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. I . . Ce rapport traite de 1' *plication de la commande
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., hydraulique et pneumatique & tr01s procédés de l'lndustrle
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, de fabrlcatlon de cﬁbles et de flls électrlques, soit 1e pré- ‘ 1.

chauffage des langots, le boblﬁage dss cibles, et le trans- - s

port des granules.de matlére-plastique. ‘ o
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Le rapport compare également les systiées de com- o
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mande électrlqui} mécanlque, hydraullque et pneumathue et
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.. indique des appllcat19ns_Qﬂ_l_ut1llsatlnn+comblnée_de_cme

" systémes pourrait se rév&ler avantageuse. — ( !
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' N INTRODUCTION s

S . ’

oy ', A
. ' .f:' S Fluid control systems can, in many applications;
o E offer hlgher rellablllty, 1owe; costqfandsgreeter envxronl‘
, . mental tolerance than thelr mechanléal or electrical counter-
parfs, hlB is due largely to their 91mp11c1ty of de91gn,

J . which results 1n comparatlvely low manufacturlng costs, low

°

maintenance reqqireﬁent,xand ready adaptation to many existiné
. industrial processes. . L ©T o ’,)/;
| . n ? ) ot , ° . \
- . PR
: o Fluid control is the technology of employing general .
[ ", fluid éhenomena to perform the three main functions of sen51ng,"
. v . . o !

\ logic and control, and actuation. Withip the field of Fluid

control,> there are two sub-groups - pneumatlc and hydraullc. .
In 51tuat10ns where a pure flu*é qpntrol system could not |
function satisfactorily (generally where a hlgh degree of

¢ o .

' sen81t1v1ty to low signals and/or a speedy ‘response is re-

quired{,’echtrical and fluid controlﬁéystems Qften comple-

v

ment each other. S y ..
- N « ./ . ' ) ° . , '!1
.- - In an industrial application, the customer usually o
k k./ Y ‘ ) ‘ A
! © has 1itt1e or no preference for any, glven control system -

- his magor crlterla belng. low rqltial cost, economy of oper-'
‘ation, ease of m?intenance, and high reliability. To meet ) -
these criteria, a combination of mechanical, electrical, and

fluid systems'is”often'the indicated approach. BT

. * . [
@ ¢
/ ’ ’ .

!
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o

. It is the object of this report to describe and
~ T

s

evaluate three of these combined systems (electrical/mechan-
¢ . * :

ical/fluid) which have performed well in:the Wire and\

é"manufacturing industry.

Cab;e

¢
0

This report is gigénized as follows:

N w,

Chapter II - "Aii Jet Damgei": this maintains 'a positive

1 1

pressure inside the heating chamber of the continuous. fur-

nace, in order to ‘brevent infiltfation of outside air, and

hence, the oxidation of the heated copper ingots. The,

sensing device uses a diaphragm valve, actuation i§/being

R

ot

e

performed by a lever, and control by a pnéumatically-opefatea”

<

., butterfly.valve.

W
- ' .

Chapter III - "Venturi Conve&ingﬁ%gstem"f this unit conveys

plastic pellets from their,container to ;He hopper of a

’

: " plastic expruding:liﬂb.° Sensing is ‘accomplished by.two

/

electro-mechanical limit switches, actuation is by a flow of’
e R ?

air through a venturi tube, and control is by an electro-

£ . ‘6
" .mechanical solenoid valve. . e

)

“~ L) %
Chapter IV - "Hydraulic Traversing System": this mechanism is

w

required on wire and cable bobbin winding machines in order
red on wi

.to distribute wire or cable:in a uniform cylindrical manner

during the winding operation. Sensing functions are per formed

by two electro-mechanical limit switches, actuation is by a

»

' Eydraulic'cylinder, and control is by means of a'4—way,v

A .

solenoid-acfuated valve.




or mechanical controls over conventional systems. - ‘ -

Chapter V - "Concluding Rematks :. a summary of the advan-

tages of fluid control systems combined with electrical and/.

|
S .« ] . * <

: i

- . ' o

. 0 Ty -
Appéndices A, B, C, Dand E iIlustrate different winding

technlqpes which are applxed in the Wire and Cable manufac- s

turing industry, .such as. electrical mechanical hydra lic -

*

and magnetic. . ) ’ ‘ ' ‘
. . . H p
A
- . . .* /
» " o L4 [ < » < .
Appendices 'F, G and H show other advanced. mechanical and o
- ’ L . -
pneumatic traversing techniques. ;
, .
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CHAPTER II '

; . AIR JET DAMPER ' ,

o . - -

, . 3.1  FURNACE REQUIREMENT IN THE WIRE AND CABLE
. v ﬁiﬁﬁ?ﬁ&fﬁﬁiﬁ&'fﬁﬁﬁ§?ﬁy

i

- Two types of“furnace are used in Wire manufac-,

- turing:

1. A continuous furnace - for-the rod mill process.

- / 2. A bell type furnace - for .the annealing process. -
X ( e ,

[y

The continuous furnace is described in further

detail below to show the use of the air jet damper whose

function is to maintain a positive furnace pressure.

A ' ' i . \
) 2.1.1 Continuous Furnace : ’

§§\~ ~ This furnace is an integral part of the rod mill.-

It’ is used to preheat copper ingots for the subsequent rol-
A i N ' *
- : . 1ling process. The-ingot enters the heating chamber at (A)

! ' (figure'l) and move progressively through the furnace by

=}
means of a mechanica)l' pusher (B) to the discharge location

(C). The temperature. of the furnace varies from one section

to another, but does not’ change with-time. The material goes

. through its heating cy&le by'moving continuously from the

cold end (A) of the furnace to the hot end (C). The heated

/
ingots must be free from oxide inclusions, i.e. must be‘pro-

A
tected against even a slight drop in pressure below atmos-

NG

phere in the heating chamber of the furnace which would suck

4 AN

in cold -air from the surrounding atmosphere;'qooling the in-

- gots and increasing oxidation. To control the infiltration,
v . : .

:
M N N AL
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FIG. 1 CONTINUOUS FURNACE, ' oo
' Reference 1° '

.‘. \ v S
Ingot inlet .\ (coldvénd)“5 ;fﬁ ¥
Mechanical pusher . -
Discharge location  (hot-end) - ,
Combustion air supply line -
. Burners

. Copper, ingots .
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"lined and compared.

+ . ) s

of cold air, the furnace ‘pressure mut be kept lightly above

atmospheri?,usually 0.025" of water column (0.001 1b per

inz); A_cbntrol system id necessary to maintain this pres-

. !

sure in the furnace. In the -two following sgctioné, the con-~

ventional control mechanism and the air jet damper are out-

o !

’2.2 CONVENTIONAL METHOD OF PRESSURE CONTROL OF

~ CONTINUOUS FURNACES

- -

..

- Figure 2 shows a butterfly valve commonly used to
«

£

‘control exhaust gases at elevated -temperatures. The frame
» < )

of the valve (l) is made of %astaple material (2), reinforced

by ?tainleés steel wire.ﬁesh (3). Bokh the cons;§uction and

onisite installationnaf this type of damper must be performed
with precision if gas leakages are to be kept to a minimum.

