CHAPTER 10

TORQUE-LIMITING,
TENSIONING, AND
GOVERNING DEVICES



CALIPER BRAKES
HELP MAINTAIN
PROPER TENSION
IN PRESS FEED

12-in. disks

Dancer roll

A simple cam-and-linkage arrangement
(drawing) works in a team with two .

; > . . Web
caliper disk brakes to provide automatic
tension control for paper feeds on a web
press.

In the feed system controlled tension

Two caliper

must be maintained on the paper that’s - disk brakes
being drawn off at 1200 fpm from a roll i

up to 42 in. wide and 36 in. in diameter. 1| Stock roll

Such rolls, when full, weigh 2000 1b. The Min. dia. 4 in.

press must also be able to make nearly Max. dia. 36 ifi.

instantaneous stops.

Friction-disk brakes are subject to lin-
ing wear, but they can make millions of
stops before they need relining.

In the system, two pneumatic disk
brakes made by Tol-O-Matic, Inc.,
Minneapolis, were mounted on each roll,
gripping two separate 12-in. disks that
provide maximum heat dissipation. To
provide the desired constant-drag tension
on the rolls, the brakes are always under
air pressure. A dancer roll riding on the
paper web can, however, override the
brakes at any time. It operates a cam that
adjusts a pressure regulator for control-
ling brake effort.

If the web should break or the paper
run out on the roll, the dancer roll will
allow maximum braking. The press can
be stopped in less than one revolution.

1 Max. wt. 2000 Ib.

Spare roll & assembly

This linkage system works in combination with a regulator and caliper disk brakes to stop a
press rapidly from a high speed, if the web should break.

Impulse amplifier Counter
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CLUTCH/ Manual start | Stop R
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BRAKES e

Maotor amplifier /

~ Basic control No. 2

Two clutch/brake systems, teamed with ) i ~
magnetic pickup sensors, cut paper Basic control No. 1 Magnetic pick-up
sheets into exact lengths. One magnetic Clutch e, Cutter fywheel
pickup senses the teeth on a rotating
sprocket. The resulting pulses, which are Brake
related to the paper length, are counted,

and a cutter wheel is actuated by the sec- f Tl b g Al o Tk S T RS e /

ond clutch/brake system. The flywheel ——y
¢ Cle—- %

on the second system enhances the cut-
ting force. =
& Magnelic pick up

Shipping container

This control system makes cutting sheets to desired lengths and counting how many cuts are
made simpler.
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Hydraulic tension
to pressure transducer

Pressure
line

WARNING DEVICE PREVENTS
OVERLOADING OF BOOM

Cranes can now be protected against
unsafe loading by a device whose mov-
able electrical contacts are shifted by a
combination of fluidic power and cam-
and-gear arrangement (see drawing).

The device takes into consideration
the two key factors in the safe loading of
a crane boom: the boom angle (low
angles create a greater overturning
torque than high angles) and the com-
pression load on the boom, which is
greatest at high boom angles. Both fac-
tors are translated into inputs that are
integrated to actuate the electrical warn-
ing system, which alerts the crane opera-
tor that a load is unsafe to lift.

How it works. In a prototype built for
Thew-Lorain Inc. by US Gauge,
Sellersville, Pennsylvania, a tension-to-
pressure transducer (see drawing) senses
the load on the cable and converts it into
a hydraulic pressure that is proportional
to the tension. This pressure is applied to
a Bourdon-tube pressure gage with a
rotating pointer that carries a small per-
manent magnet (see details in drawing).
Two miniature magnetic reed switches
are carried by another arm that moves on
the same center as the pointer.

This arm is positioned by a gear and
rack controlled by a cam, with a sinu-
soidal profile, that is attached to the cab.
As the boom is raised or lowered, the
cam shifts the position of the reed
switches so they will come into close
proximity with the magnet on the pointer
and, sooner or later, make contact. The
timing of this contact depends partly on
the movement of the pointer that carries
the magnet. On an independent path, the
hydraulic pressure representing cable
tension is shifting the pointer to the right
or left on the dial.

When the magnet contacts the reed
switches, the alarm circuit is closed, and
it remains closed during a continuing
pressure increase without retarding the
movement of the point. In the unit built
for Thew-Lorain, the switches were
arranged in two stages: the first to trigger
an amber warning light and second to
light a red bulb and also sound an alarm
bell.

Over-the-side or over-the-rear loading
requires a different setting of the
Bourdon pressure-gage unit than does
over-the-front loading. A cam built into
the cab pivot post actuated a selector
switch.

Switch position

(danger) indicator Reed

4 switches

Pressure
pointer
with

magnet

Mating gear
drives switches

Pressure line

Winding cables

Hydraulic cylinder

A cam on the cab positions an arm with reed switches according to boom angle; the pressure

pointer reacts to cable tension.

CONSTANT
WAICH ON
CABLE TENSION

A simple lever system solved the prob-
lem of how to keep track of varying ten-
sion loads on a cable as it is wound on its
drum.

Thomas Grubbs of NASA’s Manned
Spacecraft Center in Houston devised the
system, built around two pulleys
mounted on a pivoted lever. The cable is
passed between the pulleys (drawing) so
an increase in cable tension causes the
lever to pivot. This, in turn, pulls linearly
on a flat metal tongue to which a strain
gage has been cemented. Load on the
lower pulley is proportional to tension on
the cable. The stretching of the strain
gage changes and electrical current that
gives a continuous, direct reading of the
cable tension.

The two pulleys on the pivoting lever
are free to translate on the axes of rota-
tion to allow proper positioning of the
cable as it traverses the take-up drum.

