = jwpr d¢—-‘-w,upR d¢
roller = Pave .
¢, entry 0  exit
TOrque/VOZlel/' =F: Froller o é . Froller = E”Ogel”
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Power

Power/roller=Tw =F_,.Lo/2

roller

o = 21N
N = [rev/min]
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Processing limits

« The material will be drawn into the nip if the
horizontal component of the friction force (F;) is

larger, or at least equal to the opposing horizontal
component of the normal force (F ).

F,cosa > F,sina

R
% //Ah/2 Ff::U'Fn

o |O _
Ff/ tana = u

u = friction coefficient
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Processing limits

Also "
R-=2
cosa = 2 =1—A—h
R 2R
an X
37<<R sma:x/l—cosza
.0
: Ah Ah
sina =,(1-1+—-— N~ | ——
Ah
R | Ak Ah
tana = > = ~
Ah (Ahj R—Ah R
l——+| —
R 2R
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Processing limits

So, approximately

Ah
(tana )’ = 1 »

Hence, maximum draft
Ay = 1R
Maximum angle of acceptance
¢ =a=tan" u
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Processing Limits

Max. reduction in thickness
(AR) = 4’R

max

Max. angle of acceptance
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Cold rolling
(below recrystallization point)
strain hardening, plane strain — von
Mises

Ke”
n-+1

27 1y = 1.15-Y o = 1,15

average flow stress:
due to shape of element
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Hot rolling —
(above recrystallization point)
strain rate effect, plane strain - von

Mises
* Average strain rate
- (7 )
: h
=2 = an b
¢ L \h

27, =1.15-Y, =1.15-C-&"

average flow stress:




Example 1.1

Cold roll a 5% Sn-bronze

Calculate force on roller
Calculate power

Plot pressure in nip (no back or forward
tension)

Prof. Ramesh Singh, Notes by Dr.
Singh/ Dr. Colton




Example 1.2

w =10 mm

h, =2 mm

height reduction = 30% (h; = 0.7 h,)
—h;=1.4 mm

R=75mm

Vg = 0.8 m/s

mineral oil lubricant (un =0.1)
K=720 MPa, n =0.46
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Example 1.3

« Maximum draft:

Ahpax = 2R
=(0.1)2«75=0.75 mm
AR, =h,-h=2-14
= 0.6 mm
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Example 1.4

« Maximum angle of acceptance
bay = tan™ p=tan"(0.1) = 0.1 radian

a:\/(hb_hf%:\/(2—l.4%5

=0.089 rad =5.12°
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Example 1.5

Roller force: F=Lwp,,
L = (RAh)0> =[75 x (2-1.4)]9-°
= 6.7 mm
w =10 mm
Nave = (hpthy) /2 =1.7 mm
h,/L=17/6.7=0.25<1

. friction is important
F ~1.15-LwY
/Qﬂkr_Llsznﬁ;W(
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Example 1.6

h
Ep = ln[—fj = ln(ﬁ)
hy, 2

_ Ke;
ZTﬂOW =1.15-Y =1.15-
n+1

=0.36

720-(0.36)**
1.46

=1.15- =354 MPa
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Example 1.7

F 115 IwT, |14
roller flowl =" H g

=6.7x1072-10x107°-354x10°

0.1x6.7
x| 1+
2x1.7

=28,392 N =3.2 tons
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Example 1.8

Power (kW)

roller 2. R

28,392-6.7x107-0.8

2-0.075
=1.01kW /roll =1.35hp

Power (kW)/ roll =
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Example 1.9

e Entrance

| h
P= (Yﬂow —Oxb )E exp(,u(H - H))

e Exit
h

b exp(u(H ))

P = (Yﬂow —Oxf
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Example 1.10

")

—— N
H=2 itan_1 Y, .
| K K
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pressure / 2Tflow

Example 1.11

y Friction hill
1.35
13 /
105 Exit )//"-\\ Entrance
1.2 -
1.15 / @ \’\
1.1 yd N
105 / \’\
1 — N ™~
0.95
0.9 | | | |
0.00 0.20 0.40 0.60 0.80
¢I¢ max
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Rolling

Normal Stress

Top work roll Shear xy

Range: = 177 MPa
-190 MPa

Strip .

S5 in y

Rolling direction — Top work roll
ormal pressure]

Range: O 39 MPa
m-1021 MPa

— —————
——

Strip

Bottom work roll
% Reduction - 13% A’h
——————

Rolling speed - 13.2 m/s
Ingoing gauge - 1.8 mm

i .-IMne . .
Ingoing temp 11 oC bl ) (et —

Shear Stress Bottom work r
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EFFECT OF FINISH HOT-ROLLING ON THE STRIP SHAPE
AND THE AUSTENITE GRAIN STRUCTURE.

Direction of Rolling

To Coiler
w-mqh.-_

S e —

Intermediate Grain Shape
Pancaked, Highly Deformed

Initial Grain Shape.

Equixed, Strain-Free Final Grain Shape.

Equixed, Strain-Free
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Widening of material
6

Side view

v

Top view
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Residual stresses -

due to frictional constraints

a) small rolls or small reduction (ignore friction)
b) large rolls or large reduction (include friction)

Tension |Compression Tension [Compression
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Defects

* a) wavy edges * C) edge cracks
— roll deflection — barreling
» b) zipper cracks » d) alligatoring

— low ductility — piping, inhomogeniety

e =
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Roll deflection

Rolls can deflect under load
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Roll deflection

Rolls can be stacked for stiffness
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Method to reduce roll deflection

Backing bearing Housing

Driven roll Driven roll

Bearing shaft

First
Second intermediate
intermediate / roll
roll T :
: - Strip
Driven roll
Work roll

Driven roll
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