&
-The nlaterial from which the damper is made should be selected

3

wiFh,care to av&id problems arising from cracking or  wasping
in operation, .while the dampér itself (4) should have a ' |
close slide fit on tpe machined working face of the inclined
frame (l). The most common problé@é encountered with this
type of damper are: inefficient use’of fuel cauéed vj‘mal-‘
adiustment of the‘valvé and seat; gas leakage result:né from

imprecise fabriqation‘of from faulty installation ang spal-

liné and dislodgement of brickwork caused by a combination

+ of high temperatures and frequent valve actuation.

t o
A variety of automatic power actuators can be used
4 ' ’

with this valve, among them being pdsitioning relays and

diapﬁfagms (figure 2b shows a diaphragm actuator) .

sy e
WA T 2 -
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FIG. 2a CONVENTIONAL MECHANICAL DAMPER

*

¢

P

(Butterfly wvalve)
Reference 2

= ’
N

Frame ;
Castable material
Stainless steel mesh
Damper disk ,

<




: FIG. 2b "DIAPHRAGM TYPE" DAMPER ACTUATOR
SR Reference 2 . g
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. by \4 ! . . . ¥ . N
' The selection of ‘the actuator is determineg by
| ' . the' type and, degree of control desired, the‘power*source

available, torque'required and~tﬁ€wtype of contrbl system

hd -

Yrorn s

to be utilized. f ' - . - %o
- N .
2.3 AIR JET DAMPER
2.3.1 Sy&tem Description 3 . ’
. Figure 3 shows a cross-section-albng a continuous

furnace and chlmney at the exhaust end. The 4ngot is pushed

¢ : on to thé hearth level by a mechanlcal pusher (not shown)

, V A set a&f hlgh velocity air nozzles are 1nstalled on the pe-

riphery of the furnace flue. They are fed through a mani-
™. " fold ring which is installea on the flue throat (see fiéure
K - ‘ 4) . ‘The control is so designed that, as soon as furnace -
pressure drops below that ,of the‘athosphere, the,stream of.

air from the nozzles will be injected dirﬁctly into the flue &

. - \
e - throat. This stream of air forms a curtain which restricts

the furnace draught, and consequently restores the furnace

pressure to a Ievel slightly above atmospheric. Orlfléfr

are fixed at a selected angle to maximize furnace pressure.

B Depending on its size, the manifold is fed by either a main o :

combustion air blower, or by a sepﬁrate blower. The volume . 3
of air required through the air nBzzles is pneumatically

-

controlled by a butterfly valve.

. 2.3.2 Principle of Operation

A differential pressure transducer is directly con- 1
. o - ¢
s nected to the furnace hearth to measure the pressure differ-

. |

@




LT3

~

entiglﬂbetween the furnace and the atmosphere. When furnace

" sure transducer.

°

'‘ponents of air jet damper.

é;gssure:drOps below that of the su{rounding atmosphere,

. . . <3 +
the sénsed air pressure exerts an unbalanced force .on the

‘

diaphragm signal pﬁit\;EFEﬁp differential pressure transducer,

. ‘ » M -
which actuates an internal relay lever'by means:of two tension

springs attached ta ‘the diaphragm. -
o o R . . ' ' _'2.
A steady flow of air, regqulated to 0.5 1b per in

Y

passes through the air-operated control relay to the butter-

; l o ’
fly valve. The air pressure to the butterfly valve (éﬁd// P

‘ coﬁsequently the air flow to the jet damper), is proportional

to the'pressure difference sensed by. the differential pres-

’
v

2.3.3 System Components and Selectionf

.

v

3
The fgllowing section describes the different com-

a) Air Nozzles (item 10, Fig., 3)

——— - o ——

V

Four inch long nozzles are cut from schedule 8P

pipe. Pﬁpe\giameter varies from 0.1875" to 0.5625" -.to

'\" - o 4 ° -
suit a range of flow from 1,100 CFH to 10,000 CFH per foot °

iength,of the'air supply line. Jet holes are drilled direct-
ly in the flue, the centers being spaced 2" apart, and the
holes being depressed 40° from the cross-section of the flue.

2
The nozzles are then positioned on the flue stack and are

welded in place.




, , - L
b)  Manifold.Ring (item 11, Fig. 3) ,
In the circular flue, a manifoid ring havip; éﬁ ’ .
inside diameter 10 to 1£ iﬁches‘g}eate; than Ehe.ogtside |

diameter.of the.flue is-desirable. Figure 4 shows a prac-
tical construction drawing’f&rﬁnpzzle and manifold ring in-

stallation on a typical flue.

a
c)

6

’

A

Va)

v
. @ A . L

+

s\

ir Blowe

—— . oy

(item 9, Fig. 3)

pérate blower, i

\
t

If" the air damper is fed by a se
~should be sized to pf@vide adequate pressule and flow rate

B .
to both the burner and t damper at all firing rateg. (As

air for combBustion is throttled to low fire, the damper re-

quires more air to maintain furnace pressure. As burners
[ » ¢

aré driven to a high fifing rate, the damper rgquifes less

More detail.oﬁ manif

a9

combustion air.) 0ld sizing and air re-

quirement calculations are given in special bulletins from

L] . o
North American Manufacturing Company. {(Reference 6)

.
.Y

a)

— s e s i e e e ey e e v e S e e G > — o ——— U — o W T v_s —

This valve is pneumatically operated and’ controls
air flow to the air nozzles. It receives its signal from

E

the furnace differential pressure transducer thfpugh £he dia—f

phragm operator supply line.

2 .

e)
»
L]

- {

Pressure_Sensing_and Compensating Lines (items 8,7, Fig. 3)
L o R ' ‘
A pressure sensing‘line connects the:furnace hearth

to the }urnace pressure transducer. Compensating line is

L

required to cempensate for the pressﬁfe lpss across the pres-

»~

sure line. One end of the compensating line is kept free to
. . - 3

4

+

-
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'the atmosphere, and the other end is connected to the oppo-

- .

site side of the pressure transducer. s

. .
3 .

)

. - . y

- ) x \\ : R
£) . Differential Pressure Transducer (item 6, Fig. 3) '

This consists of an air-operated control relay and
? ’

diaphragm operafdﬂp Figure 5 shows the different parts-of
. . - >

~N

the transducer. The differential pressure which is sensed

by the sensing line causes an'unbalanced -force on the dia-
. ‘ ’ '

phragm operator. This force is ‘then transmitted to an at-

tached tension spring (item 15, Fig. 5b), which actuates an

‘®internal relay (item 5, Fig. 5a) lever.
. B

o

P - —— g — i — o 1

g) Pressure Requlator (item 1, Fig. 3) . é

The purpose of the pressure regulator\is to reg-

»
ulate the pressure of the incoming air flow to the pressure

[y

transducer. The opening or closing of the valve ensures a

constant pressure designed to permit the i?ooth operation

of.the,dontrol relay. (See Figure 6) o
h)  Air Filter (item 3, Fig. 3) "
The filter'is used to protect the pressure control ¢

¢ g ¢ a

system from corrosive moisture, emulsified oil, and solid
parficles'which may be found in the’air line. It provides

' two étagés of separation - cyclonic separation of the larger
partidiesq and miéroniq edge filtration to rembve the finer
particles. ?igure 7 shows the construction of a éypidhl
air filter.° Solids and 1iquids’ére trapped in a la;ge quiet

zone at the bottom of the bowl (3), which hés a drain cock

5). As éir enters the bowl, a deflector plate (1) imparts

.

LY : ' N ~ . o

3 7S e e MMM 2




TERTRES

FIG. 3 CROSS SECTION ALONG A CONTINUOUS FURNAGE NEAR THE
COLD-END SHOWING A SCHEMATIC DIAGRAM OF THE AIR JET
- ' PRESSURE CONTROL SYSTEM '
Reference 3

. . - t
Pressure regulator P®essure sensing line °
Diaphragm operated butterfly Damper air blower
valve - ~ Air nozzles

Air filter " Manifold ring
Atomizing and pilot air line Gate valve

Pressure gauge Ingots at hearth level
Differential pressure Pressuressignal line
transducer ‘ Air supply line
€Compensating line : '
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. ‘ ' FIG 5a DIFFERENTIAL PRESSURE TRANSDUCER

v

1

7Lt [
‘l | ? r¢
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Referenc'e 5

L2

A;iapter housing

2 .- Relay assembly

w

Knockouf:‘xplug

1

N

r/ ’ e o '4 Mountl,ng base’
. /‘ - e . . 5 Operating lever
. .o Cos , 6 Cover.plate
- ' . 7 - Roll pin ° Y,
o . ; 0 . ) . '
) NOTE: See FIG. 5b" for details of section "A.A.
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FIG. 5b DIFFERENTIAL PRESSURE TRANSDUCER
{Detail qf sectibn "A.A.")
Reference 5 N

