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Chapter 1 Stamping
Forming and Die Design

1.1 Introduction

Metal processing is a branch of engineering science, which deals with the manufacturing of
metallic parts and structures through the processes of plastic forming, machining, welding and
casting. This part focuses on the stamping forming technology and its die design in metal
processing. Stamping is mainly used in sheet plate forming, which can be used not only in metal
forming, but also in non-metal forming. In stamping forming, under the action of dies, the inner
force deforming the plate occurs in the plate. When the inner force reaches a certain degree, the
corresponding plastic deformation occurs in the blank or in some region of the blank. Therefore
the part with certain shape, size and characteristic is produced.

Stamping is carried out by dies and press, and has a high productivity. Mechanization and
automatization for stamping can be realized conveniently owing to its easy operation. Because
the stamping part is' produced by dies, it can be used to produce the complex part that may be
manufactured with difficulty by other processes. The stamping part can be used generally without
further machining. Usually, stamping process can be done without heating. Therefore, not only
does it save material but also energy. Moreover, the stamping part has the characteristics of light
weight and high rigidity.

Stamping processes vary with the shape, the size and the accuracy demands, the output of
the part and the material. It can be classified into two categories: cutting process and forming
process. The objective of cutting process is to separate the part from blank along a given contour
line in stamping. The surface quality of the cross-section of the separated part must meet a certain
demand. In forming processes, such as bending, deep drawing, local forming, bulging, flanging,
necking, sizing and spinning, plastic deformation occurs in the blank without fracture and
wrinkle, and the part with the required shape and dimensional accuracy is produced.

The stamping processes widely used are listed in Table 1-1.
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Table 1-1 Classification of the Stamping Processes and Their Characteristics

Process Diagram Characteristics

Shearing l:
Blanking ‘ " Separate the blank along a closed outline
h ]

E Partly separate the blank along a unclosed

Cutting | 1 2ncing j outline, bending occurs at the separated
part

Partin Separate various workpiece produced by
g stamping into two or more parts ‘

A layer of thin chip is shaved along the

AMANR

Shear the plate into strip or piece

Shavi ‘ k external side or the inner hole, to improve
avin,
€ size accuracy and smoothness of the cross
section of shearing
. v u U Press the sheet metal into various angles,
Bending

curvatures and shapes

S = —

Forming

. Bend ending portion of the plate into nearly
Curling - .
closed circle
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Chapter 1 Stamping Forming and Die Design
(continued)
Process Diagram Characteristics
Deep Produce an opened hollow part with
drawing punch and die
Local E Manufacture various convex or concave
forming | on the surface of the plate or part
Bulsi Expand a hollow or tubular blank into a
ulgin,
Eine curved surface part
ﬁ p‘ Press the edge of the hole or the external
/1
Flanging ' edge of the workpiece into vertical str-
Forming ”‘ aight wall
7 ‘
Necki il Decrease the end or middle diameter of
eckin
£ i the hollow or tubular shaped part
¥ v
Sini Finish the deformed workpiece into the
izin,
& accurate shape and size
|
Form an axis-symmetrical hollow part by
Spinning ¢ means of roller feeding and spindle
o " rotational movement




New Words and Expressions

stamping M, MEH

die *ﬁﬂf 55?” Mﬁ

metal processing & /BN L
metallic engineering science & /& TR
plastic forming %t
machining AU, PIKIINL
welding 1

casting %, P

plate ﬁ, ﬁﬁ: MR

blank £, HEH

press R, K
mechanization Hl#L
automatization B3Ik

rigidity RiI¥E, RIE

roller feed R¥CIEH

cutting process 7B LFF
forming process R, BB LE
contour ¥, #IE
cross-section HREH

bending 5 hi

tubular-shaped IR

tubular blank ERIE

spindle Hli, FHh

deep drawing ¥FHIZE

local forming JR&RRE
bulging FKE, &

flanging #0O, ik, T
necking %A

sizing ¥, HIE

spinning FEH, #E
blanking %%l MHE
shearing BY{]

