MULTI PLE HEATER CONTROL SYSTEM W TH EXPANDABLE MODULAR FUNCTI ONALI TY
BACKGROUND OF THE | NVENTION Field of the Invention [0001] The present

i nvention is o power and control systens for hea
exanple, to g%%gﬁgfég%and met hods for powering and contro%ﬁ?@%ﬂ$9&mwm

mul tiple h%ﬁﬁﬁpﬁ%?ﬁ/@?@}{%@@%@&)l@ﬁ?ﬁ%E I%vﬁﬁﬁﬁ&p&@ﬂ@f@@g@%&@h o
S (Y

vacuum process, r N IEr " SYS
Prior Art [0002] Many vacuum process, , transport, and ot her
systens used in industry for

BACKGROUND OF THE INVENTION

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
‘systems.

- 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
reference. As good as such heater monitoring and control systems are, however, there are

still problems that they have not solved..
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thermal switches are inaccurate .
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
embedded in the pipe heater structure near the heating element to be sure they are exposed to
the heat near its source, they are not accessible without destructive mutilation of the heater

components and materials. Therefore, a blown or burned out thermal fuse renders the heater
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EXAMPLE DRAW NGS [ 0011] The acconpanyi ng draw ngs, which are

i ncor por apeingmparametdrolacally 3 gadh hehtet wighin a system. Still others require only basic,
pre-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;
[0013] Figure 2 is an isometric view of some of the principal components utilized in an
individual heater control arrangement such as that illustrated in Figure 1;
[0014] Figure 3 is an isometric view of the principal components in Figure 2, but from a

different perspective to illustrate the connective components;
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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
ilustrated 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 9is a cross—séction 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;

[0025] Figure 14 is an isometric view of an example slave adapter cable;

[0026] Figure 15 is a schematic circuit diagram of the slave adapter cable of Figure 14;

[0027] Figure 16 is an isometric view of a T-type slave controlled power cable section;
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[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 isometric 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 expansion 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;

[0037] Figure 26 is an isometric view of the mounting apparatus in Figures 24 and 25, but

from a different perspective to illustrate the operative attachment components;
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[0021] Figure 10 is an isonetric view of a T-type source power cable

secti on; 1§ QQA2FLOMRe Ila tenofe REMEFREIGHGH,T cui t diagram of the T-type
source power cable section-of Figure 10;

[0039] Figure 28 is a schematic circuit diagram of the heater controller base unit and the
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;

[0044] Figure 33 is a schematic circuit diagram of an individual heater control
arrangement similar to Figure 30, but illustrating an example high-limit control circuit with a

PTC thermistor temperature sensor;



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

of the |ineakyd »pe1i8edi Ni nal source power cabl e section opcTiSdbRedRs
[0025] Figure 14 is an isonetric view of an exanple slave adapter
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adapter cable of Figure 14; [0027]Figure 16 is an 1sonetric view of a
T-type sleamgple aiphliphit €6htROVWRNIGAR £PBE HehRifior temperature sensor:
[0046] Figure 35 is an isometric view of a slave adapter junction box;
[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
Jjunction 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;
[0056] Figure 45 is a schematic circuit diagram of the source power junction box of

Figures 43 and 44;
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Figure 16; [QQPRbFi@ike 18 is an isometric view of a |ineptrtiymernscors
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into the inlet connector of the controller to illustrate a connector retainer feature comprising a
resilient spring biasing tab;
[0058] Figure 47 is a cross sectional view of the latch and resilient spring biasing tab for
the branch outlet connector and controller inlet connector with the branch outlet connector
plugged into the controller inlet connector;
[0059] Figure 48 is a crc;ss~sectiona1 view similar to Figure 47, but showing the latch
lever pivoted against the bias force of the resilient spring biasing tab for release 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.
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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 S, 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 heater 16 to

which the controller 20 is connected. Therefore, each controller 20 responds to the
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27 is a schematic circuit diagram of an exanple mnultiple individual

heater  will be described in more detail below. Therefore, the high voltage AC power delivered 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 (not shown in
Figures 1-4 but described below) connected to the last controller 20 in the daisy chain.
[0067] Also, any combination of individually controlled heaters 16 and slave heaters 16'

can be accommodated. For example, as indicated in Figures 5-8, additional individually
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noni tori ng sStwall@isis®039] Figure 28 is a schenmati c cir cuigcigi20r7a8800d
the heater controller base unit and the enhanced control expansion

nmodul e coseliteleatdds thamdiortai@igosd uﬂhg@ pBRWEdnt GRS 8N dlavle®eifdisticNdag be
pi pe heaters via a slave adapter cable, T-type slaved heater cable,

and a t eedtnBétbd &l tRY B-tHRNLRE hedleRavRnecabl e in an exanple single
poi nt control arrangenent; [0040]Figure 29 is a schematic circuit

di agram gjog] ar FBPmE}egiéfaa e@gescxk?ftzﬂon‘é"io{p W%] %&?rxgéngsg&ldgﬁgﬁg%iﬁgoﬁsoita

term nal “source power cable section; _ _ henmatf c
control SRREAT e d IR eAAR bRl b SR Fe kbt PR STE NG,
heat er conponents.conne ied directly to the.heater cont} | I er base
ini t s’ CURREHRT RER R oG hg ke Vi ndridR R e B Ml FeeeP o
control configuration uch as those iJlustrated. in Figures 1- 4;
(0042 i §reaoten §h Dol i o Fehvhese Sy b shetatF 1 R ers 3!
but wi th lhtnri]tgd try a%y 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 Fiéure 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 36 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 voltage 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
in the foam insulating jacket 34 adjacent the heater mat 30 so that they can detect

temperatures at or near the heater mat 30. Signals from one of the temperature sensors, e.g.,
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vol tage power and the |ow voltage signal circuit connected to the
controller directly with a term nated controlled power cable to

Il lustrate agwgsaeh/Methgal heater control arrangenent mherep@h@smem%aws
is either the only heater or the |ast heater being controlled in a

series ofenpstdnirpbénsor pisvisediny the c6dllepbd R nbeddl 8p&ratidndDdIrbdegiticBtes 2
Is alogic flowdiagramillustrating an exanple logic for the heater

control | eéritrd] @A faligl bR SdndlSfréin HRRR kdnfpefdttir® Yerdsod @ '%%%%e?z%x&tt%@ensor

i ndi vi dual heater control arrangenent sim’lar to Figure

i1 1 ustratpnguan b?%@%hﬁolmr@b'ﬁﬁ%%%g%ﬁk B E%%ob‘g& h g%é’%sg%ed in

therm stor tenpefature sensor; 11815éP

0045] Fi giif£4 éehr beford? éﬁpf‘e%%}a%rg lsén%p cIouf?ii RUY bo? Eéﬂx lo?{hogé) ﬁlll’:lét%tflllé,%u?l% is

[
but w th anot

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
that will be described below. Therefore, as shown in Figure 27 with secondary reference to

Figures 1 and 9, a plurality of controllers 20 can be connected individually to respective
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exanple high-limt control circuit wwth a PTC themistor tenperature

Sensor;

[0046] Figure 35 is an isonetric view of a slave adapter

junction boxWole4apBsgure 36 is an isonetric view of theP&l/6s2007/066078

adapt er
[ 0048] Fi

j unction box of Figure 35, but froma different perspective;
g@ﬁt@s 3¢ primanlysoienteichisivielye for prooti digy @mirolledt AG pewenvte tiedmptensr16

junction box of Figures 35 and 36; [0049] Figure 38 is a schematic
circuit di aderdomsintih dre Heatefs Igupemtidgwithidtcemhih deditee tahmmysuadapter
junction box of Figures 35-37 replacing the slave adapter cable

i1l ustra(@®d3j n R drisyechdidconnected series of cable sections 25, 26, 108 that connect together

in daisy chain fashion to form a source power trunk line that delivers AC source power to the
controllers 20. The controllers 20 then switch the AC power on and off to deliver the
controlled AC power to the heaters 16, as necessary for the heaters 16 to produce the heat
needed for maintaining the desired temperatures. The controllers 20 turn the AC power on
and off \.zvith a process power switch arrangement 302, which can be a solid state switch, such
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 devices. 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 off once it has been turned off pending an operator intervention, is described in more

detail below.
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[ 0050] Figure 39 is an isonetric view of an exanpl e source power
junction box; [0051]Figure 40 is an isonetric view of the exanple

source power wodet/118@x6box in Figure 39, but from a differgm/us2007/066078
perspective; [0052]Figure 41 is a schematic circuit diagram of the

source p@eeys] j und dlewalanx firdtibn @ ulse praded)whiél)sighDOD3]1Ek/gldfe atkBe i S an
I sonmetric view of a plurality of the heater controllers as they are

dai sy chaédote efonR6! sediomi1 5 ivhan Bhsm! Jfihe Rhtrdles R0 tECd VR Rinl cORgdcte@n
boxes of Figures 39 and 40; [0054]Figure 43 is an isonetric view of

anot her  QXARRLRHY fat AkhefleOfs hiSIPH CERrdBONBS 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 temperatufe 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 switch 310. Therefore, any of the series connected relay switches 310 in any of the

controllers 20 can open the circuit 23, i.e., prevent current from flowing in the signal circuit
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junction box with nultiple trunk outlet connectors; [0055]Figure 44
Is an isonetric view of the source power junction box in Figure 43,

but from a diwbf8§2Rk1sper spective; [0056] Figure 45 is a sahai@bbi/ 066078
circuit diagram of the source power junction box of Figures 43 and

44:

WO 290Z6rktSS6RH A REAHRRERTS id ADfthEt@ubRerd 60 hveaD bk SRERLRI C

view of the controller base nodule and the expansion

order for the signal circuit 23 to be closed. The term “relay switch” as used herein can mean
any switch, mechanical or solid state, in which a control signal input can be applied to open
and/or close the switch, i.e., to block and/or allow current flow through the switch.

[0077] A continuity detector 31 associated with the remote monitoring 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 switches 310 being opened or by any
disconnect or break in the daisy chain cables 25, 26, 108, the continuity detector 31 genefates
a signal to the alert/alarm 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 (Figure 28) in the controller 20, which uses temperature information
from the process temperature sensor 52 to determine if the sensed temperature 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 detected by the continuity detector 31, which generates the alert/alarm signal. The relay
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nodul e with the branch outlet connector of a T-type source power
cabl e poised for insertion into the inlet connector of the controller
to illustratwomoeconeset or retainer feature conprising a rssi/U$20M066078
spring biasing tab; [0058]Figure 47 is a cross sectional view of the
| at ch answitdasilDicembe spechrgichl ekl vga telbl stae rddye adis avetifknowh kepersons
connector and controller inlet connector with the branch outl et
connect oskifddiggecht. nt o the controller inlet connector; [0059]Fi gure
48 is a cross-sectional view simlar to Figure 47, but show ng the

| at ch | eg@ropi V%@dm@s@&iaﬂﬁ&onﬁ&%oﬁb@ﬁp&rﬁh@@or@onﬁ&ﬁné 8icbh@flersiy | Ng
biasing tab for release of the latch; [0060] Figure 49 is a

Cr 0ss- segfkiiahdly (¥ HRVK S bmvérasBurtcE) lth&’fOth%mg@iﬁuré Q&Waﬁan%uhﬁ@k SREd N9

for providing the securing bias force; Figure 5

Cross- Se?errﬂo?@l%l)m\/d gs&'tlgl:} n%fu&gsoatlf gt!é&n% "14§/P| ng %/ngnﬁ c ﬂ ggcqion 26

conpr essi on Spl’l ng Sec
[ 006.2] F' : gge %burce p%w%{/sqgr?al %z?b% / oorn‘é}' tYI\)/el sec)vl\llrcsezlp@waa éabEe or _]lgy‘[’le “type ’sourget

shomnng
cable” for short) and at least one linear-type terminating linear source power/signal cable
section 108 (“linear-type power/signal terminating cablé” or “linear-type terminating source
power cable” or just “terminating source cable” for short) as shown in Figures 1-4 and 27.
The T-type source cables 26 are used to connect the first and intermediate controllers 20 in
the daisy chain connected series to the AC power source 13 and to the alert/alarm signal
circuit 23. The terminating source cable 108 is used to connect the last controller 20 in the
daisy chain connected series to the AC power source 13 and to the alert/alarm signal circuit
23 via the T-type source cable(s) 26, as shown in Figures 1-4 and 27. The first T-type source
cable 26 can be connected directly to the monitor station 156 if it is close enough, or, as
shown in Figure 27, an optional linear-type source power/signal extension cable (“source
power/signal extension cable” or just “source extension cable” for short) 25 of any necessary
length, can be used to connect the first T-type source cable 26 to the monitor station 15, as
indicated schematically in Figure 27.
[0080] To implement the functions of providing AC source 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

a neat, tidy appearance. The structure and configuration also makes it almost foolproof'to
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conpressible material for providing the security bias force. WO
2007/ 118156PCT1US20071066078 DETAI LED DESCRI PTI ON OF THE
EXAMPLE ENBORIOMEdTI381{s0063] The nmul ti pl e heater control syst@Emsk7/066078
illustrated generally in Figures | and 5 is based on flexible and
expandabtemnetdid A€ipbyef nideiahdtlee/dymtshgmaboirin R withnp anentetolelts2atas
vari ous conponents and conbi nati ons of conponents of the system can

be assentitsadd andstomnaFigte 27) eachtemiBitihg@bureayld T08SE fNy strav@k ktirdof
heater nonitoring and control configuration needs. The system 10 is

best desgrthhesle ipﬁlr bEhigh kOIhgk Yited@1Da3h ¢ LOPEW WAL OSst~p&Per wires” for
i ndi vi dual | ocal heater control configuration 12 illustrated, for

exanpl e, sid) EhBsHeSad of BH VAL RFLeE 1 PO ?? g%%&lrxﬂkesaz&?ﬁ%@f&d fdg 'E}%e way

mul tiple heaters i'n a zone or gang con uration 1 strate or
exanpl e 0, k5 [ I i n | atl t.hese Si c
R T i e A B
selecteduggg§mpﬁ2all of the principal conponents of the system 10, as

wi || becone apparent to persons skilled in the art as the description

f th I di.rent s, and. conponents contj nues. 064] The
oLt SIEETD Rl T et oh M SRR G khe SRR Rt #b?%ﬁodf}aﬁlrﬁgres of
heat 16, i.llustrat i i s 1 and 5, although it can be
bt or BBl SRR el Sl sRuaret For e dnce.

this description will proceed in the context of mnultiple pipe heaters
16 with tRdieurrbersshatigropmedris four sikapr mpisiijeh wltsghand Ixy vakiagsirrasier s
as well. in a manner that mates with corresponding connectors on other components in only one
orientation so that they cannot be improperly connected. Also, both the male and female pins
are sheathed so it is difficult to accidentally short them. In this description, for convenience
and not for limitation, the term “inlet” is used to designate the connector or cable end that
receives AC source power and the term “outlet” is used to designate the connector or cable
end that delivers AC source power, regardless of whether those connectors or cable ends also
receive and/or deliver low voltage signals.
[0082] For the linear-type terminating source cable 108, the inlet connector 110 has at
least two power pins for the AC source power wires 114, 116 and at least two signal circuit
pins for the signal circuit wires 118, 120 and is configured to mate with a trunk outlet
connector 86 on the T-type source cable 26. The outlet connector 35 at the remote
monitoring station 15, which delivers source power to the daisy chain components 25, 26,
108 and connects the signal circuit 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 terminating source cable 108 could be plugged directly into the monitoring station

outlet connector 35 in situations where there is only one controller 20 in a heater system.
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[ 0065] Referring primarily to Figure | for the individual |ocal heater
control configuration 12, a plurality of the pipe heaters 16 is
shown. They wioeodynseal |y arranged and al i gned for nount i mgr gs2e@/0péope
(not shown in Figures 1-4, but illustrated in Figure 9), as will be
descri be¢h0sa] norss widithaidischebdi mdrd detail Belowhad tei@itating HRER dabled 08 has to
separate controller 20 for each heater 16. Therefore, as illustrated

in Fi gur gsused4o c@met teORbtIcBhtr&ler 20id Sd3 RS cBEhBicl 86iids Y¥r tHR oBRCH
heater 16 in a nmanner that delivers and controls high voltage AC |line

(source) .pgweIEr 3@ ifthGe eI EhneS toetﬁ'@fyrno%ezmgﬁtcgﬂﬁ ‘§ta§%I n 1 954 & tﬂ@ﬁ%ﬂi cit&it

as wel|l as deriveés tenperaturé information f rom e tenperature

Sensors 54, quc?t:lé@e@“k a &hﬁqﬁ&ﬁur‘{a&%%&}a{’y &tﬁr‘éé ﬁjoer 8k fddv L g

controller S connect herefore eac respon s to

t he 07/118 PCT/ US2 0 ure.sen

Lhe i el GH SfoREoPaned wBadRl oA ?lggﬂge Radstiha g ibin %‘g"?ﬁ% hi gh
vol t age on.and .of f to that he accardin ettln S, i.n
the cont PoTToUES 29 ey Yiige e el o RigHc quetrop Bt ofy i hted
Therefore, the hj vol t age AC power delivered to the heaters 16 by
the cont PBIPPS&as ¢ Q%mPE times referred to herein as "controlled AC
power," whereas the high voltage AC power that is received by the
control | éQOSf‘} om 1&g OA@tﬁ%@Pmé by efghe \Ff)tﬁv@htmgssowﬁ@thlﬁé% 41@1 wefey least
herein as "source AC power" or "AC source power" or just "source
power". THepew pinsHpghe sairecrpaver iwires hids | tomdet leagtswn ping gt the signad biseuat
thirty (30) volts. For exanple, typical heaters are often powered by
or di nar y witt91 182029,aind &,is @adiguizd Go weletvaith the Bret 8Onnectot 40 aithacontrotlered.
vol tage that provides enough power to neet the heat production

requi r endght sl@fcomnepar 1 4Cof the cormiled A0ettak adiffefddt n@eiparaibh @ranalid inlgt
current, which can be 50 hertz, 60 hertz, or any other alternating
current toeguena?, 1 péf the TugRGolRe psBME26haatdrtthatheRifdeScohiecheal 68 S .

[ 0066] The plurality of controllers 20 in the individual |ocal heater

control eQpédigbiadd Reodkit arficttdd S R BrnGRAMGeLREH: tD1d 118 dlNolfas to be
vol tage AC power source 13 (Figure 27), which can be associated with

renot e npfEdLok t}ﬁﬂ%&h&%tmonﬁétwrpwmh% tﬁFeI Qe cﬂas A dtftt@enﬁﬂax%
source power/signal cables 26, which contain both high voltage power

lines for,gal Fﬁ’r}e@%r §9'a'tr eﬁ%té’%ﬁto&n% stapgn t9 1{19!11%&% Zoqlﬁgﬁlr%&rf’t’é!r the

vol t age S|gna I nes, conprise~a I'ow Vol'tage tenperature range
o o ARk «tﬁ s PRI IR sl

Phd cat et ﬁ%”ﬁ%ﬁ%gg% o Pl Wﬁ‘ﬁfbév g G o Oh Sy gy
o Ponrsoe 0 Soby G5 a Eaane SoRREShS et 2GSl

| i near - tﬁge power/signal cable (not shown in Figures 1-4 but

descri bed?2pdloif)iedAnect ed to the last controller 20 in the daisy

chain. [0067 Also any conbi nation of individually controlled heaters
16 and sl@885 heaT}@rTstypg 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
section 85 extending from the trunk section 83 to the branch outlet connector 78. As best

seen in Figure 29, the trunk power wires, comprised of power wires 86, 88 of the inlet trunk
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can be accommobdat ed. For exanple, as indicated in Figures 5-8,
additional individually WD 2007/118156PCT/US20071066078 control |l ed
heaters 16 awdr/20e7/1asidsti onal single point control zones GfCHBUR0E/066078
heaters 16' can be connected to the T-type source power cable 26.

