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Abstract 
An automatically controlled electrical 
heating system was developed to heat 
specific components of a compacting 
system for the production of explosive 
pellets. The electrical heating system 
was designed for application in a hazard
ous environment. 

Introduction 
In the production of explosive pellets, 
it is important that the components of 
the compacting press system which contact 
the explosive powder (the powder supply 
hopper, the powder dispensing shoe, the 
die body holder, and the punch) be main
tained at specified, aboveambient 
temperatures (Fig. 1). These component 
temperatures must be controlled within 
x 1°F of the set point. Circulating hot 
oil was used previously as the heating 
method but the inability of that system 
to maintain component temperatures within 
acceptable limits and the danger of oil 
contamination of the powder supply indi
cated the need for a different heating 
system. Since the entire heating system 
■would be located in an explosive environ
ment, it must meet all requirements of 
the Class II, Group G, National Electric 
Code classification for electrical equip
ment in hazardous areas. An automatical
ly controlled, electrical heating system 
meeting these requirements was designed, 
developed, and installed in the Mound 
Laboratory explosive pellet production 
area. 

Figure 1. Temperature Controlled Compo
nents in Explosive Pellet Production 
System. 

The Temperature Controller 

A fourchannel temperature controller 
(Fig. 2) was designed using commercially 

*Mound Laboratory is operated by Monsanto Research Corporation for the U. 
Energy Commission under Contract No. AT331GEN53. 
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Figure 2. Block Diagram of One Channel in Heating System. 

available, plug-in modules. Each 
channel consisted of a high gain thermo
couple amplifier, a proportional control 
module, a solid state AC switch (Triac), 
and an upper limit temperature control 
module. 

Because of the low thermocouple output 
at the control temperatures of the 
system, a high gain thermocouple ampli
fier is required to obtain the small set 
point deviation (± 1°F). The amplifier 
is designed to share a common thermo
couple with the recorder without inducing 
false readings. A common thermocouple 
was necessary because of space limita
tions on the temperature-controlled 
components. An additional feature of 
the thermocouple amplifier is that the 
upscale swing of the amplifier output in 
the event of an open thermocouple will 
cause the controller output to shut off. 

The proportional control module operates 
in such a manner that as the temperature 
approaches the set point, the power to 
the heaters is reduced proportionally to 
the requirement. It provides control 
pulses to the "Triac" AC switch for 
direct proportional control of heater 
elements. The potentiometer which 
determines the set point is wired into 
this module. In addition to the zero 
and span controls which the thermocouple 
amplifier contains, the proportional 
control module also contains a "gain" or 
"proportional band" adjustment. This 

control is adjusted for minimum over
shoot of the control point temperature and 
best control accuracy without oscillation. 

The solid state AC switch switches the AC 
power to the heater elements on and off 
at a rate determined by the proportional 
control module. Since it is a solid state 
device, it can be switched much more 
rapidly than a relav and there is no con
tact burning. 

Because this control system is located in 
an explosive environment, it is important 
that the controlled temperatures be limited 
to a specified maximum. A number of compo
nent failures in the previously discussed 
modules could cause the controlled tempera
tures to rise to dangerous levels. For 
this reason the "upper limit temperature 
control module" is incorporated in the 
controllers. The upper limit temperature 
is dialed into this module just as the set-
point temperature is dialed into the pro
portional control module. The output from 
the thermocouple amplifier is paralleled 
into this module so that the temperature 
of the controlled device is monitored here 
as well as in the proportional control 
module. If the temperature rises above 
the upper limit setting, contacts in series 
with the load will open and power to the 
load will be interrupted. Power will re
main off until the controller is reset. 
As can be seen, this "safety" module 
depends upon a correctly functioning thermo
couple . 
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A Redundant Upper Limit Temperature 
Controller 

In addition to the thermocouple-break 
protection circuit and the upper-limit 
temperature-control module, a redundant 
upper-limit temperature controller was 
installed as a completely independent 
safety system. This controller limits 
the maximum temperature to a preset level 
in the event of a failure of all safety 
and control circuits in the primary con
troller. The controller used is a gas-
filled system which mechanically operates 
a snap-action switch. The normally closed 
contacts of this switch are wired in series 
with the power to the temperature-
controlled component. The controller 
enclosure is a compact, explosion-proof, 
cast-aluminum housing. 

