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Tutorial-3 Forming (Part 2 of 2)

Welcome all to the second part of the tutorial session on metal forming. We are in the
course Basics of Mechanical Engineering Il, and 1 am Dr. Amadeep Singh Oberoi,
tutorial session on metal forming. We have discussed forming mechanisms, extrusion,
and drawing in the previous part of the tutorial. I will discuss in this tutorial the rolling
and forging processes, majorly. So, what is rolling?
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Flat Rolling

It involves the rolling of:
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Let us try to recall the concept. Flat rolling involves rolling of slabs and sheets. Here, you
can see the workpiece is given in green color. And the roll is given in gray color. This is
the rolling process where the initial velocity or the entrance velocity is VO, and the exit
velocity is VT, which is higher.

Torque




So, VT is always greater than VO because the volume would stay the same, as per the
continuity equilibrium equation that we have been discussing. This is a simple flat
rolling. These are known as roll mills.
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Rolling Analysis
* In flat rolling, the work is squeezed between two rolls so that its thickness is reduced by
an amount called the draft.

d - tO = tf
Where, d=draft (mm)
togstarting thickness (mm)
tf//=final thickness (mm)

* Draft may be expressed as a fraction.of.the starting
stock thickness, called the reduction(r)

.y
to

>
* Increase in the width of work in rolling is termed
as spreading(w).
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In flat rolling, the work is squeezed between two rolls so that its thickness is reduced by
an amount called the draft. Draft is © = ‘= ¥ all measured in millimeters.

Draft may be expressed as a fraction of the starting stock thickness. So, there is a term
known as reduction r, which is draft per unit of the initial thickness. This is reduction r.
The increase in the width of the work in rolling is termed as spreading. That is, the roll is
spreading across. That also is w.



Rolling Analysis

* Inrolling, conservation of matter is
preserved, so the volume of metal exiting
the rolls equals the volume entering:

tOWOLO = thfo

Where ¢ v Roll speed, v, \ 4 y

wq, Lq are starting width and length, 4 : ;;fgumﬁum

we , L¢ final width and length respectively b t
L L p y g o B

" Alsoin rolling process before and after —
volume rates of material flow must be the
same, if vg and v are the entering and
exiting velocitiesof the work (m/s), then:

o tOWOUO = thf 'Uf
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So, let me further explain: the volume is always preserved. That is the conservation of
matter, as discussed.

LpWplyg = EIW; L_r
That means —— ——— meaning the volume stays the same. Where wo and Lo are

the starting width and length, and wf and Lf are the final width and length, respectively.
So here, as I mentioned, Vo and VT are the initial and final velocities.
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Rolling Analysis
* If, 8=arc angle made by roller with work
R= radius of roller
Also known as the neutral point, velocity of
work v,. = surface velocity (roll speed in m/s) and,
Vo<V, <V
* At the no-slip point and roller is equal and. on, elther Aoll apeed, v, \
side of this point, slipping and frlctlon occur between
roll and work. y &,
* The amount of slip between the rolis and the work

o i J T
known as the forward slip(s) is equal to / b U

'4 AR = roll radius

= p = roll pressure

Ve— V
=
* The true strain experienced by the work in rolling is
[,
e=ln>
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Rolling Analysis

Remarks

* The friction force in rolling on the entrance side is greater, so that the net force pulls the
work through the rolls.

* There is a limit to the maximum possible draft (dax) that can be accomplished in flat
rolling with a given coefficient of friction(p), defined by-

S
2 'eal ressure | ——— ———ft——
Apax = PR — ARu Y i Al ey O
. e

* The equation indicates that if friction‘were zero, draft would
be zero, and it would be impossible to accomplish the rolling 5 Nosm‘wm

operation. ' |

|

* Inrolling peak pressure is at a neutral point. |
S e o

I
Direction of rolling

R

Entrance Exit
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Now, if 6 and r are the arc angle made by the roller with the work and the radius of the
roller. This is the neutral point where the velocity of work vr (the surface velocity, roll
speed in meters per second) is such that ve is less than vr, which is less than vf. So, we
have vr here. This is vr, this is Vo, this is vf. The final velocity is higher, as | mentioned.

