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Field of the Invention

[0001] The present invention is related to power and control systems for heaters, for

example, to apparatus and methods for powering and controlling multiple heaters used for

heating pipes and other components in vacuum, process, delivery, transport, and other

system, developed by HPS Division of MKS Instruments, Inc., and Watlow Electric

( _ Manufacturing Company, parties to a joint research agreement (35 U.S.C. 103(c)(2)(C)).

State of the Prior Art
[0002] Many vacuum, process, delivery, transport, and other systems used in industry for
conducting or moving various gaseous, liquid, or solid materials from one point to another
include pipes of various lengths, sizes, and shapes that have to be heated to maintain the
pipes and/or materials in the pipes within certain temperature ranges. Pipe heaters for
heating pipes for these and other purposes are well known to persons skilled in the art and
have ranged from simple resistive wires and tape wrapped around the pipes to more
sophisticated, insulated pipe heaters, such as those described in U.S. Patent No. 5,714,738
(Hauschultz et al.), which is incorporated herein by reference, as well as many such heater
products that are available commercially.
[0003] Along with the development of pipe heaters for various pipe heating applications,
there was also a need for better pipe heater control systems for regulating heat output from
the heaters along lengths of pipe and for monitoring and controlling such heater operations.
There are many kinds and configurations of such heater control systems, such as the ones

described in U.S. Patent No. 6,894,254 (Hauschultz), which is also incorporated herein by
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allow a thermal runaway of the heater until either the heater element burns out or starts a
fire. These problems are exacerbated when the thermal switches are placed in or on the
heaters where they need to be for accurate response to the actual temperature of the heater
and pipes, because the high heat at the heater is a major cause for such degradation of the
thermal switches. Yet, the thermal switches cannot be placed off or away from the heaters,
because they would not be able to respond to actual temperatures of the heaters or pipes.

[0006] Thermal fuses are more dependable and available commercially, but once they

expire, i.e., “blow” or “burn out”, they cannot be reset. Since thermal fuses are typically
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[0008] Also, there is a need for more options and versatility in both connection and control

configurations to accommodate a wider variety of piping configurations, applications, and

user requirements. Each pipe installation is different and many operators need custom pipe

heater and control systems to accommodate their particular requirements, but designing

and manufacturing custom pipe heater systems is expensive, time consurning, and often not

feasible for most applications. For example, some operators want a control mechanism for

each heater in a heated pipe system, whereas other operators prefer to avoid the cost of
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programmed control at each heater. Of course, there are also operators who want any

combination or all of these functions for a group of heaters with only single point control.
[0010] These and other requirements in industrial and commercial use of pipe heaters
creates a need for a more flexible system of pipe heater controls and wiring components
that can be configured easily, neatly, and effectively to meet a wider variety of operator

requirements.

BRIEF DESCRIPTION OF THE EXAMPLE DRAWINGS
[0011] The accompanying drawings, which are incorporated in and form a part of the
specification, illustrate several example embodiments and/or components that are
presented to support the description, but not to limit the scope of the claims in any way. In
the drawings:
[0012] Figure 1 is an isometric view of an example individual heater control arrangement

of the multiple heater control system;
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[0016] Figure 5 is an isometric view of an example arrangement of the multiple heater
control system in which a single point heater control is used for controlling a gang or zone
comprising a master heater and one or more slave heaters;

[0017] Figure 6 is an isometric view of some of the principal components utilized in a
single point control arrangement for a master and slave heater combination such as that
illustrated in Figure 5;

[0018] Figure 7 is an isometric view of the principal components in Figure 6, but from a
different perspective to illustrate the connective components;

[0019] Figure 8 is an isometric view of the single point control apparatus for the master
and slave heater arrangement in Figure 5 in its assembled condition;

[0020] Figure 9 is a cross-section view of a pipe heater mounted on a pipe for use with
either the individual heater control arrangement or the single point control a master and
slave heater arrangement of the multiple heater control system;

[0021] Figure 10 is an isometric view of a T-type source power cable section;

[0022] Figure 11 is a schematic circuit diagram of the T-type source power cable section
of Figure 10;

[0023] Figure 12 is an isometric view of a linear-type terminal source power cable section;
[0024] Figure 13 is a schematic circuit diagram of the linear-type terminal source power

cable section of Figure 12;



[0019] Figure 8 is an isonetric view of the single point control
apparatus for the master and sl ave heater arrangenent in Figure 5 in
Its assenbled condition; [0020] Figure 9 is a cross-section view of a
pi pe hea Qn a. pipe. for use with either_ the individual
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[0029] Figure 18 is an isometric view of a linear-type terminal slave controlled power

cable section;

[0030] Figure 19 is a schematic circuit diagram of the linear-type terminal slave controlled
( power cable section of Figure 18;
[0031] Figure 20 is an isomefric view of an example basic heater controller with an
enhanced control expansion module installed on the base module to provide additional
functionality to the heater controller;
[0032] Figure 21 is an isometric view of the basic heater controller with the enhanced
control expaﬁsion module in a position poised to be installed on the base module of the
heater controller;
[0033] Figure 22 is an isometric view of the enhanced control expansion module from a
different perspective to illustrate the example expansion module contact pad and light
transmissive boss components, which are enlarged for better definition of these features;
[0034] Figure 23 is an isometric view of the basic heater controller with a substitute dust
cover poised in position to be installed on the heater controller base module;
[0035] Figure 24 is an isometric view of the heater controller base module from a different
perspective to illustrate a module mounting apparatus;
[0036] Figure 25 is an isometric view of the heater controller base module similar to

Figure 24, but with the mounting apparatus in a position poised for connection to the heater

controller;



[0025] Figure 14 is an isonetric view of an exanpl e sl ave adapter
cable; [0026] Figure 15 is a schematic circuit diagramof the slave
adapter cable of Figure 14; [0027] Figure 16 is an isonetric view of
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enhanced control expansion module connected to the T-type source power cable and to
multiple pipe heaters via a slave adapter cable, T-type slaved heater cable, and a terminal
( slave controlled power cable in an example single point control arrangement;
[0040] Figure 29 is a schematic circuit diagram similar to Figure 28, but with the
controller connected to a terminal source power cable section;
[0041] Figure 30 is a schematic circuit diagram of the heater controller base unit with the
enhanced control expansion module, the T-type source power cable, and the pipe heater
components connected directly to the heater controller base unit as could be done for a
single pipe heater or for multiple local control configurations such as those illustrated in
Figures 1-4;
[0042] Figure 31 is a schematic circuit diagram similar to Figure 30, but with the high
voltage power and the low voltage signal circuit connected to the controller directly with a
terminated controlled power cable to illustrate an individual heater control arrangement
where the heater is either the only heater or the last heater being controlled in a series of
multiple, individually controlled heaters;

[0043] Figure 32 is a logic flow diagram illustrating an example logic for the heater

controller;
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[0047] Figure 36 is an isometric view of the slave adapter junction box of Figure 35, but
from a different perspective;
( [0048] Figure 37 is a schematic circuit diagram of the slave adapter junction box of
Figures 35 and 36;
[0049] Figure 38 is a schematic circuit diagram similar to Figures 28, but with the slave
adapter junction box of Figures 35-37 replacing the slave adapter cable illustrated in Figure
28;
[0050] Figure 39 is an isometric view of an example source power junction box;
[0051] Figure 40 is an isometric view of the example source power junction box in Figure
39, but from a different perspective;
[0052] Figure 41 is a schematic circuit diagram of the source power junction box in
Figures 39 and 40;
[0053] Figure 42 is an isometric view of a plurality of the heater controllers as they are
daisy chain connected with a plurality of the source power junction boxes of Figures 39
and 40;
[0054] Figure 43 is an isometric view of another example variation of a source power
junction box with multiple trunk outlet connectors;
[0055] Figure 44 is an isometric view of the source power junction box in Figure 43, but

from a different perspective;



[0038] Figure 27 is a schematic circuit diagram of an exanple

mul tiple individual heater control configuration connected to an AC
power source and to an alert/alarmsignal circuit |ocated, for
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pivoted against the bias force of the resilient spring biasing tab for relcase of the latch;
[0060] Figure 49 is a cross-sectional view similar to Figure 47, but showing a leaf spring
for providing the securing bias force;
[0061] Figure 50 is a cross-sectional view similar to Figure 47, but showing a coiled
compression spring for providing the securing bias force; and

[0062] Figure 51 is a cross-sectional view similar to Figure 47, but showing a resilient

compressible material for providing the security bias force.



[0044] Figure 33 is a schematic circuit diagram of an individual

heater control arrangenent simlar to Figure 30, but illustrating an
exanple high-limt control circuit with a PTC therm stor tenperature
sensor; [0045] Figure 34 is a schematic circuit diagramsimlar to
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various components and combinations of components of the system can be assembled and
connected in a variety of ways to serve a variety of heater monitoring and control
configuration needs. The system 10 is best described in relation to two basic
configurations — an individual local heater control configuration 12 illustrated, for
example, in Figure 1, and a single point control arrangement for multiple heaters in a zone

( or gang configuration 14 illustrated for example in Figure 5. Other combinations and

variations of these basic heater control system configurations 12, 14 can be created by
using selected ones or all of the principal components of the system 10, as will become
apparent to persons skilled in the art as the description of these example embodiments and
components continues.
[0064] The multiple heater control system 10 is designed primarily for pipe heaters 16, as
illustrated in Figures 1 and 5, although it can be used for other kinds of heaters as well.
Therefore, for convenience, this description will proceed in the context of multiple pipe

( heaters 16 with the understanding that it can apply to other kinds of heaters as well.
[0065] Referring primarily to Figure 1 for the individual local heater control configuration
12, a plurality of the pipe heaters 16 is shown. They are typically arranged and aligned for
mounting on a pipe (not shown in Figures 1-4, but illustrated in Figure 9), as will be
described in more detail below. In this embodiment, there is a separate controller 20 for
each heater 16. Therefore, as illustrated in Figures 1-4, each controller 20 is connected
directly to each heater 16 in a manner that delivers and controls high voltage AC line
(source) power to the heater element 32 (Figure 9) in the heater 16 as well as derives

temperature information from the temperature sensors 50, 52 (Figure 9) in the respective
10



[0049] Figure 38 is a schematic circuit diagramsimlar to Figures
28, but with the slave adapter junction box of Figures 35-37
replacing the slave adapter cable illustrated in Figure 28; [0050]

Figure 39 i i S tric view of. an ex |.e squrce power .junction
bos: " Cooderieeif i RRFS the Sonffoldt ALis BPrres el etetire. cach fotlena ctsbonds
power junction box in Figure 39, but froma differen%ége[spective;
[0052] Fitgthetemperiagirg senspisrpd $2 1ncthe ingividwnl hgrtand @fo whish ids pemmeptedand
junction box in Figures 39 and 40; [0053] Figure 42 is an isonetric

vi ew of duipb thieaiiph yoltdgetposvehemtued off onthathdagard 6ascdrimg tasettidgs imythe hai n
connected with a plurality of the source power junction boxes of

Fi gures 8n@sitker40; as ¥ 0RAdesEritdni ntbe H&ai® Belo®O ”ﬁieféf&ey{lﬁ}l’ﬁ M vo’iﬁ?é her

exanpl e variation of a source power junction box with nultiple trunk
outl et coRRRFEANRTed to the heaters 16 by the controllers 20 is sometimes referred to herein as

“controlled AC power,” whereas the high voltage AC power that is received by the
controller from an AC power source, which is sometimes referred to herein as “source AC
power” or “AC source power” or just “source power”. The term “high voltage” in this
(" context means anything above thirty (30) volts. For example, typical heaters are often
powered by ordinary 110-120 volts, 220-240 volts, 440-480 volts, or any other voltage that
provides enough power to meet the heat production requirements of a particular
installation. AC means alternating current, which can be 50 hertz, 60 hertz, or any other
alternating current frequency that is used to power heating elements in heaters.
[0066] The plurality of controllers 20 in the individual local heater control configuration 12
are daisy chain connected to the high voltage AC power source 13 (Figure 27), which can be
associated with remote monitor and/or control equipment 15 (Figure 27) by the T-type source
power/signal cables 26, which contain both high voltage power lines for carrying source AC
power to the controllers 20 and low voltage signal lines, which comprise a low voltage
temperature range alert signal that can be used for any purpose and will be described in more
detail below. The term “low voltage” in this description generally means any voltage that
does not exceed 30 volts. Also, as indicated in Figures 1 and 4, any number of additional
heater 16 and controller 20 assemblies can be daisy chain connected together_ by additional T-
type source power/signal cables 26 and with a linear-type power/signal cable 108 (Figure
27)(not shown in Figures 1-4 but described below) connected to the last controller 20 in the

daisy chain.
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[ 0055] Figure 44 is an isonetric view of the source power junction
box in Figure 43, but froma different perspective; [0056] Figure 45
is a schematic circuit diagramof the source power junction box of

Fi gures a 0057] Figure. 46 is an isonmetric view of the
cont rol [@3713;3%’: ABYEPBDIRRLPT Hfandiiiuady sqm%laigsatwstlﬁ aelﬁégﬁ? g%ws 16' can
outl et connector of a T-type source power cable poised for insertion
i nt o t hlee 2aspemasieiede Fovexaniple,fve indieatedoin| Figuren5-8| addstionad endivideathyect or
retainer feature conprising a resilient spring biasing tab; [0058]

Fi gur e ébatroHedhedtas $6 ard/ot adtifional swelefpoiddeontad] ebnesnet sias hkaterst] 65¢hi beg
bi asing tab for the branch outlet connector and controller inlet

connect Qmn¥itédiid e T RO Sdur&i4bdvidr caengct or plugged into the
controller inlet conhector; T0059] Fi gure 48 is a cross-sectional

Vi ew Si [ﬂpﬁg E&ng e%’él{aqleé PE%C%'QTUOE;' e e?n‘t;o%ﬁrﬁgntg NEim Iﬁélgglﬁtgtﬁjons it is

agai nst I'as orce o] res spr i'asi ng
releas 006 49 isS a cross-sectional view
siml a OdﬁﬁLﬁ g‘e h% 3%%?‘[% qt@&i’e@]&ﬁr? SESPIS AT ¥R Degjers et for

securing blas force,
limitation, but to aid in understanding. In general, there are many varieties, materials, and

structures of heaters that can be controlled by these systems. Therefore, this invention is not
limited to any particular heater or heater structure. However, to facilitate the description, an
example pipe heater 30 mounted on a pipe P is shown in cross-section in Figure 9. This pipe
heater 16 has many similarities to those described in U.S. Patents No. 5,714,738 and
6,894,254, both of which are incorporated herein by reference, but there are several different
or additional features that will also be described below.

[0069] In brief, the example pipe heater 16 in Figure 9 comprises a high density silicon
rubber heater mat 30 with a heating element 32 comprising resistive wires or other resistive,
heat producing material embedded in it. The heating element 32 creates heat when an electric
current flows through it, usually at standard, high voltage levels, such as 110-120 volts, 220-
240 volts, or any other voltage level that provides enough power to create the heat needed for
a particular application. The heater mat 30 is surrounded by a thermally insulating heater
jacket 34 comprised of low density, closed cell silicon rubber foam or any other suitable
insulating material. A fastening halter 36 with straps 38 (Figures 1-8) can be provided to
secure the heater 16 in place on the pipe P or on other components that are to be heated.
[0070] The heater 16 has a cavity 40 where high volfage power lines 42, 44 are connected to
leads 46, 48 from the heating element 32. Two temperature sensors 50, 52, such as

thermocouples, thermistors, or any other suitable temperature sensing devices, are embedded
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[0061] Figure 50 is a cross-sectional view simlar to Figure 47, but
showi ng a coil ed conpression spring for providing the securing bias
force; and [0062] Figure 51 is a cross-sectional viewsimlar to
Figure 47, hut showi.ng.a resilient conpressible material for

provi di ighe framswslating jaskets 4radfasent theepter a3 Preatiat HEyORn GrtetHE
EXAMPLE EMBCDI MENTS [0063] The nultiple heater control system 10

i |1 ust rtztmpdrafeaeatairingar the Beajenrmast 30. dhghds fremivas efl thertehperatuné senaor, e.g.,
expandabl e nodul arity facilitated by the exanpl e conponents so that

vari OUSteﬁ:?Bﬁ@tﬁe Bérs0RHE i asadiviahé osrirolier 2O R VBNl Dpefatibial oF P8dRES Hedter
be assenbled and connected in a variety of ways to serve a variety of

T T e S
| ndi vi dﬁf lis 1!13%8 %ly @eegc;[n on&Pss £2 lupﬁe%%rin elil'glt%}‘é it %:%ntirtl)ll, éljssxgv{lﬁgee&iéscgi}:?erd in
more detail below. One temperature sensor could be used for both of those functions, but it is
better to provide the redundancy of two temperature sensors, especially for the high
temperature limit function, which has to shut down the heater if the process temperature
( sensor and/or the process control circuit in the controller fails and causes a runaway heater
situation. Some safety certifying agencies require such redundancy for safety certification.
[0071] The low voltage wires 54, 56 for the first (“high-limit”) temperature sensor 50 and
58, 60 for the second (“process”) temperature sensor 52 are routed through the cavity 40 and
through a flexible cord 62 to a cable connector 64, for example, a Molex™ connector. A
boot 66 anchors the flexible cord 62 to the pipe heater 16 and covers the cavity 40. The
heater cord 62 can be any desired length. In some embodiments, the cord 62 is long enough
to place the controller 20 (Figures 1-8) and connector 64 far enough away from the heater 16
to avoid heat damage to the controller 20, especially in high temperature applications. Of
course, as shown in Figures 1-8, the controllers 20 are connected to the pipe heater 16
through the connector 64, either directly as illustrated in Figures 1-4 for the individual heater
control configuration 14 or via a slave adapter 22 and slave heater cables 24 (Figure 5} and
184 (Figure 18), as will be described in more detail below.
[0072] Before proceeding further with structural details of individual component parts of the
multiple heater control system, reference is made now to Figure 27, which, in conjunction

with Figures 1 and 9, provides an overview of some of the electrical components and

functions of the system and is helpful for an understanding of other components and features
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exanple, in Figure 1, and a single point control arrangenent for

mul tiple heaters in a zone or gang configuration 14 illustrated for
exanple in Figure 5. O her conbinations and variations of these basic
heater control system configurations 12, 14 can be created by using
sel ect ethabdkbadesaribediielowie Therefine,palshowmpoligates? 7ovith sreondary eeferedce s
wi || becone apparent to persons skilled in the art as the description
of t hesBigereartping 9 alphdalivg i somtrulleenipeundset conseawndd indeddually @Dfegpective
mul ti pl e heater control system 10 is designed primarily for pipe

heat er shehfyrs 86 plithHEL bat & ckBufivayr R85 Plljov?dlﬁig Sontidl1eA A¢TPov dr 16 Ak RAters 16

used for other kinds of heaters as we Therefore, for conveni ence,

LB, CSSREAR AR PRORGE T ik BB RlgE o
o5 vel | ook8PRo et e g Brl pmcLl 80, ELgune ol o LndL il

heaters 16 is shown. They are typically arranged and aligned for
nmount i répigrehaingfgdor Hoformoanrdepomey timaksline that dnlivers| AQ seyrae pewero the
Figure 9), as will be described in nore detail below In this

enbodi mentrpllérk @0 e The cantsdeay 20 then ewitclotheeXC 0wéroon aricdf tveddlmer the.
Therefore, as illustrated in Figures 1-4, each controller 20 is

connect®@gtreiléeat! powied tehehe AL 16T, adBedefiady R MRealchAls @YrbdReSheinsdt
controls high voltage AC Iine (source) power to the heater elenment 32

(Fi gur ' . deg | 5@1? m
(_i nf or rrg!te?%erﬁi t?lf %%ﬁlttﬂgﬂl gﬁrr%é}&ggﬂ F égﬁé SNSOT'S q@%x tl% | gu@gygl)% AI\Cn PPRE" on
respective.. heater 16 to which the cont er..20 i g connected. .
Ther of PE STLAER S BIRFERIN T S50k BUTUARTEnL 0% R Fusaphe R aane SLEhsyid. ssh
52 in the individual heater 16 to which it is connected and i
as a triac 303, in parallel with a mechanical relay 305 to minimize arcing and heat production,

or any other controllable switch to produce the controlled AC power. It is also possible to
use a variable power controller, such as a variac transformer (not shown), for adjusting the
controlled AC power up and down, but they are much larger, bulkier, and more expensive
than switch devi.ces. Control of the process power switch arrangement 302 using temperature
signal feedback from the second (process) temperature sensor 52 in the heater 16 is described
in more detail below.

[0074] A high temperature limit switch (also called a high-limit switch) 300 is also provided
for shutting off the AC power to the heater 16 in the event the temperature of the heater 16
rises to an unsafe level as sensed by the first (high-limit) temperature sensor 50. Such an
unsafe temperature level could be due to a malfunction of the process power switch 302, the
process temperature sensor 52, or the process control circuit 296 (Figure 28), or it could be
due to some external cause, such as a high temperature purge or cleaning cycle in the pipe, or
any other cause. Control of the high-limit switch 300 using temperature feedback or input

from the temperature sensor 50, including a latching function to keep the AC power turned
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turns the high voltage power on and off to that heater 16 according
to settings in the controller 20, as will be described in nore detail
bel ow. Therefore, the high voltage AC power delivered to the heat ers
16 by the cont ers 20 i sonetlnes referred to herein a
" con%/r of @ac%élﬁ%‘ml turngd, atfpgading an gpefatoy a}t@a@@w/&ewmg?beﬂﬂafnqr% detail
received by the controller from an AC power sour ce, which is
sorretl nh@OWeferred to herein as "source AC power" or "AC source
power" or just "source power". The term "high voltage" in this

[0075] An alert/alarm function is also provided, which signals an alert/alarm at the remote

monitor station 15 when any one of the controllers 20 in the daisy chain connected series
detects that the heater 16 which it controls is at a temperature above or below a desired or
needed operating temperature range. For example, if it is necessary to keep the pipe P
(Figure 9) within a certain temperature range for a chemical process, transport, or other
activity to proceed, this alert/alarm function 17 can notify an operator at the remote monitor
( station 15 if any one of the controllers 20 detects a heater 16 temperature outside of that
temperature range, and/or it can produce a signal to an equipment interlock 19 to prevent
operation of, or shut down of, equipment until the heaters 16 are all producing temperatures
in the desired range, as will be understood by persons skilled in the art. The depiction of the
monitor station 15 in Figure 27 as a defined block is only schematic. The various
components and functions, e.g., DC power supply 21, continuity detector 31, signal circuit
23, and alert/alarm 17, can be in one location or in divers locations, so the use of the term
“remote monitor station” in this description is for convenience only and does not limit the
components or functions described or depicted to being together at one location or in any
unitary configuration or assemblage.
[0076] To implement this alert/alarm function (also sometimes called the temperature range
signal), a low voltage DC power supply 21 at the remote monitoring station 15 provides a
low voltage DC potential on a signal circuit 23 comprising a pair of conductors 27, 29 that
runs via the daisy chain cable sections 25, 26, 108 to all of the controllers 26. Low voltage is
generally considered to not exceed 30 volts, which is how the term is used herein. Therefore
high voltage is anything above 30 volts. One of the conductors, e.g., conductor 29, extends

through each controller 20, where it is connected in series to opposite terminals of a relay
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cont ext neans anything above thirty (30) volts. For exanple, typical
heaters are often powered by ordinary 110-120 volts, 220-240 volts,
440- 480 volts, or any other voltage that provides enough power to
nmeet the heat production reqw renents of a particular installation.

AC meansVisgh Hi0h sklierrdoreurpyesitthe series orngated gelsp stidehes 318 asrafzhe or any
ot her alternating current frequency that is used to power heating

el enent sontllheA0aas op 066 rclih @3, fleypadichy cwofent it fidvwieg $n 2@ signal siecuit

i ndi vidual |ocal heater control configuration 12 are daisy chain

connectz3] CeonviehRly)aldf 1 reRYSwWAChRBWYOin SR UF B chatrélRird20 Bave/th be\Mdsed in
can be associate W|th renote nonitor and/or control equipnent 15

(Fi gure,dd) tﬁpﬁn els 1?&9@23%‘%%%39&"‘@5% hg.n“?tl,lai%ltcﬁis a6 Qsed Vl%é&ﬁ can mean

cont ai n bot t age power I nNes carr source

t he contraoll. and i gnal a | ow
Vol t agerd é%%ﬁalfla Ryt Sk B i e g B g FRORPLRG o
purpose and will be described in nore detail below The term"I|ow

vol t aged{qs clasp sherdtch; e Orblerdradion pljovreamsntdiny horugidhe swideh. does

not exceed 30 volts. Also, as indicated in Figures 1 and 4, any
nunber [807Hd4diconbmaty detentan3 | Bseuindet with g ﬂemot@ﬂomiwhmtdﬁm IGatetduts

dai sy chain connected together by additional T-type source

power / siigtiedr thedibes cibuiadiliswpefiedor didiear Upnh SeleON thet 88 signsiaidcait 198

(Figure 27)(not shown in Figures 1-4 but described bel ow) connected
(t 0 the JRSlwhieRtaPbd SuséPby thyt dEnEAlSYswiRAES310 being opened or by any
disconnect or break in the daisy chain cables 25, 26, 108, the continuity detector 31 generates
a signal to the alert/alénn 17 and/or to an equipment interlock 19, or to any other device or
function desired by the operator. In other words, the signal from the continuity detector 31
can be used to initiate an alert or alarm, or it can be used to stop equipment in any use, as will
be apparent to persons skilled in the art upon reading this description. A variety of continuity
detectors that can perform this function, e.g., current detector circuits, voltage detector
circuits, and the like, are readily available and well known to persons skilled in the art or can
easily be constructed by persons skilled in the art, so no further description is required for an
understanding of this feature. For convenience, but not for limitation, the signal circuit 23 is
sometimes called the “alert/alarm signal circuit” or “temperature range signal circuit”, even
though the signal can also be used for equipment interlock and other purposes.
[0078] The relay switch 310 in each controller 20 is controlled to open and close by a process
control circuit 296(Figure 28) in the controller 20, which uses temperature information from
the process temperature sensor 52 to determine if the sensed teﬂlperature at the heater 16

connected to that controller 20 is within the desired operating range. If not, it outputs a signal

to open the relay switch 310, which opens the signal circuit 23. The open signal circuit 23 is
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[ 0067] Al so, any conbination of individually controlled heaters 16
and sl ave heaters 16' can be accommobdat ed. For exanple, as indicated
in Figures 5-8, additional individually controlled heaters 16 and/or
addi tional sjngle point control zones of slave heaters 16' can be
connect &deied phheropipatysdstactos 3powhbich gantrates the alqrijgeny sigozl. fbeaclay
detail ed descriptions of exanple enbodi nents and inplenentations, it

i s hel pfwikcht3d Orcafi be atmoechhiicdleelbe or @beitestats relay] ab s Welikerval trersMRsor s
in exanple heaters, not for limtation, but to aid in understanding.