N

<

Outer diaphragm shell
Square HD pipe plug

Inner shell diaphragm
Diaphragm assembly

Outer- seal bushing :
Transmission p%n assembly
Spring anchor‘pin .
Tension springs

Spring adj. slide assembly
Spring 3Mj. slide key .
Spring adj. screw assembly
Bias spring plate

Bias spring .. -

Cover plate gasket
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'FIG. 7 AIR FILTER

Upper deflector plate

Ribbon type plastic impregnated
element

Bowl

Lower bafﬁle plate

Drain cock"




. . —9‘ . » . (“ . .
-a whirling action. The resultihg ceptrifugal effect causes .

the larger solid particles and the free liquid in. the line

e d cr “ ‘ . “‘
to be thrown to %Pe side of the bowl. A lower baffle plate.
(4)Jreverség=t§e flow of- air to mget that induced by the -

>

deflector plate, thus probidiﬁg 4 quiet;zone into which the
separated solids“anq”liquids"ﬁill settle. These will not \

subsequently re-enter tHe air stream. After cyclonic sepa "
o o : ' ;

ration, the air is pésseq through'a standard ribbon-type,
plastic impregnated elements (2) which filters remaining

particulates down to a uniform 40 microns (approx. 0.00015"). -
\ a

- v - - — " - 5

i) Pregsure_Gauge .

The géhge indicates the set~up pressure of the air
flow passing throuéh the pressure-transduqer and is regulated

by‘Ehe pressure regulator. S . ’
N -

j) -  Vacuum_Gauge ,

The wacuum gaugé simplifies the setting of Ehe ‘

furnace ‘pressure control system at the desired pressure.

The gauge is connected to an extra tap on the furnace pres-
' \

sure side of the prégsure transducer.’. The relay spring can
' \ . \ - ’
then be adjusted manually to change furnace pressure to the

\ \

desired level. K
. ’ A .
J k) Solenoid Valve

— e . S —— . o — - . ‘

s - -

' .\ . o ¥
The solenoid valve is used to prevent the flow, of

t 17wy

’éir from the air jet damper down the flue into the furnace

when the furnace door is open. It is installed at the air

supply 1ine.togigé butterfly valve, and is connected to a




! ' - -

limit switch .at the furnace qoof. Everthime the door opens,

it actuates the limit. switch and hence the solenoid valve,

restricting air flow to ;he_éif jet damper.
CN - » <

For selection criteria for system componehts, refer
"to North Aperican yanufaéturing-Company'bulletins (reference

6). "

2.3.4 Pressure Range and System Sensitivity

P ) .By informed seleétion'of system components coupled
with correct 1nstallat10n, a furnéce pressure from. 0.01l" wc

to 1. 0" wc above atmospheric can be attalned. System,sen-n

sitivity is'0.0075¢ wc (0.00027 1b per in ).

2.4 ' CONCLUSION

o
.

Altﬁoﬁgh the. cost of air jet damper’components and
system'is slight®y higher th;n thag of a standerd conventional
hechanical damper, the ai; jet damper meets at least‘th;ee of.
industry's far major ¢riteria - high reliability, economy

.of operation and ease of maintenance.
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. CHAPTER III

VENTURI APPLICATION IN CONVEYING SYSTEM
N . : . .
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. - CHAPTER III T

- VENTURI APPLICATION IN CONVEYING SYSTEM ' ,

3.1 REQUIREMENT OF PNEUMATIC CONVEYING SYSTEM
- IN WIRE AND CABLE MANUFACTURING INDUSTRY

-

Insulating materials are applied to electric cable
N TV " to prevent leakage of current and; when used in with high
voltage application, they must also be able to resist dielecw
~ 9 ‘ h

tric puncture. An extrusion process is employed to apply the

rubber and plastic insulators (seé figure 8). In this process,
the material is fed into the feeding ﬂopper (4) of an extru-

° sion machine and then is forced to flow rapidly tﬁrough a
dbarrel (7) by means of a rotating écreq,(S) to the discharge
end (8). Extruded material then surrounds the bare wi;e‘or
éonductors which move at a steady speed forming a right angle
to the machine center line. Screw extrusion of plastic or

rubber requires closely controlled heating of the barrel by

means of electric heating elements (6).

A

~

Rubber (usually in ribbon form) is conveyed to the
?
extruder's feed end opening by means of an automatic mechan-

ical feeder, while plastic material which is usually in form

of pellets, is conveyed ‘to the extruder's opening through a
i 4

hopper, by .means of pneumatic gonveyors or vacuum pumps.

/ [

In the followihg sections, two systems of conveying - = . |- |

“

plastic material are outlined. . . ‘ . U
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POSITIVE DISPLACEMENT VACUUM PUMP
INSTALLED ON PLASTIC EXTRUDING LINE

References 7, 8
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FIG. QQ/V»SECTION ACROSS A POSITIVE DISPLACEMENT

VACUUM PUMP SHOWING ITS DIFFERENT PARTS

WO~ EE WD

~

. Head pl%te (gear end)

Head plate (drive end)
Cylinder

Drivxng shaft and impeller’
Driven shaft and impeller
Timing gears (1 pair)
Gear house

Gear pins

Gear house gasket

Seal bearings

Head plate cap screws
Oil retainer (end cover)
End cover (drive)

End cover (blind)

+ Gear house cap screws

Pulley key

0il level cock
O0il filler plug
0il drain plug -
End cover cap screws -
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FIG. 9b SECTION ACROSS THE IMPELLERS
) SHOWING PATHS OF TIMING GEARS

’
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3.2 - CONVEYING SYSTEM OF PLASTIC MATERIAL .
T L t

‘r ' ) The operating principle of the plastic pellet con-

veying system.is based on producing a negative pressure in--

s . side a pick-up tube which is inserted in the material con-
' tainer. This neéative pressure sucks up material and transports
it to the discharge hopper. Two alternate methods being used

- in thé‘\i@{ire and Ceble*manufacturing industry to produce this
- negative _pressure:. J
PN

. 1. Positive dlsplacement ~vacuum pump.

L

. 2. Venturl tube. o ¢

3.2.1 ‘Conveying By Means of Vacuum Pump

This system is deeigned to ‘automatically-load the.
extx‘uding machine, directly from the material container. Neg-
. 'atlve pressure is produced in a cyclonic vacuum chamber. This
chamber s prime function is to protect the vacuum pump. It
does this by acting as’'a buffer hetween the feed hopper and
\?the pump itself - receiving pellets through the pick-up tul:_>e
@ .

for distribution to the extruding hopper while preventing as-

piration of plastic pellets by the pump.

a

‘\ a) Vagcuum_ Pump
Figure 9 shows "a positive displaeement vacuum pump. _ )
L It consists of two impellers moun}:ed on parallel éha:".ts,
which rotate in opposite»' directions within the pump casing,
As they rotate air lS drawn into the space between the im-
an

peller and the casjing. As the impeller coptlnues to turn,‘

it opens to the discharge -and pushes the trapped air through -

7




an outlet to the atmosphere, causing a positive movement of

,
B :
- - -
' L . Yy » L
‘

the air. This actipn is repeated twice for each revblution

of each impeller, or\, four times fgr each turn of the shaft. '

.
. o

Within the normal rated speeds, this results in,a practical- -

ly steady™air flow, with little Jectlonable pulsatlon or

surging. The. pump is connected via & flexible hdsq to a
. . vacuum chamber. Vacuum pumps are available with either sin-
gle or dual pumping stations. A dual station “is highly de-

’-’i‘gv

sirable when an alt drying process is required prior to the

extrusion process. In this case, the flrst statlon w1ll con- -
1 . Q ‘ N -
’ vey material from the gontalner to the 1nput of an air dryer,  °

and the second statlon from the output of the dryer to the
o extruding hopper. Figure 10 shows typical characteristics -

(o of vacuum pump used to convey plastic pellets.
! - w //‘

b)  Vacuum Chamber L o . ‘
The vacuum chamber.is both a material receiver and_
a means of preventing the flow of plastic material to the s

vacuum pump. It is mounted on top of the extruding hopper.

