Manufacturing Automation: Lecture Series

Part Orientation

Pastive devicas To feed the parts to the
Wiper blade workheads in correct
orientation

Pressure break

Bowl wall
(active device)
Slotted

TYPES:

s Screws rejected

unless lying on side a) In-bowl Tooling
(active and passive)

b) Out-of-bowl Tooling
to delivery Screws rejected (actlve)
chute Slot in unless in single
track to file end-to-end
orient screws or if delivery
chute is full
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Part Orientation

A portion of the track is arranged
to slope sideways and down
towards the centre of the bowl

Bowl wall

Commonly employed
to orient washers

< washers not lying
@ flat on track fall into
==  bowl

ledge to retain washers
lying flat on track

to delivery
chute
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Orienting Device : Cut out

wiper blade

bowl wall

/ cutout rejects cup-shaped
to delivery parts standing on their
chute tops

This device makes use
of the difference in
shape between the top
and the base of the
part to be fed
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Orienting Device : Cut out

Bowl wall

Orientation of U-shaped Parts

Convenient to feed them supported
on a rail

C\.x part rejected if resting
onits top

wiper blade

to delivery
chute

Bowl wall

Area covered by the
top of the part is very
much smaller than the
area covered by its
base

Parts rejected unless
they climp onto rail

to delivery
chute
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Orienting Device : Narrowed Track

Employed to orient parts lengthwise end to end
while permitting only one row of pass

bowl wall

narrowed track

Wiper blade

Wall projection and
narrowed track

bowl wall

g& widthwise parts
rejected while
only one raw of

lengthwise parts pass

e

track width is set to reject
all parts traveling on their
smaller end

to delivery
chute

Employed to orient parts lengthwise end
to end while permittng only one row of pass

to delivery chute
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Analysis of Orienting Systems

b direction
’ of feeding

Part slides Part slides
Part hops forward backward |
- l —— lr —il—
/ f \ i '
i
- L - ¢
‘ 272 mm ‘ 086 | 175 mm ‘ 0.91 mm Stoped track with ledge
' ] S 1 S (Passive)
Effective hop
57/116
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Out-of-Bowl Reorienting Devices

These types of orienting devices are situated between the feeder and
the workhead. They are usually of active types.

From feeder

Cof G
l s
b A (/N ’ ’ g
SOANY ‘@P—\\-ﬂ gt
\ \
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N \'":"“-Bridge / \ .
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\ L‘\\‘ /\'| '
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\UA -: CA
Position of the centre ) b
N\ of gravity of a part is § O
utilized N fod o:)eeor: 'ond first
: /. \
\ 3 Delivery M
N N chute ] ¢
N\ \ A L
j/\t\J Delivery Chute
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Out-of-Bowl Reorienting Devices
Reorientation of shallow-drawn parts

From feeder
This part will fall through the chute in the

next-position Selector wheel
; indexed
N | { Consists of a stationary
' ' 7 NI\ container in which a wheel
Is mounted with radial
| pum—|| slots. This wheel is driven
Retaining plugs by an indexing mechanism
) / to ensure that slots always
align with the chute

Selector wheel is driven by an indexing
mechanism to ensure that the slots always
align with the chute

/5

Delivery chute
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Feed Tracks

To provide easy access to automatic workheads and the assembly
machines, part feeders are usually placed some distance away from the

workhead

Feed tracks connect
part feeders to
workheads of
assembly machines

(c) Screws
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From parts
feeder

Part
@ To workhead

Section x-x

(a) Horizontal delivery of parts i_ From parts feeder

For the vertical design, the time
of delivery, tp will be given by
the time taken for a part to fall () Vertical delivery of parts

a distance equals to its own

ongth (2L 5 PE—
P g ¥

L — part length, g- acceleration

due to gravity= 9.81 m/s2
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Analysis of Horizontal Delivery Feed Track

\(F‘aﬂ:s from feeder
D

This portion consists of a horizontal section
AB of length L1, preceded by a curved
portion BC of constant radius R, which, in

. turn, is preceded by a straight portion

Escapement

/ inclined at an angle a to the horizontal.