I n genedkdilled ihhigy gt.are many varieties, materials, and structures of
heaters that can be controlled by these systens. Therefore, this

i nventi §1S |k I « .

st uct UPLTOT pHEBaiey B PorkBe ool K coENEE 1R conB B pg elcoiatly
heater 3 nted on a pjpe [ S, shown in. cJyQss-secti in Figure 9.
Thi's: pi A hBkRapes gotice Ty oah e ve i LAl s el Bt e U, S.
Patents No. 5,714,738 and 6, 894, 254, both of which are incorporated
her ei n BYifeEMEstaen nqhudes phisas one &-typg seuire pavarisignal cable seddon 26 AJi-type
features that will also be described below [0069] In brief, the
exanpl eopicp@otvedsignal Teblich o Trtype sburce ppwesadled dnijgh “Teynsd doyrceidabled fior
rubber heater mat 30 with a heating el enent 32 conprising resistive
Wi res GhoR)flratl&si Gid Iﬁﬁar-@ﬁa'terﬂlﬁlwﬂiﬂg lingarBtie pelvepaibeddasleisictioh- 108he
heating el ement 32 creates heat when an electric current flows

(t hr oughx ‘liiﬁear-%%jw)érlé’i%nﬁtt@[ﬂgﬁ’étglig dIbRA o}’ qgﬁéﬁﬁgggﬁiﬁatir@%ﬁﬁrcééggv%p cabtd

volts, "220- vol ts,” or any other voltage at “provi

enough power, to. create the, heat needed.for .a particylar.application.
The. hest BHE et sl G Be dir B5RLSS WsPhaP et faf a3 Rbadabhe

j acket 34 conprised of Jow density, claosed cell silicon rubber foam
or any SBYISE F‘[‘@%ﬁ 36,3 #sedio porpgch therfirstanddntermediate cenfrallyrna] indhe dgisw t h
straps 38 (Figures 1-8) can be provided to secure the heater 16 in

pl ace ¢hainisenisicipd seriey toghe 6Cmmwer sopon éhard tathe algri@lar Hgnahehcwt23.
[0070] The heater 16 has a cavity 40 where high vol tage power |ines
42, 44 Taeecrammtmglsootct gahledd®isAed dScdnheththdiastwatrbig 20lia migndaiSZchaiino
tenperature sensors 50, 52, such as thernocouples, therm stors, or

any ot BEfinedtéld satdstro HRSTREY Ik BB B3 Al (AU BIRFi/alAFSsi G BRRD3 1A thdTe-
foaminsul ating jacket 34 adjacent the heater mat 30 so that they can

det ect 8 : t i I r
the t oo arice clEs 6. A ReRn figfhed 124 Hld FF T CLUIE Sulde B8 2
R i T R
tenperature sensor 50, is used by the controller 20 for upper

t enper &Y AePRtioRellineatpe sourge Pow e signal esrsiomentld (Ysouseeparearsisnabel ow.
(__016 tenperature sensor could be used for both of those functions, but
it is beengon cabl¢grayusdEsdures exdehsimtanble” ¢or shwa) 28 oparyatecesarydasgih,sqan be
especially for the high tenperature limt function, which has to shut

down t figedne@biiect thetiet TPiyPe eSSt EAMELAtAHHE nSRIIDPEtafitt] Dlas iktRcadddPCESS
control circuit in the controller fails and causes a runaway heater

si tuat $&1@ma§ i?@fi ¥o6ertifying agencies require such redundancy
for safety certification. [0071] The |l ow voltage wres 54, 56 for the

first EOO%P H“_ol i%lnrl’r)iletnllgnt Eﬁe%gét%ng ro?prso%{]d?r?gr A%Oso%pc% power to the series of daisy chain
connected controllers 20 and routing the alert/alarm signal circuit 23 through the relay
switches 310 in each of the controllers 20, as described above, the T-type source cables and
the linear-type source cable 108 (and optional source extension cable 25, if needed) are

constructed and configured not only to perform those electrical functions, but also to provide
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58, 60 for the second ("process") tenperature sensor 52 are routed

t hrough the cavity 40 and through a flexible cord 62 to a cable
connector 64, for exanple, a Ml exTM connector. A boot 66 anchors the
flexible cord 62 to the pipe heater, 16 _and covers the cavity 40. The
heater 88f&h & %ﬂ’ﬁalﬁéceanﬁ‘edé%‘ﬂ?léf‘dmdéﬁ’ﬁﬁﬁumﬁw éléwak%%ahwﬁ%@ Iprppito
cord 62 is long enough to place the controller 20 (Figures 1-8) and
connect eynngdt thaACeprovegtsounsagnd alertfatams sigmat eirculie2 X withenindnh eartirodlarseifeas
to the controller 20, especially in high tenperature applications. O

cour se, dawred.hawshdvwn i BiguRS 7] edth téfatnangtsootce @able 208 & Rirb oGS Eshwiagd
t he pi pe heater 16 through the connector 64, either directly as

i 1T ustratigg dnd fﬁir%‘f‘hfgﬁ \%‘ltﬂgé Rired DY, 1 D6 (VAT PEwe df\?ﬁ'&serorﬁ&gt‘%r 2 i es f%r

configuration 14 or via a Slave adapter 22 an ave

Lol oue TR 3Rt aﬁl(effplrg%*f:@éa@ wirfs1 ¥ 100 RRIEDFIbE S Uk End & il}e way
o by ot %%@eﬁsﬁﬁﬁﬁ%fw@g oIk from the ket campactagr] 1pne fhe Outlet

Figures 1 and 9, provides an overview of some of the electrical
conponewmse%ﬁmlmMnctlons of the systemand is hel pful for an
under st andi ng of ot her conponents and features that will be

descri Hed8eAawtypbludcohmictr ties cabemettfobt @lteLrdm onke ichbls &e foue &rizes of
reference to Figures 1 and 9, a plurality of controllers 20 can be

ceon nect SdHePAbIé EuiAbd veell OMASIRGCHhhYR IS HoBE Well ﬁeéﬁhis@ﬁ'é%r] b6 avRilib18 af
exclusively, for providing controlled AC power to the heaters 16 in

order t e i i L) .
remper SenTEALanh RREBLENS R %9 adR fithlaDe BT REE i
sections 25 26 08 that connec geth in daisy chain.fashion to
forma ESQ@Eeb%éqlaﬁe? Ui PHFP R ‘&ﬁ BRGC{RSP 80 REICE BPRUCBBR PIY P Ehe
controllers 20. The controllers 20 then switch the AC power on and

of f to cHisptation se fat thekcprryat be ipproperesonngctede Aloabeth shepaleggd female pins
necessary for the heaters 16 to produce the heat needed for

mai nt aiang shgathhe seldss didtculetomecidentalbsshofttbemonin thos descaptath, furcontdngende
power on and off with a process power switch arrangenment 302, which

can be aad st fod ligfi@ation, Ihé teeh,“iHEC hs @d do Hési@ate3B8 cohrecfabatdbid et thhr a
mechani cal relay 305 to m nimze arcing and heat production, or any

ot her afveRld@RhRcsSYiv&int %e%ﬂﬁ‘ uGR1dhE ugémﬁfordwgﬁge@% RONELor difcabR

al so possible to use a variabl e power cont as a vari ac

transfqr ontroll ed 0

down, - S0 oo GG Rer ERENDhece Bl el iRl MIEER HishE carfives G4l e 26
svmtch devi c of the cess power switch arrangenent 302
si ng FW&%%@Y%E%‘V@E%&W& rom !tohe second (procesg)
enperature sensor 52 in the heater 16 is described in nore detail
bel ow. [§U83Y Aor therlinpar-typepenminating sohuee cald@il 08, 1h¢ illgtsoprgctard 18 has at least
high-limt switch) 300 is also provided for shutting off the AC power
t o t hethepbwer difis for tidh&Cavart poiver warsP IR 16 and bt Iedse thesihil chiGuit bERS
to an unsafe | evel as sensed by the first (high-limt) tenperature

sensor §Q3he SB64 ABuit RERE S 18 TPYLALIER ﬁﬁx\éﬁlto e With e MR oliletBonnector
mal function of the process power SWtc the process tenperature

| ’ 28

courd 6 on i T SERETRRIOAT T oufd Sithoe G 4 P Lbpiina iy e
| | th th | of th

ol he Ao Pl i e%w%@a?%?ahénfcgév@‘éﬁéﬁse 25 0 i and espnegethe

tenperature sensor 50, including a latching function to keep the AC
power signaleqrenit 23 to those components, is also configured the same as the trunk outlet

connector 86 on the T-type source cable 26. Therefore, the inlet connector 110 of the
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off once it has been turned off pending an operator intervention, is
described in nore detail below. [0075] An alert/alarmfunction is

al so provided, which signals an alert/alarmat the renote nonitor
station 15 mhen any one of the controllers 20 in the daisy chain
connect EHMEBHNS§0WER eables 1 Q8eould breplHagadedirosly i dhe menitosmestationiogtielr a
tenperature above or below a desired or needed operating tenperature
range. Gomeeradpimsitupfionstwheae theoeis valyortecokizeliert20dan pihpatesyctengur e 9)
within a certain tenperature range for a chem cal process, transport,

or ot heo8s] iAsiwiyl He@ifnsea eslmotddaidbabi| bk adRifitgisb@e s4bl6 203 BAY tofbhs
an operator at the renote nonitor station 15 if any one of the

control &A%, g(%n@@tttﬁglag @onﬁ%ﬁ&efo 1:1"16d & Eﬁltééhﬁeé?ﬁrﬁ ShdE oPbhelo confrolier

t enper at ure range, It can ce a signal to an equi

nt i1 B %@s&e& A A #eﬁ%aﬁf%&s@%w g feet %%aan be

range, as be understood by persons skilled in the art

depi ct i Bpse8f At FrasHERin wrmipated VoH a E-type sougRereable26a¥ould dave H@cﬁl@abemcult
is only schematic. The vari ous conponents and functions, e.g., DC
power sifpgen, @gardbasnof whether afleafsbe miay3dyitcheghHl incllrafihe ca®ollars®0 are
alert/alarm 17, can be in one location or in divers |ocations, so the
use of didwed]which WoalbieadeiirdaDeirahitel3 iadperativel fot s HRGeed phdpose Asdds@ibed
conveni ence only and does not limt the conmponents or functions
(descrlgggvgr depicted to being together at one |ocation or in any
unitary configuration or assenbl age. [0076] To inplenent this

alert/ i |led the te rat ur

21 gnai 00T, TP @%t 1o Sl B T G St o EME S0 o P o
station 15 Iom1vo|t tential on a s circuit 23
compr | Sorigr Bing for BFOLHS%M?W%G%HQC&%O R IS R Brsigna) SER
cabl e sections 25, 26, 108 to all of the controllers 26. Low voltage

i s genévigas| ) 8c ks paditéeicardignend te adewitB tha/islet sonnghtor A4 ef ﬂhswonth@lletfgﬂm
is used herein. Therefore high voltage is anything above 30 volts.

One of Thisenleoemimettor 540 & the cortmildri2® bas Pdiffement emdRrutdtion dighn tha dtlet
controller 20, where it is connected in series to opposite termnals

of a r ebayectdi¥82,CN 0¥the TliRieabar@ cadley20hnd REmBRIIHE S\ IRGEREsI 198 aY
swi tches 310 in any of the controllers 20 can open the CIrCUIt 23,

. ﬁié’ers ¥&Ne IR pﬁerthlﬂfeg Eeq%éétswt ftﬂe ge?r‘g1rﬁ't19§?+ur9 Ea%?]éef s s:tg be
20 23 )
The 't Z?‘r# : r@%a 88 Ffiok Buf SGags? %%@Pﬁﬁl' I BRe SHOHFR atntéoﬁlgeereﬁt Baste

mechani cal or soI id st at e, in which a control signal input can be
appl i e@UHlE copRsrionda thecepote maritarine:tationi1 e This §ilsrest gondigurasion don they
Qurrent flow through the swtch.

inlet connectors 140 of the controllers 20 is provided for the purpose of orderly use of one

AC source power cable section per controller, which is easy for users. Of course, the inlet
connector 140 of the controller 20 could have the same configuration as the inlet connectors
82, 110, if desired.

[0085] The T-type source cables 26 are used for connecting the first and any intermediate
controllers 20 to the source power circuit 33 and the signal circuit 23 at the remote
monitoring station 15, as mentioned above. Each T-type source cable 26 has a trunk section

83 extending between the inlet connector 82 and the trunk outlet connector 86 and a branch

19



[0077] A continuity detector 31 associated with the renote nonitoring
station 15 detects whether the signal circuit 23 is opened or closed.
Upon detection that the signal circuit is open, which can be caused
by any of the _relay sw tches 310 being opened or by any disconnect or
br eak i $ectipl 88 gxisydiag fiom Bgtituak seadion$d to ﬂ@éeramqhe)%%h@qnnmt@y7% efebeshr
31 generates a signal to the alert/alarm 17 and/or to an equi pnent

i nt er | ogden 19®Figore 274 vatlyscoddulary rbdarewe to Figue ¢ the trunle powerdwidys, tévaprised of
operator. In other words, the signal fromthe continuity detector 31

can be p&es vites 97 88 of Biedilletir@ild sePhed A Ad tBE pbiverCiRed I, U3 BE tHeQuslOP
equi pnment in any use, as will be apparent to persons skilled in the

art up . . N . O <
That " coniEeriet b AeREaak BT voth ATty o Akl 1Y o ik
vol t age ector, cLpcuyt nd the |ike _are readily  availahle and

wet | Rt BengEBlis Yhe BiandhPonetiwecsis o iboinsied s EotBes B S let g
by persons skilled in the art, so no further description is required,
for an thadBrkpaves Weos /. BRiaad fetebrach ronnests Ve sp dhrtevham the pentrallse 20 is
limtation, the signal circuit 23 is sonetinmes called the

" al ert /@naestedioghabraoch sectiph 86y tht pewpesiaiircompaning thsd grvedr condurtors 290,

even though the signal can also be used for equi pnent interlock and

ot her mEasiascontBN#8I0 &b en pahidel efsdtically $A0 thetremePowa Wit @l 7288 20d iwsth
controlled to open and close by a process control circuit 296(Fi gure

8) in - : j : i -om t he
o bcesd o B S R i R b
at the heater, 16.connect ed .t hat contr.qgl Ler, 20 is_.wthin t.h

desi r edoBpiere RySHaaD: bR ispiRenle o8 i irhiblust el Bipdrance
relay switch 310, which opens. the signal _circuit 23. The open signal
ci rcui tW1%5 3T Very §Rert S{TRRer A & GPRICREST 7§ l'fél‘?,lg sad.qltegmtively; they could
generates the alert/alarmsignal. The relay switch 310 can be a
mechanieyen be eliminatad by jemingiwyesnd b S8and Y0, Hstogethowdt jor kdjecwnt the mes 2,dnsll
skilled in the art. [0079] The dai sy chain connection conmponents for
connectofmtithhee equivilehtsas svilkBe ehdeitood By barsérs skliiedACtHeaaer source 13
and to the tenperature alert/alarmcircuit 23 at the renote

noni t o) SHiad i@kl Witek VELR25h theRRd: AR sl AP 20 BRY b=t RONRELSh AR ah
cabl e section 26 ("T-type source power/signal cable" or "T-type

SOur C© aROURheGERI et OF d Uhind cleck By SOMGR A RLh e SRR £ AR

| east one near - pe termnatin near source p S| gna

section 108 (,"ljpear-typ ower/signal . termnatin bl e" .or .
P nearolgh it R ik BelRABE LD e iR SR B8 e G mgpine
source cable" for short) as shown in Figures 1-4 and 27. The T-tyPe
sour ce theypach segmepiedl andfhe branghy gatdet copreciar/8t Tha @then signaterirest 100, 104,
@ontrollers 20 in the daisy chain connected series to the AC power
sour ce of heamghat wirelpeirainethe Talype rowcgerble 26, howietver2@etodhieorh éhrentirurekt senigon
source cable 108 is used to connect the last controller 20 in the

dai sy ©Bab exteaeeighths Bfan6is sdctioh B8 td‘@_?p@ﬁ% SERHILE Bind 3n ARGrirRhiohdet
alert/alarmsignal circuit 23 via the T-type source cable(s) 26, as

shown icglgfégw Fgs T}i}ér%f(ﬂ’@ dyigely thd Bfanth Bﬁet-gbﬁ%egg)r??l% g?cﬁm‘éag{l & the GATIRE

connect Irectl to the nonitor station I'S Cl 0osSe enougn,

or, as,shown. in Fiqure 27, .an optignal .ljnear-ty urce
pover | SPghérgash EivE oF eRichAginseBet Praieh dherelyt qiteh 210in i contrale 20
or just _"source extension cable" for short) 25 of any necessary.
| engt h Wighmugiple,eirollgrs 29 flaassichameconpeaied i this eanaer ﬂﬁ ot thepelay switeles
the nonitor station 15, as indicated schematically in Figure 27.
310 of all the controllers 20 are connected in series in and to the extended signal circuit 23, so

all of the relay switches 310 in all of the controllers 20 have to be closed in order to have a

closed signal circuit 23, as explained above. The branch outlet connector 72 is configured to
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[ 0080] To inplenment the functions of providing AC source power to the
series of daisy chain connected controllers 20 and routing the
alert/alarmsignal circuit 23 through the relay switches 310 in each
of the controllers 20, as described above, the T-type source cabl es
and t hematereigh theyiplst emwmeeter t4oofehg Oditxcdlen2@pnd the dtunk outletS6ex tandiguoed to
cable 25, if needed) are constructed and configured not only to

per f or mnkteosich tledalet cotmbctb8; tsb €Hus anPhlimbdrad theoT-PypRwotde cablbedsé carl bely
appearance. The structure and configuration also nakes it al npost

f ool pr ogfisd @afPaRB6ted Rt R eSRUE %fit(ﬁz{ngriﬁﬁx?d b otit@Nals 2
circuit les);wiath as rrgnflb%gontrolle?s 20 gdesi red. As? sﬂ%v\n PnSFiogure
27, eac erm.nating source cabl.e 108 |. airly straight forward in
Chat CondmERA bR aRa0 T BN St Sholitos, T bralaBRd AR i Pea o
just "p [ wres" for shart) and one pair of |ow voltage. wires 118,
120 (" sn%ﬁﬁa Asiefeggnenfigne Fhﬂvﬁ,)tﬁ%%tsm%mur%@bw O 1B RESFHE b GRhbe
the termnating source cable 108 fromthe inlet connector 110 to the
out | et mrovided iroanyllgmsth npaipd 1 coxmgct the daisy clozdm neroparentstfy 1¢%ite thosmece
four wires fromone cable to four wires of another cable can be used.
Mol ex Tbowaen 38 ahd Kis: sigiak cinelil 2atcaise tdigioriap etadufil b alThe pbwWer wire pair 93,
configurations that accommopdate four, six, or nore high voltage and

| ow volgsag té §ienflakitSpdino A JORRRAH efelBfcallRlifRicMubldFRIth BRARRELAGector
connectors on other conmponéents in only one orientation so that they

. t i , lL.e .pij
(50, 3, AL E RSSO oL URLRF 5T B ML AR GBS
o e B LR PO 0 b ot ol B o
source power and the term"outlet" is used to designate the connector
or cabl8 ke Tiwre Warqecapls 28and suthctbe jrdolegonnecieralldiod dhe terminpidngraurce

t hose connectors or cable ends al so receive and/or deliver |ow
vol t ageabledf8l s. [0082] For the linear-type termnating source cable
108, the inlet connector 110 has at |east two power pins for the AC

sour ce [pE8ErRyfefrRiy nblprihdflyas Bigibe | @aSdonjuMetich GMRIFiSire€ LOL thRIME pEOT
the signal circuit wires 118, 120 and is configured to mate with a

trunk QuiletamloPsest Mt 8&sHt AR td- do¥iRRiss WS esalédqmwr% %ﬁle O% . slgggb,eiz

connector 35 at the 'renote nonitoring station 15,

200" 2 SRR S8 SN BETRENSP Rt o, A58 0 SR Eton

e L R AL U P A e LI R

( in the common branch cable connector 78. The other end 80 of the inlet trunk cable segment

" 70 is terminated in the inlet cable connector 82, and the other end 84 of the outlet trunk cable

segment 72 is terminated in the outlet trunk connector 86. Any suitable cable connectors can
be used, for example, Molex™ connectors, as discussed above.
[0089] Figure 11 is a schematic circuit diagram of the T-type source cable 26. Each trunk
segment 70, 72 contains at least two power wires, e.g., the power wires 87, 88 in trunk
segment 70 and the power wires 90, 92 in the trunk segment ;/2, for carrying source power to
the controllers 20. The power wires 87, 88 in the inlet trunk cable segment 70 are terminated

in pins 1, 4 in trunk inlet connector 82 and in pins 1, 2 in the common branch outlet
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term nating source cable 108 could be plugged directly into the
nmoni toring station outlet connector 35 in situations where there is
only one controller 20 in a heater system [0083] As will be

di scussed in e.detail bel qw .the terpinating source bl e 108 has
Lo be. euwertar thnRACESYa el 2b it ingontit oAb SEEISY T2 iz tyrminated in
connected series or the only controller 20, if there is only one, to
t he renbtié 1nbl rerk eles copnegtar dGanbingtizg 5,10Ha the epvamonr brapeh euthes cernectse
cl osed. A daisy chain termnated with a T-type source cable 26 would
| eave tHe Sowcapowdrioum b s@icqfencxampin it AEpovier wipplhE3 (Fgire @7), tihe
relay switches 310 in all of the controllers 20 are closed, which
woul d redRy csin@bRl 16 teGhlct ik deBRRAN AT Vi¥ end Blink ihfet LotrRBEL e Rnapege
as descri bed above. [0084] The outlet connector 112 of the

term nati A% o I i for

t he source Sgﬁgéﬁapf22&%f&gﬁf%%§g%ggggﬁkgggfﬁﬁ%%C%*%gﬁﬁﬁgk?ﬁéﬂgﬁgnal
circuit_wires 20 nd it is configured.t te with the.inJe
connectSHbad 75 CoEitbinsdroh eusoubis pomas N wwostieCshe ol 0gea prs 1 2
controller 20 has a different configuration than the inlet connectors
82, 110ndhe ¢qyamgn £gieciop U8 c HowsnireBy-passaaaneciiens Prat0riie Bovideé to connect
connectors 108, respectively, so the outlet connector 112 of the

t er m nahe pgweouires? % 8B lte thtGBvwatl sireh 88, R2anitke olitfet ausktaidsapntehe72 fruorier
outl et connectors 86 of the T-type source cables and different than

t he outth gtipplpenecs powesio die Fihe1 remmherimabhtt cothettoa B @t otler cdhirsllers
(different configuration for the inlet connectors 140 of the

cont r 01204 oA heted O iriPhal OE kil ot BARRCRA (OfiflaRInK M8 RhnOS: Bas
source power cable section per controller, ich is easy for users.
O cour 1 inl et connector 140 of the controller 20 could have

t he sa%%gggﬁasg'vﬁtion as the inlet connectors 82, 110, if desired.

[ 0085] e T-type source cables 26 are used for connecting the first
and anﬁwﬁﬂl Eneedithg lvewliaes il wvines. &8 pikie o it the ehiBmk sPgment 7048
and the signal circuit 23 at the renote nonitoring station 15, as
ment i ofennegiRgvdrectty fha goirsspendingsigeal ovits 2260 thra@utgt troninkegmwot 750 86t
extendi ng between the inlet connector 82 and the trunk outl et
connectpit 3 @6camectar 82 afiihib inletstenik sepm8iTt HXik angleargmbn orehtial withipik 3 in the
section 83 to the branch outlet connector 78. As best seen in Figure

27, W think 0a88ddhNedt @ 8 SMECottRt FLAHS@ndent YREHbHER, i%y@ii%ﬂ&l k8&s 98,
conprised of power wires 87, 88 of the inlet trunk segnent 70 and the

Ui nt e O gy 4" ot e oBettihiRlorh (M uBF TR ae SoMELEAT e coprpler
%FEL? - PRt Shi pgpa s AR BN esPlsnero. o meterafoct shnime g fin

)ranch connector 78 so that, when the controller 20 is connected to
the br &iedrmkdalet spnngstor 83 o ppinet indhe braneh eanmsetos 7 hgLikewisgothe pther signal
conductors 290, 292 in the controller 20 are in parallel electrically
wi t h t mareti0dni tpowwtlet imleseg8ient BBcamedctapinnt tinthe prowie puitétconiector 86 to pin
conprising the power conductors 290, 292 in the other daisy chain

connecgesl tHeidhigdd Blasci2Gutlet Borind€tod 78.Y PRerefié, GRe EdtitloBerd@0AR WIhdritlose or
Figures 10, 11, the branch wires are very short junpers wthin the

connec j g - i . . . eV
CPnneCl i 5 el ) Bl DY R ARy By o
tpg(ras 8%?1‘?%1% ch]ﬁw%:irﬁ.g t?x% élvgﬁl?lﬁgin%r, ?or%ggllngl%l, t%nc}a%seat?levc\:‘lrlclllit gc%ti%ﬁ%? {igttegtgg 3 Py

(Figure 27) to detect that the signal circuit 23 is opened and to trigger the alert/alarm 17 at the
remote monitoring station 15 (Figure 27) in the event the controller 20 detects a heater

problem or to trigger some other function, as mentioned above. The unused pins 2, 5 in the

22



[ 0086] The signal wires 98, 102 in the inlet trunk segnent 70 and
outlet trunk segnment 72 are connected together to extend electrically
uni nterrupted through the trunk 83 of T-type source cable 26 fromthe
inlet c ector 82 to the outl et connector 86, ectrically bypassin
the br afERk ﬁeme%g e SRR Ton s soneh beRgh Ot B R
signal wres 100 104, of the signal wire pairs in the T-type source
cabl e 2the unssRshrans 2,deindbe trankoptieh eonnesink 86 atctapbiana 3nd caresaremidic fnaiogh
the branch section 85 to respective separate pins in the branch

out | et cimamttining 48patibhdistihoe betwakrehigh hed hvanalhge ubhedctiomsacbidr 78
is connected to the controller 20, the signal circuit 23 extends in

series &bétaudhole®dr iRbdoresol ih &b B%OrolBgd SEnA1OBY HRIHiSH valfhee W( f?ower

mul tiple controllers 20 daisy chain connected 1n this manner,

Ser) Lg' S ﬁﬁl lf“"%fixt ﬁn%ﬁo?dtsg‘&f PRt gl di T fé““?f%ﬁ%séd‘ﬁday
i 31
o have aRERAC o b e T e Rl Bin Y FekeonSoue: 2 dfaitinined

outl et connector 72 is conflgured to mate with the inlet connector
140 of RIW@liBbtosfplers 28 onAptiensdy fo upile sortradler 86 in & heaterrsystamdbiatthgs only
mate with the inlet connector 82, so that any nunber of the T-type
sour ce awizortoldd 20ans dentdaicd ybax\rmilhccnmprises bexcabbg B8 preférablgebiit wet
source power to any nunber of controllers 20, while maintaining

(c ont i Nuieeysshrily} &ileditg Radintinracieat stdidtur@Slt exehinaRd 286RYéhd witiDh Thles

al so nenti oned above, the extension source cable 25 shown in Flgure

27 can BenREGvI I@Eiﬂat'rﬁht@ﬂ\\e(qth wmm%agﬁ&g%&éwﬁ%y gtggged&cye éaﬂ?e'

conponents 26, 108 source power circurt

reno ILtorln n.1s. T 0 I
Si gnal %ﬁ}e%g.epdwﬁl 8 BUte Belatod U7 PR o b P e B ﬁEﬁ‘w
i nl et connect or ich is configured to nmate with the out] et
connectBRrapater € lzjé 2@’“ plgs ﬂﬁhl%wegg‘omtoréﬁo g gusies 20134 284 2PLen the
connector 103, which is configured to mate with the inlet connector
82 of tcnetrqllqrgla@s Aegheven bulbk eclegatin girowit diagiam indliguredSnthscemningitd of
the term nating source cable 108. [0088] Referring now primarily to
Fi gur e stfrce natsde npéiiikeithea Tviypdsdar@oable 26; SontdiheatTedsy peo pomerceirssadlldel RH
can, but does not have to, conprise two coiled trunk cable segnents
70, 72 ahast RARGwb eQakhRiredM 18) 120. rivArds @bt HRYins 1 4dTaReR et
coi |l ed, source power cable section 6 Both of the trunk cable

SEOMENt S dLor 120 A3 HOFBERL AR ecqur B0l < %gﬁla»gﬁéé‘é PedisD,

t he conmon ranch &  connect or er e

éﬁﬁni‘h?ﬁ}'eﬂaﬁ?gﬁ”ﬁgt@t&? o1 BbEbtch o eetiappedin (B hrsoptnaied éou%

ermnated in the outlet trunk connector 86. Any suitable cable
connectables Eihargasektoproyide seurempaveer om ax Afpavmiseeced 3 (Figyre 27) and the
di scussed above.
signal circuit 23 from the remote monitor station 15 (Figure 27) to the last controller 20 in a

series of daisy chain connected controllers 20, instead of using a T-type source cable 26,
because the ’i‘—type source cables 26 at the end of a daisy chain would leave the two signal
wires unconnected, thus always an open circuit voltage situation that would prevent operation
of the temperature range alert/alarm signal function, which will be described in more detail

below.
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[0089] Figure 11 is a schematic circuit diagramof the T-type source
cable 26. Each trunk segnent 70, 72 contains at |east two power

wres, e.g., the power wires 87, 88 in trunk segnent 70 and the power
wires 90, 92 in the trunk segnment 72, for carrying source power to

t he cont08R] bythe sipglempdntsonipl configuration 148 &rizanedimasten Kt andrslae heatsrsel 6'
segnent 70 are termnated in pins 1, 4 in trunk inlet connector 82
and i n giova ip, Figuren58he singlemontrbllar@Os cutreeted viacosimescddapter,&or dample, the
power wires 90, 92 in the outlet trunk cable segnment 72 are

t er m nagiget ddapi bsbld 22 4r b Blaté HdHpte@ il cBbn 66X BEL QB Bél8w i rdhitidn 1§, ©
in the common branch outlet connector 78. Source power froma source,

for exaﬁ%lfes 38he g:%:{bq}%?ﬁoré 'f/fgﬂw\';# cc’lﬁ’tﬁcﬁﬁh gté(zg cﬂ%g 24 kel d u@%‘f&?ﬁi‘r’] Ejed

to the | et “trun segnent la the trunk I nlet connecto

both trunk s nts 70, 72 are _connegted to.,a.,controller 20 vi.a the
cormon B O ek S el Pr 5P Syt LS g carffougiad cThs st
is supplied to the controllers 20 via pins 1, 2 in_the comon
connecthster 46 1pHigespns, WiHGh iroanediededhs gagec gantrgler 2P bysheslavpaadapigr cable
connect the power wires 87, 88 to the power wires 90, 92 in the

out | et 2% isdonsidbted tg &g fmhasicr lieateo fatdlne zome bagrusy theaontrellr@leespoods toe
pins 1, 4 in the trunk outlet connector 86 for other controllers 20

and pi pembeaties Serbbrstias? (Eiyule®) tathayfighiadater 4616 e6ites] oth thhemidtétHeater
outl et connector 86 as descri bed above. [0090] One of the | ow

(VOl t age| 6SdndNAL radt 6@%e sBvOheatdts 18 i $he 2ohe!l I?ﬁtle & @fthg:_ A S BOAREL %t%lgt i's

connected directly to a corresponding signal wre 102 in the ou

trunk i ' ctor 82 of the,inl.et.trunk
seqnontg i nSieh Bkl otk calleFORIRRL BEarS, Featini b ymor
connector, 86,  of the outlet trunk se nt 72. wever, those_signal

Wi ros d8et 0SB RS T e el R O £ <cOmAlEDaD Batonienad lbovior
get connected to the controllers 20. The other signal wire 100 in

i nl et HOifingagrésmpergurechisodhack to eeantedlendet Foheonyenieacs, thetThéyper unk
inlet connector 82 to a pin 4 in the branch connector 78. Likew se,

t he ot lventreliginmiwenisiage tibles 2 drbso dedi fretted eomise skgnenty coatroleth&Ctpewer n
6 in the trunk outlet connector 86 to pin 8 in the common branch

out | et femntRGoafroll& 20 kb el ctheatehe] QR bppddedtS ﬂ%ﬂr-ﬁaia_sehkb?bwéﬂ @SR
or open the signal circuit conprising the two signal wires to either

el nt 258 eyl HEHR Y LELASSAC ShEEUhbw GRS SinfidntR9osi gnal wi res,

for exanple, to cause the circuit continuity detector 31 (Figure 27)

to det t th ignal .circguit 23 1S ened .and to.trigger t

et/ 30087 e et A6 Bhd Bl davE AenErs SRERT R ane Rilob S il ¢ e
event the.cog;roller_zo detects a heater. problemor to trigger sone

t her A4fREERIGRr covenints Bstandpizahionyhighisdow ey areshoyn;agd degeribed
runk inlet connector 82, the unused pins 3, 7 in the common branch
out | et heimascanoixaigle, alboughddentieslodaghérrand 2lave heaters hendtraneguicamene for
connector 86 are optional and can serve the function of maintaining a

spat i akvetyehtbodendre bfwberintingibnaMte klave hakdrage desipnged il orastéd @V aijekt
el ectrical noise or interference in the | ow voltage signals by tﬁe

hi gh Vet ageerlnRMNRis désﬁaﬁﬁﬁcln ﬂaﬁlﬁldi%aﬁtﬁgmeﬁrys%eh%ﬁe 234k 8ROt FRnPRYer

! lt
cable 106 shown in Figure 12 1s use connect AC source power an

t he si ireuit to the la contral |l er. 20 .i.n_a dai sy, chai ned
ol a1 FEStep fincBis offe st 3l ATy Shirkgaatbet At pFRR 85",
a heater systemthat _has only one controller 20, as mentioned above.
|t confiREENETEnahPQ SPdE18uss Br g thgtlgve hegters Y, if hey cxistiargnotaised: ed
to maintain a neat structure. It is termnated at one end with the

i nl et dbenstare,che da0e hdndgrs ho'tooulddictthadehwithout temprmdtinet seosoms) efdasire® Gnd f
the T-type source cable 26 and at the other end with the outl et
connecktilt bd dskdtvigh thid inkentiohe Huvedvelr a8 tich8bnsdQnoes i sldk atdrh 86 can be

the same as the master heater 16, in which case the slaved heater cables 22, 24, 184 used for

24



A~

[0092] In the single point control configuration 14 for zoned naster
16 and sl ave heaters 16 shown in Figures 5-8, a single controller 20
is connected via a slave adapter, for exanple, the slave adapter

cable 22 or .a slave adapter j.unction hox 324 described bel gw |

ol ati orrieeef 88 ReReS 160 ollE 20 e e o R i dlpts the
cables 24 to control a plurality of heaters 16, 16' in a ganged group
or zonelCBIPCTREEE EprFOTH 10a S2 KBIZyTe iR thegtavedienters 1phandrthat ddes ot WE@ttg‘? 16
in the zone, which is connected to the single controller 20 by the

sl ave adgpisfromdbds t@Bpenatire samsom éo dek dootrdiier hethorby eendedag Gre temperhtnee
zone because the controller 20 responds to tenperature sensors 50, 52