A third pulley might be added to the
two-pulley assembly to give some degree
of adjustment to strain-gage sensitivity.
Located in the plane of the other two pul-
leys, it would be positioned to reduce the
strain on the tongue (for heavy loads) or
increase the strain (for light loads).

Lug on fever

Strain gage

Pivoting
lever

Take-up
drum

A load on the lower pulley varies with ten-
sion on the cable, and the pivoting of the
lever gives a direct reading with a strain

gage.
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TORQUE-LIMITERS

PROTECT

LIGHT-DUTY DRIVES

Light-duty drives break down when they are overloaded. These eight
devices disconnect them from dangerous torque surges.

Fig. 1 Permanent magnets transmit torque in

accordance with their numbers and size around the cir-

cumference of the clutch plate. Control of the drive
place is limited to removing magnets to reduce the
drive’s torque capacity.

-

!

1

v

o

Fig.4 A flexible belt wrapped around
four pins transmits only the lightest loads.
The outer pins are smaller than the inner
pins to ensure contact.
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Roller

in
Fig.2 Arms hold rollers in the slots that
are cut across the disks mounted on the
ends of butting shafts. Springs keep the
roller in the slots, but excessive torque
forces them out.

Spring

Fig. 3 A cone clutch is formed by mating
a taper on the shaft to a beveled central
hole in the gear. Increasing compression on
the spring by tightening the nut increases
the drive’s torque capacity.

Spring

Drilled
passage
Fig.5 Springs inside the block grip the
shaft because they are distorted when the
gear is mounted to the box on the shaft.



Fig. 6 The ring resists the natural ten-
dency of the rollers to jump out of the
grooves in the reduced end of one shaft.
The slotted end of the hollow shaft acts as
a cage.

Fig.7 Sliding wedges clamp down on
the flattened end of the shaft. They spread
apart when torque becomes excessive. The
strength of the springs in tension that hold
the wedges together sets the torque limit.

Fig. 8 Friction disks are compressed by
an adjustable spring. Square disks lock into
the square hole in the left shaft, and round
disks lock onto the square rod on the right
shaft.

LIMITERS PREVENT OVERLOADING

These 13 “safety valves” give way if machinery jams,
thus preventing serious damage.

Sprocket

Shear pin ~_
Collar

Fig.1 A shear pin is a simple and reliable
torque limiter. However, after an overload,
removing the sheared pin stubs and replac-
ing them with a new pin can be time con-
suming. Be sure that spare shear pins are
available in a convenient location.

Friction faces

‘Adjustable

— W1 SpIing / collar

Fig.2 Friction clutch torque limiter. Adjustable spring
tension holds the two friction surfaces together to set the
overload limit. As soon as an overload is removed, the
clutch reengages. A drawback to this design is that a slip-
ping clutch can destroy itself if it goes undetected.
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Ball

A  Adjustment
<" screw

Fig. 3 Mechanical keys. A spring holds a ball in a dim-
ple in the opposite face of this torque limiter until an over-
load forces it out. Once a slip begins, clutch face wear
can be rapid. Thus, this limiter is not recommended for
machines where overload is common.

/ Adjustment

Slot
”
5 Rubber pad
Reset hole —~ 3
: Key
/ -— Ramped —=.
7

keyway

11
Ll

1
1

i

Splined sleave Pinned sleeve

Fig.4 A cylinder cut at an angle forms a torque limiter. A spring clamps the
opposing-angled cylinder faces together, and they separate from angular align-
ment under overload conditions. The spring tension sets the load limit.

Load
Sliding gear
— .
- ]
e }—]
— L
N L
° — \e
— \J
-
—_—— A
Em——
—
Driving arm

Fig. 6 Disengaging gears. The axial forces of a
spring and driving arm are in balance in this torque
limiter. An overload condition overcomes the force of
the spring to slide the gears out of engagement.
After the overload condition is removed, the gears
must be held apart to prevent them from being
stripped. With the driver off, the gears can safely be
reset.

Fig.5 A retracting key limits the torque in this clutch. The ramped sides
of the keyway force the key outward against an adjustable spring. As the
key moves outward, a rubber pad or another spring forces the key into a
slot in the sheave. This holds the key out of engagement and prevents
wear. To reset the mechanism, the key is pushed out of the slot with a tool
in the reset hole of the sheave.

Driven pin Sleeve Driving pin Input shaft

Output shaft Slot
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Fig. 7 A cammed sleeve connects the input and output shafts of this
torque limiter. A driven pin pushes the sleeve to the right against the
spring. When an overload occurs, the driving pin drops into the slot to
keep the shaft disengaged. The limiter is reset by turning the output shaft
backwards.



Filled with powdered

iron and oil Fluid filled
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Output s
goar : Output gear K
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K: flux
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. . - N Fig. 9 A fluid is the coupling in this torque
Fig.8 A magnetic fluid is the coupler in this limiter. Internal vanes circulate the fluid in o

torque limiter. The case is filled with a mixture the case. The viscosity and level of the fluid - el

of iron or nickel powder in oil. The magnetic St can be varied for close control of the maxi- -~
flux passed through the mixture can be con-

mum load. The advantages of this coupling
trolled to vary the viscosity of the slurry. The include smooth torque transmission and low
ability to change viscosity permits the load limit heat rise during slip.
to be varied over a wide range. Slip rings carry
electric current to the vanes to create the mag-
netic field.