It is also mentioned that this is the intermediate velocity data surface velocity when the
rolling is actually happening here. At the no-slip point, the roller is equal, and on either
side of this point, slipping and friction occur between the roll and the work. The amount
of slip between the rolls and the work is known as forward slip. That is also given: slip is
equal to the difference between the final and the neutral velocity per unit of the neutral
velocity. We have true strain, which is given by the log of the ratio of the thicknesses,
which are the initial and the final thickness.

Also, there is a maximum possible draft equation, which is equal to nu squared R. Here,
nu is the coefficient of friction, and capital R is the radius of the roll. The equation
indicates that if friction were 0, draft would be zero, and it would be impossible to
accomplish a rolling operation. The rolling peak pressure is at the neutral point. This has
already been discussed here.
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Rolling Analysis
Problem Statement: In a rolling process, sheet of 25 mm thickness is ro//ecMn
thickness.
Roll is of diameter 600 mm and it rotates at 100 rpm.
What is the roll strip contact length?
Solution: X, - &

'\‘5 B oW

W c_éoom;R“- 200w

AN 2 \00 Apwr

L1

L ':-YQT = S$00XS’ = S\S_OO
A=ty | Re 200w

=925 20

o
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Let me come to the problem statement. In a rolling process, a sheet of 25-millimeter
thickness is rolled to 20-millimeter thickness. We have been given the roll diameter as
600 millimeters. I will put it as n is equal to 100 rotations per minute. What is the roll-
strip contact length?

Contact length is a question mark. L contact length is equal to the square root of r
multiplied by draft.

t0 =25 mm

tf = 20 mm

D =600 mm ; R =300 mm
N = 100rpm

L=?
d=t0—-tF=25-20=5mm

Solution:

L=+R.d =300 x 5 =+/1500 = 38.72 mm
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Rolling Analysis

Problem Statement: A 4 mm thick sheet is rolled with 300 mm diameter rolls to reduce
thickness without any change in its width.

The friction coefficient at the work-roll interface is 0.1.

What is the minimum possible thickness of the sheet that can be produced
in a single pass?
Solution: Koz A
V= 3now;R= | SO\
u= 0\
A E ot S
Q&ﬁw\“’“&
AM\)( —2 \C— Q
Lo —-‘\: M'_“R

J(: \‘ —L\.‘_p“
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Another problem statement says a 4 mm thick sheet is rolled with 300 mm diameter rolls
to reduce thickness without any change in its width. The friction coefficient at the work
roll interface is 0.1, but the minimum possible thickness of the sheet. That can be
produced in a single pass is the minimum possible thickness.

t0=4 mm

D =300 mm :; R =150 mm

p=0.1
tf="7
Solution:
draft = u°R
t0 — tf = u°R
tf =10 - u°R

=4-(0.1)>x 150 = 2.5 mm
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Rolling Analysis

Problem Statement: The thickness of a metallic sheet is reduced from an initial value of
16 mm to a final value of 10 mm in one single pass rolling with a pair of cylindrical rollers
each of diameter of 400 mm.

= Yo d-
What is th : in degree? U~?% &

Solution: gy = u R
o
k‘ = Gw )\L e
B s e 13

R
» = 1100"""; R:WW 3 - 16 -0
O (] S22
U= Ao’ &0'\_‘"';)5

o =—.82°
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Another very quick and small problem that we can try to solve. Here, the thickness of a
metallic sheet is reduced from an initial value of 16 millimeters to a final value of 10
millimeters in one single-pass rolling with a pair of cylindrical rollers. Each of diameter
400 millimeters, what is the bite angle in degrees?

t0 =16 mm

tf =10 mm

D =400 mm ; R =200 mm
0="

Solution:

draft = u°R

p2 = draft/R

tan 0 = /—dmf ‘
R

0 =tan? ( [==22

—-) = tan™ (0.1732) = 9.82 degree
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Rolling Analysis

Problem Statement: In a single pass rolling operation, a 20 mm thick plate with plate
width of 100 mm) is reduced to 18 mm.

The roller radius is 250 mm and rotational speed is 10 rpm.

The average flow stress for the plate material is 300 MPa.

