
Designing Drive Systems for Low 
Web Speeds 



Web Tension Control at Low Speeds 

Very low web speeds can provide 
challenges to implementing drive 
systems with accurate tension 
control. 
 

Mainly, the issues relate to 
implementation of torque 
regulated tension control through 
high ratio gearing. 

The following will be a quick review of the basics of center-driven tension modes, a look 
at the issues confronting high ratio gearing by working through a machine design 
example.   
 

Then, a review of the solutions that current drive and motor technology can offer in 
improving tension control and solving the other issues inherent to systems that use high 
ratio gearing. 
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Center Driven Tension Control Overview 

INDIRECT  
TORQUE 

TORQUE 
LIMITING 

SPEED 
SETPOINT 

CORRECTION 

Center Driven Tension Control 



Tension control modes - Indirect Torque Control  
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Indirect Torque Control   
Is technically the simplest, but the least accurate of the modes.  Indirect control does not 
make use of a tension feedback sensor.  The tension control is open loop, directly based 
on the tension setpoint, factored by a measured or calculated diameter.  Inertia and 
friction compensation may be a feature. 



Tension control modes - Torque Limiting Control  

TORQUE LIMITING 
CONTROL  

Torque Limiting Control   
Is closed loop, based on the tension setpoint reference, factored by the actual diameter 
and compensated by the actual tension error through a PI (tension) control loop as a 
rotational force. Inertia and friction compensation are normally a feature. 
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Tension control modes ς Speed Setpoint Correction 

SPEED SETPOINT 
CORRECTION  

Speed Setpoint Correction Control   
Is closed loop, based on the actual web speed reference, factored by the actual diameter 
and compensation by the transformed tension error through a PI (tension) control loop as 
a speed setpoint addition.  
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Determining the correct Tension Control mode 

The selection of the center driven tension control mode can be 
influenced by several factors, including machine specifications or design, 

the type of tension sensor used. 

 

Normally the determining factor will be the compliance of the web.  

The modes of torque control / 
limiting are commonly implemented 
when the web material has a very 
ƭƻǿ ŎƻƳǇƭƛŀƴŎŜ ƻǊ ƛǎ άƴƻƴ-

ŜȄǘŜƴǎƛōƭŜέΣ ŜΦƎΦ ƘŜŀǾȅ ǇŀǇŜǊΣ ǎǘŜŜƭΣ 
aluminum or other metals or foils.  

The mode of tension regulation via 
speed correction is ideally 

implemented when the web is 
ŎƻƳǇƭƛŀƴǘ ƻǊ άŜȄǘŜƴǎƛōƭŜέΦ   



Drive Sizing Overview 

In the engineering of web handling drive systems the traditional 
practice is to optimize the drive and motor sizes as close as possible 
to the web power requirement.   
 

= Smallest possible drive system 

Drive Design 

This is done by selecting a mechanical gear ratio that will enable the 
motor to run as close as possible to its base speed (synchronous 
motor) and well into the constant power range (when an induction 
motor is used).  

The optimum gear ratio is determined by;  
Optimum Motor Speed RPM / Maximum Load Speed RPM 



Drive Sizing Overview 

Drive Design Two Main Criteria 

Max Torque at Full Roll  

Max Torque at Full Roll (in. lbs) = ((Full Roll Diameter (in.) / 2)* Maximum Web 
Tension (lbs.) / (Gear Ratio * Gearing Efficiency)) 

Max Speed at Core 

aŀȄ {ǇŜŜŘ ŀǘ /ƻǊŜ όwtaύ Ґ aŀȄƛƳǳƳ ²Ŝō {ǇŜŜŘ όCtaύ κ όόʃ ϝ /ƻǊŜ 
Diameter (in.)) / 12) * Gear Ratio 



The gearbox selection will determine efficiency or friction losses.   
 

Gearbox efficiency is the ratio of the output power (power 
transmitted through the gearbox as usable work) to the input 
power.  

Gearing options 

Typical gearing options are;  Planetary, Helical, Worm and Pulley 
/ Timing belt.  
 

Generally planetary gear boxes are limited to 100:1 ratio, with 
about a maximum ratio of about ~8:1 per stage (there are some 
exceptions to this rule).   
 

Efficiencies for planetary gearing can be considered at ~90- 95% 
per stage.  
 

Gearbox Efficiency 



Gearbox Efficiency 

Planetary boxes are available in inline and right angle and can be considered for ratios up 
to 100:1 
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Gearbox Efficiency 
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For gear ratios over 100:1, the options are typically multistage worm, helical or 
combination gearboxes.  
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Reference Machine Example 

 
ωTraditional Design Issues 

ωAlternative Concept Solutions 



Reference Machine Example 

WEB TENSION 

Min 1.00 PLI 

Max 10.00 PLI 

LINE SPEED 

Min 0.25 FPM 

Max 3.00 FPM 

Jog 12.00 FPM 
~

N
:1

LOAD CELL LOAD CELL

COOLING 

DRUM

~
N

:1

~
N

:1

UNWIND REWIND

WEB WIDTH 

Min 6.00 In. 

Max 14.00 In. 

Consider a machine with three driven sections.   
 

The cooling drum is the system master.  The unwind and winder 
spindles are tension controlled with tension feedback from load 
cell transducers.   
 

The web material being transported is a stainless steel foil.   
 

Since the web is non-extensible, the mode of tension control for 
the spindles will be considered as Torque Limiting Control. 

MATERIAL (OD.) 

Core 6.75 In. 

Full Roll 20.00 In. 



Reference Machine Example 

Power requirements from the specifications;  
Max Web HP = (10 PLI * 14 inches) * 12.00FPM / 33,000 = 0.1508HP 

Considering the very low power requirements of this system and that the industry tend 
to use synchronous servo motors in the drive systems when power requirements are at 
fractional HP and below , we will consider synchronous servo motors for each axis.  This 
type of motor/ drive system fits with industry practice.  Servo motors in this size range 

will typically have a rated or maximum speed of 4500 RPM to 6000RPM. 
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