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INTRODUCTION
The age-old question that always comes 
up when addressing your thermoforming 
equipment needs is: what to do with that 

the question. Should you purchase a new 
machine with all chose bells and whistles? 
Should you purchase a used machine? 
Or should you rework that unit that is 
hanging on by the last thread? The decision 
depends on what your needs are today and 
what you expect them to be in the future. 
Is the platen or clamp frame size large 
enough for the products that you expect or 
want to product output or generating too 
much labor overtime?

so inaccurate that the edges of the polyethylene 

drooping so low that it is dancing along the 

scenarios that should cause you to cake a hard 
look at making changes in your thermoforming 
operation.

is yes. You will note that a continuous machine 
will also be referred to as a roll-fed machine. The 
new machine may give you the speed required 
to keep up with your growing orders. lt may 
give you the larger platen size you need to 
make that new line of whirlpool tubs. It may also 
give you the security of owning a new machine 

handle now.

The used machine may look attractive in price 
compared to the new machine. But how many 
problems are you inheriting from the prior 

the machine is in tiptop working order? For 

be your best value.

line?

Do you have the in-house mechanical support 

do you need to turn to one of the many outside 

what the return on investment will be?
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FIRST THINGS FIRST  
The most important item on your list is to 
contact your local utility. 

programs that can assist in the payment of 

utility to utility. The local industrial marketing 

Gas and Electric (PG&E) in California has an 

Incentive Program. The program is set up to 

will additionally rebate for increased productivity. 

earn energy savings of 4 cents per kilowatt hour 
(kwh) of reduction for a one-year time period. 
That reduction in k-wh may be in the form of 
increased productivity. Increased productivity and 

There are a few rules and guidelines that must 
be met in order to qualify for the program. You 

in order to be eligible. There is also a limit to the 
amount paid by the utility. The maximum amount 

incentive is valid only if the peak is lowered 

The Connecticut light and Power Company 
has a simple formula for quickly determining 

 
AN EXAMPLE

to be below 3.5 cents for approval into the 

be a match for the Customer Initiated Program.

It is also important to review both the demand 
charge is calculated in your region. Most 
utilities suggest that the peak demand charge 

can be considerably less expensive. For this 

the morning or later in die after noon to avoid 
the peak demand charge.

IMPROVMENTS 
The next item to be addressed is what 

commonly changed items are the hearers 

reviewing the many heater and control options 
that arc available in today’s market. There are 
a whole host of other items you may want to 
consider changing or may have to change. These 
items will also be touched upon.

   kilowatt-hour savings per year x 
utility factor for the life of equipment

     $10000 cents 2.8 cents
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HEATER SELECTION
If you are at the point where you want to 

are that the existing heaters are tubular metal 

tubular elements.

sheathed heaters are in the 
low initial cost and the durability. The biggest 

zoning. The zoning should be accomplished 

metal sheathed heaters that provide that 

many factors to consider in the selection of the 
proper heater for your needs. These factors 

All the electric heaters discussed in the heater 
section are medium or long wavelength. All 
the electric heaters can be either medium or 
long wavelength depending on where the 
temperature is set. The wavelength is inversely 

wavelength goes down.

heater as described by the catalytic 
manufacturers. The minimum temperature of 
are catalytic hearers ls 750° F. By the infrared 

medium infrared category. Medium wave infrared 

Most plastics have two peaks on the absorption 

The absorption curve displays the infrared 
wavelengths that will best be absorbed by the 
plastic. Because the electric heaters can reach 

have a greater potential of heating the plastic 
in a shorter time period. All heaters have an 
output heating curve that carries over a certain 

(3.5 microns) will be delivering a peak percentage 

deliver a range of temperatures and wavelengths. 
An infrared spectrum chart is shown:

Tubular Heaters
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Figure 2A

SIZE AND CONFIGURATION
Size is a consideration based on the product 
as we discussed earlier. You may be operating 
a small sheet-fed machine that only runs 
one or two molds. The mold sizes are both 

on the bottom would decrease the beating cycle 

Heating area should always be 

the size of the heaters.

larger sheet feed or rotary machine. Many times 

Having the ability to turn a large section of the 

of energy over time. 

