JIGS AND FIXTURES

Ayt

Jigs and fixtures are production devices usually associated with mass
production where high accuracy is desired and workpieces are
difficult to hold. They eliminate the necessity of special set up for

each individual part. The other advantages of jigs and fixtures include
the following.

-

L]

Reduce the operation time, and increase the productivity.

Facilitates uniform quality and ensures interchangeable of
components.

Unskilled operator can do the job. Thus, saving in labour cost
Ensures higher accuracy and surface guality.
Reduce the overall cost of the product.
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. usu'ated in Fig. 5.27. The
S are below in the tabular form.

+ Hold the work piece, but not
guide the cutting tool.

¢ Heavier and clamped on the
machine table.
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(c) Positioning the fixture correctly relative to machine tog)
(d) Positioning the tool correctly relative to componen

(¢) Safety to operator, and
(f) Idle machine time (time required for loading and un]o, din
of components) must be kept to minimum. g

Clamps : The clamps are used to hoid the workpiece securely o
the jigs and fixtures body against the cutting forces withoyt Causing

damage to it.

Clamping must be at the thick sections of the work piece to avoid
distortion, and suitable support must be introduced if the workpiece
is too thin to resist deformation by the clamping forces. Clamps
must be positioned where they can most effiectively preyent |
movement of the workpiece. :

A body in a space has six degree of freedom : three of these are
linear along X, Y, Z, and three are rotary about X, Y, Z. The plate
shown in Fig. 5.28, can move along three axes - X, Y and Z and it 1
can also rotate around these axes.

¢
!
1
1
E
z R o
Fig. 5.28 Six Degree of Freedom
A locating system should eliminate degree of freedom so as to
complete the operation with required quality. This can be achieved
by six locations suitably applied as shown in Fig. 5.29.
In conjt “?;*"'AW with the clamping system. Pins 1, 2, and 3 prevent
 linear motion along YY" and rotation about 'Z-Z' and 'X-X'.
AR Frobee e o L :
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Pins 4 and 5 prevent linear :
m ' ]
oy and otion along 'Z-Z' and rotation about

Pin 6 prevents linear motion

. along 'X-X'. Th :
4 . Thus, all the six degrees
fre om have Peen removed. This is generally ref 'c
principle of location. o e

W3

>

12 /1

Fig. 5.29 Principles of Locations

The following factors are to be considered for location

+  Ensure that work piece is given desired constraint

+  Make sure the location is fool proof i.e. work piece can only
be loaded in the correct position.

ion points should be visible to the operator at working

+ Locat
position .

+ Locations should be‘ such that swarf will not cause mal-
alignment. .

+  Location points t0 be as far apart as possible to minimise
inaccuracies. |

.........

fixture is to cla'mp

ortant features of any jig and
g factors are to be

One of the most impO
fixed position. The followin

the work piece in 2
nt clamping of work piece.

considered for efﬁcle
__{Chapter-5)
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- Manufacturing Technology T

¢ use rapid action clamping devices to minimise clamping e

* must have positive clamping action to prevent Undye
movement .

¢+  clamps should withstand rough usage

+ clamps should be simple to handle and easy to contro]
without danger to the operator.

¢+ clamping force should be exerted on positively SUpporteq
points of work piece.

The form of a work piece is the major factor in location systeﬁi,
The location system for plane circular and irregular configuration is
briefly discussed below.

Ll Peid

Locating from plane surface : Machine table is a reference plane
for locating a work piece with plane surfaces, and the work piece
will be in position due to its own weight. The machine table becomes
a locating surface and prevents the movement of work piece when |
forces are imposed by the vertical feed movement . However, during
machining operation, the work piece may move in any other direction
i.e. except towards the surface of machine table | Complete location
has been accomplished by use of three points with reference plane,
two points in a second plane, and one point in third plane.

Locating from circular surface : In this case the axis of circular
work piece is located parallel to the rachine-table surface which is
the reference plane. For locating cylindrical components, V-block
of 90° angle is extensively used. The V-block is positioned in such a
way that the variation of work piece diameter do not effect the location
of the work piece and the work piece is positively supported against

cutting anc! clamping forces, The standard chucks may be used as
work locating and clamping devices,

Locatin .
. 8 Jrom irregular surface : The surfaces neither flat nor

PR e
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2. Slip bushes » Slip bushes are .,Sedw'l\ oith

pecessary fqr con}p!eting a hole, They slcn two o
rotating during drilling by using Should b,