(Fi gur eseforb BOL 37041 the §lave heddrel 6 Edfeb Oy Pitopethtividinthé SpteriBStAN vREat er
16 and the rest of the slave heaters 16 in the zone.” The rest of the

heat er syl WmMthﬂﬁegaﬁﬁbeﬁ&her than the master heater 16, are called
the sl ave heaters, because they sinply heat or not heat as the AC

power i i t.che n, a off . i.e., controlled t controller 20
bt houd DBPHL RERECSR Arder Seht & meBiBaLR soEmmBY s ERPrS 26 el
conveni ence, the T-type controlled power slave cables 24 are so

desi gnaeWPipE enrrse crREglledhy the ona comraller 2 A S whsaeent plavs hoptere dfitin Biel er
20 to the slave heaters 16', as opposed to the T-type source power
cabl es z26e desgmphebe edyaweted wha déisy draily matha doithedagy dwepe tonttdied slave
controllers 20. [0093] The naster heater 16 and the slave heaters 16
i n typicable 24nhbwhlinFigns Barl 459 addidoll Friybeaintiolled s1aRy e4b] & Ritandnd

st andardi zati on, which is how they are shown and descri bed herein as

an exangh@natfls! daueied SHN inFigﬁg usy, At i§ h@tvs?lo%f:}ﬁ ﬁ@réﬁ-g Bt @il be

requi renent for every enbodi nen the 1 nvention The 5l ave heaters
are de %ggﬁkg%légheﬁagégagwpf 16 just for convenience in this
description tor indicatirng their slaved functions as distinct from
the ma functions of the master heater 16. As will be explained in
mor e dd0GHs! P e ﬁ&?@llgﬁﬁg‘/&c&%%?‘* slzlymﬁmgeﬁt@?@ riGity 19 e
slave heaters 16', if they exist, are not used. Therefore, the slave
heat er dieater cailsFigurss Ain e plave daptersdourBreslenteity, for powerng b slave
and still be used with this invention. However, as nentioned above,

t he sl deaetidat vresnti@leddanthbeotthdles Afpsoashentibe cmstodier h@ switched 6n eledtric
whi ch case the slaved heater cables 22, 24, 184 used for connecti ng

the sl py@eh@ahesiavdBeatdrd 16NMes priduet hedt. hedltRe EQMONBHE®Switthed ofFaNe
that isolates the tenperature sensors 50, 52 (Figure 9) in the slave

heat er gjelfic ﬁ)%r tdhak sBR% %eﬁ‘c@xts 169 glﬁ%e%t&%%&% ﬁfglft.r Wf%)gﬁ?fﬁtén’% iﬁgormation

tenperature sensors to the contr epy ren

t enperat ure nsors 50,,. 5 f the sl.ave heater 6' effectively
i-noper éﬁ‘#@é’eﬁﬁy e gllgrn%) lggnwnmo?ggz SE%‘@ 584 % n more detai |l bel ow
0094] As indicated in Figures 5 and 8, there can be any nunber of

sl ave E@&@Erﬂwmastqrrheemlgﬁ]éa pragyces heabbercBha coprolica 28 ywvitgkespmehe
controller 20. Subsequent slave heaters 16' in the zone can sinply be
connecekediriciposvedaind yt siops produamgeheat whe thel castroller2Ppevitchet offtHeatecsiave
cable 24 showmn in Figures 1 and 4 by additional T-type controlled

sl ave pawtedddewndhacoderolendd bR réveivel ednRehtGRM Rrh&dod frbBUEApddiure
which 1s not shown in Figures 5-8 but will be described in nore

det ai | T 20Vl - I .

det L 9o, o IS TReR i henL Lo SR A BlBO T,
32) b SRR R R o B BAF Bl 6 ToBRS Ul ssar
controller 20 switches qn electric power to the slave heaters 16',
they platsEdunsda the mgsier hegler 6 1 Jodh Bﬁed 29 seifinecindhe spmtrallee2@)thet r i ¢

power to the slave heaters 16', they stop producing heat. No
t enper egnirodler 29 vulhvtitri on thepaesri arslthlbyf thtymastendidodldverhed@rd 16 h6'einyheafone

will be turned on in unison. Likewise, when the temperature sensed in the master heater 16 is
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[ 0096] The naster heater 16 al so produces heat when the controller 20
switches on the electric power, and it stops produci ng heat when the
controller 20 swtches off the electric power. However, the

control]er 20 al so receives tenperature infornati on fromtenperature
sensorsg”g%’,b@ P URES 18 f%‘epnggﬁeli 3. Sheccomirollen 2 Omsdktum aib the Ry et 4ad al
the power on and off in response to sensed tenperature levels in the
mast er ¢fdhe grastepandriiavadicgtass 1 Héhintthezensrgiddettermpd péftinugison. t he
master heater 16 is |ow, based on settings in the controller 20, the
cont r ol [0697]28lestrid pdwsris piovideé tgtheebntraliedt 2alih Fiyurd HeiamBigie @atteFomee
heaters 16, 16' in the zone will be turned on in unison. Likew se,

when t haplemperiat thif et able 2bNeok¥Rihfir th &Rl REypkQohfolldd MwerRBgEd
on settings in the controller 20, the controller 20 wll turn off the

power, Iy t . ers, ' in.the zaone
W betPls 2 ol et b 56 49 AtRul R PHEOT ot slelh B B0 e
controller. 20 in Fi.gure 5 via a T-type source.p r caple 26. The
T-type aifioBdo tpsrals Sehi el BB PRIRE IS 2% HscrbbY o vecHbrE ©a THoher
sl ave cables 24 fromthe outside, but it also has at |east a pair of

| ow volaoalelled pavedr slkive sgblem2bbenerthe pair of high vplidge nowen wites Jior poavpsing the
power wires, as described above, whereas the 1-type controlled power
sl ave debleesle@ntsdn éhet shevefmbtersof6’ butgiot via igrgé cipmitewires foe thef adert/alarm
powering the heater elenents in the slave heaters 16" but not the

(si ghal cgich®dbderinbd @Soveor the alert/alarmcircuit described above.
[0098] The sl ave adapter cable 22 shown in Figure 14 is used, as

shown i1Bod) 8468 afapibabREbYA if PHOLL Rusdf ab Sndie I BRLRL shedl er

16 and 'to one or nore slave heaters as’ expl’al ne

sl ave adapter cabl i§ conprised t cable segnments, a. paster
controICP@gec 8\%%%@%5?@%@5% erff%te’éﬂ%a%ﬁ,\@lo&\?@r%ﬁ? gBY‘Tnléﬁt%% r®cabl e
segnent 128, which are_so designated for conveni ence because they
carry E3piesHppeve elhy slavegdaptpeepblilhiseospriyedrhige ceblssegnents, a master
controller 20 as opposed to source power to the controller 20. One
end 12toufoltddepomes carle segment 1 2@ dnpanere certioded powemntablkd@giment 128, which
term nated at an inlet connector 130, which, like the inlet connector
64 on thesohdsigaited dorcconeriEnagbicesust 1)y, cahgoftkolleddslg., Sivitciddén 4 off)
handl e at | east two high voltage power wires to conduct AC controlled

pover Lgwkfiofa@Ré balirdtleEI® B optse@iitholiNR PRl & 1AL cOAEBIRL 204 ORE h@i27
the two tenperature sensors , 52 (Figure 9) in the nmaster heater 16

(Fi gur &P th%’rg%ster:cﬁn%@@rfoe@%g%llggng%ﬁsﬂsle%?% % & 'lnat\ééi b frt %iele@ cgﬁlelc%\{‘vl 30,

vol tage, while gast one o pai rs of

signal w.re . 0 be hi val tage, depending on_the kind of |

¢ evmpor st DB AEIRIE Caber G O A e Tk AR OO HTES1 | 9oy IPash x pins o
escribed in nore detail below Therefore, the inlet connector 130
can behenle atdagst Ewehighuodiagopower wikes tb sprduct Afreontroledpowenip ¢ heating
provi des the option of connecting a heater cord 62 directly to the

?Ut pu':1 eleorentd?, and W@ pains dfsdgrabmtires fdrethe RGy teamperasurs bensors 50, B2 @Riges: )i
o tehe master heater 16 (Figures 5-9). In some embodiments, the signal wires can be low
voltage, while in other embodiments at least one of the pairs of signal wires may also be high
voltage, depending on the kind of temperature sensor used for the high-limit control, as will
be described in more detail below. Therefore, the inlet connector 130 can be the same

configuration as the inlet connector 64, which provides the option of connecting a heater cord

62 directly to the output connector 142 in the controller 20, as is shown in Figures 1-4 for the
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i ndi vi dual | ocal heater control configuration 12, or of connecting
the heater cord 62 to a controller 20 via a slave adapter 22, as is
shown in Figures 5-8 for the single point control configuration 14

for a zgne.conprising master apd s).ave, heat.ersl6 ‘. The o r end
196 of - PREAR R B Pk dsopBRuRtiShr T ShirbRt ineBe helfoeat REIRA ot
a comon outl et connector 132, which is _configured |ike the outlet
connect gntrpler hvigpeslavspdarien &% a9 shpwgan Eigures 578 fordhe single point gamtrqlt
can mate with the inlet connector 64 of the heater cord 62, which,

agai n, @mbdgigéen tlfdonprineroviprisingmesstdr agd slaee hetdrel6, 16". diheedhdrend d2%0f
controller 20 for individual heater 16 control or to the slave

adapt erthe zuasef céntfolled lpewediédtle pRicho] 2@iaMdrh@ndtal 4tQoknon Hi&let ke ctor
cabl e segnment 128 of the slave adapter 22 contains two high voltage

power wW3egn{ris BOVRhkaaitdRe had oG 132 %ﬁ't%ezwﬁgrgh\%\ﬁ ﬁf&%%ﬂgé 3,PRYE

to have wires for the tenperature sensors 5

expl ai i re detail.below. One end,1 f the sl gve, cable.
copment2 1136 el e Sl U Al o efiE e S redieebeb fard o tiloP ity « e
other end 138 is termnated in a slave qutlet connector 134. [0099]
As shovoyifes the optignephganaectingthe heaterrdirectly tom gantiollen2q By ipdigidyplay e
adapter cable 22, and as nentioned above, the naster cable segnent
126 hadeater [ @aentral wo tpbeslaveadapser224or 4 4@ gleivirglvontorivenfigwiatien 12. Thof
the inlet connector 130 to pins 1, 5 of the outlet connector 132 for
provi dishgycleblglh syghémdasd ACtHeaiwe ataptti X bwrddiay tve 1688 Ab1sagd Doker Wies for
(master heater 16 (Figures 1-4 and 9). The master cable segnent 126

al so hg)‘éufe}“iﬁ o B d8veHeabONA buMt'#®es n&-Hve tPhdve wites R& the PJmhﬂ@rﬁtﬁl% seftSns
150 and a second pair of wires 152, 154, for connecting the two

; Ei . | ! h
ng}t) 2; %?[’35% g@ t%ﬂlg %é ?ﬁ@?geg gill I .ohﬂg%ﬁr'%@ ggrl?vér; | eef,f_l:l‘éﬁ nglefg?ag% _Cgﬁlﬁngé é]g %rﬁ N
e D 2 IR B o AL BONEELEN 90 (LA

154 connect pins 3,7 in the inlet connector 130 to pins 3, 7 in the
out | et aghygeuatlgrcornectorddfever, as expl ai ned above, the controller 20
in the single point control configuration 14 (Figures 5-8) gets

t enper 380H9% Anflommenitbnsaheingti¢ cioenit diegremsin digine &5 Eor thdslanoidapteo natila g2,
sl ave heaters 16'. Therefore, the slave cable segnent 128 of the

sl ave aadbematiddicanbave, #anaanatcabRadgMBYt 196013kt 6hst S0 pbiver RIHEY144, 146,
function is to provide controlled high voltage power to the slave

heat er ! I i ! ' I
pover wras Bl IR S TR AR L0 Kehint 114 B i bl Bhekls0 30
signal wres in,the sl cabl e..segnent. 128 se.of the,s|av bl e
dapt ePTOy e piEhTads X ol 4 WR TR lemEni 20 7 Heannte pé=p o Beyes
subsequent heaters in a c{ai sy chain, which nmakes them function as
sl ave Hebidry- dge magfes gable segpent Ao alsadastrpaitif &1208l Wics fi- < fpianair
wires in the slave cable segnent 128, the outlet connector 134 can be
si npl epf wireh 14&UEP0 apd asecdndpairiod witenrl 621 s for 3onnet8ag theltwo, tempersture
smal | er outlet connector 134 with its different configuration
pr eventesoisS0akR (Figoe i Clebpmotiadly an Slettha e lark 16 ébihe s#feldpoint controller
term nated source power cable 106 to the sl ave adapter cable 22,

whi ch iChy
i ch ooukiduies ?%@%fgn%ﬂo&ft%ﬁgﬁ?ﬁél&h%otc%ﬂi?&f gfgyaes @?&%@_1&%{01‘5130%

nore than one heater si ngl e poi nt ntto cour se,

th ]| iof f t | j t 134 . i
R R BT A i g AT A
24, 184, which will be discussed in nore detail below. Those smaller
connecibihs mgtconnepiors) Ago pins e i thegatlet poppectentiZe Hewevesmns cxplaingds,

whi ch do not have signal wires, frombeing inadvertently connected
i nt o t heoveothe costirgllea20tin theksinglepointwrintdel dodmutaive 14i(Gizaresii-8essts as

temperature information only from the master heater 16, not from the slave heaters 16",
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[0101] The T-type controlled power slave cable 24 is best seen in
Figure 16, and its schematic circuit diagramis shown in Figure 17.
This T-type controll ed power cable 24 conprises two trunk segnents
160, 162, preferabhly, but not necessarily, coil ed and banded together
with a Bhsraloredhe Pavs eableseamantdzSafsheslavaahle adapigr 22dees not peqs anyisignal
T-type control |l ed power cable 24 only provides high voltage

cont r ol Wads. plisvenly thandtioe isfogreviie edréradled Gigh(Veiltgge pewé-t8 theadawdi leatessE]
above, these first and second slaved trunk segnents 160, 162 contain

hi gh void tagelapeveble ¥égnesht 185 contfBs tidhigh REMagipodet whdY 856,01 5808 bW in
any signal wres. Further, with no signal wires in the T-type

cont r ol I : he - I

T type CRRrorTos iRt SE0E el S PN AR RICEIER 28 ke,
a heater,.instead,of connect. a,caontrol | er 20 diregil o the

neat or coblt b ER 2 Ao ROR QR S Ehh B oSl ho Lo thybSeg S heptees
heater,, thus kes the heater function as a slave heater 16" instead
of as HASESYHDAGME maies Shemsfupetion peslprediraterolft| Alsoctneribersrdopgnes
the T-type source power cable 26 described above is configured

di f f er rave to bpanshaginal avish inthelskve cablneegroent 128, thé owthed cdnitegie 134 can be
control |l ed power slave cable 24 in the exanpl e enbodi nent descri bed

above, simplef withfewsuns thap wsdonaedibe 136, 1330 A1ko, dkie SmAnME uSleOsRhector 134
W res, cannot be connected to the heater. [0102] One end of each

( trunk SEERObIFREN cdififaRitidnRevintyRR1kER ES ek 6sh PEVRRrS) éﬁ)\g%{ %@QE 86 282

is termnated in a conmon branch outl et connector 170,

opposi ihle r t 0 is. teymnated,jin inlet
oy sy cffRteS ol Fp R iz ioBto BRATE S abipr A PR Bafrn B
trunk segnent 162 is termnated_in.a trunk outlet slaye daisy chain
connec EBICEY e IFHBCRIUG SR 0. SHPLYORHIFhORHAE L B0 B smels boin
configured to mate with the sl ave outl et daisy chain connector 134 of
t he sl &oetrelipagPe Ofcaprse, the sppllegudidisrently canfigurad cormigetor i 3hilsoraquises a
sl ave dai sy chain connector 174 is configured the sane as the daisy

chai n cotalletmatgennectod B2, 090 bheulskquent sidegphatercalilee2£ 2 8¢ pwhithtwil by
T-type controll ed power cable 24 can be connected either to the slave

adapt eidiscasre@ ir2dofy ddtall BN dhode dnARr coiict@td B, POVEIo pARELR Bdse slave
[0103] The common sl aved heater outlet connector 170 is configured to

T sl g NS o O R i S5 Rk ok
info the power/signal trunk line, which does have signal wires, as described above.
[0100] As shown in Figure 15, the high voltage power wires 156, 158 of the slave adapter
cable 22 connect pins 1, 5 of the connectors 130, 132 to the pins 1, 3 of the outlet connector
134 so that high voltage source power provided from the controller 20 (Figures 5-8) through
the inlet connector 130 is also provided to the outlet connector 132 for the master heater 16
and to the outlet connector 134 for the slave heaters 16'. Again, the pins 2, 6 in the
connectors 130, 132 are unused and provide space between the high voltage connections and
the signal connections. Pins 2, 4 in the outlet connector 134 are not used.

[0101] The T-type controlled power slave cable 24 is best seen in Figure 16, and its

schematic circuit diagram is shown in Figure 17. This T-type controlled power cable 24
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heaters 16' (Figures 5-8). Therefore, even though the T-type
control |l ed power cable section 24 does not have to have any signal

w res, the comon slave branch outlet connector 170 is the sane
configuration as the outlet connector 132 of the slave adapter cable
22 and epsprises be traek segmreatst 190, 1622 praferably, b@mot nédessariD cgibed dngdtbanded
can mate with the inlet connector 64 of the heater 16'. As shown in

Fi gur e tbgethéheitiha dand 64 @gecatomid mhinetn paesrsiruitors Sidde, thikT8tyips chiteolled
slave inlet trunk segnent 160 connects the pins 1, 3 of inlet

connectQfwek €able 2418, PoVRled high vBftag \@nEOMEPR W30 &l PikelHRhteRONEBS LREs

170, which is the sane as the high voltage power connections to prns
g vor P Lt ERPETGNrs g bt Rt AR BRIER B L i i
I ted to th i | i 180, 182 of th tlet
ook SRS H R Kot bR SRR oht Coehaay sbag e el

1, 3 of the outlet slave daisy chain connector 174. As shown in

Fi gur e npmignahgiites i dedutyee eonfralled pewepslase cable 2 theselection adbuisroditlagse
outl et connector 170, but having no signal wires connected to the

pi ns 3,T-Fpardntolldd povadr alags cathes 24eompet edntirotled Aiispoveerd a hb&er, instdad of
pi pe heater 16' and prevents them from being connected to the

cont r olcofifiectiflg a\Woh&Hl1 drakesretiieto B hedter Bit6Hia@fhlBSsdatet MéQeif@hife 16" .
[0104] It should be apparent Tromthis description, therefore, that

the sa 7 i o () dndL v 7
(hoat or SETRRTSE 2 oF Mk MELc ARy BRE G ftater ool ¥ iyt AT R B8 s
a naster heater kN _a.singl i nt. heater, captr.ql nfiguration; or
G Bl Db I Ao Siielfe Bebih Pal SRt AR b e b R sIMEE PERS! ng
nmodi ficatiqgn or change is needed in either the controller 20 or the
heat er ca@je£8 drsgebed ghavesis cepfigused differeyt fram therbranch petle conmesiar dA8 of thee
desired function of the heater - individually controlled, naster, or
sl ave T-iype comtadled powr slevetapldid initbo sxample embpdient d¢sciibaiaboge tthe Fe
heater directly to a controller 20 for an individually controlled

heat er tyf#;soluce potentaebis 26, ehitledé s hat ©sigfdltwitds] @nndbe/doanéctsd @MBe heater.
adapter, e.g., a slave adapter cable 22, for a naster heater 16; or

(iii) m Wnd & JTRAEHuAOsBnANT 00N b2br 18 TV
contro Ied?pJ%er cabl e sect?on 24 for aBSIaazhﬁg§?§%ﬁ¥%HPG%9P§%H§Fb

The sehbgeti.on. t i ter .16' .c al

pe. mad oot SBlon Ral Ak RboREce S U BERbR i ent G e TR
single int he .control confi ation by usin term nat ed.

contr offEB SRS | 65 EAAed g el deisy B SURRFEIR D guiRle tBoRROsite Pt
schematic circuit diagramin Figure 19. Essentially, the term nated
ont r oPf &g shyaentleidpink segmentd 62 apterminated|in ¢ tiunk ogtletslaye daisy chainet

<§runk segnent 160 of the T-type controlled power cable 24 (Figure

16) . | tommtipr hds The $laweintetdaiby gimin obrireger h o2visrconfipmed 1B Mmateh8il the slave
inlet connector 190 that is the sane as the inlet connector 172 in

the 1-biie deRPChathlcethdeINGB4 6RHeR1A4 ad@ier @Bl (FRsur&08 a6l 94). 1z
that is the same configuration as the outlet connector 170 of” the

T-t . - D
185" boRRaE iR fi0 BRME AR eptr 177 SR ARRAR MY gitly i e
in the outl et tor 192. | t | et 192 |

conneceBiterEt {FEOT R Bve Al cBhIoaR so A Hesbe PO ot Pawe) cablgrad som

makes it a slave heater 16' because there are no signal wres
connecbeepnngcted sithgrig the slavegdaptar cablexd? erutp|anether briyrecgostroi gbpowiicable
i sol ates the tenperature sensors 50, 52 in the heater (Figure 9), as
expl ai &e¢d above. The inlet connector 190 can be connected to the
outl et connector 134 of the slave adapter cable 22 (Figures 5-8 and

14), i fo10BE TBe c6mAHUnYs]e@ hedtavsutReadBectdP 170 Ricohfgdesd REEHWih thédnief

connector 64 of the heater cord 62 so that it can deliver high voltage power to the slave
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tenperature event according to a factory-preset upper tenperature
limt; (iv) Initiating an alarmsignal to a renote nonitoring station
if the high voltage power is disconnected due to a high-tenperature

event; and D spl gying several status jngicators g., lo .

t enper alﬁ?feéé Y%n(gwufeéﬁ’ip%» SRtgredore; ren heHgh the gﬁmﬁoffqng@@e%a%?r blegsggtion
heater(s) on or_ off; and high voltage pomer di sconnected due to a

hi gh t e?heégasmgt kavevie have ayign] wivgsithe ermamon glage branelt dutlet aphegtos 70 is
interface capabilities, such as re-settable paraneters, data

comuni thakame sonfippedtim a3 duifet aghneatoph32 ofthe slace ¥dapteicallc 2plagy as the
capabilities, and others can be added to the controller 20 by

at t achi qiffleforR% B8P $40m tH@ %ﬂrﬁm%@@o SR cmtﬁﬁterwhﬁ Lglgpaorﬁéctépgdn‘gﬁ ¥

Figures 21 and 22, as well as in Figures 2, 3, 6 . The ex

expansiyon, ppgul % s%g%nﬁg %Y@ré [Zé%x@fiﬁﬁg%oﬁ}%%gtrgﬁeé o%ve"il%ﬁ?esal 78! f’ﬁ;n the

(not shown in gures cesses inputs &

fromin uts 0 ex on nodul.e 202 itself or fro

| ont | GG Hel IR RHERT Lo SRR s b & R erlst AP dlt Pghs S of
i npl enentations as explained below. It also communicates with process
cont r olthapemmpn braseh ouHeisarmestars 70wivhich iis ti sperpethathighevaliage powent r ol
circuits 296, 298 (Figure 29) in the base nodule 200 to view, -set,
reset, cangkections togrins brfeindhe abtlet tometionn32 of thekavb adspteradblec222 Ohe high
depending on the level of adjustability built into the base nodul e

200 andolthe pEm@hwitds 1G8PRIY dfithé ﬁﬁetbﬁmktseglrﬂérﬁ 180 BRY dld¢HnBEctEX RANS 'h%ll
(m)dul e 202. As shown in Figures 20 and t he expansi on nodul e 2

has an.glp J%Hi‘%#é& ﬂbspézaa@tﬁé)g%é@ﬁpnﬁ e’?ﬁ?&f%%ﬁ&%g rSide s high voltage

t ranspar en ront ace pOI’tI on SI I’lg

buttons_ 210 1 14 spl a 6, 21 2
ot or BRRERH G Pirs o ur B GuDEGR J@Wec%a@tca B A O%r;agfaﬁgaua P,
nodul e 202 can al so have data |line connunlcatlon ports 222 244 to

t r ans mitRera AR BRI IgaREPIRD 2-Arad - H iR the beansh eutlstapnesstarddp ohuthaviagao
from anot her controller 20 in a daisy chain connected system It

shoul dsighslovises spnneated teathe ginkBev end 4% palutisdhe tepghetagge 2@ o), 42 sothibe
made with fewer than or nore than these features so that users can
sel ect pipechentes { llahd peaviehs when frexplbeisg connettdd tethc vbiitfolRer R6) Whieh nidkes the
package of capabilities and features, dependi ng on what they want

or neefedtaf fiuh &I asRANVeAiERRE 1reat er control systens. Al so, wreless
comuni cati on conponents, such as infrared, RF, or other wreless

B e
IR s C g e At

(gramnngs are exanples - not exclusive or limting enbodi nents. [0108]
The experfifusiionduiaangmer heetenthisa viagly point hegter eonimbeasdigaratouLodiiDeo
as best seen in Figures 21 and 22 by sinply aligning a plurality,
e.g., tlhveksatdrdttin aigsle iRt cAdrb] c@Mpupativnr NG mgdification drechhagdkis sieetizd
234 of the expansion nodule 202 with a plurality, e.g., three,

cor r esppditheNthe Qbnti&ldr 20 dr MeChbaht 116 %0 Arike 11ASEb1ectiBR of fb ﬁﬁlﬂel'ﬁérﬁﬁﬁes@ane'
288 of the base nodule 200 and snap it into place. can be renoved

j ust aﬁﬂl‘dﬁ otts, THe Sfu Fl¥6%§ﬁdﬂ%f%h@ Héétéﬂ%nhﬂr?d\ﬁﬁ? %E'I%cﬁﬂed ”i?lgg{%le 0? ngivé"-p A t

fromt

implemented merely by choosing to either: (i) connect the heater directly to a controller 20
for an individually controlled heater 16; (ii) connect the heater to controller 20 via a slave
adapter, e.g., a slave adapter cable 22, for a master heater 16; or (iii) connect the heater to a

controller 20 via a slaved heater controlled power cable section 24 for a slave heater 16",
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[0109] The circuit board in the base nodule 20 has a set of electric
contacts, for exanple, the pad of contacts 236, or any other suitable
plug receptacle, and a plurality, e.g., three, LEDs 240, 242, 244

adj acent ﬁn Q eninq,246 in the front panel 238. AtcorresEondin%Iy

al i gnedl04Ra WSF selgctiogrRizdicatss odypetiomase slgie heater 1 §' £an alspbggnade Tor the last
protrudes froma circuit board in the expansion nodul e 202 t hrough

t he reaslaysdreater 26'6n awlone hf hesharnint hengls pams heatemmdtrblecop@iguiatios by ppiag a
into place on the base nodul e 200, protrudes through the opening 246

and i nttermiaated cbnivélldd poiter bgblel 84 twhicttds bestteacinsFigiretiBayigpnd abempas
236 or into the plug receptacle (not shown) in the base nodule 200 in

order ' QreRUm i BigRXPRIISEQBIIYLIE 1l fbPEddiofigd biw bbbt gags e

nodul e 200 to recelve power an comuni cat e dat a. Ayso, there are
a plurali . e three, transparent qr. at .l.e translucent bosse
or v ritarisyJug st §ins WA TIRRRTEdhe R 1R of g7 E e BBRA A pveeh Gabic 24
expansi%n nnﬂ§I? %82 that are awéguﬁithh and extend fromthe

di spl ayFHEDI Hs Toamy heg tp hayo fve fghiveltegepawiraweesdgs. 185, irlet crpegson 190
t he back panel 256 toward the base nodul e 200. These protruding
bosses th®0s thesame 25 thedhlegponmectar 1 Fikinl tEeF -typel contd2d powdr ¢abla 2 ahdse
nodul e 200, so that, when the expansion nodule 202 is snapped into

pl ace amtletwoheder MRdiihts thevameasafiguradth asihe puid4omie2td@dF0 of el type
adj acent the LEDs 240, 242, 244 so that they transmt light fromthe
( LEDs Z%nﬁ&fe%?ow chisle Dhe THE BhANIAEORORS Wit 1841588 HAle@ind Hifis i I PHE
face 206. [0110] When the base nodél 200 i's operated al one,” w thout
t he ex ' . . e ' j n into
ol ace. ot Pi@pRaid TaghEmRufh ' s P bors Bl B4 Mkl 3nEPER .
best seen in Figure 23, i rder. to prevent dust and debrjs from X
onter | FOPHRPTIOZE Shuer et Bue BHFisoanbi e bR R S diSure 8 U Bibesrit
al so has_latch dogs simlar to those on the expansion nmodul e 202 t hat
align \msmeétﬁﬁerslébewﬁ%ﬂxewearp ap signpovizes gpgectodp thopms 8o7 aad d. § pk
dust cover 258 in place on the base nodul e 200. The dust cover 258
has t hoetétebcwmesto 6%, W6 isdlétks shentielnperatwre sérsotsdds 82 irthe heAB2(Fighd 9),
but shorter, that extend fromthe front of the dust cover 258 into

t he hohgegddfintdatidve. TEBn12ddnnedd; 1 04AnDe chhiedctddie Yhd dudlRs ddrnettof M4 of
fromthe LEDs to the front of the dust cover for status displays.

[ 01114 aid 1sRuliter EILIDIFILAUES gl 19 3F therell SHi YR 0 h@ﬁflg{)qﬂ,;dyr%ghe

for either the ‘expansion nb i splay or the dust cover

three LED i 216 18, 22Q.0Rn,t. xpansji,on dul e 202
and ¢ hERsPloR PERP R R sPised WusF 69u8 4 s Efhe GERBN I S 0 F T s 5
in the exanpl e enbadi nent scribed herein nay be, for exanple, an
"AIertPﬁwﬁﬁﬁhmhﬂﬁﬁﬁﬁﬁéh%%ﬁﬁgolIer 20 detects a condition that needs
ttention, such as a heater not working so that the sensed

t enper #1196k The cgnirolier@his medplanerthet it carple utedrie a simmder arBRgementtwith hot
or too cold, an "In Range" node to indicate the tenperature of the
heat er factoriprdshiepgparestets cdes ithag it capde @kpagled dNdesirednd adconioulfie nore user
node, which shows that the controlled AC power to the heater is

t ur nedi@stfack afd setﬁﬁiéﬁrﬁﬂ&t%zptfoﬁs.t e vhgat&l in ﬂi%%&@ioﬁ, B e&ﬁtfunt%g 20 has

above, the expansion nodule 202 can be equi pped or programred

id -Qf . L biljti d/ f
Gesor | Beay e 2600REH okl GREH RRbonbBREL st Bun I8 Bl 117

nore or. fewer of these functjans,
ct?ons of the controller %1 Wﬁth ?‘actory—preset parameters, including, but not limited to: (i)

Monitoring the temperature sensors 50, 52 in the heater 16 (Figure 9); (i1) Turning the high
voltage power to the heater elements 32 on and off according to factory-preset temperature

parameters and hysteresis; (iii) Disconnecting the high voltage power in the event of an over-
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capabilities, and/or features than other expansion nodul es 202. Al so,
one of the expansion nodules 202 can be noved from one base unit 200
to anot her base nodul e 200 to check and/or reset paraneters in the
first controller and then to check and/or reset paraneters _in the
second SHPEEATUS SYeRt drpIAng o a detqrydiesct wanes tempreritate [owig (Iv)leitiating en
if desired, a single expansion nodule 202 can be used on one or nore
base nodeatnesiga@Gy airfmdiegnewring fRGiesif thehighlvolthgd pbwdnas discunnedteddu@® a
and associated wiring away from hot heaters, which could damage its
el ect r ofigh-tenp@anenéent; and (Y Dibshngeéveidistas ingiditorsfaks Yo kahpesture,
connection | ayout, the controller 20 is provided with a conveni ent
wal | 20 ; ' i j .