Overload
protection

///// 7
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Pivots
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Fig. 11 A spring plunger provides reciprocating motion
in this coupling. Overload can occur only when the rod is

Fig. 10 The shearing of a pin releases f:ga’,":i";” moving to the left. The spring is compressed under an

tension in this coupling. A toggle-operated overload condition.

blade shears a soft pin so that the jaws

open and release an excessive load. In an

alternative design, a spring that keeps the U

—-— ®, I —
No overload

protection

jaws from spreading replaces the shear pin.

Piezoelectric -~ f,’;(,]:;flis
Fig. 12 Steel shot transmits more torque crystal and clutch

Steel shot in this coupling as input shaft speed is

increased. Centrifugal force compresses
the steel shot against the outer surfaces of
the case, increasing the coupling’s resist-
ance to slip. The addition of more steel shot
also increases the coupling’s resistance to
slip.

Output gear

NN

Yielding
— ring

NN\

Fig. 13 A piezoelectric crystal pro-
duces an electric signal that varies with Di
pressure in this metal-forming press.
When the amplified output of the
piezoelectric crystal reaches a present

value corresponding to the pressure

limit, the electric clutch disengages. A

yielding ring controls the compression \\
of the piezoelectric crystal. N\

!IIIIT [

@
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SEVEN WAYS TO LIMIT SHAFT ROTATION

Traveling nuts, clutch plates, gear fingers, and pinned members

form the basis of these ingenious mechanisms.

Mechanical stops are often required in automatic machinery and servomechanisms to
limit shaft rotation to a given number of turns. Protection must be provided against
excessive forces caused by abrupt stops and large torque requirements when machine

rotation is reversed after being stopped.

Troveling nut Shar Troveling nut~_ Stop pm Finger, Shatt \ fop pif
E - i 4 I\
Finger —— 2 —H | =
L A x Sipy=
LTI
a H by &)
| ' :\\1// ’
?1\ [ o 1 a ] O/
S = - @ | = 2 o
Anchor ) N
rod | A
“Frome wusver!  en teras grommet Section A-A
Fig. 1 A traveling nut moves along the threaded shaft until the Fig.2 The engagement between the pin and the rotating finger

frame prevents further rotation. This is a simple device, but the travel-
ing nut can jam so tightly that a large torque is required to move the

shaft from its stopped position. This fault is overcome at the expense
of increased device length by providing a stop pin in the traveling nut.

must be shorter than the thread pitch so the pin can clear the finger
on the first reverse-turn. The rubber ring and grommet lessen the
impact and provide a sliding surface. The grommet can be oil-
impregnated metal.

Fig. 3 Clutch plates tighten and stop their rotation
as the rotating shaft moves the nut against the
washer. When rotation is reversed, the clutch plates
can turn with the shaft from A to B. During this
movement, comparatively low torque is required to
free the nut from the clutch plates. Thereafter, sub-

Clutch plates
reyed fo shatt

ﬂiﬂﬁ

Cluteh plates
with projection

Beliville washer

/

sequent movement is free of clutch friction until the
action is repeated at the other end of the shaft. The
device is recommended for large torques because { T

[l-11

sl

the clutch plates absorb energy well.

\ 7 g i -
Troveling muf Section B-B
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Finger 7 Fixed stop

=~ Gear,

| \
Outout Input shatt

ldler gear,

fnhal = I

Fig. 4 A shaft finger on the output shaft hits the
resilient stop after making less than one revolu-
tion. The force on the stop depends upon the gear
ratio. The device is, therefore, limited to low ratios
and few turns, unless a worm-gear setup is used.

ﬁn’?gi'er

\

L

_—Fubber shack
— — mount

— (D

L Frome

M~ Fingl

[e={l

-

Sintermediate

—r—

o o
ENE e

—‘—|7 lnout shaft

Fig.5 Two fingers butt together at the initial and final positions to prevent rotation
beyond these limits. A rubber shock-mount absorbs the impact load. A gear ratio of
almost 1:1 ensures that the fingers will be out-of-phase with one another until they
meet on the final turn. Example: Gears with 30 to 32 teeth limit shaft rotation to 25
turns. Space is saved here, but these gears are expensive.

Gear mokes less than one revolution

Finger fired
fe frome

Shafr -

| N fingers rotafe on shaft

—Finiger Yixed
o shaft

Fig. 6 A large gear ratio limits the idler gear to less than one turn.
Stop fingers can be added to the existing gears in a train, making this
design the simplest of all. The input gear, however, is limited to maxi-

mum of about five turns.

Fig. 7 Pinned fingers limit shaft turns to approximately N + 1 revo-
lutions in either direction. Resilient pin-bushings would help reduce

the impact force.
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MECHANICAL SYSTEMS FOR CONTROLLING
TENSION AND SPEED

The key to the successful operation of any continuous-processing lines, textile processing equipment, paper machines, rubber and
system that is linked together by the material being processed is plastic processers, and printing presses. In each of these examples,
positive speed synchronization of the individual driving mecha- the material will become wrinkled, marred, stretched or otherwise
nisms. Typical examples of such a system are steel mill strip damaged if precise control is not maintained.

FIG. 1-PRIMARY INDICATORS

Floating Roll Contact Rolls Compensating Loop Flying Caliper

Wire

7% controller

T controller
()

(N 7o conltroller

=]

%, To controller
Use: constant tension winding; Use: velocity control; Use: line-tension control; Use: thickness control,
registry control; section synchro- cutter feed control. section synchronizing. diameter control.
nizing.

