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II)  IHTRODOCTIOH 

Mod.« indu.tri.. utili., nu»rou. typ., of production tool., 

„chin., and proo...... »uch manpowr .nd inv..t».nt to prod«. 

»..ful «ood. «or th. n..d. oí .ooi.ty. Ih. co»p.titiv. natur. of 

today', production fore, the industries conc.r».d, whether in 

th. fchniclly advanced or in the developing countri... into car- 

ful systematic ..Lotion and utilisation of proo...... ».thod.. 

tool., »chin«, «.npowr .nd inv..t«.nt.. Th«. only i. it po.- 

,i»l. to obtain lowr production co,.t p.r pi.o. and .1» hi,h.r 

productivity and profit w'.th acc.pt.bl. qu.lity standard.. 

»rticl.. -u.t b. 4..ign^ to Mt th«. ba.ic r«i»lr«-»t.. 

„M.ly. (.) function, (b) ..1.. •»« M production, «h. follow- 

lug factor» influence design. 

(a) Manufacturing nethode and prooeeee. 

(b) Production tool, «id »achine., cutting tool«, ji«i 

fixture., «achino tool«, «to. 

(c) Quality requirement.« dlmaneional accuracy, aurfaoe 

finish, ate. 

(d) production quandtyt total quantity, lot .i«e, ate. 

(a) Salee requirement.« price, profit, market appeal, ato. 

por a doairabla product there are many alternative proceaaoa, 

tool, and amohine., and operational .acuatice, availabla «hioh can 

I». „léete« a. mo.t «litóla, fooling in manufacturing, .«eh a. 

jig., fütturoa, and dio., infl«onee. graatly the evolution of • 
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final product and is one of the major day to day tasks and prob- 

lem« 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., cutting tools, punches and dies, 

electrodes, etc. 

(b) For holding workpieces and/or guiding tools, e.g., 

jigs and fixtures, and machine tool accessories such 

as chucks, vises, etc. 

(c) For measuring and inspection of parts, e.g., gagea, 

precision instruments, etc. 

(i) For sensing necessary information for operational 

control of machine tools, e.g., tool force dynamometer, 

power indicators, etc. 

(•) For 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 

•ad the tocx at proper, related positions, and (b) to generate 

movements between the workpiece and tool for the productive 

motion (cutting, forming, etc.). 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 Workholdincy Devices and Dies» 

The term workholding devices includes all devices that hold, 

chuck or support a workpiece in a desired manner and location, 



WORKPIBCE 

Design 
Material;  properties, 

composition, cost 
Shape and Sis« 
Quality a Quantity 

.Accuracy a Finish 

mOHOCTTOH 
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TOOLS 

Typs, Grads 
Geometry,  Siia 
Properties 
Tool wear • lit« 
Cost 

MACH«! TOOLS 

Capacity i    Power, fin 
•paed i £ «ad rancai 

Rigidity 
Accuracy 
Reliability 
Cost 

Fig. 1-1   Machine-Workpiece-Tool J*jttire«e»ts 
lot Optima Froduction 
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which al.o guide th. tool to perform a manufacturing operation. 

»hey are known a. "Jiqe and Flxtura. * and are extensively used 

in the machining of nuus-produced parts. 

A Jig is a device for positively locating and guiding both 

§*• «*#M»t*« *M IM eumn« ve«;, A *4**w*a ** * «svita 99* 

holding and positioning a workpiece, but does not necessarily 

f»id« the tools. A schematic sketch showing the basic elements 

and features of workholding devices is exhibited in Fig. 1-2. 

Hreseworkirg operations are performed on power presses with 

ponche. a»d dies. Generally a complete set of pressworkin« tools 

are simply called a "Pic Set" which usually contains a punch 

holder, and a die or die block with accessories. 

ft» Function, of Tool Engineering i 

tool engineering is concerned with the economic production 

of manufacturad good, and deal, with the development, design, 

•«•lysis, planning, construction, operation, application, super- 

vision and follow-up of production msthods, tools, equipment, and 

faciliti., for the manufacture of industrial and consumer goods. 

The specific area, of tool engineering are analysis, design 

••lection, construction, application and control of 

<•> Cutting tools and accessories 

CM Workholding devices (jigs and fixtures) 

I«) Pmsworking and forming tools (punches and dis.) 

14) Measuring instruments and gages 

M fooling for welding, casting, aesesAUn«, «to. 
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ttOrkholder 

Holding 
foro« 

fool holder 

Quid« for 
Cutting tool 

Fif.  1*2   toilc Bltaonts sua P«atur«a of Workholding Bovioos 
(Jig» and Pixturot) 
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(f) Tooling for non-conventional processes such as ECM, 

EDM, EBM & W and etc. 

(g) Programming and tooling for N/C and A/C machining 

and processes 

<h> Bpmam  m*ehin« tool. .«<j 0CMnpOn.nt8 

Tool Engineers- 

The primary function of the tool engineer :s to analyze th. 

toolin, problems and to design or select, and apply suitable tool, 

and tooling set-ups based upon technical knowledge, experience 

and ingenuity.  ,„ order to achieve these objectives he organize. 
HEN, MATERS, ^^  „, MBES so ^ ^^ ^^ ^ 

b« made economically and efficiently. The continuing task of th. 

tool engineer is the development of improved manufacturing t-ch- 

niques. The compiexity o, modern manufacturing reguires that 

»ny functions of tool engineering be carried out by specialis, 

who usually are graduate engineers in either industrial or „.ch..- 

i»l engineering, and/or engineering technicians with practical 

experience in tool and die making and production pro...... 

