
Four classes of center winders are in
general use: speed-regulated, dancer-
controlled (see “Understanding Center-
Driven Web Winders—Part 1” PTD, 4/95,
p. 27); speed-regulated, load-cell con-
trolled; torque-regulated, load-cell con-
trolled; and open-loop, torque-regulated
winders (see Table).

Speed-regulated, load-cell
controlled winders

A typical block diagram for a load-cell
controlled winder, Figure 1, is almost
identical to that of a dancer-controlled
winder except that a load cell replaces

the dancer. Instead of regulating dancer
position, the load-cell winder control di-
rectly regulates web tension. Thus, the
effects of dancer inertia and stiction are
eliminated. Also, because mechanical
considerations of the dancer are elimi-
nated, system design is simplified.

A load-cell controlled winder should
not be thought of as a dancer with little
accumulation. There is a substantial dif-
ference between controlling a dancer
that has inches or feet of material accu-
mulation versus a load cell which may go
from 0 to 100% torque with only thou-
sandths-of-an-inch movement.

When a dancer-controlled winder op-

erates there is usually some dancer
movement. Small movements occur dur-
ing steady-state, constant-speed opera-
tion; larger movements occur during ac-
celeration and deceleration. Even the
smallest of these movements could cause
web tension to go to 0 or over 100% of the
load-cell rating.

With a load cell, the total movement
from zero tension to full tension may be
only 0.008 in. Controlling winder speed,
in relation to the previous section, within
this amount of movement is difficult.
Since there is no accumulation, load-cell
winder control is more exacting than is
dancer control. First, the feed-forward
speed calculation must be accurate. The
more accurate it is, the less correction is
required by the PID loop in the load-cell
feedback path. Second, the winder drive
system must have high performance.
Winder control systems that use an adap-
tive-gain function to compensate for
changing roll diameter and inertia pro-
vide the best performance for speed-reg-
ulated, load-cell controlled winders.

However, two performance factors of-
ten limit the use of this control strategy.
First, fast acceleration rates are usually
not possible. A machine with a dancer
winder that accelerates from 0 to 2,000
fpm in 3 sec, may need 30 sec to acceler-
ate with a load cell. Second, when nonex-
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tensible materials are wound, a slight in-
stability in web tension often occurs. In
spite of these drawbacks, the use of
speed-regulated, load-cell feedback sys-
tems is increasing.

Open-loop, 
torque-controlled winders

A speed-regulated winder contol pro-
vides a speed reference to the drive sys-
tem. The drive system follows the speed
reference by providing as much torque as
required, up to the limit of the drive or
motor being used.

An alternate approach, Figure 2, using
torque control provides a torque refer-
ence to the drive system. The winder con-
trol receives three external signals:
winder speed, line speed, and tension ref-
erence. Inside the winder control, a soft-
ware model of the winder uses these ex-
ternal signals to calculate the amount of
motor torque that is required to provide
the desired web tension.

The winder model typically takes into
account web-tension reference, roll di-
ameter, static friction, dynamic friction,
and inertia compensation. Additional pa-
rameters can be considered if a more ac-
curate winder model is desired. Open-
loop tension control is more accurate
with sophisticated winder models. The
desired motor torque is a function of the
winder-model parameters, expressed
mathematically as:

where:
T = Calculated motor torque
D = Roll diameter
Tr = Tension reference
G = Gearbox ratio
FG= Gearbox friction compensation
FS= Static friction compensation
FD= Dynamic friction compensation
IC = Inertia compensation

Roll diameter, the most important pa-
rameter, is calculated by dividing the line
speed by the winder speed. The internal
scaling of the control is set so this ratio is
one when the winder is at core. There-
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Figure 1 —
Configuration of a

speed-regulated
winder with load-cell

feedback. This type of
winder can directly
control web tension

eliminating the
effects of dancer

inertia and stiction.

Figure 2 — An open-
loop, torque-
controlled winder can
provide good tension
control without a
dancer or load-cell
feedback.

Comparison of centerwinder performance
Build Torque

Type ratio* ratio† Considerations

Dancer controlled, 
speed regulated Dancer inertia, stiction, and
PID control only 3:1 — design affect web tension.

Feed forward 10:1 — Dancer inertia, stiction, and  
w/PID control design affect web tension.

Feed forward, PID 20:1 — Dancer inertia, stiction, and 
control, adaptive gain design affect web tension.

Load-cell controlled, 20:1 100+:1 Slow acceleration/deceleration rates
speed regulated required. Good winder control and 

drive needed. May have slight insta
bilites with non-elastic materials.

Load-cell controlled, 20:1 100+:1 Cannot use worm gearboxes or 
torque regulated in high-friction environments where 

the torque required to overcome 
friction approaches the torque 
required to produce web tension.

Open loop, torque 20:1 100+:1 Cannot use worm gearboxes or in
regulated high-friction environments where the 

torque required to overcome friction 
approaches the torque required to 
produce web tension.

* Ratio of maximum diameter to core diameter. Ratios are typical and depend on gear ratios and inertia.
† Ratio of motor torque at full roll at maximum web tension to motor torque at core with minimum web 

tension. Torque ratio depends on drive capability.
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after, if the winder is operating at one-
half of the line speed, then the roll diam-
eter is twice the core. If the winder is
running at one-third of the line speed,
the roll diameter is three times larger
than core. With this system, any roll di-

ameter can be calculated. 
As an alternative, encoders

can be used to similarly calcu-
late roll diameter. Or, the di-
ameter can be sensed directly
using a lay-on roll, press roll,
rider roll, or an ultrasonic
sensor.