FIG. 2—SECONDARY INDICATORS

Follower Roll Mechanical Power Electric Power
Tension idler
1

\ /
NN ;7 /7
AP /
-\ I~V -
Electric |—
Gear No) @O . Supply
] differential-71=Z ﬂ N | /nstrument
Windup stand &‘_Jb controller l To controller
Use: winder control; Use: winding tension; Use: winding tension;
periphery cutting: feeder control. feeder control.
FIG. 3—CONTROLLERS AND ACTUATORS
On-and-0Off Controller Proporiioning GonTtroier
Indicator Indicator
@ ° Adjustable speed
actuator
Limit
switches-~ 0%
-

Controlled output Reversing

Fast
ihaff Controller
/
ONINOXO!
*, . 4
L — Input shaft Input drive’ y -—

Actuator o . onf/‘ajlrllgve oufpu
Use: delivery rate; storage capacity; Use: yv[ndmg controls; section syn-
rough section synchronizing. chronizing; cutter feeds.
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The automatic control for such a sys-
tem contains three basic elements: The
signal device or indicator, which senses
the error to be corrected; the controller,
which interprets the indicator signal and
amplifies it, if necessary, to initiate con-
trol action; and the transmission, which
operates from the controller to change
the speed of the driving mechanism to
correct the error.

Signal indicators for continuous sys-

Fluid Pressure

Use: fluid level control; constant pres-
sure control; filtering rate control.

7o controfler

tems are divided in two general classifi-
cations: Primary indicators that measure
the change in speed or tension of the
material by direct contact with the mate-
rial; and secondary indicators that meas-
ure a change in the material from some
reaction in the system that is proportional
to the change.

The primary type is inherently more
accurate because of its direct contact
with the material. These indicators take

Liquid Leve!
1o it To confroller

Use: Pumping rate control; system
pressure control.

Temperature Pressure
Inst " 7o controller
nstrument ~, )
Pressure
indicator - Air supph
To controller 17 supply
Thermocouple.
T Bubble
l Il i |
| 1 Fo oo ——
{
| Strip
fr— —
—
Furnace
Use: annealing; drum dryers; kilns. Use: fluid density; feeding rate;
flow rate.
Proportioning-Throttling Controller
@ Actuator
(=
A 0 D
\J
Indicator g
Hydraulic 4
controller = S
LG
Input drive Y ;
P Controlled output”

Use: constant tension winding; registry control; exact
section synchronizing.

the form of contact rolls, floating or com-
pensating rolls, resistance bridges and
flying calipers, as illustrated in Fig. 1. In
each case, any change in the tension,
velocity, or pressure of the material is
indicated directly and immediately by a
displacement or change in position of the
indicator element. The primary indicator,
therefore, shows deviation from an estab-
lished norm, regardless of the factors that
have caused the change.

Secondary indicators, shown in Fig.
2, are used in systems where the material
cannot be in direct contact with the indi-
cator or when the space limitations of a
particular application make their use
undesirable. This type of indicator intro-
duces a basic inaccuracy into the control
system which is the result of measuring
an error in the material from a reaction
that is not exactly proportional to the
error. The control follows the summation
of the errors in the material and the indi-
cator itself.

The controlling devices, which are
operated by the indicators, determine the
degree of speed change required to cor-
rect the error, the rate at which the cor-
rection must be made, and the stopping
point of the control action after the error
has been corrected. The manner in which
the corrective action of the controller is
stopped determines both the accuracy of
the control system and the kind of con-
trol equipment required.

Three general types of control action
are illustrated in Fig. 3. Their selection
for any individual application is based on
the degree of control action required, the
amount of power available for initiating
the control, that is, the torque amplifica-
tion required, and the space limitations of
the equipment.

The on-and-off control with timing
action is the simplest of the three types. It
functions in this way: when the indicator
is displaced, the timer contact energizes
the control in the proper direction for
correcting the error. The control action
continues until the timer stops the action.
After a short interval, the timer again
energizes the control system and, if the
error still exists, control action is contin-
ued in the same direction. Thus, the con-
trol process is a step-by-step response to
make the correction and to stop the oper-
ation of the controller.

The proportioning controller corrects
an error in the system, as shown by the
indicator, by continuously adjusting the
actuator to a speed that is in exact pro-
portion to the displacement of the indica-
tor. The diagram in Fig. 3 shows the pro-
portioning controller in its simplest form
as a direct link connection between the
indicator and the actuating drive.
However, the force amplification
between the indicator and the drive is rel-
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Speed and Tension Control (continued)

@ @ Punching Section

Printing Section

e

—To drive
Controiler-oclvalor

-
_ — Conlrol loops in web™

—— Floating rolis=—"

Control lever.

E‘. Tension weigh!

Finished
roll \

-

Canirolier-actvator

Fig 4 Floating rolls are direct indicators of speed and tension in the paper web. Controller-
actuators adjust feed and windup rolls to maintain registry during printing.

Eatruder

Controller-octvator
fone for each conveyor) 4

——Pivoted conlact rolls —

Fig. 5 Dimension control of extruded materials calls for primary indicators like the contact
rolls shown. Their movements actuate conveyor control mechanisms.

atively low; thus it limits this controller
to applications where the indicator has
sufficient operating force to adjust the
speed of the variable-speed transmission
directly.

The most accurate controller is the
proportioning type with throttling action.
Here, operation is in response to the rate
or error indication. This controller, as
shown in Fig. 3, is connected to a throt-
tling valve, which operates a hydraulic
servomechanism for adjusting the vari-
able-speed transmission.

The throttling action of the valve pro-
vides a slow control action for small
error correction or for continuous correc-
tion at a slow rate. For following large
error, as shown by the indicator, the
valve opens to the full position and
makes the correction as rapidly as the
variable-speed transmission will allow.