A |
T u_1®?—-

. L . Part to

workhead

It is assumed in the following analysis that a certain fixed number of parts are
maintained in the track above the delivery point.
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If the length of the straight inclined portion of the track containing parts is
denoted by L2, the number of parts Np is given by

N L.+Ra+ 1
i =

d L

The weight of the section AB = mL,g

The total frictional resistance in this region is: u;mqL,g
Ua is the coefficient of friction (dynamic) between the parts and the track

The equation of motion for section AB is given by
F-umbLg=mLa
Fy=my L (nz8 +a)

where F1 is the force exerted on the parts in section AB by the remainder of
the parts in the feed track, and a is the initial acceleration of all the parts.
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Similarly, the column of parts in the straight inclined portion CD of the feed
track is partly restrained by a force F2, given by

N

G s

parba

F,-mLgsina+mL,u,gcosa=mLa

F,=mL,(gsina—u,gcosa +a)
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D

Differential element

B B A
|

To analyze the motion of the parts in the curved section BC of the feed track,
it is necessary to consider an element of length Rd6 on a portion of the track that
is inclined at an angle 6 to the horizontal.
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Free body diagram for an element

In this case, a force F resists the motion of the element, and a force (F + dF)
tends to accelerate the element. These forces have a small component Fd6 that
increases the reaction between the parts and the track and, consequently,

increases the frictional resistance.
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The equilibrium equation of forces
in the radial direction n is

Ny=m;gRcosB db + F do

lgnoring dFde

The equation of motion in the tangential direction t is

dF +m, g R sin® @8 w,N,=m, R a do

rearranging the terms, the following first-order linear differential equation with
constant coefficients is obtained:

%— uzF =mR(a +up,gcos@- gk M)
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The general solution to Equation

F—Ae*® ym g R (1-uz) L‘ﬂ5E|'+12|.1ﬂ-g sinf  a
1+ p; ;g

This equation relates the acceleration of the line of parts along the curved and

horizontal sections of the track when a force F is applied to the end of the line
located at an angle 6.

There are two applicable boundary conditions: 8 =0, F=F1,and 6 =aq, F
= F2. The first boundary condition gives

(1-p; a )

A i e
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Using this second boundary condition and solving Equation 5.8 for a/g, we obtain

(La/R)(sinc — g cos ) — (Li/R)ugze™™
a  +{[(1-uz)e"" - cosa) - 2uy sinal/(l + us)}

g (L /R) + (L /R)e"™ + (%7 — 1)y

This equation shows the relationship between the non-dimensional

acceleration a/g of the entire line of parts and the design parameters L2/R,
L1/R, a, and ud..

the time tp for one part to move into the workhead can be found from the

kinematic expression s
2L\
e

Equation can be approximated as

§= Jf]_(l"l'd}-l- _.f: [LRl] + fg(ﬂ}+f4(%]
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ON - OFF Sensors

» When automatic feeding devices are used on assembly machines, the mean
feed rate is usually set higher than the assembly rate to ensure a continuous
supply of parts at the workhead.

» Under these circumstances, the feed tracks become full, and parts back up
to the feeder.

» For vibratory-bowl feeders, however, this method is not always satisfactory.
With these feeders, the parts in the line in the feed track are usually
prevented by a pressure brake from interfering with the orienting devices
mounted on the bowl-feeder track. If a part filters past the orienting devices
and arrives at the pressure break when the delivery chute is full, it is
rejected back into the bowl. If this occurs too frequently, excessive wear to
both the bowl and the parts can result.
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To solve the problems caused by overfeeding and, consequently, ease the
problem of wear, a simple control system can be employed that incorporates
sensing devices located at two positions on the feed track.

On sensor

— Lowest acceptable line level
for proper feeding

\“‘\1_‘- Workhead —=

Assemblies
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Powered Feed Tracks

Most commons are:
1. Vibratory Tracks
2. Air-assisted Tracks

Vibratory Tracks: ) > Operates at the same principle as
s  gte the vibratory bowl feeder.

L 1 - .
v v ~» ltis found that the mean conveying
Xl :% z \/xmy velocity for a wide range of z will be
WW given by: 0 s for

V. =———mm/
" f 1//:20°andi=1.2
Base gn

f is the frequency of vibration

Air-Assisted Tracks:

These are often gravity feed
tracks with air jet suitably placed
to assist the transfer of parts.
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Important Points of all types of Feed

Tracks
*For good space utilization a feed track should not

be too long

*Feed tracks besides acting as a transfer device,
provides a buffer stock of parts which, if a
blockage occurs, will allow the workhead to
continue operating for a limited period

In the event of a blockage, the parts are readily
accessible. For this reason, feed tracks should be
designed to allow easy access to all parts of the
track
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Escapements