T R B i e b SRS & AR it

panel 274, as best seen gur

plurali f.. radi al |y di ears 276, .which are sized to slip

t hr ougrﬁér(fvae?fihsﬁglgnf %eélldlu%égﬁgﬁg%ﬂaergﬁ%? %ve?tm bet ween adj acent sector

pl at esd%%) L{]{Bﬁhe cket %_72. Then, en the controller 20 is

r ot at ed 19 Herddifianad fmctippality gad psegng capabilafiss: Bich g5 B eetighieetmeers,
so that the bracket 270 cannot be w thdrawn fromthe socket 272.

Sever aldatpeiamunipitams, sysiedemonrigRingnalphenbmank sisuglvigplayr epaiites aud

axially behind the ears 276 contact the sector plate guides 280 when

t he br athkes cavipe addled s thietcedtrolidr Q0 hiyerttacitdke tin @finsisn nwdalk 302ao the base
controller 20 is rotated about an axis 284 of the socket 272, the

Sect or R €200 laf SifowiBly BRr&20tHA 8, Mmﬁ‘intmgur@@ﬁ,%, o/ sha@ndrhde
(backl ng plate guides 282 to hold the bracket 270 firmy and securely

in the t : . t C .

t ast ondaRpb i phforybak 202 s PIGuE) o 3EKReded DAL 08y sty
fasteners (n S t hrough the holes 286 in the cross pi.ece 288.
Al'ter ni‘ﬁwéﬁ @f aﬂ%ﬁ&@&%ﬁeﬁ BT AP ?f@ﬁﬂelalpwa Oaﬁﬂwipéﬁfﬂ?n mogule 208
a heater 16, with a strap, wire, tape, or other material (not shown)
wr appediself sUFEM HEmOipsatinade thrggmamenieativnrempaeenihpieather cprununications
controller 20 is then positioned adjacent the bracket 270, axially

al i gnedmpietrientationpaseipbin@i¢lon Hels @dnurcdesaxitiaplogesseshieal andyiarsdme
the bracket 270 to pass the ears 276 through slots 278 into the

socket eghbddinddnes, OMiHi g teiiperBure Sintihedhtiod tRéEE 29680208 (FiiréX9)Sin2Bdbdse
| ock the controller 20 in place on the bracket 270, as shown in

Fi gur e n2finlei® 694 ﬁ;&,%!, %{se% gnd:ﬂl'anf?@r KAV a1 BANEE of 12 Bald 18081189661

270 by reversing those steps.
depending on the level of adjustability built into the base module 200 and the level of

capabilities built into a particular expansion module 202. As shown in Figures 20 and 21, the
expansion module 202 has an alpha-numeric display 204 that is visible through a transparent
front face portion 206 of a housing 208, user input buttons 210, 212, 214, and status LED
display nubbins 216, 218, 220, all of which will be discussed in more detail below. The
expansion module 202 can also have data line communication ports 222, 244 to transmit and
receive data to and from a remote station and/or to and from another controller 20 in a daisy
chain connected system. It should also be noted that different expansion modules 200 can
also be made with fewer than or more than these features so that users can select and install

particular expansion modules with a particular package of capabilities and features,
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[0115] The functions and control logic in one enbodi nrent can be
described by reference primarily to the schematic circuit diagrans in
Figures 28-31 in conjunction with the logic flow diagramin Figure
32. The_ schematic circuit diagramipn Figure 28 depicts the nmultiple
heater SGNTFIBE og ydiabthey ovapt 0% Tied g%fég%lﬁf’al‘l“ﬁ\ﬂéﬁi“‘r‘%ﬂ PR SYSEGS e ABE nt
heater control configuration 14 as illustrated in Figures 5-8 and
descri beelggrospmmunicaipmremponeris sneisasaniraeds BF, dr@thes vwimiese comthunicati bies
controller 20 via a slave adapter cable 22 to the base nodul e 200 of
cont r ol ingtlerdéhtatione and obimpbiedts BOsuch iMmPrARELRBNE (hod siuvt) cie hkade indidid
source, e.g., an AC power supply, by the T-type source power cable 26
connectigghd &pahgos ﬁﬁﬁiﬁ@r 1 ®esindd as}'@ %ﬁ@ér%o& Qyﬁﬁﬂgnssé?k'iﬂ&ﬁn Nt 8’lél§ei‘r%fore,

delivered to'the controller 20 by the high voltage wres 87,

the T-t . [ I d.lLs. represen in the controller
AN e e A G TR

hi gh vol t age source power .is tapped by a DC power supply 294 which
suppl i eﬁ%“’f YHH r@%é)f%\f%%’i‘tsto the process control chip 296, to a
high Iimt control chip 298 in the enbodi nent shown in Figures 28-31,
and t o [0He8]cbha expangierimegeled02 pitaghes vemrasity © thebaseshusimtg 200msdrest seen
is avail able to the expansi on nodul e 202, if the expansion nodule 202
i s i nstinlFigades ZNhend#i2dy simptyedieningrit plotalied epquieree) Istchldegs 220024, 226 t he
outl et connector 142, where it is available to heaters 16, 16" via

(»t he sl gyemamiaPiemn tBebick ddo 234 dNRCe aAYEn GALTAhefdiPPYRIIRAR &, Hfbe,

and slave termnating controlled power cable 184. In the nmaster

heat er : ' j

fr om ek RLTndE: 208 250, 357 dn W AR AARE ST BERRE B,
el emen 32.by t.he high voltage wires.42,. 44. [011 I n_.the. ex |l e
contr oltzﬁg Fd 63/38&%&? H@Fﬁ‘ ]g ot ok ]ieﬂlotvﬁ%‘?gﬂ%f‘? %ﬂsﬁ?' %FMY PHIBESMS es
28-31, the high-limt control circuit 298 is depicted as including a
di gi t aleXPa§ioa Taedwe 292 aparidrom shebase modpled®ssor, which can be
programmed to performthe high-limt cutoff functions. In such a

di gi t all0108¢iThe diicgi bbandiin thedrase miodalier2Ouias a seind ehdctyic sopkdctsyforeasadpts; the
292 is routed directly to the outlet connector 142, fromwhere it
connecbad of tcaedcksyy2360 of Mgy Sthebuitadlt piig rétaptackd and a phedlithend emrdeS LEDR' -
However, the other high voltage conductor 290 is routed through two

SW t ch2g@via0esBaceRl ot 14634 (RVEd R HagaVhge A&QQreEﬁ'oﬂdﬂné]ﬁ Qdnedfand

t he second sw tch device 302 and Is controlled by a mcroprocessor or

oo BRSSO T 0 S A TR AL 0,
B e R

irst swtch 300, such as due to an excess tenperature event, nothing
downst frapped indhplapeon Bledpsempddn 28@profvedasttrough the opering A6 andinte ch
300 is reset. In this description, "upstreant and "in front of'

r ef er scémadt lmaéthaeténg electdcdlicomacto bn thed @hiacepab2iad drdntofthephughePtacieanot
electricity comes, e.g., fromthe AC power source or supply 13

(Fi gur shodh) in tHe HaSRILEIR08Y ofdesf dncct UG nolEle 209 cRRfteal to
or "behind” refers to the side, direction, or relative position away

fromt i 1] i I a .
from s sansE G308 0 rdepgs BhiEHN LB S 487, RRESEeHIFES Il
300 is preferably, but not necessarily, a nmechanical relay that is_.
nor mal P§ g‘g@% ,fra§§3%mr al et FapGeRY B%@fﬁs qrﬁféavre@ug&s 254 %53; 3 waunted ip
to close it. Also, once the power switch (relay) 300 is opened, it is
pr ef er thegircait beryd dih thesxpansiermpdile 20 that agalignwewits wind exiesDiroarthot be
reset (closed) w thout sone operator or user intervention. |In other
wor ds, displen ntibtend 216) @i 8t A10enathe front thea® @ tormgoat@sout thback payel 286t ch

toward the base module 200. These protruding bosses 250, 252, 254 align with the LEDs
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[0118] A conventional |atching relay device could performthe
functions descri bed above, but conventional |atching relay devices
that could be used in these kinds of heater control applications are
| ar ge, i.ces that uire a sec nd coil and substantlal power
to oper g‘fde Ex%g?éﬂé!‘ H?eebasﬁﬁméiH%&@Pn%HP%W emthe sxpRsian Padylp P2 issgapped
high-limt control circuit 298 that is configured to cause an

or di naripto plaeeert the begromodwethebesaes 28, 352, It tachpaesttionedadiaca the, LEDen
after the heater tenperature recedes bel ow the upper tenperature
limt, 240042, 44cpeliatiosy temsmitdight dANEDEDs 2%6yR12ab4ewahplplay nubbins
high-limt control circuits 298, one digital and two anal og, that

enabl e g o1 8liongiy thdebABhEy2¢gPen nechani cal relay switch to function
in this mannér in the heater control system 10 are included in this

descri n h nlc

s ¢ ch 10T} WA Sl B ¥ oo B Rtont FRERIRE U35 e B0t
that arg sprin Jj ased .tp an open node posi ti on d whi ch,
when pdﬁaﬁ g%fﬁéﬁﬁa?‘eemﬁtorﬁ&@mgm lare o thegasgmaduled? %&é?"c § the
spring bias to cl ose the contacts. Wien the power to the coil is

t ur ned sxpansien madule 280,casbesirseeroin Mgnre @ omghidenie pegvent dustwnd debge dilent he
coil to create a strong enough el ectromagnetic field or bias to

over coratdring thpbdsagduiubes?00 thenmgh ite: Gphing@46i dhedestapeasalidiesdaici degss.
[0120] One exanple high-limt control circuit 298 for controlling the
(hl gh- | isithflar¥B €8 of dhe ExPaddodMolifIB 280 fhd: AlifhH4thiafl sAf HRSEE 1@ habove

i ncl udes a digital logic mcroprocessor or other logic circuit as

i ndi cat %9 @&1& &R &l%g&cg’f} Bﬁn %ﬁﬁ:@%& the BFJGS‘H%#}IIQ?@(Q A0 st ERRr

control gures 'S exanp e e nlcroprocessor

or oth o t he h I' 't 98,

start u?sg?@gB‘F 0 %é%ggéﬁlggkﬁr{%hg Fﬁeﬁ %Sésﬁg#lbgttsiloftﬁ'bﬂraggi c
st eps, which |ncI ude ) orrpar t he tenperature sensed bX

first Euispeiom tediont g §tlﬁ°éer dute thohels 246 te thediEDs 39, 242, 244 50
tenperature limt, and (ii) if the sensed tenperature does not equal
or exc dad thefyérqnsmiiéighhfrgm the iBXs &t thedtdrit of the dyehavat fongtatussiigpleyss. t o
close the normally open relay switch 300. For exanple, but not for
limitafpon] Oheusiegmate sefewbeL BDRtdneMislayshendaipeodfiedfok eifherdhd age,
solid state swtch, e.g., a transistor (not shown) to turn on a

flow ofexﬁmoﬁ%s&g&s@@ﬁ%kﬁfetddspc&ef dishlhy.t PLOUGL: EBB s&@l?]é dlgsm%}ts@gs 218,

mechani cal relay sw to cause it"to cl ose

t enper

the. ot 220 65 FEEPAR R ol P RER AR IR bl 4 aaﬁv%u?%z”%iﬂga g
relay power ch 300, to .close. The ne. exanpl e

i npl enﬁﬂ‘fﬁ‘a@ﬁgm ﬁlﬁf@XﬁIﬁalereé@W%mP t5kee Brreionsy B fer el the DC

(pomer that powers the high-limt control circuit has to be turned off
and t héplauplkes” sthendls eontrollprpdledatectspoanditinngthat nesds eifention,snch asa ar t

| ogi ¢ when the sensed tenperature does not exceed the preset high

t enper ataterenot motlting o tratl e seosed tasgerithee, egl, dyonp thweprosss tepdpedditc atiser
it has been opened. Such turning off or renoval of DC power to the

hi gh- 1 591 te0itt bPlootdold; l&ht“h?ﬁﬁn%éaﬁh&l% t@GERER ihehHpdBuf SIUADREt s in
ways. For exanpl e, but not for mtation, since t}rj'ue DC power supply

294, :

ci ou D3R KRESpchn npé’%%ﬁpﬂﬁ%%ﬂéﬁ s 54 Mch W 680 Sy
the AC t ds 290, 292, | of DC
From (AL HIGHLP FHATEalEE L FEICS P Ei b EORER 0 e HBmpl | shod 1 bl y by

unpl ug? 8 or disconnecting the controller 20 fromthe AC source
power E issangdioned sbaes thsswpinsion medleR0DHeanche equinpes op o grantaedisy
removi ng power fromthe high-limt control circuit 298. Then,

r econngrividegnéeer Comdriod iheefun@ibris ocap BRI AES, andive feafipywdestvibed hefeim oOnGH,

some expansion modules 202 can be made with more or fewer of these functions,
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al t hough other integrated circuit chips that can be programed to
performthe described functions are readily avail able comrercially
and are well known to persons skilled in the art. [0121] Again, a

purpose of this e le inplenmentation is to require an operator or
user t oc%bﬁlmswnﬁﬁfngﬁ%ﬁ%% oferexpapyon gwdyles 2§2~héé10e9nq Hthe ppangienn
turned off by the upper-limt control circuit 298, and thereby nake
it nor empoilkles Y02 epax bethevashizomtone base wg00wh khothérdke module@ 00 duisleckf
the high-limt shutoff of the heater before turning it back on and

| eavi ngaridVorost peadRekrs A the Kiest samollet il theR @ theek ahd/bheesemahamitealin the
relay switch 300 controlled in the manner described above, i.e., to

open angcghtindalt m@guﬂﬂ‘éﬁéfédaiﬁcﬁﬁl %@hﬁdﬁ!e? 280f ?h.iﬁl%ﬁzlr  PEAREEH, A ée

near a predeterm néd high tenperature and then bel ng c?osa

again b |l intervention, avoids, th i sadvant ages of
2t her il RoRuRRBR AR be PRI HRier e R Sl 3 AR,
renders_th eat er sable. It al so avoids the di sadvantages of _a
convent 03 f3 lflP §?’@m0ﬁ§5waoav9ﬂ~%28.ap3 Pesegiatedatiring awan drom prsrterss whieh
and it avoids the disadvantages of a solid state switch, e.g.,
resi st aaowld dameage iisrebagtronicoompanenty) awé to lpinmintAingoeaf, daisp ehalingg t al
i npl enmentati on descri bed above, the upper tenperature limt or
par anet@nneécioadiyost,abd eonttotliect0 Rpowideiswialkl diconamnddnt oatlininmt Bradket 270
flexibility for users. [0122] As persons skilled in the art know,
there imdlnhdtib8ockihg fdket B0A RIS AcK Bakhl T8 Rk f6f WEBBuRs h8gLC TREEP
(ihat generates an action if a paraneter is "equal to or greater than"
a valu ' els ’ . kthcul ar
ogi o SritiehdftbadteRly A} bhet@l burs 210 SLIEY S0 (P31 ENR
is little, if.. subhstantiye .difference between a i ¢ st at
gener atné%ﬁnﬁﬁa%fgﬁ%/ Bﬁe’ilcrmﬁglﬁiﬁ eé\yeqngﬁjaga}}ﬁct?bpel@ S pé@?n &'ﬁéﬂ‘%&%l ue
or just "less than" the value. In other words, for exanple, if the
| ogi ¢ skhep, when the canteiler 2R rotateds e earss? ifeate capiured ainden the pestprplate
generating a signal to open the relay 300 when the sensed tenperature
equal s guirdes 8@ re thabthetbnankeb2 1Y @anot heppiérdravemfrenatha seckiet 272, Jevemiret er |
it is considered equivalent to generating a signal to open the relay

300 wheackihgphengsestaBmerthé btk @ XeR aftsrecdss €l axihly BheRe Bk ekl @76 cbitbct
upper tenperature |imt paranmeter. Therefore, unless specified

ot her Wﬂ?@scclg)g plate gég@éé. ﬁ@r\?ﬁ]enttﬁg BERAYTH A HBErddCnfd 1D goc\k%f%}f\é g(f ﬁ/%gn fd

<= | s consi r ed be equivalent to < and vice versa.

| ong as_ih er at Ln. the t heat renmai ns  bel.ow ihe

i gn - SRt EPETRH Fal b 40 RRT e Sh e o7 dnt R Bl By 44t
switch remains closed, a the heaters 16, 16' are controlled by the
pr oces SARIBIFLDSWeEg DG Fare ﬁgﬁ anshibe BAgine plgt 284 t¢ Bpigdhabraslet §¥%na| s
(fromthe second tenperature sensor 52 in the naster heater 16, which
can be firfby anshegapcly, indhe snskefcd/8upl e or thermistor. As shown in Figure
28, the signals fromthe second tenperature sensor 52 are fed by the
| ow vol[dHgp MiusegshS@all bihcker 270eah ba fatendd tamdrall Yor atHep ¥yt 4@R sHowE)
pair through the slave adapter cable 22 (Figure 15) to an anplifier

306 i Ny REed90E b@kt AteRbls (ﬂmez,rl@ngg@ou?h%meﬁ 336PReA: Aack p;?lE‘&J idgi ed

for use by the process control 2 0124] Essentially, the process

control . r e swi t.ch assenbl 0 Q.turn on
and of PIERRRRG LS BL R BRI ke S BT T e, Ribffofs
mai ntain the tenperature _sensed hy the second tenperature sensor 52
Wit hin Wéfep%&&f%ﬁr ﬁ@aerfaézb% Sﬁ%@ Wiapped arpund the cprss Bisss 28% aid grunibe
as is shown in nore detail in Figure 32. The switch assenbly 302 in
t he exabistte Theisodirelant20;is thestpositienked adjaRegithe bogketX TPy ixdaly aligned with the
switches, e.g., a nechanical relay switch 303 and a solid state triac
swi t chb2@ket 270 cpaikil 284 arddaxialhi pishied BnatdhedrtkBEZR0 to Pass the ks 2365

through slots 278 into the socket 272. The controller 20 is then rotated about the axis 284 to
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switches and triac power switches are readily available comercially
in many sizes and configurations from numerous manufacturers, as is
wel | - known by persons skilled in the art. [0125] The process control
296 al spo pr.ovi des, a nunber of er functlo s shown in nore detail in
Fi gur e 198k thefonirafl 92% iBpacksn th(? Al 27 as ﬁﬂ%%gsmarq A othegontspller 20

. operate the display of, for exanple, green, anber, and red LED |ight
di spl ay@nmammmoﬁdﬁoabﬂﬁmbmckaﬂmdm mvasingtliosasask and forth

bet ween t he expansi on nodul e 202 and the base nodul e 200, and

r ecei vi [0g15] Tirafuactions amd benthdl dbgit imdile ctibadirgénticat bpdeeibed Bgrdfeence

di spl ays and output relating to the status of the first switch 300.

The progassises tHecgbh&hatm&cuﬁ@mag%ﬁ@mqqg%s 5380 éJrﬁﬁgﬁl%ﬁ%nm the logic
manuf act ur ed by Ant el Cor porati on, hough nyri ad ot

I h
A 4, A B B LA
0126 f d h | 296
Gl ot e o b S e

range signals (sometinmes also called "alert/alarmsignals”) to be
del i verlddstbusratedip Feguren-Sand dgsaribediebays. Toswombsy; therthasterthisateh batser
or heaters 16 are operating within a desired tenperature range. This
f unct i @oncentedstertiecantolinb2d viafa slseadagtar cableadPpibahe bdse tnelubeX10asf
tenperature is outside of a certain desired operating range, which

may or cghoMe20bahebaireifbr20 i§ Bshnbbedtd £RRRNBItAEEp v dFsburdd, sec%lsa%e&c
(above this electronic tenperature range signal can be used

tri ggetpl ngpﬁgﬁl " Iﬁléflt s%u?cje)p S&%’i‘ cﬁﬂé" Q@lﬂ{ecggtt?ﬂ‘laoc% trofler 0 Theth%h

preven rrupting an in strla proce epends’ on

heaters 16 operatin r he, hea i,.thin a :

bar t 1 caphres B ety B RaRGe s Rophing i Hibe S s n
tenperature range signal nmay be to generate a notice or ala

funct i é“ntypeﬁO%%P%W%fr@bk@t%aanﬂéﬁﬁpéﬂsr:@@@m bR corfroflsr ﬂﬂthm@wat@ae a
heater or group of heaters is outside of a desired operating range,
i.e., ebnhwstors 890,200 dImthetcontrbibdr 200he highrwdiage bmircspawdrds tappehbaaDC
el ectronic tenperature range or "out-of-range" signal are not limted
to thepewexaipplye2n4 whith 2uplits lawipbleage MC powed 18 ¢hd Pidicess LOMPEIIAIPIYS, to a
range signal (also called "alert/alarmsignal”) in this invention, an

el ectrg Ghrﬁi% kattrdl Ui 83A Che &Hlsmne&@h%n%pﬁfg%&dzsbm e (PL B Set Ip ad

cont rol is provided in the controller 20.° A desired tenperature

range 5% 8} ?l%g he lbej(got s% ﬁe?'% ﬁg%%raﬂalﬁg % the' xﬂas.nsm dl%cguéc?b?f if the>

progranmme rrocess an e range can

absol ute de ree r I9) i or it can be

" nor enEHRAYY 2Rl Lr%%&gm 8¢ %%T@ P BP‘érerslé@%SPﬁ@utﬁ%%& thean
@e ei t her flxed or floating, depending on the operator's

Fequi r ewdsicennectay 48] wherr #is eviilaledo heatens 14516 Ivia thy slagopdaptertegble 22, T-
| ess, supplied by a renote nonitoring device 15 (Figure 27), is

del i vet}@d stage bhietralled tposiel eabl@D4,vand sialve tdrminatiaf icagtieol¥ddrpsved 8abld 084, In
and/or 102, 104 provided in the T-type source power cable sections 26

and/ or géirRastdiPehiei &/ Old S8R Wates 16 18e hibBQoltAe Pcdn@lolted BbRE: $AH t6fductors
power cable sectlon 106, as expl ai ned above and shown'in Flgures

10- 13,5
| ast co I er f 89%1:?%@%25% g‘lgnsdtu %ﬁ gﬁ?ﬂltg étlgfélgl%gm%%z%ﬁth% er %é ﬁ?‘%&e
only c Qtroller 20 in a system [0129] In the controller 20, one of
the | ow™vol tage signal conductors is routed through the relay device
310, as shown by the traces 312, 314 in Figure 28, before it is

r out ed[0ddekIn the éxmmle vortyglier 26 @ﬁ\b@dmé$h%wméhg srhematie divgramsdd Figures
source power cable 106 (not shown in Figure 28 - see Figures 12-13).

A 1 eno2&3hpthe high-lieit icostrd] dhicgit 268 &idepated f3dndleding @ digichldghdcitduit) such as

a microprocessor, which can be programmed to perform the high-limit cutoff functions. In
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voltage that is applied to the |low voltage wires by the renote

nmoni toring device 15. Such voltage and/or current conditions are

noni tored by the continuity detector 31 in the renote nonitoring
station 15, whi can.thereby detect whether all the_ relay devices
310 of ®° atdlﬁ%tai g}ﬁ*‘b Sghehaitgoptrel renl, onertigh yolinee aw%tqrﬁé? ipyoutegs
the heaters 16 are operating within the desired tenperature range

(cl oseddigicp & theioutlal conpesteli 1420 frpm wherk it coanecthdivectiiyde thethiglenaltageo mare
of the heaters 16 is not operating within the desired tenperature
range (4preash hewdr 16| { 6'UiHowaesdithd @hgr. hidheslefe cenductor 200 dRatedRRRuENT
fromthis description why the last or only controller 20 in a daisy
chai n agRNQGIRUSRE! 8%, HES. *r1|=2e RRt 9@&&?&%&& 308 it REA6RTR S eMid Shitdhd

device via term nated control power cable 106, as shown in Figures

12-13, i s [ bl.e .2 . sh i.

- gur et e 302 g e udnbd Y s ROMREO PRI GRM it e BR i Drpnic
connected t he_ last T-type_source power cable 26, th oW Vol t age.
si gnal cRe 304 tWIPWUPE\?JWaWP B tspligh é{?lt&ta?é)oa/ﬁﬁwéaft@aggvshﬂgé%ﬁrs witch
e.g., unconnected wires 102, 104 in Figure 28, thus falsely

i ndi catdetige 300 dneladingelidheheatdrn do.olff sndite serond switck deviand@?. Thesefore,

| inear-type term nated source power cable 106 prevents that problem
as showrhenrthdhighdieni?ontfod 280 bpdrs thefirstswitche3Oh siwhris idak kesin SXtesn a
series that is daisy chain connected with the 1-type source power

cabl es t%@ﬂt@ré E&nt, ASThiKONSWdtleBh 4 e rtR9 sHREH 85 tftdlte uAtCARRGGE ed
e

with th erm nated source power cable 106, has programmed in it a
desi redq t t j n b :- I .0CEeSS
200 of “HERR00 Mok PRI e, PR EDGT AN @ nPLRE":
both t erature,sensors 5 52.d ot. indicate a tenperature outside
Che deaPPaipt BHGURSE DPRTPR NgE Vhivd BeresBtE ke s en ogh e HoBoRBops
the relay device 310 closed. However, if the controller 20 determ nes
from t BRUSRASBWPhE NG | icomplamentary Haghiqn, edqyenpiream? gr {ia bagl of” or
operating within the desired tenperature range, it will open the

rel ay deelin®’ 18fieds totthe sidbydigotion, g relhiivd msitionl amay dron (resdounier € gi, the
which is detectable by the continuity detector 31 at the renpte

nmoni t odiragidnds athichnthd potvkt gebs@awdy )front B co@s@AERtc.t he signal fromthe
continuity detector 31 can then trigger sonme alarm notice, and/or

cont r ofpg#) i’["He%‘frEtQﬁ%{-Al 3 ffﬂé@'po%f sWa 0055 p%fér@ﬂ%r?bﬁt%g@ﬁéée’é&ﬁl%ﬁs

di scussed above. | AS al so di scussed above and as can be seen

in Fig r nsor 2. n e r -heater. 1
are cotebaflent 8 T RIRBPA RT3 b st ol PR b bt
the controller 20 uses, signals . f t .tenperature sensors 50, 52
sk oG Af0s g g wg”?frwe@ézgl%vs 3PV iscapeheoals aFefergch ﬁfﬂE‘?’rlﬁgdﬁt
éhe sl ave heaters 16' are identical in structure to the master heater
16 in swartidbadhepawer switsdl30daneotthgvesel (doredswithout spmeogenatos os asgor s
50, 52, those tenperature sensors 50, 52 of the slave heater 16' are
not commeeteibnt dn bther condst oherthe2Ompatitube mahé bautarabiclgs thé rebsy switch 360
sl ave cabl e segnent 128 of the slave adapter cable 22, and no | ow

Vol t ag8o Qe HEEQIrT1dsB aBiokii@icallyl Eindtchd, RE o?laﬁ’bﬁ@@r Q642188 teahelyath or the
termnated controll ed power slave cable 184, the controller 20 does

not ge . I i ] . r i aye
noat or S Hnb FRERACE) B M8 St SO HERE RSBy sl 0 SR
VWhat ever the. control]er 20 determnes to do, whether it is turning on
and of FoNTRLCH PRRew/Bitb Shert Somarepicat ey Sohieh FoB et MESREGE 1ol oy
310, or other functions based on heater tenperature, it is based on

t he t eefsental.fpethehighskupitpyitchd08dreseiss agolid state switchesurhss ertritne hasmore
16. [0132] As nentioned above, all of the paraneters needed by the

hi gh- | tesistancg nitursol o128 Brazinde tnoee prreesarydent andlwadddbé an apescaiserygsower

drain.
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comuni cations m croprocessor 318. The di spl ay/ adj ust m croprocessor
316 can al so be an ATnegal68 manufactured by Antel Corporation,
al t hough nyriad other m croprocessor circuits can al so be used.

[0133] T S Ia / adj m Ccr oprocessor nected to_ the user
it ort B TRt GHgt sicgel liching3e %%mcewgﬁe g e dung e dr bl e
reset various paraneters and i nformation, which the displ ay/adj ust

m cr opr B esswntignal lefeking relavifeviers thaisauld heaised cthpseddrdscofdsafer emtde
and/or the high-limt control 298, which it also sends to the display

204. Sumiplicatfoes ard lagye, bilky dedoeshthatrrequiresy edondea pdralysetstastied poeseto
with the m croprocessor 316 can include, but is not Iimted to,

desi r edoRPRE aThd&efok & AR hdodingens 6F ﬂmn%nuo*ﬂl Iﬁéluae%rmﬁgmlﬁﬁﬁcoi%ﬁaycmt 208
limt, h| gh terrperature alert set point, low tenperature alert set

poi nt, SS[E @Srﬂ%lu?ed 1%%8&@ arg;ggzlrﬁ)m BBRﬁJlQPdg)%h nfé%ﬂﬁgcdl 9 1‘2? ERlteh ﬁb'}@mam

deviati

devi ce address an ature units | s] Uus .or
Fahr enHBER) S eoefg Pﬁsﬂeﬁﬁweﬁ brSRs QT %erbta@@ew&?rcigat tntil an
version, base build nunber, interface rel ease version, interface

pr ot ot YIPETARIQS [USFT, INteRETIEH t SAVEER EXTplE 1 ghaws i contzel ciicaiss BRS, oae digitekand

and di spl ayed. [0134] The communi cati ons m croprocessor 318 enabl es
ext er ndivocianlagctbatnamableani codigany, hévrnealiyepen exeninani ¢ab rél agsweitchctorfunation in
station, service conputers, and the like to input and out put

i nfor n&hﬂsmmeﬁh&hamaua{o@ﬁﬂélssysﬁﬁdld e icdEHedtHIgdeseAiptiéie | i ke, via
(the |nput/out put ports 222, 224. The comruni cati ons m croprocessor

318 can

Pr oductia) u%ﬁ%%ﬁ%mﬁ“ R S G R ﬁW%‘f‘%ﬂﬁ%’ﬁﬂ =P
receiver | 1 a m. cr-o esSsQrs co e

for thithe %0& RefRalone 8% RaliC s iaRRiIs 37 Bpuasithor fstirrd §ilss)
The sche circuit, diagramin Fig 30 .illustrates a heater 16
connect"8tc |"‘f RPpyyereds gene %SraowgrﬂetlféI eldqr bias thatyerepngsdhsspringdiss to

| ocal heater control configuration of Figures 1-4. Al of the
connectclasa gheaedtactsn W hemte povestodbe eeil isdurmied pifisedhat otauolehiegr 0 endyghe

nodul e 200, process control 296, high-limt control 298, first switch
300, seanad fRwstthioughZhe dodintperata srong enough electromagnetic field or bias to

overcome the spring bias, then the spring bias re-opens the contacts.