Many continuous processing systems
can be automatically controlled with a
packaged unit consisting of a simple,
mechanical, variable-speed transmission
and an accurate hydraulic controller.

350

This controller-transmission package
can change the speed relationship at the
driving points in the continuous system
from any indicator that signals for cor-
rection by a displacement. It has anti-
hunting characteristics because of the
throttling action on the control valve, and
is self-neutralizing because the control
valve is part of the transmission adjust-
ment system.

The rotary printing press is an exam-
ple of a continuous processing system
that requires automatic control. When
making billing forms on a press, the
printing plates are rubber, and the forms
are printed on a continuous web or paper.
The paper varies in texture, moisture
content, flatness, elasticity, and finish. In
addition, the length of the paper changes
as the ink is applied.

In a typical application of this kind,
the accuracy required for proper registry
of the printing and hole punching must
be held to a differential of s in. in 15 ft
of web. For this degree of accuracy, a
floating or compensating roll, as shown

in Fig. 4, serves as the indicator because
it is the most accurate way to indicate
changes in the length of the web by dis-
placement. In this case, two floating rolls
are combined with two separate con-
trollers and actuators. The first controls
the in-feed speed and tension of the
paper stock, and the second controls the
wind-up.

The in-feed is controlled by maintain-
ing the turning speed of a set of feeding
rolls that pull the paper off the stock roll.
The second floating roll controls the
speed of the wind-up mandrel. The web
of paper is held to an exact value of ten-
sion between the feed rolls and the
punching cylinder of the press by the in-
feed control. It is also held between the
punching cylinder and the wind-up roll.
Hence, it is possible to control the ten-
sion in the web of different grades of
paper and also adjust the relative length
at these two points, thereby maintaining
proper registry.

The secondary function of maintain-
ing exact control of the tension in the
paper as it is rewound after printing is to
condition the paper and obtain a uni-
formly wound roll. This makes the web
ready for subsequent operations.

The control of dimension or weight
by tension and velocity regulation can be
illustrated by applying the same general
type of controller actuator to the take-
odd conveyors in a extruder line such as
those used in rubber and plastics process-
ing. Two problems must be solved: First,
to set the speed of the take-away con-
veyor at the extruder to match the varia-
tion in extrusion rate; and, second, to set
the speeds of the subsequent conveyor
sections to match the movement of the
stock as it cools and tends to change
dimension.

One way to solve these problems is to
use the pivoted idlers or contact rolls as
indicators, as shown in Fig. 5. The rolls
contact the extruded material between
each of the conveyor sections and control
the speed of the driving mechanism of
the following section. The material forms
a slight catenary between the stations,
and the change in the catenary length
indicates errors in driving speeds.

The plasticity of the material prevents
the use of a complete control loop. Thus,
the contract roll must operate with very
little resistance or force through a small
operating angle.

The difficulties in winding or coiling
a strip of thin steel that has been plated or
pre-coated for painting on a continuous
basis is typical of processing systems
whose primary indicators cannot be used.
While it is important that no contact be
made with the prepared surface of the
steel, it also desirable to rewind the strip
after preparation in a coil that is sound
and slip-free. An automatic, constant-



tension winding control and a secondary
indicator initiate the control action.

The control system shown in Fig. 6 is
used in winding coils from 16 in. core
diameter to 48 in. maximum diameter.
The power to wind the coil is the con-
trolling medium because, by maintain-
ing constant winding power as the coil
builds up, a constant value of strip ten-
sion can be held within the limits
required. Actually, this method is so
inaccurate that the losses in the driving
equipment (which are a factor in the
power being measured) are not constant;
hence the strip tension changes slightly.
This same factor enters into any control
system that uses winding power as an
index of control.

A torque-measuring belt that operates
a differential controller measures the
power of the winder. Then, in turn, the
controller adjusts the variable-speed
transmission. The change in speed
between the source of power and the
transmission is measured by the three-
shaft gear differential, which is driven in
tandem with the control belt. Any change
in load across the control belt produces a
change in speed between the driving and
driven ends of the belt. The differential
acts as the controller, because any change
in speed between the two outside shafts
of the differential results in a rotation or
displacement of the center or control
shaft. By connecting the control shaft of
the differential directly to a screw-
controlled variable-speed transmission, it
is possible to adjust the transmission to
correct any change in speed and power
delivered by the belt.

This system is made completely auto-
matic by establishing a neutralizing
speed between the two input shaft of the
differential (within the creep value of the
belt). When there is no tension in the
strip (e.g., when it is cut), the input speed
to the actuator side of the differential is
higher on the driven side than it is on the
driving side of the differential. This
unbalance reverses the rotation of the
control shaft of the differential, which in
turn resets the transmission to high speed
required for starting the next coil on the
rewinding mandrel.

In operation, any element in the sys-
tem that tends to change strip tension
causes a change in winding power. This
change, in turn, is immediately compen-
sated by the rotation (or tendency to
rotate) of the controlling shaft in the dif-
ferential. Hence, the winding mandrel
speed is continuously and automatically
corrected to maintain constant tension in
the strip.

When the correct speed relationships
are established in the controller, the sys-
tem operates automatically for all condi-
tions of operation. In addition, tension in
the strip can be adjusted to any value by

Low tension
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Fig. 6 The differential controller has a third shaft that signals the remote actuator when ten-
sion in sheet material changes. Coiler power is a secondary-control index.
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Fig. 7 The movement of wire through the annealing furnace is regulated at constant velocity
by continuously retarding the speed of the windup reels to allow for wire build-up.

moving the tension idler on the control
belt to increase or decrease the load
capacity of the belt to match a desired
strip tension.