heaters per oven half 
for complete zone 

This many zones may 

price premium for the 
heaters and controls. 

less cost. This layout 

applications.

a roll-fed machine. A 
roll fed machine can be zoned in many 

multiple zones running down the sheet (center 

heaters along the long edge to help with edge 
heat loss. These heaters should be wired into 
a separate zone because the temperature will 
be raised to compensate for the extra heat loss 
along the edge. This edge heat loss zone is 
sometimes accomplished through the use of a 

match the required index length of the oven to 

zone that is perpendicular to the sheet direction 

at a little higher temperature due to the cooling 

dosing. Because the center of the oven can 

last option would be to place chose central main 
heaters parallel with the sheet (Figure 38). This 
will provide more consistent heating across the 
sheet by turning down the heat in the center and 
turning up the heat as the heaters proceed to 
the over edge. Most roll-fed machines will use a 
combination of these heater layouts. The heaters 
could be across the sheet for the top oven and 
running with the sheet direction on the bottom 

Figure 1A
Figure 2A

Figure 3A

Figure 2B
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The key to choosing the proper size heater is 
right there in your own shop. How does the 
operation work with the existing beaters? How 
much watt density is in the existing own and 
should it be increased? How are the zones 
presently arranged? How can this be improved 
upon? You probably already know the answers 
to these questions and can easily determine the 
best size and zone for the heaters.  

WHICH HEATER WOULD YOU 
SELECT FOR YOUR APPLICATION?
Several factors will determine which heater is die 
right choice for your site. Following is a list of the 

QUARTZ TUBE

tube heaters may be your best bet. Quartz tubes 

seconds) and are therefore very useful for a line 
that runs a few products and then shuts down 

installed cost for electric infrared heaters.

Quartz tubes are also be fragile and can be easily 

repair. Quartz tubes are used most often in 
sheet fed equipment. There are few cases were 
quartz tubes are used with in-line equipment. 

ceramic heaters have become more popular in 
the last year. These elements combine the zoning 
capability of small sizes along with the response 

being shut down when not in use) 
of quartz tubes. The disadvantage is 
the initial cost of the elements and 
the high installation costs for many 
elements.

  
  

                           Tube Module

Figure 3A Top Oven

Figure 3B Bottom Oven

Panel Heaters

Quartz cloth 
face - 

High 
Temperature 
glass face - 

Metal Face - 
Same as quartz 
cloth.

Quartz Tube

Large quartz 

Many size 
options

Small quartz 

Ceramic Catalytic

ELECTRIC HEATERS                    GAS HEATERS
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CERAMIC HEATERS

zoning because of the small size of die elements. 

the middle. The installation is expensive doc to 
mounting and wiring of many small eaters. The 
ceramic elements were designed in Germany in 

from element to element. For the most part this 
has been accomplished. The reality for most 
thermoformers is that the need for such small 

manufacturers that promote the use of ceramic 
elements do not zone each element individually. 

heater of choice in most European applications 
and are used very extensively the U.S. as well.
 
GAS CATALYTIC HEATERS

      Gas Catalytic Heater 
Gas catalytic heaters are newer to the 

energy costs as compared to electric heaters. 
That energy reduction of gas catalytic is actually 

today. The gas catalytic heaters have primarily 
been used in single station and rotary sheet-
fed applications. There is very little use of gas 
catalytic heaters in roll-fed machines. The 

machines have shown energy reductions in the 

              Ceramic Heater 

metal sheathed electric heaters. But at the same 

uneven heating of the sheet. It seems as through 
the zoning of the sheer and additional power 
in electric heaters is more of a requirement for 
continuous machines.

Gas catalytic heaters operate based on a 

The reaction generates heat. Because the typical 
maximum temperature of these heaters is 750° 

the heating can be times when compared to 
existing Calrod heaters that are sized properly 

catalytic heaters work better with amorphous 
materials such as ABS where not as much power 

will have a considerably longer heating cycle 

heaters. This is because the catalytic heaters are 
limited in power output. The electric heaters 
are not limited in power output for plastic 
applications. Another stated advantage of the 
catalytic heaters is the temperature uniformity 
across the heater. It is suggested that zoning 
is not required with these heaters due to the 
uniformity. Field experience shows that all ovens 
require zoning around the outer edge. Many 
parts require subtle zoning due to complexity 
of the dmw. Because catalytic heaters typically 
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to set up the heaters when using a new mold. 
Scrap rates will be higher with catalytic heaters as 

with gas catalytic heaters is the initial cost of the 
elements.

one and a half to two times as expensive as 

there is no question that because gas costs are 

thermoforming today.