[0120] One example high-limit control circuit 298 for controlling the high-limit mechanical
relay switch 300 to function as described above includes a digital logic microprocessor or
other Jogic circuit as indicated diagrammatically in the schematic circuit diagram of the
controller 20 in Figures 28-31. In this example, the microprocessor or other digital logic
circuit of the high-limit circuit 298, upon startup, is programmed to progress through a series
of startup logic steps, which include: (i) comparing the temperature sensed by the first
(upper-limit) temperature sensor 52 to a preset high temperature limit, and (ii) if the sensed
temperature does not equal or exceed the preset high temperature limit, generating a signal to
close the normaily open relay switch 300. For example, but not for limitation, the signal can

be applied to the gate of a low voltage, solid state switch, e.g., a transistor (not shown) to turn
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range relay 310, heater 16, tenperature sensors 50, 52, heating
el ement 32, expansion nodul e 202 and ot her conponents are the sane as
expl ai ned above for Figure 28, except that heater 16 is connected

directl controll 0. . Theref Qr ere i ave adapt er
cabl e .%ﬂtﬁp ‘Efd?n‘t’ivﬁh ﬁéﬁf t Brouigh ‘*ea%?fih “[66}1@6‘}&11%@’ switch
schematic circuit diagramin Figure 31 is also for a controller 20
connect & tgicresstif ip dlesca Thhatsensed zmpdnaturendoes bquad oneknsedtheqatscthighd no
sl ave heaters. Therefore, the circuit in Figure 31 is the sane as the
ci r cui tteinpefahgu titnif the stacapyiv gichiats ndt geserefetthesighdl ehdt agtulCeube Helrelay 20
in a series or the only controller 20, so it has the term nated

sour ce RENRLwiaR5e0 Mlode HiRAdore in'dit elatfRAmPRMERARANT R HosRe

for supplying the hlgh vol't age source pomer and the | ow vol tage

el ectrq r

Fi gur e %&f&hﬁ@@%ﬁl #gsgd atﬁré]; ﬁ% Igd‘ﬁee&gllgét %sgtﬁ% h&gg}m IEI'OI c%rm? p B\Afﬂlg e
present in n is_shown |n Fi gure 32 The_ I ogi as mell as t

val ues M Bgﬁaﬁé’t@t@m %@akgmg%@aalgtlﬁtstrﬁ‘?%ot Qeissiartipgis ivhen dae
exanpl es and not |ntended to be limting. The illustrated |ogic
starts sensedriempgspre doasinpt exsred tie prest high tamparatire 18210 in erdeetordesatte e
nmeasurenent is taken fromthe first (high-limt) tenperature sensor
50 at 32@yandeconipdr ¥ dfier itheas begmerpehahpSudattuming offioi repaovah®@t BE polvkr to
the actual neasured tenperature fromthe high-limt tenperature

sensor tﬁ@hﬂ%ﬁ ~1ini$ SordthA Rirb €290 E-Hel d¥bémpiddhed i £huhBerdriy328or & 14,he

{ next step 324 tests whether that actua terrperature from sensor 50°is

Wi thi n 200 1 [iaBGE Ofile (Y19€ B55r t@gggg@é WiberS§tB7aEs BE poblt o %perate

conparil son ofe as a'te m’ ne I

sensor asur sonabl curate in relation to,ea
other Thetigh i i ﬁlé%lé?%emi? S PRRgY R Sebtion 1“e1‘51g\“iesgelﬁ fanpgd i the
nmeasured_at 326 to be sure IS hot overheat ed i.e., is_less than
85C. Ofdr ReWE 1ﬁéh‘?;6€1 RPVEE éfttlF‘S 29¢ 298 xthapraoval p Pﬁ?epqyaﬁtfm fhehighplimat
too close to the heater 16, and it could danage the el ectronic
conponearixolicreuih @98 omt beoadcempla'shedlstmplbré)yomptuggirigmr d@onrecfing i cantr82&G
to not be overheated, then the high-limt control 298 keeps the relay
swi t ch28@ne thesed souras poweti, aaidbhlst cudL8f pswei thahe DEpdwed Rupll Ragle AC
power remains available for control by the process control 296 to

pover  HeciERERVnd)poklr frbf the hf%ll%ﬁlt cgﬂtr(‘}l%c% h68. PRQL redofinéitis Ple t heE

tests at 322, 324, 326 are negative .e., the sensed’ terrperature is
t

over  * Bl FIRBIGLUGRe! il ryghE .OW%?.th%'th%@t tnt‘? copfBl ks gagr sty

t he heater(s. |t al so. sends naI roc ss cont rol
266t nateITg AEheotaAd gppmoyshyiff starue ﬁln 056 the FRlaRITEd

(the process control 296 activates an aI arm Si gnal and/ or flashes the
appr Oppwgg}e3qq Jé'(gl)e stamymlggic determines that the sensed temperature does not equal or

exceed the preset high temperature limit, as explained above. Of course, other ways of
turning the DC power to the high-limit circuit 298 on and off could also be provided, for
example, a manually operated switch (not shown) in front of the DC power supply 294 or
between the DC power supply 294 and the high-limit circuit 298 could also be provided. A
suitable logic circuit for the high-limit control circuit 298 can include, for example, an

ATmegal 68 microprocessor manufactured by Amtel Corporation, San Jose, California,

39



[0139] Continuing with the process control 296, a tenperature
measurenent fromthe second (process) tenperature sensor 52 is
conpared at 332 with the programmed set point (desired operating
tenperature). m nus the set hysteresis paraneter (e.g., about 3C). If
t he act Yiough gthes intesptsd piguit hipsihal saa depyosriamst de Berdorgrths desosded s
at or below the set point mnus hysteresis, then the actual

t enper afumcionssare wapgidy adhilable3dmmercialhe apd g vatine wndw pesopeskalied ia the art.
alert (LTA) paraneter, i.e., to see whether the tenperature is bel ow
the desjoiet] epeainah bifhoseattis dxbmphaniptineiaionietd @qaite & ofeatorort ier to
LTA (e.g., about 20C bel ow the set point tenperature), then the

pr oces s, 9Bt iMervRR i&i@élﬁlgartfe%ﬁ g@@@g&hgtg{ag PSSl df by ﬁ@%pphr.ﬁﬁﬁ to

provi de AC power to t and 1t turns on e out put
LED 244 . Q... green i ndi cate that.t ter(s) 16, 16.. are

tur ned ssnoPsi iR nd BelsRinit et pd it ditbedhusel Wb B opthe
bel ow the | ow tenperature al ert (LTAégfgaramater, then the process

swi t ch @Hes eyt bipp-limit shseld of the heaigr befoesftuping s daclyon apdyisayipp)it 42
(e.g., anber) is turned on to indicate that the actual process

t enper amattended. iAf théanprtope thoperdthemechaniyal re[ayis4Gich 300 chmtrolled in the
conpari son at 332 shows that the actual process tenperature neasured

by t he rafmeedssciibapayortiles, t6 @pawindshut 6T pakverad thehawértife raRblgoi nt
m nus the hysteresis, then the tenperature Is checked at 340 to see

if it ifadfer Wor%@%@p&ﬁ&eﬁ%@@ﬂgﬁtten%éf&ufé]ﬁnﬁﬁﬁ& ﬁ{eﬁ?tjeﬁlrgg?(gs%?fg:tag?in gJPﬁa

(it is, then the tenperature is Checked at 342 to see |

above | eeicRRORIRTIE N0 o SID SR or L HAhaPRLRTELE ol B

about 207 4b8ve the se enper at ur

relay swtch 302 is opened gt 344 to turn off the AC.power to the
heat er (e\if”}wril@? ke TePlAtRd Oriendo e heafes iseplen It dlaqigvordet P Sispdvamtagoot e
[0141] On the other hand, if the tenperature at 340 is not at or
above senvendiontl lgriisgrsiay.execlatge, bulky, an @ nosiep drain, ané it ayoidstths n t he
control hysteresis range, so the control relay switch 302 is kept
open atdisadGarpaged ofig salbstae switnh,tehe, febistaned, heatpdoduiction, aad gotvhedralm Also,
Range" LED is turned on or left on. [0142] If the tenperature from
the prog gResdisiepapRinehRtise d6RkboRaticy et uppsNEnpéradfeliing P Padiner is

above the progranmed HTA paraneter, t hen the control rel ay switch 302
I's opengiRebleNdhfcBlRslials 2dRiondShtiol€ and AeFRil@Ffor nkddsi S On-

[0122] As persons skilled in the art know, there is little, if any, substantive difference
between a logic step that generates an action if a parameter is “equal to or greater than” a
value or just “greater than” the value, other than the particular logic statement that the
programmer chooses to use. Likewise, there is little, if any, substantive difference between a
logic step that generates an action if a parameter is “equal to or less than” a value or just “less
than” the value. In other words, for example, if the logic step of the high-limit circuit is
described or claimed as generafing a signal to open the relay 300 when the sensed
temperature equals or is greater than a preset upper temperature limit parameter, it is

considered equivalent to generating a signal to open the relay 300 when the sensed

temperature exceeds, i.e., is greater than, the upper temperature limit parameter. Therefore,
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[0143] These and ot her functions are shown in the exanple draw ngs
and descri bed above as being perfornmed by several control processors,
e.g., 296, 298, 316, 318. However, these functions and others can be
performed by on r_nore pracessors jn_various comnbi nations and wth
Var | ous PTG EhEVIEnE 1S AR IRR RS PUTABTER Tbvice versa, and <= is
m croprocessors, as is understood by persons skilled in the art.

Ther ef oeasisiderpdrte be gauivalenigp s and Vieswarsapr ocessors than shown in the
drawi ngs to performthese exanple functions. [0144] Another exanple

i npl emejti23]i A lafg dstike tanglerdtumiih tieanistalheater CoItdmat@Bodlew ithd Mgh r at ed
in Figure 33, wherein a switching positive tenperature coefficient
(PTC)  t{3RipBiatirelinied®: GPME UEhOImARYASA 208, M8 Bkt k@itch R8ndRPbsddl Md the
tenperature sensor 50. Switching PTC therm stors are sem conduct or
devi ces biAl 18181 R bofrd Ry WBLoARIBI AL SRR AHERCRALLLELENT O
resi stance unti'l e device’reathes a critica errpera?ure, ot ten
referred to as the switch or transition tenperature, whereupon the
lovt ce ERRPBTE S8R Jopt T Stron HORR G AR G2 ah Lisah e et of, which can
resistance as well as a large increase in resistance, e.g., a

resi st dife orenample, dhermosayple adhamjden | Avshesnsn diguredti thesignals fiennthe
tenperature span of a few degrees. Such switching PTC therm stors are
r eadi | yseenrgli tkmbéreture semsorci 2adrk Yedby the lowmvsitdgeomirest 58y p@ iratherhester h6 and by
ranges from 60C to 160C and can be manufactured with transition or
SW t ch dleapeiagivas pair threash thasldve wdastelabRNY @l guk&8Hitoaf abiplificAS06 in
200C. Wth the switching function inherent in the switching PTC

t herm ' h@gh= L4 m r

i g | £ RRNECR) MR, 25y Mg np M arp ARG Y SR8 pRosbonk
and sti ng provide the desire features and functions of operating the
nor mal |2y open nechanical relay high-limt power switch 300 to open
and shié of f_the AC power to the heater(s), whenever the heater

t enper AP1%48 Esgentiallyothe prqcsenronial L3 encratesihe seond @oWenswitehrssenls 303t
close and turn on the AC power again w thout an operator intervention
or mantafurn apand affdhe high vhlizgeek Ctpompetodtheheaters d 606 iheddentotthaintappie
tenperature limt. [0145] As shown in Figure 33, the PTC therm stor
t enper admpeeatamrsentedd the s@oad tengpreatutersehdve Shedited a dfedattimiied ratdaehAG
powered heating elenment 32 in order to sense tenperatures caused by

the hegét ipfpdieesds bynttd12obeatit fohval BRGE d3Rilds F%?&ﬁi.bﬁﬂe %’i@élfas@é?ﬁblre

the upper-linmt tenperature sensor 52 in previously described exanp

S N R T RS 5

;io\r/\glrji %{?Iﬁﬂﬂﬁ{]aif .%P t%\{/igcll{ 3663 3211% at s%1i8 pst%?e ﬁair')a.g S\%}tghs §056,l En {Jz(la.ra él t(()) rﬁ%ni%{izé Qr%in/Ag\C
e and heat. The triac 305 turns on just before, e.g., about 20 milliseconds before, the relay
switch 303 closes to minimize arcing in the relay switch 303 during the initial closing of the
contacts in the mechanical relay switch 303, The triac 305 then turns off, e.g., about 20
milliseconds after the mechanical relay switch is closed, i.e., to avoid heat production in the
triac 305 while the relay switch 303 is closed and conducting the controlled AC power to the
heaters 16, 16'. Then, the triac 305 turns on again just before the relay switch 303 opens to

minimize arcing in the relay switch 303 as it opens. These functions are controlled by the

process control circuit 296, as is understood by persons skilled in the art. Mechanical relay
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t he AC power conductor 290, as al so described above and shown in
Figures 27-30, so that it shuts off the AC power to the heater 16
when the normally open contact 307 is closed and turns off the AC
power to the heater 16 when.the norpally. gpen contact .307 i s, open
The. ot hOFtSRES HTeRe ERALLLHo09S T ay A SR EH T R EFg SRS 385 t o
the outl et connector 142, where it connects with the swtched AC
pover cEWdigatasenoFommRdRRUsSHBRUSFCIUTETS, assis dedldaopad yapsssaas skibled &) theae.
switching PTC thenni stor used as the high-limt tenperature sensor 50
i s conn@t2HdThepoeeisesntmol 39 6alsogadiiflees nambawif otz furichiahs howaria mdre
coil of the relay swtch 300 so that current has to flow through the

swi t chi eriBhCigle 30l BtRMiR] bithRt LifHRe ta s RS8N B midoh fo S5 H8E the
power the coil to cl ose the normal Iy open contact 307 of the relay

switch i : : :
Ther ef odg : a3€ é\f’ ﬁog reﬁéfﬁp lteé%élg’f?ﬂ[}) reg’gglgé?%a{zlﬁ?ﬁ%h |E ngbllaﬁﬁl\%gﬁtztg %’e%’
tenperature sensor. 50 i s under e er tenperature |jm ich is
sot | by PHETETTORTBrIY ke S hpert PR P B o redoTe 24 e bese
of the temperature sensor 50, the PTC thennistor has a | ow resistance
that edBeduje ¢¥hand resewing yenalirem the hightliait conffod formsesassing for disphays and
through the coil of the relay swtch 300 to create the magnetic field
r equi r eatpub radtossotthestaton bhithe BAWiCh 38e.qlibaplogessiconsolodircnicam blso
tenperature operation, the AC power circuit in the controller 20,
(corrpr | sbngribdign ACnReuEss LenduahRdHy2Hate] 29%ordtonChlgfiRgh aldiaddther
conduct AC power to the heater 16, subject, of course, to the closed

or Ope%iﬁfoggdé%ss%s fhBERIPLASS Seri EMndYe M Jihd} rand: HtQ 11 ﬁ&bﬁm A seadily

descri bed ove. However, If the tenperature o e swmtching PT
therm st o f. the highplim nperature sensor 50 rises to or
exceedgi{"‘iu!ag?est\%ptegsﬁfl%%qg?d %nr%%éﬁ‘t ion tenperature, its resistance
i ncrea harpl y. and effectively turns off the rectified current to
the colVI26] Gneofias g?"%‘&’i‘%%ﬂ"‘é%?bly thearessys a@l}tmiﬂﬂg 15 INRCSIH RSB BEen
contacts 307 to open and the normally closed contacts 308 to close.
Cons eqiranit Information dpeprodemngtempegiregprsessigials (Aangiones alsd eadlgidt of AC
conductors 290, 292, thereby turning off the AC power to the heater
16. Retleftiabarmcigmals”) &, b delivered nph esmbte nhonitariag hcatoetor @afithitiedt the
circuits, are well known to persons skilled in the art, thus need no
f ur t heped@sshemetsors 4re bpé‘ﬁtih’%‘ﬂ'ﬁhﬁ{[ 2dkire@ tedipeldhin® reideC Ulhis fuh@dtdan serve
Then, when the tenperature of the PTC therm stor of the upper limt
temper %Hﬁa%elscﬁ‘h%%.. Pf e&ﬁ&ﬁf&?&t’@@ﬁé&t&qg]lﬂpér lﬁ%ﬁ%?c{eadﬁrc%ngﬁ'[d%\é\{réé‘e
hi gh tenperature I'imt, i.e’, below the swtching or transition
tenperature of the ,PTC therm sto a e, current then inflo
{ hr bugRPERERPEES RURTH TEEPT MENBoRb e oy Bigh gho e PR sbsusset |
revents the coil of the relay 300 fromre-closing the contacts 307
to turabavsethiscelpriinaic tsapRragEe range signpkeande usel ortiggerameehanismy(¥igure
operator intervention. In the exanple upper-limt control circuit 298
shown 27 fier gauipm@3, intetecls 1ies peeventngomcinteauptingamndigiialgpracewiltat beHds
e.g., atriac as shown in Figure 33 or other solid state or
nmechanpg éle Heglettyl Gier thg rOSkrB td madiftalrehie 5E2 fwithinl a pamiogial RehRadtadel €l

range. Another use for such an electronic temperature range signal may be to generate a
notice or alarm function for operators at a remote location to notify them that a heater or
group of heaters is outside of a desired operating range, i.e., either too cold or too hot. Of
course, the uses for such an electronic temperature range or “out-of-range” signal are not

limited to these examples.
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to the rectifier circuit 301 and coil of the relay switch 300. The
drain resistor 311 has nuch | ess inpedance than the coil of the relay
swtch 300, for exanple, an order of nagnitude |ess, so that when the
triac or other relay switch 309 is turned on, the current that flows
t hr oughl®1RZél Pedmplraisht ar glecisanie rannegiyearasrseensbipdsorcaled ["dealirmeargnal”)
away fromthe rectifier 301 and coil of the relay 300, which prevents
t he coiin thsonveytineraatdlenronitackly device b vdticle cani kel apetdied by depeamesseamyrol
to close the contacts 307 in the relay switch 300. [0148] The triac
309 is 298, igstovidedin thBeoditdilu L0.e At dekired tehdpeywurt harpeFhr thb@eECl 6, either
therm stor of the tenperature sensor 50, which is applied to the gate

313 of fHBeripiedl oggger\@e?cnhﬂﬁdalﬁg)%.%’rﬁh %8%@{%15&%§ Eémﬁﬁt%ﬁgf ThB%ange can

relay switch 300. Therefore, he PTC therm stor o
t enper gt ure. sen rns. of f e rectjfied current to the coil of
the r e eCin Fan e B st oF i snd Bvsilitsor o e S b Beha Sl mfind
at the heater 16, the normal|ly open contact 07 in.the relay switch
300 opeﬁqn}e&p@WWgé?mpqrﬁ@reA@%ﬁgﬂ g bekihsrdied ot flgatings depeadmngqathe
above, and the nornally closed contacts 308 close, as shown in Figure
33, to wspitegr’seauigder to the gate 313 of the triac 309 to
activate (close) the drain circuit. Consequently, when the

t enper 0128 Atlowhelthgn tech akGhireqB0esls@r 1d3atsupplécdismermtcmenibriige
PTC therm stor of the tenperature sensor 50 falls belowits switching
or trangyickOors (;P?ﬁﬂ%@?@},lilsrcﬁ;li&&@@d@&ﬁie%oﬁﬂﬂﬂéf%?vi&ﬂfeﬂ@ﬁtvolt& Sz 981001 S
diverted away fromthe coil of the relay switch 300 and is instead

dr ai ne i i ' t by
the PreniRE e dddp sl f heT. b Lo o UL RSN B REPR AL B0
switch 300, the j |l .cannot create the el ectromagnetic field. required
Co of osBlistviie: Fik 130 BReRnbhia Putcspr v LTI bihes cXpbinpidbove
heater 16 remains turned off, even though the tenperature at the PTC
t her ni §pépheyn imdgueapBrid: densndiag oavisthes the qoatrellierd0 is Arisinot pishesdhg last
conducting electric current. [0149] To turn the AC power back on to

t he heabrirolles 20tih e deisp chqined serins af tontrofler 2t edthe vnlyconBdlleri29 iproystemd
to break or open the gate power circuit and thereby to turn off the

triac 30R29]As thocsht@Blet P& ohe bhtheIOND vb&aédﬂi%kﬁ@ ciductdys isR6utt@ ttahghythe
operated switch 315, the drain circuit through the drain resistor

311 is Ji fHr C 1 St :
S emper o SHkes Rilas Qowhity GLER 31t I i et 28, BERAR R iOfould Balingg )

coi 1 oPtar e lerdef Sile ol BiplElod o BEbPle OB B THB Bl i Bfpee

308 and_to close the gontacts 307 to therehy reactivate the AC power

to thegﬁe"éﬁéhgi‘éeségdlﬁomrmmﬁ’émﬁ@v e ) ftitle gpmate lqcatien 15 18

Consequent |y, when the manual ly operated switch returns to the cl osed
de, ecomrccicdde ttedowdodisgnwires 9‘:&&08@0&/00 92,1184 authe E-hye sovnce power aible

the PTC therm stor keeps the contacts 308 open as |long as the

t enper 36 uné&/onl 18,120 tretheesratinated sensOfoved calbiBd 06 Sorlirbitturinigehs woltagBi ng

or transition tenperature of the PTC therm stor. For the reasons

descri hefloPhRMat dnNBERAGK SolthdtewRELO ot ieﬁ?&lnﬂfe,s itfgﬂ K R &b{ceyk 1o i &8

is disabled by the manually operated switc an operator

interv i by S s 5.4 1S : uired t
react | corestie dofareq e RS Relorb MorBbpE dptipar S SRRt s Tomne
to a high tenperajure event in the heater 16 that equals or exceeds
he SWIER PRI'Goables & oY ﬁ]@ﬁe%ﬂ%gaﬁpawe DO FROIEHS TR él"ﬁ?‘gtﬂa‘?n BFUTHRE
high-limt tenperature sensor 50.

will flow and/or the voltage will drop. On the other hand, if any one of the relay devices 310

in any of the controllers 20 1s open, no current will flow in the low voltage lines in any of the

source power cables 26, 106 and/or the voltage will be the highest, i.e., the open circuit
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[0150] It should be noted that it is primarily heat from an external
source, e.g., heat fromthe heating elenent 32 or from hot purge or
other gases or liquids in the pipe itself, that causes the

t enper at f mst roint exampl e i nt. at

et o e BT BT S e B ST | i
power to the heater 16. In contrast, tenperature rises in FTC

t henni sY®Jfage gad/ar Furend ARASHEGNS F58 MERITRE bY thpscongpuitydaterier I indhe remote
breaker applications are caused primarily by |I2R heat generated

i nt er nambyténmg deicATIS, whethroas tlerehy deteco thethenali the relR¥ Getibesr Hi0stfatlshe
have inherent resistance (R) to current flow (1), and excessive

cur r ent conkobliEds@ye ¢18sddN gk Tididakifg Fat b bf el HeateAURFars Upsrhil wathintBet
production in the PTC therm stor itself, and, if the tenperature

reaches r td
Wi %?i%t@tﬁfﬁ%ﬁ%tg‘é&?%@”9“ kLBl 5 &%ﬁyg‘e’? 4?%5%%%?% of
of statﬁ t%rﬂ S frtomt e tg t]lh Ir;jn ItI’CUIt 298 ca {)I’Ol\/l .de

Che’ pr dnabeh@STs isndditalfe Wl o Betiud FaPYaRES 2uehpret sl Gikitor
al ert/al arm si gnal or for use in process Jogic, and the |ike. For
exanpl eongifionhof hergfors, rtrhepatlrwpa@nE@ﬁedhlsslﬁcnpt@e rvhyshe last erreahy
detector, can be used to indicate that the relay switch 300 is

act i vatesdtrodend0ouiadieisgChpinwenndctedtshgehlamtte be topcted da the rembednomita gt
of f AC power to the heater 16. Al so, for exanple, but not for

|'i m t atdeoite véa ©ARBAted 3drolPoeier asbler104)ak endwil Bl Kighi@f 12-G3Naddendi seth 4 -
i ndi cate whet her the tenperature at the high-limt tenperature sensor

50 is étarn&eao“%twegbeassmﬁm Pi%gf%rs Ibrlélna“?fdtZSOrSpEﬁﬁEﬁf}a Hﬁ@re‘? nthe

PTCthermstor i.e., current is d cted, or (i1) at or above

SW t chi I h t m

curr entCB|gtsr6)l'rite(§t2|b?8?Jl ctte%g Hﬁggteﬁéﬁ)g%ogﬁ?eﬁj ‘%F u%se isbfélheal S ‘Eoz’latﬁg%%lgﬁasled
by the pro ont circuit 296, r exa enerat e status
ohal or Sk Bl alivat bF gnél & Hemapnicied rSpra ] 2 ¢ gamaromoRisd it 105,
di spl ay/ adj ust m croprocessor 316. [0152] Another exanple

i mpl eme Atk Fienreot8, ths fhlisell indigating adienics L 6 eperating ovtsige the desredhignge.PTE
therm stor for the high-limt tenperature sensor 50 is shown
schenatineatyye temmitiatpdrseu®4é pover ¢dbiles 1 Gaepénts fhappreblent, as sharwn inlRigimei28c
309 of the Figure 33 exanple is replaced by a second switch nmechani sm

325 i n [6189] Lebaimem, b4dh c3BRoller'Miif B skSedtRATR HAYy 6D E6hnRBEd isth the T-
activated by the sane coil that activates the flrst or primary swtch

mechanigo s%ax%gggwtepawa' BDandthd G A8FoHer2H 5 { eegea@g s csgnét%ega i b

al so be “provi separate relay swtch

svmtch relas such as swtch re chematically

i o e ool sHle 10 g Blgiinii g BY %sﬁﬁ%rte?ihfrfﬂarram%%%t :

$e| ay svvrtches In this Figure 34 exanple, the relay switch is
abel eEng60"Asilong asfhe spntm) @rocﬁe@%d-‘rf 3 Gogirpler; A9 fletasmines ey 1t gemperature

di stinguish this exanple relay switch 300° fromthe previously

descr i bagor &} enbashiangrer80@.sensorndh 2 daood sydiseitd 4 empemtpeiontside the desired

function of both of these exanple relay switches 300, 300" is to turn

t he ACiqpepeedtuteqatides tHeadhiosprofdss bircuitBFekdeps thelitlgh dbEPBTIREIVESR. event ,
the relay swtch 300" has the additional second swtch 325 for the

drain giobeyid ifithe EdHuD1Bd ?Mlﬁ&é 25n tht#réﬂ%étgde gﬂ? 1erF'b tt%g%ﬂatm};t“ ch

exanpl e, the contact 307 of first swt

|5 1 ho R et BT s B R er@t%ec% PoREe G 8 Reuts

through the coil of the rel a¥ 300" tq cI ose. the contact 307 so that
the AC3PowkFelatpameinelqvaeeliags signal deaiterhir is deiegtelle by dre contingsy to

t he opening and closing of the process switch assenbly 302 as
descr i etdctabdl at. thatemate iMongéringlecatednals GUgire 23). plowespensdy yhersgrtal friomcthe
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[ 0154] When the tenperature at the tenperature sensor 50 recedes

bel ow the switching or transition tenperature of the PTC therm stor
so that it again conducts electric current, the closed drain circuit
drains the current through the drain resistor 311, thereby depriving
the coi fonbinuitydetegipny] sgpthenfriggpsome #lam, noliguiapd/ar eentiob ogingsstock signa
power (first) switch 323. Again, as nentioned above, the drain

r esi st ofor 3dtevaispurpede is dedidedrasidésiissednbevet han the coil, so, when the
drain circuit is closed, the current will flow preferentially through

the drajon3t] neulso distebRddbefe dnllra@abé b@nGRFigurdWs, ¢he fefpeRARiFe SéRdrs 50,
electrically in parallel to the drain circuit. Therefore, even though

e & CRRRAMASR! hAE ToPESALUEE RR S0 DSy R AN AR PNALE)

upper tenperature raln circuit preve

from providing A r to the heater 16. 0155] JTo_restore AC
pover | 1 huFieP 20 Bbes b Bl B S st SrAOU S i 0 i B
the manual |y operated switch 315. By even nonentarily opening the
manual |19%8p@99%8é68%cﬁb?@hfl9wsyert ¥en dhoyieh the slays heafess e graidenticebin so
rectified current is restored to the coil of the relay 300'. Wth
cur r entstiubiung teghagaster héateyughn sdree embbdintents, hohiding lsvofg thtearfié r st
swtch 323 close to turn on the AC power to the heater 16, and the
cont acttsmpératubeschecio 50, 52ithab taddferapbehRra 56 al F thd@avdirhfer ChTaeehdt
Therefore, when the manually operated switch cl oses again, the drain

Ci 1 cui teoshe¥esl 18 9REEdnRNIE0. [RRGh 1J0S RO by inqREHIFE b?’!é *331311253 of

(can be any of a variety of switch types,” but the norma 0s

push b j i tr h tical Ly i.-n_E gur 33 and .34 is
B Convent SRt pithe 42,8 LB PRIR ociBlogtisif el kTl B880 Bt
t he buttan 327 causes the swifch 315 to mentarily open. Then, when
mmnual SFOP2A oF S Eupel CRTIHQOB lore GBI 1§ iiehrRlE 28ai0ore et 85 o
the switch. [0157] Wile the enbodi nents of the invention described
above RBY éerpnveatyrs Hgnalloom thessasess §hai2 ipitheslive hfotery [ @uvhichés weatenakes
w th cables sections, e.g., the T-type source power cable 26 with its
br anch tlgmn fmatfichangate lomaterh 86"t Winkev8Btheleogtuolber 20 )etetiames toade vtakte it is
adapter 22 with its slave cable segnent 128 branching away fromits
nmast er tgablgonRdBENthe hih (ditagépSwddoperaitth thb enfpdr R &R el 380, RAMEE
cable24 with its brancﬁg&163 rgnchl n% a\/\&%y frgqn-gits trunk 161 (Fi gurg
16), thgsfofl Sl bbb - bttt

oxapl Spor DisEd PRERRSRR oS U el e oy O DE b By ors
adapt er C al so be provided by the slave adapter junction box 322
shown isg,zf_zl lﬂﬁﬂ%@aggz%ft%r}g' illustrated in use position in the

schema (hc circuit, déﬁgagqrﬁ)am of Figure 38 for a single point control

syst emW32hAs Rgndipagrbanous: b oftheprrmastersgiredes bethehjghylimitsgnigol 298 and
{control I er 20. [0158] The slave adapter junction box 322 has a

housi nthe3racess conteph 206 Feeperain ardtsorib @BEndrgreprogremeredaurprestt innthect or
332 in opposite top and bottomwal I s 325, 326, of the housing 324 and
two sl progeswohed] 296nndchokigh 333t cadidebl 298, et isttmilt Bl tE BhseShetl€DOD of
wal I s 327, 328 of the

the controller 20. However, if more control, functionality, monitoring, or other capabilities

are desired, such additional control functionality, monitoring or other capabilities can be
provided in the expansion module 202 that attaches to the base module 200 (Figures 20-22)
as explained above. The example expansion module 202 shown schematically in Figure 28
includes a display/adjust microprocessor 316, an alpha-numeric display 204, user interface

buttons 210, 212, 214, digital communications input/output portals 222, 224, and a
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housi ng 324. The inlet connector 330, like the inlet connector 130 of
t he sl ave adapter cable 22, is configured to mate with the outl et
connector 142 of the controller 20 (Figure 20). The naster outl et
connector 332, like the naster outle%, connector, 132 of the sl ave
adapt er CEHHPRCHONSNUCERFIGESTF 18-+ bheRisriaypdHstipicrapeegessor ho gan also be an
connector 64 on the heater cord 62 of a heater 16. Therefore, the

pai r of Apowerl@onaudacvret bxdenteBGorpasEion arlthpuglomyrietl bthdr poweprotesson
the controller 20 to the nmaster heater 16, while the two pairs of

si gnal dmmitsciroslso BédGsed342 and 344, 346 carry signals fromthe
high-limt tenperature sensor 50 and the process tenperature sensor

52, respgsi] Yeé ai,s%%sé/a Rt ﬁmlsﬁreéés@cg 346 is Efrhebq e L iﬁtlgm(@ee&%h@élo,

connectors 333, 3 of " t he sl'ave adapter junction box 322 ar

config d he. sl av I 1 f the slave adapter ..
capl e AR RO Rl Lio® e 1R YCuf bttty SVGnRERAFY pypicn
T-type ﬁlaye control l ed power cgbles 24 agd the inlet connectirs 190
of the F fisRRYRJIST TEFPRTREASSHG |0 SRS JoRMS tos ogeghrndrol 496 angier
pai r of power conductors 348, 350 connect the outlet connector 333

el ect r itbahigh-limit penteal 288, whick Halsosardsdpiteadipplae 204 ohdiidtreatiasthaBes,
and anot her pair of power conductors 352, 354 connect the outlet
connectberreidded displayed adnldyedetwithtlad thzkoprocdsba 3d 6retui diclheld, paiefiot limited
conductors 336, 338. [0160] Wen the slave adapter junction box 322

(i S CONAgCdeSHled @pérﬂmgqaﬁgaé@h&@get 26int, 3$p1RAWRratite EARL B ShightetbePRre

heater 16 connected to the nastér outlet connector 332 and ot her

heat : j . : h
ol ave SiChet pOREREY Fanbahdlrd b fu By MblcElit ORREEP® rofbinontfand, ™
R L e R
connected to the slave outlet connectors 333, 334 so that those

heat er $n9dFHE Panshates 2avd tepwerdde pds (eelsiusrordfagrenhsit). 1 Gbeeisad polyl er

receives tenperature information fromthe nmaster heater sensors 50,
52 and infessation such ps basedeleaserversiin, babepuild nutmbet, irgetiaaticlegscatesient s 32
of both the master heater 16 and the slave heaters 16'.

interface prototype version, and interface build number can also be retrieved and displayed.
[0134] The communications microprocessor 318 enables external data communications with
a remote monitoring or control station, service computers, and the like to input and output
information, make adjustments, modify programming, and the like, via the input/output ports
222,224. The communications microprocessor 318 can be, for example, a MAX3157
manufactured by Maxim Integrated Products, Sunnyvale, California, which has a transmitter
and a receiver, although myriad other microprocessors could also be used for this function, as
is known by persons skilled in the art.