There are many continuous process-
ing systems that require constant velocity
of the material during processing, yet do
not require accurate control of the ten-
sion in the material. An example of this
process is the annealing of wire that is
pulled off stock reels through an anneal-
ing furnace and then rewound on a wind-
up block.

The wire must be passed through the
furnace at a constant rate so that the
annealing time is maintained at a fixed
value. Because the wire is pulled through
the furnace by the wind-up blocks,
shown in Fig. 7, its rate of movement
through the furnace would increase as
the wire builds up on the reels unless a
control slows down the reels.

A constant-velocity control that
makes use of the wire as a direct indica-
tor measures the speed of the wire to ini-
tiate a control action for adjusting the

speed of the wind-up reel. In this case,
the wire can be contacted directly, and a
primary indicator in the form of a contact
roll can register any change in speed. The
contact roll drives one input shaft of the
differential controller. The second input
shaft is connected to the driving shaft of
the variable-speed transmission to pro-
vide a reference speed. The third, or con-
trol, shaft will then rotate when any dif-
ference in speed exists between the two
input shafts. Thus, if the control shaft is
connected to a screw-regulated actuator,
an adjustment is obtained for slowing
down the wind-up blocks as the coils
build up and the wire progresses through
the furnace at a constant speed.
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DRIVES FOR CONTROLLING TENSION

Mechanical, electrical, and hydraulic methods for obtaining
controlled tension on winding reels and similar drives, or for
driving independent parts of a machine in synchronism.

MECHANICAL DRIVES

A band brake is used on coil winders,
insulation winders, and similar machines
where maintaining the tension within
close limits is not required.

It is simple and economical, but ten-
sion will vary considerably. Friction drag
at start-up might be several times that
which occurs during running because of

Differential drives can take many dif-
ferent forms, e.g., epicycle spur gears,
bevel gear differentials, or worm gear
differentials.

The braking device on the ring gear or
spider could be a band brake, a fan, an
impeller, an electric generator, or an elec-
tric drag element such as a copper disk
rotating in a powerful magnetic field. A
brake will give a drag or tension that is

Differential gearing can be used to
control a variable-speed transmission. If
the ring gear and sun gear are to be
driven in opposite directions from their
respective shafts which are to be held in
synchronism, the gear train can be
designed so that the spider on which the

ELECTRICAL DRIVES

the difference between the coefficient of
friction at the start and the coefficient of
sliding friction. Sliding friction will be
affected by moisture, foreign matter, and
wear of the surfaces.

Capacity is limited by the heat radiat-
ing capacity of the brake at the maximum
permissible running temperature.

reasonably constant over a wide speed
range. The other braking devices men-
tioned here will exert a torque that will
vary widely with speed, but will be defi-
nite for any given speed of the ring gear
or spider.

A definite advantage of any differen-
tial drive is that maximum driving torque
can never exceed the torque developed
by the braking device.

planetary gears are mounted will not
rotate when the shafts are running at the
desired relative speeds. If one or the
other of the shafts speeds ahead, the spi-
der rotates correspondingly. The spider
rotation changes the ratio of the variable-
speed transmission unit.

Handwheel
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fension Drive Sprder  Drive
shaft : shaft
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con%gds drive connec?s fo
t:;z breaking g{:sg:emg
evice
Spider rofotion R ng gear
controls vor-
iabe speed
mechonical
iransmlk.gi?n

on spider

The shunt-field rheostat in a DC
motor drive can be used to synchronize
drives. When connected to a machine for
processing paper, cloth, or other sheet
material that is passing around a take-up
roll, the movement of the take-up roll
moves a control arm which is connected
to the rheostat. This kind of drive is not
suitable for wide changes of speed that
exceed about a 2.5 to 1 ratio.
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For wide ranges of speed, the rheostat
is put in the shunt field of a DC generator
that is driven by another motor. The volt-
age developed by the generator is con-
trolled from zero to full voltage. The
generator furnishes the current to the
driving motor armature, and the fields of
the driving motor are separately excited.
Thus, the motor speed is controlled from
zero to maximum.

_.Control arm
Rheostat

---Serres
frield

Shunt
field - -

A3

“Cloth, poper or
other fabric going
through the
machine

“~Take-up rol/
“~~Guide

2

Rheostat
arm




Selsyn motors can directly drive inde-
pendent units in exact synchronism, pro-
vided their inertias are not too great.
Regardless of loads and speeds, selsyn
motors can be the controlling units. As an
example, variable-speed mechanical
transmission units with built-in selsyn
motors are available for powering con-
stant-tension drives or the synchronous
driving of independent units.

Driving motor

Varioble speed L. /
mechanical tfransmission..’

HYDRAULIC DRIVES

Hydraulic Control—Tension between
successive pairs of rolls, or synchronism
between successive units of a machine
can be controlled automatically by
hydraulic drives. Driving the variable
delivery pump from one of the pairs of
rolls automatically maintains an approxi-
mately constant relative speed between
the two units, at all speeds and loads. The
variations caused by oil leakage and sim-
ilar factors are compensated automati-
cally by the idler roll and linkage. They
adjust the pilot valve that controls the
displacement of the variable delivery
pump.

The counterweight on the idler roll is
set for the desired tension in the felt,
paper, or other material. Increased ten-
sion as a result of the high speed of the
second pair of rolls depresses the idler
roll. The control linkage then moves the
pilot valve to decrease pump delivery,

If the material passing through the
machine is too weak to operate a
mechanical linkage, the desired control
can be obtained by photoelectric devices.
The hydraulic operation is exactly the
same as that described for the hydraulic
drives.