A .ch.rn.tic diagram showing the function, .„d i„t.rr.l.uon.hip. 

of tool engineering in manufacturing, rro, product d..i9„ to 

production is given in Pig. 1-3. 

Process Analysis and Planning, 

The policies and decision, of ma„.g.ment ire ^^^ 

process analysis and pl.„„lng. Thes6 m ^^ ^ ^    ^ 

cr aeeign an optimum process for a specific operation, m proc... 

Planning the following factors should be carefully analyzed- 



rD/WC.?4/7 
Pa#re 11 

H«••arch 
ft 

Developoent 

Production 
Control 

Product 
Design 

Quality 
Control 

i 
l 
I 

I 
TOOL  ENGINEERING 

Production Process 
Analysis t Planning 

Process and Tool 
Selection 4 Design 

Market & Sales 
Analyses 

IF' 
I 
I 

Operation i 
Value Analyses 

•••••••JiMaHHaB 

I 
J 

PRODUCTION 

Men 
Material 
Machines 
Methods 
Tools 

Improvement of 
Designs, Methods 
Tools è Processes 

rif • 1-3 Tool Infineerlng in Manufacturing 



TD/WC. ?4/7 
Fa«» 12 

<«)    rational de.ign „quir.rn.nt. of th. product, ,h.p., 

•it.. material,  »trength,  specification., .urfao., 

•pp.arance, weight,  volume, etc. 

IM    Production requirement, of the product, quantity and 
•»lit»,  «l„.„„,  (1„, .„„„. flB1.hMi ouM1(if 

tool.,  workholding device., gage., „.chin, tool., 

•quip».nt and faciliti., available,  .to. 

<o>    Bcono-v of production, tooling co.t,  ,.t-up oo.t. 

production co.t, „t.ri.l co.t, „uip-nt oo.t, 

•quip-nt co.t, «intanane, .nd powr oo.t, ,.,i„, 

»ni in.pectlon coita, .to. 

* proc... plan, vhlch im uauaUy %xptMmá iñ ^ ^ ^ ^ 

««f .n-t, proc... ihett, or 09mtim Bh9mtt ^ ^ 

(•)    Required proc..... a„d operation. 

(b) Machines and tool. 

(e) Specific operating condition. 

W) Operation sequence to be follow«« 

!•> Specification to be net 

it) Work-space available 

<i> Production ti». r.a.ttir«l, .to. 

«» tArcon,trucuon' ~ ~-. «* ^.m*. of .u *»*., i. b..«i upon thl, proc#M pUn 

- jzz rrrpunnin9 *• ooBUBu,'tt- «—-* 
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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 improvement,  e.g.,  selecting an 

alternative process,  revising product design, changing specifica- 

tion«,  advancing tool design,  altering operational  sequence, 

bettering operating conditions, utilizing new cutting tools, etc. 

Requirements for Tool Design t 

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 aret 

(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 

<•)    Design with standard parts and available materials 

(f)    Design for economy 

By considering these factors, analysing the problems 

involved and screening alternativ« designs, decision» may be 

made of the most suitable selection. 
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til J     TOOLING   FOR  WORKHOLDING  DEVICES 

Workholding Devices; 

Jigs and fixtures  provide the  following 

advantages: 

(a) elimination 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 

(c) Increase o. productivity due to machining 

of multi-workpieces or with multi-tool« 

<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 

(Î)    Maximum utilization of machine tool capacity 

(fl)     Increase of motion economy and application 

of automation features 

A workholding device must meet tuo basic require- 
•entai 

(•)    Positioning and locating a workpiece in 

definite relation to the cutting tool and 

the machine tool component 

(b)     Withstanding clamping and cutting forcee 

while maintaining the precise position or 

location required. 



I 
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Type» of tforkholding Devices: 

Many standard workholding devices are readily avail- 

able in the market, however, most workholding devices are 

designed and constructed to meet the specific requirements 

Of the operations. 

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

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

universal, etc.    The main features of typical jigs are 

(a) Templet jigs;  a simple type used only for 

limited production of large workplace« for 

correct location of holes 

(b) Hate jig;  a simple type used mostly for 

limited production and usually consists of 

three essential parts, plate, drill bushings, 

and locating pins.    In most cases it does mot 

have its own clamping device thus requiring 

other clamps such as "C" clamp, etc. 

|e)    Channel jig» • channel-shaped structure 1B 

which the workpiece is clamped 

(4)    Opta jig»  a type constructed with a mela 

supporting structure having clamps, 

bushings,  locating devices, etc., hut no 

leaf or cover.    The advantages of this typo 

la that  (1)  workpiece handling and chip 

removal io easy and (11)  fabrication of 
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the jig is made less costly by utilising standard 

P«rts. However, this type of jig can only be 

used for drilling into one surface of the workpi.ce 

with a single loading 

(•) Leaf jig, a typ. with a hinged cover or leaf which 

can be swung open for loading and unloading of the 

workpiece. with this 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 unit, to be adapt«! 

for specific jobs 

Jiff Bushings: 

St.nd.rd co«po„.„t. of . drill jlg „. drlu „„„^ 

-»ich ,»id. t„. drill. Th.y .r. .t.nd.rdi,«, by co».rci.l 

or n.tion.l ,t.nd.rd. with principi. dim.„.i0„. .„, tol.r.Bc., 

.»d .r. u.u.lly cl...m.d by thelr applicatlon „.^ ^ 

U*l,n  f..tur... Th. »o.t co^n typ.. ot  Jlg ^^  „. 