[0135] The schematic circuit diagram in Figure 30 illustrates a heater 16 connected directly
to a controller 26, as is done in the multiple local heater control cbnﬁguration of Figures 1-4,

All of the connections and functionalities described for the controller 20, base module 200,

process control 296, high-limit control 298, first switch 300, second switch 302, temperature
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[0161] There can, of course, be nore than two slave outlet connectors
in the slave adapter junction box 322 to accommodate nore than two
dai sy chain connected series of slave heaters. Also, while it is not
shown in the drawi ngs, split slave cables or additjonal junction

boxes CHASBEIDGRNEBFEE b GReraiie EIsomR 1 52 clsahas elsment EXpaBiogmedule
sl ave adapter junction box or to the slave outlet connector 134 of

t he sl a¥¥ andaphercoowbhentoetthe povwess eaplidined ahave fhaFigpre P8icacepd Hagbeatet
series of slave heaters 16" if desired or needed. [0162] A source
power | lstconneckbdireky tetharphteollck R6. Thetefee, ARsE s hdlsletd Maphe¥abIS&H this
shown in Figures 39-42, can be used in place of the T-type source

pover cabligudfiohthid % asasiitd€s shown in Figures 1-8. In the exanple
source power junction box 350, a source power junction branch outl et

5 . fromihe . face 354 of

ponar ) et SnE RS Bk Tub AR RRAPEA M B R Rk BB PBHCER e
i nl tor 140 of th trol | 0 (Fi 20 and_21 t hat
e souNBEB PSSR (A DB GV BURRUEFoblE b N PGS BFFEet yesforefbe chcvi

control ler 20 by plugging the source power junction branch outl et
connectia 186231 & tﬁh eamhe hethe soravibmt I gure 80, eceniaBpt inissitherthe pastvemtroller
junction inlet connector 356 on a first |ateral side surface 358 of

t he so@0ae apesey orthacilly@dndalier 260soriehss the ersinaticsopisgowientablé s
source power junction box 350 from for exanple, a source power

ext ensiigfleddadiltRe 2ayRSsRERGIIwRE a2 Corl sippI§IndlthORigh Yolth gHdoBr hodFand

(’;hown, for exanple, in Figure 42. Thereforé, the sSource power

Junct | Qe {0} ia60BREESAL 1oBbrhdieh B Euit Yo ARL AR RO SAANHIIHLE Y.

the sane as the“I'n con ype source power ¢

26 for t]1tutabl.e nodul ar connectivity to the AC power ,sqource 13
o8 or SOLET AL BN oREat oo BED it Be bRGE AR GBI B aR oy ol

side surface 362 of the source power junction box 350 in Figures 39
and 40 FiguppdyTHelpaioss well asthe yalnermdaarapetendn Siguns? 2 andaed iln Has
controllers 2, as shown in Figure 42, and can be configured the sane
as t he desampkionatd expm@is@hd nbeinfentigde edimitiagp The illustbled 1G6c (thitginrths
1-8) for substitutability with the T- type source power cable 26.

Ther ef apper-1a1iy cofitrd]208f OTdra Wlaft®20 20t efinitg gt sirbinent iB Gakieh ok QU iAt
360 of the source power junction box 350: (i) another source power

ext ensioan Akt dokperatut denfor 50/ A B2 SN EGRLAONRY hE AR 1éRperfiurd fithl) 2

I near-type térmhating source power cable 108.
parameter. If the actual measured temperature from the high-limit temperature sensor 50 is
less than the high-limit parameter in step 322, then the next step 324 tests whether that actual

( temperature from sensor 50 is within 20°C of the second (process) temperature sensor 52.
This comparison 324 is done as a test to determine if the temperature sensors 50, 52 are
measuring reasonably accurate in relation to each other. If yes, then the temperature of the
controller itself is measured at 326 to be sure it is not overheated, 1.e., is less than 85°C.
Overheating could occur, for example, if the controller 20 is too close to the heater 16, and it

could damage the electronic components in the controller 20. If the controller 20 is found at

326 to not be overheated, then the high-limit control 298 keeps the relay switch 300 closed,
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[ 0165] An exanple schematic circuit diagramfor the exanple source
power junction box 350 is shown in Figure 41. A pair of trunk source
power connectors 364, 366 extends uninterrupted fromthe inlet
connector,g56 to the trunk qutlet connector 360, and a_ pair of source
power bPSHRENAEE At 8¢ ErasEis higypoliage dPevaieaaps pylable oppemiod pythe
with the trunk source power conductors 364, 366 to the branch outl et
connect pocgs 2ontTHEPé topewert the heatent H6pl4') et connector 352 is
connected electrically in parallel to the source power conductors in
rel ati ojg188] Onehé othekhadl ifehy eotreetoit 3380324 8168l nEBativ, BECheQutiseet
connector 352 is connected electrically in series, however, between

the i nl@ly,6RARE & &er AR M EnipRBlirk diRtkie, MtnliRE h%gnﬂﬁ%&{tm?@@s Whid? the rela

respect to t he si gnal cifcuit conductors int source power junctio

box 350, .Ther.af shown in.Fi.gure 4 one pof i circuit
conduct S n 308?55y BT e W behuct ot I 455 90 Blee Sl 4
straight through the j uncﬂ%bbo_x 350 fromthe inlet connector 356 to
the tr HRab I PEPTAEINOETS at ipfigaigy Higrrelay giifeh 04 iswpenedoAerdt or
conprises an inlet branch signal circuit conductor 374 extending from
t he i nlrespossm itecroeesgsentra 20h ectivatascin atarml signat emflectlasheshe appropaate
outl et branch signal circuit conductor 376 extending fromthe branch
out | et (ceBET240.352 to the trunk outlet connector 360. [0167]
Therefore, while a plurality of controllers 20 can be dai sy chain

connectigfiR! €&htrus With e 286t E&itroY D96 laemPaYRIe RIS TS b Tnk A1 sPWPhd
(350 to the AC power source 13 (Figure 27), as shown in Figure ,

42
J unet 6RoEeS) BBARFENERERoF T2 1] Aualed 35BN o M e
Cour so SPRY B TRTASE) QUi Bitarere R ko Ebaa0 ehrl B Ly

chai n connected together, wth source power extension cables 25, as
shown PROGEPYfgR@ewiire msasyed by therupcess sqnser Y205 pbetsbedpy the Gl BEnt mimws her
exanpl e power source junction box 380 illustrated in Figures 43 and
44 has hysteresisthen theactualiknperatiretis cdrgparakatifid ¢o theytrogratnnfedriow
limtation, in addition to the inlet connector 384 and the branch

out | et t@ﬂﬁﬂﬂﬂﬁidﬁle@ﬁZFAy\ﬁdI@het@f, &.e$ thsdeaitidtiad e tehPeSAIe istseld ehd dikéd
connector 354 and branch outl et connector 352 descri bed above for the

juncti gpehoNs %ﬁgz if16e RAWRFarHE &%rb@f&%t’h@ﬁﬂ%&ﬁ%ﬁg&%@ 5 Ivlrr] the set

Fi gures” 43 and with two trunk outlet connec

| PeShite SARRLAL (SE L CR PR Sl L e 955
o0 L1 90, BRVEL SOU CE XL Selon, B E5 LR SISO

ghat two separate daisy chain connected sets of controllers (not
hown) geegn) tiedndioatn dhet & hester(skl AGSpradunebon. cen 118 ether tand; Hithesi gnal
circuit 23 via the source power junction box 380.
temperature at 334 is not at or below the low temperature alert (LTA) parameter, then the
process switch (relay) 302 is closed as indicated at 338, but the LED 242 (e.g., amber) is
turned on to indicate that the actual process temperature is in the proper operating range.
[0140] If the comparison at 332 shows that the actual process temperature measured by the
process temperature sensor 52 is not at or below the set point minus the hysteresis, then the

temperature is checked at 340 to see if it is at or above the set point plus the hysteresis

parameter. Ifit is, then the temperature is checked at 342 to see if it is at or above the
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[0169] As shown in the exanple schematic circuit diagramin Figure 45
for the exanple power source junction box 380, the trunk source power
conductor pairs 390, 392, 394 and the branch source power conduct or
pair 396 connect both of the trunk outlet connectors 386, 388 and the
branch Reeragimedah teraperaipre abers G FA ) Barameten (G done20°Corbonie theretpoint
connector 384. The signal circuit conductors 398, 400, 402, 403,
howevertemperanee) If be theruthk conttdletlay switedc 30 is op&ied 3884 a:n‘dtm Off ther AGCh
outl et connector 382 electrically in series to the inlet connector

384. [ Gokft t&khedRufeR®) 161068 ahd @R AN/ ANAHIR TRID [1ed) 2B ashed sn.can be
provi ded |n the source power junction box 380, if desired, with

subst anyiy g 'bnttﬂ@o sl 9% RhpBRARAL LEI4RYLE Sh e o Fﬁel'u?S

S|gnal Clr Ult con UCt or connectl ons as descri ach

addi ti tru et c nnect esi.red, the bran

out | ot oRlersts Bien e teBefolPtE e wthim A ftrel by aesS ey s PO esang0
woul d then function only to connect a plurality of daisy chain
connect¥dtchSPZ dskept OE‘%Ih‘t‘tﬁGﬁ Ipepding glangehB\iky thegmalronditivanrnd the (ndkanes”
and to a signal circuit 23, but it would not be connectable directly
to a cdfD i tumediomleztlefcomnect or 140 without an i nterveni ng T-type
source power cable 26, an intervening linear-type termnating source

pover dqeid2 FE tefipeRnfo HoGtth PYiesCRPBRLRS s&Rrbl &2 BIol ffuntiRe34Miode at
connector 140 is configured for connection of a source power

ext ensipaLGalthep &%rﬁﬁm@&%ﬁ% £9mRREME the Q&u?otlretéy( s\gn&?w i% kn, as

(connector | atch” f éature on s me conmer ci al aval e conne tors
'such a o] LG |ncL a Iatch Iever such as the |atch

| ever jﬂ%@%ﬁ ?/\#4% Qlt(ﬁté rréﬂ eaftggn?'r%?t 6’78 in Fi gure 46, with a dog 412
on its di end s sized and shaped to engage a latch

protr uéﬁfﬁtl 3}}1&?% @4 %‘ﬁﬁt ﬁlﬂ&%ﬁ@tﬁt WDS@&EF qempledigpgigs 3ed grscatbad abrygms
on the controller inlet connector 140 in Frgure 47. Such engagenent
of t he beag@sriprmeed g saysral ¢antiy) pravessdoy 42 286, 298e31Gt3dR. Hovevey tigse s
intended to secure the mal e connector to the female connector until

it is distingagedothsrspan bé perforiried byainelr keweproddfdomin aari@lsastibindiiong e
416, as shown in Figure 48, which rel eases the mal e connector from

the fepnd &ithaRAA6ES Alocafichs IRV EnERRIDadInBInd bﬁﬁefuﬂﬁfdreﬂoeéssaapdsqgged
from each other. However, in sonme applications, such conventional

| at chegn @& 0@y PESHSKRNAUE tt?e apdrtérero&, %o s@scvebrtgre ott@w&%agebtoqt s

to be un ugged gnrntentlonal

past t n ti Therefore to provrde
furthe ﬁrPtgﬁﬁﬁﬁgrﬁﬁt§H§ﬁgﬁmﬂﬁaﬁﬁrWtB%qﬁaﬁkP ‘di sconnection of the
connectors for exanple, of the conpectors 78, 140 shown in Figures
46- 48, [H4dhAppiheyexagiple saplpmeriation et thy highdinit gontsa cirspit 298 isddnstiateddia
adjacent the distal end 418 of the latch | ever 410. The biasing tab
420 bedHrmradyhiwisrein hewdickinglpositide b erdturelvoctiiateoh(AS)eherdfiffonnd has a
resilient spring bias force that resists novenent of the |atch | ever

410 i nsanigtmiietorideaice Wouted fotitheagRadintinRnemitwté 2edsopH.t Sﬁ’ltblﬁh% RTC
protrusion 414. However, when a user forces the latch |ever 410 to

pi Vot aany ~tdr§‘§re%leﬁ§éohﬁuabxr&%m‘e}&aﬁ\éﬁhﬁﬁa%’é&rnga\%t%fgﬁ"é‘ﬁ%gr e o

the latch | ever , as I ndicate y pi vot end
418 of t h dl
force srtbrietsideifiReatlul BREe retbed ErtLiRerRlprt AT b e

switch or transition temperature, whereupon the device exhibits a sharp rise in the

temperature coefficient of resistance as well as a large increase in resistance, e.g., a resistance
change of as much as several orders of magnitude within a temperature span of a few

degrees. Such switching PTC thermistors are readily available commercially with transition
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to pivot outwardly, as indicated by pivot arrow 424 in Figure 48. The
elastic resilient spring bias of the tab 420 does yield under enough
force to allow the dog 412 on the latch | ever 410 to di sengage from
the latch protrusion 414 so that the branch outlet connector 78 can.
be unpl tsgwpsERties i tapgesdsnm FOTG or 160 end epnbrosasiadued withrausjtionms switch
are nyriad ways to provide a spring biasing force to bear on the

| at ch pieotperaturenatddast aCvey &@ithérel atigrseasdnglasd 200°0f Wilh thefsedtching i s

to nold the biasing tab 420 as cantil evered part of the housing 201

of the hasorinhére208 th@switdHinSP T@tRGmiRtorMicdite @Sed H- A8 higdha e Mrigeriire
how nmuch bias force or how yiel dable a particular application

oMl T Skl 1R 80 on oL 88 U hOSIOH S Bnd P ik o il
2 e ik o 5 KR B SO R RO e el
accommpdat e movenent of the |l atch | ever 410 into and out of the

housi ngugiimitpeves spdigh d80Hasenenand shotofE s Ae rpvenip deahester(sheviensvertbe
to facilitate camm ng the tab 420 out of the way when the latch | ever

410 i s lzetentpnipresanteanuils oo exdeed hausipey tedQtrasre et aud thet notoriosecind turmhig
is plugged into the inlet connector 140. [0174] As nentioned above,

thi s bi@stht AoV @alghinewitiesut ah sperb@r ifl@veniit e hdnlaldhperwhéattBe heater
Several exanples are shown in Figures 49-51. In Figure 49, the

bi asi nqe&gé@@xéﬁeceaéa\ﬂeﬁﬁ@mlaxlg CETBESREL Ring:, | eaf spring 430 nmount ed

in a bracket 432 on the Insi of the housing 201. In Figure 50, a
coil c SSi I reuides t.h ias force, and. in.Fiaqyre
o3 o PACRL SO 83, B R Poerdfierse? Bl s bebicediti S s
rubber, a f d el gstoner, or, . other foaned material is shown to

pr ovi d&eﬁfﬁé?@@y%ﬁ@&%avfﬁ@é hepinggflement 328 ordes tQ sens emmstAlyres gaysed
[0175] While the biasingﬁtab 420 has been descri bed above in relation

to t he byrtapbeat gtadueed Ryikéetting dementd2tasaleswived abdvsrfor tieappeniimict or
140, it is also applicable to the controller outlet connector 142 and

what eveéemperttard seasardh2i inlpedvieshndstibed exapiplegggederheitaticnk shavem frr Bilgles 9
and 27-30. The high-limit mechanical relay switch 300 is also positioned in the AC power
circuit in the controller 20 to open and close at least one of the AC power conductors, e.g.,
the AC power conductor 290, as also described above and shown in Figures 27-30, so that it
shuts off the AC power fo the heater 16 when the normally open contact 307 is closed and
turns off the AC power to the heater 16 when the normally open contact 307 is open. The
other AC power conductor 292 passes through the controller 20 to the outlet connector 142,
where it connects with the switched AC power conductor 290 to the heater 16, as described
above.

[0146] The switching PTC thermistor used as the high-limit temperature sensor 50 is
connected in series with a rectifier circuit 301 that powers the coil of the relay switch 300 so
that current has to flow through the switching PTC thermistor of the temperature sensor 50 in

order to power the coil to close the normally open contact 307 of the relay switch 300, i.e., to
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outl et connector, e.g., the heater inlet connector 64, slave adapter
i nl et connector 130, slave junction box inlet connector 330, etc., as
descri bed above It can al so be used in relation to the sl ave

'unctio et 322,.as in ed tab 420' in Figures 35 and
36, Pn AR RETOREED BBty Iersfblte o HHEMAT IpEraBHE CRation, 0.
conbinatlons of the above-described nethod and enbodi nents wil |

readi | ywberthe teraperpiysesesren 048 under threupper temperdtere disnit, ddueh isget by them t
the invention to any of the exact construction and process shown and
descr i bswiitchigy/er. tratkition tamperatoer ofahe PXEriudrenisepefths teanparatudd G ek soe 60,She
have been di scussed above, those of skill in the art wll recognize

cer t ai NPTOhdrinesAdn 138 9,10V @EMIARE KPR SasiBALhil @NEnouph A C o &P Il RAttdhoNs
thereof It is therefore intended that "t he foI | ow ng appended cl ai ns

and cl ajl.pBrhengak tﬂﬁ'ﬁ?g?{he%gﬁ &P g}fq'%ﬁg s@rﬁtgﬁ @ (%ez}t:g Fﬁgr}ﬁ%éh% c Bkla r%@ﬁred

nDdlflcatloné per nu I'Ons "as
vmthlnthlrtrues and sc

" conpr 1 08 e giseF 4 o men el oy n“mmﬂéﬁ??ﬂ’?@a fe GPhisfigindbe AC power
"includlng " and "includes" when used in this specification and in

the f ol Hisiitrrythe cantreller2d, compriraithe &G pewer sondueions 289 2% isslossd and gan

features or steps, but they do not preclude the presence or addition

of one wnduwrAC powertofteabeatard 6, sb@ps of oourge, dol iz ddved eobpenGlitathd& B ai m

1: Heater control apparatus, conprising: A A plurality of heater

cont r ol gregess redBCsvitth athRngémeATNL,| SeRs@ibet dB&e. However, if the temperature of
the switching PTC thermistor of the high-limit temperature sensor 50 rises to or exceeds its
switching or transition temperature, its resistance increases sharply and effectively turns off
the rectified current to the coil of the relay switch 300, thereby allowing the normally open
contacts 307 to open and the normally closed contacts 308 to close. Consequently, the open
contacts 307 opens the AC power circuit of AC conductors 290, 292, thereby turning off the
AC power to the heater 16. Rectifier circuits, for example, full-wave bridge rectifier circuits,
are well known to persons skilled in the art, thus need no further description for an
understanding of this circuit.

(- [0147] Then, when the temperature of the PTC thermistor of the upper limit temperature
sensor 50 recedes back down to a temperature below the high temperature limit, i.e., below
the switching or transition temperature of the PTC thermistor, and the current then again
flows through the PTC thermistor, the high-limit control circuit 298 still prevents the coil of
the relay 300 from re-closing the contacts 307 to turn the AC power back on to the heater 16
until there is an operator intervention. In the example upper-limit control circuit 298 shown

in Figure 33, there is a drain circuit comprising a switch 309, e.g., a triac as shown in Figure

33 or other solid state or mechanical relay switch, and a drain resistor 311 connected parallel
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relay switch with an open circuit node and a closed circuit node, and
each of which conprises a process control circuit that is progranmed
t o: (i) conpare preset tenperature range paraneters that
represent a predeterm ned desjired operating tegferatyre range to

t enper atouthe 16ctfigy Fruit 11and gl oh therelay switelp 8@ n hredrakiaesigter § Heghas much
tenperature information fromthe heater is within the desired

oper at i legs impedancattarethe anij of the relay switeh) 3 Q% vsreextmples ay nader o Emagnitdictless,
to close when the tenperature information is within the desired

oper at i fOthhERRET 1k Wi Jrige relanshvitch 309 i6 hirhdd 6@ WSScurRat SadNels Rbdh

switch to open when the tenperature

the PTC thermistor of the temperature sensor 50 is drained away from the rectifier 301 and
coil of the relay 300, which prevents the coil from generating the electromagnetic field that is
necessary to close the contacts 307 in the relay switch 300.

[0148] The triac 309 is turned on by the AC current that flows through the PTC thermistor of
the temperature sensor 50, which is applied to the gate 313 of the triac 309 via the normally
closed contacts 308 of the relay switch 300. Therefore, when the PTC thermistor of the
temperature sensor 50 turns off the rectified current to the coil of the relay switch 300 upon
the occurrence of a high temperature event at the heater 16, the normally open contacts 307 in
the relay switch 300 open to tum off the AC power to the heater 16, as described above, and
the normally closed contacts 308 close, as shown in Figure 33, to apply the AC power to the
gate 313 of the triac 309 to activate (close) the drain circuit. Consequently, when the
temperature at the heater 16 recedes so that the temperature of the PTC thermistor of the
temperature sensor 50 falls below its switching or transition temperature and again conducts
current, the current is diverted away from the coil of the relay switch 300 and is instead
drained through the drain resistor 311. With the current conducted by the PTC thermistor
being drained away from the coil of the relay switch 300, the coil cannot create the
electromagnetic field required to close the normally open contacts 307, so the AC power to
the heater 16 remains turned off, even though the temperature at the PTC thermistor of the
temperature sensor 50 has receded, and it is again conducting electric current.

[0149] To turn the AC power back on to the heater 16, therefore, a manually operated switch

315 is provided to break or open the gate power circuit and thereby to turn off the triac 309.

As soon as the triac 309 is turned off by the manually operated switch 315, the drain circuit
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information is not within the desired tenperature range; and B. A
renote tenperature nonitor system conprising: (i) a renote signal
power supply connected electrically to a signal circuit that connects

seri os. Mpmebdhs YeRbRsnat | & ot i S Pesttemyran et Hemifogagie

relay switches in all of the heater controllers being closed and

wher ebyteppsragyrg sensoe $9 again 15 rectifprdivdhe yectificr depyit 39h and flowsithroaglythelcoil

rel ay swi tches bei ng open; (ii) a continuity detector attached

el ect r i afzthé yelayoswibah Hi0g Tdleredorecthe toil smiatts dord éotmontagnetat fed eequired Rgopen

capabl e of detecting whether the signal circuit is an open circuit or

a cl osefe bitaets B8 @itbto close the contacts 307 to thereby reactivate the AC power to the
heater 16 and to remove the AC power from the gate circuit. Consequently, when the
manually operated switch returns to the closed mode, the triac 309 does not turn back on,
because the current from the PTC thermistor keeps the contacts 308 open as long as the
temperature at the temperature sensor 50 remains below the switching or transition
temperature of the PTC thermistor. For the reasons described above, therefore, the provision
of the drain circuit, which is disabled by the manually operated switch 315, an operator
intervention, i.e., to operate the switch 315, is required to reactivate AC power to the heater
16 after it has been turned off due to a high temperature event in the heater 16 that equals or
exceeds the switching or transition temperature of the PTC thermistor of the high-limit
temperature sensor 50.
[0150] It should be noted that it is primarily heat from an external source, e.g., heat from the
heating element 32 or from hot purge or other gases or liquids in the pipe itself, that causes
the temperature of the PTC thermistor in this example implementation to rise to its switching

(l_ : or transition temperature to turn off the AC power to the heater 16. In contrast, temperature
rises in PTC thermistors used in conventional thermal fuse or thermal circuit breaker
applications are caused primarily by I°R heat generated internally in the PTC thermistors. In
other words, PTC thermistors have inherent resistance (R) to current flow (I), and excessive
current (I) flow in the PTC thermistor will cause substantial heat production in the PTC

thermistor itself, and, if the temperature reaches the transition or switching temperature, the

PTC thermistor will substantially shut off current flow.
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(iii)a signal generator that is responsive to the continuity detector
to generate an alert/alarmsignal, which is indicative of the
tenperature information fromthe heater being outside of the desired
operating._tenperature range, whenever the continuity detector detects
t Eat t hgﬂéﬂg mﬁéw C& ety qum&ﬁe“#ﬁﬂals from theg hjghnlimit eprartFdgcan be grvidad to
apparatus of claim11, including an AC power source connected

el ect ri ibalprycessocaattol afcuitRdoHenvserin gondratold satss araiiel aldrt/aleim sigaels, or for
heater controller has a process power switch that operates in

I esponsgsetif pficgisdbgicf 4rmanthé HRe. PFOGRIMpRY Bt 1)t ferilGitkition] Msdnb@t317, such as a

respective heater controller to turn the AC power on and off to at

I east ofgreie@t€ttor, can be used to indicate that the relay switch 300 is activated to provide AC
power to the heater 16 or deactivated to shut off AC power to the heater 16. Also, for
example, but not for limitation, a sensor 319, such as a current detector, can be used to
indicate whether the temperature at the high-limit temperature sensor 50 is either (i) below
the switching or transition temperature of the PTC thermistor, i.e., current is detected, or (ii)
at or above the switching or transition temperature of the PTC thermistor, i.e., current is not
detected. These and other status signals can be used by the process control circuit 296, for
example, to generate status and/or alert/alarm signals to the LED display 321 and/or to the
display/adjust microprocessor 316.

[0152] Another example implementation of the high-limit control circuit 298 utilizing a PTC
thermistor for the high-limit temperature sensor 50 is shown schematically in Figure 34. In
this example implementation, the triac 309 of the Figure 33 example is replaced by a second
switch mechanism 325 in the relay switch 300", which is normally closed and is activated by
the same coil that activates the first or primary switch mechanism 323 of the relay switch
300'. This second switch 325 could also be provided by a separate relay switch (not shown),
but dual switch relays, such as the dual switch relay 300" shown schematically in Figure 34
are readily available and more compact than two separate relay switches. In this Figure 34
example, the relay switch is labeled 300" instead of 300, not for limitation, but only to
distinguish this example relay switch 300" from the previously described relay switch 300. In
other words, while the primary function of both of these example relay switches 300, 300' is

to turn the AC power to the heaters off if there is a high temperature event, the relay switch

300" has the additional second switch 325 for the drain circuit in this implementation.
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Claim 3: The heater control apparatus of claim2, including a source
power cable that daisy chain connects the heater controllers
electrically in paraIIeI to the AC pomer source and eIectricaIIy I n
series |rcu it heater caontro

appar at EP&%P%&% \ﬁﬁéi‘@l’lﬁ @aeﬂntﬁ%této@ rOf é@ﬁtswaplp 43 nfhe redes3 % which
i nl et connector and a outl et connector, wherein a pair of |ow voltage
si gnal twesducandrodt the AGpotietodhe aater 16} iseworrealizeomeny asofthreamptact 3 ¥kdfthe
opposite electrical sides of the signal relay switch to the inlet
connect Bigus®3t dxainpld) €o singeidhay @l fiyw Sinbighhthe asil opB1 réig300 s elotd e
signal circuit that extends through said pair of |ow voltage signa

conduct Qngact 807 KEHBEARE AC M @h b8 HhrovadHd Wﬂﬁé flaftr 98 SsuBfec? of Bhirs@ o fife

power conductors in the heater controller t conprise a power

circuit echal 4.9 h
connect%ﬁﬁh%gm?écgrg%er %%ﬁég WR %%%ngpalﬁmé?“: %8@% %%Wéﬁgfgﬁ§
ext ends t.he |nI con tor to, the outlet connector via

pr ocessrel% 1§ RP‘EVE‘F? &9@ cppentslegred by B&me?tlfsesﬁ%%rowct%rﬁn&thét
AC power circuit on and off in the heater controller between the

i nl et dnvrrelbrangh sl TG shasmistentofdlamingbdiorit temperatire densonfid whkheygr the
power at the outlet connector of the heater controller. Caim
5: The tmptretureofthe FTCappatiston’s befove ltabwitdhingetEisitiohRemparbines whioker
cable includes: (Oa T-type source power cable section that has a

trunk sREABYhe apserachpantlke ﬁxﬁﬁrrmﬁmevaamh@tenyﬁaa&eca@ﬂie%rﬁﬁe@mp@génsafso

“signal wires and a pair of power wres for connecting the first

heat er Sé?:ﬂéé&] éx%ée 'tﬁ&m&%g %&%A@rsﬁgga%@&xrgﬁ%ﬁtﬂe FPEMEGHRSY, tR iRt

signal circurt
flow through the PTC thermistor, thus also the rectified current through the coil of the relay

300, is stopped. With no current flow through the coil, the normally open first switch 323
opens the contacts 307, thereby turning off the AC power to the heater 16, and the normally
closed second switch 325 closes the contacts 308", thereby closing or activating the drain
circuit comprising the drain resistor 311.

