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CHAPTER 1

Introduction

Mass production aims at high productivity to reduce unit cost and inter-
changeability to facilitate easy assembly. This necessitates production de-
vices to increase the rate of manufacturing and inspection devices to speed-
up inspection procedure.

Production Devices

Production devices are generally workholders with/without tool guiding
setting arrangement. These are called jigs and fixtures.

Jigs are provided with tool guiding elements such as drill bushes. These
direct the tool to the correct position on the workpiece. Jigs are rarely
clamped on the machine table because it is necessary to move the jig on the
table to align the various bushes in the jig with the machine spindle.

Fixtures hold the workpiece securely in the correct position with respect
to the machine/cutter during operation. There is sometimes a provision in
the fixture for setting the tool with respect to the workpiece/fixture, but the

tool is not guided as in a jig. Fixtures are often clamped to the machine
table.

Elements of Jigs and Fixtures

Generally, all the jigs and fixtures consist of:
1. Locating Elements These position the workpiece accurately with
respect to the tool guiding or setting elements in the fixture.
2. Clamping Elements These hold the workpiece securely in the lo-
cated position during operation.
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Jigs and Fixtures

and 1% vandadium for retention

(red hardness) and impact resis-
od to RC 6403 and are suitable

and cutters.

and wear resistance
high emperature
or oil-harden

drills. reamers A i
also called high carbon (1.53-2.3%) high

working steels and are used for cut-

ting press tools and thread forming rolls. Hot die s.leels with lesser
ca;borl (0.33%) and chromium (3%) but alloi'ed with mol_v_bdenum
(1%) and vanadium (0.3-1%) for retention of hardness z}t high tef“‘
perature are used for high-temperature work like forging, casting

and extrusion.
Carbon Steels
hardened to RC 62-63.
materials like woodwork.
such as files. chisels and razors.
bushes and locators. which are subjected to he
made from carbon steels and hardened.
Collet Steels (Spring Steels) These contain about 1% carbon
and 0.5% Manganese. Spring steels are usually tempered to RC 47
hardness.
0:_'1 Hardening Non-Shrinking Tool Steels (OHNS) These con-
tain 0.9-1.1% carbon. 0.5-2% tungsten and 0.45-1% carbon. These
are useq for ﬁlne parts such as taps. hand reamers. milling cutters
engraving tools and intri hi |
. hargemng s cate press tools. which cannot be ground
E’ui gq;:eglng S:eel; These can be carburised and case hardened
Sles] wjlth 10;6—1._ thick. hard (RC 59-63) exterior. 17 Mn1Cr95
NiZCrlMoz/Sa manganese and 0.95% chromium is widely used. 15
pansion. ! ws;e(f(luwnh additional nickel (2%) reduces thermal ex-
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press ram:.e elloy stcls are used

Mild Steel
Jgsand fixtu

hardenability
of hardness at MET
tance. HSS can be air-

for cutting tools such as

Die Steels These arc 3
chromium(ll“n) (HCHO) cold

_1.18% carbon and can be oil
These can be used for tools for cutting softer
agriculture. etc. and also for hand tools
The parts of jigs and fixtures like
avy wear can also be

These contain 0.83

W‘ v o ¢!
fl(iirclh)/ for fasteners and structural
igh stress applications like

It is the
cheapest and )
res. [tcontaing most widely used material i
ns less the sed malterie
less than ().3y, carbon, It jg cco::“d'l ”:
» JL1 mica

W
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to make parts that are not subjected to much wear and are not

highly stressed from mild steel
As it can withstand vibra-

9. Cast Iron It contains 2 2.5% carhom. A
widely in mifling fiztures Self-lubricating

tions well, it is used
hine slides and guideways

properties make cast iron suitable for mac
The ingenious shaping of a casting and the pattern
machining time. Although the strength of cast iron 15
strength of mild steel, a wide variety of grades have been devalope
Nodular cast iron is as strong as mild steel. while mechanite castings

have heat, wear and corrosion resistant grades 7
10. Steel Castings These combine the strength o

can save a lot of

only half

d.

£ <t

of a casting.
11. Nylon and Fibre Theseare usually used as 50t i for clamps
revent denting or damage to the workp : clamping
wed or st

top
force. Nylon or fibre pads are scre
Fibre is also used to reduce weight of J
a 1.1 m x 0.7 m German jig made of fibre
angle iron frame. Fibre weighs only 1 67075
can load/unload the jig manually onto a la WO
topic titled: Jigs for Large Workpieces in Ch
12. Phospher Bronze It is widely used for replaceadic aut
operated: feeding and cl
process is time consuming and costly. So. 0
by using softer, shorter phospher bronze mat
replaced periodically.

amping systems. Generally

Phospher bronze is also used in appheations calling tor corro

resistance, like boiler valves.

7 Presentation of Workpiece

ostiion with the i i

ing shows the workprece e p

hould be castly discernt
haindotted line, pretet

uished from the black

A jig or fixture draw
Iowever, the workpieee s
accomplish this, the workpie
colour (red, green or blue), w
linework of the fixture/)ig drawing

I'he workpiece drawn i fixture g ¢
As a result. locators, studs or other parts ol the finture
are drawn in full Tines nstead of dotted (b
aced behind the workprece are drawn full stead ot

ansparent, would not

ble from the i D
biy i

ce s drawn i ae
hich can be castly disting

[rawing 1 considered transparent
ANESI through the
workpiece |2 Sunlacly, the
parts of the fixture pl
dotted. As the workpiece it
view of any part ol the jig ot finture

obstruct or block the



Location

n Principles

Workpiece Requisites

The location has to meet dimensional requirements of the workpiecs stated
on the component drawing. For example. in the \»orkmcc: illustrated n
Fig. 2.1, the drawing clearly states that hole C should be at distance D from
face A. Consequently, we must use face Aasa datum for locating the work-
piece while drilling hole C. This would ensure that hole C 13 ar distance
D from face A. If we use face B as a stopper. the varanon in '.;:‘.«_; h L
would cause inaccuracies in the position of hole C. It leng th L 1s oversize Dy
1 mm, hole C will be at (D + 1) mm from face A. If length L1s uf‘dc""m-.
the hole would shift towards face A and would be nearer than distanc

from face A.
e |
C—
T

<

@

m-f---— - -

—

Fig. 2.1  Location and workpicce dimensions

.
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1 hole would always be at distance D from face
he hO

face Atl
RO jon in length L.

If we locat i
variatl

A irrespective of the

Accuracy |
surface of the workpiece. A

' urate

one on the most accurd’ A

hined surface is preferable to an unmachined one. When more ftha ;):n.,

reds surface. ror
machi urfaces are available, locate from the most accurate sur: F

e o 2 can be located from outside

in Fie. 2
entre of the turned part in Fig.2 1 fi
Z;Tepti:ersﬂllig or 80 or from central 404 bore. 80¢ has the minimum toler-

ce of 0.05. so the workpiece can be located most accurately from Outs?de
:?ameter .80.. Location from 40¢ bore would be less agcurate than lOCatl.on
from 80¢ but more precise th de diameter 1104, which

an location from outst
has a much wider tolerance 0

Location should be d

f 1 mm (0.5 mm).

m«o

+0.1
400_g

=

6
EEEEENIY
fe—— 1100 —
Fig. 2.2 Accuracy of location surfaces

Constraints

Location should prevent linear and r i
otary motion of th i
and around the three major axes X, Y and Z. ° vorkpices slone
andT?:np:?te shown in Fig. 2.3 can move along the three axes X, Y and Z
S0 rotate around these axes. The location system shoul,d prevent

all these motions positively.
/ XV

%

Fi .
19.2.3 §ix degreeg of freedom
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Motion Economy

Location system should facilitate easy and quick loading of the workpiece
in the fixture. It should effect motion economy. For example. there are
two ways of drilling holes B and C in the turned component illustrated in
Fig. 2.4a. We can drill either of the holes B and C first by locating on the
machined bore A and then, locate on the drilled hole to drill the other hole.

If we drill hole C first and use it for location we would have to use two
locators at right angles to each other and the workpiece needs to be loaded
on the locator for bore A first.

It would be necessary to use another removable locator for hole C
(Fig. 2.4b). Otherwise it would not be possible to load or unload the work-
piece on the locator in bore A. Also, location on hole C would mvolve t#o
motions—first, loading on locator A then inserting a2 removable pin in hole
C which must be removed before the workpiece can be slid off axially from
locator in bore A for unloading.

On the other hand, if we drill hole B first and use it for location w hile
drilling hole C, it is possible to load the workpiece on both the locators in
hole A and B in one motion as both the locators would be parallel (Fig. 2.4¢).
Thus, parallel locators are preferable to those placed at right angles.

