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{I] INTRODUCTION

Modern industries utilize numerous tvpes of production tools,
machines and processes, much manpower and investment to produce
useful goods for the needs of society. The competitive nature of
today's production forces the industries concerned, whether in
the technically advanced or in the developing countries, into care-
ful systematic gselection and utilization of processes, methods,
tools, machines, manpower and investments. Thus only is it pos-
sible to obtain lower production cost per piece and also higher

productivity and profit w'th acceptable quality standards.

Articles must be designed to meet three basic requirements,
pamely: (a) function, (b) sales and (c) production. The follow-
ing factors influence design:

(a) Manufacturing methods and processes

(p) Production tools and machines: cutting tools, jigs
fixtures, machine tools, etc.

(¢) Quality requirements: dimensional accuracy, surface
finish, etc.

(d) Production quancity: total quantity, lot sise, ete.

(e) BSales requirements: price, profit, market appeal, sto.

Por s desirable product there are many alternative processes,
tools and machines, and opsrational sequences available which can
be selected as most suitable. Tooling in manufacturing, such as
jigs, fixtures, and dies, influences greatly the evolution of &
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final product and is one of the major day to day tasks and prob-

lems for almost all fabricating industries.

Tools used in shops are devices

(a) For removing or forming a work material into a desired

size and shape, e.g., ocutting tools, punches and dies,
electrodes, etc.

(b) Por holding workpieces and/or guiding tools, e.gq.,
jigs and fixtures, and machine tool accessories such
as chucks, vises, etc.

(¢) Por measuring and inspection of parts, e.g., gages,
precision instruments, etc.

(d) Por sonsihg necessary information for operational
control of machine tools, e.g., tool force dynamometer,
power indicators, etc.

(e) Por the transmitting instructions to machine tools
for desired operations, e.g., N/C tapes and control

units.

The functions of machine tools are (a) to hold the workpiece
and the toc. at proper, related positions, and (b) to generate
movements between the workpiece and tool for the productive
motion (cutting, forming, th.). The relationship between the
machine tool, workpiece, and cutting tool with the respective

basic requirements for optimum production is illustrated in Fig. 1-1,

Definitions of Workholding Devices and Dies:

The term workholding devices includes all devices that hold,

chuck or support a workpiece in a desired manner and location,
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which also guide the tool to perform a manufacturing operation.

They are known as "Jigs and Fixtures" and are extensively used

in i:he machining of ma-s-produced parts.
A Jig is a device for positively locating and guiding both

She woripieee ana she GUEEING €881, A FiNBUFe I8 A aeviee 7er
holding and positioning a workpiece, but does not necessarily

guide the tools. A schematic sketch showing the basic elements
and features of workholding devices is exhibited in Fig. 1-2.

Pressworkirg operations are performed on power presses with
punches and dies. Generally a complete set of pressworking tools
are simply called a "Diec Set” which usually contains a punch
holder, and a die or die block with accessoriss.

!!! Functions of Tool lggin.origgs

Tool engineering is concerned with the economic production
of manufactured goods and deals with the development, design,
analysis, planning, construction, operation, application, super-
vision and follow-up of production methods, tools, equipment, and
facilities for the manufacture of industrial and coﬁlul-r goods.

The specific areas of tool engineering are analysis, design
selection, construction, application and control of

(a) Cutting tools and accessories

(b) Workholding devices (Jigs and fixtures)

(¢) Pressworking and forming tools (punches and dies)
(d) Measuring instruments and gages

(e) Tooling for welding, casting, assembling, eto.
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(f) Tooling for NOn-conventional processes such as ECM,
EDM, EBM & W and etc.

(9) Programming and tooling for N/C and A/C machining
and processes

(h) @®pecial mathine tools and Qomponents

Tool Engineers:

The primary funetion of the tool engineer ‘s to analyze the
tooling problems and to design or select, and apply suitable tools
and tooling set-ups based upon technical knowledge, experience
and ingenuity. 1In order to achieve these objectives he organizes
MEN, MATERIALS, METHODS and MACHINES so that quality products may
be made economically and efficiently. The continuing task of the
tool engineer is the development of improved manufacturing tech-
niques. The complexity of modern manufacturing requires that
many functions of tool engineering be carried out by specialistg
who usually are graduate engineers in either industrial or mechan-
izal engineering, and/or engineering technicians with practical
experience in tool and die making and production processes,

A schematic diagram showing the functiong and interrulationlhip:
of tool engineering in manufacturing, from product design to

Production is given in Fig. 1-3,

Process Analysis and Plannigg:

The policies and decisions of Management are implimented through
process analysis and planning. Thege are carried out to select

or design an optimum process for a specific operation. 1Ip process

pPlanning the following factors should be carefully analyzed:
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(a) Punctional design requirements of the product; shape,
size, material, strength, specifications, surface,
appearance, weight, volume, etc.

(b) Production requirements of the product; quantity and
Qualiey, tolerancea, fits, surface finianhss, ouseing
tools, workholding devices, gages, machine tools,
equipment and facilities available, etc.

(¢) Economy of production; tooling cost, set-up cost,
production cost, material cost, equipment cost,
equipment cost, maintenance and power cost; gaging

and inspection costs, etc,

A process plan, which is usually expressed in the form of a
foute sheet, process shett, or operation sheet, describes

(a) Required Processes and operations
(b) Machines and tools

(¢) S8pecific operating conditions

(d) oOperation sequence to be followed
(8) S8pecification to be met

(£) Work-space available

(9) Production time required, eotc,

The design, construction, or purchase, and disposition of all
tools, is based upon this process plan,

Process analysis and planning is continuous., It should alwvays
be guided by the simple objective to &chieve the optimum productive
efficiency, i.e., to Weet the conditiong for minimum Cost per piece,
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or for maximum production rate, or for maximum profit, while main-
taining the required quality standards. Thus, tool engineers
must always look for ways of improvemerti, e.g., selecting an
alternative process, revising product design, changing specifica-
tiona, advanoing tool design, altering operational sequence,

bettering operating conditions, utilizing new cutting tools, etc.