An Explosion Proof Interconnection Method 

In the compacting press operational cycle, 
the temperature-controlled tooling compo
nents move in fulfilling their functions. 
They also must be occasionally removed 
from the press. Thus the interconnection 
system has to be flexible and disconnect-
able as well as explosion proof. The 
basic method selected for making the 
electrical connection to a cartridge 
heater is depicted in Fig. 3. A small, 
explosion-proof junction box is connected 
to the tooling component to be heated with 
a minimum length of 1/2 in. conduit. Into 
another opening in the junction box a 
hermetically sealed Deutsch receptacle is 
threaded. The electrical connection is 
then made inside the EP junction box. 
The junction of the Deutsch connector and 
Deutsch receptacle is airtight and remains 
so during disconnecting until after the 
electrical connection has been broken. 
Any arcing occurring when the electrical 
connection is broken is contained within 
the airtight enclosure. The explosion-
proof electrical interconnection method 
is depicted in a block diagram in Fig. 4. 
The Deutsch connector is wired to a #12 
AWG three-conductor, shielded, rubber-
covered cable. This cable forms the 
flexible connection necessary to allow 
movement of the press tooling components. 
The exposed cable is kept to a minimum 
length and is fed into the conduit through 
a weathertight, cord grip connector. This 
connector forms an airtight seal around 
the cable. The conduit, along with con
duits from all other heaters, is threaded 
into a large, explosion-proof junction 
box. A larger conduit connects this 
explosion-proof junction box to an air-
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Component To 
Be Heated 

Cartridge Heater 

Figure 3. Example of disconnectable 
explosion proof electrical connection to 
cartridge heater. 

purged enclosure which contains a four-
channel temperature controller, a multi
channel temperature recorder, a meter 
panel, and a timer panel. All power into 
this enclosure is fed through a pressure 
switch which insures that the specified 
above atmospheric pressure is present in
side the enclosure before its contacts 
close and allow the instruments to be 
powered. 

The Operator Monitoring and Control Panel 

The air-purged enclosure which contains 
the temperature recorder, the four-channel 
temperature controller, the meter panel, 
and the timer panel has a full length door 
on the front which gives access to the 
front panels of the various instruments 
(see Fig. 5). This door has a large Plexi-
glas window in it which allows the operator 
to observe the instrument panels while the 
production cycle is in progress. 

The temperature recorder has a digital 
readout which displays the temperature of 
the component being scanned at anv given 
moment. The scanning repetition rate is 
adjustable to a minimum of 5 min between 
scans, but a scan can be initiated at any 
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time with the scan ini t iate button. A controller were to fai l . Finally, a 
printout, showing thermocouple position completely independent temperature con-
number and temperature in degrees Fahren- troller was installed to limit the maximum 
heit , is initiated coincidently with the temperature in the unlikely event of 
scanning. failure of a l l the other safety controls. 

The front panel of the four-channel 
temperature controller displays the dials 
and knobs for the set point and upper 
limit potentiometers. The alarm light, 
which indicates that the upper limit 
temperature has been exceeded, and the 
reset button for resetting the controller This paper was presented at the 

tlleZ^lhLTlletSlZe.^empera^urehaS, h/T Milwaukee Symposium on Automatic 
Control^ Milwaukee 
March 28-30, 1974. 

brought under control are also included „ , -» ,, • -, . 7 , , . 
_f c i Control, Milwaukee, Wisconsin. 

on the front panel J 

Power switches on each channel permit the 
use of less than four channels when 
necessary. 

Since the temperature-controlled compo
nents require paralleled heating cartridges 
to reach the desired temperatures or for 
heat distribution, it is difficult to 
determine when one cartridge would burn 
out. For this reason and to obtain a 
visual indication of the heating process, 
ammeters were installed in series with 
each individual heating cartridge. These 
meters are arranged on a panel in a logi
cal manner and are readily seen by the 
operator. 

Summary 

An automatically controlled, electrical 
heating system, used for accurately con
trolling the temperature of certain 
tooling components in an explosive-pellet 
production system, was designed, developed, 
and installed at Mound Laboratory. Due to 
the hazardous environment in which this 
manufacturing operation is performed and 
the media of the heating system, it was 
necessary to take extraordinary safety 
precautions in the design of the system. 

Electrical interconnection methods such as 
explosion-proof hardware and air-purged 
enclosures were employed in order to 
satisfy the requirements of the National 
Electric Code classification for electri
cal equipment in Class II, Group G 
hazardous areas. In addition, a circuit 
was used which would shut off the con
troller output in the event of a broken 
thermocouple. Another module added to 
the controller was designed to shut off 
power to the heaters when the temperature 
reached a preset maximum above the set 
point. This condition could arise if 
certain electronic components in the 
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Figure 5. The Operator Monitoring and Control Panel. 
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