E;;Shfors
b T
! \ Lt o
IS

'
RelmO\:able—— Bush for
oeaiot drilling hole C

(b) («©)

Fig 2.4 Motion econony in locarion

Redundant Locators

Redundant locators should be avoided. In case of the workpiece depicted in
although both

Fig. 2.5, we can only locate effectively on surface Aor B. For,
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achined during previous operatjqns. the distance
rding to the process capability. lf a fixed sur-
Jocate the surface at B as well, it would act
d from cither A or B only.

can be locate ;
d B of the workpiece 15 more, there
d surface B. When clamped, the

sen the clamp is released,
o its original position causing dimen-
If the step in the component is less

than the height of the Jocator. the component would not seat properly either

on surface A or B (Fig- 2.6). The clamping force would distort the work-
This would cause errors. as the distorted part would spring back to its

the workpiece i unclamped.

the surfaces had been m

between them W
face similar t0 Ais Pro
as a redundant Jocation
If the distance between §
would be clearance between the 190
workpiece would bend as shown 1n
the distorted part would spring back t
sional as well as form (flatness) €rTOTS-

since the job
urfaces A an
ator an
Fig. 2.5b. Wi

piece.
original position when

Clamp

B5 ;
A
(a) (b)

Fig. 2.5 Redundant location

Fig. 2.6 Workpiece distorti
g.2.6 Horkpiece distortion due to redundant location

Under such circumst;
. ances, the redundant locati S
replaced by an adjustable support illustrated in ; i;;on2a7[ purice B shouldbe

/4

Fi .
19.2.7  Adjustable support

P
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Foolproofing

The location system should positively prevent wro

iece i ) ng loadi

r(;z:feldn éoﬁr:t:fo‘;:y Afoolpro'oﬁng The workpiece shr;g'yniil;%goggeis“t/gte-

heir size is also :h f’"d C. As hqles B and C are equidi:tam'fr;)m A and

wrongly as sh 1 same, the‘re is a risk of the workpiece being loaded
evented b oW1 Dy the chain-dotted line. This wrong loadin; can be

(F:f the Workgig:r:;,fl?:?sg ]‘; f:l’o(ipm‘)ﬁ"g pin which would obstruct the path

workpiece wrongly due toathz fm?if,’%;‘g“;f;"d be impossible to load the

Foolproofing pin
)

Fig. 2.8 Foolproofing

n Locating Methods

A workpiece can be located from:

1. Plane surface
2. Profile
3. Cylindrical surface

Location from Plane Surface

ree points on the surface. A rough
ads having point
having spherical

can be located with th
located with three location p.
ling three location pins

A plane surface
unmachined surface can be
contact, This can be done by prov i
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59 The pins should be
. an n Flg' f— . N
points as s}:\accura‘ ¢ location. The height of the

| xothat the Jocated surface is parallel to the
ould be equd }ab]c Although the three pins can define
the machine . workpicce during ma-

A to the
} ide adoquate support ¢ . sces
aplane, they camn® PV L L Additional adjustable supports are neces-
chining operation such g the workpiece during clamping

y ont distortion and vibrations in T
sa!é\ o 3:;;:1 The number of adjustable supports W ould depend upon the
and ma g. justab
shape. strength and size of the workpiece.

es at the Jocating

o idely as possible

spaced as Wi¢
collar of the pins sh
baseplate resting On

/~ To be machined
A —— \

, ?%@ﬁt

l@ ________ O

'
1
'
'
1
1
'
|
'

Fig. 2.9  Adjustable support for rectangular workpieces

CMFC ng:re lzd.m l]’luslmlf,s a threM adjustable support with the locking nut.
: 5( ould be taken that the adjustable supports do not dislocate the work-
gl;ch or:yan‘li the }ocaung (resting) pins. This can be done by limiting the force
by rolatingjl:}?gli the su?pon. The screw illustrated in Fi g. 2.10 is adjusted
urled collar by using one’s fingers so that the adjusting

force would not dlsl(.l(. te (lift workpiece from t ¢ fixe IOLd““ J Pdd >
ate (if
) the (6] kp ece fror h ixed 2 ‘

]
Ry

A
Fig. 2,10 Adjustable

'm/'/”ll'l
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Surfaces that are reasonably plane (flat), such as hot or cold rolled plates
can be located by fixed locating pads and adjustable supports ‘

For locating very rough. uneven surfaces, it 15 necessary to use adjust-
able locating pads. Casting and forging can be located by adjustable screw
pads as illustrated in Fig. 2.11

T
|
[
T
)
T
T

v "
b atd »

Fig. 2.11  Adjustable locators

During the first operation, it is often necessary to fevel !t
be machined with a marking block by adjusting the locating
in the case shown in Fig. 211, there should only be three locatons
workpiece should be supported at other points by adjustaple supporss
ing knurled collar. A hexagonal head screw rorated By 4 spanier cait susii
act as a screw jack and dislocate the workpiece from the oc:
Sometimes, it is difficult to reach a support which is i recess or s
from the operator. Under such circumstances, 1 is RECENANY [0 provice 4
claborate adjustable support as shown in Fig 2 1 2u.

Adjustable pad — Screw o prevent
rotation of wedge pin

l\';"' - }'. £
AN [N : T _ T
. — - L‘ ~
— Height adjusting
Return Wadge pin — T screw
spring

Fig. 2.12a . Adjustable support ut indccessible place

pin raises the pad w hen the wedge pin

I'he inclined surface on the wedge
w. When the adjusting screw

is pushed forward by the height adjusting scre



d Fixtures ) - —
e - o1l .
T jge pin towards the right and
& os the wedge
<nring pushes .
ey iy ' the forces configura-
2 AW v . o .
ithdr: des down by gm‘;ge Figure 2.12b .\hm“ e apter 4 gives the
. j ! N aue R
Wedge angle 1S usually oved by a screw. PJN, 3 e foroe trans.
< usually mo ) by as _ '
ion. The wedge 1S usually r},rc-:(F ) generated by e voportiaial o fhs
n. g - . ) e A 1 ‘ ‘
tio aula for Caltulalmglhcl e vertical suppomn{:‘['\‘ P Hction between
f“:r:cd at the top face of t 1‘3nult (4) and cocl‘lu:r p o and the support
ni ¢ wedge angle (- e doe . .
:Pl‘““d force F,. the \\cdll‘ bore. between the we :m,: in and its housing
o e lhml;l?} and between the =007 l\\'(; dry machined faces
N ¢ angular face. : o hetween " :
o th"a the cocflicient of rcon sle (4) of 10° and the coeffi
e o 0 yiodipini. fficient of friction (0.10),
= 1.96 Fs. For lesser coe

0.15.
s from 0.1 10 - cti
G les (4) and coefficients of friction.
Cs (-

isW )
the pad sli

friction 0.15. F

nt of friction [ N

;—le - 2,55 F For other wedge ang
, = 2.5

Fig.2.12b Forces in wedge action

F = Bl —tan (4 + fiyan (53))
’W

F = Force developed by screw
A= Wedge ang|e
f,=tan"' [Coefficieny of fricti

(page 47)

on between wedge pin and supporting pin)
f,=1an"' [Coefficien of friction between wedge pin and jyg housing]
f,=1an"' [Coefficien of friction between supporting pin and jig housing]
Figure 2.13 shows another arrangement in which (e pad is spring-load-
ed 5o that j adjusts 1self againg the workpiece surface witlh limited spring
force. The Pad is locked i, Position Ly (he Clamping S¢rew. The retaining
SCTeW prevents the pad from being pushed out of he housing by the
Square O rectangulay Workpicces cap be locateqd better by repluc
of the localmg Pads by ap, ¢qualisip “ker ¢ in Fig, 9 e
: B rocker ag shown iy | 2. 2. 144,
€ rocker Provideg SUpPort at 1w "" '1; d i
. cunmr:oyml.s R. “‘pr()lsl self 1o suit the
at foyur POINts with gy contradict-

spring.
ing one
surfa

Ce 10 be located. It proy
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/ Spring-loaded gad

| T ——e
Retaining U | 3 )
sorew - = =l '-— T ]
5 - g
| o ——t g
. Ciamgng —
| >

— Sprng

Fig. 2.13  Spring-loaded pad

Fig. 2.14a Equalising rocser locanon

= p v B AT IS AN
13 - » pan of the rocker ac

the three pont location ot the plane The pt : .P . e :

. = ¢ s } o
. Iglc p\)illl vomplcmcnlmg the other two points i < plan

a st & h

Linear Self-adjusting Support Pins

gure Al S - sell-. usting, suppu S he pins
4 -ad g wing pins. | P
‘ 14b shows three linear, self-a Husting, Pr I ”[\ L v
gure 2. § 3 - :
All |L :HIShC\l upwurd: by hight springs llll\‘uuhllhs‘ oI :J. p. l\l [" -II \LI‘\-,' .“\“’
\ : .nw ‘ Al .\ S Aly s should pu.\h he conica pins ang
1 m I'he Springs ‘ e

bel the su porting . ) o e l

¢ support pllll\ ll[‘\\'lld\ Lo ensure contact between the \\\‘lk[' ece and the
the SUpPC R
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wedge \yorkpiece
S -—
F_“n — - e \

Di‘:nw _bestween
7 wedge pin
- "E@iﬁan of one

wedge pin
Fig. 2.14b Three linear self-adjusting. supporting pins
support pins: but they should not lift it off the locators (rest pads). Ehe cones
angles of the pins match with angular surface machined on wel ge pins.
These can be moved axially by a screw with a hexagonal head. Turning the
adjustment screw clockwise reduces the distance between the angular. f.aces
of the wedge pins.. The wedge pins move axially, assume suitable positions,
4ill a1l the three conical pins touch the angular faces of the wedge pins to
provide a positive support instead of spring support. Light tightening of
the hexagonal headed bolt secures the pins in the position by clamping the
conical pins against the angular faces of the wedge pins. The Hex. Head bolt
can be replaced by a tommy bar screw to limit the clamping force, lest the
workpiece i lified off the locators (rest pads).