(a) Press-fit bushings 

(b) Fixed and slip renewable bushings 

(c) Screw bushings 

(d) Special bushings 
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The lengths of jig bushings ars 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 chip removal. 

Types of Fixtures: 

Fixtures ¿ire 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.g., 

clamping devices, vises, jaws, pins, etc., are standardised 

for economic design and interchangeability. 

Analysis of Workholding Devicest 

The design or selection of any workholding device 

should be on sound economic and technical bases, con- 

sidering many related factors as illustrated in rig. 2-1. 

A workholding device has the following basic featuresi 

(a) Locating elements 

(b) Structural elements 

(c) Clamping elemente 

(4) Tool-guiding elements 

<e) tower devices for operatine; toe c lamp Inf 

elements 

(f) Indexing devices for accurate positioning 

(g) Fastening parte 

(h) Auxiliary elements 
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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 basi« design re- 

quirement« and procedures are similar. 

Locating Methods» 

Por 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 

(b) Use of least points for location 
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(b)   3-2-1 locating mtthod 

Fig.  2-2   Locating Method 
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(c) Extreme positions of locating points 

(d) 3-2-1 locating principle 

(•)    Use of mutually perpendicular planes 

On« of the most popular locating devices is the 

V-locator for cylinderical work.    As shown 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 #<>•  included angle for the V. 

Clamping Devices: 

All clamping devices must meet some common require- 

ments and the selection of a proper clamp demands definita 

consideration.    They are 

(a) Rigid holding of «orkpieoe during the 

production operation 

(b) Quick acting and ease of operation 

(e)    Clamping with no damage to the surfaces 

of the workpiece 

(d) Magnitude of clamping forces, iti direction, 

and location 

(e) Types of clamping devices, mechanism 

power sources, etc. 

(f) Economy of clamping 

The types of clamps used in workholding devices are 

numerous, but the majority exhibit several basic, common 

mechanical features euch as a screw, cam, wedge, hook, 
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toggle and lever.    Clamping by po«««ticf hydraulic, and 

electric means ara aleo common in supplementing «anual 

oparat ion. 

Since tha olanpa hold the «orkpiece «gainât a locator 

end **tit tlM Mwli»«t •** dUtttffhlnf *•*—•> *• *• 

essential to eetisate tha raquirad clamping forca in ordar 

to aalact a clajap.   Tha clasping forca« auat naithar dis- 

turba tha location of tha workplace nor distort or damage 

tha vorkpiecc.    Typical examplea of magnification of clang- 

ing forca« ara ehown in rig. 2-4.    for example, aa shown 

in rig. 2-4 (a), tha applied forca <r) with a «ranch la 

magnified to axcart tha clamping forca (Fe) by F0 • (a/b)F. 

Tha forca (P) raquirad to actuate a clamp ahould be known 

for proper ««lection of a claaping device,    »anual force 

valoee for different operations and conditiona axe gener- 

ally available.    Usually SO to 100 lbe. of force may be 

exerted by «anual operation of simple levare, hand knobe, 

•era« heade, etc.   Locating and clamping should not be 

thought of aa the sane operation.   Locating is obtaining 

the meat effective way of peeitioning tha vorkpleoo, 

whereas clamping is to five stability to the location 

of claaping el si in ta.   They •«*• *•* 

adequate force and realetlag looeening of vibration. 
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F4f. 1-4    Clamping Forces of Typical Devices 

(a) Wrench,   (b)  Screw Cla»,   (c)  straD CI««« 
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However,  they possess the following disadvantages: 

(a) The workplace may be moved by the frictional 

force at the end of screw, or the workplace 

surface may be damaged 

(b) 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 workplace damage. 

The forces acting on standard bolts varying in sise 

fron 1/4 to 1 in. can be represented by 

T-0.2 dip 
Where    "f • Torque applied to nut, In-lb. 

4. m nominal diameter of bolt,  in. 

Pm load on bolt, lbs. 

The force (Fc) exerted by a screw clamp (Fig. 2-4 b) 

•my be computed using the following fórmalas 
r-         FL 

Where    f - the force applied on the wrench or handle, 

lbs. 

L m the length of the wrench or handle, inch 

ftp* the pitch radius of the thread, inch 

0 m the helix angle of the thread, degree 

Mm the friction angle in the thread, degree 

ü m the coefficient of friction on the fores 

of the swivel pad 
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Combinations of screw and lever or screw and wedge 

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 Pig.   2-4   (d).    The clamping force  <fc) 

•f thi. type of «trap elamp may be computed as follow., 

*»*•    f- the fore« applied to the head of the 

•crew 

//-the coefficient of friction between th« 

ball face washers  (a) and ball socket 

washer  (b)     (Fig.  2-4   (d)) 

R - the radiua of the ball »ocket in, the 

washers 

Strap Clampst 

«trap clamp i. . 9im,u and mmmMy ^ ^^ ^ 

»ith othar clamping devica. auch as, .craw, ca., ,***., 
lavar, ato. 

T>»a oiling force (FC)  .. mhom ^ rif# ,_,  W| ^ 

f Ivan by 

c  k>r 

whara    P - applied forca, iba. 

Ä, 9 - distance, from fuleras 
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Hook Clamps: 

There are three Min typ«» of hook clamps; (a) bolt 

typ«» (b) latch typ«, and Co) screw type. 