It is equipped with two mounting flanges, one being connected

} \ .to the suction side of the vacuum pump, and the other to the
pick-up conveying tube. The free end of the pick-up tube is

inserted in to the matérial container (seé(figufe 10).

«
- o N
\

Ty The vacuum chamber is also equipped with a cartridge
¢ : filter to remove the fimer particles contained in-the dusty

i AN types of material from the air exhaust system.




9
§4
o
)]
{i-)l
=
V]
Al
]
H .
m

800

- .. 600 )
Blower R.P.M,

<
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The vacuum.chamber dlscharges the pellets directly:

-

indto the extrudlng hopper through an alumenum flapper valve.
The loadihg control 1ﬁ'accompllshed by means of a timer, so-
lenoid valve, and two 1imit switches, all contaiped in a con-
- ~ trol box. ' e o ‘ .

- ©

- . .c) Air_ Drzer
\ N

3
[} »

2 . - . In general, moisture is con51dered to be a proces—

5D

s - 81ng problem in the plastlc 1ndustry. In the ere and Cable
manufacturing 1ndustry, absorbed moisture reduces cable in-

Fol Py
éﬂ P sulat}on resistance. .

. ;
+

some plastic material acts as a sponge, gathering

. . ' -

- ' internal moisture and must bé dried before furEﬁér processing. -
,Drjing is "accomplished by blowing dry air thr§ugh the material,

LN forcing the water vapor contaired inside the pellets to seek

B - A hd . . -

the point'of equilibrium with the surrouhding air. Plastic '

- 1
used, for wire 1nsulatlon is normally of a non-hygroscopic
3 v

- /nature = absorblfg m01sture only on its surface area. Wlth

[

N thlS type of materlal drylng 1s accompllsheg/by blowing hot

~ -

- . air over its surface. In this appllcatlon, the plastic pel-

B

f§§ Y " lets must be drieé for a minimum of two hours at 150°F in
- f 3

order\té assure a moisture removal of 13%. This in an air

- e dryer which also serves as. a preheat chamber just prior to

v the extrusion process.

- . . . 3 . '
.+ 3.2.2 -'Venturi Tube Pneumatic ConveyEr ; - .
& A N . R 1 N ' .
L]

v o ‘figur§~ll,ehows a_venturi conveying system. Nega;

hd

o ’ - tive pressure is produced in the “venturi (th;;La vacuy

.« o ©

Xt P ok, Lyt s J 27 Vit
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QUTLINE SCHEMATIC VENTURI CONVEYOR
Reference 9 .

Conveyor tube
Control box
Vacuum switch
Air hose
Air regulator
Air inlet ,
Air filter :
Drain

- Pick-up tube
ig\. Vacuum control hose
11 \ Grommet ‘

(See Fig. 12b for details)

g ,

00 ~J OY UL >

12 ‘Venturi

13 Support bracket

14 Push-button switch
15 Selector switch

3
/ /

. L4




ISV.-6on. 1 Gp

| A M e

! oFF .
,”—O/é ”]\ 2 ~

~
r
c
|
|
l
A1
I
=
X
N

12
>___.

| SoL

S

4
-

.FIG. 12a CIRCUIT DIAGRAM OF AUTOMATIC LOADING CONTROL

OF PNEUMATIC VENTURI CONVEYING SYSTEM
. . Reference .9 )

' SEQUENCE OF OPERATIONS

.1 With 1TS in "on" position, 1TM runs, (thru 10, 14),

driving cam which operates 1LS and 2LS.

3

2 1LS closes, 1TM maintained. 2LS closes, 1SOL energized,

compressed air passes into venturi. Vaccum created
operates 1lVS, .1SOL maintained. .

3 2LS opens. 1LS opens. 1TM stops. _ Col -

4 . Conveyor loads until machine hopper is full. Back pres-
‘sure reduces vacuum in venturi. 1VS opens.\\ISOL'de- ' -
energized. 1TM runs. o

5 2-1/2 min. later, 1lLS clo;es. Steps -2 thru 5 repeat.

!
NOTE: See FIG. 12b for connection diagram and FIG. 12c¢ for
symbol description.

’
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Reference 9

SEQUENCE OF OPERATIONS

&

31

12b CONNECTION DIAGRAM OF AUTOMATIC LOADING CONTROL
OF PNEUMATIC VENTURI CONVEYING SYSTBEM

" With the toggle switch 1TS in "on" position, the timer
motor 1TFM starts.

Starter button PB is to be pressed and held unt11 sole-

,noid air valve 1SOL will open.

The conveyor will operate until the receiver is full and -

will then shut off for tHe time intervall of the cam,
and start again feeding material as required.

The starter button PB will nanually start the unit at

2
' 3
! 4
any time.
NOTE :

See FIG. l2c for symbols and description.

2y,

.
AR

~t
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FIG. }ZC DESCRIPTION OF SYMBOLS USED IN THE CIRCUIT
DIAGRAM OF AUTOMATIC LOADING CONTROL' OF
VENTURI CONVEYING SYSTEM -

-h

SYMBOLS AND DESCRIPTION

s

SWITCHES
SO R TERE, | es
'O"/O' Hg;ﬁ%n LS~
OrO-| peld Shobed \E
0£0O né}‘ ‘open vs
e
o0 Stamfﬁ.gdl duty TS
COILS
-~ | Timer motor ™
-04,0-| Solenoid + -S0L
MISC. -
R— Recepggcle REE?
—_— Ground GRD

Reference 9
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Primary supply enters the manifold via
annular gap and accelerates over the aerofoil
Conveyed material or secondary supply is
induced into the throat of the manifold

Mixing in the divergent tube

Discharge at high (velocity S

W N

b i . "::—

“ae




¢

e
e

valve, and two .limit switches all contained injébntrol box (2).

34
%, .

chamber not being required in this:system.' Plastic pellets

are sucked from the container thréugh the pick-up tube (9)
to the extruder ﬁopper through convefo} tube (1). This sys-
tem uses dry compressed air for its power,'so it requires
électricity only for loading control. Selector switch.(15)

can provide either manual or automatic loading control. Auto-

matic control is accomplished by means of timer, solenoid

For the sequential operations of the control box and electrical.

e

circuit diagram see figures 1l2a, b, c.

- N

The venturi tube itself consists of an annular R
chamber surrounding a ring nozzle’(see figure 13): Compressed
air flows from a small inlet into the annular chamber, and
passes over fhe annular gap. This primary supply air is
then throttled through the ring nozzle radially inwards and
perpendicular to the center line of the ventuxi tube. For

most inlet pressure, the air attains sonic velocity in the

{
nozzle throat. The throttling ox.expansion of the primary

. supply and the subsequent acceleration create a region of

depression (negative pressure) which induces secondary air
flow into the throat. This secondary, or induced flow, which
i% in an approximate 2o:i ratio to the primary supply, mixes
in the divergent tube. The result is a high velocity mixture
of primary and secondary flows. Plastic pellets are sucked

from the container and conveyed with the secondary flow to

lth‘e extruder hopper.

<
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1
3.3° CONCLUSION

The characteristic a@vantages of venturi‘tube con-
veyor over the vacuum pump system are, usually: lower initial
cost and opefating cost; no moving parts{ high reliability;
low malntenance cost; no guards required; m re compact size;
much quieter operatlonffgﬁa low compressed air consumptlon.
Balanced against these advagtages are the negative facts that -
venturi tube has low efficiency and is limited’ to single con-

Py b

veying application.