[ 0068] Fosegmene’Waiddhd povel @ses PRtd2ed sheafut]l extamplsegresni 321 Exremnt wistadupted

i npl ementations, it is helpful to refer to the heater elenents and to

t enper at beteeseths onsk infet exarpbeghadatthe Sunknailef @hnddidis6AThe Brankiibovked
aid in understanding. In general, there are many varieties,

mat eri al sirea89 9% bratohbkcts eﬁkfctrhﬁﬁff 81 sardllRBio B RurlkeowRP{vired 5379@8 B4 these
systens. Therefore, this invention'is not linmted to any particul ar

heat er obrah@ddBhecdr 78 Gh Wiad wHdaWeY @htroll @ 26%&&%&&&&%&%&&%%&%'8@ Nthe
an exanpl e pipe heater 30 mounted on a pipe P is shown in

Cr 0SS- Seghi, Qi Einditlsfedne Jdthe cPARE: F&gfo 020 1A% f@h Lafiyes
to thosegdescrl bed i nSUg% eIIlater?ts 5 7%4?7 gé ng&g&(égi 7 ? gt otlh
of which ﬂfﬁ?&f hut there are .seyera
di fferent Iglgfr?cél% tl g%a B ur%‘é%s tlg % 5{8 W R‘ﬁt%ﬁé %O%er cau rCP’B’ElaS‘B%T\f‘
[0069] I n_Dri ef g%i hate .16 in ure9§I S a
hi gh den&i ‘tveyr g (Hcg)ésn T u el tﬁee‘gtﬁﬁrr‘g %6 C%nteﬁte 11 82?%%%@%&2
conpr|5|n res H reS| tive, heat producing
mat eri al ® ab@éé s m?”i’ in ﬁ‘geihﬁg ?’ntae braachefiressse ¥y shasly upmasts V‘Wi‘él hthgin
el ectric curre fl ows through |t usual Iy at standard, high voltage
| evel s, %‘?}Elﬁctaﬁgfiselfa@z@ isradivelypthey oot Qen be eliginatgd §y drimeg wirss Bad
| evel t hat rovi des enough povver to create the heat needed for a
parti cul & Ut tagstheion or T¢iacenbthe gins Aat. O Michury evhaketsiey wall be
thermal Iy insul ating heater jacket 36 conprised of |ow density,
cl osed capdersiqdibypersenbiiéliediindmant any ot her suitable insul ating
material. A fastening halter 36 wwth straps 38 (Figures 1-8) can be
provi ded [0086) e c The sigha visa 08y 1026n the ipkatomkepgrhdén 70 hpkouPledtrunkseginkue 72
conponents that are to be heated.
are connected together to extend electrically uninterrupted through the trunk 83 of T-type
source cable 26 from the inlet connector 82 to the outlet connector 86, electrically bypassing
the branch segment 85 and the branch outlet connector 78. The other signal wires 100, 104,
of the signal wire pairs in the T-type source cable 26, however, detour from the trunk section
83 to extend through the branch section 85 to respective separate pins in the branch outlet
connector 78. Therefore, when the branch outlet connector 78 is connected to the controller
20, the signal circuit 23 extends in series through the relay switch 310 in the controller 20.
With multiple controllers 20 daisy chain connected in this manner, all of the relay switches
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

mate with the inlet connector 140 of the controller 20 and the trunk outlet 86 is configured to

mate with the inlet connector 82, so that any number of the T-type source cables 26 can be
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[0070] The heater 16 has a cavity 40 where high voltage power |ines
42, 44 are connected to |leads 46, 48 fromthe heating el enent 32. Two
t enper at ur e wONEOI198136, 52, such as thernocoupl es, ther mEdMrs2007066078
any ot her suitable tenperature sensing devices, are enbedded in the

f oam i nsgdigt dhaf doatdeald tSbtiadPddintr soike beadras ampiundttr 80cdiidllek ROy can
detect tenperatures at or near the heater mat 30 Signals from one of

the tenpehad Hﬂéﬁta%ﬁﬂ%&fnﬁnm@y B-the WQ a2 B9t DE8A:2RBleilelaBHR7 1066078
t enperature sensor is used by the control [er 20 for nornal

oper at i Ofk7r RLQAREFRnAERISHFO H{ere%englb'rpé\éuk&'@iﬂ'e bY sh@dinstignahs cif om

t he ot her tenperature sensor, e.g., tenperature sensor 50, s used by

t he cont K C e
descri begg#ljﬁ%r%%gl %‘g len%w%re?édet%%%%gdAeI%}{aEhtalrneC%s r?g%)nrts %%&P% OIb%lpused
for both_of thos L ons etter to vi.de
Fedundandyrssietant SRahs $88s glr%“ét %artsrem@% Kbty RK 15 hgkﬁﬁmﬁﬁ wire

t enper at ur.e uncti.on, shut .down t he t he
BT 0665 P@ﬁ%%ﬁ?@m e S ey 1 o7 RRenf Uit GRBIoeA FR0 B Tt e
controller fails _and causes a runaway heater situatign. Sone safety
certifyi FFrEgenle¥ lrcééﬁﬁoflgg‘éfﬁ‘éw PHE GRS FbTonBesy & rF‘flPY?ati on.
100711The |l ow voltage wires 54, 56 for the first ("hi 1

t enper at MOBIEERSHTIoB S da theagitlcamnnesiort A3, vuehvis goEa ‘?5%@5%3‘9 with the inlet
tenperature sensor 52 are routed through the cavity 40 and through a
f | exi bl ecowedonsd? afdhal ¢yis sourse nade 2orndodith the inleheamsicter 130 Nbthex Tm
connector. A boot 66 anchors the flexible cord 62 to the pipe heater
16 and covemstitdi@uoavchlbly 148). The heater cord 62 can be any desired

| ength. I n sone enbodi nents, the cord 62 is |ong enough to place the
control | @0828D ( Riefmrimsndly Blimanig t6 Bignecitodn cadudction emth Riguresnizy, the Grtypehe
heater 16 to avoid heat damage to the controller 20, especially in

hi gh t enpairéd dabR 28Rph, tmalideaMmst hdk t¢; Qbipiese tA6 cSildwrunk Ralte gepnemts170872
the controllers 20 are connected to the pipe heater 16 through the

connect ofsRfled Bltth@rwith 4 Bl M t@forinl d st Taheskdl &bilkl,HetRS pdwér dable stdidn
i ndi vidual heater control configuration 14 or via a slave adapter 22

and sl aveg hﬁé&%rft&%nﬁ%a@é sééﬁk&%é% 2) hARGesh&4ivE BhBU1E7d B arélﬁan\Mda{edbe
described in rmre detai | below. 100721Before proceeding further wth

struct ur gl ydeballbapihol Al Véo‘P\Hé’étorC?%”ﬁ‘BQ §ihx RIS0%£0fc HRPIM! Lbfl Loment

heat er contro syst en1 rererence 1S nade now to |gure

conj unct I ﬁrlls t\émmtngatelzé b A chf f;é%qd (?ﬂneao ?rr\e]ds thém 2y (%rdvgdr th’?e %ﬁ?{]{?ur‘%fc]@‘ﬁl

el ectrical “conponents unc 1 ons O e sy enlan

an understandl of oth ents and ures t.
descri be&e%ein&v? 18 ‘?5{ é‘%heggu mqoﬂn# &eAﬁz’f S‘%P’gt? C\éh(?(?ﬂ?ﬂaﬁ?rs can
reference to Figures 1 _and pl ural i té/usseda%ontrol | ers 20 can be

connect ed® P (f GEARALS M?JC’FTeMsCﬁéE"E‘ﬁW% as dis ove.
[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 86, 88 in trunk
segment 70 and the power wires 90, 92 in the trunk segment 72, for carrying source power to
the controllers 20. The power wires 86, 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
connector 78. The power wires 90, 92 in the outlet trunk cable segment 72 are terminated in

pins 1, 4 in trunk outlet connector 86 and in pins 5, 6 in the common branch outlet connector
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WO 20071118156PCT/ |1 TS2007/ 066078 heaters 16 primarily, but not
exclusively, for providing controlled AC power to the heaters 16 in
order to nmaiwbawdy/ifies heaters 16 operating within certai pcdaghé®dssors
tenperature ranges. [0073] A daisy chain connected series of cable

sect i ons725Soude, poBirbmMalsoGREBLExhPBLIHRAC hbewddusply ¢h@Fipurbas)ion to
forma source power trunk line that delivers AC source power to the

cont r ol | gduslly?6bnnddi& 1© AR R HBRIS segfh bR i S We k&K I8 c@t%e@ﬂi‘v@ﬁ AR badd

off to deliver the controlled AC power to the heaters 16, as

necessar ’bfurﬁ&reﬁ%l@rﬁs hgabetsScohfediQ Ba Ht?cﬂﬁa} be SR (AGE 519% c@lroutlet

mai ntai ni ng t desi’red tenper atur es contro turn the AC
power on.gf t fAs (%etﬁf f f§§ Sotés rwe§ 351 i€ &1@%8&%}{@ ia pin rﬁ
can be a so state suc (5 in paraﬁ me

h I 305 L0 d duct
ot her cont fe%?an%ﬁ?ne% %rﬁ"%”' e gpﬁsﬁec%‘%”rbeﬁ FBre aé’%%%bo'eﬁsﬂ@p e
I bI bI troll
transf or P po%wé%’u%%m o P P R MR Bivb ResspeRe > Ui

down, but t are nmuch | arger, bul kier, and nore expensive than

swi t ch d@\ﬁ?ﬁ@é SOWEEHRYET (e S Lpft dribs Euplooiiet eqpnecter Hr fonpifermontoln
using tenperature signal feedback fromthe second (process)

t enper at #t @dgupFsEsRtesD! § thatipgy beadpisychaig cprnedied & the éunlf putle panngesorid as
bel ow. [0074] A high tenperature limt switch (also called a

hi gh- | i nlescrébgdtabeie. 300 is al so provided for shutting off the AC power
to the heater 16 in the event the tenperature of the heater 16 rises
to an undaPd | eVek ofithe demselthgb pighlevifdsy sg., ¢ire §81-ih itreiitlpt thedqpegrasni 7e is
sensor 50. Such an unsafe tenperature |evel could be due to a

mal f unct caoneoéd ditvetl proocessomding sl wite B2in thidwitlpt DOkSsghaTe sathdt e
sensor 52, or the process control circuit 296 (Figure 28), or it

coul d beplduen'b@rnﬁaﬂi?8£dﬁtﬁé fadt tEad SEmestTiisABa Sorhth 8 pdteiREah BiE RURYe
or cleaning cycle in the pipe, or any other cause. Control of the

hi gh- 1 i MirknksomtieCodnaQebr8sioTthd RRREEAHUEEn SR 88 DA K QL. th&@tﬁgnmr»ol@astd@e
tenperature sensor 50, including a latching function to Keep the

pover tufdged- ot 1RBefich Eutlf@%orgf%%r Y4118 % % fno %‘9 g g Bt ORE E&Htl%[lers

intervention, is described in nore detal
2007/ 11835 Gﬁgrc!t}lré?%%gﬁ/ &?@R?oﬁn inlet trunk segment 70, however, does connect the pin 6 in

the trunk inlet connector 82 to a pin 4 in the branch connector 78. Likewise, the other signal

wire 104 in the outlet trunk segment 72 connects pin 6 in the trunk outlet connector 86 to pin
8 in the common branch outlet connector 78. Therefore, the controllers 20 can either close or
open the signal circuit comprising the two signal wires to either maintain or interrupt a closed
circuit comprising the signal wires, for example, to cause the circuit continuity detector to
detect that the signal circuit 23 is opened and to trigger the alert/alarm 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 trunk inlet
connector 82, the unused pins 3, 7 in the common branch outlet connector 78, and the unused

pins 2, 5 in the trunk outlet connector 86 are optional and can serve the function of
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[0075] An alert/alarmfunction is also provided, which signals an
alert/alarmat the renote nonitor station 15 when any one of the
control |l ers ™M®30p7/11B6dai sy chai n connected series det ectBCT/UENONAGENTS
heater 16 which it controls is at a tenperature above or below a
desired oriniinided spgiet distanes tetwpe haghiand lovamgléage Bameetican|d &void $ledttical S
necessary to keep the pipe P (Figure 9) within a certain tenperature
range f omnoige ahieterfeahcqincielos, voltegnsgmatsthy the high heltaga@id pavier. t 0
proceed, this alert/alarmfunction 17 can notify an operator at the

renote mpoodtipr Sthalinedn-thfe teimifdyd veceHoweh@bOIUEIsRW € I1SFighe A2t LGRS 1A
heater 16 tenperature outside of that tenperature range, and/or it

can produgdea AC §6\Rbe Soved Bn @MY IsRABNrchin b 1 RE astlPnt Q1P PO YEN baisy chained
operation of; or shut down of, equipnent until the heaters 16 "are all

pr oduci n@i-APEr RhHbBSEs b of HficHAR) th 801208 ' y
per sons gl?l Iilﬁéd in theS ar?.%ﬁe ?epi c?ieonlgtg?c Ie? %mr#[)}&\elatgg?%gﬂg{h?{o}%g%g@
in Figureg,2ondsi efd ; LS : | Crae I I Qus
corrponentrs1 aOrIl1 # %nz?i iiéorﬁgrg“’g%‘g%vﬁchg%g? ggg%%ie?fg ’ gfr? al%?'?’ﬂ??tymt

det ect or i ' Lo 23, and . alert/alarm 17, can.be.in .0

| ocati on ng‘%ss.aﬁhg ?@L"'F §$ P‘%%lé T gRE S{é‘éd%rﬁ'e Etd%%m&’flat?% 8" &R M8 s 18{;’?
nmonitor station' in this description is for conveni ence onl nd_does
ot |1 m EoPRECEbi Bt S S B S reeBrrE Rt iope Blprcoiet elod 1y
t oget her ope lacation or in any unitary configuratjon or

assenbl a@%&‘e [’%‘ﬁrﬁ’?fﬂt tﬁf) P‘é‘if’é frennepfos i) téi‘tt f’ﬁ%ﬂ the Prepeieutiebipnpegtery8 of the
sonetinmes called the tenperature range signal %) a |low vol tage DC
power sufPItP! pawercaplg@o,matst withiinlst songeckardeD ofisurss -8l preikdd) gnthsw
voltage DC potential on a signal circuit 23 conprising a pair of
conduct ofentilers29. ¥sghowninsthg pehemhiéc eledug yliagtean in Fabk é3,9bis tirmirsiteds,

26, 108 to all of the controllers 26. Low voltage is generally

consi der eeireacahlstl Oexideate BOypeclotise cattie 2¢) costainewt lbdsetvtogsawer svines &4, 116
herein. Therefore high voltage is anything above 30 volts. One of the
conduct orsq atdeagt twocstandliwires 11392 XItends et wiral@hneathk paet 4 of thefinl20,
where it is connected in series to opposite termnals of a relay

swit ch 3téhnediber B tohims 22myf the cuhiet cBRidcRS 1 CHRNGHeebnilelidd SHidehas3 F10
in any of the controllers 20 can open the circuit 23, i.e., prevent

current bf oBidibiohf@iorn 10 keths Eﬁh@@! 4 6f the Whtlet cMBector 112. The terminated source
2007/ 118156PCT/ US2007/ 066078 23. Conversely, all of the rel ay

i h C [ T 0 © r. ©
swi t ches ¢l 1108 a8d dse@fo #:BGdE UrEIRE BromS h@@'ﬁo&z& SO Elli?grﬁv\?g[ %27)0%2%

for the signal circuit 23 to be closed. The term"rel ay

used her @fgﬂal%ﬁ@tllig?ﬁﬂoxﬂrfﬂe éﬂ%‘&&xﬁon@? gtgﬁé]{;)fﬁgé%l}% f’glté) %e%%sgéogx‘trto-}]lgr Mihgh

a control “signal Input can be app nd/or ¢ .
L0077] A €5 PR R B e MR P o A T P R A g
station %gcagseettgg I’Flstype 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.
[0092] In the single point control configuration 14 for zoned master and slave heaters

shown in Figures 5-8, a single controller 20 is connected via a slave adapter, for example, the

slave adapter cable 22 or a slave adapter junction box 324 described below in relation to
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whet her the signal circuit 23 is opened or closed. Upon detection
that the signal circuit is open, which can be caused by any of the
rel ay sw tchee 28011886 ng opened or by any di sconnect or roIaAKS2001/06d0es8
dai sy chain cables 25, 26, 108, the continuity detector 31 generates
a si gnal Figores32-34) terohé at mora THypaocitailed sladdcadlis R bRcintrbd gutaifkofl9,
or to any other device or function desired by the operator. In other

words, theutes Of)ab' ihhanddderanririzont dhhettets@fthahe Sigl6 36htRE etHE ArieGirst
initiate an alert or alarm or it can be used to stop equipnent in

any use, h@erWis lih the Qo RAIANS cdrPeEd RARSsiAYE LdRBNEM O ilahakhvddiBhter cable
reading this description. A variety of continuity detectors that can

per form bhiiscddietl M ﬁeﬁ Qtalst_epllrlarafe?% t@o&&f;%agé\%‘&ﬁf%%{t@ller lr\%\%@ﬁds‘go

k e
detector circuits, and the like, are rea an nown

. . . ; b
to pers O%p% 'tdrg ?e%sér@ 56}5?) (?{%&lﬁgggrﬁ g‘gts @ﬁﬁle{a}/er l? & togé%?%é&?o?%%q% rg%{st%%rea grns

skilled 1n“the art, son riptiron i
under st angdi f i,s feat.ure. .For conveni.ence ut, not for
T at opepghest 0l DERG R 155 GO RR DT i Rt the zone
"alert/alarmsignal circuit” or " erature range signal ciycuit”,
even t hotlg PHbE Fisptet it 16,86 colsS Rl e Bt Henmen ooy Aewaly bokorart
ot her purposes. [0078] The relay switch 310 ipn each controller 20 is
controll é%t fl%t%Bﬁ‘([?n"QéY?ﬂ lsc%gcgeﬁeﬂ %‘\g&fg&%s%onéreﬂfdp 8 thej cortgelier egwithew 28)
in the controller 20, which uses tenperature information fromthe
process PEdEEAny tanRsEHEGfeaibaskgo di sopiplive 20 £ Ferrenvenigseel thaehpameat ur e
at the heater 16 connected to that controller 20 is within the
desired epdioded pryvar alagecablds 24@re s designatplibesause ghayrrairy tontopeh ACT®wWer
relay switch 310, which opens the signal circuit 23. The open signal
circuit f£8mithe dutreliered thyhetstrye heaters Ad| asyopdeted td the Ttype sdur@lpogenebitses
the alert/alarmsignal. The relay WD 2007/ 118156PCT/ US2007/ 066078
swi t ch 320 deanbdiebavaysdivhrtiacalAC shuay povestolhd doattrsllat e0.rel ay, as is
wel I known to persons skilled in the art. [0079] The dai sy chain
connect i (B98P NPARKe hiastef datet 06 BRTIHe BBvE ReteEOTY idiypiRklSnstillations are usually
identical for convenience and standardization, which is how they are shown and described
herein as an example, although identical master and slave heaters is not a requirement for
every embodiment of the invention. The slave heaters are designated 16" instead of 16 just
for convenience in this description for indicating their slaved functions as distinct from the
master functions of the master heater 16. As will be explained in more detail below, the
temperature sensors 50, 52 (Figure 9) in the slave heaters 16, if they exist, are not used.
Therefore, the slave heaters 16' could be made without temperature sensors, if desired, and
still be used with this invention. However, as mentioned above, the slave heaters 16' can be
the same as the master heater 16, in which case the slaved heater cables 22, 24, 184 used for
connecting the slave heaters 16' to the controller 20 are configured in a way that isolates the

temperature sensors 50, 52 (Figure 9) in the slave heaters 16' and that does not route the

signals from those temperature sensors to the controller 20, thereby rendering the temperature

24



electrically to the AC power source 13 and to the tenperature
alert/alarmcircuit 23 at the renote nonitoring station includes at

| east one T-{pRGHPs&EE power/signal cable section 26 (" TpdydXomRskosse
power/signal cable" or "T-type source power cable" or just "T-type

sour ce cedabds 56,32 oFkRIstave ABerdl 6 EREkveDNBoperNBBlin the RFstérR HivARbE NY
| i near source power/signal cable section 108 ("linear-type

power / si gReaknbddeh MoRaddidioh Akl €' or "linear-type term nating source
power cable" or just "term nating source cable" for short) as shown

in Figur -4 ey T- r '
connect F’%g‘ﬁf ir &Qq%d%n%t?dﬁgghg:[‘ﬁéesyi agltdzs?glgflefc %?F%ﬁn %‘goe?égstlﬁ\e%q%%tfe%} 6clﬁai n
connect e ' h u n r l.an

i anal oy st St E R he SRUE Rl o8Bl gl R BB e
connect the | ast ntroller,..20 in the daisy, chain nnect e eries to
Che Ac peiteESimPBEreicsRaira s o chiy s PR iR I R P29 o
the T-ty source cahl e(s) 26, .as shown_jn Figures 1-4 and 27. The
first T Ephravares IS 1560 445 g0 %Wé&%@%HPﬁ@c%"r"ﬁ cgljes Fbinioini t or
station 156 if it is_c]Jose enough, or, .as shown in Figure 27, an

opt i onal erpiRatie oppelledsgbled 36 dTerrediy ndnchds nelirbpBm ickigwies §-8dwtwikbe
power/si gnal_extension cable" or just "source extension cable" for
short) 28esgfibegdiy mesrddahpsloWengt h, can be used to connect the first
T-type source cable 26 to the nonitor station 15, as indicated
schemat i EWPPly | HoRiyorEz The T-0080pMwlicdpleneabtes 2henlyimnuoduchesctnfity to
provi di ng AC source power to the series of daisy chain connected

cont r ol | éredheler @ild (Figuts Hignd 3B imtherstabaheaters $6'giad eledtricityi for ESwerhugdhrgh
the relay switches 310 in each of the controllers 20, as described
above, t kevelheatepel 65 Bubateoltdlblyalse @ndolldiQ0] doneeh-the/@atrsidet 208 witalids@en 108
(and optional source extension cable 25, if needed) are constructed

and conf e@geifiedowertto e Yave Beers 1167 el BRI LC tWhabthe EoHtolbOITSswileHés
also to provide a neat, tidy appearance. The structure and

confi gur @ffiﬂ%]elébltﬁ@%% €Sthbsladd ARSdrs {@QhS SQ@ prb&@ucind@eat. No temperature
2007/ 118156PCTPUS2007/ 066078 connect the AC power source an

aler ! /al QbR acleb hie Sohttibhy PRodl Y o CROLLA hBfRs 4 as desir ed.