Requirements for Tool Design:

The basic object of tool design, is to make it possible to
produce the necessary quantity, with optimum production, maximum
efficiency and profit, meeting all specifications. General rules
for good tooling are:

(a) Design for satisfactory performance of a specific

function with maximum simplicity

(b) Design for quality specifications

(c) Design for the optimum production

(d) Design for the maximum motion economy

(e) Design with standard parts and available materials

(£) Design for economy

By considering these factors, analysing the problems
involved and screening alternative designs, decisions may be
made of the most suitable selection.
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(II) TOOLING FOR WORKHOLDING DEVICES

Workholding Devices:

Jigs and fixtures provide the following

advantages:

(a) Blimination of workpiece layout before
machining thus, reducing the set-up
time and workhandling time
(b) Increase of machining accuracy because
of accurate self-positioning of workpiece
(¢) Increase o. productivity due to machining
of multi-workpieces or with multi-tools
(d) Increase of production rate due to the
increase of cutting speed, feed, and
depth of cut because of improved clamping
rigidity
(e) Reduction of the costs for quality control
(£) Maximum utilization of machine tool capacity
(9) Increase of motion economy and application

of automation features

A workholding device must meet two basic require-
ments:
(a) Positioning and locating a workpiece in

definite relation to the cutting tool and

the machine tool component
(b) Withstanding clamping and cutting forces

while maintaining the Precise position or

location required.
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Many standard workholding devices are readily avail-

able in the marke., however, most workholding devices are

designed and constructed to meet the specific requirements

of the operations,

Types of Jigs:
Jigs are usually classifisd by their structural design.

Common types are templet, plate, channel, open, box, leaf,

universal, etc.

(a)

(b)

(o)

(a)

Templet jigs; a simple type us.d only for
limited production of large workpieces for
correct location of holes

Plate jig; a simple type used mostly for
limited productici and usually consists of

The main features of typical jigs are

three essential parts, plate, drill bushings,

and locating pins. In most cases it does not

have its own clamping device thus requiring
other clamps such as "C" clamp, etc.
Channel jig; a channel-shaped structure ia
which the workpiece is clamped

Open jig: a type constructed with a msia
supporting structure having clamps,
bushings, locating devices, etc., but no
leaf or cover. The advantages of this type
is that (i) workpiece handling and chip

removal is easy and (ii) fabrication of
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the jig is made less costly by utilizing standard
parts. However, this type of jig can only be
used for drilling into one surface of the workpiece
with a single loading

(8) Leaf jig; a tyre with a hinged cover or leaf which
can be swung open for loading and unloading of the
workpiece. With thisg type of jig, complicated
workpieces with irregular contours can be handled.
Quick loading and unloading of workpieces is possi-
ble, and more than one surface can be machined with
a single loading. Unless Some provisions are made,
accumulated chips inside the jig may cause trouble

(f) Universal jigs; standard basic units to be adapted
for specific jobs

Jig Bushings:

8tandard components of a drill jig are drill bushings
which guide the drjil). They are standard)zed by commercial
Or national standards with Principle dimensions an& tolerances,
and are usually classified by their application methods and
design features. The most common types of jig bushings are

(a) Press-fit bushings

(b) Fixed and slip renewable bushings

(c) Screw bushings

(d) 8pecial bushings
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The lengths of jig bushings are based on the thickness
of the jig plates. Attention must be given to the placing
of jig plates with drill bushings. Adequate clearance be-
tween the bottom of the bushing and the workpiece is re-

quired for smooth ochip removal.

Types of Fixtures:
Fixtures are usually classified by application and

function; such as workholding devices used in milling,
boring, tapping, ‘broaching, grinding, welding, assembly,
inspection, etc. Many components of fixtures, e.qg.,
clamping devices, vises, jaws, pins, etc., are standardised

for economic design and interchangeability.

Analysis of Workholding Devices:

The design or selection of any workholding device
should be on sound economic and technical bases, con-
sidering many related factors as illustrated in Pig. 2-1.
A workholding device has the following basic features:

(a) Locating elements

(b) Structural elements

(¢) Clamping elements
(d) Tool-guiding elements

(e) Power devices for operating the clamping
elements

() Indexing devices for accurate positioming
(g) Pastening parts
(h) Auxiliary elements
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PRODUCT PRODUCTION
ANALYSIS ANALYSIS
Sizes, Shapes, Quality
Strength, Quantity
Surface, lot size
Condition, etc.
OPERATION
ANALYSIS

Conditions,
Cutting Forces,
Direction of cut,
Inspection,
Assembly, etc.

]
ANALYSIS OF WORKHOLDING DEVICE

(a) Functional requirements and design features

(b) Relative location ard position to cutting tool
and the machine

(c) Clamping direction and force

(d) Construction and rigidity

(e) safety requirements

(f) Motion economy and automation

(g) Use of standard items

(h) S8implicity of operation

(1) PFool-proot design details

(3) Economic justification

,

Pig. 2-1 Procedure for Design and selection of
Workholding Devices
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To insure proper operation of the workholding device,
the locating elements should position the workpiece
accurately and the structure should withstand the clamp-
ing and cutting forces. The clamps should apply only
adequate force for maintaining the position of the
workpiece and the attachment should hold the device on
the machine properly.

There are many types of workholding devices which
are used for other than machining operation, e.g., welding,
assembly, inspection, etc. However, the basic design re-

quirements and procedures are similar.

Locating Methods:
For consistant production results, it is essential to

accurately locate the workpiece relative to the tool. This
relationship is fixed by locators in the workholding device.
A workpiece must be confined and restricted against movement
in all directions except those needed for operation or
handling. A workpiece in space has twelve degrees of freedom.
as shown in Fig. 2-2 (a) and it may be positively located by
eliminating nine degrees of freedom. The remaining three
degrees of freedom may be restricted by means of clamping
devices. This arrangement is called the 3-2-1 method of

location and is shown in Fig. 2-2 (b). The basic requirements

for successful pin-locating are

(a) Selection of location surface

P

(b) Use of least points for location

ke L
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S

(a) 12 deyrees of freedom (b) 3-2-1 locating method
in space

Pig. 2-2 Locating Method
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Extreme positions of locating points
3-2-1 locating principle

Use of mutually perpendicular planes

One of the most popular locating devices is the

v-locator for cylinderical work. As gshown in Fig. 2-3,

the best design for a V-locator to meet the requirements

for the least displacement of centers of different

diameters and for positive location of a workpiece is

a 90° included angle for the V.

Claqg}ngvpevicelz

All clamping devices must meet some common require-

ments and the selection of a proper clamp demands definite

consideration. They are

(a)

(b)
(e)

(4)

(o)

(£)

Rigid holding of workpiece during the
production operation

Quick acting and ease of operation

Clamping with no damage to the surfaces

of the workpiece

Magnitude of clamping forces, its direction,
and location

Types of clamping devices, mechanisa

power sources, etc.