A machined surface can be located better by pads having a flat surface.
For large components. the pads can be screwed to the body of the fixture
as shown in Fig. _3-15 - This saves machining time as only seats for the pads
need to be ma'chmed instead of the entire body of the large fixture. More-
o :;‘()"\ﬁ‘;“g}s;‘“r can b leveledcasily by grinding them individually
seats can be easily correcu:dbe £eif b 3 Eiom n th.e machine of pad

> Y providing compensation in the pads.

For small workpi ati
e slas i pieces. no location pads are necessary. The fixture body

N
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Location
pads

Only seats for pads
to be machined

Morepiecs

S
Fixture body Burr T
Fig. 2.15 Locatioa pads for large Fig. 2.16 Recess for burr
fixtures and dirt

Fig. 217  Siv-pomnt location

Location from Profile

For simple components where appedarance 1s important, 4 sighting plate can
be provided. [t is slightly bigger than the workpiece. The workpiece can be
positioned on the sighting plate in such a way that there 15 cqual margin on
all the sides, as shown in Fig. 2 I8
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20
”
plate
Fig. 2.18  Sighting location
The profile of 2 workpiece can also be located by confining the profile

with cylindrical locating pins (Fig. 2.19). ) ) )

When there is considerable variation in workpiece dimensions from
batch to batch. an eccentric locator can be used (Fig. 2.20). The eccentricity
of the focator can be varied by rotating it to suit the workpieces in the batch.
The workpiece shown in Fig. 2.21 has got 2 milled flat on the collar. Dim
F of the fiat would be aimost be the same for all the workpieces milled in a
singie batch. So. the eccentricity of the locator can be set to suit one of the
workpieces from the milled batch and the eccentric locator would locate
accurately all the workpieces in the batch.

Locaton ping

Fig. P
9.219 rofile locatip, by pins
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Eccentric locator

Fig. 2. 20 Eccentric locator

Fig. 2.21  Application of eccentric locator

The profile of a workpiece can be located by providing : pocket or nesi
around the profile of the workpicce (Fig 2.22) The mside protile of the nest
matches with the outside of the workpiece. The henght of the nest ould be
lesser than the workpicce to permut gnp over the workpiece for unloading
For thin sheet metal workpieces, finger slots or cjection arrangement would
be provided for unloading the workpiece. Alternaiively, & partial nest can
be used.

Sheet metal blanks from the same die or die cast componenis rom the
samie mould are almost identical Such workpieces with hitle vananon can

be located precisely by a close fitting nest

Location from Cylinder

Locauon from a cylnder is the most common and convenent o of
location For, when a cylinder is located on ity axis and base, (@ can only
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X
Locator
Finger slot . B
.x_l :
"} Recess
P':tss A~ \ £ Ear

Fig. 2.23b  Cylindrical locators
Y -7 The scating sur-

Clamping from top prevents linear motion along axis
face for the locator should be recessed to provide spacs for dirt of workpeos
burr. This ensures proper seating of the workpices on the locanng face. [here
should be ample chamfer or radius at the entry point o that the components
can be loaded quickly. The chamfer is called lead. It contralises the workpiecs
quickly with the locator. The locator itself is located i the 1
centric diameter generally made press fit in the fxture dody

Locating posts are often used for anchoring clamping st
posts used for clamping should be secured By a retaner aut o & 20
prevent it from coming out of the fixture body when the clamp s nghtened

Is (Mg

D SCIeW 0

— Clamping atuct

/

C washer '
N N : | — Locator
. L7777 e =
Fig. 2232 Conicqs . VD) ) == .
ocators for rough bores - PR Giub | ’
H urew
o A

SR o N

-[ :h L - Hatainear - |
: it ¥ }
-

Fig. 2.24  Locators subjected 1o avial pull




Fig. 225 Prevention of jamming

The length (L) of the locator should be short to minimise the loading/
unloading time. Short length also reduces the possibility of workpiece jam-
ming on the locator dunng Joading/unloading. The optimum length (L)
depends edlzor;rx mlmn locator diameter (D), the distance (L,) of the
nearest edge e centre and the minimum clearan
the locator and the hole (Fig. 2.26a). ce (€) between

Fig. 2262 Removal of w,

rk-piece from a single pin

Locator Length (1, L,+0.5D
e bl

-

While 1o
hile locating on 1we holes the

be reckoned (Fj / ;
( centre distan
Fig. 2.26b), distance (L,) between them must

Locator Length (1 )= &1 +L, +0.50
L+p V2L, 4D}
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Under such circumstances, there should be ample lead
ed. i e made underrsize m

workpiece is fragile.
d the locator should be refiev

at the entry point an
the central portion.

Fig. 2.26b Removal of workpiece from rwo pins

outside diameter. it IS NECESSAry © UST &
t. They should have generous lead at the
lieved in case of long pots

For locating a cylinder on the
bush, which is called location po
entry point, and the central portion should be re

(Fig. 2.27).

Fig. 2.27 Female locutors

not prevent rotnon ot the workpiece
his, It i3 nevessary  provide a second
two dowel pins to ensure that the

A single cylindrical locator can
around the axis of the locator. For
locator. For example, it 1s necessary to use
piece is completely constrained.
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least two dowe] iy
base A we must use at . ping
|f we want to fix plate ?;8“ If we use only one dowel pin P, plate B can

Pond Qs shov " 2%1;on for dowel Q would prevent plate B ﬁ?m Pive
pivot amung g g: s 0“,ei< P and Q should be placed as far as possible,
oting around . .

Fig.2.28 Use of dowels

The dowels are used for permanent assembly of two parts. The holes in
§ase 4 should be located from plate B so that there is no question of varia-
tion of centre distance between dowel holes P and Q.

_ When we have 0 use two holes in a workpiece for location, we must take
1nto account the variation in th

) € centre distance of the two holes due to the

wear of the guide bushes for cutting tools.

This variation can be taken care of b i i
i y making one of th,

pins diamond shaped ag shown in Fig 2 29 ¢ ® fwo location
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i S 1 Plane
r— ! P | face
I
SE
H| >, ! v
15 ' '
@ b
<, 9

Axis of variation

'
.
r
‘ \

K Q
hY

-
|
.

Fig. 2.29b Positioning diamond pin correctly

Workpiece
hole ¢ 'D'

~ Diamond
ping'd

Fig. 2.29¢c Principle of diamond pin

o \ > used for

Out of the two holes, the important and accurate one |Hl-‘}\TUI:.' ]bci“ .

principal cylindrical location with a full pin. I'he duunduu;l :\ ::::\ ;, p;:“ -
be used to constrain pivoting of the workpiece around the f
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28 . .
an the diamond pin s0 that the work-
The principa Jocator Sho“]g;:]ongf:n?i‘ pefore emging with the diamonq

piece can be located and 3  and speeds UP loading of the work;.nece'.
4 pin can also B¢ U8 for accon'n’m_,oqdba)ﬂns the variation in the

jamond P ) ig. 2.290)

D 4 hole from 8 plane S“"f’_’clee(:;g diamond pin. The locating sur-
12% of a full cylindrical pin. This
Clearance Vat corner Q is much
the workpiece hole and the

" end pin s usually ess P
clearance at Jocation points.
i _ D/2) between

diamond pin. Referring to Fig: 229, in triangle PRS:

pS* =PS‘+RS:
=(PQ+QR)‘+(QS‘—QR1)

2 2 2 2
2-:[‘+I'W+W—+g——?7—
4 4 4 4
D’
d= T—VW—VZ 2.1

Example 2.1~ Celculate the diameter of a diamond pin placed at 45 + 0.15
fx(st(anc:( f:om a plane surface if the locating hole in the workpiece D is
55.55/55.596 and engagement width W of the pin is 2 (Fig. 2.29b).
Solution: Minimum ¢ of workpiece hole = D
D=5555
Vanation, V=0.15

. W=2
“- Diamond p in ¢ = 4

55.55

\/T—O.lsa-o.w’

=2J771.45 =0.3-0.0225
= 0717.1275

=55.538

d=)

19

Chapter 2 Location

Oty worpeics
min. bore diameter

. /
- d=2 o ewm
-—Cz V:t |4
os="