First rolls Paper, felf or

Second rolls
of{;er materral

-7 orunrf

Adyustoble
counferweight
for fension
confrol/

Chain
drive....

. ~Contro/ tont
Varioble linkage S%;f/aacz/nenf
delivery hydraulic
PUMP -- - o=~ motor

which slows the speed of the second pair
of rolls. The reverse operations occur

when the tension in the paper decreases,
allowing the idler roll to move upwards.

Second pair

First pair
.-~ aof rolls

of ro//.s\

Poper or r'e//""

Choin drive.ceeeaa--- ...Chain drive

Voriable | Y
delivery Photo Light
hydraulic cells sources
moftor..... -

i"ilol valve
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Controlling Tension (continued)

A band brake intended to obtain a
friction drag will give variable tension.
In this hydraulic drive, the winding ten-
sion is determined by the difference in
torque exerted on the rewinder feed roll
and the winding roll. The brake plays no
part in establishing the tension.

The constant displacement hydraulic
motor and the variable displacement
hydraulic motor are connected in series
with the variable delivery pump. Thus,
the relative speeds of the two hydraulic
motors will always remain substantially
the same. The displacement of the vari-
able speed motor is then adjusted to an
amount slightly greater than the displace-
ment of the constant-speed motor. This
tends to give the winding roll a speed
slightly greater than the feed roll speed.
This determines the tension, because the
winding roll cannot go faster than the
feed roll. Both are in contact with the
paper roll being wound. The pressure in
the hydraulic line between the constant
and variable displacement pumps will
increase in proportion to the winding ten-
sion. For any setting of the winding

This is a hydraulic drive for fairly
constant tension. The variable-delivery,
constant-speed pumping unit supplies the
oil to two constant displacement motors.
One drives the apparatus that carries the
fabric through the bath at a constant
speed, and the other drives the winder.
The two motors are in series, Motor A
drives the winding reel, whose diameter
increases from about 5 in. when the reel
is empty to about 33 in. when the reel is
full. Motor A is geared to the reel so that
even when the reel is empty, the surface
speed of paper travel will be somewhat
faster than the mean rate of paper travel
established by motor B, driving the appa-
ratus. Only a small amount of oil will be
bypassed through the choke located
between the pressure and the return line.

When the roll is full, the revolutions
per minute of the reel and its driving
motor are only about one-seventh of the
revolutions per minute when the reel is
empty. More oil is forced through the
choke when the reel is full because of the
increased pressure in the line between
the two motors. The pressure in this line
increases as the reel diameter increases
because the torque resistance encoun-
tered by the reel motor will be directly
proportional to the reel diameter and
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speed controller on the variable delivery
hydraulic pump, the motor speeds are
generally constant. Thus, the surface

speed of winding will remain substan-
tially constant, regardless of the diameter
of the roll being wound.

Reel ” Charn drive
: — <
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Variable delivery
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because tension is constant. The larger
the diameter of the fabric on the reel, the
greater will be the torque exerted by the
tension in the fabric. The installation is
designed so that the torque developed by
the motor driving the reel will be

inversely proportional to the revolutions
per minute of the reel. Hence, the tension
on the fabric will remain fairly constant,
regardless of the diameter of the reel.
This drive is limited to about 3 hp, and it
is relatively inefficient.



SWITCH PREVENTS OVERLOADING OF A HOIST

A fail-safe switch deactivates a lifting circuit if the load exceeds a
preset value. Split coupling permits quick attachment of the cable.

A load plunger is inserted through the belleville
springs, which are supported on a swiveling
crosshead. The crosshead is mounted on the hoist
frame and retained by two S-hooks and bolts. Under
load, the belleville springs deflect and permit the
load plunger to move axially. The end of the load
plunger is connected to a normally closed switch.
When the springs deflect beyond a preset value, the
load plunger trips the switch, opening the raising-coil
circuit of the magnetic hoist-controller. The raising
circuit becomes inoperative, but the lowering circuit
is not affected. A second contact, normally open, is
included in the switch to permit the inclusion of
visual or audible overload signal devices.

The load plunger and the swaged-on cable termina-
tion have ball-and-socket seat sections to permit
maximum free cable movement, reducing the possi-
bility of fatigue failure. A split-coupling and sleeve
permits quick attachment of the cable-ball terminal
to the load plunger.

Ball-Type Transmission Is Self-Governing

The Gerritsen transmission, developed in England at the Tiltman
Langley Laboratories Ltd., Redhill Aerodrome, Surrey, governs
its own output speed within limits of +1%. The usual difficulties
of speed governing—Ilack of sensitivity, lag, and hunting—asso-
ciated with separate governor units are completely eliminated
because regulation is effected directly by the driving members
through their own centrifugal force. The driving members are
precision bearing-steel balls that roll on four hardened-steel,
cone-shaped rings. These members can be organized for different
ratio arrangements.

The transmission can be used in three different ways: as a
fixed “gear,” as an externally controlled variable-speed unit, or
as a self-governing drive that produces a constant output speed
form varying input speeds.

Colrbratmg nuf—_ /;_%\
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| —Swrich
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—"5prings

Sptif coupling

Terminagi
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777 peeep

7 \\dddde
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The self-governing action of the transmission is derived from the
centrifugal forces of the balls as they rotate. When the balls move
outward radially, the input-output ration changes. By properly arrang-
ing the rings and springs, the gear ration can be controlled by the
movement of the balls to maintain a constant value of output speed.
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MECHANICAL, GEARED, AND CAMMED

LIMIT SWITCHES

Limit switches are electric current
switching devices that are operated by
some form or mechanical motion. Limit
switches are usually installed in auto-
matic machinery to control a complete
operating cycle automatically by closing

Actuators

Mercury
switeh

TILT-TG-ACTUATE

OVERSIZE WHEEL
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A
%

EXTENDED HOUSING

and opening electrical circuits in the
proper sequence.