As shown 1 n Figure , each termnating source c e 108 7is fairly
power i 126 b Bt BP0 R prdRheld il R WRE LI B0 et e

voltage wres 118, 120 ("signal. wires' for short),.extend t he way
st o ght CEHFEAGN s LT b b g e e e PO a0t it
connector 110 . to the _outlet c ector, 112. [00811Any type of

onnect PP Fia R Oe BRGETONE AP S Foe Py GpURrcabrE 4 S Fot femerase of
anot her cabl e can be used. M)l exTM connectors work well because _they
are avai PEBPE SPro PTG ARt 3704 themeastehbeabint gad Brysdls povegron agd off o
hi gh voltage and | ow voltage wire pairs in a manner that nmates with
cor r espofSPoRse tvnteressttepBerafrede vy indmpatiaheaes I9. dnterefapevlsmitehieasadon
so that they cannot be inproperly connected. Also, both the nale and
f emal e pitampesatere sthihgmipetdr bentdrtl 6iislowi, based onh settings dcihi dentradlet 30, sheor t
them In this description, for convenience and not for limtation,

t he t er metntrullet 20 wil twsech the poesi gnidlleofttivenastirned tlove loatecald, €6'emthetzbadt
recei ves AC source power and the term"outlet"” is used to designate
t he connegl 8e tdtiedcalih @netd Likékiseletted EeSeAbersiOte sese) MMBE masRERdattr €6 %
of whether those connectors or cable ends al so receive and/or deliver

| ow vol t ag® Bdsedadh Settings in the controller 20, the controller 20 will turn off the power, and all

of the master and slave heaters 16, 16' in the zone will be turned off in unison.
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100821For the linear-type term nating source cable 108, the inlet
connector 110 has at |east two power pins for the AC source power

wWres 114, 1WO 2aswhistss | east two signal circuit pi ns for tha 200786078
circuit wires 118, 120 and is configured to mate with a trunk outl et

connect 0f008%] on Elderichoieps ppotddaiao gatostrdlfer 20 heFiguie! 56tia & IPREIRFce35
at the renote nonitoring station 15, which delivers source power to

the dai syowdrakile 2OMPRITEMN R sdbrce Sble ADBoRNGMAMB & BetyfpRRostkdR@power
circuit 23 to those conponents, is also configured the sanme as the

trunk outlb@f caBRE DL EbAIthS6utsife, it Asb HRE:t RAW CRiCR W v%lgag% %ﬁél@;if% ?xb o

the inlet connector 110 of the term nating source cab cou

B Tt o LD I IEE IR BAIP Birst 3 G SY cbhe, SRRREFRO TR, L1,

situati ons where there I's on one contro

i, 2507 SRSAr SRS B0 Ll R A B

detail below, sourc _ _ _
The ont y P eereREen P eteFhfies L8 e8P Sumar ity SRS s ol

the only "Contro r ! _
nonitorin 5 so that the signal circuit 23 can be closed. A

? Sttdat i on
dai sy ch® WIS HPALEYwith a T-type source cable 26 woul d | eave the
si gnal c}r it 23 open, regardl ess of whether all of the relay
owi t ches 998 | nThe v ddapier bl PopER in Bigurerid ig pesdeas showm arFigees &8, to
render signal circuit 23 inoperative for its intended purpose as
descri betPrapdweonrapsaf trribe mastecheates hpawd torong epmofe sldve heasenil flats ng
source cable 108 al so needs at | east

explained above. The slave adapter cable 22 is comprised of two cable segments, a master

controlled power cable segment 126 and a slave controlled power cable segment 128, which
are so designated for convenience because they carry controlled (e.g., switched on and off)
power from the controller 20 as opposed to source power to the controller 20. One end 127
of the master controlled power cable segment 126 is terminated at an inlet connector 130,
which, like the inlet connector 64 on the heater cord 62 (Figures 1-9), has at least six pins to
handle at least two high voltage power wires to conduct AC controlled power to the heating
element 32, and two pairs of signal wires for the two temperature sensors 50, 52 (Figure 9) in
the 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
individual local 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
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two power pins for the source power wires 114, 116 and at | east two
pins for the signal circuit wires 118, 120, and it is configured to

mate W th thgolpd-akisigonnectar 140 of the controller 20. THea/isRdBloss07s
connector 140 of the controller 20 has a different configuration than

the i nl edonfi@R@G 10f Br 8ZonelcbthpPibink Rfistbr AdARGvE QLGS TROVBS: A8 1296 the
term nating source connectors 108, respectively, so the outl et

connect Qhaslet 2offolfch ?o@v@ﬁ dBLRAL LGNS 08 {sGEmERRL Eat A @8mAH o8 QuilaohecRe 132,
different than the tfrunk outlet connectors 86 of the T-type source

cabl es apg disfhek %_dgﬁlté% e PS)& 1 ??%Jreagr £ANGHL HntrdRero (F{é%{e{slg,”?,%%é%l) )

nmonitoring statio ent configuration fo e

. f || 0 LG E F; i f
connect L& 19-&%)‘ ngart]ee &vg\%t}geggieé (gonagé’/@rréglcoafl 6}?&: KLY %oqg g2 Va{wﬁ gg%lg,tﬁr&gge,% e

orderly use 0 e sectron’per ¢

which is _easy.for users. rs t he inlet,connector. 14 t he
Cont rol 1O EOnP TR A Pire T ARy e cotiPUE 25H R Aotk 36 cbilt
connectors 82, 110, if sired. [0085] The T-type saqurce cabl 26 are
used foﬁ“é%ﬁﬁékWFﬁ%mﬁﬁgg ?W%?n%ﬁgm Hﬁ&F&ﬁﬁPﬁ@%ﬁgpé'c ﬁ?ﬁ@V?@%@‘ZO to
the source power circuit 33 and the signal circuit 23 at the renote
noni t or | FEMERtALE oh thesslave adapisi? sariging e kigh peltage TovspEres dorros ceiap the
26 has a trunk section 83 extending between the inlet connector 82
and t he davigirateigtibebutdbinre apravg e kavd varep foi theicoprraivenseB®resd 8 Adis gl
fromthe trunk section 83 to the branch outlet connector 78. As best
seen i n W goleed 9 moteedetailirdovp oGee endi 1369f theshape rabdasegmeptoldBris termiagted
86, 88 of the inlet trunk WO 2007/118156PCT/ 11S2007/ 066078 segnent
70 and tinehgpanenondutiescdBect&2] 3afant ke cdhur kst 138 is kmegpdent sld2e @xleend
uni nterrupted between the trunk inlet connector 82 and the trunk
out | et canpetsrar486. The branch power wires 89,91 are connected
electrically in parallel to the trunk power wires 87, 88 and to the

branch cpoogCct ORs dfbvalinttheéchemb@dcitdaR di@nid lIFigire 29for $heGPVBQEARE chifle
the branch section 85, the power circuit conprising the power

conduct 058 1P meRBnbd a8, EOMaEE dable seindk €24 RasRAfedthhd pob&GHikdsqah y
with the trunk power wires 87, 88 and with the power circuits

conpri si g mﬁ;hraeﬁﬁgas ﬁggﬁ,tsl%m infe? Qonrddér 130 b ﬁlsqt?gftgga' cGIREDr

connect ed ¢ontrol n the T-type source cab shown in

Fi gures , N [ J 1.5.Di

conneot of 281 Pieiif MERRSAEFNCE A b KERYE henls ATREES kb D18

el i m nat by joining-wres 87,.,88 and 192 toget her_.at or.adj acent
The i mtraents 12l OF Welrfhid i &kl R Bl (TSR BindbaBisdER)
persons skilled.in t t. .[0086] The signal_wres 98, 102 in the

o ot ¢ BkbaEgimetie 196 CI0ng horant R Ak BBghant 4y Br S ireE it pisy
together to extend electrically uninterrupted through the trunk 83, of
T-type sGHPeBEasnecr g0+ dFiaure); iprscticdniebesrasigphiater lfdo thgsingte point
connector 86, electrically bypassing the branch segment 85 and the
branch osantetlercdr{Hizetes -8 Thypendherpadi I¢Ral SOorrest nip4, S1g4nleifonpgeeor
signal wire pairs in the T-type source cable 26, however, detour from
t he trunk3G&Gtegiisch 888 theeudsitenaectdirldUghnd theethsr sigedl vaeqtairdid2 S5 4tconnect
respective separate pins in the branch outlet connector 78.

Ther ef or gins den théaldy camebtooldd etpisdn Aec the buflfd comecton e tibavdver, bhre
controller 20, the signal circuit 23 extends in series through the
rel ay sweipgtdinedildbol/d) thd@neomdr20lih efe sg@le poirt Rortidl torFlgarationt 4 oFigpaess-8D
dai sy chain connected in this manner, all of the relay swtches 310

of all tBh&s eapeflrb 8FSmMABoALElyTRIMBEC hedtel Reakl 6,8t frBmandsiv Hehirs 16'.
extended signal circuit 23, so all of the relay switches 310 in al

of the cepiLRld %%1&%@ cRY Se dnnP B LI BEGaeRaE 8pick 92 %G 0RnEHI AR F S onal

signal circuit , as explai ned above. The branch outl et connecfor 72

s confi guredt o DRESHN &R baSidetbRlor 8O RRRGH Rge A6 R HALERN kET
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WO 2007/ 118156PCT/ US2007/ 066078 dai sy chai n connected together to
deliver source power to any nunber of controllers 20, while

mai nt ai ni Ng wenhdNAYsky in the signal circuit 23, as expl gciagk@PRN87s
[ 0087] As al so nmentioned above, the extension source cable 25 shown in

Figure 24 tﬁ@ﬂa@caﬁfe@g%‘ggg 128 c@HMnd @3%@1 Wﬁg@;goéx;eg r‘;féﬁ? E%ﬁ s &,Ql@ lsﬁicﬁ;émsi}‘x

chai n conponents 26, to the source powe e 'signa

ciroult 2guRll AR 6y HRHALAE B{%galéwé?etgii(r?@ﬁ LRye Fibfe ROUEL: 196/ Re BRHE A%

95 and t si gha e pair e y uninterrupted

fromthe_jnl tor. 101, igh.is canfigured.t te with the
out et camEinFORSE Rl N ol FR i R b R0L e TBNBpehon] s
outlet conngctor .103,. which is configured to nma ith the inlet
connect of” lséffcl;”flﬂ’ew o Wléessffbei?f‘ C%Q&balsé?a?%h%?ﬁ?fs \i\? t \#lscoh%‘n"rerﬂ‘%r{e does not
connector 110 of the term nating soyrce cable 108. [0088] Referring
now pri nEPIYL %Wr-sw@awrason%ﬁ LORjCEHE E5e81Tn i 45N RioY iyt cgnneciyr 13hean be
T-type saqurce cable 26 can, but does not have to, conprise two coil ed
trunk caBmeles#ihdee ping thapghe eppnedierd 13@dé2 hatsowihtsismallpragvd etpnpestard dfn
a neat, T-shaped, coil ed, source power cable section 26. Both of the
trunk cabwitleitsdigiveent eonfiguration prgventy mispen ¢anaeasiod of 7 sour@Eoaweatatde 26 or a
termnated in the common branch cabl e connector 78. The other end 80
of the itlminated smikcegainer cabdg o thkGsldve atantericatdt 82 which ¢vald mhdtertemtyl e
connector 82, and the other end 84 of the outlet trunk cabl e segnent
72 i s tecomeatledemperttor seudores0, 52 ufkorahasgiceat86L6 tAre ssnylé pdihte cabl e
connectors can be used, for exanple. Ml exTm connectors, as discussed

above. [ &88]1&ri20uUIE cddrsé, $hedsnSliBE Abterént§ichSfitiukedtoafkkctn 194 alsh eeqhirbye
source cable 26. Each trunk
smaller mating connector 172, 190 on subsequent slave heater cables 24, 184, which will be
discussed in more detail below. Those smaller connectors 172, 190 also prevent those slave
cable sections 24, 184, which do not have signal wires, from being inadvertently connected
into the power/signal trunk line, which does have signal wires, as described above.
[00100] Asshown 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.
[00101] 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

comprises two trunk segments 16.0, 162, preferably, but not necessarily, coiled and banded

together with a band 164 to create and maintain a neat structure. Since this T-type controlled
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segnent 70, 72 contains at |east two power wires, e.g., the power
wires 86, 88 in trunk segnent 70 and the power wires 90, 92 in the
trunk segnmenwo/a¢7/fiersscarryi ng source power to the contr addBURIZM66078
The power wires 86, 88 in the inlet trunk cable segnment 70 are

t er m nat pavdrraliie 84 odly plovideshighnlolthgd @htreltsdpRaicdlo tB2slanthehtRrsPionFidures?
in the common branch outlet connector 78. The power wires 90, 92 in

the out| et8) by disdussea abeves B@EEAEt ahd sédoBd bIRTAN tAAk 8Earhdhtd1 605142 cdhtdidthigh
trunk outlet connector 86 and in pins 5 6 in the conmon branch

outl et CONRGEbRer Wilds 366 s Lkt («MM@%@W&&%@ SY ral W, oo Grich

froma source, for exanple, the AC power supply 1 I gure 27),

Eiﬁﬁ'e'ctyofﬁ@%‘%% iR s el 986@4%@62%%%%%%%?9%5&‘?& e
control | Bl o}{fr@lletd %w(épmncapleg%? B Oge:ltl n%toll&? oleq%%‘%% tOfg‘legltsere?ns't:elz %%.-e;

1-8), so source ris su e con ers

in the connn con nect er,, ass..cqnne ns, 94, 96 are
pr ovi ded L BodBR QR e&éﬁwﬁ% i besd B3R BS Rl wpeetn” 5o
in the outlet bl e se ment 2 |n der to supply source power
Lo the orbac sb Mt e SR ke 0 mbr TRt 45e FiB T hkise 6 nstead OF &S

controllers 20 and p| e heaters 16 that may be dals%‘chaln connect ed
to the t?ﬂﬁﬁﬁr AT &t fé Pprﬁéraeébe %@%@H%@emes@a 78 pbie T-tyDOSOOREVSE t he
| ow vol ta nal wires, e.qg., wire 98, in the inlet trunk segnent
70 is co Lfc?t sgribed @bovg is @0 1gé‘i?ﬁrd€f§@(§®ﬁ§ﬁ0mgth§b@ﬁ§1 ouffiet eonnegor 1y Otoffghe
outlet trunk segnent 72 so that pin 3 in connector 82 of the inlet

t runk sedgrigrstcon@olied patvenslemable 280t thetekahplpicmhogiinent3ieseribieth ebavepthi T-
outl et connector 86 of the outlet trunk segnent 72. However, those

si gnal wypeso®&; poP cibje Pa ydhidhhibebharsipnelutitest canosirbecbmiec#8 to the hedtery
do not get connected to the controllers 20. The other signal wire 100
in inletoodo2ik Swgerdbdf A0h triviivegmient IG0LTH20T T typk RentilRd Gower ddie '
trunk inlet connector 82 to a pin 4 in the branch connector 78.

Li kewi secabid 1Bt i9tdiRinatddd alcominos biddéh bitlck Behnestbd Bfo, hddunk oﬁ%@i‘?@éﬁd of¢he
connects pin 6 in the trunk outlet connector 86 to pin 8'in the

common bARehnPsghRht LN &EhatedSn 2 TNGIISEPERin &Jh%e&mtm%ﬂ@% e@oﬁ?@n
either close or open the signal circuit conprising the two SI

Wires togg mﬁgslmo@h@etﬂmﬂe %ﬁsyg&%e ik QS8 1GhE 6 SGOIRY i the

Si gnal wres, for exarrp e, tO cause t circult continul ty tector

to det eCEorﬁa@&Er ’ﬂe T%!e gﬁ% 1n?ét il Eha%?c&nﬁacgtﬁglﬁﬁ ?%?O?‘ﬁﬁ'grgd Eor %gt)g %Iltht Fehslave

Memlmamnattherem)ermm oring s
event thgu

roll er et eat r 92r to
ot her f unctf??)gr‘]lsy %{lsmnrr%’n ?Cg eg(Zi %%épvﬁ'ﬁ‘gaplfﬁ %’Z%E%% AErSs 5 ‘ﬁgﬁhﬁ?r unk
inlet co ct he nused in n the comon branc outlet
connect o %3 %rﬁhga 150 %‘E(ﬁmﬂﬂeﬁ@r 374 15 C?‘?fjgqu?él tﬁ‘? YHHIE 35 9 sy CBHRQELSr
86 are optional_ and can serve the function of WO
2007/ 1185%Beetey 134 @ye,sé@g@#@ater cable 22 so that any T-type controlled power cable 24 can

be connected either to the slave adapter cable 22 or to another T-type controlled power cable
24,

[00103] The common slaved heater outlet connector 170 is configured to mate with the
inlet connector 64 of the heater cord 62 so that it can deliver high voltage power to the slave
heaters 16' (Figures 5-8). Therefore, even though the T-type controlled power cable section

24 does not have to have any signal wires, the common slave branch outlet connector 170 is
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mai ntai ning a spatial distance between high and | ow vol tage
connections to avoid electrical noise or interference in the | ow

vol t age si gngb2ody1818€ hi gh vol t age AC power. (0091] The |dgra@ned weors
term nated source power cable 106 shown in Figure 12 is used to

connect AEsEMIERE gRAUBT asthélobithe c&ingttad 1 12 Irend davéddiptert ABle@%hd as the
controller 20 in a daisy chained plurality of controllers 20 or

opt i onal fifiet QnBed&t 18260 MelcBhtr&iler 20sd ﬂlaﬁt Deah 8 wik et E@ﬁe&%mtﬂe
one controller 20, as nentioned above It conprises one cable 108,

refera t i t-<S re.
Pt orater B R3hoVHEAARR06 1 Yo Figh VBlhes QofRAIRY BbBeAyREA e sl

with the %Jeqﬁ‘llét t?&ﬁkl g%m%rﬁﬁ@& ((\fér?nr <t:t§ flnstlh§ ¥ﬂ%%§ SeOH)r ?%(to‘%i?clhgm%? Sa oq‘d

at the other end Wit e ou nect’or ranch
out | et cennect or 78 .of he contr with the

Tl et colmagnnpn byl e th. B St ety 8 FOHEPE S0 As
shown in the schematic _circuit diagr thi s tenninated
source cHBPEUPBBO s 59%@“%“#%@!]&9 &gﬁg%gg]a‘%ad%@ﬁ?@f G- gk eIhé@st
two power wires 114, 116 and at |east two signal wres 118, 120. The
power wi YR@EEPRHE Mtites 40, di7R &f the lwefdfur%%@gmemt 2@0 FBse cowIected tp the highns
2, 1 of the outlet connector 112, and the signal wres connect pins
3,6 of tYitepnpeYeratiendse.ds2 of thewwtletimnlssemneat 162 igfordendo pravidehigh voltage
connector 112. The term nated source cables 106 are used to provide
sour ce peewsr af thepinad, At howetlet sloue daisyldainRioguactor 274, Amshawmeindigymal 7,
circuit 23 fromthe renote nonitor station 15 (Figure 27) to the | ast
cont r ol | éere2fe numeaowsemuss! pods B hsd/6-6 iathe beaah evt et domeoibr b1d, Buisha2ihg no

i nstead of using a T-type source cable 26, because the T-type source
cabl es 2&gail wikkeceanedctef toahelgins y, Tirdi4) 8 Wit theRupeiatige §anbors 5QFAlin the
W res unconnected, thus always an open circuit voltage situation that

woul d pr@)éeﬂéat@ﬂefaihﬁlp%i/e@tfs theRefbRMRRE b Bl 816 cehtRlef 20, arHhShakeathe
function, which will be described in nore detail bel ow. [0092] In the

single ppéa{&ﬁggagﬁggagg@fﬂe%fp@_l on 14 for zoned master and sl ave
heaters shown in Figures 5-8, a single controller 20 is connected via

a slave FB@@M er it shQld § %@Léﬁ’t frt)ﬁﬂecgé gﬁ\éﬁaﬁa@me?{for%a@!aﬁhg;m%e%eﬁl AY Be

adapt er jUI’ICtI on box 324 ‘descri ation

2007111 8%’%@ Pge[ Méﬁzgg%é&ﬁ%gﬁf cfrftr%ﬂ CF I?efa?e%s ?6161’11 agl(?ncﬁﬁguzg rl(?.| e%.ter cﬁ%r%? 1 6

control l ave ¢ 0 con urali

f t t h t.h t
e s DB (B o FRNE R PR Snall dllnirafieP b oG R 5 o G 15
coct or naaAFaRLH e ﬁ@o‘&g@gﬁ'@L %L%s%%rw PR B e S 1 Breiet

tenperature se sors ﬁ ure 9) that first heater 16 to

cont r ol B]oetltﬁertt T FreQrO %éléft}éﬁatei@ éfh‘BalfeHB‘Sﬁ@%‘ftloéforf%’@‘%?%‘?ﬁéthﬁéeat ers
16" in the zone., The rest of the heaters 16' in the zone, other than
t he nmast BICHat dhe desired funciien ofdhe b?@éﬁrsll%ﬂ}éldh@b‘t@ﬂgoque@aﬁéfemt%W —is
sinply heat or not heat as the AC power is switched on and off, i.e.,
cont r ol | Eeplemhgntedimershritradbpeng REithen {0 wonnsetthe bi¢atey dimgtlytte rmentaﬂlgr 20
feedback to the controller 20. For convenience, the T-type controlled
power sl &ven d;railb\tiéngllgaﬂ;oar(dleddledasli@ﬁatoemebemahmrtmegntmﬁmrgo deatlaod | ed
AC power fromthe controller 20 to the slave heaters 16', as opposed
to the Tadappe SO tevepdiyer @blel2esfo? 6 niisisclidatee d6;ad Qi¢ contattahe Beaater Yo AC
source power to the controllers 20.

controller 20 via a slaved heater controlled power cable section 24 for a slave heater 16'.

[00105] The selection of a heater to function as a slave heater 16' can also be made for the

last slave heater 16' in a zone of heaters in a single point heater control configuration by using
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[00931The master heater 16 and the slave heaters 16" in typical
installations are usually identical for conveni ence and

st andar di zatyw@ooMis8h 1S how they are shown and descri bagheh6i7R65s
an exanpl e, although identical master and sl ave heaters is not a

requi r emefbmingied QUBFile8 PHRE JABIRL 88 wilieis bBY 8Bdnl iR Bigut B #itAUEsdABRLES S
are designated 16' instead of 16 just for convenience in this

descr | pt bRl ek Figkkn. Eiehfialf) AYSUmitnGlogRstADotleSLablitals OM
the master functions of the naste eater 16. As wil'l be explained in
nor e det gj ' i Nt

ol ave heaperdBiiite L & BIRRELHIARONTSR 0Py Tatet KU ik Bl 05
heat ers ' coul d, b e.w thout .tepperature.se I i.f. desired,
ond ot 1 fa® B dt iy R md! O e GRS B0t S8 T80 i s a0
the slave heaters 16 can be the me.as the master heater 16, |n

wht ch oot s S oot Qaneciis) 22 THBE TAHD CBHO USRS e fhg
the slave heaters 16' to.the contraller 20 are configured in a way
that i soP#tebeomppgor Biskatat e saaerradigaraton asshe pytlegcormedyr 179 af the Lhge
heaters 16' and that does not route the signals fromthose )

t enper at tAnEoBehrYes citde 2heThokeh Boltage Power Wikrsrl8by! 38 saenect thg pinRé, 3 in
tenperature WO 2007/ 118156PCT/ US2007/ 066078 sensors 50, 52 of the

sl ave hetieenlst cognectrfl8eta the pinsil ndjpethavutiet commetthrel 9y dn vse, thesuthét! | be
described in nore detail below [0094]As indicated in Figures 5 and
8, t her ecaapcttyel 98ny camnadied todhe sillevenneetat & on thé hedter (Fiperegd) pwihicingpakes it
zone controlled by the one controller 20. Subsequent slave heaters
16" in thelazoivates &6 betaupd theleareansiged edres comeded ®ythehias i T@adEes of 0
the last T-type controlled slave cable 24 shown in Figures 1 and 4 by

addi t i onadtitdt-dopetcs 092, valitiedolalea iR t&Rftr A6re2dns8RG0251 RIMHR Rtdr (Kgure 9),
controlled cable 184 (Figure 18), which is not shown in Figures 5-8

but wi || a8 pi@salbbRd The B @ni&tRi1bo B&l %onh Q8A2) R SHBIBLAZS: 1306F

T-type controll ed slave cables 24 only conduct electricity to
the slave adapter cable 22 (Figures 5-8 and 14), if there is only one slave heater 16', or to a

connector 174 of the T-type controlled power cable 24, if the heater 16’ is the last in a series
of more than one slave heater 16'.