"""V"?"?"“_f'_"‘-”"

] i v

i ' i }He height of

| ) Vo fullgin

| i v

] \ -

$
0
n
L
C
Q
7

Fig. 2.30 Diamond pin design

Diamond pin ¢ = d = 53.53816
55.538 22,

w

I

one-cighth of the workpiees

Width W of the diamond pin is usually Kept
hole ¢ D (Fig. 2.30). lt can, however, be vaned suably
ance (' in the workprece and the desired

y accomodate

variation V in centre dist 1 fit between

the diamond pin and the hole.
Example 2.2 Determune permissible vanaton ¥ n centre distance 43
example 2.1, if width # 15 increased 0 7 While pin o remains same, Lo

55.538t6.
o B
‘/:2\]1 AT
4
55.538 = 277145 -7F b

or VEp 78 033204 =0
Voo r0.0472

wed i location iy the ultimate catenon tor the ra-

Angular accuracy requ
pin and the workprece hole

dial clearance permissible between the diamond
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. the angular accuracy of lgcanon if a diamong piece in position. When a casting has a single hoss which is to be drilled. a
le 2.3 Determin® for](‘faﬁm: axisof 2— 032 H7 holes and centre bush is made integral with the locator to facilitate drilling of the workpiece

in the located position.

pin with 4 mm:::‘:r:: :Lﬂes (Fig. 2.290) IS 20040.2.
distances bet™ ) 02 Vee Location Vee locators are used sxtensively 1o locate cylimdrical
Solution: D =32 w=41=0< surfaces from outside. Fixed V blocks are used for approximate location
(”/ These are generally fixed by screws to the fixture body and dowelled to
d= 2\]%—111'-'" prevent shifting during operation (Fig. 2.32)
—_ - Allen screw—;

=2\3—2;-0.2x4-—0.2: |
2 , N
s I B e

=31.947 .

- Pin 0=31.947 f6 =31.947 2

.| D-d - Dovels
Angular accuracy =tan —T
.| 32-31.897 |
=tan~ | ——— J N S ) S —
2x200
=0.01475° =0°0"53.11"
Fig. 2.32 Fixed V locator
Location land W’ of diamond pin should b i i
variation I occurs. \Ahenadianf’ond (i)nis u::g ltlﬁetoth;ax]s : longwiich For more accurate location, it is necessary to make V 10CaIOr dujusiudic
lindrical holes (Fig. 2.29a), the land 1;1 uld b ocgiagic a)flsloft‘wo cy- along the axis of V. The position of V block s adjusted by a screw o fake
centres of the holes, ‘)L-Tlile.locating : (;ane z:fq""”e to the axis joining the care of the variation in the size of the workpiece (Fig. 234
the centre line of land W should be a?all ] surface and a hole (Fig. 2.29b), An adjustable V locator should be guided by 2 zuide plate o consirain
parallel to the plane surface. its movement along the axis of V. The guides must be dow ciled 1o pre-

Coni i ) . :
C?I LOtiatlon' C"m_cal locators are used mainly to locate rough vent shifting during operation. The side of the v face 1 somenmes inchined
cenmmmmdimcdscd b;)’cg:iizz lm c'asungs and forgings. Cored holes and bosses agre slightly to provide downward clamping foree (Fiz. 233,
axial adjustment with aiffii“vfﬁ’g 2:31). Conical locators generally have N
. which is aiso used 1o clamp the located work- ‘\Q
AN

'
'
Am
L

/

\/ Section S S

——
Fig. 2.33 [nclined }
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Fig. 2.34 Screw adjusted V locator

A Vee locator can be adjusted quickly by using a cam for adjustment
(Fig. 2.35).

Fig. 2.3 ¥
5 Cum-operaled Viocator

'll is Necessary |
10 its origing| posi

O provide a reqyyy,
tion w

SPring for bring:
hen a cam is uscdg o brlngmg back the V location
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When the V plate has to be withdrawn quickly for a considerable
distances, a swinging eyebolt is used. A slotted thrust plate must be pro-
vided as a seating face for the V adjusting nut. (Fig. 2.36).

AN L
....... /. E:‘: —

Slotted thrust
plate L,-,,'
(;‘.\t}"'\
i i )
. h '
HpEIL,’ R
S\ T = =g
& =
H i
i =

Fig. 2.36 Quick action V locator

When a cylindrical workpiece is located by the V block., the position of
its centre would depend on its diameter. However, the centre would always
lie on the centre line of V. So, for drilling central holes in round bars, the
V block should be placed in such a way that its centre line is vertical. Even
if the size of the workpiece varies, the drilled hole would always be at its

centre (Fig. 2.37).

Fig. 2.37  Correct position of '} Fig. 2.38  Correct position of V
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Uneven projection at Uneven projection

parting interface

__ Parting
plane

Draft angle

4_  Clearance
groove for
uneven projection

at flash/parting

2 plane

Locator

Fig. 2.41 Flash clearance grooves for flat locators

Summary

Principles of Location

l. Location must be related to the dimensional requirements stated on
the component/workpiece drawing.

2. ltis preferable to use a more accurately machined surface than a less
accurate surface for location.
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Cunprea 3

Clamping

Clamping clements hold the workpiece firmly engaged with the ocating ek
ements during operation. The clamping system should be strong enough 10
withstand forces developed during operation. At the same [ime. the clamp-
ing force should not dent or damage the workpieee Speed of operation,
operator fatigue and strategic positioning are other important considerations

for contriving a clamping system.

Prlnrqlprles‘of Clamping

Position

Clamping should be positioned to direct the clamping foree on & STORE,
supported part of the workpiece. ('lamping on unsupported part bends slen-
der workpieces, as shown in Fig, 3.1. This affects the accuracy of the opera-
tion. A vertical hole drilled in the bent workpiece would become angular
when the unclamped workpicce springs back its original shape, as shown
by the chairdotted lines in Fig. 3 l.

Unelamped — Clamp
warkplece /
S ,\‘ il s
{ Jn HL» ;’ —— ,‘
T It L b
Bending of v
unsupported
workplece due
1o clamping

Fig. 3.1 Distortion of unsupported workplece
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40 .
ot the path of Toading and unlogg

o should not obstTY !
The clamping £ st:rn': Shl‘anm‘ in the path of loading should be ret ractab,
¢ clamps

ing of e ¥ inging ape (F1g. 3.10a). 80 that lh.c clamps can be ,“'“hl'm“,n
(Fig. 39) or swInETE ! ;»adinn and unloading of the workpicee.
g cle:r 14 not obstruct the path of the cutting tool. They should o
Clamps should netEEs . e
get drilled. milled or welded durmng operation

Strength

The clamping system chould be capable of holding the workpiece securely
against the forces developed during operation. The clamping force shoulq
gamns ace with excessive pressure. For Clal'l‘lping

aot dent or damage the waorkpie Fo
weak or fragile workpieces. the clamping force should be distributed over
a wider arca of the workpiece. While clamping soft workpieces. clamps
chould be fitted with pads of softer materials. such as nylon or fibre to pre-
vent damage and denting of the workpiece.

Productivity

Clamping time should be minimised by using hand knobs. tommy bars,
knuried screws. handwheels and handles (Fig. 3.2). so that the clamp can be
ughtened or loosened manually without using spanners, as a spanner further
adds mouons of picking. aligning and laving it down.

Handie Hand knob

= Knuried head Tommy
bar

//am/ €rale, £}
oper,
4 led l'/UIII/}IIIg d(f"i('l )

s )
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Operator Fatigue

Operator fatigue should he taken into account. 1f 1 considerable number of
clamps are to he tightened and londened repeatadly it s '—w‘Hnr r nse . ,’

matic or hydraulic clamping which. in addition to rqriur_mg‘wn;rwmr ":::J:
saves clamping time. Power clamping facilitates tightening r .mw’;m-g ;f
many clamps simultaneously I

Workpiece Variation

The clamping points should be provided with smple ~wudins o

clamp operable even if there 15 variation in the workprecs
surface should also be made spherical o permit some it
(Fig. 3.3a)

Sphercal nashers

— Radius at
clamping point

[ o g G AT
o - -
Workpiece ! - .
: i - Sphencal I
] Neel oI

Fig. 3.3a  Clumping varabic workpiece

Misalignment between the clamp surtace and the clamping ot due
tilting of the clamp can be countered by use of sphencal washers detveent

the clamp and the nut. As washers are used 1w pairsy, the
matching male and temale spherical seata. The sphercal bearing lows the
washers to tlt with respect o cach oiher Phe lower female washer s with
the clamp while the upper male waahe

nut. The sphertcal seat tranaiits the ¢l
amp with g oy lindrical washer

WO wasers dave

¢ below the nul remaiine wjuie o the
wnping pressure from the nut o the
clamp. Figure 3 3b shows a

ln muluple clamping, 4 pivoted equaliser used for clamy
cqual workpieces simultaneously  The equaliser clamp pivots around the

prag fwo un-



Fig. 3.3b  Universal clamp with cvlindrical washer

pin to suit the workpieces (Fig. 3.4). The equaliser principle cap be ex-

tended to facilitate clamping of many even number of workpieces simulta-
neously by a single clamp (Fig. 3.5).