Toggle Clamp»t 

Th« action of toggle clamp» i» beeed upon th« move- 

ment of coordinated link». Th«r« ar« many commercial 

standard toggle clamps availabi« and they have to be de- 

signed only in exceptional cases. The principles of 

clamping action ¿re shown in Pig. 2-4 (e) and the clamping 

force (Fc) may be estimated as follow«t 

***** F " applied force, lb«. 

0 • enfle between linke end the 

nor i»onta1 line 

linee the «mellar the angle (•), the valu« of the 

cotangent becomes larger. Therefore, the clamping force 

<£ ) is greater than the applied force (P) for angles lese 

than 2S*. Pro« the diagram of Pig. 2-4 (•), the following 

relationahips can be obtained for design of toggle clamps t 

X - 2JÍ0-<=•**> 
K - t % in & 
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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 ff) 

the cam has a pin mounted on stationary supports of the de- 

vice. The axis pass through point 0. Distance from point 0 

to points on the working surface of the cam are variable. 

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

a «piral. An eccentric circular cam is designed with definite 

ratios of its diameter (D) to its eccentricity (•) for 

looking. 

The diameter (D) of the eccentric cam is usually selected 

to suit the design of the device, while the eccentricity (e) 

i« determined by the ratio (D/#) which is u«ually fro« 14 to 

16 in value. 

The clamping force (Fc) of an eccentric olee« 

computed as follows> 

f EL  

where f  - the force applied on the handle of 

the eccentric cam, lb«. 

/,  • the length of handle 

P • the diameter of the cam 

Y m  the can ris« «piral auf 1« of 

the eccentric 

Çf»  the friction angle between the 

eccentric and it« support 
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the friction angle of the pilot on 

which the eccentric rotates 

the distance between the center of 

rotation of the eccentric and the 

point of the eontaet with ita support 

Power Clamping Devices: 

Manual clamping has »any disadvantage« auch as 

(a) Non-uniforaity of clamping forca 

(b) Difficulty of computing the required 

clamping force 

(c) Physical fatigua of operator 

(é)    Limitad clamping fore« (max. IO ite.) 

(e) Tima delay 

To compensate for these handicaps of manual clamping, 

power clamping devices with pneumatic, phdraulic, hydro- 

pneumatic, fluidle, or electric aystarna, aro moat fre- 

quently used. 

for pneumatic clamping devices, tao pressure available 

from a compressed air aupply system la ahope it around 

•0 to 100 pol. Tne force (*e)  exerted by the rod of en air- 

operated piston device la given by 

f-€W 
P- tat air proa ture, psi 

4- tat cylinder diamo ter, la. 
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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 unit« dua to tha high pressuras obtain- 

able. The clamping force (FC) realized from a hydro- 

pneumatic system (Fig. 2-5) way be computed as follows« 

Miere  p m  the rod diameter of the pneumatic 

piéton, in. 

d  • the diameter of the hydraulic piston, in. 

P - the force acting on the rod of the 

pneumatic piston, lbs. 

^- the efficiency (0.8 - 0.85) 

•lectrically-operated power clamping systems such et 

motors and solenoids are also used for special CAMS. 

Manual Clamp-actuatinq «orces: 

Although power clamping ia often used, most clamps 

•re hand-operated. The force exerted by an operator on a 

lever or handle depends on his strength. There have been 

•todies on human strengths for manual handling of machine 

perte and examples of such studies are shown in Table 11-1 

12-2. 
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HYDRAULIC 
CYLI 

PNEUMATIC 
CYLINDER 

AIR 

ttf. 2-S   •ydro-pMUMtio tystoi 

<•) (b) (o) 

Fif. 2««   Structural Pruna of 
«mrkbolding DOTìOM 

(•) Caat icon 
(b) «ilâMttt 

I 
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Tabi« II-1    Suamry of Manual Forces Exsrted on Various 
Type« of Levers 

Type of Lever 

fingí« Leven 

Push or pull vertically from about 
20 to  35  in.  above  floor level 

Fro» about 35 to 50  in.  above 
floor level 

Push or Pull Horisontally 

Crossbars, 

Push or pull vertically or horizontally 

•andvheel 

Vsrtical and parallel to body 
Vsrtical and psrpendiculsr to body 
Horisontal 

Average 
Force, 
lbs. 

ts 

§s 

«5 

1(0 

xas 
1(0 
140 

Table 11-2 Hand Grip Strength 

Action 

Max. 

Grip (ave.) 

Right Grip 

Left Grip 

154 

113 

165 

Force in lb. 

Mean 

95 

124 

113 

Min. 

52 

(5 

fi 



! 
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Body Structures ; 

Main structures of workholding devices may be 

(a) Gray iron castings 

(b) Steel plate« 

(o)    steel forglngs or blooks 

(d>    Weldraents of steel platee 

(e)    Standard steel shapes (angles, channels, 

I-beams, etc.) 

Large workholding supports are usually made of cast 

iron.    However,  in many cases, steel weldraents are more 

economical than castings,   (Soe 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 1 

(a) Perform a specific function 

(b) Meet precision requirements 

(e)    Satisfy the production rate and schedule 

(d) Fulfill auxiliary demands such as safety, 

adaptability, and convenience 

(e) Use standard parts whenever possible 

(f) 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? 

(d) When must the tool be completed? 

(e) What are auxiliary factors to be considered? 

(f) Would multi-tool or multi-workpiece 

operations be possible? 

In designing a workholding device, it is advantageous 

to deal as shown in Pig. 2-7 with the various éléments and 

auxiliary parts as listed 1 

(a) Lay out the product (workplace) in at least 

three views (preferably use red color) 

(b) Draw the elements of the workholding devices 

around the workpiece 

(1) I*y out cutting tools involved and 

check possible interference 

(2) Arrange the elements for guiding 

the tools (drill bushings, etc.) 