Bconomy of clamping

The types of clamps used in workholding devices are

numerous, but the majority exhibit several basic, common

mechanical features such as a screw, cam, wedge, hook,
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toggle and lever. Clamping by pneumatic, hydraulic, and
electric means are also common in supplementing manual
operation,

S8ince the clamps hold the workpiece against a locator
and Bust alse eounserass any disturbing fevees, is i
essential to estimate the required clamping force in order
to select a clamp. The clamping forces must neither dis-~
turbe the location of the workpiece nor distort or damage
the workpiece. Typical examples of magnification of clamp-
ing forces are shown in rig. 2-4. For example, as showmn
in Pig. 2-4 (a), the applied force (F) with a wrench is
magnified to excert the clamping force (F,) by F, = (a/®)?P.
The force () required to actuate a clamp should be knows
for proper selection of a clamping device. Manual foroce
values for different operations and conditions are gener-
ally available. Usually 50 to 100 1lbs. of force may be
exerted by manual operation of simple levers, hand knobs,
screw heads, eto. Locating and clamping should not be
thought of as the same operation. Locating is obtaiaing
the most effective way of positioning the workpiece,
vhereas clamping is to give stability to the location
chosen.

Screw Clampe: .
Screw clamps are the simplest and most versatile type

of clamping elements. They have the advaatage of emerting
mumummmmmmum.
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Pig. 2-4 Clamping Forces of Typical Devices

(a) Wrench, (b) Screw Clamp,

(d) Screw-strap C1
(1) Cam o1ac P Clamp, (e¢) Toggle Clamp,

(c) Strap Clamp,
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they possess the following disadvantages:
The workpiece may be moved by the frictional
force at the end of screw, or the workpiece
surface may be damaged
Comparatively more times and effort is
required

(c) The clamping force is not constant

Screw clamps may be actuated by hand, wrenches, levers
or handwheels. Swivel pads are usually provided on the ends
of screw clamps to reduce possible workpiece damage.

The forces acting on standard bolts varying in sise
from 1/4 to 1 in. can be represented by

T =02dP

Where 7 = Torque applied to nut, in-1b.
d = nominal diameter of bolt, in.
Pa load on bolt, lbs.

The force (F,) exerted by a screw clamp (Fig. 2-¢ b)

may be computed using the following formula:
Fe FL _
e T R tn(6+4)+ 433//(%551)'

Where [ = the force applied on the wrench or handle,

ibs.
L = the length of the wrench or handle, inch
R,- the pitch radius of the thread, inch
6 = the helix angle of the thread, degree
l[ = the friction angle in the thread, degree

// = the coefficient of friction on the force
 of the swvivel pad
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Combinations of screw and lever or screw and wedgeA
devices are often used. A Combination of a screw and lever
is called a screw strap clamp, and an example of this type
of clamp is shown in Fig. 2-4 (d). The clamping force (Pc)
of this type of strap clamp may be computed as follows:

it ’[/-’[1-—5—
then qu(/-f/(/?)

where F- the force applied to the head of the
screw
/I ® the coefficient of friction between the
ball face washers (a) and ball socket
washer (b) (rig. 2-4 (4))
R = the radius of the ball socket in the

washers

-

Strap Clamps:
Strap clamp is a simple and commonly used device along
with other elawiﬁq devices such as; screvw, cam, wedge,
lever, etc.
The clamping force (r,) as shown in Pig. 2-4 (o)) 1
given by

a
£=2P
where P = applied force, 1bs.

a ’ b = distances from fulcrum
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Hook Clamps:

There are three main types of hook clamps; (a) bolt
types (b) latch type, and (c) screw type.

Toggle Clamps:

The action of toggle clamps is based upon the move-
ment of coordinated links. There are many commercial
standard toggle clamps availuble and they have to be de-
signed only in exceptional cases. The principles of

clamping action are shown in Pig. 2-4 (e) and the clamping
force (F,) may be estimated as follows:
F-L o
where [ = applied force, 1bs.
6 = angle between links and the
horisontal line

8ince the smaller the angle (0), the value of the
cotangent becomes larger. Therefore, the clamping force
(% ) is greater than the applied force (F) for angles less
than 25°. Prom the diagram of Pig. 2-4 (e), the following
relationships can be obtained for design of toggle clamps:

X =2f (1- ces®)
h = [sinb

B G o R Sl e

/
é;
%
i
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Cam Clamps:

Quick-acting cam clamps are popular in workholding
devices. There are two main types of cam clamps, (a) direct-
acting levers and (b) shaft eccentrics. As shown in Fig. 2-4 (f)
the cam has a pin mounted on stationary supports of the de-
vice. The axis pass through point 0. Distance from point O
to points on the working surface of the cam are variable.

The cam profile may be either an arc (circular eccentric) or

a spiral. An eccentric circular cam is designed with definite
ratios of its diameter (D) to its eccentricity (e) for
looking.

The diameter (D) of the eccentric cam is usually selected
to suit the design of the device, while the eccentricity (e)
is determined by the ratio (D/.) which is usually from 14 to
16 in value.

The clamping force (P,) of an eccentric clamp may be
computed as follows:

. F
€ [ton(d+d)+tanpIf

where [ = the force applied on the handle of
the eccentric cam, lbg.
(wL+§
4, = the length of nandle
D = the diameter of the cam

(/ « the cam rise spiral angle of
the eccentric

¢;- the friction angle between the

eccentric and its support
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<¢5 = the friction angle of the pilot on
3

which the eccentric rotates

f = the distance between the center of

rotation of the eccentric and the

point of the contact with its support

Power Clamping Devices:
Manual clamping has many disadvantages such as
(a) Non-uniformity of clamping force
(b) Difficulty of computing the required
clamping force
(c) Physical fatigue of operator )
(d) Limited clamping force (max. 90 1be.)
(e) Time delay

To compensate for these handicaps of manual clamping,
power clamping devices with pneumatic, phdraulic, hydro-
pneumatic, fluidic, or electric systems, are most fre-
quently used.

For pneumatic clamping devices, the pressure available
from a compressed air supply system in shops is around
80 to 100 pei. The force (F,) exerted by the rod of am air-
operated piston device is given by

F=g (ZE)

where E- the air pressure, psi
d = the cylinder diamster, ia.
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Sometimes considerable force is required for clamping,
particularly for multiple-clamping devices. Hydraulic or
hydro-pneumatic power elements are then used rather than a
pneumatic device alone. Large forces can be developed in
hydraulic clamping units due to the high pressures obtain-
able. The clamping force (F.) realized from a hydro-

pneumatic system (Fig. 2-5) may be computed as follows:
b
E L R 1

Where [ = the rod diameter of the pneumatic
piston, in.
- d = the diameter of the hydraulic piston, in.
Ei = the force acting on the rod of the
pneumatic piston, lbs.

?L- the efficiency (0.8 - 0.85)

Blectrically-operated power clamping systems such as

motors and solenoids are also used for special cases.