épwatom—\l (—Equaliser 7.

Fig.34 Equaliser Jfor two workpieces

Equaliser for
four workpieces

Chapter 3 Clamping

Types of Clamps

Clamps can be broadly classified into seraw clamps,
clamps. hinged clamps, swinging clamps, quick act
clamps, power clamps and non-conventional clamps

strap clamps. pivoted
ion clamps. multiple

Screw Clamps

Screw clamps are threaded devices with knuried collar. hand ok, ommey
bar or spanner flats for rotating and tightening the serew (Fig 3 6)

R—-<>3
NN - B

Fig. 3.6 Screw clamp

The Clamping area of a screw clamp can be increased By 3 srovision
for a pad (Fig. 3.7a). The clamping pad s free [0 rotate on the pivor. Thas
eliminates friction between the workpieee and the pad. The clamping pad
remains stationery on the workpiece while the serew rotates and mbs on the
conical seat of the pad.

A swivel-type clamping pad provides o sphencal jomne between the
clamping pad and the clamping screw (Fig: 3 7). This allows the clamping
pad to swivel around the clamping screw. The swivelling pad adjusts uself
10 suit the inaccuracies in the clamping face of the workprece. The cross
Pin pulls the pad backwards when the screw s retracted. Figure 37h shows
another type of floating pad

Ihe force developed by the screw can be caleulated with the tollowing
formula:
kL

Fo=
Ruan (e +@)
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L 3
.
8 S e

Sphencal thrust
face for swivel

Fig. 3.7a Floating pad

Fig. 3.7b  Another nype of floating pad

F =Force developed by screw
F = Pull or push applied 1o Spanner
k= Pnch radius of screw thread
0= Helix angle of thread
0= Friction angle of thry
i €ad
L= Length of Spanner or leyer

A 12 mm hexagong) headed by,

many; ., It wi
ual pul can develop 700 ke clamwflh ’90-nvn-long wrench and a 10 kg
ping force along the axis of the screw.
Strap or plage Clampg
These are

Made of ree.
form, the ¢, - "CClangular plages

el (Figclax:p I8 tighteneg byp:ll?'md act like levers, 1y s simplest

the othey 5 {h - One eng of the i, € 4 hexagong) on 8 clamping

¢ hee) pin, thyg ] ,‘,"’P Presseg against (he " . .

» loading (. Clarnp like o :‘ W‘;rkpwcc un«:

imply supportec
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heam. The clamping face of the clamp 19 curved and the prassurs face of the
heel pin is made spherical to take care of any variations in the workprecs

Inclination

o
o
=

]

Fig. 3.8  Simple plate lamp

The provision for spherical washers between the “lamp md “he her-
agonal nut provides a spherical jomnt which permits the :lamp o 5t with
respect to the screw and the nut. Thus, the clamp operates sansfactory
even if there is considerable variation in the workpiecs horght

Generally, strap clamps are provided with & washer md & sormg Selow he
clamp. The spring lifts the clamp as the nut s loosened. The workprees Se-
comes free of even the gravitational load due 1o clamp woight. The sonng holds
the clamp in a raised position during loading and unloading of the workowecs

Retractable Strap Clamps When clamps fall i the path of oading
and unloading, they are made slotted to permut near withdrawa B 0
The clamp is retracted to the position shown by the chaindotted e durng
loading and unloading of the workpicce. Figure 3.9b shows & clamp hat
can be removed altogether

¥
Retracted
Clamp position

movement

Fig. 3.9a Noued strap clamp



Fig. 3.9b U clamp with open slot

In another design. the clgmp is _mtated by
mp\snadinz‘unloading the workpiece (Fig. 3.10a).
n shown by the chaindotted line during

Swinging Strap Clar
90° to clear the passage for loads
The clamp 1s swung to the position
joading and unloading of the workpiece.

Figure 3.10b shows a 45° swinging diagonal clamp developed by'the
author for ;lampnn; 2 jig for terminal box holes in the workpiece. As it is
shaped to suit the squa}f opening in the terminal box, the ends of the clamp
are chamfered 10 enable loading and unloading of the clamp. The auxiliary
view of the diagonal loading unloading position of the clamp is in chaindot-
ted lines

Fig. 3, Wingi|
8.3.10a Swinging strap clamy,

The clam
) P is sw, )
minal box ip 1. c]ung by 45° 19 bring

facilitaye bringing t

AMping position, 1 thtv“h“m."ﬁfcd ends below the ter-
he clamy, blindly in lhc blop PIns fitted iy (e jig plate
¢ clamping 4nq loading/unloading
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Fig.3.10b  Special swing clamp for drill jig for termingl Hox hoies n
electrical motor body

positions. The clamping bolt 15 welded to the clamp 0 umphty swinging
of the clamp along with the bolt. The clamp s kept in the dagonal position
while loading/unloading the jig. The clamp s lowered or raused through the
opening in the terminal box Clamping 5 effected by sandwiching the rermi-
nal box rim between the jig plate and the clamp.

After drilling is finished, the clamp is swung w the chamdoited dragonal
position o permit withdrawal through the terminal box opening

E_dge Clamps Suup clamps are used extensively for clamping work-
Pieces on the edges during tucing operations. Figure 3.1 shows a simple



‘ “gonal aut wedges the clamp “Cl\wm
cningof ! hc]- qurface. This clamps .ﬂw.\\-orkpicce_
edge clamp- The e angular c]c * 1t slides down the inclined heel o

£ . clamp. 19 )

orkpl 2 L ow against the workpiee
the “011111 chows ancthe! 1 This pushes the jaw & pieceto
Figure 1= s  REE od edge clamp.

ol .
thebexagolal Ry apshows 4P N

F8.3425 tingeg edge clam

: Clam
OPeration, | nﬁu‘msp;xh‘p" ¢an be changed to suit the
tures, clamps are often slotted
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at the centre to permit passage of the cutter (Fig. 3 13a) Cirenlar and sym-
metrical workpieces can e clamped well with a spider clamp having three
clamping points (Fig. 3.1 3b). Ad the clamp acts ag a sort of rigid washer, no
heel pin is necessary.

Cutter

Slot

(a) b)
Tool slot in clamp Soider clamo

Fig. 3.13  Special clamps

Pivoted Clamps Clamps are often pivoted at the centre o simplify
their operation. Figure 3.14 shows a pivoted strap clamp. [t s nghtened and
loosened by the knurled head screw. The clamp pivots around the central
pin during operation.

.

=21

e\ X

****** U
i | =

Fig. 3.14  Pivored strap clump

Figure 3.15 shows a couple of pivoted edge clamps. The point of opera-
tion should be noted, i.¢. the screw has been shifted from the cenire to the
end opposite the clamping point. This places the clamp screw well below
the path of cutter for facing workpiece top.

Pivot action can be used for two-way clamping of the workpiece
(Fig. 3.16). The tightening of the knurled screw first pushes the workpiece ull
it touches the locator. Further tightening of the screw pivots the clamp anti-
c!uckwisc till the curved face of the clamp touches downward on the work-
piece. Still further tightening of the screw clamps the workpiece vertically



Fig.3.16 Pivoted two-way clamp

and horizontally wij
y with the curved surface 2
m Thus. & two way-pivoted cl:m ace and the end of the knurled head
before i Chmpsﬂ]e wOfkp' ) PPU&th the workpiCCC againsl two lo-
Hinged Clamps y; lece simultaneously in two directions.
The clam ! '"Fﬁ“‘i:;mll)rovjde rapid clearance of the load-
sition as Sl;::vsnm OECn slot throf . y clamped with a swinging eyebull,
the workpj InFig. 3.17(b). The 4 !
3 piece. F . ¢ tighten;
o-rnlj(r’nmal:g l"h"d unloading U?egv(v)zi‘;i:zex?ﬁmrl nut C"’lml’:
€ eyebolt i ¢ hexagonal nu
yebolt ig Swung out of the open sllfn 1o free

4s shown in Fj
nd unloading, 8 3.17a, The hinged plate is swung aside

:ihe hinged plae
uring loading
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R — Strap
\
| v
Hinged } \
eye-bolt / £ il) Adjust
S [+ 4
(‘\ \:\\ ’ / / ‘L?r 3o
3 rr -
> , /
- h
-] ! |
(3)
L -4
ALl
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4
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Pivoted clamping —
block

(b)

Fig. 3.17  Hinged clamp

e used for two-way clamping ( Fig

A hinged clamp can also b
he location pins by the prvoied

workpiece is pushed against t
which also houses the swinging cy
against the hinge clamp first pushes the workpiece agatt
After that, further tightening
towards the workpiece, W hich is ¢
by the edge clamp and the pad in the hinge
only by half-a-turn before swinging the eyeboltand the
loading and unloading the workpiece.