(3) Indicate all locations for the 

workpiece 

(4) Satisfy clamping needs 

(o) 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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0» 
•H 
*î 

i-l 
»"I 
<*• 

« 

ff 

I 
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(•)    ittild the body structure around the workpiece 

linking the elements into an  integral unit 

(f)     Add the necesaary auxiliary element» 

(f)    Specify the standard part«, material», 

accuracy and finiah requirement«, «te. 
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Design Computation Example! of Drill Jig i 

Design of a drill jig for the workplace as shown in 

Pig. 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) - 

0.005 ipr. 

(a) The thrust force (TR) for drilling is 

¿- S7,5oo f    Da   +   USO t 

^579sooCo.oos)a9(o.s)Ad + •*«(*« 
= 63^  its 

for simultaneous drilling of two drille, 

total trust force <f) • 2TL • 2 fwM)* IW6 •"* 

<b) The eise of the screw for claapiag 

Man« 61" permissible tensile screw« 
t (10,000 psi for mild steel 

bolt with safety factor) 

d • diameter of bolt 

*!•**•*£ ;„,   fed* 
(•)   II» kmow site or length of lever f/| for mit 

toit ir 
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Fifl.   2-1    KxARpl« of Drill Jig Daaign 
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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:  let's assume the following conditions! 

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

1/2 in. width (w); 16 teeth (H) 
Cutting »peed (N): 100 rpra 
•pacific horsepower (Uhp) :  hp/in3/«in. 
Feed (f)i 0.005 inch/tooth 
Depth of cut (d)i 1/4 in. 

(a) The clamping force (Fc) required« 

Q - n(a;fr>A;-(i)(i)ro,oosXi4Xloo).|.o '"%*, 

%-Ui^-Q-4.o)ö.o). mr 

^ - fWfj)6v*0/^ ~ (0(**,f)/i*y »ZìO IW 
G**« 2-7S/3 -<Vt|47 e-a3»3«' 

•ine« fv • 2F0, the clamping tore« required for 

•sci» strap is than Fc - 42 los. 

<a>> «trap designi 

that 

tanslle strength of strap materiali 52,000 p*f 
factor of safety for strap designi 4 
human manual foro« applied for lew act loot S Ite. 
longth of lexer {{)%    3 in. 
length of strap (^)i 4 in. 

T-*2*tP 

Alio» stress  (6^)-    ^ffi* - (3,000 p*i 

Moment of strap W - CPa.b)A.-*?0   »VMa» 

»actio« modulus ft)-   bt?/i- <i.2SO-a62&&/ 

i-   M-26« 
ti» thicknass of the strap (t) is «boat 1/4 im. 
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fig.   2-9    Ixaaplt of Milling Pixtur« Design 
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IUI]  ECONOMICS Of TOOLING 

In designing, »electing or purchasing cutting tools, 

workholding devices, assembly fixtures, special instruments, 

Ott., it is first necessary to analyse their economic effeote. 

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 

typos of problems and many factors to bo considered, ror 

• simple caso of comparison of two different tooling set-ups, 

the saving (a) occasioned by the new improved method or tool 

«ill bo 
3-A/CCa, -C«t) 

for the saving to bo equal to or larger than the cost of 

tao now tool r 

C-u,- Ut, 

S - total annual saving, $ 

H  • number of pieces produced per year 

CtAt • •nilu*1 ««it cost per piece with the 1  old method, $ 

d • annual unit cost per piece with the 
now method, $ 

lt»  coat of the tool for the new method, $ 

•moro quantity production is involved, many other 

factors must bo taken into account, m 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) Mow much may a tool co9t 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 

£j • annual saving in direct labor cost, $ 

$^ » annual saving in labor overhead, $ 

S# - S< "vT when i. - rate of overhead on 

the labor saved 

>p- annual saving through increased production, # 

<^ - saving in unit direct labor cost, $ 

Ç.  • estimated initial cost of the tool, f 

ft *  annual percentage interest rate on 
investment 

Y " annual percentage allowance for insuranoo, 
taxes, etc. 



M • annual percentage allowance for 
tenance 
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in- 

P - annual percentage depreciation allowance 
on a atraight-line basis 

r> - number of years for dépréciation 

M • annual coat of set-ups, $ 

£ - annual cost of power, supplies, ate, $ 

M  • annual production quantity, no. or pc. 

y - annual gross operating profit in excess of 
fixed charges, $ 

Sine.   Sa«-S#-NSeCn-*) 
and insect casas for »mall tolls, ¡z«0   9   Sp<*"0 

A/5a/i«-*)*Cc-<f?*Y*P1*%) tu 
(a) The nimbar of pieces required to pay-off the new 

investment is given by 

,M SeCii-TJ 
(b) The initial investment to justify th« expenditure 

is fIvan by 

r -   N5cCitt)-U 
R+r+w+ »/* 

Ì9Ì    The number of years for pay-off is given by 

Ç. 

(4) «si annual gross operating profit ovar all fixed 

ohargas is given by 
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In applying these relationships, the item« R, Y, M 

an<j o (« -i—) are fixed by operating policy.  However, for 
n 

depreciation, the number of years to depreciate (li) should 

be adjusted to meet »he various 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) What is to be done? 