[00106] The controller 20 is modular so that it can be used in a simpler arrangement with
factory-preset parameters or so that it can be expanded, if desired, to accommodate more user
interface and settable parameter options. As best seen in Figures 20-23, the controller 20 has
a base module 200, which includes circuit components that are necessary for the basic
functions of the controller 20 with factory-preset parameters, including, but not limited to: (i)
Monitoring the temperature sensors 50, 52 in the heater 16 (Figure 9); (ii) 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-
temperature event according to a factory-preset upper temperature limit; (iv) Initiating an

alarm signal to a remote monitoring station if the high voltage power is disconnected due to a
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the heater coils (Figures 9 and 32) in the slave heaters 16'. The
electricity for powering the slave heaters 16' is controlled by the
controller 2®o0»@/mées the controller 20 swi tches on el egigi/gs2p0wedo7s
to the slave heaters 16', they produce heat. Wien the controller 20

SWi t cheshigh-tenigegaterk @odnt; dFoOMBisplfing kel anmas MAREBES e 16 low tehP¥rafikr&P
produci ng heat. No tenperature information is derived by the

cont r ol | igigh 2hpefdatre ahYardk, ﬁi?@v&la@b‘ ?mb@raé e hedibr(s) oh P 9] Jﬁ%gﬁﬁﬁ%ehe

heater 16 al so procfuces heat when the controller 20 swtches on

el ectri CoRIscoBbled lush AR PeAPHGAGRRAL When the controller 20
switches off the electric power. However, the controller 20 al so

recei Ves[é)ban eg%i&'ilﬁgné-l Qi 2 lfet}f 51}](1]; L{é?ﬁh& LAY i{ijtf?eﬁ;&?% gg r%—s%‘gablg 2

(Figure in the na er an ower on and
off inr sensed tenperature level s .in the master heater 16.
Ther ef orﬁa?ﬁgvﬁ%g’ct aecogérﬁl@é%?ELPré P AT TP RGTHS %%haﬁ%fgl?eé’rc Vﬁsélﬁlte‘%f‘p@% is

| ow, based .on.settings in.the.controller 2 the controller, 20 w ||
turn on ?aﬁ%blﬁ%?/?e?’n,d Ogﬁ?fs a be@%d?(ﬁ tl{‘&‘?ﬁ’@?“"é% by ptiRrhingan expasipg m L in
the zone will Qe turned_on in unison. Likew se, when the tenperature
sensed | %(ﬂtﬁ éheﬁ’é’é‘? ’@Pd‘ﬁé é’t&é @S frpWishyfiges Yo 2o et asiin gigures 2 fed, and
controller_20, the controller 20 will turn off the power, and all of
t he mast br Thefragplagrisinnenraduis202sbown i Kigrey Bnandg2| inclides migiraetinef f
in unison. WO 20071118156PCT1U52007/ 066078 [ 0097] El ectric power is
provi dedshowntimBigeesa 2t ond 82) th@ preveseguscringuty edhes fom ippes sothecepgnsioer
cable 26. The T-type source cable 26 |ooks simlar to the T-type

cont r ol | mddpeodRy itslfav &ovabieemtdcdtion matthecanrhsiicktion borhpértenalos othaas  at
| east a pair of |low voltage signal wires in addition to the pair of
hi gh vol ¢caeurpicatiens inpl@sentai®nsl esaplaied baloay & alsshbamidabs withi tpess
control |l ed power slave cables 24 have the pair of high voltage power
Wi res f otonpoleid] MGoink@nibeadinthtseBIBIRh Senhperdnlle lislivosatrbiemlens29k620dut
not the signal circuit wires for the alert/alarmcircuit described

above. [@9984 I9)en Bled¥ise AJANE 200 GARMWE sei2reSROMWA nhdhitht Siieor bt fluftisest
as shown in Figures 5-8, to

the base module 200 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 Figure
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, depending on what they want or need for their particular heater control systems.

Also, wireless communication components, such as infrared, RF, or other wireless
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connect a controller 20 to the nmaster heater 16 and to one or nore
sl ave heaters 16', as expl ai ned above. The sl ave adapter cable 22 is

conpri sed ofywhway$aglse segnents, a master controlled powaice@Rb®@ 066078
segnent 126 and a slave controll ed power cable segnent 128, which are

so desi g thitMonS RHPGRRAGSs Q@F&H&%nérﬁeﬁbr aﬁﬁrﬁr lgﬁ@ﬁtﬁt%r{s?got(sﬁoxgn)’can
switched on and off) "power fromthe control % as opposed

contr ol F%é@%%ﬁm%r‘l@g% R e %t%?négﬁ s/ TR} sidled n

ggn?le:f;(lj{hg id?fg TB%\Q%OﬁJ‘ the coﬁﬁm}m{ﬁtlo& )p%’i‘tls %12&1 %o?r(f to% d? %‘f’g{] 1%[1 egs({%ae“%;[/\gsr zﬁgng

vol t age 0.con ucg AC .cgntroll ed power to the heating

el enent mp ersr’JIiO uéﬂvresc’r F‘lér?ggﬁmo P8 for the two tenperature

sensors ure ., in the master heat, 16 (Figures

sone enbﬁ’gi"?ﬁé gr Ee ’H’én%? 811111‘6\/425%%“38]&‘?? VoE 9@ T\‘?(S]Pet%?@% oflHP Pgo ?%beér her

enbodi nents at. | east one of the pairs of signal wires may al

hi gh vol 248 &! FigeiseAbireoly frelvaigengs p%%%ﬁg (Celt-Linge d s évgs@é;%d?%%%

the high-limt control, as will be described in nore detail bel ow

Ther ef or Brotradiag framehe basknise23 of B cxpansipe moRle 2A2with emlurglity ca ¢ ohreas

the inlet connector 64, which provides the option of connecting a

heat er comtbsgdiigros otakipg tatchtHodes @28,0130, 238rin detfomt g2l 288 dflies woatodhlk er

20, as is shown in Figures 1-4 for the individual |ocal heater

control 2ehdndguamait imnpla. Iocandfe removedgist agout heeahidab esimpbr ghllaiy the a

fﬁntrpllgr 20.v;§ a ;Iare 3@;555%@22’ as is ;88$?0%20§égure?.5-8 Ipr
e si ngkapdominodgaldDipart SerBddmbPAONE configuration

14 for a zone conprising nmaster and sl ave heaters. The other end 129

of the npmiey] Cant tieduitdaiiOnele Kad8dhBd 8 IR a sbE2SF dlctricioniab@! Bfle:dinple,
common outl et connector 132, which is configured |ike the out | et

connect orhelpéaop&nra% z@@rﬁrra% bfkr KBKIELRYTESpacle, a’nd%(i')iurgﬂ%Z 0, M@ it

can mate with the inlet connector 64 of the heater cord

agai n, LEE‘S Q@(’? 2@%43%\/&9& ?rﬁ g ﬂ'%%% éﬁ"gletf;&ﬁt éﬁ@tﬁ@ :J% o%eé;?o%hin%lf O a

controller 20 f'or n dua control or to t

et ekl S5, HORNL oL SOOI B bl LS

e
i . On 136

Pl g R, L S 20O 0, 30 s b LU0 5B

other end 138 is termnated in a slave outlet connector 134. [0099] As
shown i nTHheondachwithmading pleetiral cantagh amitiesonteq pr&23itornle theyplug fegertacle
adapter cable 22, and as nentioned above, the master cabl e segnent
126 has ot pleeargy) in fie bprswrqduld 208n euler toxgBnecyihb expase pmBetulp 22 elECtﬂEa“df
the inlet connector 130 to pins I, 5 of the outlet connector 132 for
provi di ntp the gasevmdu@g?é)%@qgcimpowa anthéo dvemmericatd datee milso, 3ikere aretahe
master heater 16 (Figures 1-4 and 9). The naster cable segnment 126

al so haspimwitpaig,shiet, tsingreadnt ot at émst teanglucenabdsksessir waae puidés 2607 2R, 1348,
150 and a second pair of wires 152, 154, for connecting the two

t enper at wodnse RSHE Sir&fd boarl ih fheddxhensPon, mEREECLthat @teyalighdtl # 1l antBSdt e
heater 16 to the single point controller 20 (Figures 5-8). The signal

Wi re pai frodf8e dibpldy GRIHRRCH 6P218S27D orBth® frohtTh @206 Q@ﬁ%&h@é ouk 3 Balk PATRE
4, 8 of the outlet connector 132, and the other signal wire pair 152,

154 connegs toWaH?th@bas% rﬁd?que*%O' 'T‘h@ste g?%ﬁ%&ﬁ%ﬁ%ﬁse?ﬂ) 59 Dish %h% H% ItHIR

outl et connector 132. However, ove, the co er 20

in the sbagle,point h%%@gerrg{)du(ﬂ? m%gr 38, 48 ol fh%gl?le %geshgpr%eghe

tamaaUHé|MOHm|onon
slave healers a8 e RS RIS he'dses 5?0‘{‘352‘%?!1 A LN 5
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so the sl ave cabl e segnent 128 contains two high voltage power wres
156, 158, as shown in Figure 11. Also, by not having signal wires in

the slave caRbeosagent 128, use of the slave cabl e adapbperR2007/066078
automatically isolates the tenperature sensors 50, 52 of subsequent

heat ers j4n, pqdahsy, BAGHE, trdinG lighPRGS DS 10CI 4209488, Rl @igﬁa@ﬁ%ﬁfss

16'. Also, since there does not have to be any signal wres 1n the

sl ave caplge,r sL99EM hi48nt BE @YUt et connector 134 can be sinpler with
f ewer pins’tﬁgn tﬁ% conﬁectors'lso, 132. Al'so, this smaller outlet

connect oftrif bl bl £68A 905 s BBLIGUAL! Bl BSOS BT SLAE 00

connect i urce e ora‘termn

cable 10 ot sl ave. a ter.cable 22 ich could.inadvertently
connect (?%%eccivg{:%g r%?‘i??”éieggﬁsg%]? gﬁ%ﬁl,ac%(ﬁl B¢ ?‘Fﬁfr&’dllﬁétnglhglaﬁee‘a{t ¥ 16 to
t he single point ﬁgﬂi ol ler 20. I course, the smaller, differently
conf T gur SHYEHTBEHS 200385 BEELe} incfiee s odn ersr 1oaroveat usbendifhiet Fom
172, 190 on, subsequent sl ave heater cables 24, 184, which will be

di scussed§rineis esgmedile 288 fheeh thioysniaga - e Fhadiheweioreo hep Jatch dugs

al so prevent those slave cable sections 24, 184, which do not have
si gnal witidar to thogerpibBie wgpansian weaduler?OR yhat eligveritteand; snawintide latch holes
power/signal trunk |ine, which does have signal wres, as described
above. [DB12%), 22&todebhe dnst EperuRé8 fpladetve thd lgpse motitla§eo. pbiwedustiavers
156, 158 of the slave adapter cable 22 connect pins 1, 5 of the
connect ot hB3threc®Bseh 60,1762 (A odsindilar 3o ik bbdyes 20X D&Y, 264 onesHoster, i34 so

t hat hi gh voltage source power provided fromthe controller 20

( Fi gur esexber8)fronhthe fight dfiike dust edvec DIBIQRIAE hdl3044 ® thd BBDPLAY RdBG4l g0 t he
outl et connector 132 for the master heater 16 and to the outlet

connect othatlBéy ttREmitMighSt@H e TERIDEH Shelont o \BBId0st b B dMSusdisayisn t he
connectors 130, 132 are unused and provi de space between the high

vol tage @OINGCt DPBSuraNfhotd\ el aNatD &%9@&%{5 nbE’irpbevid%d%oé dinbGe
outl et connector 134 are not used. [00101 he T-type controlled
povwer slave.g& ol 1.0 H.gu ' - [

O roui t Basram It dibiSy BERL dRaSh o fisbhad T ke TRIS S oSPRE e 218
cable 2 0 ' : . pre « 40Ut Not
meceasar g Sip bR S0 SRR e b s RSB G 20 ot B
mai ntain_a t. structure. .Since, thi -type controlled WO
2007111si%y%’ig%%/l&E‘@féﬁ‘?ﬁt’ﬁﬁ€8@?§‘“EB§A%6FCI§“§§P8%%F%V2W £ = BMRI&<thi gh

vol tage contr.oll ed power to the slave heaters 16" (Figures 5-8) as

i scussedBHAVET (ES e sonelel g SeBES G0kl et oeiner SEigReTCE 480
162 contai n high vpltaaf ower wres 166, 168, but they do not have
to cont afSCARSE V&R0 Wit e sensgd terwpTatuss, org- itpms thy MEqcess teraRerptyre SeRsor
T-type control | ed power slave cable 24, the selection and use of

t hese T-$3 petoe Beitar 699 @id, sawer Rajiggvamodalsliedicaparthe ¢engperaters of thelheeter ia@
power to a heater, instead of connecting a controller 20 directly to
t he heat e preseitdesiredioperaliyg taged, andan {Pugputé mode, athicheshewn dat the Sontrdid of

t he heater, thus nakes the heater function as a slave heater 16

i nst ead Af pawenmsheleatee &t termed 6n, 1Al, eing sutpaetottiechebteanch out | et
connector 78 of the T-type source power cable 26 described above is
confi gur @d11d]f f gk arhtiddedribs Vg thereapuision widdele 202 BRLEL é@hip}gz&)oxgérogﬂa@med
T-type controll ed power slave cable 24 in the exanpl e enbodi nent

descri beg@ aPQ¥Emolee fkndr WP e FRNHEHRS, BABTIHER BhBordBatueh HERrisRER SRV €

signal wires, cannot be connected to the heater. [00102] One end of

each tr upk,SeHRRbanlA moHbies 962 L& e ndddRAHGRNE bR bl o PAVR fusdiBNE

cable 24 is termnhated In a common bran@ﬁ outl et connector 170, 'and

t he Oppoédgéﬁli é'édarfaf/ortfga%mjemhgﬁ 9%@%fx§%ﬁﬁ§9&uﬁs§%2 i ﬁ.lstoe%xmo@eﬁeg(péq%g)\%e

inlet dal chain connect of \ he opposite eh \
outl et L yRleSRATENbe H3%ed foh ShELARLEH 20 hab s QHbhGE 230 B! SV
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WO 2007/ 118156PCT/ U52007/ 066078 t he same configuration as the outl et
connector 132 of the slave adapter cable 22 and as the outl et
connector 14%o0motheissontroller 20 so that it can mate w pdr/tisworsbes
connector 64 of the heater 16'. As shown in Figure 17, the high

vol t age ewlitrrredet patarperemiin thierfest chitbollet @1 then tohdedd @MeorirddbSfardnidtdik in the
segnent 160 connects the pins 1, 3 of inlet connector 172 to the pins

1,5 of tbeosdadnt aby afaherofbd@lio0PRe elddtled 260, Trébrel ¥ dbRd SAHRIAS
t he hi gh voltage power connections to pins 1, 5 in the outlet

connect ObxphddoPiolh6 263 aitSealaPtEonR R Be Bke midaG1L 0N iVAkhage pover
wires 176, 178 of the inlet trunk segnent 160 are al so connected to

the hi ghjoogksjag Q’OFPIQWOI#I‘;\E/ g?x%u]o{flgr 20-881 Rocld ev%g}l% gi&li§ ﬁ@ﬂ@g??«%ﬁ@%&hﬁ%ﬁ

in order to provide hig age power at t

I daj i A . . h in.Fi. 17. the
mumer ous anyaen o8 & EREEGHE Koot enBRE MY Wkl PPan Gisisiner 170

ou ot R IR RSP AS B R B R Mo
ts t f . bei ted to t troller 20, which Kk
i N

apparent_ fromthis description, therefore, that the sane heaters can
be used HEckst Pi@%s a(H? rajity i Gadinlly) eripnding epts 2 & v iiehare sized @ siip thipugh

i ndi vidual |ocal heater control configuration; (ii) a master heater
16 in a SieHes @dishy prtending dets 208 beteencahiddenfuseetor plates 330 inithe Jocket 2 ave
heater 16' in a single point control configuration. No nodification
or chang@h@SWﬁ@@@@éomﬁﬂgrQ%éﬂbﬁﬁéJbgnmﬁéVﬁ@PC@ﬂmmdunﬁﬂﬂheEUBrmiﬁ to
make this selection or to inplenent these functions, The desired

f unct i ongaflest286 shemt e brackeli 270 daraiok e wihdrawh ffiedch theesdker2720Sesdrave- i s
i npl emented nerely by choosing to either: (i) connect the heater

di rect | ybacking ptayefwidds 282 02@hd acl@nthande vaceksed hlalb,sthindltheehrTER Rhtadd;
(ii) connect the heater to controller 20 via a slave adapter, e.g., a

sl ave adaptsedtorqadit guides 2806Fhed thetsrhEdet TBEk serddd in@thé ddckdt 200 ¥368Ren e
heater to a controller 20 via a slaved heater controll ed power cable

section ehtdoQEr 2 i tAMEd hRat &1 ax%g284 cﬂfQQé«%%iet’béhﬁ, tﬁﬁée%tf% bRR Rfided zb@gélter

to function as a slave heater " can al so be made for the | ast sl ave

heat er 18t i - S :RAI
heater Wankhs fuasanOLaber syt Guupull RS JRSL SIS S0
Contr°||ﬁ9n$%ﬂ@5mﬁ%ﬂ}ﬁi&§§mk gh is best seen in Figure 18 with its

schematic circuit diragramin Figure 19. Essentially, the term nated

controll we b 1 | stantial ly. the sanme _as the inlet
trunk se nég 1@6&%f%§ﬁ@ﬁ$?‘%8é 6%?B%F¥%H¥58ﬁ%¥ﬁ%ﬁﬁﬁgr?ﬂ“%%?@ﬁ e
16). It anl as to have t hi gh vol t ower W r 186, 188, a
TR b e S R R S e R e
the T-ty control |l ed power cable 24, and an outlet connector 192
that is ?\ﬁémé% ﬂ?ﬁrﬁ%ﬁ? 2108 %aEaSEeﬁéd U oBiect §18n & Beater 26, with ¢ peap,
T-type control | ed power cable 24. The hi gh vol tage power wres 186,
188 conn¥&e: ife Ob?tg%r matergpl {ppt s rifrapped Gravad thererass piece 2§ handpirgumd the 5
in the outlet connector 192. In use, the outlet connector 192 is
connect eebied. ThecontioBer 2oa Heo tositieaedadjactnt thedwtaket J70) guially dignedniticthe
makes it a slave heater 16' because there are no signal wres
connect ebratlet Akopans2 @, ard andlyigusBedabwandtthd letckeoTieopass tHO&rs 36 ch

i sol ates the tenperature sensors 50, 52 in the heater (Figure 9), as
expl ai nethrafghélits M@ntothedock@IBCTHE cohBOlI&D0 iDBick eRREL hRAL the akies4 to
outl et connector 134 of the slave adapter cable 22 (Figures 5-8 and

14), if 1RRHR dofitrélltk Y0 MSlasd AAMBe BRERD 7D, s shd¥n ih i gr &N NEEL Bhirdifef 20f
the T-type controlled power cable 24, if the heater 16' is the |ast

In a sertfSheQhsifieRobdPRoR B RhAYE2109RNE erdtRs thodPQd61 The control [ er
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WD 20071118156PCT/ 1 f 52007/ 066078 hi gh-tenperature event; and (V)
Di spl ayi ng several status indicators, e.g., |ow tenperature, high
t enper at ur e, wonod7@igi8s hi gh vol t age power to the heat er ( cTRik2607/0860Fs
and high vol tage power disconnected due to a high tenperature event.