In addition to interlocking control cir-
cuits, limit switches have many other
uses. For example, they are important as
safety devices to stop a machine, sound a

warning signal, or illuminate a warning
light when a dangerous operating condi-
tion develops. Thus, properly applied
switches can both control highly efficient
automatic electric machinery and protect
it and its operator.

Linear mechanical switches
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LIMIT SWITCHES IN MACHINERY

Limit switches, which confine or restrain the travel or rotation of
moving parts within certain predetermined points, are actuated
by varying methods. Some of these, such as cams, rollers,
push-rods, and traveling nuts, are described and illustrated.
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Limit Switches in Machinery (continued )

Electrical contact
arrangements

All contracts in normal position
with limit switch unactuated
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AUTOMAITIC SPEED GOVERNORS

Speed governors, designed to maintain the speeds of
machines within reasonably constant limits, regardless of
loads, depend for their action upon centrifugal force or cam
linkages. Other governors depend on pressure differentials
and fluid velocities for their actuation.
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CENTRIFUGAL, PNEUMATIC, HYDRAULIC, AND
ELECTRIC GOVERNORS

Centrifugal governors are the most com- Centrifuga[ Governors
mon—they are simple and sensitive and

have high output force. There is more
published information on centrifugal gov-
ernors than on all other types combined.

In operation, centrifugal flyweights
develop a force proportional to the
square of the speed, modified by link-
ages, as required. In small engines the
flyweight movement can actuate the fuel
throttle directly. Larger engines require
amplifiers or relays. This has lead to
innumerable combinations of pilot pis-
tons, linear actuators, dashpots, compen-
sators, and gear boxes.
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Pneumatic sensors are the most inex- Pneumatic Governors
pensive and also the most inaccurate of

all speed-measuring and governing com-
ponents. Nevertheless, they are entirely
adequate for many applications. The Tension-adjusting
pressure or velocity of cooling or com-
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Switeh

Flyweights
\

Smap spring

CENTRIFUGAL SNAP SPRING

Hydraulic sensors measure the dis-
charge pressure of engine-driven pumps.
Pressure is proportional to the square of
the speed of most pumps, although some
have special impellers with linear pres-
sure-speed characteristics.

Straight vanes are better than curved
vanes because the pressure is less
affected by the volume flow. Low pres-
sures are preferred over high pressures
because fluid friction is less.

Typical applications for these gover-
nors include farm tractors with diesel or
gasoline engines, larger diesel engines,
and small steam turbines.
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SPEED CONTROL DEVICES FOR MECHANISMS

Friction devices, actuated by centrifugal force, automatically keep
speed constant regardless of variations of load or driving force.
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Eiywacel weight droke
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The weight is counterbalanced by a spring A sheetmetal brake provides a larger
that brakes the shaft when the rotation braking surface than in the previous brake. Symmetrical weights give an even
speed becomes too fast. The braking Braking is more uniform, and it generates braking action when they pivot outward.
surface is small. less heat. The entire action can be enclosed in a

case.
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FLOATING-PINION TORQUE SPLITTER

Designed-in looseness at the right locations
helps to distribute torques more evenly.
Lewis Research Center, Cleveland, Ohio

A gear-drive mechanism helps to appor-
tion torques nearly equally along two
parallel drive paths from an input bevel
gear to an output bull gear. A mechanism
of this type could be used, for example,
as part of a redundant drive train between
the engine and the rotor of a helicopter.
The principal advantage of this torque-
splitting mechanism is that it weighs less
than comparably rated existing torque-
splitting mechanisms.

The input torque is supplied to a bevel
gear (see figure) from a bevel pinion (not
shown) connected to the engine or other
source. Overall, the torque is transmitted
from the bevel gear through a torque-
splitting pinion to two torque-splitting
gears, then from the two torque-splitting

gears through the associated two bull
pinions to the bull gear, then to the output
shaft. The purpose of the torque-splitting
feature is to distribute the loads as nearly
equally as possible to all gear teeth in the
two parallel load paths to keep the load
on each tooth as nearly equal as possible,
thereby prolonging the life of the gear
train.

In a redundant drive mechanism of
the same basic configuration but without
explicit provision for torque splitting, the
slightest deviation from precision in
machining could cause the entire load to
be transmitted along one of the two paths
while the gear and pinion in the other
path rotate freely. To provide explicitly
for torque splitting components made to

manufacturing tolerances, elastic defor-
mations, and other deviations from the
nominal precise gearing geometry, it is
necessary to incorporate a low-spring
rate member at one or more critical loca-
tions in the mechanism.

In this mechanism, the resultant load
on the torque-splitting pinion is zero
when the torque is identical on the left
and right members. If there is a differ-
ence in torque, the resultant load will dis-
place the torque-splitting pinion until the
loads are again in balance, thereby ensur-
ing equal loads in each path.

This work was done by Harold W.
Melles of United Technologies Corp. for
Lewis Research Center.
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SHOWING PARTS OF MECHANISM

Splined connections permit small angular excursions of a shaft, the bevel gear on its upper end, and
the torque-splitting pinion on its lower end. These small excursions are essential for equalization of
torques in the presence of machining tolerances and other geometric imperfection of the drive train.
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