Escapements are actived by the work carrier and parts

Rocker arm
Escapement

ot

Spring blade

escapement Feed track

Parts

1J7T* Work carriers

(a) Horizontal delivery

Simplest type of escapement where parts
are pulled from the fed track by the work
carrier and the escapement itself consists
of only a rocker arm and a spring blade

Aet as part placing mechanisms

Parts

Feed track

Pockets in rota
index table

E_J_J 1 —

{b) Vertical delivery
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Escapements

Gate Escapement

often used for
removing faulty parts
from the main flow

For providing two
equal outputs

Main Use:

To provide an
alternative path for
parts
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Operated by linear
motion

From feeder From feeder

Pawl (b) ';:rl_?:ses Several Parts should have suitable gaps between their outer edges.

The figures of ratchet escapement may be operated together or
independently by cams, solenoids or pnumatic cylinders giving a
linear motion
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Slide Escapements delivering
into single feed chute

From feeder From feeder

AR

\
.....

AR

i Cross slide

Parts should not interlock
with each other

delivery chute

(a) Delivers one part (b) Delivers several parts

Slide Escapements operating
several feed chutes

/ From feeders

V//l/l} |

2 NN

U

——

NONSN

% ﬁ

/ Z / ™\ siide

7
1
L\ C _______Feed Chutes

For Parts: spherical cylindrical or plates
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Slide Escapements supplying two
or more delivery chutes from a

single feed chute

unlike ratchet escapement

Parts fed from a single feed
track to be equally divided

between two delivery tracks
useful where two identical

303
RN SANS NS
Supplying parts < T \/\\
alternately to b N
two delivery chutes s
A N

parts are to be used

From feeder

Supplying parts simultaneously
to several delivery chutes

AN

N

)Z

3

7

DN

Compression spring

Manufacturing Automation: Lecture Series

Drum Escapement

From feeder
(a) Parts fed and
delivered side

by side

Drum is mounted vertically and the
parts are fed and delivered side by
side

On passing through the escapement the parts can be turned through a given angle

(b) Parts fed end to end and
delivered side by side

Parts are fed end to end and

From feeder
>~ delivered side by side

A

N

AN

A

=

AN

Rotary slide escapements.
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Star Wheel and Worm Escapements

(Drum escapements)

Direction of motion is uneffected
by the escapement

Parts should have suitable

Rotary Ratchet
escapements

driven intermittently

(b) Worm
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Jaw Escapement

actuator *_‘ used when some forming

! 4
! H (Punch) process is necessary on
}J
'
rl

A

| the parts after it has been
“  placedin position

~—
Sl b b 4 o

* From

_— feeder

Can be used purely as an
(b) escapement
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By far the most widely used parts-placing mechanism is a conventional
gravity feed track working in conjunction with an escapement. This system of
parts placing is probably the cheapest available, but it has certain limitations:

1. It may not be possible to place and fasten parts at the same position on
the machine because of interference between the feed track and the
workhead. This would necessitate a separate workstation for positioning
the part, which would result in an increase in the length of the machine. It
then becomes necessary to retain the part in its correct orientation in the
assembly during transfer.

2. If aclosefitis required between the part and the assembly, the force due
to gravity may not be sufficient to ensure that the part seats properly.

3. If the part cannot be suitably chamfered, the gravity feed track may not
give the precise location required.
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Part Placing Mechanisms

Screw placing and driving

Y
18
For placing of screws and I H _ Serewidrive
rivets, which together form )f ’
a large proportion of all part
placing requirements, and ] Fend
where the tool activates the chute

escapement and applies
the required force to make
assembly  possible, the :
gravity feed track s H

Jaw
escapement

invariably used. L _L-Assembly
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Part Placing Mechanisms

Pick an place

(a)

Part is picked up from the feed track by means
of mech., magnatic or vaccum hand

From feeder Picks up job vertically transfers along a

b‘-"""""-..
straight path horizontally and place vertically
(b)
From fgﬂer Picks up job vertically, transfers around

Work Carriers the arc of a circle in horizontal plane and
places vertically

Pick and place unit
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Part Placing Mechanisms

Pick and Attitude of part
place unit maintained

(a)

From feeder
‘-“"‘"n.

Picks and places by rotary motion of the transfer
arm in a vertical plane and throughout transfer,

the hand remains vertical
Pick and

(k)

From feeder

The part is turned over during the operation
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