Manual Clamp-actuating rorces:

Although power clamping is often used, most clamps
are hand-operated. The force exerted by an operator on a
lever or handle depends on his strength. There have been
studies on human strengths for manual handling of machine
parts and examples of such studies are shown in Table 11-1
and II-2,




PNEUMATIC
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Pig. 3-3 INydro-pneumatic System

(a) (b) (o)

Pig. 3-6 Structural Prames of
Workholding Devices

(a) Cast iron
(b) Weldment
(c) Steel block
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Table 11-1 Summary of Manual Porces Exerted on Various

Types of Levers

Average
Type of Lever Force,
ibs.
Single Lever:
Push or pull vertically from about
20 to 35 in. above floor level 1]
From about 35 to 50 in, above
floor level )
Push or Pull Horizontally 6s
sbars:
Push or pull vertically or horizontally 160
Bandwheel :
Vertical and parallel to body 123
Vertical and perpendicular to body 160
Horizontal 140
Table 1I-2 Hand Grip Strength
Force in 1b.
Action
Max. Mean Min.
Grip (ave.) 154 95 52
Right Grip 183 124 (1]
Left Grip 165 113 61
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Body Structures:

Main structures of workholding devices may be
(a) Gray iron castings

(b) Steel plates

(@) steel forgings or blooks

(d) Weldments of steel plates

(e) Btandard steel shapes (angles, channels,

I-beams, etc.)

Large workholding supports are usually made of cast
iron. However, in many cases, steel weldments are more

economical than castings, (8ee Fig. 2-6).

Design Procedure:

The design of special workholding devices (jigs and
fixtures) differs from the design of machine elements or
products since it is rather restricted by the design and
production specifications of the product. All workholding

devices must meet the following requirements:

(a) Perform a specific function

(b) Meet precision regquirements

(c) Satisfy the production rate and schedule

(d) Prulfill auxiliary demands such as safety,
adaptability, and convenience

(e) Use standard parts whenever possible

(£) Justify cost

A tool designer must first define the problem and
determine criteria for all factors to be considered and
then ask the following questions:
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(a) Will the tool perform the function intended?

(b) Will the specific quality requirements be met?

(c) what are the limitations on funds available
for design and construction of the tool?

(4) When must the tool be completed?

(e) wWhat are auxiliary factors to be considered?

(£) Would multi-tool or multi-workpiece

operations be possible?

In designing a workholding device, it is advantageous
to deal as shown in Fig. 2-7 with the various elements and

suxiliary parts as listed:

(a) Lay out the product (workpiece) in at least
three views (preferably use red color)
(b) Draw the elements of the workholding devices
around the workpiece
(1) Lay out cutting tools involved and
check possible interference
(2) Arrange the elements for guiding
the tools (drill bushings, etec.)
(3) Indicate all locations for the
workpiece
(4) Satiefy clamping needs
(¢) Check chip space, chip-removing methods, etc.
(d) Decide how the workholder will be fastened to
or placed on the table during machining
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(o)

(¢)
(g)

Build the body structure around the workpiece
linking the elements into an integral unit
Add the necessary auxiliary elements

Specify the standard parts, materials,

accuracy and finish requirements, etc.
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Design Computation Examples of Drill Jig:

Design of a drill jig for the workpiece as shown in
Fig. 2-9: let's assume that the work material is soft-grade
gray cast iron, the operation to be performed with the jib is
to drill two holes of 1/2 in. diameter with a twist drill, and
the cutting condition is cutting speed (V)=50 rpm and feed (f) =
0.008 ipr.
(a) The thrust force (T)) for drilling is
Ti= 57,500"”’0“’ + 6250 2
= 57,500 (0.005)%? (0.5)%2 + 625(a%)

=634 lbs
Por simultaneocus drilling of two drills,

total trust force (P) = 2T = 2 (638)=1268 (s
(b) The sise of t:o screw for clamping
T L 8
T=(T8 )&
Where Q- permissible tensile screws
(10,000 psi for mild steel
bolt with safety factor)

3 = diameter of bolt
1268 = (L&) 10,000
d-o.‘l-u-& in. belt
(s) The know sise or length of lever (,) for the
bolt is

Togee = 0:2dP = £F
[- M‘i‘:—’g-z-‘—’-’.c.qs-zm
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Pig. 2-8 ERxample of Drill Jig Design
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Design Computation Examples of Milling Fixture:

Design of a milling fixture with a strap-screw Clamp as

shown in Fig. 2-10: 1let's assume the following conditions:

(a)

)

Workmaterial: mild steel block
Milling cutter: H.S.S.; 6 in. diameter (D);

1/2 in. width (w); 16 teeth.(M)
Cutting speed (N): 100 rpm
Specific horsepower (Uhp): hp/ind/min.
Peed (f): 0.005 inch/tooth
Depth of cut (d): 1/4 in.

The clamping force (F,) required:

Q@=d w)CnN - (%)(é‘)(o.oos)(lb)(!oo)- l.o ;"%ifn
V = (roN) 2 =[(31)()(00)] f3 = 157 fpm
Hp= Unp Q =100} = (1
F(, - (H'R)(aa,ooo)/v - (')(33,000)/, s =210 Ibs
Cosbx 2.75/3 = 0,9167 O=23°38’
F, = B sin® =(210)(5in23°33')=8¢ Ibs

Since P = 27, the clamping force required for

each strap is then P, = 42 1bs.

Strap design:

Asoume that

tensile strength of strap material: 32,000 ps)
fector of safety for strap design: 4 ‘

human manual force applied for lever actioms 3 lbs.
length of lever (/): 3 in.
length of strap (L ): 4 in.

Teo2dP
P = (@) /fo.2)(a5) =90 bs
R=-(g)P
Allow .ff.z (6a)= -5%’—’9- = (3,000 PSi
Noment of strap (M) = CPab)/L. = Q0 n-lb
Section modulus (2)= bh¥/¢= ((.250-062Dt"/
alse M-Z&

Thus the thickness of the strap (t) is about 1/4 ia.
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Pig. 2-9 BExample of Milling Pixture Design
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III1] ECONOMICS OF TOOLING

In designing, selecting or purchasing cutting tools,

workholding devices, assembly fixtures, special instruments,
0%8., it ia firet nevessary to analyse their economic effecte.
Although the technical requirements and functional neccessity
of the tool are of prime concern, its economic justification

should be considered equally.

Analysis of Tooling Costs:

In dealing with the economics of tools, there are many
types of problems and many factors to be considered. Por
& esimple case of comparison of two different tooling set-ups,
the saving (s) occasioned by the new improved method or tool
will be
5-N q C“l - C“‘s)
Por the saving to be equal to or larger than the cost of

the new tool Iz
S 21, N 2 Ca,- Ca,

Where S = total annual saving, $
N = number of pieces produced per year

C“‘- annual unit cost per piece with the
old method, §

Cy,™ annual unit cost per piece with the
' new method, $

1'_- cost of the tool for the new method, §
Nowever, where quantity production is involved, many other
factors must be taken into account. In dealing with them
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the following questions come up most frequently:
(a) How many pieces must be run to pay for a specific
tool and will show a given estimated saving in

direct labor cost on a given number of pieces?