strip 4%, #Bh, B
lancing 114%, Y100

parting FYl, H4HF, AE
workpiece T

shaving &4, ¥
smoothness 3§ (B, V¥ (B
curvature ZSah, MhE
curling #Hil, &k

punch 3k, ML

convex Mk

concave [YIJE, [Vl
curved-surface  HHTH
axis-symmetrical X} R
accuracy /¥

engineering science TfEF}%#
plastic deformation Y8427
fracture BT, BNME
wrinkle &4

sheet plate forming Uk B

1.2 Blanking and Punching Dies

1.2.1 Blanking

Cutting is a shearing process that one part of the blank is cut from the other. It mainly
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includes blanking, punching, trimming, parting and shaving, where punching and blanking are
the most widely used.

Blanking and punching are the processes to separate sheet metal along a closing outline.
After blanking and punching, the plate is separated into two parts. Punching is to punch a needed
hole in a blank or workpiece, and the material punched from the blank is the waste, that is, the
part out of the closing outline is the workpiece, and the part in the closing outline is the waste.
Oppositely, blanking is to punch a workpiece or blank with needed shape in the plate, that is, the
part in the closing outline is the workpiece. The part out of the closing outline is the waste. The
deformation process and the die structure are identical in both blanking and punching.
Conventionally, both blanking and punching are called blanking. Through blanking process, final
product as well as semifinished product for other forming process can be produced.

In the case of the cushion ring shown in Fig.1-1, the process to make the circle of $22 mm
is called blanking, and that to make the inside hole of @10.5 mm is called punching.

NN

22

AN

Fig.1-1 Cushion ring

1.2.2 Blanking Deformation Process

A blanking process involves placing the blank on the die, moving the punch downward to
deform and separate the blank with the edges of the punch and die. A clearance Z is existed
between the punch and die. The forces of the punch and die applying on the blank are mainly
concentrating on the edges of the punch and die.

Blanking deformation process is shown in Fig.1-2. Under the actions of the punch and die
with sharp cutting edges and an appropriate clearance, deformation process undergoes three
stages, namely, elastic deformation, plastic deformation and fracture separating stages.
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unch |

l
f ;
| -1 f
® + . ,! T sheet !
metal
4 I / die g ‘
Nz R
(a) elastic deformation stage (b) plastic deformation stage
| |
| | |
! \___.L_._J7—_
7 A
— /

~
(c) fracture separating stage
Fig.1-2 Deformation process of stamping

1. Elastic Deformation Stage

When the punch contacts the blank, the material is compressed, resulting in tensile and
bending elastic deformation. In this stage, the inner stress hasn’t exceeded the elastic limit of the
blank yet. The deformation would recover if unloading is occurred.

2. Plastic Deformation Stage

When the punch presses further downward on the blank, the inner stress of the blank reaches
its yield strength, the plastic flow and sliding deformation begin to occur. Under the pressure of
the punch and die, the surface of the blank is subjected t6 compression, due to the clearance
between the punch and die, the blank is subjected to the actions of bending and tension
simultaneously, the material beneath the punch is bended, and that above the die is curled
upwards. Circular angles are formed in regions @ and @ due to bending and tension, and
indentations appear in regions ® and @. While the punch squeeze further into the blank, the
plastic deformation and the work hardening in the deformation zone increase further. When the
inner stress of the blank near the cutting edge reaches the strength limit of ‘the material, the
blanking force reaches its maximum and the cracks occur in the blank, resulting in the damage of
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the material and the end of the plastic deformation stage (see Fig.1-2).

3. Fracture Separating Stage

With the punch squeezing into the blank continuously, the cracks at the top and bottom
extend to the inner layer of the sheet metal gradually, when the two cracks meet, the blank is cut,
and then the process of fracture is ended.

Equilibrium of forces in the shearing zone during blanking is shown in Fig.1-3; where F,
and F, are the acting forces of the punch and die perpendicular to the blank respectively; F3 and
F4 are the lateral pressures of the punch and die exerting on the blank respectively; ufF,, uF,are
the frictions on the end surfaces of the punch and die acting on the blank respectively; uFs, uF,
are the frictions on the lateral surfaces of the punch and die acting on the blank respectively. The
directions of uF and uF, vary with the clearance between the punch and die.