[ 00107] Awdi15]onThe funBiEdrs QR@ kdritiol BIpek M DRE eth S BMERCEn GARRBIbddtyESferedtiCh
as re-settable paraneters, data conmunications, system nonitoring,

al pha- nusmhifly Yd S &¢hetaBP bitdhiCBRARAS fntfiig,lﬁes A0eh QLR ctf%ﬂ@viﬁﬁg@g%;ﬁg to

the controller 20 by attachi ng an expansion nodul e 202 to t

nodul e 2 - i . 22. el L0 Elgures,.
56, ang  PREENEIT Y 37 I Rhoi AR ngBS Minnth bhigt MERy g
22 incl i I shown.in Figures. 21 and, 2 t hat. processes
user in B%%ger g?'ﬁ?g g%%etrr% ?r(??lﬁl% HPS ah n}vﬁ%mg’iBﬁﬁglig%r? OP‘PtdS 88%% °9B%l; Cf’@@?“ﬁ’?‘
froma r t.e | ocatiqn vi h 0 nicati on conmponents or. ot her.
conmuni Cg‘fﬁ%dﬁgﬁlia I%E@ﬂeé?f%ﬂ@ ‘§§c )?f)?lé‘ivﬁeﬁ‘%’é‘} Y, g majtereater 16 is
conmmuni cat es v&#}rlhproce s contrql and, in sonme enbodi nents, with high
t enper at HEBSY TP thecsomirpiler 20iviaaslie adgpfer eabls 22p Higbasernydul2Qdef base
nodul e 200 to view, set, reset, and nonitor sonme or all functions of
the basec®wgalisre0odbe apptbar Hyissanterisd tey bigh ypltagdjpawertsitces §/g.ban A€
into the base nodule 200 and the | evel of capabilities built into a
part i cul REWes REphs by tharbéiesoRo povier cablo@h comeftedtorthe aantrotlbe e X mighon
nodul e 202 has an al pha-nuneric display 204 that is visible through a
t r anspar eqitegé saynte poaseispishvérehto2GcamtroBert PO lbyitinghigl) 8oltage evires BRBES in the
buttons 210, 212, 214, and status LED display nubbins 216, 218, 220,
al | of whityde swivict piyecrdiable2$ sedlis raprawened dethaicbntbdlep20 byThigh exlgapsi on
nodul e 202 can al so have data |ine conmuni cation ports 222, 244 to

t ransm t coaddeto:e 200,292 dat the oontayiidr 20, 6o lagh eimbessi@tjoddr RAgYped by @ Dand
fromanot her controller 20 in a daisy chain connected system It

shoul d ?%@m lbepphL Bty hibR buphlitd @wtaw@;ﬁwmo MRAb&Ss &tolatly 86 @ be

made wi fewer than or nore than these features 'so that users can

sel ect amgh LiRSt@hiolRAIF 198Uk &l LRHRARTNP FhoWRIH k:Fg%réQjZ%hl?arﬂatﬁttﬂe%hﬁEt pad
package of capabilities and features, depending on what they want “or

need for 2§6h§ir%ﬂug%ée%)ita%}él @bt :JES@&)? bt %ai%%}%k(g{ﬂ% g?ﬁélg?iﬁn m"éé'd{n%'zl%i%fthe

comuni cati on conponent's, such”as infrare er wreless WO

SSomons BRSO RRA PR AR P b
1 RSP Sy AL TSRS DBt 281

conponents shown in.the draw.n are exanples - not_exclusive or
i m)t in gtyBﬁ%IB‘éﬁ %H{}]& power cggle géﬁ and slave tennr%nating controlled power cable 184. In

the master heater 16 and slave heaters 16/, the high voltage controlled power from conductors
290, 292 in the controller is conducted to the heater elements 32 by the high voltage wires 42,
44.

[00116] In the example controller 20 embodiment shown in the schematic diagrams in
Figures 28-31, the high-limit control circuit 298 is depicted as including a digital logic
circuit, such as a microprocessor, which can be programmed to perform the high-limit cutoff
functions. In such a digital logic, high-limit control circuit, one high voltage conductor 292 is

routed directly to the outlet connector 142, from where it connects directly to the high voltage
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[ 00108] The expansi on nodul e 202 attaches very easily to the base
nmodul e 200 as best seen in Figures 21 and 22 by sinply aligning a

plurality, ewg20th§88 |atch dogs 222, 224, 226 pr ot rudigedhemokdass
back side 234 of the expansion nodule 202 with a plurality, e.g.,

three, cQLkta3ROBRLRNGA 16MRE mvde@érﬁge B&kﬁﬁg@@&m{g@é&‘@&%&édﬁs tdifedf T ont
I n Into p e

panel 288 of the base nodul e 200 and snap Tt ace. It can b
e . . . . : .
202 apar { TSRO BEAERR A ¥ o bt s et TR SRR E R TRt

base nodyl € ,20 ha set of electric contacts or, exanpl.e, .the,. pad
of - cont adrEe 830 oREh sBiuuteE Y b ipERRh 5 P olbR B ERRp R
pluralit e.g.,.t e,. LEDs 240, 242 . 244 adjacent an gpeni 46 in
Phe v ontorshiieossss e dismpr e imminGr e e PoR Ao AT RO AR
assenbly 248, or_a suitable plu rotrudes froma circuit board in
the expafist SHitiotfice 3%2%1%%6%&9 Reatere 6 195 theossgond giiich devipretP2 he
expansi on nodul e 202 i s snapped into place on the base nodul e 200,

pr ot r udedherrfost grer Hie haghelimny gomteed 23hepennthe fiss Stviielt 304 surhrpatiaig an

el ectrical contacts on the contact pad 236 or into the plug

r ecept ackxcegriempenomgventanothingidawastreaniftoan thedelpnsvatdienn ppereio nntdche t he
expansi on nodul e 202 electrically to the base nodule 200 to receive
power andrs ewtdnifins catte Idthisadesedipsion, “hereemaprd ‘dn filout &1’ rdfyrs teethg side,
three, transparent or at |east translucent bosses or wave gui des 250,
252, 254 dirediohed rélatitel@siion Gotd wikickathe elebtriche caxg@aag), amrhelnCeoRer

that are aligned with and extend fromthe display nubbins 216, 218,

220 on t beurtd. dRtcompleen@f fashidH, OddwiRem!t ort“REbRRER REBEin@36fetsQuaied
t he base nodul e 200. These protrudi ng bosses 250, 252, 254 align with

the LEDs 5iddQiireddoh, olhtiv@pdsieontang SFRAME 8ot e.gS heldh@btion i S/hidhBe

expansi on nodul e 202 is snhapped into place on the base nodul e, the

bosses 230, WA Gh 8 BRsSbid.PREd adj acent the LEDs WO
2007/ 118?56%@%%%0%%0666785240,’ 542, 244 so that they transmit Iight

the front Tl 208 TSI T At R R IR0R: BeRph B st gt iapige? "
al one, w@&Qﬁ&% nmodul e ZQg provi

h ansion ad caver 258 i.s. i ded
o enap. Fist sl Al THRA-BRTB & £ En o BrfitTinell B e s2hEHSH
nodul e 200,, as, best seep in Fiqure 2 | 0 .order .to prevent dust and
Gebr i o f PPt SR eneBayE R B bi R PoTGH (LR ErSHe: HPoOHE O The
dust cover also has latch dqgs simlar to those on the expansion
modul e 265cRtifatthafthepPWAF siitelnd) <hags be seset (Eleeed) é"t“gﬂu%ellné §DEBIGT OTASEr
232 to hold the dust cover 258 in place on the base nodul e 200. The
dust covdieryggionadn etheeEordy yges tipgempagpre 2t heater teggdes, sha mlay syEeei00
250, 252, 254, but shorter, that extend fromthe front of the dust
cover 258o¢smoprastier kivsearaBatioglly. himste®en paatoparisering tosgstivéladot hey
transmt light fromthe LEDs to the front of the dust cover for
st at us disspethipg.to f@@1dldje) Cfe relaypswitch I00rie ogler foernmart hECOEtdlet20 @idehlays
can be provided for either the expansion nodel display or the dust
cover di sphteolled powertthitlechehiedd. A mktianidilaplagy®itchili6 pre2adfed, ABQugindthe
expansi on nodul e 202 and the three LED status display 260, 262, 264
on the desden®QVer thdahliink BRiEXIIPbRa@eAREIORAE sHRAL EhdReE ahedcChdl ity
be, for exanple, an "Alert/Al arnf when the controller 20 detects a
condi ti ORedidpdice, TRARAPAL 5B deQRore SHERe By BeAlGRL $HuldPe NARKIBGaSPolRAL
the sensed tenperature, e.g., fromthe process tenperature sensor 52,
is too hot,;9r too cold, an "In Range" node to indicate the
tenperature of the heater is in the preset desired operating range,

N R R R S ot e

mentio ne%u{’i go%zgritiogleﬁqatg xﬁg ?e?f;.yo ev{;r:gsd tlljllateco%l%%)e%%gd g%he%g E{n&? gﬂ)eg{er control
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WO 2007/ 118156PCT/ US2007/ 066078 and/ or reset parameters in the first
controller and then to check and/or reset paraneters in the second

and/ or any ngghesfisaddi tional base nmodul es 200. Ther ef @&yysabornssos
desired, a single expansion nodule 202 can be used on one or nore

base nod Ml EiSat2h0 are'lirgéj %%My@ﬂwcgsotﬂét]rgi uirtQ sB&A ¢ Wﬁ){i’ %{ﬁd stulﬂgtﬁ.rgﬁﬂ' g&%rl t§r 20

and a5500|ated W ring away from hot ters, cou damage its

| . i . i .
electro nb{% %9 MPORED S an @rﬂﬁjodttrﬂflp {/é}ttn@h Htc?ugggéa%g?—ﬁﬂé? é@gﬁg@aﬁgﬁ 298

connect 10 ayout, t he contro provi

wal | r n t|n Ioc socket. 272 in_the back
panel Q““ HeRftiBlead{ Gt e FRiPE 2055 T AR "htgsfelaam
pIuraI|t rad ext nd|n ich are sized to sli

t hr ough e’fll g™ Ia tg%ltl%?teé %Wﬁ rgqeg‘tssbe?%lgﬁ?éﬁﬁée%lpﬁﬁt‘g@ St E’ét@taﬁr
plates 280 in the socket 272. Then, when the controller 20 is

r ot at ed, CRFHOTE MSCTIRIEIVARSS- SEITH S ampledigh-lims caniiof eircue 9% ogeifigisdl axdo
so that the bracket 270 cannot be withdrawn fromthe socket 272.
Several B¥cirleg: hrianablgan gelkinapg nogpaltympenmaehieaicakglay syiteh jodbeationdn
axially behind the ears 276 contact the sector plate guides 280 when
t he br actégmamper inghe kester ceriral aystem h@ ars deskasted 27this doscriptien t he
controller 20 is rotated about an axis 284 of the socket 272, the -
sect or pl04t ¥]lguirdesdif8y, gemalnpparrecthistalveday dwheh éoa 142 36/italn with laeleast
backi ng plate guides 282 to hold the bracket 270 firmy and securely
in the sacketof2T&tridaDeihiatts| thatasesprihg biave th aly bpealerddedf Posifioh £l a coil,
fastened to a wall or other structure (not shown) by screws or other

f ast ener hichovheayowe)ed] finetsgh atrhiynbied R8d 888ad thattderc6meSte %&@%1%&8
Al ternatively, the bracket 270 can be fastened to an object, e.g., to

a heat er cld& th¥kdrlachs. SVR&@Pthe Yok to HRRSI] iRl BfTso Mk 86 b@tent Bpﬁot %ﬂ&ﬁ@ﬁ)
wr apped around the cross piece 288 and around the object.

control | gfredPribws thhRizh BRIt @Fegte%qlir@%&{ouéﬂ" e@foﬁﬁ%ﬁéh@f%@% ésatt)l y

aligned with the bracket 270 on axis 4 an axi a pus t owar d

the brackekoolint SrhRs! ey GR1frf/ Gad R gé!:cgtttasct5278 into the

socket 272. en ro ate ut the axis 284 to

| ock the ro

i gure 20 Gl dinie e RaE ool AR08 KT eafichind B PR no e
270 by rev hos 2007/ 1 6PCT/1 18 07 066078

[ 00115] IPﬁ@“Pt?ﬁ el SEfah s rttua%}on PR BERsEI ﬁ B Behdsse ??éiﬂta 1085 be
descri bed. by referenc rimrily to, the schematic circuit diagrans in
Fi gures BETHOFSSSESh f@ﬁ@fﬂ%ﬁlw # 19@}@@%%?@@%%@&%@%ﬁthmapp @tﬁ?vét
32. The schematjc circuit diagramin Figure 28 depicts the nulti

heat er coiagi ) ofdhassonipie 28fm Feares 284 ndn this amP§nthe migroRiopyPe Oﬁ@{)
heater control configuration 14 as illustrated in Figures 5-8 and
descr i bedigg#deosic cirenitnftrraigh-limftecinenis 285, uhernttesrtupl B pregrannadiotiwogtess t he
controller 20 via a slave adapter cable 22 to the base nodul e 200 of
cont r ol | Brouzd a sFhes of etattnpldghy st@B, Whick oxhdet BHcdanaginpitghenpdritagesemoder
source, e.g., an AC power supply, by the T-type source power cable 26
connect ety the firhiguppertimit) teaipeRiure TéemBoti2gh apedstidtgh empeamrPime andgii) if
delivered to the controller 20 by the high voltage wires 86, 88 in

the T-type seGud GthpeeitgE d6ahloteqdi] aititcded theRERERIRM GShpefhtdrd BnfkQ péneiher
20 by high voltage conductors 290, 292. In the controller 20, the

hi gh vol § 8i@Ral $OHI6EEhP YR Tallly SpERRRS Swikh 800G dp eXBHp!S BRPAN & thiMtos Nhe
supplies | ow voltage DC power to the process control chip 296, to a

hi gh |imt, gont 15@4ppﬁ@d R tgcggaté Hfzf % &‘dt‘éa at% BN hg E'trgﬁ'srv\ﬁér @8 31,

and to the contact pad or plug rec ptac not $ ere it

'S aval | aple) b £4A00 o%aagypreoﬁ%?cﬁg auhettnﬁrosgmn%t@@f jpdul e 202

is insta age C ower SO fou ed to the
outl et CRRA %%}c%frellaéyll%wnv\ﬁ-'%(ﬁ to cause 1t t%Vo olscla af%the senseg?%p%ga e%oes equal ora
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[00116] In the exanple controller 20 enbodi ment shown in the
schematic diagrans in Figures 28-31, the high-limt control circuit

298 is depi ciyerhogsiibfzg! uding a digital logic circuit, Sucs852807/066078
m croprocessor, which can be progranmed to perforn1the high-l1imt

cutof f fenekd BRresbihigHeperat DAl thé Qi 108 @Bed Ao ubn ARl gnal that
circuit, one hi gﬁesvol%mge coanduct or 292 l|?psoglouteed dg}grnect yet ogna e

e e
o G S RS Al R

of the secon t ch _device 2.and.is co tro m croproces
or ot her gl S 1 SR Bl s R 0%% brose gt S EREE T

and turn off he hi gh vol t age V\er toe th| gehlndth flrst
swi tch dBRACERSIES STR 1P 8“1 oeg At eFi% Tqsgt Mg LemperRtrR “%fe‘BSFﬁfr
switch deV|ce 302 Theref ore, when the h limt control 298 op ens
the first® @wettkwe@wowemt%oea@ertlbhaérbeeweggd tB15p Braing o %\veﬂ@.va of
not hi ng downstream fromthe relay switch can operate until the first
swi t ch 30% poyver éxstae highdinihrantigbeiequitoB ean be'aspempléshad ingrihmtien of warst
of' refers to the side, direction, or relative position fromwhich
the el ecFri eiamplebutest fos lipitation, simee the DI Ewerppin2f4 ehichprovides DC
conpl ementary fashion, "downstream or "in back of' or "behind"

ref ers t powérdo spatete tith higletimitreonioo] ciretia2$8vie tixosiatmpErimaleayenfatiomint Figure 8
source, e.g., the direction in which the power goes away from a
conponents, tagied inth GRIAT boWhen ther AC phivedieatd 200,92 paveimEMi ¢fIPC 3O@er ffom
preferably, but not necessarily, a mechanical relay that is normally

open, SO tHME-life ebhited kirblit TI8%an bb @cdofipB¥hed Ginkply b uﬁ;ﬁqgglﬁge& diRofhRE8;

it. AI so, once the power switch (relay) 300 is opened,

pref err eghe Bht-ORHAD 1BRL the 38R R howbNdhichhRo ROMRE ek foﬁh%c,%%@t be
reset (closed) w thout sone operator or user intervention. |In other

wor ds, f@ EH%fHB? Lahdife fwdr 'Pr%n{‘t‘ﬁgfx%h lfnﬁF%‘%‘x%l citddf 268! @erSW t Ch

300 does reset of close automati c nst ead, an operator or

user has ré 8?1?@[%@11%/ gL ¥orq)?ollt%ﬁ@@{o% 4l mrcg gg&lef'r(v%d 9? gzw&nﬁe ﬁ%} gl%‘rflts rggnErglh

300 in or estar e con roI ver c¢on

to the heate chani ca h is. re erred, alt ot
bosenti netel s AR RAREH o f%mi’e}? bR Bl EhTI S |a$adn’sw"a%iﬁwﬂf‘

swi tch, ch.as a triac, . ha re resi t hu produce nore
o ecnss S et A St B R sl TR Sermithe Pooh s R Rt patte
conventional |atching relay device could perforn1the functions

descri bedOSI 83uahet eXE%ﬁﬁ‘\}B“nPl‘e%ﬁﬁ Kieh tepmpanatig Limit, 43 cxpdanedadoyh dot wied

be used in these kinds of heater control WO
2007/ 118 PsprrrErgnnedepbEgower 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, although other integrated circuit chips that can be programmed to perform the
described functions are readily available commercially and are well known to persons skilled

in the art.
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applications are |large, bulky devices that require a second coil and
substantial power to operate. Therefore, an enbodinent of this

invention inghYsPa1dsdi gh-1imt control circuit 298 that pc§us2007/066078
configured to cause an ordinary, nornmally open nmechanical relay

swi tch tigoiAmai § Qﬁ%u @%f ﬁ’tflst &Jam&;lb%‘i&?e?ﬁeﬁ{an&?mg FRuHE Bn HRERGESR user
bel ow t he upper enpera l'tmt, until an operator or user

| nterveng %ctr\%%%{e?v 8%‘1{3‘558 reto *Pé sl %hé&etr ttfé?gzli ss2kn fﬁHe(c\ilb'ﬂtlﬁl tﬁ?ﬁ%peP nit

digital and t anal 0g, e an ordinary, nornm

mechani & ?fecn%ﬁlé%\é ta%g' t E:?ebg'u Y t ' on ' 1k%1¥ it ﬁ%%ngrﬁtor Fb%ng\gkIF%tegk on the

control sys are’in sCr

ordi nary, nor switc

ot ar ey Bt w”@?@%”tﬁ cafer ﬁt}a teéttnglge o i éﬂ@lﬁ# P@V%Abi ased
to an open nod positi.on and a coil,

gener at e@aaetéégngt i Spng fieoffe bl tt%atchavé%laeﬁaégwwéogﬁptwﬁles imdet o
cl ose the contacts When t he power to the coil is turned off_ so that
No cur r SRETKF de86HbeSRS0h I-8u ko SR and s off iYCRAYYET thide deater in @ reliaBlst e a
strong enough el ectromagnetic field or bias to overcone the spring

bi as, thaanmehat ogpﬁarwgorﬁﬁmr@d@t@ﬁ@npmm@dmmrtdstheq mmsa@j@eg@mbwl e
high-limt control circuit 298 for controlling the high-limt

mechani cainpleaipanatos witery bnt®Davtoadsftdisddyantagss d€s theinha duselimthe heated thates a
digital logic mcroprocessor or other logic circuit as indicated

di agr ammethechdslty be reptaned sroheduad the hedteramiidabibi digal somavoids thealieadmntages effa
20 in Figures 28-31. In this exanple, the mcroprocessor or other
digital tegesioaklratdhihg edlay, B, Mirgd)-buikiy] dnde gotuet EratQnd tip@idsshart up, is
programmed to progress through a series of startup |ogic steps, which

i ncl ude: dikddvamREmAF h Belid e LRANLE. %t WsRita5164) B8A pR¥ubi®), hd Sdwer drain. Also,
(upper-limt) tenperature sensor 52 to a preset hi gh tenperature

limt, apdné bigallibpledRnBBOS 8L LRMRBEA WeSipfQasmpRhuRAHG! ox%ara@%&é‘r%j
t he preset hi gh tenperature limt, generating a signal to close the

normal l y, E’s%blé SInih p&&&%@dﬁﬁ%ﬁatFgﬁorf‘s&ﬁ?%ﬁpﬂﬁﬂor Nk for Iim tation,

t he S|gn can be a ate o ow voltage, solid state

sSwi t ch, (; t

vol t age BUTC RN lea e h?%?’h%l%%d% HEG P sl alfheg o
smntch 3 to cause it, to close. ) rature daogs.,.equa
o g%\:fmas DR e Bt St oL U BaBIS 1 aLa %ﬁaterc%ﬁan :
tenperature limt, the_.s ,a tup | ogi c does not erate the signal
ot voul oo et bpey s o et 1R Cog o A S TR G
one exanple inplepentation,_ |f the relay power switch 300 is not
closed, PREARMGGHRAseE iwase-pbikewiserthere i lgﬂe 11§ 3Ryt SubgARtEvSI diffrencg betwesg
to be turned off and then turned on again to make it go through its
reboot ofogieserdhet gepgihies thegiion e RresBer i apalrtapless oS Yabie sk dess
the preset high tenperature limt in order to close the relay power
swi t ch 30@nafhearluet Irhetkerlyemds, dpremeniple Shidts logie stemof tbé higbdimibaroudlis of
DC power to the high-limt control circuit 298 can be acconplished in
a nunber dedcriva/s cldrned axgenplatng Dsignat od ofearthd relay 368 vben theisersed t he DC
power supply 294, which provides DC power to operate the high-limt
control @dnfpetttire 28814 ¢t i§ fRatexhaPh BresdtRbpsTRMhRIrdtoR lintlt fdrguister, 819 S
tapped into the AC power in the AC power |eads 290, 292, the renoval

of DC pO\eertsﬁetéareqhmeﬂe t8 Rehdrifidy &CPiHal Blop6h fheWélhy ARB RO Rnsed
acconpl i shed sinply by unplugging or dlsconnectlng the controller 20

fromthe té%%e?{t:\%% cd@IEE 1s‘r’]ﬁgéa?é? tl?alnsg’t? gﬁée? ﬁ%{;{?raqﬁr@?lfmttﬂratn%er%h%w

supply 294 y reénovi power Imt control

Cl POl s 08 GRSIACCL NGRS ERTIL AL AL nt%9>tagggta@ NESh

power w I'T""re-"power contro crrcurt

causi g 14,16, LEB2L 20049, LUEPYED, L1 Startup logic again, which
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WD 2007/ 118156PCT1US20071066078 [ 00121] Again, a purpose of this

exanple inplenentation is to require an operator or user to actively
i ntervene i nwy@enukBesrestart a heater that has been tur necyo§®oinseors
the upper-limt control circuit 298, and thereby nmake it nore likely

that t he[oppesiat s 16z 498 teMipbianBdRGKe RBstéRateRlSRmafns bBBwhth&hiphi m t
shutoff of the heater before turning it back on and leaving it

unat t endeghpeAkurt N§itSRMR thd WBh-1ikM&oHES 208, thé ﬁrsf'?rﬁl%%ﬁ%hs EBbEY arkihi Ch