Qutput of a vénturi tube éan be controlled over a
wide range by using a pressure regulgtor to control the pres-
sure supplied to.the unit. -Thus, this device can perform the .
function equivalent to that of a complex vari;ble speed and
variable pitch fans. Q\€ ’

The venturi principles can be applied to cooling,
drying, humidifying.with spray mist, and ventilation bpér;,
ations. It can be usedlto remove welding’fumes, and to re-
duce temperature and humidity in steel mills and foundries
where excessively high working temperature and humidity exist.
The venturi principle can efficiently provide jets of air for
safe ventilation of explosive or toxic areas, such as petro-

chemical and gas processes. This flow is created without

the use of electricity or moving parts.

]
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HYDRAULIC TRAVERSING SYSTEM FOR WIRE
. AND CABLE BOBBIN WINDING MACHINES
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CHAPTER IV

’

HYDRAULIC TRAVERSING SYSTEM FOR WIRE
AAND CABLE BOBBIN WINDING MACHINES

4,1 REQUIREMENT OF UNWINDING, WINDING, AND TRAVERSING
OPERATION IN THE WIRE AND CABLE MANUFACTURING INDUSTRY

In the Wire and Cable manufacturing industry, oper- ‘

ations such as wire draw1ng, strandlng, conductor insulation,

cable painting, patching, inspection, armouring and jacketing

\
require that wire or cable should be unwound from one reel,

pulled and processed thrqugﬁ one of the above operations,
then wound on to another reel. The bulk of production lines
in this industry are devoted to these three functions (un-
winding, processing, rewinding).v Traversing techniques are
used in the winding operatioﬂ in order to provide fof a cy-
lindrically uniform winding. In the following sections the
three operations of unwinding, winding, and traversing will

it

be outlined in further detail.,~

4.2 UNWINDING = . ' S -

-
.

Unwinding of wire or cable is-performed on a’ stand
.commonly called a "let-off stand". It is a nmon driven oper-
ation in‘which the reel is mounted on a spindie or between |
two plntles and left free to rotate. 'In general, let-offs
vary in size accordlng to reel diameter, width, and load.

" They also vary in type. Heavy reels.require special foun-

dations for floor-tfpe stands. The TUT type (figure 14) is

comprised of bearing beams from which the pintle arms are

-

-




»
FIG, 14a TRIPLE TAKE-UP STAND\, TYPE TUT FOR USE
- WITH CONTINUOUS EXTRUSION LINE.
-y -THE LET-OFFS HAVE SAME CONSTRUCTION BUT
o l(WITHOUT TRAVERSE, OR DRIVE.
‘ : .Reference 12 o .
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“fn-the unwinding operation, when wire is pulled |at hﬁzh speed,

vidéaﬁﬁy/using a brake with a torque retarder whose effect .
is proportionately lessened as the diameter of the coil of

the unwinding wire or cable is reduced. °
)

4.3 WINDING TECHENIQUES

) Fine wire winding is ,performed on spoolers (wire
-y { N

diameter from 0.064" to 0.001"), while "take-ups" aze used

. A Ct ‘
to wind larger diameter wire or cable. Spoolers and take~ups

.

are powered by either .the main motor of the line operation,

or by an independent motor. Structures and types oﬁ take-ups

1

are similar to these of let-offs with the exception tha; take-

1

ups are equipped with travérsing mechanisms.

In the winding operation, as the spool diamltér

increases, the speed of the driving motor must be decreased
to keep a constant linear speed while holding the wirq or

cable in tengion. Constant/éénsion at a constant linear speed

requires constant horsepower over the entire range, regard- .

diameter of the

less of how the motor speed varies with t
spool. Also, the torque exérted by the spool or take-up

must be increased in direct proportion e diameter of the

coil of cable or wire. Automatic speed control can be accom-

plished by electroLmeChanical,5électriéél, mechanical, hydrau-

~

Q.. . -
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.1ic, or electro-means. More detailed information on the use

of all of the above winding techniques is presented in Appen-

El

dices A, B, C, D and E.

4.4 TRAVERSING TECHNIQUE

13

t ¢ - . .
Take-ups or winders are usually equipped with an

- automatic traversing system, however, manual traversing is
- ¢ .

carried out when‘winding large diameter and heavy cable. The

purposa " of the traversing system "in winding operations is to {
« ) o

guide and distribute wire ex cable on take-up reels, in a cy-

lindrically uniform pattern.

¢

In general, the ﬁraVersing system consipts of a
guide carriage (mounted on a traverse axis) which oscillates
The. lineat speed of the carriage with

Ve t
. respect to the rotational speed of the reel determines the

between two stoés.

Y . ‘ -
traversing "PITCH", which is defined in terms of either meters

per revolution or’inches per revolution. In order to obtain
[l

© .

. a fine winding, the trévéising pitch should be as'close as °

possible or equal to the diameter of product to be wound.

‘
‘ '

The traversing system is always drivéq from the
takie—up or winder drive. As tée rotational speed of the
winder gradually decreases in préportiog to fhe‘increase in
"reel diametér, the traverse linear speed id automgtically

. N o * \
governed to follow.these changes; and thus, the traverse pitch

. 'is kept constant - regardless of winder rotational speed.,

¢ P

'S
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) y- ' . In the fogo wing sectmns conventlonaJ, meohanlcal .
> s

. : . dnd hydraullc systems are outlrned Other systems, such as

o . . electro-mechanical, pneumatlc, and more advanced‘ﬁechanical

3

. ' approachés are also outlined in the Appendites F, G and H, i

~
N ¢ e - N
- , . ~

¢ - consecutively. - ' ' :
o

P P ) s
- - . 8
3

4.4.1 Conventicnal Mech®mnical Traversing System ‘ J

, - Figure 15 shows a, conventional mechanical, tfaversing

RS
5
Y

-
R
r
~

»
.
&

2
3

L . 'system. A screw shaft (7) is‘employed to convert rotary motion

’

- ' into rectilinear motion. The shaft rotates between two fixed

“

stop ends. (4).

" - g The length of. the screw shaft ;s selected in ﬂke
A% I S accordance with the range of reel widths to be handled. A

. i
T, - v

N . specially'designed nut, with external thrust surfEces is a‘g-'

o

: tached to the screw and connected to the gulde carriage (8)
EES N . . " . ;

N in such a way that it is prevented from dlsplacement or rota—

tion and forms an integral, part of the caFriage. The guide

, , carriage slides freely along a traverse baif(lO),'which car- )

S
/

iy

Fa tan

o~

. . ries two adjustable stop ends (4), and whlch is 11nked to the

-~

., claw clutch (9).

‘r(4
g

(Y
«

This, gulde Bar is free to move laterally in

A, *.«"r_l;'!;: “ﬁ:
{

'Y ‘l "order to engage the claw clutch. ' The‘claw clutch,is useqpxo

. 2

Wi
*

‘

5
*

-

o reverse the,rotekicnal motion of the screw ‘shaft’. When the

) Lo guidefcarriage reached the limit of its stroke, it impringes

18]

on the stop end deflectlng the gulde bar (10) to eithéer side,

S

‘thus allowing the clutch to reverse the rotatlonal dlrectlon

4

b Y 3 8wl i A Y
¥ TS Tl SR

e

. of screw shaft, o N - R :

e o ok,

:.\:,‘.‘".W: ks

AESR
1
;4

.

Figure 16‘shcws‘the basic elements of a claw clutch.

The bevel gears (5 %qd 2), are mounted freelylon‘the'driven




CONVENTIONAL MECHANICAL TRAVERSINQ SYSTEM
Reference 13° ' .

‘Cable direction -

Guide rollers . -
Power drive from take-up .- ,
Stop for end points e
Lay adjustment

To disengage power drive
Screw

Carriage

Claw clutch

Guide bar
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'. . ‘ REVERSING MECHANISM ]
‘ s Reference 14
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o 1 ° Driven screw shaft
- 2 Bevel gear . v
o 3 Idle shaft .
, . L 6 Bevel gear .
. C v +5 Bevel gear .
. ' . 4 Claw clutch .
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screw shaft (1), .and are constantly in mesh with bevel gear

/
(4) of the idle shaft (3). The bevel gears are running loose
on the screw shaft and the claw clutch (6) slides along a key -

on the shaft between these gears. When the clutch-is shifted

e
to engage either gear, the driven shaft (1) will rotate ‘in ~
one direction or the other. o ,

. This system has two major disadvantages:
1. It is relatively inflexible, requiring change gears or

~

| a special transmission set-up in order to vary the winding

pitch.