F

Fig.1-3 Diagram of the blanking force
I-punch 2-blank 3-die

Analysis of the blanking forces shows that the lateral pressures F3 and F, must be smaller
than the perpendicular pressures F; and F»; and that the cracks occur and extend more easily in
the area of small pressure. Therefore, the initial crack occurs on the side surface of the die in
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blanking. Observation on crack initiating and developing with scanning electronic microscope
shows that when the depth of punch squeezing downward into the material reaches 20% of the
blank thickness, the crack occurs on the side surface of the punch and die edges, and then the
cracks at the top and bottom extend rapidly. When the two cracks meet, the blank is sheared and

the process of fracture is ended.

1.2.3 Blanking Workpiece Quality

The quality of the blanking workpiece mainly refers to the qualities of the cutting
cross-section and workpiece surface, shape tolerance and dimensional accuracy. The cutting
cross-section quality of the workpiece is an important factor to determine whether the blanking

process is succeeded or not.
As shown in Fig.1-4, the cutting cross-section can be divided into four regions: the smooth

sheared zone, fracture zone, rollover zone and burr zone.

Bu:r?e Rollover zos

B

Fracture zone

Smooth sheared

zone

Rollover zone

Fracture zone Burr zone Smooth sheared zone

Fig.1-4 Characteristic of the cutting cross-section of blanking workpieces

When the punch edge cuts into the blank, the plastic deformation occurs due to extrusion
between the material and the side of the cutting edge, resulting in the forming of the smooth
sheared zone. Due to the characteristic of extrusion, the surface of the smooth sheared zone is
smooth and perpendicular, and is the region with highest accuracy and quality within the cutting
cross-section of the blanking workpiece. The thickness ratio of the smooth sheared zone to the
cutting cross-section is about 1/2~1/3.

The fracture zone is formed in the final stage of blanking, it’s the area where blank is cut off,
and the fracture surface is formed with the cracks expanding continuously under tensile stress.
The surface of the fracture zone is rough and inclined, and is not perpendicular to the blank.

The rollover zone is formed when the die presses into the blank. The material near cutting
edge is embroiled and deformed. The better the plasticity of the material, the larger would be the
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rollover zone.

The burr of the cutting cross-section is formed when micro-cracks occur during blanking.
The formed burr is then elongated and remains on the workpiece.

There are many factors affecting the quality of the cutting cross-section. The proportion of
the thickness of the four zones (smooth sheared zone, fracture zone, rollover zone and burr zone)
varies with blanking conditions, such as workpiece material, punch and die, equipment, etc.

Fig.1-5 shows the main factors that affect the quality of the cutting cross-section of blanking
workpiece. Fig.1-6 shows those factors affecting the dimensional accuracy of blanking workpiece.
The research and analysis show that the clearance between the punch and die is the most
important factor affecting the surface quality and the dimensional accuracy of the blanking
workpiece. To increase the surface quality of the blanking workpiece, it is important to study the
clearance influence mechanism, so as to find a method for calculating the optimal clearance

between the punch and die.
punch and die workpiece material press machine
\ clear;nac:d b;tween the\ propertes accuracy
punc d bland thickness

surface state rigidity

\ state of the
cutting edge
N\ N N .

Quality of the cutting cross-section of blanding workpiece

Fig. 1-5 Factors affecting the quality of the cutting cross-section of blanking workpiece
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Fig.1-6 Factors affecting the dimensional accuracy of blanking workpiece
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1.2.4 Blanking and Punching Dies

1. Typical Structure of Blanking Die

(1) Simple Die ,
The die that only one process is carried out in one press stroke is called simple die. Its
structure is simple (see Fig.1-7), so it can be easily manufactured. It is applicable to small batch

production.
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Fig.1-7 Simple die

1-stop pin 2-guide bushing 3-guide pin 4-bolt S-dieshank 6-pin 7-fixed plate
8-upper bolster 9-punch 10-stripper 11-stock guide 12-die 13-lower bolster