: ‘ _ a retainin
The head of slip bushes is knurjeq 10 facilitage 1,
° hand|

3. Liner bushes : The main functions of lin
hardened guide for slip or renewable by
Liner bushes are forced' to fit inte jig pl

F'more to)s ain
prCVCntc .
Y d fro
SCraws ax ¢ m
B SCrew z¢ in Fig, § 3
ing, '

cr bUQ.hc "

: 1S are 1o act :
Sheg and to Ct as
ate,

gUidC the too]

SLiP BUSH

, j E RETAINING SCREW

Fig. 5.31 Slip Bush

[ \
! ' .
|

(ii) Headed

DRILL ROTATION

TO RELEASE

(i) Plain

Fig. 5.32 Liner Bushes

~ The following types of clamps are generally used

1. Screw clamp

2. Strap clamp

3. Cam clamp

4. Toggle clamp

5. Hydraulic and preumatic clamps: chapter-5)
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1. Screw clamp : These are threaded parts with ‘:""'%v "

or head (square or hexagonal) for rotating anq Urled Colly

screw. To incrase the clamping area pads are ‘gh}en'\ngm‘

use of pad prevents damage to the work pie&";\nded. Th
the screw to rotate at the point of clamping withy a“f)wing
the work piece. Screw clamp is simple, by m:ut SC0ting

force is not uniform and requires more time for jis clamping

OPeratig,

Fig. 5.33 Screw Clamp

2. Strc.xp clamp : Strap or plate clamps are most populy
devices for clamping. The various types of strap clamps ar
shown in Fig. 5.34. The toe and heel of the strap are shaped
to ensure adequate clamping over a work piece. The clamp
stud must be nearer to the toe-end than heel-end of the clamp.
The clamp is tightened by turning hexagonal nut on a stud. ‘
The spring, provided below the clamp, lifts the clamp as nut
is loosened. Thus the work piece become free.

3. Cam clamp : Cam clamps are quick action devices for
clamping, but they tend to loose due to vibration. Fig. 5.34
shows a simple cam-operated clamp. It is operated by
actuating the handle.

4. Toggle clamps : Toggle clamps are quick action clamps and
their operation depends upon the movement of rigid link. They
are widely used for holding sheet-metal parts in position.
Toggle clamp gives ample clearance for loading and unloadiné
of work pieces, and provide heavy clamping force.

| (ii) Clamp heel p‘!‘/
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(iii) Sliding clamp with heel pin  (iv) Clamp with adjustable heel pin
Fig. 5.34 Types of strap clamp

CAM

) B2
BN

Fig 5.35 Cam-operated clamp

Chapter-5)

)
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. 5.37 Fhig dower clamp

Er\wun’x m ;\wum:::%‘ clamps - Hydraulic and PNeumgic
clamping devices are widely used in mass production, and
ensures reliable clamping of work pieces with uniform and
aquilised clamping pressure.

Hydraulic clamps uses incompressible fluid such as an oil.
Fig. 537 shows hydraulic clamping in which the clamping nut is
attached to cylinder ram. Due to pressure of oil (8 N'mm?) in the
cylinder, the ram moves downwards and presses the clamp against
the work. For unclamping, the oil is discharged from the cylinder,
the spring pushes the clamp and ram moves upward to free the
work piece.
Pneunticchmpigdevicesmopented“imcmnmcdairat
0.6 N'mm°. For unclamping, the air is discharged into atmosphere
directly through control valve. These devices are not suitable where
heavy clamping force is required because of requirement of large

cylinder. \
A drill jig may be designed for drilling one or more holes.The
following types of jigs are widely used in industry.
1. Template jig 5. Leaf (latch) jig
2. Platkjig 6. Indexingjig
B Channel jig 7 Universal jig.
4. Boxjig.
 Template jig - Template is a simple drill jig and may
- making plain holes. It consists holes to guids the tool

‘e

be used whe!
and is used
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press plate Jig - Template jig im o

. 2 S p
olate jig: It is used for accurate drilling o, laragr: :rowded s
arts,

alleqd

Fig. 5-38 Fig' 5.39

Channel jig : The body of channel jig is in the form of standard
channel. The component is located in a channel and is clamped by
screw. It is used for drilling simple symmetrical shapes.