What is the power required for the rolling operation i@

{029—0“ T > Shon X kea

Larinbo= § R Ue-%()

L= S 2%0 (20 -'8)
) U 2236 wwa

Coen = Ob (.L:*‘;’S
{,‘ = \& ww Tore = Boo (226X 00)
R.: 250 wow Tt = 6710 800
Nz A0 g T*sv*/uu;';“—‘:x%-
M“& ‘w & P 300“‘@ ?M =T 5 2 7
Boww 3 = 7vFLe R 670800 x 22:26%'0
) Qo = 7ELe =

]

®NPTEL N Lo Yoo = T.&SHW E ?m: ,M“\i T

Let me now also take a problem in rolling. Where we will try to determine the power or
force that is there in rolling. In this problem, a single-pass rolling operation of a 20 mm
thick plate with a plate width of 100 mm is reduced to 18 mm. The roller radius is 250
mm, and the rotational speed is 10 rpm. The average flow stress of the plate material is
300 mega Pascal. What is the power required for the rolling operation in kilowatts?

t0 =20 mm

tf = 18 mm

R =250 mm

N =10 rpm

00 = 300 MPa

W =100 mm
Solution:

Force = Stress x Area
Force = 0 (L x w)

Force = 300 (22.6 x 100) = 6708.00 N



Torque/roll, T=F x L/2 (Length, L = \/R(to — tf) =,/250(20 — 18) = 22.36 mm)
Power =T xw (w = 2nN)

TFLN _ mX6708.00X22.36X10
60 60

Power =

= 7.85 kW

Power for 2 rollers = 7.85 x 2 = 15.7 kW
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Forging
Solution: Vodn A \a\\\,t&,; TARIEN
Tudwen & 1 Ay > 0

nN=9 C‘MM M\ﬂk)
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Forging
Problem Statement: A circular disc of 200 mm diameter is 100_mm thick is cowd

between two dies to a thickness of 50 mm.

Determine the maximum die pressure if coefficient of friction is 0.1 and yield strength in
compression is 230 MPa. Ty

o 11 'r"r’,'ﬁe_Sowm
M = O\

"Ny o0 = 22oMR

T O - W =
R e Y
s, 7 b= Wxa
a9 Y
= 280-wW 59
SO

b\ = 282 &Kk wm
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There is a problem that mentions a circular disc of 200-millimeter diameter and 100-
millimeter thickness. This is compressed between two dies to a thickness of 50
millimeters. Determine the maximum die pressure if the coefficient of friction is 0.1 and
the yield strength in compression is 230 MPa.

t0 =100 mm

tb = 50 mm

p=0.1

00 = 230 MPa

D0 =200 mm

Solution:

/4 x D0? X to = ni/4 x Df? x tf
Df = Do? x to/tf = 200% x 100/50
Df = 282.84 mm

Rf =282.84/2 = 141.42 mm

tf=5mm
2u
Die pressure, Pr = go et " (r=0)
2(0.1)(141.42)
=230e 50

Pmax = 404.95 MPa
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Blanking

Problem Statement: A round disk of 150 mm diameter is to be blanked from a strip of

3.2 mm,‘half-hard)cold-rolle a@ hose shear strength 310 MPa

Determine (g)the appropriate punch and die diameters, and (177 blanking force.
— ————————— e .

Qeover  alsomne Ae = 0FS

b::- \§0 \/_ C\M = FKW
e - = QO RB2
O; = 3\0“ = Q' lAwan

T= 5 (Lxw) =05 (?...M&)
= Wo (hHa-x 22)
\ = 4014204 W k
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Now let me see one problem in blanking. A round disc of 150 mm diameter is to blank
from a strip of 3.2 mm. Half hard cold rolled steel whose shear strength is given as 310
MPa. We need to determine the appropriate punch and die diameters and blanking force.

D =150 mm

T=32mm

00 = 310 MPa

Solution:

Clearance allowance; Ac = 0.075

Clearance, ¢ = Ac x thickness
=0.075x3.2=0.24 mm

Punch Diameter = 150 — 2 (0.24) = 149.52 mm
Perimeter of blank = zD =7 x 150 = 471.2 mm
F =00 (L x w) = 60 (Perimeter x t)

=310 (471.2 X 3.2)

=467430.4 N



With this, 1 am concluding my tutorial session on metal forming. | will meet you in the
next lecture, where we will demonstrate the virtual laboratory on metal forming. Thank
you.