(b) By what method and with what tools can it ba don«? 

|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 technical and 

functional aspects 

(b) Proposal for new tooling method to replace the 

present one 

(e) 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 



(2) 

(4) 

(S) 

(i) 

if) 

•) 
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Cost Met-hod: 

A comparison on the basii of annual and unit cost 

•ay be nada as indicated in the following procedure: 

(1)    Calculate average annual interest and other 

allowance rate   (*)£) » 

where t f «nnual interest an other 

allowance rate,   %  t Y*"Ci?^Y* • 

yl- depreciation period, year 

Determine annual percentage allowance for 

depreciation (D ) 

Determine net investment   C¿¿) 

Calculate total annual fixed charges ( Cf ) 

Compute other costs such as maintenance and 

repair» cost ( C?), power cost  ( Cm), etc., 

if necessary 

Determine direct costs such as labor coat 

( C¿), matorial cost ( Ç^, oto. 

Determine overhead cost ( C9 > 

Calculate total annual cost  < C« ) 

C*-ci + c<tC**G *¿P •<**-— 

Calculate total annual unit cost ( £, ) 

u N ^ 
(f) 
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(b) Steps for comparison of alternative methods: 

(1) Calculate the total annual cost (Cy,) 

for the present method 

(2) Determine the total annual cost ( ¿¡/¿.Off)'"* 

and the total investment (£\ 1£iJ>'"
> tox  th* 

proposed alternative methods 

(3) Compute "gross annual savings" *• ^}' 

Ça = ^U, - U<t 

(4) Determine "net annual savings" CS«) 

(5) Calculate "percentage return* (fj.) 

(f) Calculate "pay-off period" in year» ( 7f) 

Ireak-Iven Method: 

A common approach for selecting processes, method* 

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 citn be compared as shown in Fig.3-1. For example, 

im comparing two possible alternative tooling set-ups, 

assume the fixed tooling costs (the initial investment 

for tooling) and the variable cost [(the production coat 

per piece) x (number of pieces produced)} are i^ end v^ 

for method #1 (high initial tooling cost but low production 

cost per piece) end r2 and V2 for method #2 (low initial 
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TAL COST   (Method #1) 

^*OTAL COST   (Method #2) 

0 100 200 300 
QUANTITY,  No.  Of Pc.   (M) 

rig.  3*1    Break-Iven Chart 

I 
FftSFAftATIOM 

IMVWTORf 
COST 

KUMBIR OF LOT  (L) 
n 

fig. 3-2   Minim» Cost Curve 

i 
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tooling cost but high prod action coet per pieca)  respectively. 

Fig. 3-» ,  the break-even quantity   ( A/*) can be obtained 

aa follow«t 

F. > Fz ,     V, < Va 

"A*"    Tí -»-V.HÍj F% + WW1 

AIM wit coat por piece ( CM) can bo calcula tad by 

Cu, 

1       — T7""* */ 

Air 

/vi A4 
fL t    lot sisa (no. of plaças par a 

c        singla run) 

This aaalysis with tha break-even chart  (Fig.  3-1) and tha 

above ooiaputation shows that it is mora economical to salact 

•1 if production quantity  (¡\¡)  doas not exceed hfo. . 

,  for higher production quantities ( f\jt>Uq) the 

lies with method #2. 

Cost Methodt 

nie minian» cost ¡nethod is often used to obtain the 

lowest production cost of a given product by calculating 
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so-called economic lot sises for a given condition.    As 

shown in Pig.  3-2,  this minimus» cost condition  is satis- 

fied when th« 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 t 

Nt 
Jot- 
u U.Jt 

Aft 

P- ^tLn—$ 

2UJ 

Nhere  j\jf • lot sise 

/L - annuel production requirements 

Lu - number of lote per year 

^ « set-up cost 

£, -unit cost per piece 

n?A • the decimai equivalent of the 
average expense percentage 

Since the total annual cost (Ct) is the sua of the prepara- 

tion cost and the inventory maintenance cost, 

^.p^.Jkjfc + .Ä-s.fl, 

Thus the optimal lot sise for the minimum total annual 

cost is obtained by differentiating Ct with respect to A// 

.-.   M -i ¿JkBe. 
^u M 

•as 
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UV]     TOOLING  FOR FORMING PROCESSES 

Material  Forming Processes: 

Material  forming is achieved by numerous processe» 

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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(A)    Shearing 

VMJtà Z 

i 
stock GXa | I   zzzzjl 

~\_/~* \Tr inmed ^->J 
Stîïïîuu \ Productor Triwuing    Scrap 

Shaved 
Scrap 

Piercing 

(B)  Bending 

M^fa 

Scrap 

V-bending      Power brake 

(C)    Drawing 

nEln « 

i 

Drawing 

(D)    Squeezing 

Ironing 

Coining Extrusion 

GEZZZZZ) 

Edge bending 

Enbossing 

Staapiitf 

fif. 4-1   Typical Material Pomino; Processes (a) 

ÉÉ 
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(E)     Forging 

Cd 
Open Die 

Rolline, 

-^x2^- 

Impression 
(closed die) 

€ 
€ 

HMP 

Up-set 

(Forge) Form Rolling pi#rcing 

(0) High-Inergy-Rate Forming 

Explosive 
rh^*- Coaxial 

^J.QJ   Electrode 

Explosive Pressure      Electro Magnetic      Electro Hydraulic 
Forming Forming Forming 