lamped simultaneously m twe

Swinging Clamps Like hinged clamps, swills
swung to the working position. However, 1 swingiiy clam
of rotation is square to the clamping plate
clamps rotate in the planes of their plates. Figur
swinging clamp which is pivated about the shouldersere

aee. Conaequent

of the knurled nut pushes the clamping
directions

51

318). The
edge clamp,

ebolt. The nghiening of the knurled aut
1t the locanon pins

pad

[he knurled nut s loosened
hinge plate asde for

clamps must be
pa, the axis
ly, the swing
@ 119 depiets 4 simple
w. The workpiece
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Hinged cia™P pivoted edge clamp

Swinging
4 eyebolt

Fig. 3.19 Swinging strap clamp

i1s clamped :
i mgﬂiﬁ?ﬂ:@ hcad screw as shown in full lines. For loading
chaindotted line. icce. the clamp is swung aside as shown by the
Tuming fixtures use compact 2 ,
(Figs 3.20 and 14.6). Thoco?lz;:.m fmd_ sturdy swinging hook bolt clamps
tumed outside diameter which sl‘i)d:, ’?haphed like a short cantilever with a
The housing is mj ) 1n a housing,
other. These j‘ as?l::;ﬂ ::l;h WO steps which are at right angles to each
clamp. A spring raises &ct Cl.u " the working and unloading position of the
is loosened, For securing lh(:dmp d-m above the workpiece as the clamp
angle 10 touch the stopper fac. workpiece, the clamp is turned through right
the hcx:t;:,l:lc housing. It holds he clamp in position
al nut, The |e . ]
housing, ore than three foyry, :’L }11‘"8“1 of the clamping lever
the mating length (J) with the

= 3wing aside for

worepiecs

L Apet———— Soring
" J
W

Fig. 3.20 Swinging hook clamp

Figurel5.6a gives the dimensions of the standard hook beit clamps while
Fig.15 .6b gives the relationship between the screw and clamping forees
(F /F,) for various G/J ratios.

Figure 3.21a shows a swinging latch with an open slot at one end. The
latch is swung around pivot P at the other end. Shoulder screw S
open slot during operation. The workpiece Is clamped by 2
screw. Collars of shoulder screws P and § provide r=:
clamping. For unloading and replenishment of the workpiece,
screw is loosened slightly and the latch is swung aside to the position shown

by the chaindotted line.

non backing J

the clamping

C

« Workpiece |

(@)

Fig. 3.21a Swinging latch
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%‘T‘“ of latches and their methods of o,
- 3.21b shows < Jatches in clear loading and unloading

Figure _ - chow thel k
- chaindotted Jines § he latches in the clamping position,

N - e chow
s the m”\gr;:l:z;;‘; pivots for thrust pads in jigs and fiy.
Shoulder scTeWs ::;C;wxcr must be bigger than the thread diameter
wres. The shouldet 131< 1« stop when the screw is tightened. The thick.
that the shoul_der face ac ;ht;uld he less than the shoulder length to provide
ness of the pivoted part s e  ihe pivoted joint

clearance for trouble-free O

: ’[

AR n

A4
— : -

(b)

Fig. .
" 9.3.21b  Varigus pes of latches
Washer T, ‘
he C washer ;
and is simple and g 4sher is a strap clamp wj
. quick i € 21Ap clamp with an open s
after a slighy loosening (:;?lﬁptfdllun, The slot permitg ref]’;n .sl]o[ (.] |‘g, 3_]22).
¢ hexagonal nyy, The distance Z::o of C was 1:;
TOSS CONErs
bore of . g
l((;,r;‘o' the workpiece to permit
0“‘: Ing and unloading. The loss
screw m'L k"’(lure or pivoting it around
akes the C washer captive.

during
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¢ P )/'
20 N

a
!
'
P

C Washer Cagtive C washer

Fig.3.22  ( washer:

Quick Action Clamps

The advent of mass production has resuited m the development of s

nious quick action clamping gadgets Some of these are desenbed Selow

Cams They are popular as quick action clamps “ams ¢
their mating faces. There is a risk of the cam clamp Zeting
vibrations. The coefficient of friction betwe

surface must be taken into account while determiming ¢
the cam.

Eccentric cams are the casicst to manufacturs
cylinder converts it to a cam Fig. 3.23). The cee
be more than 1.5 times the variation in the workpiece
of the eccentric depend upon the co-efficient of frenon detween
centric and the mating surface. [t the ¢
0.1, the outside diameter should be more than 20 mes the cce

Eccentric |

The o

o-efficient of fricnon s M

enircity o

Unclamp Clamp

i N D)

Cantre line of
‘ aulside diameler
f. Centre line of

pivat shoulder
- sCrew

Waoarkplecd

Fig. 3.23  bcceniric cam clamp
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56 brations: The handle length should be 2-3 times
ue to V1 v s
the hexagonal nut in a strap clap,
(Fig. 3.25). A female cylindricy
3.26). Figure 3.25b shows 3 P

. ‘D.
the cam diameteT - op roplace
- in a strap clamp

. ecl pin ¥ .
(Fig.3 e au:ed 82 4 hook clamp (Fig. -

Fig. 3,
253 Replacing heel by cam

thpl!r Jflnmpm ] 57

Fig. 3.25b Cam operated edge clamp

Unclamp

Cam face

Fig. 3.26 Hook cum clamp

An eccentric shaft has been used for sandwich-type clamping wn Fig. 327
The rotation of the eccentric shaft with a pinned handle raises and lowers the
jig plate fixed to the two connecting rods. The jig plate is clamped against the
workpiece face during drilling. For loading and unloading the workpiece, the
jig plate is raised by rotating the handle in the oppusite directnion.

Bayonet Clamp This is a cylindrical cam with a part thread serving
as a cam (Fig. 3.28). The motion of the bayonet 13 guided by the spher-
cal-ended screw mating in the groove in the bayonet. A part of the bayonet
groove is straight. The bayonet can be pulled back straight axtally through
the straight slot to provide ample clearance during loading and loading of the
workpiece. For clamping the workpiece, the bayonet is first pushed torward
through the straight groove to close the distance between the workpiece
and the bayonet face. At the end ot its straight portion, the bayonet s turned
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Fig. 3.27 Eccentric shaft clamping
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Fig. 3.28 Bayoner clamp

‘W"bYHw o 5 are quick ey
Picce. Figure 3";'9‘1:?11: distance for ]::;:(;: Cla(;"f’s which can be with-
can be swuno WE WO typeg (of and unloading of the work-
Pusher-ly:: 1‘;010 the ch“i"duucdy:: b ('A toggle clamps, 'l'lul:“(!j ;)'" e WU "
clamps are Bele clamp v dr; Sition during loading , e "l‘.“? P
are, thcrer(,vmnmblc 10 wor ‘d.wb backwardy duriy i unlgadmg. the
"€, Provided wjy, "dl;:ltccldb\;aria‘i()nb Mux,:g ';.':IL'lampmg. Toggle
table lgpy;’ OFthe toggle clamps
PIng screwy

» U
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D —
1 &
. '
A o

Z Workpiece
C-frame type 'cGgls

Pusher ype lcggle clame
Y 2itt

Fig. 3.29 [oggle clumps

It 18 also called thump serew and

Quarter-Turn Screw (Fig 3.30)
is used to clamp and unclamp hinged
ter turn. In the unclamped position, the
through the slot provided in the jig latch

clear of the thumb screw head to the required postiion. Fore
ed through 907 50 that tis head

jig/latch plate, the thumb screw (s turm
at right angles to the slotin the plate. L this posion, the thumb screw
clamps the plate in the working positic
ing faces of the thumb screw head mua

j1g plates and latches w hin 2 guar-
head of the thumb serew can pass
plate. The plate can be swunyg
lampinyg the

o, For proper clamping, the mat-
¢ be tiled to suit the thickness of

the plate.

Quarter-turn screws are suitable for hight loads oaly. For heavy
loads, it is better o use d swinging v
(Figs 3.17 and 5.17b)

bolt and nut knob-combinaton
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Fig. 3.30 Quarter-turn screw
Multiple Clamping

Double CIampmg Two workpieces with limited variation can be
clamped by a single strap clamp (Fig. 3.31a). Swivelable spherical washers

between the nut and the clamp allow the clamy ilt sli i
ween 4 to til
Sy p t slightly to suit the

Fi
i 19.3.313 Double clamping
" 1gure 3.31p shows g method

gle hand]e, Furtherm, oy Stuatin

MOTe horizongy] . & YO Clamps by rotating 4
Yanation ip ﬂlicknecs:m.fpm ¢an assume suitable position
'S¢ pushes the hee] p; of flanges in the casting. Rotating

horizonty| cam::il; Wnwards, The angular face of
P the Workpiece 4 owards the opposite clamp, rais-

WO places simultaneously. ’

to
e‘ah’::ca:e of the
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b

Clamp ! ) - lx
Heel _ i =g
pin B— - A g
' Z ;//y o
77
iq
T L—
L 777777777 ,

AN <
Fig. 3.31b  Tightening two clamps by a single handle

Equaliser This method of compensating varation m rwo workpiecs
pivots the clamp around a pin (Fig. 3.4). The cqualiser clamp owvors
to suit the variation in the workpicces. The cqualiser prineiple can e
extended to clamp more than two workpieces. Figure 35 shows an
equaliser arrangement for clamping four workpicces simultancousiv
with a single clamp.