[0154] When the temperature at the temperature sensor 50 recedes below the switching or

transition temperature of the PTC thermistor so that it again conducts electric current, the

(- closed drain circuit drains the current through the drain resistor 311, thereby depriving the

coil of the relay 300’ of the current required to re-close the AC power (first) switch 323.
Again, as mentioned above, the drain resistor 311 has much smaller resistance than the coil,
so, when the drain circuit is closed, the current will flow preferentially through the drain
circuit instead of through the coil, which is connected electrically in parallel to the drain
circuit. Therefore, even though the temperature at the temperature sensor 50 has receded
below the upper temperature limit, the drain circuit prevents the relay 300' from providing

AC power to the heater 16.
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(ii)a linear-type term nating source power cable section that also
contains a pair of AC power wires and a pair of signal wires for
connecting the |last heater controller electrically in the daisy chain
connectjon the signal circuif and to the AC power source via the
T-type Lﬂééﬁi 3058%1# @Q@P@%@é@? Bgnter doanmpperateheanepen die daimGirspit with the
apparatus of claimb5, wherein: (1) The T-type source power

cabl e swmenyadly apsrated Hetchad 161 Brylevpo ronmmtaaity operingithe mapoelly operatediswitch
trunk portion including a pair of power conductors, both of which

ext end DES, Wesadraia dircuitks deabitataly Boaetified aneent id restoled b tHetdoi loMNeRIHY |
and a branch portion including a pair of power conductors that extend

f i o . i i N f
rom am®) egtifh &ﬁﬂen%ﬁfn%%%mﬁ%ﬁ@ {HRRoW B cBH&Qctg ﬁgﬁﬂé fﬁ&@%??ﬁ%_ﬁgse to

the trunk portion to a branch outTet connector;

' i nel ' | I d he.f. f
ni o O8LbRer S pHIRR T e T ARl BY of %lgisﬁ%onﬁ Pl é%f pi 0
d f_which ds_f t ' t
ConnoctFHIEE AT PROSE  UHR Ty DG g Bl PRRER YR Eh Blrssgatitsugh

the branch portion to the branch outlet connector and fromthe branch
out | et drairriiewisptapadsactivatehe trunk portion and to the trunk outl et
connector, said second signal conductor being electrically

di scont[0hEG]uSheinatmidlyiuperatdd switchetl 5 cambe ahpof & varidipbf switchlt@eds) hietahe
connection external to the T-type

normally closed, push button switch illustrated schematically in Figures 33 and 34 isa
convenient example switch type for this application. Depression of the button 327 causes the
switch 315 to momentarily open. Then, when manual force is removed from the button 327,
the spring 329 re-closes the switch.

[0157] While the embodiments of the invention described above have the source power and
signal circuit distributions made with cables sections, e.g., the T-type source power cable 26
with its branch 85 branching from the trunk 83 (Figure 10), the slave cable adapter 22 with its
slave cable segment 128 branching away from its master cable segment 126 (Figure 14), and
the T-type controlled power cable24 with its branch 163 branching away from its trunk 161
(Figure 16), these distributions can also be made with junction boxes. For example, but not
for limitation, the function of the slave cable adapter 22 can also be provided by the slave
adapter junction box 322 shown in Figures 35-37 and illustrated in use position in the
schematic circuit diagram of Figure 38 for a single point control system with two slave heater
branches controlled by a single controller 20.

[0158] The slave adapter junction box 322 has a housing 324 with an inlet connector 330 and

a master outlet connector 332 in opposite top and bottom walls 325, 326, of the housing 324

and two slave outlet connectors 333, 334 in opposite lateral side end walls 327, 328 of the
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source power cable section via the branch connector is required to
make the second signal conductor electrically continuous fromthe
trunk inlet connector to the trunk outlet connector. Claim?7:

The heater.contr paratus of, cl.aim 6, vvhereln t|on
conpr i SEESHE ﬁﬂheﬁﬁs 30 h@e Gesighongespel Os%tfjﬁﬁﬁﬁvw Rtef Gable .
pai r of power conductors In the trunk inlet segment being connected

el ect r i Zali$ gonfiguraddo padte wh toawsict eumeeter bikof tgepmrqllegawlﬁmﬂe@@) The
segnent and with the first signal conductor in the inlet trunk
segnmentmbstemngtieocommetter33d, ¢kt theanister oudet doanédiorsi32ifainedlaveaiddpiet Gablé N
the trunk outlet segnent. Claim 8: The heater control apparatus

of claim,{s comfiguRidno e With Ble Heatép ﬁpﬁ?ééﬂn@&oﬁ@ﬂ oh B HRufel %rdtGerU?iﬁ heater

portion are connect ed t oget her physicall y and electrlcally at

branch fbu'[’f‘l’f'eg fﬁfénﬂl% ﬁ'rof porve{ c n(d\h@tbmegd 39@ gﬁrf%c&%%pr:g oxggr%rrﬁtﬂ!ile

of claim7, Whereln i run por {FUunK
portlonaec ected t er. al | and .ectrically

sour ce 5‘55819 %&81%?%‘??31 3”6 %ﬁa@m pangy %@?ﬁ@?ndé‘ﬁﬁqfsr%{o 38 and
apparat us of claim9, wher ein the source power junction box includes
a j uncti¥dn3HosamnisigalcBemdbe bighfigt comemture sgnsoh 80 and e procgsidesipgrabime

to the source power junction box and a junction outlet connector for
connectsemspr tAgrespectietly to tinkcodgiterit0.t o t he source power junction box.

[0159] The two slave outlet connectors 333, 334 of the slave adapter junction box 322 are
configured the same as the slave outlet 134 of the slave adapter cable 22 so that they can mate
with the inlet connectors 172 of the T-type slave controlled power cables 24 and the inlet
connectors 190 of the linear-type terminating controlled power slave cables 194. One pair of
power conductors 348, 350 connect the outlet connector 333 electrically in parallel to the
controlled power conductors 336, 338, and another pair of power conductors 352, 354
connect the outlet connector 334 electrically in parallel to the controlled power conductors
336, 338.
[0160] When the slave adapter junction box 322 is connected to the controller 20, as shown
<~— in Figure 38, with one heater 16 connected to the master outlet connector 332 and other
heaters 16' connected into the slave outlet connectors 333, 334, the slave adapter junction box
enables the heater that is connected to the master outlet connector 332 to function as the
master heater 16 and disables the temperature sensors 50, 52 of the heafers that are connected
to the slave outlet conmectors 333, 334 so that those heaters function as slave heaters 16'.
Therefore, the controller receives temperature information from the master heater sensors 50,
52 and uses it to provide controlled power to the heating elements 32 of both the master

heater 16 and the slave heaters 16',
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Claim 11: The heater control apparatus of claim 10, wherein the
branch outl et connector is nmounted in the source power junction box.
Caiml2: The heat er control apparatus of claim11l, wherein the
branch tl connector is configured to mate with the inlet

connect ﬁﬂ ﬁlﬁ’@ RBeRfsOUEEs BPTedhan two slavequiletsongectqrsdn fieayave adapter
control apparatus of claim 12, wherein the inlet connector on the
heat er BoAIeLPINF22Hagceorhmpdte prooe thas twan daisylchaie cnmentetl serigslofslave
connector has a pivotal latch lever with a dog on a distal end of

t he | atludatdrevalsof While Itds sotzhown shehp debwiagy] sPlatsldvie@aBles bOdddenGaDRABINn
with the latch protrusi on when the branch outlet connector is

Mat i Ngl yoxed BAERS &ﬂmta&e& Reme Qmé Bhil® cohde@ts %ﬂn @g& bPlhe sBRE a )ggtb%rﬁﬁﬁbtitoﬁe

heater controller incl udes bi as apparatus t ears again
di st al d IV I nt of ‘51 tch
| ever tlﬁ{’ﬁ ot et o Blar DBt Bt oY PR cl?P"Yeé\?é fppdm
the | at r ofrusion in order to disconnect the branch outl et
connect qham "toﬁée“é?ﬂniqnﬁis petlaysesier BhHetesised or needed. g aj m 14:  The
heater control apparatus of claim 13, wherein the bias apparatus
i ncl udd91e2lcArsonrcepewet)junitaes bax, fortsxampléethesgurge pawer johctzonimusisdghown
the heater controller adjacent the controller inlet connector, said
bi asi ngnFagureed R4¢2,\car bd abddyinplacealtie Bgpersircapowbasdblc2dindbe Asdemblies
response to a pivotal force applied to the latch |ever.
shown in Figures 1-8. In the example source power junction box 350, a source power
junction branch outlet connector 352 protrudes from the bottom surface 354 of the source
power junction box 350 and is configured for mating connection to the inlet connector 140 of
the controller 20 (Figures 20 and 21) so that the source power junction box 350 can be
mounted directly on the controller 20 by plugging the source power junction branch outlet
connector 352 to the inlet connector 140.
[0163] A source power junction inlet connector 356 on a first lateral side surface 358 of the
source power junction box 350 receives source power into the source power junction box 350
from, for example, a source power extension cable 25 as described above in relation to Figure
27 and shown, for example, in Figure 42. Therefore, the source power junction inlet
connector 356 in Figures 39 and 40 can be configured the same as the inlet connector 82 of
the T-type source power cable 26 for substitutable modular connectivity to the AC power
source 13 (Figure 27).
[0164] A trunk outlet connector 360 on a second lateral side surface 362 of the source power
junction box 350 in Figures 39 and 40 is provided for daisy connection of one or more

additional controllers 2, as shown in Figure 42, and can be configured the same as the trunk

outlet 86 of the T-type source power cable 26 (Figures 1-8) for substitutability with the T-
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Claim 15: The heater control apparatus of claim13, wherein the bias
apparatus includes a spring positioned adjacent the controller inlet
connector. Claim 16: The heater control appar atus of claiml5,

wherein_the sprin Claima1l7 he heate

cont r ol tygﬁﬁ%‘frg‘f B%‘g?)rf Caéfaiialtﬁrg%‘i’eg@ of the, olloging, ean; l%? é %@BI“@‘B the trunk
conpressi on_spring Claim 18: The heater control apparatus of
cl ai m 19utl %ﬁé‘s)ef#hetsﬁ‘@%va@eralp}p@mth% 356 (i @eether sourRsmessr brtension cable
material. Caim19: The heater control apparatus of claim 10,

wher ei n25; (ii) a T-type source power cable 26; or (iii) a linear-type terminating source power cable

108.

[0165] An example schematic circuit diagram for the example source power junction box
350 1s shown in Figure 41. A pair of trunk source power connectors 364, 366 extends
uninterrupted from the inlet connector 356 to the trunk outlet connector 360, and a pair of
source power branch conductors 368, 370 extend from a parallel connection with the trunk
source power conductors 364, 366 to the branch outlet connector 352. Therefore, the branch
outlet connector 352 is connected electrically in parallel to the source power conductors in
relation to the trunk outlet connector 360.

[0166] The branch outlet connector 352 is connected electrically in series, however, between
the inlet connector 356 and the trunk outlet connector 360 with respect to the signal circuit
conductors in the source power junction box 350. Therefore, as shown in Figure 41, one of
the signal circuit conductors, e.g., the trunk signal circuit conductor 372, extends straight
through the junction box 350 from the inlet connector 356 to the trunk outlet connector 360.

The other signal circuit conductor comprises an inlet branch signal circuit conductor 374

—

~ extending from the inlet connector 356 to the branch outlet connector 352 and an outlet
branch signal circuit conductor 376 extending from the branch outlet connector 352 to the
trunk outlet connector 360.

[0167] Therefore, while a plurality of controllers 20 can be daisy chain connected
electrically in parallel via the power source junction box 350 to the AC power source 13
(Figure 27), as shown in Figure 42, they will be connected electrically in series via the power
source junction box 350 to the signal circuit 23 (Figure 27) in the same manner as described

above for the T-type power source cables 26. Of course, any number of source power
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(i) The inlet trunk segnent conprises a |linear cable section that
includes an inlet portion of said pair of power conductors and an
inlet portion of said pair of signal conductors, both of which inlet

Por | BB ST Dl SheSOTREEI i SuERBRTE LA

ot 1 orfiesBResRr IR HBle  Sdbh ACHBHAT abeElleidlet por (i on of sai d

pair of signal conductors, both of which outlet portions extend from

a conne®ib8$n Ampthier exmnnple pewer ssowerjunationbos 380 diustrated e Figuraski3antl Ud thas

connect or .
more than one trunk outlet. For example, but not for limitation, in addition to the inlet
connector 384 and the branch outlet connector 382, which are substantially the same as the
inlet connector 354 and branch outlet connector 352 described above for the junction box
350, the power source junction box 380 is shown in Figures 43 and 44 with two trunk outlet
connectors 386, 388 in respective opposite sides 387, 389. Both of the outlet connectors 386,
388 are configured the same for daisy chain connectivity to additional power source
extension cables 25, T-type source power connectors 26, and linear-type terminating source
power cables 108 so that two separate daisy chain connected sets of controllers (not shown)
can be connected to the AC power source 13 and to the signal circuit 23 via the source power
junction box 380.
[0169] As shown in the example schematic circuit diagram in Figure 45 for the example
power source junction box 380, the trunk source power conductor pairs 390, 392, 394 and the
branch source power conductor pair 396 connect both of the trunk outlet connectors 386, 388
and the branch outlet connector 382 electrically in parallel to the inlet connector 384. The

(k signal circuit conductors 398, 400, 402, 403, however, connect the trunk outlet connectors
386, 388 and the branch outlet connector 382 electrically in series to the inlet connector 384,
[0170] Of course, more than two trunk outlet connectors can be provided in the source power
junction box 380, if desired, with substantially the same kinds of parallel source power and
series signal circuit conductor connections as described above for each additional trunk outlet
connector. Also, if desired, the branch outlet connector 382 could be eliminated so that the

junction box 380 would then function only to connect a plurality of daisy chain connected

series of controllers (not shown) to an AC power source 15 and to a signal circuit 23, but it
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Claim 20: The heater control apparatus of claim 19, wherein the trunk
I nl et connector and the trunk outlet connector are configured to be
able to mate together with each other so that duplicates of the
T-type source power cap]e sections can be daisy chain connected to.
each ot Weﬁlrdtl’é?t EF Svi?ftfétaﬁ %ﬁ‘&l&@ Hernsiolishiglet gentsrion AF0 withew an intsreeaing
plurality of heater controllers. Claim 21: The heater control
appar at Trdywsf sogresinever calle 26, an inteeveninglineantypt tarommiog soume gotbecabieulls,
outl et connector are configured to be able to mate together with each

ot her smr 4 soatcedioter eateasion tabld2s {if thedtles QibmectoNDIE coRfdhRed RE bR tion
can be dai sy chain connected to each other to provide AC source power

and t heysi @Rale gowes ektbndion S Phufighstod a%vé;?at er controllers.
Claim 22: The heater control apparatus of claim 21, wherein the

| i near - er.ni ' .. cabl e section.includes an inlet

conn ect@ﬁ@t go"rr(\)gb %ﬁ%)hgﬁ%) igﬁgt%ﬁl? {%g\t?g%rrc? FESPBY GHHE @5{ ?\‘éar%aglﬁcff) RS,
I nl et connec the |linear-type rm nating source power cable

bei ng CORE FOWALGTF OBl Belugeimaioh Jieh Satbasha Al Toav Rl Debwaen dhe

of the 1-type source power cable section, and the outlet connector of
t he | i maale cennsstor dB i ReuradP, sdth cdogprbldeon itadibtel enslthatas stred mmyl shaped to

configured the sane as the branch outlet connector of the T-type

sour ce epgagera lathlpeotsiesidii @nths demblatcontieceansudh hethsiprdtrisien: 41 sown on the
connector of the heater controllers. Claim23: The heater

- CONt 1 OlcoRREIRdrdildScodhe@bai 40 #h Figdieus] BuERA&IEapimi NS riRALRE eI 418"

(includes: (i)a high-limt power switch that is connected electrically

into s @lﬁéjddgt J;!ZC“'JSI'L ?1%@&919 {RkEr Qf 0 fsr?l?ter?@édrto gchfrAECihB WL oézn%%gt%xc Eootﬁng féjllel"él\e/\een

the 'first I nterface

connector until it is disengaged by pivoting the latch lever 410 on an elastic hinge 416, as
shown in Figure 48, which releases the male connector from the female connector and allows
them to be disconnected or unplugged from each other. However, in some applications, such
conventional latches are not secure enough, and it is too easy for the connectors to be
unplugged unintentionally, for example, by bumping or rubbing past them in tight spaces, and
the like.
[0172] Therefore, to provide further security and resistance to unintentional disconnection of
the connectors, for example, of the connectors 78, 140 shown in Figures 46-48, a cantilevered
resilient spring biasing tab 420 is positioned adjacent the distal end 418 of the latch lever 410.
The biasing tab 420 bears against the distal end 418 of the latch lever 410 and has a resilient
spring bias force that resists movement of the latch lever 410 in a manner that would

‘ disengage the dog 412 from the latch protrusion 414. However, when a user forces the latch
lever 410 to pivot about the elastic hinge 416, which also acts as a fulcrum for the latch lever
410, as indicated by pivot arrow 422, the distal end 418 of the latch lever 410 pushes

outwardly against the spring bias force of the biasing tab 420 and forces the biasing tab 420
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connector and the process power switch so that the high-limt power
switch in the heater controller can open and cl ose the AC power
circuit that extends through sai d pair of AC power conductors

bet ween, t he i nl. et nnec f t.he heat troI e t he Qut| et
connect 50 plg?t Frandls dt ertB'i L?lg?t 2{% mEgge g h [FPFH‘”' S‘E%Wts‘& pt spring
circuit he heater cont roI | er that causes the Aﬁh limt power

sw tch bigs apide tnt2g dres oy griar eppyeh eceAcallondic dag Reontfbaaseh lever 410

whenever the high-limt control circuit detects an excessive
t enper atoudigenigage fiemibatatoh protrusion 414 so that the branch outlet connector 78 can be

unplugged from the controller inlet connector 140.

[0173] There are myriad ways to provide a spring biasing force to bear on the latch
protrusion 414. One example implementation of this feature is to mold the biasing tab 420 as
cantilevered part of the housing 201 of the base unit 200, as illustrated in Figures 46-48.
Depending on how much bias force or how yieldable a particular application requires for the
tab 420, a portion of the housing 201 at the cantilevered joint of the tab 420 to the rest of the
housing 201 can be thinner to function as a resilient elastic hinge 426, as shown in Figures 47
and 48. A slot 428 can be provided in the housing to accommodate movement of the latch
lever 410 info and out of the housing 201. A tapered cam surface 421 can be provided on the
tab 420 to facilitate cammiﬁg the tab 420 out of the way when the latch lever 410 is being
inserted into the housing 201 as the outlet connector 78 is plugged into the inlet connector
140.

[0174] As mentioned above, this bias force feature can also be implemented in other ways.
Several examples are shown in Figures 49-51. In Figure 49, the biasing force is provided by
a compressible leaf spring 430 mounted in a bracket 432 on the inside of the housing 201. In
Figure 50, a coil compression spring 434 provides the bias force, and, in Figure 51, an
elastically compressible material 436, such as rubber, silicon rubber, a foamed elastomer, or
other foamed material is shown to provide the bias force against the distal end 418 of the
lever 410.

[0175] While the biasing tab 420 has been described above in relation to the branch outlet
connector 78 and the controller inlet connector 140, it is also applicable to the controller

outlet connector 142 and whatever interfacing inlet connector is plugged into the controller
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Claim 24: The heater control apparatus of claim 23, wherein the
heater has a heating elenent, a first tenperature sensor, a second
tenperature sensor, and a heater inlet connector that is configured
to mate h I

0 TR ol bl L e SPAREERLoflck B SRS SRR Rlee 13T Shle
tenperature sensor are all nnected el.egtrically tq the heater |nlet
connecLBeton box gt §otacdier 357 e i TGP BYe. dbiaa U B0 ah EIFHOPAD
wherei n_each heater_ controller includes: a first

t enper atigskave gpsten h%putiqté22,c48ﬂ@chpqtettbhwbé@@dntF@gqrp@-‘omd ¥
connector of the heater controller for receiving a first tenperature
sensor [QilgdlaBinfce tdmse hed meatrens vther mhdi fioati drstand oombihtionsadf thhgbdveat er
controller and that is connected to the high-limt control circuit

for pratesehitingd ethodahd tnbRImend valRbddily ol ts ﬂ{osé glemed ﬁiﬂié @rtSie NSRf
signal to the high-limt control circuit; and (ii)a second

t enper a&e’éfr&% RAER th A0t g5 ?ﬁff Pf"ﬂﬁb X6 nDasLetd ﬁ[q;g}sce%&ﬁ

connect or heat er cont recel vi ng e secon

t enper at ur sSor nal_fromf he h ater via t utl e nect or of
the hedar el aboet | BPIEA pupihat of Somas dvreh b s bate B chSpssed
circuit for providing a condltloned and anplified second tenperature
sensor 2P¥nahose o elHE 1p theart wilkrorpgrare Qﬁrt,a&mpdmcanons permutations, additions,

and sub-combinations thereof. It is therefore intended that the following appended claims

~

and claims hereafter introduced are interpreted to include all such modifications,

permutations, additions, and sub-combinations as are within their true spirit and scope. The

L 11 3 L&

words “comprise,” “comprises,” “comprising,” “has,” “have,” “having,” “include,”
“including,” and “includes” when used in this specification and in the following claims are
intended to specify the presence of stated features or steps, but they do not preclude the

presence or addition of one or more other features, steps, or groups thereof.
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Claim 26: The heater control apparatus of claim 25, including a slave
adapter conponent conpri sing: a nmaster heater connection
segnent that includes two pairs of |ow voltage tenperature signal
wires and a pair of AC power wires, each of which extends between a
sl ave adapter inlet connector that Pt ﬁ‘qsfi gured to mate with the
outl et connector of the heater contro‘? er and a master heater
interface OUt@gt i_oglnector trat iaﬁgconfi ured to mate with the heater
inl et connect BP™ Ang it HUO! ARPATAEFEIP BYnect i on segnent that has a
pair of AC power wires that extend froma_parallel electrical )
connection with tHe paitP al}d;r:c‘%hﬁggr tantoHersneash &f g eempiisgha signgh
segnment to an outlet connector that is configured to mate with an

i nl et connectiSlayowitghsvifly an bars pireamede apfl e closed circgitanede? and Bach of
heater control apparatus of claim 26, wherein the slave daisy chain
cabl e i ncl udeshigh Jorpyres 8 peeessiventrdcircaibthet is poigranmedhmt has a sl ave
cabl e trunk segnent and a sl ave cabl e branch segnent, each of which
has a pair of AC powe(i)w r esompars pfedet tempdratuid thfe parhradte:s Al e&r&ent a
that is configured to interface with the output connector of the

sl ave adapter conpRA&Biminéd SHawed Capb@titd UklnRiahet GRNast Qbmpdiahurd S
configured the sane as the outlet connector of the slave adapter

conponent, and a &k&ﬁﬁtiﬁﬁ@oﬁl :{9 h%?ﬁho 99&3111%1?: g{ﬂ@ﬂﬁﬁh@ rtff@@%t}[ﬂe:iﬂformaﬁon

configured to interface wt eater 1n connec

i nternedi ate sl av iR a.daisy, chain connected series of slave
heaters, wherein ﬁﬂlg%%%?%atégfl S ‘%Eﬁ%g\l/\%dreswdf%’ser(%Wg?%peﬂ?tgﬁgﬁng& ave cabl e
segnment are connected,electrically.in parallel with th ir of AC
power conductors in tf2 s a%lsﬁélber %g?#ﬁ%ﬁyé‘é’lj%m d&?f'd“’ﬁ‘?éf&'ﬁde‘%er?‘ﬂée
sl ave cabl e branch outl et connector. Cl aim 28: The heater

control appar at usRLR i pigin thedesirrd aperating frameratyrp &angeravdnat ed

sl ave cabl e section that has a pair of AC power w res extending
bet ween a sl ave cabl e(iih| et cause the signal relay switch to open when the temperature

information is not within the desired temperature range; and
B. A remote temperature monitor system comprising:

(1) a remote signal power supply connected electrically to a
signal circuit that connects the signal relay switches in all of said heater
controllers in series, whereby the signal circuit is closed by all of said signal
relay switches in all of the heater controllers being closed and whereby the
signal circuit is opened by at least one of said signal relay switches being
open;

(ii) a continuity detector attached electrically to the signal circuit,
said continuity detector being capable of detecting whether the signal circuit’

is an open circuit or a closed circuit; and
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connector on one end of the linear-type term nated sl ave cabl e
section that is configured to mate with the outlet connector of the
sl ave adapter conponent and a slave cable outlet connector on the
other end of the linear-type term nated sl ave cable section that is

configured to mate w iyt he NgaLeLe %to?kha?‘? H:B(zeﬂfth@’%ﬁﬁtﬂﬁﬁ. '&@f’é&tﬁ%

which is the | ast slave heater ' 1n"a dalsy chai'n connected series o
heaters that inclyd | ea e sl.ave heater., .. .. I m29:. The
heat er control ap%a%g?egéste 0 %%%@%HESS,I@ M e‘%"@f’% i pdigative ecg %833?118?5&%1{6
i ncl udes: i) a.base npdul e that contains the high-limt
control circuit, H@ﬁﬁ%ﬁf’wﬁﬁfﬁ H%@Fmg\w@ﬁ of ?ﬁé*eﬁefﬂsoaﬂg&a%@waﬁrawée
anplifier circuit, the process control circuit, the process power
switch, the secontfi8ePEReHeL e confignity detecteridetsets that the siceal eirayiygnapen.
relay swtch; and (i) an expansion nodul e connected

el ectrical |y Glaim Re Busleeatep dottel appdratuespelaisi dninglvdingeni AC| poskien gowace
user interface for viewng and adjusting high-limt control

par anet erogndciedtelbetrivaliphtol dlinafttheclomater odntwilers,uintl wheckirpeaoh &sgercontrdllal has a
paranmeters in the process control circuit. Claim 30: The heater

control mpesy pivis saitcle that spetdes hiespohde tb REEX PARSTHE ProtedWosiréll cBBuit in
I ncl udes a displ ay/ adj ust m croprocessor that is programred to:
that respective heater controller to turn the AC power on and off to at least one heater.

Claim 3: The heater control apparatus of claim 2, including a source power cable that
daisy chain connects the heater controllers electrically in parallel to the AC power source and
electrically in series to the signal circuit.

Claim 4 : The heater control apparatus of claim 3, wherein each heater controller
includes an inlet connector and a outlet connector, wherein a pair of low voltage signal
conductors in the heater controller extend from respectively opposite electrical sides of the
signal relay switch to the inlet connector so that the signal relay switch can open and close the
signal circuit that extends through said pair of low voltage signal conductors in the heater
controller, and wherein one of a pair of AC power conductors in the heater controller that
comprise a power circuit which extends from the inlet connector to the outlet connector and
the other conductor of the pair of AC power conductors extends from the inlet connector to
the outlet connector via the process power switch, whereby the process power switch can turm
the AC power circuit on and off in the heater controller between the inlet connector and the

outlet connector to provide controlled AC power at the outlet connector of the heater

controller.
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retrieve information fromthe high-limt control circuit and fromthe
process control circuit and to process such information for display
on the user interface; and (ii)receive adjustnent paranmeter inputs
fromthe user interface and to process such adjustnent paraneter

i nputs f Ogngfg}aﬁgi@r{ CEIR% hddger Qbﬂtpo‘lléjpgélr%ntug%f'tﬂ% e4§ig%§igf;ptﬂcngﬁﬁéﬁopm? cable
process c . . _

apparatu cRﬁe | ai m 30, wherein the user interface includes an

al pha-nuneric display for viewing the paraneters and a tactile input

pad and buttons foy, adjusting the paraneters., Claim 32: The
heater control appéhat uqs%meﬁo&f%lg’b‘fer%? &ction fhat baha Hupk sesmsat ped a
I ncl udes a co I cations m-croprocessor connected electrically to
the display/a ﬁlﬁ%q’tseﬁinéﬁfoﬁ?‘-‘é‘dtfs%féﬂ?l} CURIBS & HA9A SiEadli WiFes avt @ redT oI

bei ng programed to: i ) ] ]
wires for connecting the first heater controller electrically in the daisy chain

connection to the signal circuit and to the AC power source; and

(i)  a linear-type terminating source power cable section that also
contains a pair of AC power wires and a pair of signal wires for connecting the last
heater controller electrically in the daisy chain connection to the signal circuit and
to the AC power source via the T-type source power cable section.
Claim 6: The heater control apparatus of claim 5, wherein:

) The T-type source power cable section comprises a trunk portion and
a branch portion, said trunk portion including a pair of power conductors, both of
which extend between a trunk inlet connector and a trunk outlet connector, and a
branch portion including a pair of power conductors that extend from an electrical
paralle] connection with the power conductors of the trunk portion to a branch
outlet connector; and

(i)  The trunk portion includes a pair of signal conductors, the first of
which extends from the trunk inlet connector to the trunk outlet connector, and the
second of which extends from the trunk inlet connector through the trunk portion to
the branch portion and through the branch portion to the branch outlet connector
and from the branch outlet connector back to the trunk portion and to the trunk
outlet connector, said second signal conductor being electrically discontinuous at

the branch outlet connector so that an electrical connection external to the T-type
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(i) receive paraneter adjustnments froma renote user interface for

I nput by the display/adjust mcroprocessor to the high-limt control
circuit and to the process control circuit; and (ii) transmt
paraneters fromthe display/adjust nicroprocessor to the renote user

interface. Sourcrglsgo%jema%% ﬁel-{é]& ﬂg%%rar?c%q:to écto%%f) Iaehqgl%e%to ak%ltﬁ1 :ﬁrgcg’nod

wherein the para ters 1nc errpera ure

i or, e o RO R SRRt B fcaf B e Rre i g i

wherein the paraneters are selected froma group consisting of high
t enper at ure Icf%e'icong‘éctorpm nt tenperature, hysteresis, |ow tenperature
alert, and high t erature alert. d ai m 35: The heat er control
appar atus of (gIP 'r%@e heptee peitig] anmeraiig o claivel 6 eherdin te il peftien ¢cEIprises
visual display indicators of in-range operation, heater output, and
al ert/ al arinkonlatiegnentsnd a trunk outletiegma@: withtbe p@achf@pwemmdmﬂmrapghe atnks
of claim23, wherein the high limt switch includes a |latching rel ay,
whi ch onicket sqgereitheinprronadctddeslhizalby touht phir bf éwerebidig®rsAe thoM@k dullet
the heater controller is shut off and then turned on again and until

t he hi ghsebmeitt andORtl Ghe Girst Gibinhl SRRAGHOI R! BEL RNk R¥ERES JeRIEPEIALME
in the heater.
electrically to the first signal conductor in the trunk outlet segment.

Claim 8: The heater control apparatus of claim 7, wherein the inlet trunk portion and
the outlet trunk portion are connected together physically and electrically at the branch outlet
connector.

Claim 9: The heater control apparatus of claim 7, wherein the inlet trunk portion and
the outlet trunk portion are connected together pliysically and electrically via a source power
Jjunction box.

Claim 10: The heater control apparatus of claim 9, wherein the source power junction
box includes a junction box inlet connector for connecting the inlet trunk segment to the
source power junction box and a junction outlet connector for connecting the outlet trunk
segment to the source power junction box.

Claim 11: The heater control apparatus of claim 10, wherein the branch outlet
connector is mounted in the source power junction box.

Claim 12: The heater control apparatus of claim 11, wherein the branch outlet
connector is configured to mate with the inlet connector on the heater controller.