Fig. 4-1    Typical Material Forming Processes (b) 
•    (continued) 
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contains a punch and punch holder, and a die or die block 

on a dia shoe, which ara aligned by guida pins, and other 

accessories as shown in Fig. 4-2. In most cases standard 

die sets are available commercially in a large variety of 

styles an« sisea, and are used fer eenvenlenoe and eeonomy, 

Shearing t 

In pressowrking of sheet metal the dies are Mounted in 

various ways, depending upon the operation to be performed, 

SOOM of the typical arrangements aret  (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 Fig. 4-3 (a), the punch penetrates the 

metal to a certain depth before fracture. Penetration (p) 

as shown in Table 4-1 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 angular 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 



ID/WD. 24/7 

HANK 

GUIDE 
PIN 
BUSHING 

UNCH 
HOLDER 

•-DIRECTION 
OF  FEED 

WORK 
PIK 

/ 
-STOC SCRAP-STOCK BLANKING 

OPERATION 
^ 
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Pig. 4-2 Basic Components of a Punch -Di« S«t 
(Progressive Die Set) 
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J      ^4Uák        PENETRAT! 
I PUNCH  I \/fît 

_ t.m-    '—m C .-CLEARANCE 

-VU- 
(a)  Penetration  ( <f ) (b) Shear  (J   ) 

Pig. 4-3    Shearing Procesa in Praaaworking Operations 
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Fig. 4-4 Baaio Relationships 
of Banding Operation 
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Table 4-1 Percent Penetrations 

Material Penetrations, % 

m 60 

a 55 

Brass 50 

îronz 25 

Steel (O.IOC) 
50 (Annealed) 
38 (Cold rolled) 

Steel (0.20C) 40 (Annealed) 
28 (Cold rolled) 

or fraction of the work material thickness (t). The 

pressure required for a shearing operation is à 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 

\p ** \>sL"f0£ ^YoX (when p is known and s • o) 

rí*~^L-(otvi^ ^,J~l¿(|+v)(when both p and s are applied) 

Where P., P„ ft P  pressure required, lbs. o  p   sp F ^ 

ÇZ:    shear strength oí material, psi 

L t perimeter of workpiece for shearing, in., 
*or a round workpiece with a diameter (D) ; 
L • 7T D in. 

t t material thickness, in. 

p ft s: 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 i 

(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 mothod and mechanism 

(f) Stock-strip layout 

(g) Stripping or ejocting method 

(h)    Shaving or trimming that may be necessary 

(i)    Standard die  set 

(3)    Die space 

Po* a typical die set,   it is commonly required to 

design the following components or accessories:    scrap 

•trip, die block, punch,  punch plate, pilot, gages, stops, 

•tripper,  fasteners. 

Selection of Preset 

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   (fri 
construction,  bed opening and space, 
shut height,  bolster plate sise,  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 economy it if mo it Important to 

»elect 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 ra» 

which travels straight up and down.  Banding and 

forming operations require a more closely held ran 

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 utilised aa it cones to a 

dead stop. 

Punch Design: 

The determination of punen dimensions has been 

generally based on practical experience. The maximum 

allowable length of a punch (L) can be calculated by 

L     8 V <rs t 
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Where    E - modulus of elasticity 

§^-> shear stress, psi 

GL » diameter of punch, in. 

Stripper Designi 

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 

perfora the desired stripping action. 

Ç=3SooLt 
Where i$- stripping pressure, lb. 

L- perimeter of shear, in. 

t- stock thickness, in. 

Where T" • thickness of stripper plate, in. 

lV m width of stock strip, in. 

*t • 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 art three basic forms of sheet metal stamping« 

flat, bent and formed.  Bending processes 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, bridges 

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 ( n¿) : minimum bend radii 

(c) Bending allowance ( /]i ) : length of bent metal 

(d) Bending pressure ( P ) 
b 

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

(f) Stock size and final dimensions 

(g) Bend location tolerances 

p        K6t 11\ 

Where P - bend angle, deg. 

n¿ » bend radius (inside), in. 

X = material thickness, in. 
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C    • constant;  when    KL^ 2A J   (JB-0%'3-5 

ft   - constant:   0.67 

£   - length of bent part,   in. 

Qt - ultimate taniile strength, psi 

^  - width of die,  in. 

|_=4 + fc + At 

Where L • length of material required before 
bend 

Drawing» 

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 of the blank and tension on the cup 

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

essential for design of a drawing dies 

ß-6pTD<r(cVb-0.7) 

Ei- K Ri H 

fff-<*/p)*l»o er  -CYp>" 100 

•É 
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Where     PA • drawing pressure,   lbs. 

5¿ - tensile strength of work material,  pei 

p» diameter of  finished shell,   in. 

p • diameter of blank,   in. 

"t • thickness of blank,  in. 

C¿ m drawing energy, 

\f^ • constant: 

t) - height of finished shell,  in. 

(^j » reduction in drawing,  % 

{?/« reduction factor,   % 

C 

r 
clearance 

radius of finished shell, in. 

There are other methods of computing the approximate 

•is« of the b^ank for drawing: 

(a)  Volume method 

Po =I/R
3
-TR

1
-P^VO 

vb)  Weight method ,——- 

Where Çy -  outside diameter of finished shell, in. 

t\» inside diameter of finished shell, in. 

IXT « weight of finished shell, lbs. 
3 

•U/« weight of material per in 



ID/WG.24/7 
Page 6} 

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 between 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 

eech step rather than a single drawing. 