300 controlled in the manner descri bed above i.e., to open and shut
off AC p Sl h

pr edet ergtggﬁ%%ﬁﬁllk@eg e?éc%i&}r ?Or%ne%sacglﬁ@dr% %8?%%%06{;&% Sgd(a%ai n by
aS|rrpIeo ator..inte tion. ..avoids the di ant

fuse in th& eftea er‘c'z’n %] at™e m%ﬂ ee?n%temp?ra&ﬁeeselrlseoﬁ Isgtclznet ! en??gef é thl Can
heater u ab e. so avagids . the dis ant a Bs of ,.a.convent.i o

5t chi ngoh aragangley a%erarcg %Bmhﬁwaﬁd%% B2 HERERE S0
t he di sadvantages of a soljd s resi stance heat
product i 8 On%WalpstﬁWé? St B oy 3 dhar OYVH’éﬂtEﬁeg}YlfeéISS Shipdhehneter il §And by
descri bed_ above, the upper tenperature limt or paraneter is

adj ust abP&W YpitaeR Wirepet dugugidir tirvadarteheabin?d (Eigdre 150k st applifior 896 in
users. [00122] As persons skilled in the art know, there is little,

if any, 8ietronteiler ¢@ whers @pjem@@omhtlv@éﬁn@tamnlg‘ﬁeel for esg by Itae prgeasesantrels an
action if a paraneter is "equal to or greater than" a value or just
"greater2f9han” the value, other than the particular |ogic statenent
that the programrer chooses to use. Likewise, there is little, if
any, sub$atan4] v&Esshntifiey, drqrodest suaanl 206l opgtatss feespednd pbweesvatcataes iy
action if a paraneter is "equal to or less than" a value or just

"l ess thao toth onednd £ the1high ReltagsNTpowdras thetastpk @6, ld intdieerlt@Fiattfit ep
of the high-limt circuit is described or clainmed as generating a

signal t eheaBaPerbiife sefded by I ckiiNehPRatSRNSARr SEWRBhAlJHRISAHRE $arRE | S
greater than a preset upper tenperature limt parameter, it is

consi der gght RAR U HERDckOcHBBETR, | hé’i@ sﬁov@d ARdre b9 REA chB82" ¢haYy R0

when the sensed tenperature exceeds, I1.e., Is greater than, the upper

tenper at Yrgy, h éﬂi'og uE’ﬁ{eaeBIB{lgl(e.emEP&Bq%BﬁtlﬁstratHa dﬁ?&u?e%cdotdgﬁgesq %Yt'&?e@

>=  is consi to be eguivalent to > vi'ce vers

(2:88$ ; girs %Bt 0 b%@a%g ]}%{%,6§;Bff§t3‘[56 6‘1‘%?0%5%’1?% trltlgc g‘glt(thh\(ggt i r%ralle to minimize

t he mast er . heat bel ow t he h| agg rat re | i t se

e e ik fadart b 855508 16 Y e&rr qullisgeongs bef
heat 1 trolled th 29
ool Erlayvisogg o Ogsttr@?ma?raa%@ng? i fs?s?vrar%ﬁéhﬁ%ﬁamm clsing of

terrperature sensor 52 in the naster 16, which can be, for
exanpl e, % ©REFHGEBGFEhBYcAY rréqrrﬁ“@tctaﬁ% AEhestﬁéwpﬁi thelrtugtiroéf 98, 3bgps 20
signals fromthe second tenperature sensor 52 are fed by the | ow

vol t age wikitlissconds afgp thermechenippd seley swihanelotsy, iee-lto avayheaageoduption ip Hier

t hrough the sl ave adapter cable 22 (Figure 15) to an anplifier 306 in
t he cont rtddd 35 vAdle thdwelay switely 3¢ ie cloosttindicondutimgtic aomptolled &€ Faover tostbe
by the process control 296. [00124] Essentially, the process control
296 oper akasrstiiel @ eTloamndthp onteer30S wirhe bn agadrejubt befo3O®ereiay swirch®03 apehsad f

t he high voltage AC power to the heaters 16, 16" in order to maintain
t he t enpefiainiz@arsi@p S the Rdlay HFitchBO R itloPEARE TAEIETENCHBRSAE cSrdrolied BY thed
predeterm ned range that is set in the process control 296, as iIs

shown i n 0Le Qakal (Jlrchlrt‘ 263, gyrsema@rstomsy UM IrG BkiBSSRINRE ¥t 308cHaRichiNGlay
exanpl e émbodi ment illustrated in Figure 28 conprises two sw tches,

€.g., a %%b?ﬁ{g fl@ ride @Xr Mcﬁ%ré%dl%pgfa ab?Q!:anrﬁé%ﬁﬁf 1515 sizMah Eh

305, in para n| m ze arci ng and 5 turns on

just bef ks guratg)ns fr%%on"ﬁtme%&s manu"a%&(x:egp %? 1sb egllolgn%Wntbg%etsgnsaéfﬂlfe\é& ih ﬁl@ a’ﬁ03
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WO 2007/ 118156PCT/ US20071066078 [ 00125] The process control 296 al so
provi des a nunmber of other functions shown in nore detail in Figure
32, includi ngO2bam118i5¢ | i mted to, processing informti orPATOUHS06A0ES
the display of, for exanple, green, anber, and red LED light displays
240, 242(002254, CTheaprondss abritrod)29hileo pratidesa maater anethérduhdtioheshvearin kvee
expansi on nodul e 202 and t he base nodul e 200, and receiving signals

f r om t heddwuiDin-Higure 82,¢0udidigg, bhotot PRAEE &5 pRBedsRiy itfoSRAtRY So 8fatotHeput
relating to the status of the first switch 300. The process control

Circuit gigflapbssfor cRMESReANariIFEGa L&BL B Mghakip R4 4ANI A

Cor por ati on, although nyrlad ot her nlcroprocessors that couid al so

serve th@o%%n@fn&na%n%nweﬁbm% R6:%h éerm@ &8&9& by ﬁ‘é%é@ég

to persons skilled in the art 00126] One o t unctions provi

by the plrﬂgg’lﬁg §0(5: 95‘& £ glslw%g@lg'n&ls @Iroﬂxt g ﬁfgﬂgnﬁle%?rgﬁ}o El%(:éss%gtfor dis é)laalf

i nformation ure-range s

cal |l ed 0, be te.nmonit orlng
| ocat i ona%tg‘It réﬁf %rtm}fehsga{% ‘?1%5% ethcgﬁloh eif’ee?rg °°f%°%{?fé? pglbcé‘?te?f‘? AP
within a desired er ture r i s function_can serve nunber
of uses. “EHEXA nga ﬁﬁ@é Y 4 Wig?ﬁpﬁ¥@nfggﬂﬂ¥§PH¥‘ ah
certain desired operating range, mhlch may not be related to
the hi gh™ ERRTeEToHT B ‘iOH%tals& servg dhesey a%e% fm%"ﬁP%S aap well kpgyyie and readily
tenperature range signal can be used to trigger a nechanism (Figure
27) for @Gﬂﬂﬁﬁﬁ%ﬁ“$ﬁ%@$ﬂ%@%ﬂﬁﬂub preventing or interrupting an
industrial process that depends on the heaters 16 operating properly
to mai nt §0 ihffﬂ he One af theifuristipnsprpeded uthe processsenten] dP@isrmaergesingAnot her
use for such an el ectronic tenperature range signal may be to

gener at etemppetire wpoyrinfimatmnf fonproilering tempep@rataogessigtalsysomeetine also

| ocation to notify themthat a heater or group of heaters is outside
of a destdlled“dp®rlatm signalsigebe del@ered @ 4 Fe@totd :@Onitding l@ntitron doafirm Gt
course, the uses for such an electronic tenperature range or

"out - of - hahgaeér Gihgnek 16ke dpefatihg Withth desirddtespertiuadih@s . ThiORAith i
inplenent an electronic tenperature range signal (also called

"al ert/ akeaved intdabt dset. NFdritk 8mpIB Ve Heih@hter BRMpEhREL ik OtsRle LA B tatleNdsh &
310, which can be operated by the WO 2007/518156PCNI82007/066078

process gQMiting |rar%% BwhitBrial QY hd§ gotI Ué LBRd ‘&Pﬂ% Bfghlt%eégurﬂlﬂ?&is&ﬁgd

terrperat ure range for the heater 6, elither factor preset or user

determ ngg. ol tﬁ]ls RILHS ebaRl0 ra{ngg ?@geﬁ gﬁft?e a8 }or & g&%@nec ik\'ﬁsrﬁ gﬂ gCan

be set in absolute degrees or ower . [ in

I ncremeny Ifo @qg\i‘b%?en %gk 3 re%grﬁémagt&liq em{pﬁ er a}é)r a%gz?l%%éc'ess%h Qi%pen%gm

be elthe ependi°ng on

requir erren S
q ¢ heaters 16 operating properly to maintain the heat within a particular temperature

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.

[00127] To implement an electronic temperature range signal (also called “alert/alarm

signal”) in this invention, an electronic relay device 310, which can be operated by the
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[00128] A low voltage, such as thirty (30) volts or |ess, supplied by
a remote nonitoring device 15 (Figure 27), is delivered to the

control |l er 2Qq%h@/ 1§18 | ow vol tage wires 98, 100 and/ or 1Ggr/dQeh7/066078
provided in the T-type source power cable sections 26 and/or via the

| ow vol t ge&sWdied] AdBis prafdidindhd &nibilabed ASRUE S -RRVG ur EAREERS &6t | ON
106, as ‘expl ai ned abdve and shown in Figures 10-13, dependi ng on

whet her r l, 20
' a dai S 8 A g 0 8bnSRedcfolees fuiRlnll f Bilprditfed SRl BRLS bl 0
in a sys 00129 ng.r er 20 vol t age

A gberon; 954 S SR S ik R L T évve.f%%méﬁ“* 40 oy
the traces 312,. 314 in F| gur e 28, . before it rouf ed .back i

T ype. SOt b et B wef%t@ﬁﬁmﬁaéwega@%ﬁ* s BBl 6b

(not sho in Figure 28- see Figures 12-13). A renote nonitor device
( Fi gureﬁm PINEACPEHE S UnBE BPIHERE IYRITENS connected to the | ow
voltage wires 98, 100 and/or 102, 104 in the T-type source power

cabl e 26l08%28 or Aleg voliagy, pyship Bk Velisen less GHRibep bye reraels MONLOENE or
nonitoring the voltage and/or current on these | ow voltage wires. For
exanpl e, dévicealJ (Figvee 2Bl wyieliesrédlegshawnirplter 20 Ivia theloyovaliags Waes9R000
connected to the renpte nonitoring device at 15 via one or nore of

t he T-t ypel/adi?cd4ponededdnalBiecltyp6 sancd fraver eahig seations@ 6siod/ioc eia plovew
cable 106 are closed, then a current will flow and/or the voltage

w || dr opoltaghwireel & 20 inteeanintbd sovyceqioerepablerectioal 10Y, dexplasd 3ddei n

any of ‘the controllers 20 is open, no current will flowin the |ow
vol t age &idBswh ih Bigyre®f 011 B edepontiiCorPONelier @aogSolR6 20 180 iafsl/chertiiiElast
voltage will be the highest, i.e., the open circuit voltage that is

appl i ed tghtlohe J0aWa\iisl alEn i 688 doktRBlef I tRe SN 'c&rﬁfdll@ﬂZ(di%Va! SSterh?-
Such vol tage and/or current conditions are nmonitored by the

continui fag1 89t ¢l @k cdrdifdr idﬂ ®né 6PRE %Wl&%@%ﬁﬂé SIRRBGY YRAPQUHARBEO R

moni toring station 15, which can thereby detéct mhether all the rel ay

devi ces
a1 of S ElicEslo pEBANY A LR L 31 EERERe SNSRIl GR b ook L
range (ckQ nal ¢ y d|t| n or it ca t2h Figast
one of t hesfe{éjfgf o “%esg.yo ?26(C)°r3rm%ma i so“{cﬁupHWF%C B%TZ‘ \rl(v%"& ?ewrrfb‘élrf‘lé Ufe
range (o | naI | reui t condltl ef or, It bec r ent
fromt hi 28 aaSuRRes hifny 1 matE eyt CFiEuR e bt 6 A SR IS Ly
chain connected serjes has to be c ected to the renpte nonitori

devi ce vPPIELFHO 5?19 et mreﬁa%é% rd 0308 13 DeHRA STHCH T & gibte
12-13, and not with a T-type source power cable 26, as shown in

Fi gures 2@and{orddd, 129 in Gisdeminaed soprceippweneble 10§ forgnemioring fMestoltogs
connected to the last T-type source power cable 26, the | ow voltage

si gnal chrderiquirgit] on tieseelyy Volagspeiresator trampiee ot deg el dovinesctl@nin 4l Qle
e.g., unconnected wires 102, 104 in Figure 28, thus falsely

i ndi cati n@ut@llhﬁdﬂ@ﬂnribﬁtedp@ﬂ)atém@e owngonite delice deks viedne anmgae ol the T-type

| i near-type term nated source power cable 106 prevents that problem
as shownsdéulcdpoguer eab?&. 2610 He3einihatingsomras yowa actie ¢ohire aloset, th2f aicorreat
series that is daisy chain connected with the T-type source power

cabl es 26ilanewth@ot @gtokQRtwinldt®r EDhe Bthbltens 8F ki@ Sodeltdthel relag @BICE B
with the term nated source power cable 106, has programmed In it a

desired LeaRer ﬁ{eltroﬁtrélﬁé?é’ 20 isNGed, 20 Q@rrer&‘%/ﬂll 06¢ iRhelifie veiRk iaks 1Bra9§5 E5the
296 of a controller 20 determnes that its tenperature sensor 52 or

bot h te@&%@éﬁ%ré?d?&%él@@andﬁﬁ t}ﬂe‘\ro‘i‘tg g Wil ddefiﬂéﬁ Rest, ¢ BDBe #)EH GrQt si de

the desire tenperature range, e Cco tro proc SS CIrCUI 296 keeps
the rel a eV|c C yever ] nes
fromt he)églgI 3 th Ié?dattgﬁ?eeglofvnl_\por Vf"imc?r? ytt% ali%mt%ﬁe%%q X ‘ﬁ% d%g i gst ﬁ%%

operati ngol\%gte Qhé?/o} cbu%eg’g csolnlélggng z?r onﬁored %y { gnﬁn 1tty dV\%ector 9101nr{he remote
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WD 2007/ 118156PCMS2007/ 066078 [ 00133] The di spl ay/ adj ust
m croprocessor 316 is connected to the user interface buttons 210,

212, 214, whjyghosAlsRe used to retrieve and reset vari ouss@RAFRHRIE0Ss
and information, which the display/adjust mcroprocessor 316 gets

(7m0 1316401 Q8362 Oy 488 UL QI R A0,k
Lt oot bRt il sphatagn o BRI TD IS L ORERSEP ST
cet PO Pl G SREE ALl s pg ot BPRM YR o net
(bropor opet DAt et Rt R A S I AL arbien
D o oL Pl S b gk bt 8 ko s

interface re| ease version, interface prototype version, and interface
bui | d nutAsEPIZN inp daisyehaieqmnediediserstihasite be sgnageted PChawmorRaonitoring
comuni cations m croprocessor 318 enabl es external data

comruni cétviasryéa igininatad eeniel poviertiebler Dhgs shovaninthigiressk2at3, and nag evithi e
conputers, and the like to input and output infornmation, make

adj ust netyps sounediofmer pabdgy? @ msrshogyn iafdgutdse OF illkemd 281 Sp¢difecallppfithemus put
ports 222, 224. The conmuni cations m croprocessor 318 can be, for
exanpl e, cantiVBtZDTonimmudita dielise T-thye daxderpolvat @fteettoo the Rsvo doledgs signal
Sunnyval e, California, which has a transmtter and a receiver,

al t houghcironitivall aBtdye be BT 2@ EHQSREEREE] 66HhkeloR] 190 BS ubitReddllwikdi 192,
function, as is known by persons skilled in the art. [00135] The

schemat | €o4CinIFegrd 28linR@riasely thdidagHg & hdlerl 16l opetatifd Sfiside heALSred Mhge. The
connected directly to a controller 20, as is done in the nmultiple
| ocal hegl &40 MratdaQBlic Yo Rt @B1eQbs BtedbiE hal prbledl, hs @bwh AeFigure 29.
connecti ons éﬁh functionali?ies degcri§é8&¥ora%ﬁé controller fﬁ?ﬁbase
nmodul e 2 ro t -l Lot - : ' .switch
36" 0% &alh catdiie Bl 4diQ) ch
300, sec gﬁcli @V\A t C%ﬁgﬁ%? tae nﬁé?%tl lﬁ{lie Fan Slgésrﬂé%gsg %s%c %}%gcg{léérc &?%&:1&1%@
t enper at gr.e_ s r 0 heat i el Nt 32.,4..expansi.on nmodul e 202
ana. ot net CEnRaReRTLSaras Ag HEEhE M SuBeRE 0l RERR L I iR
WD 2007/ 118156PCT/ 1182007/ 066078 except that, heater. 16 iS connected
i v oot |y TEQTRHESHEREPPER S0 haep B § S rirarapaape
i [ [ [ I heat .
cable i nratngé.sAg l%gfg Iag t ré%glllt(r)o ’prc;[cre]éjsswg%f g cgr\lccgllere ,’?0 (?écgrmines that its temperature
sensor 52 or both temperature sensors 50, 52 do not indicate a temperature outside the desired
temperature range, the control process circuit 296 keeps the relay device 310 closed.
However, if the controller 20 determines from the sensed temperature information that the
heater 16 is not operating within the desired temperature range, it will open the relay device
310, thereby opening the low voltage signal circuit, which is detectable by the continuity
detector 31 at the remote monitoring location 15. In response, the signal from the continuity

detector 31 can then trigger some alarm, notice, and/or control or interlock signal for

whatever purpose is desired, as discussed above.
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[ 00136] The schematic circuit diagramin Figure 31 is also for a
controller 20 connected directly to a heater 16, thus no sl ave

adapt er cabl gyoaghNN@1s8l ave heaters. Therefore, the circuipcr/Osdoh@dses
31l is the sane as the circuit in Figure 30, except that it is either

the | ast [@aB{y Ol4defiso%lscuified ab&ei RS a@&antb@%éﬁ%hg%%ﬁg flel t@rﬁg_&&ure%@ndo}s
has t he term nat ed source power cable 106 I nstead of type

source payed Al 6,48 nEQL:r FURPLYINIGed BEnd Aol 2 %?%éﬁwe%ﬁ?ﬁ&\’@f;leaﬂd

the | ow voltage electronic terrpera ure range circu

control | Ghd &1@ c§rﬂ9\ﬂﬁr é(puses "é{maeis omt ose era reg $A0R 5@1 DPEH %ngeﬁherqlﬁc

for inplementing |nven |on ERSE In ure

| ogi ¢ as and ers in Fi sed in
thi s deséfﬁﬁﬂ%ﬁssmﬂ%ﬁéﬁﬁe@?% *htﬁaﬂa%edﬂee BG SRR The
illustrated logi¢c starts in . the u per-l imt control 298. Fromstart
320, a témra?ﬁe%f&gﬁﬁaé%éﬁtmﬁ ¢ SRRO R G CHE G NAng E16 RE) i i t)
tenperature sensor 50 at 322 and conpared to the upper tenperature
limt palBRRFEyTe SrsoisHE, o thes tempsmlire sere@rpRratol e a6 Reaterel O are not
high-1imt tenperature sensor 50 is less than the high-limt

par anet ecoingcisd gpthg gontrodlge?(. t With mexaw yeltage 324s indhe Javpnablesegradra i 28 of
actual tenperature fromsensor 50 is within 20C of the second

( pr ocess fhet davpedaptercebls @3 sand o 2ow Vhitage cominatoissio witl32 4he Btypenkavedsheater
test to determne if the tenperature sensors 50, 52 are measuring

r easonablcyblag4 r tht ermnimated| cahtraliedtpoweaddveatblen 84, e opasolldrie@dotshmt get
tenperature of the controller itself is nmeasured at 326 to be sure it
i S not ovfy haaketire kighals from th€Sssdriian 58 HCthe Mo haddrd NG veded @ waBEmbkes
for exanple, if the controller 20 is too close to the heater 16, and

it coul dgbaBEedNR sRVEEEHQD1 6. GRRRIBEME Sortid11EA R defitiinRl tedo, dBethbdit is
the controller 20 is found at 326 to not be over heat ed, t hen t he

hlgh | i Mgt & LAl o B9 1k
i ndi cat ecti rgt %5&215?9 g% t ha??t?ﬁheatgﬁlsmk@vo etr ﬁ%&%}erggé\%%@%ﬁ%rﬁ%%b%lof 3%1Fre

L2 o R R S0 B R

any of t% §2€1§1tﬂ§erﬁgst%%%atﬁ13?ﬁ t326 are negative, i.e., the sensed

tenperature’is ove enperature limt, then the hi gh I|m't

control en SW 300 at 330, [ h interru

aC pover 0032he Reifd %}Oeséa% R L Shifiamt §BRL 2
process control 296 that_indicates éhe relay switch 300 is o ene

and, in PBEPGTEReesS Bt 70"(%% SPLRHEF Bsonkss C@%P? prgpragragyped oz p %ﬁ”@fﬁé"l‘e
and/ or flashes the appro riate (red) LED 240. [001391 Cont i nui n W|th
the proc@S¥eeuinrel2o9pd the hghiiei senird 20% adisha byt 1n therhaseiaodule
(process) terrperature sensor 52 is conpared at 332 with the

pr ogr anmeke utrobei2At Hosez ey Eanasp eerarol, fignotienghisy, atonitenngrpheiberdapabilities
hysteresis paraneter (e.g., about 3C). If the actual process

t enper at wedayred andcddifionfleopirddestiosains aronBringorathen capabilities tandeset
poi nt m nus hysteresis, then the actual tenperature is conpared at
334 to t heoypdaign drenmdadson rheduhe?(@tthatattadhes fo thd Hadg mpduladed.eThe éxample t 0
see whether the tenperature is below the desired operating range. If
the tenpekpindoa nluii200shbeh oVFigie 28 Tiides gdisplapaditst 20&opebarorthe, et
poi nt tenperature), then the process control 296 cl oses the second

( pr ocess)alshiirugleri3@RpRY 288 QistAnRFRE iR oG 1BOYe! 210 dichsl BeAtRidaBdns10,
16', and it turns on the output LED 244 (e.g., green) to indicate

t hat the Hﬁﬁﬁoﬁ(pﬁgﬁor&@ 22%6224a51?d 4 %Uﬂf}g'l\%x 95?15 ﬁq‘l %}?oc@gsgpﬁlﬁéhaﬁfé dlépfay;ati)‘]%_l AE)

tenperature at 334 is not af or enperature al

Bt Sos, it BRBeHE BRFRS 1Eth A %%fég%x%n&faﬁefd%x ARFCaBRle 12

the act uallthgu‘g(f)ncn%?r%ad o?h@%ﬂ%%rro%eslsgr cﬁr@m&s Can BIsG BE euse per ating range.