Naturally only an even number of workpieces can be clamped dv an
equaliser.

Stacking Often, workpieces can be stacked together and the entire
stack can be secured by a single clamp (Fig. 3.32). Alternanvely, works
piece can be sandwiched between locators, and the multtlayered sandwich
can be secured by a single clamp. In the siring ulling fixtures shown
Fig. 6.12, round workpieces are sandw iched between # locators. All the
workpieces are clamped simulateously by the hexagonal head bolt at one

end of the fixure.

Fig. 3.32a Stack clamping
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Fig.3.32b  Acwating three clamps by tightening a single handle

Power i
Clamping Anumber of clamps can be operated simultancously

by power clampi ampi
‘s cmgm;zl:g. Power clamping can be broadly divided into the fol-
L. Fluid power clamping
(a) Pneumatic clamping
(b) Hydraulic clamping
Vacuum clamping
Magnclic clamping
Electrostatic clamping

2,
3.
4.

1. Fluid Power (
. Clamping ),
‘?'cl‘l’r:‘ljclr;,dfigurc 333 bhi% i“:lja{:::vycr clamps are generally actuated by
¢ cylinder ry “HAmMpIng fixture w;i :
Pulls the rap ¢ Tam. The feedip g with the clamping nut at-
= OWnward 8 of pressurised )
lrl::c]dmp "N, the pory i: 2::: PIESSes the clapy, :::::]gulll:j through the port
C . e > 100 ‘or
of the Spring under the ZT;:’DLO an unpressuriged di;;\,‘::; l:,pllj:,w":-l(,’:
pushes the arge linc.
he clamp ang ram upwards. In
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Milling cutters  — - Clamg

- Norkgiace

—
g ' o ffinder
Pressurised —% ' " r3m
fluid pREENgEN
—
Cylinder |

Fig. 3.33  Fluid power clamping

addition to unclamping the workpiece, the rising piston also irves the Fud
out of the cylinder through the port. i

For connecting the port alternately to pressure and disch ines '
clamping and unclamping. it is necessary fo use 1 th
trol valve. Lever, pedal or electrical operation of the dir
clamps or unclamps the workpicce.

The operation of a single-direction control valve can actuate 5w
clamps through a number of cylinders. The valve simuitan
all the cylinders to pressure or discharge line Figure 3 3 shows 1 1
with four clamps and cylinders, which can be actuated By 2 singic w2 e

Fig. 3.34  Muluple clamping by fluid power

amps would be equal The

Moreover, the clamping pressures of all the ¢l .
the pressure of the flud

clamping pressure can be varied by regulating
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4 for heavy roughing cut. The pressure can 1,

ight finishing cut.
drop in the event of a power fajly,

sision of 8 non-return valve.in the pressure
This can be coun - fails, the non-return valve automatically closes },
. wel and the cylinder. This entraps pressuriseq

line
rween the pressur : valve. It pr
linder piston and the non-returm prevents un.

f the supply source:
sitive rack and pinion nonreturn mecha-

g.3.35). The fluid power cylin-
osition. The clamp would stay
d due to a power failure.

s

assage be
fluid between the cy

clamping due t© depresfsurisa;isznpg
joners prefer © :
S el and the cylinder (Fi

the clamp into the p
ressurise

der is used only to move tIE =%
in position even if the cylinder 1§ dep

Pressurised

o k3 Workpi
; . /—— piece

Fig. 3.35 Rack and pinion actuated fluid power clamping

Figure 3.36 shows a variety of cylinder mounting styles.

a. Pneumatic ¢ i . .
air is used asl‘tlh"elp;i':]g'd ;n pneumatic clamping compressed
The air - Tlwd for power transmission and application.

| 1s pressurised to 56 atmosph

gise it. Depressurised exhaust ospheres (5-6 kg/em’) to ener-
mosphere - through dircctiz:,uSt is discharged directly into the at-
centralised compressor § n-control valve, Generally, a largc
shop—all the pne T supplies pressurised air to the entire
Although very r;n a:ilc i and fixtures in the work placc.
nerable to varia; onsp‘l 1N operation, air-operated devices are vul-
increases, the speed ol;]z}llhe load they move. If the load resistance

Conseque the pneumatic devi : : -
whichqs nt(:y, PReumatic devices are uns pit frops and viee Vera
oint 0?ee v:.mauons 4re unaccepah nsuitable for applications 1
the presg ©ld distribution pipes staﬁ ] lc" Moreover, duc to ageing:
U and wastage of eney, I eakm& This causes a drop I

8- In humid climates, moisture it
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pivo Front pivot mounting

N

el

Rear pivot mounting

Fig. 3.36a Cvlinder mounting srvles

reumatic cylinders and valves This can be

minimised by filtering out the moisture 1n the air before it enters the

pneumatic fixture. 1t is necessary to use 4 lubricator also because 1t
impregnates the air with oil mist, which is carried nto the cylinders
and valves to lubricate them. It it is necessary (o vary the system

pressure, a pressure regulator is also used

the air causes rusting of pr

Hydraulic clamping Unlike air, hydraulic otls are almost incom-
ot cause much

pressible. Consequently, variation in load does n
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Jes
o Speed variation
.+ draulic systems: p can be Min;.

t almost negligible by using pressure compensmcd
mised further © ing pressure of a hydraulic Systey
g Ste,

from 7 to 230 atmospheres. High pressure permits yg, o
m 7 to = ) ) ove

l‘dﬂgTS mpact cylinders © develop high fomF. HO\\tcvu\ hydray,
sm . -“‘od l:\ are slow in operation in comparison with Pheumgayj,
lic cylinders rculated in the system through a reservoj;

<. Ol is re<ci i ind;
f(i}f w::lr;\ every machine or fixture would have its own indiviqy,,
erally. €& i i
i]ijmulic: reservoir and power unit. Large centralised power unitg
. rarely : ydraulic operation of a mechanism gene,
hydrmul <

uged The h_ .
ally requires cubstantial investment for hydraulic power pack apq

cylinders.
Hydraulic Power Multiplier Figure 3.3‘6b’ shows a hydraulic powe
multiplier. The force (F)) exerted by the screw ‘1 is enhanced manifolq by
usine the device. The small ram with diameter ‘d” is pushed by the screw to
de\'e.lop hydraulic pressure in the oil in the big ‘D’ diameter cylinder. Thig
pushes the bigger ram to clamp workpiece, through a  pin, with much more

force *F".

F,=F,x (D/d)

1 Small  Big
Ram  Ram

Fig.3.3 , .
B;:3:36h Hydraulic force multiplier (intensifier)

This device does
. not require .
the big ram mug quire a costly powe
be provj - I pack, but the as
Sea‘ls are not showp lpnr ?}:ld; © vith bber seals to prevent Oislnil a”l(z"s")m]’;l‘:cS
splitinto 2 or 3 Dartas {j gure. Furth cakage .

o uum ducts. The
seal groove all around. The

clamp;
ng vae
& Vacuum arey from the space

Chapter 3: Clamping 67

outside the seal. The vacuum pressure is usually limited to | kg/cm?
Figure 3.37 shows a vacuum-holding fixture, distribution grooves anci

rubber seal.

0.025-mm-deep vacuum grooves

Seal \ \ / — Morkgiecs
~ 3 7 7
Vaccum
pump
? Seal

Fig. 3.37 Vacuum clamping

3. Magnetic Clamping Magnetic clamping force can be developed v
permanent magnets or electromagnets.

Magnetic clamping leaves some

Permanent magnets They are mounted on a sliding member.
which can be moved under a non-magnetic matenal on a w@ble
block magnetic flux. This releases the workpiece. For clamping the
workpiece, permanent magnets are moved under the ma C part
of the table. This allows the magnetic flux to pass through th
piece and hold it magnetically. The permanent magnets ars shd i
the clamping and unclamping positions by a lever.

Generally, the magnetic table area is divided into alternative
strips of magnetic and non-magnetic material. The non-magnenic
strips block the path of a part of the magnetic flux and foree
the flux to pass through the workpiece to clamp it magnencally
(Fig. 3.38). Thus, the non-magnetic strips act as flux dams or
barriers. In permanent magnet tables, the magnets are shd below
the non-magnetic strips to completely block the magnetie flux
during unclamping.

Electromagnetic clamping Electromagnetic tables use solenod
coils as temporary magnets. When DC current is passed through the
solenoid coil, it acts like a magnet. The coils and the table 15 demag-
netised on switching off the current and the workpiece s released.
The magnetic clamping force can be varied by varying the current
passing through the solenoid coil.

residual magnetism in the workpieces.