(b) How much may a tool cost which will show a
given estimated unit saving in direct labor cost
on a given number of pieces?

(c) How long will .t take a proposed tools, under
the given conditions, to pay for itself, carry-
ing its fixed charges?

(d) What will be the profit earned by a fixture, of
a given cost, for an estimated unit saving in
direct labor cost for a given output?

The first approach is to consider the break-even
point at which two methods are equal, or where the annual
operating savings equals the total fixed charges and set-up
costs for the period considered as given by

(54+ So+ Sp)=C(ReT M +D)+UTE
Where Gd = annual saving in direct labor cost, §
Se ™ annual saving in labor overhead, §
S, = G4t whent= rate of overhead on
the labor saved
SP' annual saving through increased production, §
S¢ = #aving in unit direct labor cost, §
(%’- estimated initial cost of the tool, §

R = annual percentage interest rate on
investment

y’- annual percentage allowance for insurance,
taxes, etc.
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M = annual percentage allowance for main-
tenance

O = annual percentage depreciation allowance
on a straight-line basis

N = number of years for depreciation

U = annual cost of set-ups, $

€ = annual cost of power, supplies, etc., $
N = annual production quantity, no. or pe.

VY = annual gross operating profit in excess of
fixed charges, $

Since Sd-rS.ﬂNSg(""t)
and in most cases for small tolls, E<«0 ¢4 Spx0

NSeCi+€)=C(R+Y+M+%h) + U

(a) The number of pieces required to pay-off the new

investment is given by .
N= G(RtY tM t/m)+U

Se (\ + t)
(b) The initial investment to justify the expenditure

is given by

C" NSC(H’t)"‘u
¢~ ReY+M+ Yy
(¢) The number of years for pay-off is given by

\d

[
" NSe (146) ~U-C (R+Y+M) i
(4) The annual gross operating profit over all fixed
charges is given by

V=NSeCt+€) =U-C. (R+Y+M+ )
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In applying these relationships, the items R, Y, M
and D (= —%—) are fixed by operating policy. However, for
depreciation, the number of years to depreciate (n) should

be adjusted to meet the varinus requirements, i.e., rapid

deterioration and obsolescence of small tools.

Methods for Comparison and Selection of Tools:

For almost all tooling problems, the following three
basic questions must be answered:

(a) wWhat is to be done?

(b) By what method and with what tools can it be done?

(c) Which method is best or most economical?

In most cases, the primary problem is usually the
comparison and selection of machines, equipments, tools or
tooling set-ups to obtain a desired output and quality and
required production rate at the lowest cost. Comparison
of alternative tooling methods is made by

(a) Two or more proposed methods on tcchnicil and

functional aspects

(b) Proposal for new tooling method to replace the

present one

(c) Determination of the most desirable features of

the selected alternative methods

(d) Decision on whether to invest in the proposed

tooling in house or outside purchase

(e) Comparison of annual costs or unit costs
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Cost Method:

/ A comparison on the basis of annual and unit cost
i may be made as indicated in the following procedure:
(1) Calculate average annual interest and other

allowance rate (‘Y;).
n«+!

Y‘
4"’2—( n )
wvhere: ¥'= annual interest an other
allowvance rate, 8 ; Y= (R*Y* ‘)
Ne= depreciation period, year
(2) Determine annual percentage allowancs for
depreciation (D.)
L
(3) Determine net investment CCL)
(4) Calculate total annual fixed charges ( (g)
GeaC: (o + Q)
(3) Compute other costs such as maintenance and
repair; cost |( C,.). powver cost (Cf)' etc.,

if necessary

(6) Determine direct costs such as labor cost
{ C‘). material cost ( (), etc. |
(7) Determine overhead cost ( ()
(8) Caloulate total annual cost (C4)
Co=Cs+Cq+Ca+( +Cp 4G 4eme-
» CLCY;'P Q)""C‘ +Cm +Co +C' +Cpy-oe-
(9) Calculate total annual unit cost ((, ) ;
C“-_CQ - Q(Y;fu)+C‘QC~+C-*C"Cr §
N N
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(b) Steps for comparison of alternative methods:
(1) Calculate the total annual cost (Cu,)
for the present method
(2) Determine the total annual cost (Qz’(_'“”---)
and the total investment (C‘:l,[‘-”..-) for the
proposed alternative methods
(3) Compute "gross annual savings" Cgs)
Sg.——- Cu,~ Cye
(4) Determine "net annual savings” (gu)
Sn = $3 - Q‘z
($) Calculate "percentage return® ( Fz)
Pr “ "S"'C:
(6) Calculate "pa;-off period” in years ()?)
Y, = St
Break-Even luthodP: Sn
A common approach for selecting processes, methods
and tools is to use a break-even model. In determining
which of the two tooling set-ups is most economical, the
total cost (T), which are composed of the fixed tooling
costs (F) with the related variable costs(v), of the methods
involved cin be compared as shown in Fig.3-1. For example,
im comparing two possible alternative tooling set-ups,
assume the fixed toolirg costs (the initial investment
for tooling) and the variable cost [(the production cost
per piece) x (number of pieces produced)] are £y and vy
for method #1 (high initial tooling cost but low production

cost per piece) and F, and V, for method #2 (low initial
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TAL COST (Method #1)

AL COST (Method #2)
'/‘OT

Break-Even

500 Va N’
~ 300
z
200 - R
FIXED TOOLING COST
for Method #1
100 | k
0 2 A A % J I N
0 100 200 300

QUANTITY, No. of Pc., (M)
Fig. 3-1 Break-Even Chart

TOTAL COI!"\

MININUM COST POINT

PREPARATION
CosT

coet ($)

INVENTORY MAINTEMANCE

e

WUNBER OF LOT u‘n’

Pig. 3-2 Minimum Cost Curve
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tooling cost but high prodiction cost per piece) respectively.
Prom Pig. 3~| , the break-even quantity | NZ) can be obtained

as follows:

Assume F>F., V, < Va
T,=F + VN, -rz'Fi"'V‘N

When N"Nga T=Ta
Then E +ViNg = z+\/-.,N3
f-F
N%- V-V,

Also mait cost per piece ( () can be calculated by

Cy T __E+tVN

. Ne Ne
e R +VuN

C“L.‘:-—N?— Aé

where [ : lot size (no. of pieces per a
single run)

This analysis with the break-even chart (Fig. 3-1) and the
above computation shows that it is more economical to select
msthod #1 if production gquantity (M) does not exceed N%_ .
Bowever, for higher production quantities ( N)Ng) the
economy lies with method #2.