It is important; when deciding which heater 
to use, to look at the productivity, energy 
consumption, product quality, reject rates, 

heater and installation costs and the heater life 
expectancy, only when all of these considerations 
are taken into account, can the correct decision 

be made.

PANEL HEATERS 

electric panel heaters. Because Solar Products Is 

One example-of the success with panel heaters 
is a 5’ x 5’ two station sheet-fed operation using 

watts/sq in. (wsi) for the top and bottom oven. 

rate of bad parts was virtually eliminated and 
the availability of machine time was increased 

production costs of manufactured parts. And 

to hold true because there is no appreciable 

designed panel heaters.

If the original Calrod oven watt density is more 

then we would see an increase in productivity 

the increase in productivity taken into account. 

productivity. One customer broke down the 
power requirements on a per part basis. The 
power usage was reduced from 5.8 kw-hr per 
part with Calrods (properly sized in power output) 

heaters.

Panel Heater 
 

Therefore, panel beaters not only decrease the 
energy usage, but in addition they increase the 

productivity. The savings is a result· of the panel 

 

the proper watt density of 30 wsi for the top 
and bottom oven and therefore we do not sec 
huge increases in productivity. If the machine 
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assuming d:at nothing is blocking the increase in 
line speed. The productivity gains in continuous 
machines is more complex because of the many 
interfaces within the machine. The increase in 
line speed ls dependent on the maximum speed 

in line speed? Is there enough cooling in the 
chain rails to pull the heat away? Is the mold 
designed properly for an increase in line speed? 
These items will help to decide if an increase in 

savings of panel heaters ranges in the area of 

in the line speed. At the same time the product 
quality is improved due to more uniform and 

reduced.

all other considerations electric panel heaters still 
seem to be the better value for most applications. 

will depend on your particular 
application. If small zoning is 

heaters are your most likely 
candidate.

require a hard look. If electric 
rates are through the roof; and 
gas pricing is extremely low 
then catalytic heaters have to be 
considered. Following is a list of 

The heaters are rated from one to 

HEATER SELECTION
Selecting the proper heater is probably the most 

especially other thermoformers who have 

equipment manufacturers and vendors. Look at 
the various types of heaters being used by the 
manufacturers. Find out how much experience 

equipment. Ask for case studies pertaining to 
your application. After a thorough research and 

 

HEATER SELECTION CHART  
The chart is prepared based on conversations 
with many thermoformers and equipment 
manufactures.

ITEM  PANEL  CERAMIC  QUARTZ  GAS
   TUBE CATALYTIC 

Heating cycle  5  4  4  3
time of material

Uniformity  4  4  3  5
on the product 

Long-term   5  3  3  4

Installation  5  3  4  3

TOTAL  45  38  36  34
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CONTROLS 

many control options for your thermoforming 
equipment. The selection of both the control 
and the power switching devices is dependent 
on the sensitivity of the produce temperature. 
The proper determination of which devices can 
best be determined by reviewing the existing 
control scheme and deciding the advantages and 

speak to several local control companies to get 
some input and ideas. Renew your application 
with friends in the industry who may have 

If you have the good fortune of having in-house 

reduce your cost of purchasing controls.

If you feel uncomfortable with the controls 

supplier. The controls specialist is most likely 

advantage in the client of a problem with the 

supply a controls package for year application.

Though they may not be local they have more 
experience in operating and controlling many 

approach may help in assuring that problems will 

manufacturers (OEM’s) can also be of great 
Control Panel assistance. Knowing how the 

they can provide some in-depth perspective in 

usually on the culling edge of technology for 
new applications and may be able to make use 

own capabilities and check around. As in any new  

Control Panel
CONTROLS OVERVIEW
Following is a brief overview of the controls 
available to you on the market today. It by no 

see in the lick. There are several areas to discuss. 