45



hysteresis, then the tenperature is within the control hysteresis
range, so the control relay swtch 302 is kept open at 346 pending

changes in tRehéyanems condition, and the "In Range" LED g&niddfiRBekoan
or left on. [00142] If the tenperature fromthe process tenperature

sensor 5gok$31n0oty§ gund al: b&At318k t

par anet e@, trllen t%ey@g%?(%%ﬁ%%?%% ;(/) S\S/\n&t?’éﬁqsfg) éllcgedcggglr?q{ Sglghléﬁgé?%a#g% at
348, an d2 1'[0!,~| €1 %, |2T4, %}Hche(ian Loglasédsto (B&ﬁe\[egagé f'e3s]3t V-I;.ESE epagé}rqetgrts Qr? inffolf‘rr}x%%icl)n? ns
are shown 7 n t'he ’eXxanpl e draw ngs an eSCribed Bbove as bej ng
per f or med seveLaaI contr ol (gr oce

b r e.d.,.29 298, 316, 31
Fovever - VERBSE R GREHRprBieRGr STk BEn RS B PR P Pes
processors, in variqus comhinations. apnd wth yarijous | ocat i ons of
t he func%qdﬁghﬁ?%@m&ﬁen%@ 2Erigh EF@BPB@%&%F displz 25 %}Wgélafgf%lanby
persons skilled in the _art. Therefore, there can be nore or fewer
pr ocessoiiat LRRA TEREA Jisplaved. A agiehnidh the NHEPPIEEeFsed § saringlugp.dut is not
functions. [00144] Another exanple inplenmentation of the high-limt
control bEnitedior dgsged peratiog dempesgtang spirpoEit Jughete@Beraiiesadsty limits liigh chi ng
positive tenperature coefficient (PTC) theunistor sem conductor
devi ce i tempseathré dert séi@oppew tdnperature gleperatoint chystensty odut PHAI t chi ng
PTC thenni stors are sem conductor devices that exhibit a very snall
negat i ve(prepvptemal hang, ioeefaf,iaad demiatmh), cpde Sa meiemtdnhpetdreredeud cdy),
reaches a critical tenperature, often referred to as the switch or
transi ti sodheipecaididtas, niduibie banitatcha ddenpaaue uhith(Tebsisd @ Mahtehisdt).i N
the tenperature coefficient of resistance as well as a large increase

i N Tresi SOARE foad Bnl§ infoRndtREIsEEPRBAsCBRAES eRfondBasTBEIN ASniSe VifileFhceGtidReS
of magnitude within a tenperature span of a few degrees. Such

SW t chi NgerdE thBBEB 3810 Pe MrSioh, SR Il tRY Blill PRIngH s S RESIAbirbvid 4l
transition tenperatures’in ranges from 60C to 160C and can be

manuf actgiré@%,é@th transition or switch tenperatures at WO

2007/ 118156PCT/ US2007/ 066078 | east as | ow as 0OC and at |east as high
as 200C. t ] i net ' [ i ' P
therm st BT d8e SHhERLARR HRELKSPHTITE Ebic Bt B8 Lahlgedil
high-limt.control circuit 298 can be anal o as s 4 n Figure, 33,
and st 1 P 0nHE MRl G o Pl oA P Bl R MR ke P MG (e
normal Iy open chanical relay high-limt power switch 300 to open
and shut O‘t’)tg‘Ft IpEm Sy, adﬂ"&t‘%{ms’ %@&tfjmogaf)mw dhe ]B?‘?e“ﬁ er
tenperature elgual S or_exceeds an upper, tenperaturelimt and then not
cl ose anHPHUPHPEROTtHE?2aE2h ol CORRHTEF PR SHBIGIOPENS e it [t R berfPema@ate dn

or manual input when the heater tenperature recedes bel ow the upper
t enper at YAX$ i fimanufactured 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.

[00135] The schematic circuit diagram in Figure 30 illustrates a heater 16 connected
directly to a controller 20, as is done in the multiple local heater control configuration 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 range relay 310, heater 16, temperature sensors 50, 52, heating element 32,

expansion module 202 and other components are the same as explained above for Figure 28,
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[00145] As shown in Figure 33, the PTC therm stor tenperature sensor

50 is positioned in the heater 16 adjacent the AC powered heating

el ement 32 i wotooerisise sense tenperatures caused by the hepet/uspoonsewesl
by the heating el enent 32 as descri bed above for the upper-limt

t enper at yx@psageited ik Boitcered aisdtly t6l@Rebhteslr 2X aTir&oteMeRITEAS AkVeONS
shown in Figures 9 and 27-30. The high-limt nechanical relay swtch

300 is ah td@@@dléinqm@oﬁﬁ‘%uwﬁnﬁgupﬁaﬂﬁéve(}ieﬁteﬁit in the controller 20
to open and close at |east one of the AC power conductors, e.g., the

AC power uct - AS: b i [ S
27-30 s T e P A R R ELERRC TRND RO e g el
normal | y t, -3 ] | o t r .t he
noator 10 ARRAS FRERE 15, s b UEAEeRle 395 Rl ndls. MncPEIR b Sl
power conduct or, .29 asses, t hrough_t he controller. .20.to..the outlet
Ponnect ot hE3\fefe SE E3nh SERU N Fia® ARG bl df RS st Bl or
290 to the. heater 16, as described above. [00146] The swi t chi PTC
Chenni st aF M Stiehe PhaTHeGRaRss % Bgsl AP LEnoues BOV TR Aot od
in series wth rectifier circuit 307 that powers the coil of the
relay switSERd 96@5 3- PRI PR AT cal ke O teT supBlineRH g voltage SAMEL PR apdC
fherm stor of the tenperature sensor 50 in order to power the coil to
cl ose t hé&edey raltagp claseenie mpseaturg oAnge Pirguido that ggntiollpr 20shgwo in Figare 31t o
turn on the AC power to the heater 16. Therefore, in nornal

t enper at (#H38perfar dxemple operating INgicX00plagansie g the PreISROORNE 616 B ABOWM &N
the tenperature sensor 50 is under the upper tenperature limt, which
i s set byigue3ls\Witteddgines well sy thasaltésand permereat inféguod 32 el ys§din this
therm stor of the tenperature sensor 50, the PTC therm stor has a | ow
r esi st andesctipiadn #astdmplacnd uct inteedwitg e ARittig: rdetllvstratked logedtarts in the
rectified, flows through the coil of the relay swtch 300 to create

t he magneppe-linietshtrbEIN8L Fesh kRrtGRostehbaathaktiredRit is CRBS amansd fist

in such normal tenperature operation, the AC power circuit in the

cont r ol | ekigRAmit§ QMYelaBird GerdsES A 3PDURS co‘:xl*‘-rgﬁfyd% ere%%)ge%%mge?gturei 1fni¢! osed

and can conduct AC power to the heater subj ect, of course, to the

cl osed op.qpeR; SirdtdiRnf m%&%reertaﬁgé&ufe%&aéwﬁ Ot R AREEITE ns30%) is as
descri bed above. However, 1f the tenperature of the swtching PTC

t herm st .hi gh-.l.im u Ci .
exceeds ?tsé ﬁ‘fé‘\r}mhp%‘ﬁé“ﬁ%%% P a@%ﬁ% W%J;\?%Zé ﬁlrr%g ?%’?% er(raSt&lO3 24 EFwhdidinat actual

iItTs resistance
i ncreases_sharpl v and effectivel y.sur of f e rectified curre to
Lhe cort TaipiBefolnglB i Wiy Bold bEs Febad QRchST Il AP RS Boen

contacts.307 to ope nd,the normal ly cl os contacts 308 | ose.
Cons equeriForPAEREO2A R e § B8 Fetbptine T SRE sty S0P B Ac
conductors 290, 292, thereby turnjng off the AC power  to the heater
16, Rect MHEHTBITFHHPDY, sceatedy %}Oé,%o P%ﬂhlo-ﬂ%ﬁév@ VB iRfgéhs Epppratugs of the
circuits, are well known to persons skilled in the art, thus need no
further @esEdliepiticdiis mepsusgd %g%@wsheasﬁtﬁ ihig ngt oveReated,i e i less thopdne]
Then, when the tenperature of the PTC therm stor of the upper limt

t enper at verhselizrouBioepere fd exarhplekt dowpntrablen2 ieqretletede telbehtond & ked it
hi gh tenperature Iimt, i.e., belowthe swtching or transition

t enper at woedafmbgeth&FlEcttduér enngtooents artbe tdugrodenr20e if the hamrodigal (his fiovmdst

t hrough the PTC therm stor, the high-limt control circuit 298 still
prevent s 32he s@ibk ovdrhédnel, theh dhe BEDlihiteohtie 208 R&ph thetrbiey ewindhaBl1BEd,
to turn the AC power back on to the heater 16 until there is an

oper at or gk MHdedawant 379) so that thb BigBXBHRICA UPPRErhinfhg aGRlIE @r cohtidl bytthe? 98
shown in Figure 33, there is a drain circuit conprising a switch 309,
€. 9., a hhRg QaurshoWh bowdiiiidtedd) Y, 19t her solid state or

mechani cal relay swtch, and a drain resistor 311 connected parall el
to the rectifier circuit 301 and coil of the relay swtch 300. The
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[00148] The triac 309 is turned on by the AC current that flows

t hrough the PTC therm stor of the tenperature sensor 50, which is
applied to thwe @etrsdd3 of the triac 309 via the nornmal | yp&Ele366/066078
contacts 308 of the relay switch 300. Therefore, when the PTC

therm st @y13) t 08 hERERAAL LarSITIY testPatl3yd D405 6 £ DRJ286L i £l 8 sensed
current to the coil of the relay switch 300 upon the occurrence of a

high t em%%%@m%‘&&%ﬁ%%&%;%&%@ﬁm&@hentt ?ﬁ@%ﬁﬁﬁ%@o}ﬁr&%g ogg}{gtﬁ@eclteﬁay

307 in the'relay swtc en to turn o e power 't
heat 18,: j h | I \ ts, 308
lose a0 iRoRaEEl et BRGK S BRAC PR e faner TR SR 413

of the tria¢,309 to actiyv close). the drain circuit. nsequently,
when theg1 nea?rf)oetrggf)rd’rc %Ssé:?ntfaﬂgsﬂg‘ﬁt ]é@m)ilgs p@ég@é?"%" %Oﬁéi OReHECCEtaE Rrat ure
of the FTC thennistor of t tenperature sensor 50 falls below.its
swi t chi niFPSE FERIP ST éraéfqgéi‘t%s WAPrRIEna! WZH@@? s therapeippTiate he
current is _diverted away fromthe coil of the relay switch 300 and is
i nst ead @?‘Qi%%%rough the drain resistor 311. Wth the current
conducted by the PTC therm stor being drained away fromthe coil of

t he rel alf0&¥]t c kogping High theiprocessmentrolPéaa temphratusd weassmeyhiondhe
field required to close the nornmally open contacts 307, so the AC
power t osachied (peceess) teeragurepansort 2rim eatnprréd at892 withiioaurhgriatmened set point
tenperature at the PTC therm stor of the tenperature sensor 50 has

r eceded, (dasickdidpelangigaiparacosjduiats thg setlhgattresic paameen(e. g. [ DOWAOT). Tid tHeur n
the AC power back on to the heater 16, therefore, a manually operated
swi t ch 3ddual propew véntietatine nikasirkd by thepestetshenWab2ispovebel 6 fitetset poritd
thereby to turn off the triac 309. As soon as the triac 309 is turned

of f by thensapueatdiy iepenaidehl Mdeedturd Icontparddt 840 th¥rogrammed low
2007/ 118156PCT/ US2007/ 066078 circuit through the drain resistor 311

is deact ichpbRéire Sl6rt (TEAFpHr&RALr, [ &0 sStORhERE thORRBESRRE 1sBElol{Re de_:sire% o1

tenperature sensor 50 again is rectified by the rectifier circuit

and f1 ows,d-fQueet i8nE RidpeRturt & E)ﬁ:)egtyw%ﬂﬁz@&é@?&b&[%@fb&%@’thé be
coi | cgeates he electronﬁbnetlc gle require 0 open the contacts
707 o’ R ERARENS M 20kR ANt MISLERNL SREId NRLE RELAC P!

to the heater ve t iTCcuUit.

?ESZ?Q?‘E% bt et dfed §€4 wieRBELE Eg'g%ffd“%@%%méélﬁ%’{a@%&%ﬁﬁ% Beom
FTC ' 308
L empor ot BV At TR BGE HPT® Lengare G0 ahal e teP oM Phdl 86 t chi ng

or transition tenperature of the PTC therm stor. For the reasons
descri betFmREGHES it HEALRY RO RepRy Pedow smpsragre alee (KT A) parametersthen thehi ch
is disabled by the manually operated switch 315, an operator

i nt er venPiossss syitgh (relpy) 38p ét desed mpindiaied ah33$1 but theLERJA? (e, amber) is
reactivate AC power to the heater 16 after it has been turned off due
to a hi ghmedppde ddinate thytdhn adtyal progeds éaneeratdr® it indhe mopralogeratingrengeds
the switching or transition tenperature of the PTC therm stor of the
hi gh- 1 i n{0014@npditat corepasiens ar333GhoywORaE04 adtial prooeds derygeratadeankatirad by t
is primarily heat froman external source, e.g., heat fromthe

heat i ng tleenmeis t&Rpattufd @AINAOL it gEorbielodt the Bet Gamemindik thd idiettSis| thert he
pipe itself, that causes the tenperature of the FTC therm stor in

thi s exampli@npahRiBEHedkddo 34@t deb & it 9 al drab&VM the Bt REinOplut HRMTbtieQl
tenperature to turn off the AC power to the heater 16. In contrast,

tenper at Yiimbied & itlid) tfch®hd @ﬁﬁé@a&&@fs%hé&@é’ afl 32GOBEER: 1R B aldE TR

fuse or thermal circuit breaker applications are caused prinarily by

| 2R heat ' ' rJm %0, [ ds,
FTC 1 hor R Lo R Hel DI RTplel oS e sBh 20 WP RN,
excessive current (1) flowin the FTC thennistor will cause
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1001511 Any of a variety of status signals fromthe high-limt
circuit 298 can be provided to the process control circuit 296 for
use i n gener &tg gy silssus and/ or al ert/al arm signals, or fp¢Er/usoiiscors
process logic, and the |like. For exanple, but not for limtation, a

sensor 3iefpefttirl). 38sA e thEMntH Bl tsQf'ftch S@Nis BFerdd 8B 44Q0 'nl}{i’bﬁﬁﬁeeAéhat
the rel ay swltch 300 is activated to provide AC power to the heater

16 or deﬂ%ér‘f@ﬁ?eq#eg@r( hlldit 1§ Jnd’%ﬁ‘e ‘p@l\éﬁfAlzirﬁl”tL% &QcﬂtZQf) islfimefog 0 for

exanpl e, “buf not tation, a sensor 319, such as a current

i gh 1§ nf 2080 b?@r“aﬁﬁgté‘%@%dﬁlgg?ﬁ%ég%@%{%é?“? Syb %@gév@%w@%mf%ﬁgng or
Het oot ey tiotgtt SrBtmbigiont RECTHRA Srurtefanef 8 bF 09%‘[@@?12& ure
Status s i Do ke aporid 467 otdied (hepies S e ST OIcoRdEh s S0 in Rufke

exanple, to generate status and/or alert/alarmsignals to the LED

di spl ay é@?lémﬂﬁﬁOQQS?%@ndlsplay/adjust m croprocessor 316. [00152]
Anot her exanpl e inplenentation of the high-limt control circuit 298
utilizi n@lOdnEch If the temiperadvretipm theerasesgiernparituresanpped Atsuobiogahaicii2 50
is shown schematically in Figure 34. In this exanple inplenentation,

t he tri abe 309 abfvetthepiogmummecB3T Aparapieter, thenr thp bentwtirabay swvitckddhi openl, egh
mechani sm 325 in the relay switch 300", which is normally cl osed and
i S acti vaidbchtddyat 84 asdthe “GoRbingeN&EDasba.vates the first or primary
switch nmechani sm 323 of the relay switch 300'. This second swtch 325
coul d al $@1a8] pridescdad oier Burapry ¢ shofw@liAyheSwhrhplb dfawafigsHnd Wegcribéiit
dual switch relays, such as the dual switch relay 300" shown

schemat i gBdvelas bBinEipetfsrthed byt reril @a8tkd] YrR¥@bisahb 299 dogBI 6 338 NMPRGEver,
than two separate relay swtches. In this Flgure 34 exanple t he

relay swigLhaingidRRgd 6@161%(1‘91‘1 bé P&T&ﬁ’&@d 8§ o§9&m6}9 chersoxls'n’inIrﬁ)h'son but
only to distinguish this exanple relay switch fromthe

previ ously,g8564s Q?&i whtfl lvﬁ% IBQJ?mﬁ:QQf th% Rinbfi ‘§ram g% ortt;ke the

primary function of both ese exanple relay swtches 300, 300" is
terer at TSRS, rﬁ%té?‘rl%#%;&?%w% Bt A 8. Thafet Mo b more
2007/ 118 PLGPETPUISI07 FBEOT" u%%‘i’%%)wt‘?ﬁﬁ%gé%'ﬁﬂg s s ne

oo e AR Ao Rt sfraﬁga?%rﬂaﬁtw@e SRt g st o R R A0

cont act 307 of the Figure 33 exanp SO current has to fl ow t hrough
the coil BFEKS3 war;?lw%cam&p@@m ﬁ@pe%{rwe figient Sl ribgrmister Ac
power can be provided to the heater 16, subject, of course, to the
openi ng éﬁﬁlC@n@@mﬁée@PetSWée%ﬁOb%sl@P@fvhmléwn@§@§%$ﬁ§ﬂ5(3@@ Switgeing PTGed
above. The coil of the relay 300" is powered by rectified current
derived Biermistors exstserhicendi®@Osr devioes AT exhibit e verytshiall nkgating tenineoigh t he
PTC theim stor of the high-limt tenperature sensor 50 whenever the
t enper at upeffiofent dfeedfaict hetiinths device rsadhed Dwitichisteiaperttats, nfjeroreferred to as the
transition tenperature, which defines the upper tenperature limt.
However, sivfitch Betrdnsitipg tahipsifua! whéteudol miedeaics kehibigyyhar B i ©a CdhgRradire
exceeds the switching or transition tenperature of the PTC

t henni st Qpeffitiet: sTEdifitce bl Q1 bE AUEIntbR e Alfesikiagdet. 5t Q'feswiaﬁb@c}ﬁhé@of
the rectified current through the coil of the relay 300", is stopped.