ﬁ N i
AR AR AR —F7-F7
; W . Sty " | l. ]
! ! WORK PIECE \‘ ' . |WORK PIECEI
77//17"/’/7///////////////////'////// T
(a) (b)
Fig. 5.40 Channel Jig
g . than on€
Box jig - Box jig is used when drilling is 1equired O ML
plane. The body of the jig is made of box-like su'ugzutr_;t I ith cam
omponent i ted. One side of the boX would A
RS N for inserting the €

or latch to provide the necessary Opening
and unloading it.
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Fig. 5.41 Box Jig
Box jig containing bushing on two or more sides is called tumble jig
Leaf (or latch) jig : A drill jig with a hinged jig plate in which one or
more drill bushes are fitted is called leaf or latch type jig. The jig
plate must be positively located such that the axes of bushes are

vertical during drilling. The latch is clamped by nut and the workpiece
by clamping screw.

(@ /—HAND KNOB

SWINGING JIG PLATE
'E/ Eté%
1
i ' WORK PIECE
| V=

i o—EYE BOLT

I
=\
l& '
Fig. 5.42 Leaf (or Latch) Jig

Indexing jig : Drill jig in which index plate is incorporate
the workpiece can be indexed successively for drilling 2 series ‘;
holes on its surface under a single bushing is called mdexmgjlgt
is used for drilling a series of holes, equally spaced in 2 circle on
work surface.

d so that
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W Jigs and Fixtures
s To0l8: —— 5.47

orcal fig  Universal or pump jigs are plate iioc . .
(Z,l:’r: Tij\c guide Pillars position the dril] bl:,:}::sjlcg:nwegl‘ guifje
spect to the workpiece located on the base Plate. The jj ); Wlt.h
iowered to touch and clam!) the workpiece, and after drilgl'p ate is
aised to relieve the workpiece. The jig plate i med by";‘il:; lls
e

which operates rack and pinion. Universa] jigs are ¥
workpieces having parallel surfaces, used for drilling

_irQ'

All fixtures are used in industry can be divided into two group
S.

1. Universal fixtures

(i) Machine vices
(ii) Three jaw self-centering chuck
(i) Universal dividing head
(iv) Magnetic chucks, etc.
2. Special fixtures for specific operations.
(i) Milling fixture,
(i) Boring fixture,
(ili) Grinding fixture,
(iv) Wei‘ding fixtures, etc.
1. Machine vices : The machine vice is the simplest form of fixtures

used to hold the parts for machining. Special jaws are designed to
accomodate odd-shaped workpieces and at the same time to prevent

damage to machined ’surfaces.

WORK
SPECIAL (SLIDING) JAW  PIECE

(ii) For angle section

(i) For round work piece ——{Chapter-5)
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LOCATOR

(iii) For large work piece
A

£/ Fig. 5.43 Vice Fixtures

:’NZ. Milling fixtures : The cutting force induced in milling is heavy
and therefore, the fixture is rigidly attached to the table. Cast iy
fixtures are more efficient than steel and is recommended fo
accurate work. The milling fixture essentially consists of base, tenop
strips, setting blocks, T-bolts, clamps and locating pins. The work
piece is located on fixture base which is bolted in position on the
machine table. The cutter is set in a correct position by mountinga
feeler gauge (0.4 to 0.5 mm thick) as shown in Fig. 5.44.

MILLING CUTTERS

FEELER GAUGE

SETTING PIECE
——FEELER GAUGE

o —

WORK PIECE

L T > - Sl
[ I Sy o el l
by e b s :
I L (CLOSEFIT |
T-SLOTS - TENON
L.  MACHINE TABLE |
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shown in Fig, 545

milling fixtures beca
than the milling,

Boring fixture do not require to be as rigid as
use the cutting force induced in boring is small

MASTER HOLE <——— MACHINE SPINDLE

FOR INDICATING FIXTURE —

BORING BAR

. WORK PIECE
BORING TOOL
FIXTURE
END
SUPPORT

MACHINE TABLE

Fig. 5.45 Boring Fixture

4. Grinding Fixture : The following fixture are used for different
grinding operations.

1. Mandrels for external grinding

2. Magnetic chucks for surface grinding, and

3. Special jaws chucks for internal grinding. N
Design characteristicg of grinding fixture are similar to milling f'}xture.
However a setting block is-not necessary, but t'he fixture Qﬂef:tly
bolted to the machine table. It is common prac.tice, in surface grinding,
tov use suitable fixtures directly with magnetic chucks. In such cases
bolting of fixture to machine table is not necessary.

5. Welding Fixture :The basic purpose of v»'/e?lding fjlxturesl clgnto
locate and hold the parts together in their position during w: » egs
The welding fixtures comprises usual locators and clamping c;;em
are positioned such that the welding heat does not damage .

i ‘made
The provision for tilting or rotation of the fixtures should be ma

v : sides.
for ease welding from various ______iChaoter-5)
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