They include: 

   • Modes of Control
   • Method of Control
   • Means of Temperature Control
   • Method of Switching Power

Modes of Control are broken down into 
two primary categories for thermoforming 
applications: open loop and closed loop. The 
open loop system typically makes use of a 
percentage timer that turns the heater on for 

exception of the operator visually determining 
whether there is too much beat in one area 
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system depends on some means of sensing the 
temperature of die product or the heater and 
controlling it by means of a device that truces 

that temperature input and generates an output 
to the heaters. This type of system is more 
commonly found with roll-fed thermoforming 
machines.

Method of Control

the percentage timer is used in an open loop 
system.

This Device is commonly used for small slicer-fed 

The temperature controllers can be broken down 
into several classes. All temperature controllers 
take an input signal from a temperance sensing 
device; it is the output that varies. The output can 

signal.

The dry contact output is in the form of a relay or 

have a longer life than a mechanical relay. The dry 

a mercury relay. The typical temperature variance 

cycle times.

The SSR output is either an AC or DC pulsed 
voltage that is commonly used with a higher 
power rated solid state relay. The approximate 
temperature variance with this control is± 3 
degrees F. The last form of output is the analog 

mAmp signal. This signal can sometimes be 
used with a SSR that has a signal conversion 
device. It is more commonly used with a Silicon 

The following of control will have the most 
precise temperature control. Typical variance is 

temperature controller output with the proper 
power switching device.

METHOD OF CONTROL
1. Percentage Timer
2. Programmable Controller

METHOD OF SWITCHING POWER
1. Mechanical Contactor
2. Mercury Displacement Relay
3. Solid State Relay
4. SCR Power Controller

HEATER
1. Panel
2. Ceramic
3. Quartz Tube

OPEN LOOP

METHOD OF CONTROL
1. Temperature Controller
2. Programmable Controller

METHOD OF SWITCHING POWER
1. Mechanical Contactor
2. Mercury Displacement Relay
3. Solid State Relay
4. SCR Power Controller

HEATER
1. Panel
2. Ceramic
3. Quartz Tube

MEANS OF 
TEMPERATURE CONTROL
1. Panel
2. Ceramic
3. Quartz Tube

CLOSED LOOP
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The programmable controller can be used as a 
percentage timer or a temperature controller. 

The advantage of 
a programmable 
controller is that 
many zones can 
be controlled from 

the cost to control 
each zone is greatly 
reduced. 

Percentage Timer 
The device is supplied with both inputs and 
outputs. The quantity of inputs is usually slightly 
greater than the amount of outputs. On a 
system where the controller is used in place of 

The inputs would be used to receive the signal 
from a thermocouple. If there are a lot of zones 

programmable 
controller. Another 
advantage of 
using a controller 
is in changing set 
points. All or many
 
 

 Programmable Controller 

of the zones can be changed at once. An 
option is to 

programs in 
the controller 

materials or 
products. This 
can save time 
when setting up 
the system.
                                                           Temperature Controller

It also assures that the same setting are used 
each time. The last advantage to a controller is 

assure minimum power usage. Heaters can be 

main breaker size.

The PLC can additionally be used for the actual 
machine operation. Some machines have older 

bringing better automation to the machinery. An 
example of this automation is the use of macros 
that record the machine movements and can 
then play them back. This can simplify the set up 
for a production run.

The downside to controller s is the programming. 
Some thermoformers feel that they loose control 
due to this programming issue. Either someone 

point of programming becomes a moot point.

Means of Temperature Control is performed 

such as a pyrometer. There are several variations 
of both found in die market. The thermocouple 
is typically used to sense the temperature of the 

tual temperature of the product.

Temperature  
Controller Output 

 
 (either mechanical  
 contact or electronic  
 contact - triac)

 
 output (pulsed NC or  
 D/C voltage)

 
 mA or 0-5 volts)

Power Switching  
Device Options 

 
 Contactor

 
 Displacement Relay

 
 (SSR)

conversion device)
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A thermocouple has been used to sense the 

a recommended approach towards achieving 
good control. The thermocouple mounted in this 
fashion docs not provide an accurate reading 
of either the product temperature or the heater 
temperature. The thermocouple is usually a 

sheath.