Claim 13: The heater control apparatus of claim 12, wherein the inlet connector on the

heater controller has a latch protrusion and the branch outlet connector has a pivotal latch
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Claim 37: The heater control apparatus of clai m 23, wherein the
high-limt switch includes a relay, which once opened, cannot be
closed until both of the follow ng conditions occur: (i) the
high-limt control circuit does not detect an excessive tenperature
inthe h ith 31 istal bld G ARG 1L &S6kL Bed, Mhapell Pl RBitih S

pr ovi dedl.%:@trﬂr‘%m’1 d %ior%aS%l:S&lThe eat er cont ftg lggl%%dl’gtﬁ% ’o%hcé%gll m??f,or
wher ei n BN Ly esetrting i.ntervention 4 ncludes shutti of f

el ectri CE%%%BI’ ? gmgtth ﬁslgggép one por Il‘%ﬁlbf)afml% ﬂ%tleﬁfodﬁ@ﬁ?w fna@‘gﬁy seppnected
circuit. ai.m 39: The heater .control a atus .of .claim 38,
Sher ei n” e PR IPIEECAPOSRS: M OLIETRH P GREtPT O TRNSE INERJES bipabBRias that
electric power, to a drain circuit portion of the high-limt control
circuit PeREyaeging b distabend gt therlatghleyprdeirerist pivatal mpygment of the latch lever that

is required to disengage the dog on the latch lever from the latch protrusion in order to
disconnect the branch outlet connector from the controller inlet connector.

Claim 14: The heater control apparatus of claim 13, wherein the bias apparatus
includes a cantilevered biasing tab molded as a part of a housing on the heater controller
adjacent the controller inlet connector, said biasing tab being yieldably moveable against an
elastic bias in response to a pivotal force applied to the latch lever.

Claim 15: The heater control apparatus of claim 13, wherein the bias apparatus
includes a spring positioned adjacent the controller inlet connector.

Claim 16: The heater control apparatus of claim 15, wherein the spring is a leaf
spring.

Claim 17: The heater control apparatus of claim 15, wherein the spring is a coiled
compression spring.

Claim 18: The heater control apparatus of claim 13, wherein the bias apparatus
includes a compressible material.

Claim 19: The heater control apparatus of claim 10, wherein:

(1) The inlet trunk segment comprises a linear cable section that
includes an inlet portion of said pair of power conductors and an inlet portion of
said pair of signal conductors, both of which inlet portions extend from the trunk
inlet connector to a connection with the source power junction box; and

(i) The outlet trunk segment comprises a linear cable section that
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Cl ai m 40: The heater control apparatus of claim 39, wherein the
tenperature in the heater is detected by a PTC thennistor positioned
In the heater, and the drain circuit drains electric power away from

the coil

circuit that would otherw se use electric current conducted

by the PTC t harih&t &F odiRt POWEH of B 8 df Qlef LRk tége%leéna&ﬁﬂett ortion of
appar at us claim 38, wherern the

Claim41l: The heater control

_ ol "appard: us” 6 3, Wierel
o a di g ol Thopet st SRR O iis 858, B NTRAN G, HaPafe et ORI ¢ o

close the relay only durjng a restart lLogic rqutine and then
restoring el €€t ?Cgo%wglrth%% etPSWteﬁ%mﬁti‘%qT"élto gtF'-E’?‘(ﬂuﬁ‘EtL?PPneFB’T-
initiate the Ige_start |l ogic routjne. Claim42. Heater control

apparatus, c

&9 nhe heater congrol anpprgfus pfclaim kS atherein ta trral inkst sonneefen

of which conprises neans for turning AC power on and off to heaters

t o nai nt@driboienkoputlepennpriern ase sonfigureid o he dblsite oute wppkeratitr ech athgeso
and neans for outputting signals that are indicative of high heater
t enper atthataluplicates oéthe fTetyposuutagppwer cable sections can be daisy chain connected to each

other to provide AC source power and the signal circuit to said plurality of heater controllers.

Claim 21: The heater control apparatus of claim 8, wherein the trunk inlet connector
and the trunk outlet connector are configured to be able to mate together with each other so
that duplicates of the T-type source power cable sections can be daisy chain connected to each
other to provide AC source power and the signal circuit to said plurality of heater controllers.

Claim 22: The heater control apparatus of claim 21, wherein the linear-type
terminating source power cable section includes an inlet connector at one end and an outlet
connector at the other end, said inlet connector of the linear-type terminating source power
cable being configured to be able to mate with the trunk outlet connector of the T-type source
power cable section, and the outlet connector of the linear-type terminating source power
cable section being configured the same as the branch outlet connector of the T-type source
power cable section so that it can mate with the inlet connector of the heater controllers.

Claim 23: The heater control apparatus of claim 4, wherein each of the heater
controllers includes:

(i) a high-limit power switch that is connected electrically into said
other conductor of the pair of AC power conductors between the first interface
connector and the process power switch so that the high-limit power switch in the

heater controller can open and close the AC power circuit that extends through said
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tenperature sensing neans in the heaters for sensing tenperatures at
the heater and providing sensed tenperatures to the heater
controllers; source power dai sy chain connector neans for
provi di ng AC source power from an AC power source to the heater

controllers a I pver| ' S: re indicative of
hi gh heat er tgﬂn{)g?&dﬁ%\@%&% ﬂ%térgﬁg éegﬁ]rrgl i oe? ?E’%I??&%r O?Qhe @%‘ etrrCSWO«alﬁr
power distribution ns fo viding controll.ed AC power fromthe
heat er controPF% gOﬁﬁgfﬁ@mﬁéﬁﬁéﬁgbﬂgggﬂm%gk¥fﬁﬁled power distribution
means i ncl udi ng Slﬁﬁe adﬁéﬁgr_neans for delivering controlled AC
pover to a master $eat et LAY, caRrql exeyit gy dhesheals qomtpldsr thpfgcapess the
delivering sensed tenperature signals fromthe tenperature sensor
means in the Pghisnt peereswitch to epethanst berebp shutodf dre, AGHsmest to Hwilepater
sl ave adapter neans includes a pair of AC power wires extending from
at | east one wheneher feunigh-imjt ofntiodairewit detettsodnl excessie: teopeetire dh the

| east two heaters in parallel to controlled AC power from said at

| east one of hdaeerplurality of controllers, and wherein said slave
adapter neans also includes at | east one pair of |ow voltage

t enper at ur e SCEHAR4WTHE Bedtidd @bt AR ABIRSBAHERINSB B er ik LRda¥n
one of the at |least two heaters to said at | east one of the pIurall%y

of heat egeQORt 4 Akt RiDerafdr@idisdt3a sebbf Qﬁlﬁ&ﬁ%{{%&&%ﬂd%e?k}ge; chﬁnector

claim42, wherein each of the heater cohtr ers conprises

dul [ di [ f.h t d si
Funct | ontad EuRREE H Melf 75 b Shaftkor BRI b8 doBoRlcm it e

means for provjdin
Oheagng eiemcnt? the first temperature sensor, and the second temperature sensor are all

connected electrically to the heater inlet connector.

Claim 25: The heater control apparatus of claim 24, wherein each heater controller
includes:

)] a first temperature sensor amplifier circuit connected to the outlet connector of
the heater controller for receiving a first temperature sensor signal from the heater via the
outlet connector of the heater controller and that is connected to the high-limit control circuit
for providing a conditioned and amplified first temperature sensor signal to the high-limit
confrol circuit; and

(ii) a second temperature sensor amplifier circuit connected to the outlet connector
of the heater controller for recejving the second temperature sensor signal from the heater via
the outlet connector of the heater controller and that is connected to the process control circuit
for providing a conditioned and amplified second terperature sensor signal to the process

control circuit.
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addi ti onal heater control paranmeter inputs and outputs to and from
t he base nodul e neans. O aim 44: The heater control apparatus of
claim42, wherein the heater controllers include high-limt control
means for shutting off AC power to the heaters upon detection of

et e S deae A BTSSR NS S hS o S sl
occurrence of an oper.ator intervention after the tenperature at the
heat er r &URRFEEN 681“5&?”8% hi gh tenperature limt. Cl ai m 45: The
Connect i ng t h hod BRE0NHSS|ToBReTteh bYEncahitay MG Ped RREC P oviEcites
wherein the connector neans includes |atch nmeans for latching the
connect i SAPAEBIR Sigaal gvintseandianpaithef 46 meset viiresieacs ofivhish extshdelbgween a
spring bias neans adjacent the latch nmeans for applying a spring bias
f or ce t hslaveyadapterableyconpsitet thatundafigived tp mite withttbhoutleacmnector of the heater
controller and a master heater interface outlet connector that is configured to mate with the
heater inlet connector; and
(if)  aslave heater connection segment that has a pair of AC power wires
that extend from a parallel electrical connection with the pair of AC wires in the
master heater connection segment to an outlet connector that is configured to mate
with an inlet connector on a slave daisy chain cable.
Claim 27: The heater control apparatus of claim 26, wherein the slave daisy chain
cable includes a T-type slave heater cable section that has a slave cable trunk segment and a
slave cable branch segment, each of which has a pair of AC power wires, a slave cable trunk
inlet connector that is configured to interface with the output connector of the slave adapter
component, a slave cable trunk outlet connector that is configured the same as the putlet
connector of the slave adapter component, and a slave cable branch outlet connector that is
configured to interface with the heater inlet connector of an intermediate slave heater in a
daisy chain connected series of slave heaters, wherein the pair of AC power wires in the
branch slave cable segment are connected electrically in parallel with the pair of AC power
conductors in the slave cable trunk segment and extend to the slave cable branch outlet
connector.

Claim 28: The heater control apparatus of claim 26, including a linear-type terminated

slave cable section that has a pair of AC power wires extending between a slave cable inlet
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Cl aim 46: Heater control apparatus, including: a plurality of
heater controllers, each of which is adapted to provide controlled AC
power to at | east one heater; a source power cable that daisy
chain connects the heater controllers electrically via a plurality of

branch obddneltoC SN BREEQT Sf MB LihdR-tRRUESEnANQhves ~
source, wher e?n each branch out Itj?:?;e conrrllect oévei(%mgﬁg%%bg ?gﬁgmred to

. connect i Qpat QiR Nnd Bl BBQ t gr f.the heater .controll.ers;
and vE\:/her eint he i nlet ?Ogooﬁlfnﬂeug';g g‘?g%ﬁ%t?{e&ﬁuéjg i acrzlg nt EISYET 8?1)??182%5
| atch protrusion and.the br h outlef connec Or%@ s a.piyvotal |atch
ever w S R Ouktra bt Thetr? e AR Her e vl D € Toponggured
shaped, and positioned fory engagenent with the |atch protrusion when
the br an‘&?rfn?)tgtwlg't tlhﬁ g‘ﬁﬁ%rc’f"{ﬂ c‘?‘g‘eﬁ%ﬁﬁ Phgother Bysfrecviigh fsothe fast slayn hegter & a
inlet connector, and wherein the heater controller includes bias
appar at uRipHasinsenrested geres of heafrss Ypidnelndes atdeast onaslave heater. | ever to
resi st pivotal novenment of the latch lever that is required to
di sengage t heCldisg 28n Thsehdater contiod\apparitnoof tlhien RSt wherginohe hsitertohtioller
order to disconnect the branch outlet connector fromthe controller
i nl et comoleddsor . Claim47: The heater control apparatus of
claim 46, wherein the bias apparatus includes a cantilevered biasing
tab ol ded as a pant ofa Fash@bduRIhA ConbensNBEheh-16RIR EEMII Rircuit, the high-
limit power switch, the first temperature amplifier circuit, the process control
circuit, the process power switch, the second temperature amplifier circuit, and the
signal relay switch; and

(ii) an expansion module connected electrically to the base module, said
expansion module including a user interface for viewing and adjusting high-limit
control parameters in the high-limit control circuit and process control parameters
in the process control circuit.

Claim 30: The heater control apparatus of claim 29, wherein the expansion module
also includes a display/adjust microprocessor that is programmed to:

@ retrieve information from the high-limit control circuit and from the
process control circuit and to process such information for display on the user
interface; and

(i)  receive adjustment parameter inputs from the user interface and to

process such adjustment parameter inputs for delivery to the high-limit control

circuit and to the process control circuit.
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adj acent the controller inlet connector, said biasing tab being

yi el dably noveabl e against an elastic bias in response to a pivotal

force applied to the latch | ever. Claim48: The heater control
apparatus of claim 46, wherein the bias apparatus includes a spring

ositioned adjag .t roinlet connector. .Claim49: The
IEleater cont ro@agtggialr' a?glgc%gﬁa ;c?gl{lt%lfglf %H%Pgicga@h@[s Fefy theguser |uugytace
spring.

wherein dEn At APTFENRR FioBR SO B EES! Bh PEBIFRG, and 4 tactie P s and
;I'Egl ngggéﬁoglg%%g%p@éﬁ%gﬂgr% .cI ai m 46, wherein the bias apparatus

Claim 32: The heater control apparatus of claim 30, wherein the expansion module
includes a communications microprocessor connected electrically to the display/adjust
microprocessor, said communications microprocessor being programmed to:

(i) receive parameter adjustments from a remote user interface for input
by the display/adjust microprocessor to the high-limit control circuit and to the
process control circuit; and

(i)  transmit parameters from the display/adjust microprocessor to the
remote user interface.

Claim 33: The heater control apparatus of claim 30, wherein the parameters include
high-temperature limit, set point temperature, hyster;asis, low temperature alert, and high
temperature alert,

Claim 34: The heater control apparatus of claim 30, wherein the parameters are
selected from a group consisting of high temperature limit, set point temperature, hysteresis,
low temperature alert, and high temperature alert.

Claim 35: The heater control apparatus of claim 29, wherein the base module also
includes LED visual display indicators of in-range operation, heater output, and alert/alarm
conditions.

Claim 36: The heater control apparatus of claim 23, wherein the high limit switch
includes a latching relay, which once opened, cannot be closed uintil high voltage AC power to

the heater controller is shut off and then turned on again and until the high-limit contro] circuit

does not detect an excess temperature in the heater.
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Claim52: Heater control apparatus for controlling a plurality of
heaters, each of which heaters includes a heating elenent, a first
tenperature sensor, a second tenperature sensor, and a heater inlet
connector to which the heating elenent, the first tenperature sensor,

and the secon er-at are. co clL el.ectrical-l,yy. .. .
conpri si ng: 81&3%2' p Sﬁgegﬁefgg%g { AESTEP %ocﬁ%n?lg%’ évrhgfemeg'gﬁ“%qy IWisgﬁmh
includes: (i) a process control,circujt;. (ii)._. roces ower switch
that opoighitds § i BER cacT et Remct b el b 8EES Tufiovs ontkonr
in that respective heater controller to turn AC power on and off to
at |l east96He of the plurality of heaters; (iii) an inlet connector
that nakes an electrical connection to a pair of AC power conductors
in a daisy chain gower tbabhighdimit congek rdiraltl goeomeécteetthanhentessive
controller to a AC power source, wherein one of a pair of power
conduct or s i netnperatveminghe bateryanldl er t hat conprise a power circuit in
the heater controller which extends fromthe inlet connector to an
outl et connector gy thensiubEkesancideiantion istghevigal. r of AC power
conductors that conprise the power circuit in the heater controller

extends fromd¢iagn BBl efheGRAMBLEIHRA0] apfafanishéy Qiid F VIRRRE HeOhaRtial ti&ting

heater controller via the process power sw tch, ‘whereby the process
power sw AN ; - AC . CJ [ A Ler.
Cont 1 of 1"l dehiaRs W off MREChO ) 1o b el o 4 BERghic
provi de &9 glrcg)l I.ef\d AC power at the outlet connector of the heater
control 18F; (|I§%n ‘a high-limt power switch that is connected
electrically jinto_sai t her conductor of_ the pair of AC powe .
conduct ors be(lf]\%é‘é ;\3 t ﬁg‘ef epigy cqwg?ﬂwsc@n%@@t @3’, vAsEFiR e IB?‘B’GL%E“mg
power switch so that the high-limt power switch in the heater
cont r ol |1Bterveatieromelidemehuting il elpetrigpoyseniera eiainceiropit teeioneottth figh-limit
t hrough said pair of AC power conductors between the inlet connector
of the Heatelcirgehthpipreentsaedil fiom desingghe siaynect or of the heater
controller; (v) a high-limt control circuit in the heater controller
that causes tCleinh#@hThe hedterpomes] apparitod of dainpd9) vaetkii Hertelyeratat inahd
the AC power to the heater whenever the high-limt control circuit

det ect s IRftef KCR&kSied byt LHPE tRrhtistori pasitibifed i@ ahehatel,Vind tBe Bialrbtircuit drains
tenperature sensor anplifier circuit connected to the outl et

connect Qflectc fdier a@@% BOmOAREESPLilcRft i wolRICEhHvRE ule d1bdid llrfeﬁp&{]rﬂﬁéiéf
sensor signal fromthe heater via the outlet connector o? the heater
controll .o 110 .Qh-1imt control circuit
for prov@&?ﬁgﬁgkﬂéﬁéﬁfogneg?g}ﬁg&é#pﬁlé%a&%e% Tst tenperature sensor
signal to theyhigh-limt control.circuit:. and (Jji a second .
t enper at ur e Zjelﬁgblf?l ‘a:?g'fe ithF?tgrr coé’% PL R ncﬁeci?u@dlj( gt’ 6”%??81 ﬁjﬁ't Ipgual resetting
connectaqr of the heater controller for recejving the second
t enper at'BiFEeEERIB SPONECTI, {arRICRORERTC A gty %élCdihfFFléfhaE’@ RFREETypedf
the heater controller and that is connected to the process control
ci rcuit ' @ngste i signaltosclessribie rilonedy dnansmapisiart lesic sewingdng dhgrerestons
sensor signal to the process control circuit. Claim53: The
heat er ctastricglowaplesk 4a the digitaldbgit nirSE, to initdtethe meytast legiavmmtinelapt er
conponent conpri sing:

Claim 42: Heater control apparatus, comprising:

a plurality of heater controllers, each of which comprises means for turning
AC power on and off to heaters to maintain one or more heaters within a desired

temperature range and means for outputting signals that are indicative of high
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(1)a master heater connection segment that includes two pairs of |ow
vol tage tenperature signal wires and a pair of AC power wres, each
of which extends between a slave adapter inlet connector that is
configured to nate with the outlet connector of the heater controller
and a naster i f .connector that is configured to
mate with theﬁlﬁgegﬁanrlﬂ I'n %tt@gg%ng&e%bg%l;t&and (ii) a slave heater
connection segmentt thgt has a. gair of. A%ﬁ: pover fvm' res. that extend from
a paral l el el ectri ¢APCEHRH SEFIEHMGATE HO (R Dpelers 10 soReing iFunerpiyresial the
mast er heater, connecti o _se%rregt to an outlet connector that is
configured t d'SHEF BMGPTOKICNE oRTed terRRsnaees &Y the heatercrpyallessii sy chai n
cabl e. Claim 54: The heater control apparatus of claim 53,
wherei n the sl ave S98ic§pogRi#skE eisireconnettoiimeans for pypyisling ACsohwapewer
cabl e section that has a slave cable trunk segnent and a sl ave cable
branch segnmenfiom eachCglowehisahcd tstha hpatier caftrolérspmdefor delivesing ahes bigneds
cable trunk inlet connector that is configured to interface wth the
out put connedchararoindichévesdfagh indep tedtpeeHurp a1 rem@e SloaMer; @adl e trunk
outl et connector that is configured the same as the outlet connector
of the slave adaptghtrEIAPPERIH distAiBlkich fleAe faRbAdRRARM AL [ARE power
connector that is configured to interface wwth the heater inlet
connector of @gy, i RLEIBALAIRN @YE: NefhE rsafdrbog\h&gl?éd\?%w&p AstisPeR ?rﬁetaﬁéj
of power wires in e

series of slave heaters, wherein the pair

branch sl ave ; : ol C 2] ectricall y~in parallel
with the pai rlﬁ%?&ﬁ%%pomez{r&%%{lg}f%?%?og ‘irle‘r?]ﬁ? ‘ﬁn SP e%d%?epqt“%ﬁ AR S BEHENt
and extend tq the s]ave,cable branch outlet connector. Cl aim
55: The heat JFELH t&@%ﬁ%ﬁﬂst’*gge ﬁ?aq?:ﬁaé*f‘ﬁ%%ﬁ?“’?% WA R rrRETgiahe
term nated sl ave cable section that has a pair of AC power wres

ext endi ng bet{REL Hhe teBIPSTALIE SERsOr Mpapt 1k HierBastarhegter dmdhe heptasreontieller,

| i near-type term nated slave cable section that is configured to mate

wi th the out [vierenpmeéshase adapter means indludesdapiref Addppunerites zntending frmve
cabl e outl et

at least one of the plurality of heater controllers to connect at least two heaters in

parallel to controlled AC power from said at least one of the plurality of controllers,

and wherein said slave adapter means also includes at least one pair of low voltage
temperature signal wires that connect a temperature sensor in only one of the at
least two heaters to said at least one of the plurality of heater controllers.

Claim 43: The heater control apparatus of claim 42, wherein each of the heater
controllers comprises base module means for providing a basic set of heater control and signal
functions and expansion module means connectable to the base module means for providing
additional heater control parameter inputs and outputs to and from the base module means.

Claim 44: The heater control apparatus of claim 42, wherein the heater controllers

include high-limit control means for shutting off AC power to the heaters upon detection of

temperature at the heater that exceeds a high temperature limit and preventing re-application
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connector on the other end of the |inear-type term nated slave cable
section that is configured to mate with the heater inlet connector of
anot her heater, which is the |ast slave heater in a daisy chain
connected series of heaters that includes at | east one slave heater.

d ai m 56,¢ ]%HWE:E t&?ﬁ’ltcﬂeatﬁﬁ.gﬁ[sﬁle o@dﬁﬁ@ﬁ%}#%g%%er%ﬂn ﬁoﬂ‘ﬁf?g Al tehPGature %o

T
heater controller inc es: ase nodul e that contains t

hi gh- 11 mt cqntrol es%eﬁ&vyh'}ehié]'}ee heiracathellf.er t power switch, the first
t enper at ure anpffﬁler Tl reuit, ctne process control circuit, the
process power .switch, the second tenperature lJifier circuit, an

t he signal reF§§n§§ﬁﬂ@ﬁ;etﬁqu“°1qm aﬁfQﬁﬁh€§ggE§? AM&SAUIEEIOF SHARCIE d
electrically to the base nmodul e, said expansion nodul e including a
user i nt e¥REImeths hepter sopgolisnép B daisy ichgn sprpesior meanss gtkerest the connector
paranmeters in the high-limt control circuit and process control

par anet ewsarnspinglides datole anpansc fondatehing: thecnohpection means, @hdiiwresin: th lvennector
heat er control apparatus of claim56, wherein the expansi on nodul e

al so i nchosisslw idelsgdsasptiag pias tmean< adypeoicths dach tbas fos agplviae anpeas bias
retrieve information fromthe high-limt control circuit and fromthe
process RedithalyiddabButdistaintlattiondmhe tegsmemeh i nformation for display

on the user interface; and

Claim 46: Heater control apparatus, including:

a plurality of heater controllers, each of which is adapted to provide controlled AC
power to at least one heater;

a source power cable that daisy chain connects the heater controllers electrically via a
plurality of branch outlet connectors on the source power cable to a AC power source,
wherein each branch outlet connector is adapted for connection to an inlet connector on one of
the heater controllers; and

wherein the inlet connector on the heater controller has a latch protrusion and the
branch outlet connector has a pivotal latch lever with a dog on a distal end of the latch lever
that is sized, shaped, and positioned for engagement with the latch protrusion when the branch
outlet connector is matingly connected to the controller inlet connector, and wherein the heater
controller includes bias apparatus that bears against the distal end of the latch lever to resist
pivotal movement of the latch lever that is required to disengage the dog on the latch lever
from the latch protrusion in order to disconnect the branch outlet connector from the controller
inlet connector.

Claim 47: The heater control apparatus of claim 46, wherein the bias apparatus

includes a cantilevered biasing tab molded as a part of a housing on the heater controller
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(ii)receive adjustnent paraneter inputs fromthe user interface and
to process such adjustnent paraneter inputs for delivery to the
high-limt control circuit and to the process control circuit.
Claim58: The heater control apparatus of claimb57, wherein the user

par amet RIS S PYELsr ] FBHEathh A BB err 2Rl Gov Rl tpst n
paraneters. = Claim59: The heater control apparatus of claim
57, wheri4sHe bisgingsspapssite A pivetal fosce; appliadde thedateloleweini cat i ons

m croprocessor connected electrically to the display/adj ust

m cr opr ocessdérlaims 48:d Twnlrrater cantrd rapparatos of cbine st rwhesiim thepbies npyanacs
to: (Oreceive paraneter adjustnents froma renote user interface for
i nput  includes a spring positioned adjacent the controller inlet connector.

Claim 49: The heater control apparatus of claim 48, wherein the spring is a leaf
spring.

Claim 50: The heater control apparatus of claim 48, wherein the spring is a coiled
compression spring.

Claim 51: The heater control apparatus of claim 46, wherein the bias apparatus
includes a compressible material.

Claim 52: Heater control apparatus for controlling a plurality of heaters, each of
which heaters includes a heating clement, a first temperature sensor, a second temperature
sensor, and a heater inlet connector to which the heating element, the first temperature sensor,
and the second temperature sensor are connected electrically, comprising:

a plurality of heater controllers, each of which includes: (i) a process
control circuit; (ii) a process power switch that operates in response to signals from
the process control circuit in that respective heater controller to turn AC power on
and off to at least one of the plurality of heaters; (iii) an inlet connector that makes
an electrical connection to a pair of AC power conductors in a daisy chain power
cable that electrically connects the heater controller to a AC power source, wherein
one of a pair of power conductors in the heater controller that comprise a power
circuit in the heater controller which extends from the inlet connector to an outlet

connector and the other conductor of the pair of AC power conductors that

comprise the power circuit in the heater controller extends from the inlet connector
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by the display/adjust mcroprocessor to the high-limt control
*circuit and to the process control circuit; and (ii)transmt
paraneters fromthe display/adjust mcroprocessor to the renote user
i nterface. Cl ai m 60: -The heater control apparatus of claim 57,
wherein the paraneters include high-tenperature limt, set point

t enper at ur e, 9yB¢ Ougey sonmegpr 0 ripe hgater sonfradler viaaihe BIOGESSt RAWEr Etitehe
alert. Claim6l: The heater control apparatus of claim57,

wher ei n t he pehresabytthe progess poslepswvideh ¢angmmathy AdlLipovesyresicsit ion gnd bffhin ghe
tenperature limt, set point tenperature, hysteresis, |ow tenperature
alert, and hihgitet espeilat beteread dtetinlet connector ahdnile?outled @ olrdtoe o @oditido|
apparatus of claim56, wherein the base nodul e al so i ncludes LED

vi sual di spl ayntrdlRdcAE PoSvePht tHa-dullBCorRBEbALS $8 hehRALS rdllel; Ak, a BiRH.

al ert/alarm conditions.
limit power switch that is connected electrically into said other conductor of the pair
of AC power conductors between the first interface connector and the process
power switch so that the high-limit power switch in the heater controller can open
and close the AC power circuit that extends through said pair of AC power
conductors between the inlet connector of the heater controller and the outlet
connector of the heater controller; (v) a high-limit control circuit in the heater
controller that causes the high-limit power switch to open and thereby shut off the
AC power to the heater whenever the high-limit control circuit detects an excessive
temperature in the heater; (vi) a first temperature sensor amplifier circuit connected
to the outlet connector of the heater controller for receiving a first temperature
sensor signal from the heater via the outlet connector of the héater controller and
that is connected to the high-limit control circuit for providing a conditioned and
amplified first temperature sensor signal to the high-limit control circuit; and (iiv) a
second temperature sensor amplifier circuit connected to the outlet connector of the
heater controller for receiving the second temperature sensor signal from the heater
via the outlet connector of the heater controller and that is connected to the process
control circuit for providing a conditioned and amplified second temperature sensor
signal to the process control circuit.

Claim 53: The heater control apparatus of claim 52, including a slave adapter

component comprising:
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(1) a master heater connection segment that includes two pairs of low
voltage temperature signal wires and a pair of AC power wires, each of which
extends between a slave adapter inlet connector that is configured to mate with the
outlet connector of the heater controller and a master heater interface outlet
connector that is configured to mate with the heater inlet connector; and

(i)  aslave heater connection segment that has a pair of AC power wires
that extend from a parallel electrical connection with the pair of AC wires in the
master heater connection segment to an outlet connector that is configured to mate
with an inlet connector on a slave daisy chain cable.

Claim 54: The heater control apparatus of claim 53, wherein the slave daisy chain
cable includes a T-type slave heater cable section that has a slave cable trunk segment and a
slave cable branch segment, each of which has a pair of AC power wires, a slave cable trunk
inlet connector that is configured to interface with the output connector of the slave adapter
component, a slave cable trunk outlet connector that is configured the same as the outlet
connector of the slave adapter component, and a slave cable branch outlet connector that is
configured to interface with the heater inlet connector of an intermediate slave heater in a
daisy chain connected series of slave heaters, wherein the pair of AC power wires in the
branch slave cable segment are connected electrically in parallel with the pair of AC power
conductors in the slave cable trunk segment and extend to the slave cable branch outlet
connector.

Claim 55: The heater control apparatus of claim 53, including a linear;type terminated
slave cable section that has a pair of AC power wires extending between a slave cable inlet
connector on one end of the linear-type terminated slave cable section that ié configured to

mate with the outlet connector of the slave adapter component and a slave cable outlet
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connector on the other end of the linear-type terminated slave cable section that is configured
to mate with the heater inlet connector of another heater, which is the last slave heatgr ina
daisy chain connected series of heaters that includes at least one slave heater.

Claim 56: The heater control apparatus of claim 52, wherein the heater controller
includes:

@ a base module that contains the high-limit control circuit, the high-
limit power switch, the first temperature amplifier circuit, the process control
circuit, the process power switch, the second temperature amplifier circuit, and the
signal relay switch; and

(i)  an expansion module connected electrically to the base module, said
expansion module including a user interface for viewing and adjusting high-limit
control parameters in the high-limit control circuit and process control parameters
in the process control circuit.

Claim 57: The heater control apparf;.tus of claim 56, wherein the expansion module
also includes a display/adjust microprocessor that is programmed to:

@ retrieve information from the high-limit control circuit and from the
process control circuit and to process such information for display on the user
interface; and

(1)  receive adjustment parameter inputs from the user interface and to
process such adjustment parameter inputs for delivery to the high-limit control
circuit and to the process control circuit.

Claim 58: The heater control apparatus of claim 57, wherein the user interface
includes an alpha-numeric display for viewing the parameters and a tactile input pad and

buttons for adjusting the parameters.
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Claim 59: The heater control apparatus of claim 57, wherein the expansion module
includes a communications microprocessor connected electrically to the display/adjust
microprocessor, said communications microprocessor being programmed to:

1 receive parameter adjustments from a remote user interface for input
by the display/adjust microprocessor to the high-limit control circuit and to the
process control circuit; and

(ii) transmit parameters from the display/adjust microprocessor to the
remote user interface,

Claim 60: The heater control apparatus of claim 57, wherein the parameters include
high-temperature limit, set point temperature, hysteresis, low temperature alert, and high
temperature alert.

Claim 61: The heater control apparatus of claim 57, wherein the parameters are
selected from a group consisting of high temperature limit, set point temperature, hysteresis,
low temperature alert, and high temperature alert.

Claim 62: The heater control apparatus of claim 56, wherein the base module also
includes LED visual display indicators of in-range operation, heater output, and alert/alarm

conditions.
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