Ninisum Cost Method:
The minimum cost method is often used to obtain the

lowest production cost of a given product by calculating
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so-called economic lot sizes for a given condition. As
shown in Pig. 3-2, this minimum cost condition is satis-
fied when the preparation cost (P): the costs of planning,
ordering, setting-up, handling and tooling, equal the
inventory maintenance costs. Also a simple model of the
relationship can be written as follows:

|, =fe

kn ? h‘_ Nt

%)Cu RA = —M‘%ﬁ

Where N' = lot sise
ﬂ' = annual production requirements
L.‘ = number of lots per year
<, = set-up cost
Cu ='unit cost per piece

ﬂ‘ = the decimal equivalent of the
average expense percentage

S8ince the total annual cost ‘ct’ is the sum of the prepara-

tion cost and the inventory maintenance cost,
C=pem-2be  ocp,
¢ N,
¢
Thus the optimum lot size for the minimum total annual
cost is cbtained by differentiating C, with respect to Nj

-2
j‘-%'--—StApNg L

2

Nt C .
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TOOLING FOR FORMING PROCESSES

Material Forming Processes:

Material forming is achieved by numerous processes
and operations. Shearing, bending, drawing, squeezing,
forging, rolling, extrusion, etc. are the most common
processes (Fig. 4-1). The majority of these processes
employ press-working operations by which a large force
is applied by tools, usually punches and dies, to shear
or form the work material into a desired shape. This
force is usually applied by a press.

In planning a pressworking operation, the following
steps are usually taken:

(a) Product analysis

(b) Process selection

(c) Operations analysis

(d) Selection or design of a die set

(e) Selection of a punch press

Pressworking Operations:

Pressworking is performed with power presses consisting
a structural frame, a bed or bolster plate, and a reciprocat-
ing mechanism with a ram or slide which exerts force upon
the work material through a punch and die set mounted on the
ram and bed. There are many types of presses possessing
different structural and functional designs, capacities,
driving mechanisms, and power sources. A complete set of

the pressworking tools is called a die set and usually
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Pig. ¢-1 Typical Material Porming Processes (a)
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(E) Forging
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contains a punch and punch holder, and a die or die block
on a die shoe, which are aligned by guide pins, and other
accessories as shown in Fig. 4-2. 1In most cases standard
die sets are availahle commercially in a large variety of

Atyles and sisea, and are used for CONVONLENOe ANA C0ONONY.

Shearing:

In pressowrking of sheet metal the dies are mounted in
various ways, depending upon the operation to be performed.
Some of the typical arrangements are: (a) simple die,

(b) inverted die, (c) progressive die (Pig. 4-2), (d) com-
pound die.

In blanking, piercing, trimming, shaving, etc., are
a shearing process in which the material is stressed in
shear between the cutting edges of the punch and die. As
the load is applied and increased, the material is subject
to tensile and compressive stresses, plastic deformation
occurs through the elastic limit and when the ultimate
tensile strength is exceeded the fracture occurs. As
illustrated in Pig. 4-3 (a), the punch penetrates the
metal to a certain depth before fracture. Penetration (p)
as shown in Table 4-I is usually expressed in percent of
the material thickness and varies with the materials and
treatment received. To reduce the peak load of the
operation by shearing little at a time, an anguiar shear
is ground on the punch or die as shown in Fig. 4-3 (b).
The shear (s) is usually expressed as either a percentage

H
|
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Fig. 4-2 Basic Components of a Punch -Die Set
(Progressive Die Set)
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Table 4-1 Percent Penetrations

Material Penetrations, §

‘(Annealed)
38 (Cold rolled)
{Annealed)

28 (Cold rolled)

Fteel (0.10C)
Ptul (0.20C)

or fraction of the work material thickness (t). The
pressure required for a shearing operation is a function
of the shear strength and hardness and penetration of the
work material, and the amount of shear; and is also
affected by the clearance between the punch and die, the
sharpness of the cutting edges, and the amount of shear
on the punch or die.
The pressure (P) is then expressed by
L =6Lt

@=6§L1ﬂt=8f (when p is known and s = 0)

|
Er=6;l_10t(“ %,):P,P(T}i:?)(whon both p and s are applied)

E.-Bt o E=B(po=F (pt+st)

Where Po, P_ & Ps pressure required, lbs.

P P

E;: shear strength of material, psi

L 1 perimeter of workpiece for shearing, in.,
for a round workpiece with a diameter (D);
L= 7D in.

t : material thickness, in.

p & 8: penetration and shear as a percentage of the
material thickness, %
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E : energy required, in-lbs.

After determination of the pressure (lbs. or tons)
required for the operation, a die set with the necessary
components should be selected or designed considering the
following factors:

(a) Type and size of press

(b) Evaluation of the selected press

(c) Type of a die set for operation

(d) A tool steels and heat treatment required
(e) Feeding m:thod and mechanism

(f) Stock-strip layout

(g) Stripping or ejecting method
(h) Shaving or trimming that may be necessary
(1) Standard die set

(3) Die space

Fo. a typical die set, it is commonly required to
design the following components or accessories: scrap
strip, die block, punch, punch plate, pilot, gages, stops,

stripper, fasteners.

S8election of Press:
In the selection of a press for an operation,
the following factors should be considered:

(a) Capacity (rated tonage capacity,
flywheel energy and motor hp)

(b) Type and size of the press (frame
construction, bed opening and space,
shut height, bolster plate size, etc.)
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(c) Feeding method (direction and method)

(d) Speed of operation and length of
stroke (crank velocity and ram stroke)

(e) Number of presses required (production

quantity and production rate)

For production sconomy it is most important to
select the right press and to design a scrap-strip
layout for the least amount of scrap.

All shearing operations are usually performed
on mechanical presses having a direct acting ram
which travels straight up and down. Bending and
forming operations require a more closely held ram
stroke since the ram stroke is stopped by the
stationary die block and a dwell at bottom of the
stroke is required. For drawing operations, control
of the ram stroke is critical and a dwell at end of
stroke is essential. Provision for blank-holding
must be considered. Squeezing operations such as
coining and swaging require a cumulative block with
all the flywheel energy utilized as it comes to a

dead stop.

Punch Design:

The determination of punch dimensions has been
generally based on practical experience. The maximum
allowable length of a punch (L) can be calculated by

R
_ ,W%\I_Eﬂ,%
g Vo t
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Where E = modulus of elasticity
6;- shear stress, psi
[%- diameter of punch, in.