2, It is maintenance-prone since heavy thread shaft wear
. )

is normal.
{

4.4.2 Hydraulic Traversing System \

Figure 17 sﬁoqg a schematic diagram of hydraulic.

traverse flow circuit. The hydraulic travérse is -operated
by means of a hydraulié pump (2) whicp is mounted within the
spooler housing and gear driven from the réelvdrive. O@l is
pumped grom the oil reservoir (1) by the gear pump (2) to a
2-position, 4-way, solenoid-actuated, spring-returned valve
(7). 'This valve is controlled‘by two limit switches (8 and 9)
arranged to be mechanicaily oéerated at either end of the
traverse stroke. O0il is alternately pumped to either end of
. ‘the t;averse cylinder (10) and flows from the exhaué% end to

- the reservoir. The limit swiEFh (8] controls the rear or

The other limit switch. (9)

a

fixed traverse stroke position.

s

is mounted with allowance for adjustment so that the traverse
t ! ¢ \

NN TR R e



: _'FIG. ‘17 HYDRAULIC TRAVERSING SYSTEM
- - ’ . Reference 15 . 4
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0il reservoir

Gear pump _ '

0il filter . ' -
Pressure gauge

Pressure regulator °

Flow central valve .
4-way valve, solenoid .
Limit switch (fix) ' .
Limit "switch (adjustable) '
Double action cylinder
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stroke may be changed to suit the reel in use. The traverse

hydraulic oil is cleaned by filter (3) in the pump suction

line. The pressure regulator (5) assures a constantly regulated

pressure to the flow control valve (6). 'Lay can be finely ad-
justed by use of the fIOW'control-valve (6) and the pressure
regulator (5).  Both act ;s a positive infinitely variable -
speed gear box. A préssure gauge (4) 'is used to correlate
fluid pressure to the requiréﬁ pitches of different wire sizgs.‘

\ -

: . Sets of change geéfs can be used between the drive
reel and pump (2) to obtain the spooling pitch (or "lay")

required for wire to be spooled. o3

For a given pump speed,  the traverse pitch is in-

'versely proporpioﬁal ﬁolcylinder inside diameter and directly

proportional to pump.flowhrate;' This relationship can be

. i

s$ated'as follows:

Traverse pitch+ inch = : . '
- ‘revolution
1 . X [ flow rate (in? per secz)]
punp (rev. per sec.) pliston cross section (in T.

: l
The desired range of traverse pitch can be obtained

by selection from the different size alternatives of gear

pump and cylinders.

\

.
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4.5 CONCLUSION _ - -

A conventional mechanical traversind system incor-
porates moving .parts which are subject to wear. Regular
routine maintenance such as lubrication, checking and/?r
replacing rHoisy gears, worh-out bearings, broken chains, and
slack belts are essential in order to assure continﬁity of
productio!. However, when a breakdown occurs,dhless it is
of a very minor nature, a tradesman is requireg to efféct
repairs - usually replacement of a worn'or broken paré. Hence
these direct costs are immedia£ely incurred - the cost gf
labor, the loss .of produckipn revenue, and the cost of the

replacement part (including inventory carrying costs if an

in-plant supply is maintained).

Hydraulic traversing offers a system which employs
relativel} few moving parts. Its éomponents are fairly
étandara and are inexpensive whén compared to equivalent
coﬁponents of a mechanical system. ‘No stocking of hydraulic

_components is required ;ince they are available "off the

shelf" at any-hydraul{e equipment supplier.

L o [ ¢

The circuit follows simple principles, and mainte-
nance can be performed by anyohe who has a practical know-

ledge of basis pipefitting techniques.
. :

Hydraulic system is very reliable in high speed
winding application (i.e. 5,000 feet per minute), and is

also very efficient in fine winding applications both for

'wige (as small as .001" diameter) and cable up to 1" diameter.

1
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Maintenance is generally limited to checking and/or changing
the oil filter. E ‘

/

-

Traverse'speed'gdntrol does not require"éhanging

gears, The fast speed setting is provided by means of pres-

»

. sure regulator and flow control. valves.
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- CHAPTER V' L :
_CONCLUDING REMARKS

Three fluid control systems combined with electrical/

mechanical control systems used in the Wire and Cable manu-

facturing industry are described in this report, and are com-

L ,

pared to conventiongl control systems. From these specific-

4

applications, it is possible to draw general conclusions as

to the advantages offered by combined fluid control systems

overoconqiptional systems:

1. They are simpler in construction, having few, if any,

moving.pa}ts.' Since there is less-to go wrong with the sys-

‘

tem, the system is more reliable.

e

2. They are . less expensive to maintain and operate since:

a) Lubrication is generally not required.

b) Special trade skills are not required for repair
work - a reasonable knowledge of Ripefitting;being the basic

requirement.

4
»

c) Spare parts are usually standard off-the-shelf items,
thus requiring- a minimum spare parts inventory - depending on

geographical location.

¢

3. They are more compact in size and are more quiet' in oper-

’

ation. -This latter advantage is becoming steadily more -im-
portant in view of the increasing emphasis being plaéed by
Government and Industry on pollutipn abatement -~ pollution .

’

including excessive noise.

i
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) : -Specific examples whiéh reflect the above-claimed

advantages in the body of this report are:

Air Jet Damper . ——

1)

The main -parts which -are exppged to the corrosive
enyironme?t of the furnace (exhaust .gases) are simply 4 inch
long pipe nozzles which are welded directly onto the flue

_stack. 'Theée take the p;age of the conventional air damper
which is compfiséa of several moving parts and must be built

with materials having a high degree of resistance to exhaust

v
-~

gases.

Venturi Tube Conveyor -

The divergent tube and the annular ring are the

“main parts of the venturi conveying mechanism. This system,,

t AN

°__._ ‘replaces the positive displacement vacuum pump which is com-
prised of more than 25 components (mainly mechanical trans-
mis%ion parts) and an electric motor. Assembly and mainte-
nance of a positive displacement pump requirgf skilled ma-

chinists.

. N »

Hydraulic Traversing System

N ‘The hydraulic cylinder, hydraulic pump,-the 4-way
valve and o0il reservoir are the main elements of this system.
These take the place of the conventional mechanical traverse
which is comprised of mechanical transmission pérts and are

\

more subject to mechanical wear _and breakdown.

&

.
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APPENDIX "A" '

ELECTRO-MECHANICAL WINDING TECHNIQUE

f -

Figure 18 shows an electro-mechanical winding sys-

tem installed on a syncro fine wire drawing machine (wire
- b

- diameter from 0.064" to 0.002"). The control mechanism cbn—

R

\
tains a f/ﬂIaCt arm (6) which holds a contact roller (prekhe)— ™
(1) at its end. At start-up, "the contact probe 'is almost

touching the spool (not shown) . When, the. spooler is startéd,

the wire builds up on the spool until it makes contact with
.«'»-‘

the probe. The making of this contact energises a solen01d

s

&} ‘?b) connected to the probe -and moves the probe away fro$ the

L

*  wire. At:the same time another solenoid (14) is energised

by contact on a relpy in the electronic control box. This 4
] @

solenoid being conpected to & ratchet mask allows a pawl to

engage the ratchet- (10), and an 'operating arm revolves ﬁ worm .

shaft, (11) and worm gear (12). As the operating arm coﬂpletes

L3 ‘ ! ! l ]

its stroke, a switch (normally closed) opens and de—gnerbises
the relay in the electronic ﬁnit which in turn re-sets both
solenoids, préparing them for the next operation.  The move- ,
e . 'mént of the worm gear (12) alters tge settiné of the infinite-
iy variable (céne aﬁd ring) geér (15); thus reducing the spool

¢

S R.P.M-

5

o~

Attached .to the worm gear (12) is a speed control

. cam (5) which displaces the follower (13) fixed on the shme

oy
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’ shaft as the contact arm (6) . Thus’, as the speed is reduced,
. , * !

the cam is rotated in’ an anti~clockwise direction, and the

»contact arm is retracted to the next position of céntact. . N

- 1 Ve
i

This' sequence is repeated as the spool diameter. again _ﬁ

\ . . B

builds up. ) , . . ¢ . .