Standard Reduction % 

let drawt 40~45% reduction 
2nd drawt 30^35% reduction 
3rd draw 1 20~25% reduction 
4th drawt 15~20% reduction 

For deep drawing operations the metal is treated by 

en 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 diet 
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(a) Development of the approximate blank size 

(b) Reduction factor (Rf) :  (for determining the 

amount of maximum single diameter) 

(c) Reduction ratio (Rd>:  (for design of drawing 

cycle and intermediate flank sizes) 

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

press) 

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

pressure pad) 

(f) Punch-die dimensions (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 

(j) Follow-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 economi- 

cal to use some other production methods such as metal 

•pinning, forming, machining, etc. Thus, economic justifi- 

cation along with technical feasibility is essential before 

utilising the drawing process. 

Forging 1 

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 force« 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- 

erystallisatien temperature of the metal• Ty»4sel 

forging opérations are 

(a) upen die forging (upsetting) 

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

(c) upsetting (closed-die) 

(d) Roll forging 

(•) 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 teat methods such 

ast  (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. 

Engineering Strain;      S 

Ov ^T A.  " A. 
Extrusion ratio; //;_ rt* _  "' 

True Strain; £ 

For sliding friction, 

Por sticking friction, 

Total Force (Pc) required for Compressioni 

4f> t the average pressure 

f\  :  the cross-sectional area 

For sudino friction, JJL/L 

for a bar of (b) width 

-0 

f-í/WMe   -IT-*) 
for a cylinderical workpiece of diameter (d) 
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(a)   OPEN DIE  FORGING (b)   EXTRUSION 

EM Tifitifi 
if 

%m 

T 
«T 

X 
(C)   THEORETICAL PRESSURE DISTRIBUTION 

,. (1) without friction 
Ï       (ii) with friction 
«9 

•*4 O 
0 n 

'DROP\ 
/HAMMER« 

//HYDRAULICX 
PRESS   (a)> ,2 

_l At 

r\ 
•n* 

M 
DEFOl 

HEIGHT OF -^ 
WORKPIECE (n») 

(d) TOOL SPEEDS AND STRAIN RATES IN 
UPSETTING WORKPIECE 

Fig. 4-6 Basic Relationships of Forging Operation 
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For sticking friction, 

Total force required for Extrusion, v. (c / 

^-*Ae-c 6-,/).£.-£ 
c:  constant 

¿_4h J__V 
$tr»!n r»te :     fc -^£   h  - "ff 

Tod   Sp«J :    \/=|| 

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 

nade with the following formulai 

Where C, '-  a multiplying factor   (see Table 4-1) 

ß- :  the mean yield stress at the forging 
**   temperature,  psi 

f\. :  the cross-sectional area of the  . 
forging in the parting plane, in 

\J :  volume of the  forging,  in 

n :  a multiplying factor   (see Table  4-1) 
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Tabi« 4-II, Multiplying Factors  for Estimating Force 
and Energy Requirements in Forging 

Mode of Deformation 

coftp#«m§n of ey linee* 
between flat platens, 

Impression die  forging 
of  single shape 

Impression die  forging 
of complex shape 

&0 • 0 • • 
et~ 0.8 

without flash 
with flash 

with flash 

i a 
1.5/V2.5 

3~5 

8~12 

2.0 

1.1 
1.5 

2.5 
TT" 

It la often necessary to consider forging for a new 

product or in the ra-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 m*et functional and technical needs and  (b)  to 

design a forging sequence and die, considering the follow- 

ing factors i 

(a) Part design 

(1) configuration and tolerance 

(2) aite and weight 

(3) apecifications (proparties and quality 
requirements 

(4) material and forging stock 

(b) Analysis of the forging operation 

(1) forcea 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 
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(4) selection of forging press 

(5) fabrication of forging dies 

(6) friction, wear and lubrication 

(7) design "in-houseM 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) Economics;  material  costs,  tool and die 
cofts, presses,  finishing cost, direct 
labor and overhead costs,  inventory coats 

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 
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(d) Specify the  necessary gaging for  inspection 

(e) Specify and  select the  necessary press equipment 

(f) Determine material handling methods for 
stock and product 

(g) Prepare the route or operation sheet 

Design Procedure of Pressworking Tools; 

Preliminary Planning: 

(a) Develop the blank with special reference to 

(1) best grain direction 

(2) bending,  forming,  drawing strain 

(3) available press equipment 

(b) Decide a tentative sequence cf operations 

(c) Lay out the stock-strip 

(d) Consider the press accomodation of the die «et 

(e) Establish center-line of pressure 

(f) Establish location of pilot hole punch«» 

(g) Selection of die type 

(h)    Check material specification 

(i)    Make the route shaat 

Steps for Die Designi 

(a) Lay-out scrap-strip 

(b) Design die block 

(c) Design punches 

(d) Design punch plate 

(e) Locata and design pilot, gages and stops 

(f) 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 operation« required 

for construction of a blanking die are for example, as 

follows : 

(a 

(b 

(c 

(d 

(e 

(f 

(g 

(h 

(i 

(j 

(k 

(1 

(m 

(n 

(0 

Cut off blocks 

Rough machining and grinding 

Machining screw and dowel holes 

Layout of die 

Machining die opening 

Finishing die opening 

Machining and fitting punch to die 

Machining punch holder, stripper, stops, eie. 

Machining clearance holes in die shoe and 
stripper slot 

Heat-treatment and grinding 

Assembling die and stripper to die shoe 

Assembly of punch and punch holder 

Assembly of auxiliary parts 

Try out 

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 

ohange in the pert specifications euoh 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) Plat surface are preferable to formed 
surfaces 

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

(c) On drawn forms, a round or circular 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 

(f) 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) Sends should be *r right angles to the 
grain or as doe« thereto as possible 
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