D'/t 2 1.1

Stripper Design:
There are two types of strippers; fixed or

spring-operated. The objective of stripper is

to strip the workpiece from a die or punch. A
stripper for a die is sometimes called a knock-
out or an ejector. |

The stripper thickness must be sufficient
enough to withstand the stripping force required.
The stripper spring must also be designed to
perform the desired stripping action.

R =3s00Lt

Where PS" stripping pressure, 1lb.
L perimeter of shear, in.
t = stock thickness, in.
w
T=3 t+2t
Where T = thickness of stripper plate, in.
W = width of stock strip, in.

< = thickness of stock strip, in.
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Bending:

The bending operation involves the plastic deforma-
tion of the metal by exceeding its elastic limit but not
its ultimate tensile strength.

There are three basic forms of sheet metal stampings
flat, bent and formed. Bending process=s usually combine
all three of these basic shapes and produce various types
of bends, such as straight-line bends, form bends, seam-
ing, curling and hemming, flanging tabs and lugs, br.dges
or louvers, beading and ribbing.

In designing a bending die the following items are

essential and should be analyzed carefully: (See Fig. 4-4)

(a) Bend method
(b) Bead radii ( ﬁl): minimum bend radii
(c) Bending allowance (Ab): length of bent metal
(d) Bending pressure ([’ )
R

(e) Spring back: (change in the bend angle after
bending) ’

(f) Stock size and final dimensions

(g) Bend location tolerances

Where 65 = bend angle, deg.

=
-
[]

bend radius (inside), in.

r-;.
1]

material thickness, in.
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constant; when Rb< 2{7 (=0.33
R, >2t, C=0.50

K = constant: 0.67
,Q = length of bent part, in.
Ot = ultimate tensile strength, pei
W = width of die, in.
Also
L=a4 +tb+ A(,
Where | _ = length of material required before

Drawing:

bend

Various cylindrical, conical, spherical, square, rec-

tangular and other shapes are produced by a drawing opera-

tion in which the metal is subject to extreme plastic

deformation not exceeding its ultimate strength. In draw-

ing operations the punch forces the metal down into the

die to flow along the die face and through the clearance

between the punch and die. The metal is subject to com-

pression on the rim uf the blank and tension on the cup

wall (Fig. 4-5). The following basic relationships are

essential for design

of a drawing die:

R=6TDt (B/p-0m)

E,=KFAh
K4 =[(D.—D)/Q_J"'0°

Rf =(*p

C = (-'t

Yx100 or = Chp)xtoe
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D, =V D*+4Dh When V=0

=\ 0% ¢D(h -0437) When <o )
.=V(D—Zv+ 20)+ ¢ (p-t)(h-v)+2m(r+ 0,4t)(D _0.7’,_03(.)

Where Ia = drawing pressure, lbs.

& = tensile strength of work material, psi
D = diameter of finished shell, in.

D= diameter of blank, in.

4 = thickness of blank, in.

EQ = drawing energy,

K = constant:

h = height of finished shell, in.
Fﬁ = reduction in drawing, §

R{‘ reduction factor, §

C = clearance

Y = radius of finished shell, in.

There are other methods of computing the approximate
size of the blank for drawing:
(a) Volu;e method
D, =\0+ (0 D) (")
{b) Weight method

CL~=:(.(28¢&/?2§%€

Where [ = outside diameter of finished shell, in.

£’y = inside diameter of finished shell, in.

W = weight of finished shell, 1bs.

A= weight of material per in3

E
|
o |
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The compression tends to cause thickening and wrinkl-
ing, whereas the tension tends to cause thinning of the
cup wall., To prevent wrinkling, blank-holding pressure
is usually applied using a pressure pad to hold down the

blank during the drawing operation. The amount of clear-

ance betwsen the punch and die controls the final wall

thickness of the product and also affects ironing when the

clearance is small, and wrinkling, when the clearance is
large.

When metal is deformed it is subject to strain harden-
ing, i.e., the stress increases as deformation proceeds.
Cold-working strain-hardens the metal to the limit of its
plasticity and further working of the metal would cause
fractures. Therefore, most drawing operations are per-

formed in multiple steps with a varied reduction ratio at

each step rather than a single drawing.

gtandard Reduction §

1st draw: 40~ 45% reduction
2nd draw: 30~.35% reduction
3rd draw: 20~-25% reduction
4th draw: 15~ 208 reduction

Por deep drawing operations the metal is treated by
an annealing process between the successive drawing cycle

to restore plasticity.
In an analysis of a drawing operation, the following

items should be considered - particularly in designing a

drawing die:



Development of the approximate blank size

(b) Reduction factor (Rf)z (for determining the
amount of maximum single diameter)

(c) Reduction ratio (Rd)= (for design of drawing
cycle and intermediate flank sizes)

(d) Drawing pressure (f7): (for selection of the

press)

(e) Blank-holding pressure (Ph): (for design of

pressure pad)

(£) Punch-die diwensions (clearance, draw
radii, etc.)

(g) Lubrication method and lubricant
(h) Selection of a die material, tolerance and press
(i) Prevention of undesirable wrinkling and ironing

() Pollow-up operations (redrawing, ironing,
trimming, etc.)

The drawing process is seldom used economically when

quantity requirements are small because of the complexity
]

of die construction. For low quantities it is more eébnomi-
cal to use some other production methods such as metal

spinning, forming, machining., etc. Thus, economic justifi-
cation along with technical feasibility is essential before

utilizing the drawing process.

Porging:
Forging is a process by which metal is shaped into a

desired form and size, refined structurally and improved
in its mechanical properties through controlled plastic

deformation in open or closed dies under compression.
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The compressive forces may be applied by slow-speed
squeezing (press forging) or by impact (drop forging).
Forging operations can be performed in a wide tempera-
ture range, but usually at the range above the re-
erystallisation temperature of the metal.:. Typical
forging operations are

(a) open die forging (upsetting)

(b) Close die forging (impression or drop
forging)

(c) Upsetting (closed-die)
(d) Roll forging
(e) Cold forging
(f) Hand forging

For press forging, hydraulic presses are commonly
used, whereas power hammers are generally used for drop
forging. Special forging machines are often used for
producing special shapes.

Various metals respond differently when they are sub-
ject to deformation. Plastic deformation is limited by
buckling, necking, fracture, or by a combination of these
defects. Forgeability is a term commonly used to denote a
material's relative resistance to deformation and its
plasticity, and is evaluated by various test methods such

as: (a) hot-twist test, (b) upset test, (c) notched-bar

upset test, (d) hot-impact tensile test, and (e) tensile

and compression tests.
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A good understanding of metal flow theory and basic
concepts of forging metallurgy is essential for analyzing
forging operations. Some basic relationships of the
forging operation for a die design are as follows and also

illustrated in Fig. 4-6.

ah

Engineering Strain; E = e

he
B é;A, 4/} A.—A:: 4A
éﬁ;-— /1; /L v 622 /;o ZL

Extrusion ratio; (-P .)é_ - _b_h.