¢
.
o
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‘o ; .. , INTERNAL MECHANISM -
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FIG. 18b ELECTRO—ME'CHANICAL WINDING SYSTEM - '
EXTERIOR VIEW
Reference 16

« .1 Contact axm roller
2 Full package switch adjustment
3 Ratchet release plunger -
. 4 . Crank handle \ .
‘ 5 speed change.cam
6,  Contact arm

7 ¢ Micromatic adjustment

8

Contact’ arm holder
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'powef circuit and motor output speed. Variaﬂle speed drives
- -

ber (1), rotates at a censtant speed between tlie stationary
T ‘ v R A

lines of flux pass from the stationary field coxl (3) to the 5

' constant speed input member.pole piece, (2), through the working g X0

55 B i

’ ' APPENDIX "B" - : - =

ELECTRICAL WINDING TECHNIQUE o f M
oy N
Electrical speed control is gene%hilz_s?aracterized
by the ease with which relatively small ohanges in voltage

and current can effect changes of very large magnitude in the

can be classified into the two categories.

i L
K t .o

1. Adjustable speed from an A.C. power source.

2. %Adjustable s eed from a D.C. power source, .

o

A descrlptlon (th pr1nc1ples of operation) of each system is

outllned below. ' -

[ . g N

1,‘ Adjustable Speed From an A.C. Power Source

\
This type'oftgrlve is known as "Eddy current drive". -

s

The input member operates at'eonstant speed provided by an

‘A.C. motor. Figure 19 shows the dlfferent components of this , ] "

) type.' The pole ‘assembly (2) which is a part of the input mem-

,‘l N 2

ffé&d ooil (3) and the inettia output rotor assemblies (4).

There is no mechanlcal connection between the 1nput member (1) g .

t
——

and the output_;otor (4) By exciting thé statxonary field
coil w1th low voltage D.C. provided by a separate controller, ‘txj

a magnetic field is developed around the coil (3). Magnetic’ ‘ B

+ e o AR T IRARIDS IO
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1
2
3
4
5
6
7

N o

3

' tStationary field coil
Low inertia output rotor
Heavy duty widely-spaced

_ball bearing \
Variable speed output shaft
. I N

-

Standard nema "d" flange motor
Constant velocity input fan-=pole

assembly

o
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g

FIG. 19a EDDY CURRENTS DRIVE
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"input member and the low inertia output rotor. Therefore,

dicative of the actual dtive parameters obtained. The control

58
air gap and into the low inertia output rotor (4). The amount
tof flué in the output rotor changes as relative speed accurs
between the inéut member and the low inertia output rotor (4).
This changing flux in turn produces\Eddy currents and an aS*‘
sociated mégnetiﬁ field which is attracted to the griginating .
field. THus, the low inertia rotor (4) of the clutch is mag-
netic;lly attracted to the input member (1). The torque cre-
gtgd is a function of the voltage applied to the stationary

coil (3) and the relative speed between the constant speed

e

by varying the applied voltage, the output speed is varied.

2
N

The separate controller utilizes a requlated refer-
ence voltage., The A.C. tachometer '(5) in the drive produces
a voltage proportional to the actual ou;put speed. In set-~
ting the précision potentiometer, a portion of this reference
voltage is estab;ished as linear speed of the operation ;ine ’ -
or desireé tension. This is‘thq%ﬁc?ntinually compared with

K t
the speed or tension transducer volfkye outputs which are in-

senses any deviation between the reference establigshed and the

drive operation. obtained and as a result changes the excita-
¥
tion level to the Ed@y current clutch in the direction'neces~

sary_to reduce the speed. P -~

1
-

2. -Adjustable Speed From a D.C. Power Source -

In D.C. motors there are two common methods of speed

control, varying the impressed voltage and thus the generating

* ' [




e i T

ke 3 RN MY

T ——

59

- v

voltage, or varying3the field flux. The most common method
"of speed control is to change the shunt-field excitation and
thus, the field flux. This is generally accomplished By in-

v

troducing a resistance ‘into the. shunt~field circuit. The

- motor speed and hence the line speed is controlled by the ar-

mature voltage applied to the motor by the power unit. This
excites the main field of the power unit. A controller, which
is a self-balancing dewice, constantly compares a speed refer-

»

ence signal with a feedback signal from a tachometer driveﬁ\>

by the winder motor.

2 second method pf speed\control is accomblished by
lowering the impressed voltage and thus the speed of the D.C.-
drive. ‘This can be accomplished by applying a counterbalanced
float roll (§ee figure 20) which, in rising and falling with

the cable catenary, operates a lever whicH controls the ouﬁ—
'

“put voltage from a transformer to{ghe main drive.

2 * 4

This type of counterbalanced float roll controller

AN

provides for winding without cable tension\other than that
i AN

tension produced by the cable's catenafy weight.
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1 APPENDIX Ilc " . »

. MECHANICAL WINDING TECHNIQUE

+

v/ -

engages
cluitch.
C _between

the end

- . /
tion material attached to both sides, mounted between two

friction surfaces (4) on the inner hub (3).
-y

-

.

Figure 21 shows single steel plate (3), with fric-

The 1inipg plate
a gear tooth drive ring attached to the sleeve of the
A serieF of springs (1) compressed the plate (5)

lar (2) at

the friction surfaces (4). A‘sliding C

of the hub (3) permits the changing of the, torque

value while the mechanism is in operation.

In thq winding

operation, as.the reel gradually grows in size and torque

. applied must consequently increase proportigaélly to maintain

]

tE?Jrequired tension, the slip in the clutch decreases grad-
7 ,

ually, causing the speed to decrease.

The torque oufpu;'and hence the desired line tension

is proportional to the pressure on the adjusting collar. The

- *  torque range can also be increased or decreased by use of

different sets of springs.. '

This type of clutch has the major disadvantaée of
generating more heat than it can“dissipate. This unfavorable
heat value llmlts the applications of the clutch to small and

intermediate—ioad situations. Generally, this type of clutch 8

: requlres periodlc adjustment to compensate for plate ‘wear. fu
. { :

a
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2. Dry Clutch

Figure 22 shows a dry clutch. "L A
operatlon 1s similar to that of a fluid dri\e except that |
1nstead of fluid, a heat*treated steel shot is the flow charge. =
A measured amount oﬁﬂthe flow charge is contalned in the hous-
iny, which is keyed £o the drive member. When the drive mem- ".
ber is engaged, cenérifugal forcé throws the flow to thé peri- jw
meter of the housing, packing it between the hdusing and the, %;
rotb; member which tradsmits power to the load. The clitch - fé;
is sel;cted to handle’ the maxim;m loaé;which the winder| can . 'L)
carry. - Asathe load (and hence“the reel diameter’) start§ to Lo

- '
increase, the "flow" thrown to the perimeter of the .housing

L, . \
increases in proportion, thus transmitting more torque.

o

w
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FIG. .22 DRY CLUTCH
Reference 19

v ° ~

‘ 1 Flow charge (heat treated steel shot) .
2 Rotor ‘
3  Housing
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APPENDIX "D"

HYDRAULIC WINDING TECHNIQUE

"

L - 1. Dancing Arm

14

v

£,

v

) ~ L
As previously mentioned, the counterbalanced float

2 - N T,
roll (known in the Wire and Cable manufacturing irdustry as &

: a: "dancing arm") operates under the tension impos#d by the

‘ product's c

set between

-

its, and is

reaghes the
appropriate
an electric

valve to an

A ™,
e

atenary %eights.

the desired upper and lower catenarzl
cohtrolled by two limit switches.

lower t;nsion level, the dancing arm/
limit swi%ch, and thus operates a gea
drive. O0il is then pumped through a

hydraulic motor. The prime function

|
|
|

In this system, the travel of the dancing arm is

tension lim-

Ien the cable

actuates the
r pump through
regulating

of the gear

’ " pump (and the hydraulic motor) is to transmit power to the-

take-up reel through reduction gears. The take-up reel then

starts to turn and wind the cable. - At the same time, the

g oo ( dancing arm. rises gradually until the cable reaches the upper

el. At this point, the dancing arm ac
' ' A\

tuates the

upper limit switch which disconnects the motor. Consequently,'

# } - ' nsion lev
A3 1
t
[

‘" the gear pump, gear motor and transmission of the

1 / ) ,

H are shut down. s ~
3 S, . ‘ ,
s o . The torque transmitted by the hydrauljic

A

AR LIS

4

y

bx

4take-ﬂp reel

~

\
motor is

‘directly‘proportioﬁgl to the fluid flow r&te, and régl dia-
. N / LT . N ‘ .