Though the pyrometer is not as common as the 

exact temperature to ensure proper fanning.

           

             Pyrometer 

Pyrometers can be mounted outside of the oven 
and directed through an opening at the product 

cut out for the pyrometer to sense through. The 
pyrometer measures temperature by sensing the 

acrylic sheet) that sensing of heat is ultimately 
converted into a millivolt signal that can be used 
by the temperature controller. It is important to 
now the emissivity of the product in order to get 
an accurate temperature reading. Emissivity is a 

the pyrometer should be cooled by either air 
or water. The means of cooling depends on the 
temperature around the sensing device.

Method of Switching Power can be performed 
in the following means: mechanical contactor 

or SCR power controller. You may ask yourself 
the question why 
do l need a power 
switching device 
separate from 
the percentage 

programmable 
controller? The 
answer is simple. 
Most controllers 
or timers have an 
output that have a 
low power rating.       Mecury Relay  

a healer. Thar is why the power switching device 
is put in between the controller and the heater. 
There are some controllers and timers that have 

power switching device is not required.

power device and a contactor refers to a higher 
power mechanical device. The mechanical 
contactor is the least expensive means of 
switching power. Because of the constant on/

Thermal Products, Inc. / Phone: (518) 877-0231 / Email: sales@thermalproducts.com / Website: www.thermalproducts.com



228 Wanaque Avenue • Pompton Lakes, NJ 07442 Tel: (973) 248-9370 • Fax: (973) 835-7856 www.solarproducts.com

mechanical contactor is not the best choice. The 
mercury displacement relay is a better way of 
switching power in a thermoforming operation.

slow for some applications. It is more commonly 

displacement relay can be used in continuous 

common.

The solid state relay (SSR) is the most commonly 
used power switching device being utilized today 

       

Solid State Relay

Pricing on these devices is quite reasonable. The 

cooling. It should be noted that if a large quantity 

power controller would have to be used in place 
of the SSR. Because there arc many zones in a 

is triggered by a pulled signal from the controller. 
The SSR is available as a single or three phase 

a three-phase application.

The use of an analog card with an SSR is 
becoming much more common. This device is 
typically half the cost of a SCR device with the 
same fast switching time.

                 

device. This is the only means of switching that 
is truly variable. The SSR may see to be variable 

The SCR is available in two varieties: phase angle 
and zero crossing control.

Phase angle control is more accurate than the 
zero crossing type: It is also more expensive and 
can generate electrical noise problems. The zero 
crossing type is more commonly used in the 
thermoforming application. It provides all tbc 
control required for chis application. The one 
area where phase angle SCR switching devices 
are commonly used is with T3 lamps bemuse of 
the high inrush current. T3 lamps are short wave 

thermoforming applications.
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OTHER CONSIDERATIONS 

two most important items are the heaters and 

checklist of other items that should be considered 

•  Is the drive train properly sized for the new  
 line speed? 

•  ls the oven area large enough for the  
 new hearers? 

•  Is the oven enclosed for maximum use of the  
 available heat? 

 
 

 
 

 
 

•  Check the chain mils for proper cooling. 

 
 line speed? 

 
 provide enough power for the new heater load?

This is the short list of items that need to be 

please let us know.
 

CONCLUSION

thermoforming equipment. From an economic 

best decision. The increase in productivity and 

cost in less than a year.

your experiences with us. It will help you and 

gained by letting their thermoforming system. 

bottom line.
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The following companies have provided pictures 
used in this guidebook. All of these companies 
can provide heaters and/or controls for your 

 

 Phone: 304-757-7353

   

 
3 Tempco Electric Heater Corporation

 
4 Allen-Bradley

  
5 Infrared Technologies
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ABOUT SOLAR PRODUCTS 

philosophy continues to radiate throughout Solar Products. Many 

supplier of medium wave infrared heaters in the U.S. market. At Solar 

Maybe that’s why we’ve grown to be the largest supplier of infrared 
heaters in the industry… by staying focused.

www.solarproducts.com
228 Wanaque Avenue.  

Pompton Lakes, New Jersey 07442 
 Phone (973) 248-9370 • Fax: (973) 835-7856
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