True Strain; &

h dh _
£ = J 5= -él- L(i-¢)
M

For sliding frxctlon,
2pMX
6-1_’: Fe e
For sticking friction,
~ X
101_= 0. (1+ h )
Total Force (Pc) required for Compression:
R=4A
4° :+ the average pressure
A : the cross-sectional area

For sliding frictmn, /“b/{‘
/F 6/45 (e - )
for a bar of (b) width

sdh
P <6 gy (€7 = 4E -0

for a cylinderical workpiece of diameter (d)

S RSO Hmi Ty e

'
i




(a) OPEN DIE FORGING
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(c) THEORETICAL PRESSURE DISTRIBUTION
(i) without friction
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Fig. 4-6 Basic Relationships of Porging Operation
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For sticking friction,

40==E5;< l+”i%;>

Total force required for Extrusion, (PC)

ES@AO":C&AOL‘%

c: comstant

. 4h V
St+rain Yate @ &=a“-}l';‘= -F'

Tool SFeeJ : \/:_ %_h_t_

In practice, the forces required in forging are esti-
mated for the following purposes:
(a) To determine the size of the hydraulic press
needed, operation, and the maximum force
required

(b) To set the limits of elastic distortion per-
missible in mechanical presses

(c) To select a machine with sufficient capacity

A simple claculation of forging forces (P) can be

made with the following formula:

P= C, Om A‘f
E= ﬁ“ﬁ. (szvqe Strain)

E=C,VEOm ( Enengy . w-ib)

Where C,:a multiplying factor (see Table 4-I)

Sw\: the mean yield stress at the forging
temperature, psi

A-t‘ the cross-sectional area of the

forging in the parting plane, inz

\/ : volume of the forging, in3

C'Y‘ a multiplying factor (see Table 4-I)
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Table 4-II, Multiplying Factors for Estimating Force
and Energy Requirements in Forging

Mode of Deformation Cl Ca
comprension Of oylinder €pm 0.8 13 i,
between flat platens, E,= 0.8 1.5~2.5 1.
Impression die forging without flash 35 2.0 ~ 2.9
of single shape with Ilash T~ 8 S
Impression die forging
of complex shape with flash 8~12 4 0
4

It is often necessary to consider forging for a new
product or in the re-design of existing components. To
select the most efficient forging method for a given job,
there are two distinct approaches: (a) to design the
part to meet functional and technical needs and (b) to
design a forging sequence and die, considering the follow-
ing factors:

(a) Part design

(1) configuration and tolerance
(2) sise and weight

(3) specifications (properties and qualisy
requirements

(4) material and forging stock
(b) Analysis of the forging operation
(1) forces and energy required
(2) design of the forging dies: direction
of the fiber-flow lines, parting line
and position of adequate draft, etc.)

(3) production quantity

!
:
i
£
H
¥
x
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(4) selection of forging press
(5) fabrication of forging dies
(6) friction, wear and lubrication

(7) design "in-house" or "sub-contract”

Planning for Press-working Tools:

Before designing a die set, thorough process planning
is required. Some important factors to be considered
are
(a) Design; shapes, maximum size, tolerances,
weight, surface roughness, selection of

material

(b) Production; tooling time, production time,
quantity, deadline

(c) Ecgonomics; material costs, tool and die
costs, presses, finishing cost, direct
labor and overhead costs, inventory costs

Basic procedure of the process planning for pressworking
tools include:
(a) Analysis of the product or part:
(1) what is to be done?

(2) list required operations and allied
processes

(3) determine manufacturing feasibility
(b) Determine the most economic process
(c) Plan the operation sequence:
(1) determine critical specifications
(2) select critical areas and operations

(3) arrange the operations in best possible
sequence

(4) determine secondary or auxiliary operations




(d)
(e)
(f)

(g)

ID/NG. 24/7
Page Tl

Specify the necessary gaging for inspection
Specify and select the necessary press equipment

Determine material handling methods for
stock and product

Prepare the route or operation sheet

Design Procedure of Pressworking Tools:

Preliminary Planning:

(a)

(b)
(c)
(d)
(e)
(f)
(9)
(h)
(1)

Develop the blank with special reference to
(1) best grain direction

(2) bending, forming, drawing strain

(3) available press equipment

Decide a tentative seguence cf operations
Lay out the stock-strip

Consider the press accomodation of the die set
Establish center-line of pressure
Establish location of pilot hole punches
Selection of die type

Check material specification

Make the route sheet

Steps for Die Design:

(a)
(b)
(e)
(4)
(e)
(f£)

Lay-out scrap-strip
Design die block
Design punches
Design punch plate

Locate and design pilot, gages and stops

Design stripper
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(g) Select or design suitable fastners
(h) Select standard die set

(i) Assign dimensions and material specifications
(bill of materials and drawings)

(j) Select a suitable press

Die-making Operations:

It is often necessary to estimate the time and cost of
die-making for various purposes. The operations required
for construction of a blanking die are for example, as
follows:

(a) Cut off blocks

(b) Rough machining and grinding

(c) Machining screw and dowel holes

(d) Layout of die

(e) Machining die opening

(£) Finishing die opening

(g) Machining and fitting punch to die

(h) Machining punch holder, stripper, stops, etc.

(i) Machining clearance holes in die shoe and
stripper slot

(j) Heat-treatment and grinding

(k) Assembling die and stripper to die shoe

(1) Assembly of punch and punch holder

(m) Assembly of auxiliary parts '

(n) Try out

(0) Inspection
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Relationship with Product Design:

During the lay-out of the stock-strip and design of the

dies, the product designer is consulted for possible design
changes to improve tool design. In many cases, a minor
change in the part specifications such as tolerances makes
a great difference in process planning, tooling set-up and
tool design. Some of the general points made for product
design changes from the standpoint of tool design are

(a) Prlat surface are preferable to formed
surfaces

(b) A rectangular outline is preferable to
a curved outline

(c) On drawn forms, a round or circvlar shell
or cut is preferable to rectangular one

(d) A symetrical design is preferred

(e) Any form should, if possible, be made
of straight bends

(£) On formed surfaces, tolerances or
dimensions affected by part thickness
should not be closer than expected
variations in the stock thickness

(g) Dimensions from edges should be assigned
with tolerances within the tolerances
available on stock width

(h) Bends should be ar right angles to the
grain or as close thereto as possible
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