Figure 16.2 (page 446) Schematic illustration of shearing with a punch Master 45
and die, indicating some of the process variables
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Figure 16.2 con’t.

A punched hole

Master 46
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Figurg 16.2 con’t. The slug Master 47
(c) Flattened portion
under the punch
Burr
Burr height
A Dishing
Rough surface
—Smooth surface
B Ul s 1D (burnished)
Ideal slug
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— Punch
7/ Plastic deformation
A
I't = stock thickness
\

» —* —+— c=clearance

v. F v, F

Penetration

“— Fracture

(3)

(4)

Shearing of sheet metal between two cutting edges: (1) just before the punch contacts
work; (2) punch begins to push into work, causing plastic deformation; (3) punch compresses and pen-
etrates into work, causing a smooth cut surtace; and (4 fracture is initiated at the opposing cutting
edges that separate the sheet. Symbols v and F indicate motion and applied force, respectively.

FICURE 22.1

J\ ___ y~—— Rollover

It ~+————— Burnish

‘|' }*—— Fractured zone
b FIGURE 22.2  Characteristic
- Burr

. sheared edges of the work.



Master 48

(a) Effect of clearance ¢ between the punch  Figure 16.3 (page 447)
and die on the deformation zone in shearing.

(b) Microhardness (HV) contours for a 6.4-mm

(0.25-in.) thick AISI 1020 hot-rolled steel in the

sheared region
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Master 52

Schematic illustration of a deep-drawing Figure 16.32 (page 471)
process using a circular sheet-metal blank.
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~— Bending
o (1) | (@) _ ) o (3)
v, F th C” ‘ : l T

Compression and
thickening of flange

FIGURE 22.20 Stages in deformation of the work in deep drawing: (1) punch makes initial contact
with work, (2) bending, (3) straightening, (4) friction and compression, and (5) final cup shape showing
effects of thinning in the cup walls. Symbols v = motion of punch, F = punch force, F, = blankholder
force,



figuration during pressing;
() finished part with em-
bossed ribs.

FIGURE 20,26 m e //
Embossing: (a) cross sec-
tion of punch and die con- \ /

" FIGURE 20.27 Lancing in
several forms: {a) cutting

and bending; (b) and (c) - f S
two types of cutting and /
forming. \ \
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FIGURE 20.42 : Roller tool \F
Conventional spinning: (1)

setup at start of process;
{2) during spinping; and (3)
“completion of process. (1 @ ROR




Foperation: (a) side view of

Fthe shearing operation; (b)

front view of power shears

equipped with inclined up- Shearing punch
per cutting blade. Symbol

v indicates motion.
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" {a) straight flanging,

{b) stretch flanging, and )
(0) shrink flanging. . (

Slot

FIGURE 20.17
(a) Hemming, (b} seaming,
and {c) curling.
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(a) Schematic illustration of a draw bead.

Figure 16.38 (page 476)

(b) Metal flow during drawing of a box-shaped

part, using beads to control the movement of the

material. (c) Deformation of circular grids in

drawing.
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Master 50 Bending terminology.

(=)

Figure 16.16 (page 459)
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Schematic illustrations of various bending

operations in a press brake

Figure 16.23 (page 465)
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