Once the diameter is calcu-
lated, the web tension refer-
ence can be used to calculate
the first term in the torque
equation. The roll diameter
divided by 2 is the roll radius,
which is the effective lever
arm. This radius times the
web tension (in total pounds
or other unit of force) gives a
torque requirement at the in-
put to the gearbox. This value
divided by the gearbox ratio
gives the motor torque re-
quired for this term of the
equation.

Next, are added terms for:
gearbox friction, static fric-
tion, and dynamic friction.
The motor must deliver suffi-
cient power to the winder to
overcome these frictional re-
quirements (related to me-
chanical operation of the
winder) or web tension will be
less than desired.

Since all gearing produces
friction (worm gears more
than other types), and friction
is usually related to gearbox
speed, more torque is re-
quired to make the gearbox
turn as gearbox speed in-

creases. Good winder controls make up
for this friction, usually with a compensa-
tion that is linear with gearbox speed.
Maximum gearbox torque is that re-
quired to turn the gearbox at maximum
line speed at core diameter. Required
gearbox friction compensation is this
maximum value times the percent of
maximum speed that the gearbox is
running.

On systems that do not measure
winder speed directly, this value can be
calculated as:

where:
FG = Gearbox friction compensation
CM = Maximum compensation 
LA = Actual line speed
LM = Maximum line speed
DC =  Core diameter
DA = Actual diameter

Static friction compensation is re-
quired to compensate for the starting
friction of the system and is usually set by
increasing the motor torque as high as
possible without having the winder begin
to rotate. With this setting, the addition
of only a slight amount of torque will start
the winder rotating. This adjustment is
independent of speed.

Dynamic friction compensation com-
pensates for speed-related friction and is
often a function of the square of the
speed. This is similar to the torque re-
quirements of centrifugal loads such as
fans and some pumps.

The final term is inertia compensa-
tion. When the line speed of the machine
increases, the motor must provide addi-
tional torque to accelerate the roll. The
required torque depends on the inertia
being accelerated and the speed change
being made. The amount of time that the
additional torque is required is the same
as the acceleration time.

Inertia compensation is often mislead-
ing because it is not intuitively obvious.
The intuitive approach says that as the
roll diameter increases, the inertia com-
pensation torque required to accelerate
the roll also increases, Figure 3a. How-
ever, torque required to accelerate the
roll can decrease with increasing diame-
ter, Figure 3b. The inertia of the roll in-
creases with diameter but, to reach any
given line speed, the speed change that
the roll must make decreases with in-
creasing diameter. Thus, the entire me-
chanical system must be considered to
determine the predominate effect. 

It is also possible for the torque re-
quirement to decrease with increasing di-
ameter, and then to increase, Figure 3c.

The predominate advantage of open-
loop, torque-controlled winders is that
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contributing mechanical system factors.
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good web-tension control can be
achieved without the use of a dancer or
load cell for feedback. A second advan-
tage is that the control system tuning is
not sensitive to inertia changes, because
it does not use a speed regulator. No
speed loop compensation is required
with this type of winder.

There are disadvantages to this type of
winder. First, web tension cannot be
measured without adding a load cell. Sec-
ond, if a web break occurs, the winder
tends to run away at high speed and spe-
cial protective functions must be added
to the system to keep this from happen-
ing. Third, the system requires a multi-
variable setup. Although most of the
setup is not difficult, it can be more com-
plicated than that of a speed-controlled
system. Also, machine dynamic friction
compensation is difficult to set up prop-
erly without load-cell feedback. Fourth,
this type of control does not work well
with all mechanical systems. For in-
stance, if the static friction of the system
requires significantly more torque than
the web tension requires, control prob-
lems can occur.

An experienced
application engi-
neer can be invalu-
able when consider-
ing this type of
control.

Torque
controlled
winder with
load-cell feedback

The configuration of this type, Figure
4, is the same as that of an open-loop,
torque-controlled winder with the addi-
tion of a load cell and feedback loop.

A winder model in this system predicts
the torque that is required by the motor
while web tension is measured by the
load cell. Any error between the set-point
tension and actual tension is used as in-
put to a PID control loop whose output
modifies the output of the winder model.
In this way, motor output torque is con-
tinuously regulated to keep web tension
equal to set-point tension.

Usually, the same winder model used

in a torque-controlled, open-loop winder
control is also used in the control config-
uration with feedback.

The advantages to this type of control
are the same as those of an open-loop
control. But, in addition, web tension is
directly measured and directly con-
trolled. Also, the machine dynamic fric-
tion term of the equation is easier to set
up. Finally, since a speed loop is not used
in this type of control, control system re-
sponse time is fast—generally ten times
faster than in the speed-controlled
winder with load-cell feedback. The
faster control loop, coupled with the pre-
dictive capabilities of the winder model,
allows this type of control to have fast ac-
celeration and deceleration times that
are comparable to those of dancer-con-
trolled systems.

The disadvantages of this system con-
tinue to be its more complicated setup
and the additional protective functions
required to prevent a runaway after a
web break. ■

To obtain more information on
winder controls by Amicon Inc., Char-
lotte, N.C., please circle 421 on the
reader service card. 

To obtain more information on
winders by WTI Inc., Rockford, Ill.,
please circle 422 on the reader service
card. 

If this article is helpful, please circle
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Figure 4 — Torque-controlled winders
with load-cell feedback provide all the
advantages of an open-loop system plus
control of actual web tension.

The functionality of all four types of winders discussed (both speed and torque
regulated) can be provided in one hardware configuration such as this winder control.
Adaptive gain functions in these units compensate for both changing roll diameters and
variations in gain required by changing roll inertia.
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