N\ -




4 1

meter. The gear pump is selected to deyelop the desired

torque at maximum load. When the gear pump is running, it

. » 1
develops a steady flow at a constant spéed. A by-pass is ,

»

provided to permit the return of excess fluid from the hy-'}

. _~;drau1ic motor during the grédually varying torque during the
" winding operation. R : : ’
. & ) 4 . .' B
2. Hydraulic Torque Converter .  '° i.
t ’ . { '

\ This is similar in form to the hydraulic coupling

with a_set of stationa{ry guicie @enes added, and a reactor,

ixiferposed éetween the runner and the impeller.' The major“
advantages of. a torque converter are its ability to r;lultiplir
-starting tor&ue‘ and to act as a stepless transmission. Selec-
tion of hydraulic torque converters for specif‘ic applications

'is well-detailed in Standard Mechaoni'cal\Eng\ineeriﬁg handbooks
P N - * . , -
(reference 24) a}xd is ‘therefore not further discussed‘here.

Y

¢ o . & . .
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‘)ﬂ“the two separated members is filled with ferrous powder (4)
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‘ ‘ -APPE‘NDIX ."E"

“

WINDING BY MEANS OF A MAGNETIC PARTICLE CLUTCH

'
).

4
Figure 23 shows a magnetic particle\clutch.\ In this
type of coupling, the torque is transmitted from input to out-

put members by an electro-magnetic field. The air gap between

and surrounded byngqcoil (3). Wwhen the coil is energized, a
v . u

high flux density is created. The tofque\transmitted by the

lutch is proport10nal to c011lcurrent. The clutch 1s prov1ded

¢

with control system which supplies a flxed amount of 0011 cur-

. rent, regardless of any change in re51stance. The re51stance -

.of the coil is dependént upon the length, size and temperature

L

‘ofpthe wire which it contains. The length and size of the

- o v

wire are fixed, but the temperature varies. An increase in

coil temperature causes an increase in its resistance. Regu-

&

lation of the current is achieVed by' automatically monitoring

the output current and utilizing negatlve feedback within the \

> ¢ e -

control to kqsp the current,at 1ts pre-set value, regardless

of any change in temperature, load resistance or incoming

n L

T
a

voltage. - \ ' o .

5 r \\
. In winding operations, the tension control issob-

S ! A N - !
! . . ., !

tained as follows: kfefer to figurerZOb)

A weighted follower arm rests on the reel to sense reel dlim-

Moy

eter. The other end of the follower arm is pivoted on a sensor
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FIG,

23b 'BLOCK DIAGRAM SHOWING AUTOMATIC
TENSION CONTROL BY MEANS OF MAGNETIC
PARTICLE CLUTCH
Reference 20

P
¢

ﬂl Cable in winding direction .
2 ‘Follower arm .
3 Sensor
4 Magnetic particle clutch .
5 Controller




70

_ which apportions current as a function of roll diameter. .
] . P

® | ' Current from the sensor is transmitted to the con- B

v

troller, thus varying the cofl current in the clutch. This . ] ;

supplies the torque required to maintain constant line tension.

P

E e | 49
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' APPENDIX "F"

£

\ ROLLING RING TRAVERSE MECHANISM

Introduction

This system was invented and patented by Joachim
Uhing, who was born in Kattowicz, Germany. étarting in 1943,
he managed his own company in his present g’ant in Kiel-Schu-
lensee, and from 1954 on, has made rolling géars, for which

he holds twenty-one patents in his own and other countries.

~

Principle of Operation . .

In this system, the clutch-operated reversing mecha-
nism is eliminatedﬂ The screw shaft is replaced by an un-

threaded friction shaft which rotates in one direction only. 

4

Settind of traverse length is infinitefy- variable and “is not
" limited by thread length as it is in the conventional method.
Finely stepbed instant setting ofy pitch is achieved by ‘manually

resettiné\q lever in the traverse mechanism by means of a knob
‘.(“
and calibrated dial. Thus, the system needs no lead screw,

variable’speed inve, or change gears.

)

The conversion of rotary motion into linear recip-

Pe
.

rocating motion is based on the principle that contact pres-

" sure created between a correctly dimensioned ring d@nd shaft

*

assembly enables significant traverse forces to be transmitted.
~%§, N ‘ '

~y
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System Description

Figure 24 shows three rings running on a smooth

shaft (friction contact condition). These three rings are
pivotable around the axes laterally to the shaft By + 15° and
are interconnected in such a”;ay that  their planes with respect
to the shaft axis form identical angles. The I.D! of the rings
is 20 to 25% larger than the shaft diameter. The running sur-
faces of the rings are crowned, and contact the shaft alter-
pately on two opposite circumferential lines, displaced by

180°.

Spring load provides the required friction contact bet-
ween the three rings and the shaft. 1In most cases, spring pres-
sure is applied to a single ring, and the spring load and there-

with the side thrust pressure, can be varied over a wide range.

) At a constant shaft rotazy speed, the three rings

. are moved along it, the speed of their motion increasing with

their pivot angle. 1In orderlto be able to vﬁry this angle,
the axis of the center ring protrudes from the housing. t
is conneéted to a mechanical instant reversal -switch (see
figure 25). The reversal switch  (5) has a spring which is

deSLgned to keep the rings at the largest pivot angle, in

elther direction. . v

,Conclusion

This approach requires mlnimum maintenance, howevgr,

it does require machine tool grade accuracy‘ia,manufacturing

b t




FIG. 24 PRINCIPLE OF ROLLING RING TRAVERSE
Reference 21

o

. Three rings are pivotable arougd the axes
laterally to the shaft by + 15

. Contact pressure created between the correctly
dimensioned rings and shaft assembly enables
significant traverse forces to be transmitted.

o
v 14
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, ELECTRO-MECHANICAL TRAVERSING SYSTEM : -
.. - - , ; ) "‘ \ . .
.‘, ° B /, . . .~ . . \

; o "‘ “” 3. , , ‘ ! , .

- . ‘In thig system, linear-motion of guide ca{riage‘iy

. . obtained by means of a chain drive which is attached to thé

1
. e N A

& . '. carriage at one ehd and .to a\couhterweight at the other. The
_ . : 4 < ' 4 .

chain is driven from the reel drive tniough an electro-magnetic
. . ( o ' \ -
©  reversing unit, speed.variator, fast speed motor and speed '
S . . Toe {
¥

. =, . C . ’ i N f} i
reducer. o . , - '
L © . . ' .
~|. M <

. o Reversing is‘gnixiated'by;proximity switches, locqtéd

. below the guide'rollqrs..‘Traverée stroke and pitch are step-

~
-

less adjustable. .
. ' . 4 \ <

D . wt .
. .

IR
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FIG. 27 SHAFTLESS TAKE-UP PROVIDED WITH '
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‘ ELECTRO-MECHANICAL TRAVERSING SYSTEM
; ) , Reference 23~
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