This can be removed by demagnetising the workpiece.
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indexing Devices

Indexing is a process of quick, accurate location of a workpiece or fixture m
a2 number of specific positions. Indexing mvolves periodic linear or rotary
movement of the indexed part to the next position. An indexing plunger
locates the indexed part precisely in each position.

minear Indexing i

When a number of holes with the same size and pitch are to be dniled n 3
workpiece (Fig. 4.1), the cost of the jig can be reduced greatly Dy resorting
to linear indexing. Figure 4.2 depicts an indexing jig for a workpiece. The
indexing pin is first inserted into hole A and used as a stopper for drilling the
first hole through the drill bush. After drilling, the pin is removed from hole
A and the workpiece is moved towards the right till the centre line of the
drilled hole coincides with the centre line of bush 8. The indexing pin is in-
serted into the drilled hole in the workpiece through bush 5. The workpiece
is, thus, indexed linearly to drill the next hole at 100 mm distance (pich)
from the hole drilled earlier. After drilling the second hole, the indexing pin
is removed from the workpiece and the workpiece 18 moved further to the
right till the hole drilled later coincides with the axis of the indexing pin

10¢ holes (5 in number)

4 .......... : ¢I
40 100 [ 100 [ 100 [ 100, | 35

Waorkpiece for linear indexing |ig

: Fig. 4.1 Workpiece for linear indexing drill jig



Position of indexing
pin for first hole

Fig.4.2a Linear indexing drill jig

in bush B. The 1 S
ner o hod i ifi?sﬁﬁ L?o;sdi]lsf mthr°“gh the workpiece drilled hole
repeated to drill ing the next hole. The proced
workpieces. Thusani);’[lll:lc[:leb Z; 0;(})] (;1]65 at the given 100 mmp pitchuil: sci?:illa)li
18 dri sl € oles in th : S

Il bushes by using linear indexing arrarfg:r‘:lrekn;:]ece’ we can eliminate

n Precision Linear Indexing

Adsi
ml(inmlrl]cd. hole ugually measures wi
e 'c«. of a milled slot. For

can not locate
malfc the indexing
variation of 0,13 in
(+0.5) holes for fixi
wear of the dri]|

thin
412 dia :0111 '-Olcra'n ce range, more than HY
p‘rcciscly from Suc'h a ;(;hf size will be —0/+0.11 mm.
pin a very close fi idely varying hole. Even if we
the centre disl:;:: (:%6: ~006/-02 ), there c;ncl:til :l vlv"t
ng Screws can casil 0( the drilled holes. Generall ‘ clear
bush must b re f’mdmg bush reaches (y accommodate this variatic y["]] the
worn b - 1EPIACEd. Otherwise the 02205 0.3 015 Afer ti i
Fo will create miga); ¢ the excessive wanderi 5). After that the

For i linar i, gy e OIS wandering of the drill in the
N indexin pitch, say + o 002215 Inassembly.
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ate indexing. A 12
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near indexing, we have to provide an indexing plat

_ e
tovthe W(1rkp|ece to be drilled, and moves along
g indexing. Figure 4.2b shows workpiece mfj

for accurate l
which is firmly attached
with the workpiece durin
Fig. 4.2¢ show!
There aré location pins for locati
uni-directional dimension system
tance 920 has the same tolerance (£ 0.15) as the

should not be any cumulative error.

s the indexin late

g plat clamped to it by two swinging clamps
ng the channel at the znds. Nofe the
(Fig. 4.2b). The maximum cenfre dis-

here

minimum C D 40

Xio

indexing plare 7%

Fig. 4.2b Spindle frame (workpiece) Jor
and drill jig in Fig. 4.2d
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alternate day, 0 P
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?‘llc tapered pin engages with t
ing plate (Sect. A-A in Fig. 4.
workpiccc even after wear of the tape
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Fig. 4.2c Indexing plate for workpiece in Fig. 4.2b

21 L
_-::“ e
. ™ Swbums
The workpiece weighs more than 25 kg. The left and right side of the e swe . O
jig are fitted with angle iron fabricated frames mounted w1th. ball bearings ) e .
which serve as wheels (Fig. 4.2d plan). These reduce the fatigue resulting et SUIESS g 2
from moving the heavy workpiece . The left hand supporting structure must =+ <« &2 5
be a little longer than a metre, so that it can be used as a rest while clamp- e | Il
. ‘ —) T P S v
ing the indexing plate to the workpiece. The right hand support need not be l l | || i =y 8l 3 '
longer than 550 mm . ) L | P - I :% 3, \
~ Asimilar arrangement can be used for milling slots with equal size and pitch . 'L l — ’Tj ] - 3
Ina workpiece as shown in Fig, 4.3, In both instances, the indexing plunger 1 l | l Y € N | A 3
located on the previously machined part of the workpiece. The part must be ['” l \ - § ha 'l DR
unclamped for indexing and reclamped before the operation commences. g | |l ] e , lan Tt & A
P9 |1 ‘ g o T BEL Rl
Rotary Indexi r | o sl § O N 12 N
Yindexing - LI 85 e T
Rotary indexing facilitates ao. o - , b | l @ s S 3 I =
can be used convenjeny) : aceurate positioning of 4 part around its axis. It %E : l ¥ g
(Fig. 4.4a), Y for drilling equi-spaceq hojes in round workpiects . § B 3 “\[
Afer drilling the fir, , 3
and rotateq clockige 1, al(;lc l:;‘r"“léh bush A, the workpiece is unclamped
Pin. The indexing . B

Pin is inge -de' drilled holc with the axis of the indexing
ned in the drilled ho)e 10 index the workpiece

2h

e Mo
Fig 4.2d Dl g Jor warkptece tn by
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Fig. 4.3 Linear indexing milling fixture

for drilling the next hole. The workpiece is clampet.i again before drilling
the next hole. Thus, rotary indexing can be used to drill any number of equi-

spaced holes with only two guides bushes.
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/ Indexing
/ gin

Fig. 4.4b Rotary indexing drill jig

Indexing Plate

For more precise indexing, the workpiece is located and clamped on an
accurate indexing plate which moves along with the workpiece (Fig. +.3).
The indexing plate is provided with hardened bushes or slots to minimise
wear caused by repeated operation of indexing arrangement in mass manu-
facture.

The indexing plate can be rotated about the central pivot and clamped
in position with a hand knob. The pivoted indexing lever engages in accu-
rately machined slots of hardened indexing plate to position the workpiece
precisely.

The slots can be tapered (Fig. 4.6) L0 prevent INACCURICIES fest
wear. Similarly, a round bush and indexing pin can be tapered to counter the
effect of wear (Fig. 4.6).

Instead of an indexing pin and bush, we can use
arrangement for indexing (Fig. +.7). The ball is pushed
dimple by a spring. When the indexing plate 15 rotted ore
the ball is pressed downwards against the spring and remains there ull its
centre aligns with the next conical dimple in the indexing pl_;nc. As soon as
the dimple aligns with the ball, the spring pushes the ball mto the qu“l‘k‘
and the indexing plate is indexed. For indexing the next position, the m\‘Ic.\-
ing plate must again be rotated with some force to drive the ball out of the

lnng from

a ball and conical dimple
against the conical
1 with some force,
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Fig. 4.6 Indexing plungers
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Fig. 4.7 Indexing by u bull

‘.ﬁ"‘pl? against the spring. A fter indexing, the indexing plate must be clamped
In position for the operation. It must be unclamped during indexing

Rotary Indexing Tables

!n Totary tables rack and pinion are often used for withdrawal of the index-

Fig- 450 1y, , '
l,[““, lng pin (Fm 48) A pilli\)ll engages with the gear teeth of a rack in the

ith index ing




.
:
.
:

e

Fig. 48  Indexing in roary iables

mdexang pin. The spring below the mdexng pin pushes the indesey -
00 the bush 1 the mdexmg plate

For mdexing. the handic attached 10 the pinion is tumed clockwise 1o
folzies the puion clockwise “nd the gear eeth push the indening pin dows
WG L0 wathdraw 1t from the bush in the mdexang plate. The indes -

Figure 4.9 g,
Figure 4.1 g0,

W-colier c“’“l”ug

“ slandard Wdesing wah)e with 12 indeaing positon
pu - d dexing (diy wWding ) fiature with 2 Dl
2 : Altalgemen {y, found party T, Sxsare can be s
v.rw““““‘_' y ;fr g flgg, syuaics gid hexagons on round WONKpIAT -
m “:q“::::‘t i Weicp ittty (f found workpicoes, differont colion
e chucy (¢ whgemen g, teplaved by @ ot
ol Chiapigy 7). 0 cap Clamyp ; ¢ of sound workps
s &
ks f dittercan diauetens

Lol

Ausprss 1 lbenitng Movieas

Bitg 8.3 tncierdd e avle

Fig, 410

Gessndasd dividing /Biuee
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