W1th no cuRneRLs {ved &EQUeth, %hﬁld‘é%lhm&ﬂ%ﬁlp%ﬁﬂ@éﬂaﬂ ofJE?er ddof&t. Syt ch
323 opens the contacts 307, ereby turning off the AC power to the

heat er %grétgﬂqg %’ Aer e«%{n@éljs Xre%%&ﬁl?%g%?a%&%%m%&%lg' \%%ﬁstr&lsﬂﬁ)ﬂﬁerﬁ Satures in

contacts osing o vati ng t drain circul

conpri si ngnges ?ro 6%%8 to ?GQd 8424 canjb gn%?acgﬁ}ld \th}(la pransﬁl%n or rs@r%chatemperatures at
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WO 2007/ 118156PCT/ US2007/ 066078 [ 00155] To restore AC power to the
heater 16, an operator can open the drain circuit with the manual ly
oper at ed sw tw@nodilfis1sBy even nonentarily openi ng the manugddiys2007/066078
operated switch 315, the drain circuit is deactivated, so rectified

current i@sta834waLd°C ghd 4 SasiQis highfas LbEC! el thd QQQ&:th% fdﬂct%hr {h&Mnt in the
flowi ng again through the coil, the contacts of the first swtch 323

cl ose tOs@vH&ﬂn@Té hR AP BYEE. 48 ame fgﬂtlﬁxgr aﬁﬁeﬁﬂfi‘e LASor “tth@%gﬁ 10t

the second switch 325 open to disable circult. "Therefore,

2’?33{ dosT S t@F%%l’f‘ég ?“%%%ﬁﬁ% ?fs%%?’é%h%ﬁ““ﬁaf?’ # ‘%iﬁés“% fhaes
bt t on iwff(fﬁhgﬁ%r Eoddtbfhd cHeRlY 8%%&”5% M ‘ég%é%sfmwﬁsvwgchgfoc’
conven e SR, AL DRE L AL S SR easmaRmroTaiss sy

manual force.is renoved fro hg%(g tton t he spring 329 re-cl oses
Che. owi t GRS UDEBP P E T L ABOUPHET O 6 HE FHPEAL AT ERSER | bed
above have_ the source power and signal circuit distributions nade
with cabMaSodsaopgalr Héergentmfl w&mﬁnw peukwuhgnctbe hrajgs tenengiitere zepedgsthiglot s
branch 85 branching fromthe trunk 83 (Figure 10), the slave cable
adapt er H® uppetempaagredireitcabl e segment 128 branching away fromits
master cable segnment 126 (Figure 14), and the T-type controlled power
cabl e24 WUIHS] t Ashans Hi@Breliﬁamc ﬁﬂﬁgh@mmorﬁcmpnrms stuson KO ikGbsifibneglin e
16), these distributions can also be made with junction boxes. For
exanpl e, thedteatent6 ddjaceht the A&t jooveredtteetifglandnoB2 of ortidrao sénay npatahies
adapter 22 can also be provided by the slave adapter junction box 322
shown i nchisglibethe BbatProdunetl by the htdtiag elment I25R deesibéd sHdve Fortieupper-limit
schematic circuit diagramof Figure 38 for a single point control

syst em Widntpetatre SERBYESNAF QLo RIAREHDS 6N OInkRén&YatRnd &H"(')anEin Figures 9
controller 20. [00158] The sl ave adapter junction box 322 has a

housi ng 3k b6 hrRdhibR A8
332 in opposite top lgnggﬁtor%;%%%\%g%laﬁggt@@g%% of O? {t]lggﬁ%lhgl}enjge%gﬁgan

w15 325" e CANIRS 581 e ima Sy %??89%%%62%&%5%@ ﬁ?%%‘%?"nf%’%
The inl €theC Bg\ggrocrongll?‘c(?orfi9b{ja§e déa%eécnlogé aboggﬁrﬁf sr%l%wm 1§E1reé ﬁgtstoa%?a%i

adapter cable to nma

of the ¢ Ier Fi st er .out| et ctor

ket he TLPEIRAL Pab tgﬁﬁc?‘f&? 16 3% TR Riretaup SherSeufigt B ot ored

is configure te with the h onnect or 64 onthe
heater c %fﬁ R pﬁ‘égttgﬂ“ef@ateﬁﬁiwg?n&k%g oIREY BB CogtachtN{ds O%ngﬂﬁt or
| eads 336, 338 carry controlled power fromthe controller 20 to the
mast er  h&XEEACTEWeRFINdECtPR292 RA6SeH i pughdhe oniyaller 20 6nhgordetsommgtor 342
and 344, 346 carry signals fromthe high-limt tenperature sensor 50

and the pheEeseonnegipHwiththersaitskedsd® rower condystar 2P & tae heagertligeas described

control |l er 20.
above.

[00146] The switching PTC thermistor used as the high-limit temperature sensor 50 is
connected in series with a rectifier circuit 307 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

turn on the AC power to the heater 16. Therefore, in normal temperature operation, i.e.,
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[ 00159] The two sl ave outlet connectors 333, 334 of the slave adapter
junction box 322 are configured the sane as the slave outlet 134 of

t he sl ave adgpigbrGaeke 22 so that they can mate w th thepdmb®bo7/066078
connectors 172 of the T-type slave controlled power cables 24 and the

inlet connectetenpeBfurekerdsbesd isifddr theiRPert ehperadtd I06it GRNEH Rlsbias tRower
sl ave cabl es 194. One pair of power conductors 348, 350 connect the

out | et C%i@&%bgodr é%é&i&l ﬁ&géﬂaﬁﬁé bPhé PT@?}S&HS?& of Bie ke F AN QLS. RRNeT

conductors 336, , and another palr power conductors 352, 354

connect  bhe bl & 1SONNSELAks ALt LEA b AALIbILPRE AL Bl k0 il

control |l ed power conductors e sl ave adapter
junction_b 218 ¢co cte t he cant | er as _sho in .

E o o aERted fowh uRARE ot e fehS 515% A i SFeafeche PRgTHIF E Baired
connect o 32 and ot aters 16! connected into the sl|av | et
Comnect ola S8 M GaB I MRS h o BT R el Pty Siatioaute G pover

heater that .i.s connected to the, ster outl et _ connector 335 to

funct i onCEUYIR e rutrelter RRA0BPTIERE oD PSHE SaducHES $¥hpet dt tiped SBhedr s
50,52 of the heaters that are connected to the s|ave outl et

connect ofendggAC gawerdy therhgpter Ko subipdaafepurse, thbeicloseder oppstatupabiber s
16. Therefore, the controller receives tenperature informati on from

t he mast erocersagley switthgoesgBont 302, andesershed apevet dlopeyer déhactomperetureef
power to the heating elements 32 of both the nmaster heater 16 and the
sl ave heéteemstcli6g PTWh 20T bf 8362 ISIORT06 66148 JIDMKES id orFiegeds dan,
of course, be nore than two sl ave outl et connectors in the slave
adapt er puwidtingdsr thaasitid?@niperaate diyresikainee oreases Rizanpll wad efdfidcsiyelg ahsoff
connected series of slave heaters. Also, while it is not shown in the
dr awi ngs thespdtiffed Shigste 1A LIS oDthe aelgli $wikAa00,jtheaedyi MOwWhBS n&ranlY epen
connected to the slave outlet connectors 333, 334 of the sl ave

adapt er jcbigdid 07 tB@Y¥erPindltRe hdiBraRy 8NSedUdhlagl 36PRNEGEE 0L A3 quitly th€open
sl ave adapter cable 22 to power additional daisy chain connected

series OkoRh@YRMHRAEHS AkSpovdr cHER SrAL BSnd0864990, 2090HE2hy ﬁnﬁﬁg'gfs? %’e

power junction box, for exanple, the source power junction box

shown i “é’ﬁe&}zb%e?%o %gﬁéﬁer 1%‘?‘%3@&&%9 itsneoP 19fmﬁ-bv§_eg§@g§??cﬁmw &I%uit?,e

power ca in the assenblies showh 1T n Fi'gures € exanp

source power ti.on_hox - rece [ -] unction branch outl et
connect ot BOhE Bl e nEe R 30 B BRI RA hbBEA G BR IO ce
power junc iqndbox 0 andtis configured for mating connection to the
inl et cofff %?%ﬂlﬁﬂﬂfé ¥HE" controller 20 (Figures 20 and 21) so that
t he sour power_junction box 350 c be nmounted directly qn the
cont rol | 400133 by HST-U A EREeE B %ﬁﬂi)%% FEIISEr PhiRe peg dmigampapture
connector 352 to the inlet connector 140. [00163] A source power

j unct i on SFPERI0 KeERdisRRackdogB Ao B Ferzperatyre belpyitles kigh temperatise el 35BlY
the source power junction box 350 receives source power into the
source pdseswijchingor enskvr tgeperatism! tiedtTGlhampibter, aad hogrzent tvnagain
extension cable 25 as described above in relation to Figure 27 and
shown, f dlowextanpdhehe PHC EheguistordBe hiphdimeif omérpl ¢itveit 88%1stdEprpoantr the coil of
junction inlet connector 356 in Figures 39 and 40 can be confi gured
t he sane tixsrelah800 fbetrectisigthoton@Rtsd7 thermlthe Wakpss@u bask ghavie heatet B
26 for substitutable nodul ar connectivity to the AC power source 13

(Fi gure 2 thEQ&LeAdpeAtdristekeftitnl &h tHRRANEEIE AppedthitddnBos@RaNdos sHoamal
side surface 362 of the source power junction box 350 in Figures 39

and 40 i gy ploAM Aehefeqt a qﬁir?&ﬁr&ﬁ@@ﬁlgﬁéiﬁ@a it @R00L o MPHfac adeHotwnaR @lgure
controllers 2, as shown in Figure 42, and can be configured the sane

a
the t f . i
i_s 8) feor r3§33 gftﬁ:é{ ::llj);ﬁg ts”é% o? ;n%c\:ﬁﬂ?rﬁgéil hééﬂ’_?s_wﬁfw,ra?ﬁ aRPAE FesGRPE E1 g&]n@&é@f}‘&ftﬁ&l

to the rectifier circuit 301 and coil of the relay switch 300. The drain resistor 311 has much

51



WO 2007/ 118156PCT/ US20071066078 type source power cable 26.
Therefore, any of the follow ng can be plugged into the trunk outl et
360 of the swgree/REMEr j unction box 350: (i) another SoOWERIPOVBECOTS
extension cable 25; (ii) a T-type source power cable 26; or (in) a

| i near - t epeinipRaHcs lah B RAWFaR rBigyekitdhaob ol OSmpli)Ad BRder Hm SRR Rss,

schematic circuit diagramfor the exanple sourcé power junction box’

350 is shpmm W&nﬁh%ﬁ@oﬂ&heﬁelgﬁkﬁt&f%{ E 1§Jﬂﬁl‘ne§ QHIhE€ cﬁ?&@fha@ﬁ%?ﬂ&ﬁﬁ

364, 366 extends uninterrupted fromthe inlet connector 356 to

trunk ouf @g?ﬁ&%@%&ﬂff t}’?batg 896 SR rSP Psfqrﬁﬂéﬁ &% &E bhedk ﬁﬂ{é 301 and

conductors exten rom a para conne 1on wt runk

Ther of or SARGEAORMTOR i dre ik fork P sRPg lng‘*iﬁ%%s%tro%?amctﬁ%@m %
in parallel to . th %Prce ond ctor % relation to the trunk
out | et cB%ﬁ%@ng %@%te Tg%?§$ﬁ HGW‘ et connector 352 is

t | bet we th |l e
conneot olboEE L IThE Fiasod Brikhon by H@m%{e&ﬁ%@% brEBBSAC (o ¢ he

signal circuit conductors in the source power junction box 350.

Ther ef or Bemgtos pighmtemperatyge pasoriS0, whish éfapplied tojthmeate 213 ofithe triac 309 via
conductors . the trunk signal circuit conductor 372, extends
strai ght th@mpm@glbf clased pamsts 8 0%@;@ rel8p switdra00hdhenefose, vehen ek TE 356 t o
the trunk outlet connector 360. The other signal circuit conductor
conpr i setheanstonpihe ferpaciurs sgusal S0ciims offthaectdisdtcorre3 7d thexod ndihegeliy om
the inlet connector 356 to the branch outlet connector 352 and an

out | et bswitdiB08iugmathe oteuriente afertdgictempediite @xhiendietgater ointidwridaidnch
outl et connector 352 to the trunk outlet connector 360. [00167]

Ther ef or epenwbhiaéts a0 Pintth@teldyyswaich 6 0Mbpealtd ai:s o heCAD pbRedaitisy/heaRRal 6 as
connected electrically in parallel via the power source junction box

350 to tB&cAKednBYRY, asdME &6rmladly(ckdsBdERtaR15)308 BfosS RO Wb v in FEi GIWE 83 4 apply
they will be connect ed electrically in series via the power source

juncti ongRRC FRPer Pt I'g‘é‘te%'l 9 @@{htha{cCS‘é)’Q to ARivhEl(EHLES t1 Ghaih erf\ff@ same

manner as descri bed above for the T-type power source cables 26. O

course,  aBYsBWHRS with BOMEGEaROE the He? 9@?&3&@ 158RGH: Lm0 9178

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.

[00149]  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
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junction boxes 350 can be dai sy chain connected together, with source
power extension cables 25, as shown in Figure 42, for any nunber of

controllers b20099%83] Anot her exanpl e power source |uncpeposiaerosed®
illustrated in Figures 43 and 44 has nore than one trunk outlet. For

exanpl e, chufit HRugh B drdifftdsilor 811 isl da@fidich) BMnd QurieliefrbM MRS PEORRESKESRS of
384 and the branch outl et connector 382, which are substantially the

same as t(tj)ﬂg%ﬂaegﬁ%re ﬁuﬁ?% Q air@é‘}'e&gig;&( %gggaf}@%tﬁ*& L8LuiCRHNRE 1B Brdugh the

descri be or the junction e power source junction

b 380 i s i -] d i . .
connect of ! SEE b 00 B sebollledel S Ockf il Rbig spquined o
th tlet t 386, 388 fJ d th i

chai . cohErBFUrI saaie ot fulh WP BeraFenbln e Bu7e e
T-t t 26, | -1 t ] ti

pover - calFEE 1380 Sore AT Tl SRS BH Ay e, LOSOMABLE SR BgS of

controllers (not shown) can be connected to_the AC power source 13
and to t RenegllyRperaggdspiich rawmg fothe plesedgnedeeths Gigsr3 0P GRes 1o Arp Backaso.
[00169] As shown in the exanple schematic circuit diagramin Figure
45 for t hecassalhpreresfien tbolif € shgrmistarikeepsienconiats 3PRhererasirngsasihece
power conductor pairs 390, 392; 394 and the branch source power
conduct otemzeraturg @6the temperaturg serson§O tehnains beloky theswiddhingonrieaosibers 386,
388 and the branch outlet connector 382 electrically in parallel to
t he i nl etemmmtectodtheFAL th¥tnaster. girathecieasons described uboay, theB@e, tHOPrOVADR,
403, however, connect the trunk outlet connectors 386, 388 and the
branch ouftretdraooinait ahicB3Ldiedbdal by thaltdayuadlly opetied Switch 3 15 an opeitor
connector 384. 100170] O course, nore than two trunk outl et

connect ofigeRaitionei.)10\bbete’ thdlsvhiltd 339Uk ERuREIRIred gt IAQpIY to3B hedtdr
desired, with substantially the sanme kinds of parallel source power

and seri g ;&L 0NAds Hebdk fldd FONRUE b Bl hGeRPEEhi<Ventas gL PEdatddomeor
for each additional trunk outlet connector. Also, if desired, the

br anch Olé%el%gs e %R%ﬁ’é oé%si‘ﬁg# thdoparGl bFiLg @WP&%i%t&aéf tﬁélﬁ%ﬂl-}iﬂl‘?tt ion

box 380 wou t hen nction only to connect a plurality of daisy

chain co i of controllers (not shown) to an AC power
source 13Q§%%ﬁgg%§&%?§%al circuit 23, but it WO

20071118 RCT1 200.7/ 0660,7 ul d b t.able di tl
controll i‘ﬁ&sﬂeﬁg-gboﬁ del%:etr@?‘%l.tﬁﬁl gpﬁg\%ﬁfyﬁgﬁ t?f?mg lggg’ﬁgﬁalesf%c%’gegg"s%eﬁ{ %Ig
Cabi ¢ 108 aie gupRe B Bk PRE PbATEEBrS SIBRt I e PR s B

connector 140 is configured for connection of a source power . X
ext ensi orf2Esghihe tempesaiuig; of dhpdso thsppstey 1n thigG1ample ANREREUATINAZe to its
connector |latch feature on sonme commercial |y avail abl e connectors,
such'as MlitekmaPTBIssondrmaparapiede siraoffarehClraverto thkartendt 1 Meoptasth

| ever 410 shown on the mal e connector 78 in Figure 46, wth a dog 412
on its ditempdrateredisehim PTG theinzistdrsaised wivapeahtives! dregagduse drghegmal circuit
protrusion on the fenal e connector, such as the protrusion 414 shown
on the cdmtaket dppticdtiohetre corsad ptimprilyAy [FRhdt gereentelifinteSulh irethg RFEnent
of the latch protrusion 414 by the dog 42 on the latch lever 410 is

i nt ended thanseeyr & dthe warl€ PTQrthaaii9érs haveihigerée faiseanco(R)ac tatent flow (1),
it is disengaged by pivoting the latch |Iever 410 on an el astic hinge

416, as shawRedsslvEbBrehe((HBow Mhe PTCRhERSRS Will@atiR|sEbsefREhOfrodcas in
the femal e connector and allows themto be di sconnected or unplugged

from eachnopbfeiner IR VG, ahd iBBEFerARPAtire 2dcRShe Batisitiof OP¥GRM: QN

| at ches are not secure enough, and’it 1s too easy for the connectors
to be unpl RN ; , w9 or rubbing
past theﬁ?@ﬁ&?ﬁa pkg;ace§%ﬂ§%%%? %Bﬁﬁﬁgggﬁ%gf?g¥n?ﬁérefore, to
provide further security and resistance to unintentional
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WO 2007/ 118156PCT/ US2007/ 066078 bi asing tab 420 to pivot outwardly,
as indicated by pivot arrow 424 in Figure 48. The elastic resilient

spring bias @b dhekab 420 does yield under enough force g@gd20@Wséohe
dog 412 on the latch | ever 410 to disengage fromthe |latch protrusion

414 so t hasihe AkareRa4y 'o?étatﬁ@glgxgﬁ§ Rbm A% HANLRG HeRt Q%G&Qb%m&eae

controller inlet Connector 140. 100173] There are nyriad ways to

provi de ﬂ)l thP F)f;?g?ses} kb AR @ﬂcﬁipf%efo{]l?sg r? nefifink Is}gtu% gﬁég{a}l agérg{;lléx!ﬁg%lgx%lsﬁ éfl or

One exanpl e ment ation of t ature-rs
420 as cant.ilev .park ..of..t he housij 01, of ..t he.base uni 00, as
Dot o R0 B0 sl Bl BRI oty B O R S P 288 of,,

yi el dabl e_a rticular. a jcation requires fo e tab 420, a,
portion BYnetnﬁgetﬁ%?fsfaﬁgbeég% P RES E‘QE@F F%Vesrwé@{‘j?’h& ﬁtaCBYat‘?‘ﬁt@ Proidesdd
to the rest of .the housing 201 can be {hinner to function as a
resili enpové?régfhe@eﬁ%ﬁior 6‘5‘1"&?8%8%0{%%% &xthg peaierd o4 dhlson ) ot
428 can be provided in the housing to accomobdate novenent of the

| at ch | efEMSOU pat dordipitadign, sovengor d 1 sudi asg cpoent dafeetap speble esghto
surface 421 can be provided on the tab 420 to facilitate cammng the
tab 420 #dicatsrwhefer {igyiemprsptureps thedrghhlili empedatare isenspad hig eithes &) beldw
into the housing 201 as the outlet connector 78 is plugged into the
i nl et coHwevitoring 40trantBi0h Tethpetaunrei tHedT€hthedodster, i.¢.hewsrebi adeteaed @r (ii)
feature can al so be inplenmented in other ways. Several exanples are
shown i natRirghoeshd@vikching o thangtisretedPeratuneoithaBTO thehaisae, iles cprrantiiched
by a conpressible | eaf spring 430 nounted in a bracket 432 on the

i nsi de ofietbdred. Mtiesé ngl okt stahud sfgngld len Bused@ by el pr&RE0aESI BRuis RIE, Ak
434 provides the bias force, and, in Figure 51, an elastically

conpr esskkin®léBd eérerdte 438s arfMsiRGalirtPRBals 16 kile 1K dfspbP 85 ) ard/JroatRd
el astoner, or other foaned material is shown to provide the bias

force agagEQy@ghgrgg§%ﬁke§9p3ﬁg8 of the lever 410. [00175] Wiile the
biasing ta 4Zd has been descri bed above in relation to the branch

out | et C‘fmﬁgf]t OrAn%ﬁleEQ)ganji €5 %érrﬂétioﬁrof i(lfélh?%l-lgrﬂﬂ @&ﬁ%}i%ir%ﬂ?}t%%iurti%&iﬁ%?

al so applicable to the contr outl et connect or what ev
|2 gto %r ];L i‘g T?gﬁ%‘ﬁg@%g g%gggﬁﬁ te%‘é&ﬂff‘g sén%r% OtigI 510%%%E}§e%a.lti%erdly i\é\gigure 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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outl et connector, e.g., the heater inlet connector 64, slave adapter
inl et connector 130, slave junction box inlet connector 330, etc., as

descri bed ab@xyolfi1sfs@n al so be used in relation to the shp@VEs2007/066078
junction box outlet 322, as indicated by tab 420" in Figures 35 and

36. [ 001765 nqetﬁefp@%ﬁegméx MRS AL o@%&é&%ﬁlﬁﬁ'ﬁﬂ%@%yﬁoog

conbi nations of the above-described nmet hod an nents w

readi |y qgeuro 0.4 Qﬁ’é%{ ﬁ{é‘hﬁgﬁ ggwér% M&%e?tre} 16 istnohﬁal(!}p%)eg,ea%iig 89 584 gp}j{jt

the invention to any xact construction an rocess shown

descri be Ve, i]e nunber , of .exanpl e aspect. d inents
nave been BEemiediafele X i 5 BRI Sh AR 6 Lo AT P B ee
certain nodifications nmut atiqns, additions, a sub- conbi nati gns
Cher oof . hitagt 367 Pars BT Hen st R ORHE TSl g e 8ol e
and clains hereafter introduced are interpreted to include all such
modi f i catPBHE aﬂg %&Qit}&%?waw%%@ﬁ?{nbm@%aa HescBhest 3PaYs-ohe @l oafhe
within their true spirit and scope. The words "conprise,"

"conpri sé&day 300cisppvprer hy rectifigd gurrent ferived by theaeqtidigr 301 frore |AGgeurrent that
"including,” and "includes" when used in this specification and in

t he fol | dlawvaghrowghithePEE ¢hermiston @€ thethighslprait idhyperahie pansereticwhaneves thet ed
features or steps, but they do not preclude the presence or addition
of one ortemmraturehte PT€ahemesor is bepw,itsewitghiogipstrankitiv e cfnperaGird)| viiich
Claim1: Heater control apparatus, conprising: A Aplurality

of heat edeft@nthealppartsmpaamte ihit WwHowhves AfiThe t@@SerAurs iagiha kentipek ayre Sesbicd0
with an open circuit node and a closed circuit node, and each of

whi ch Conpich&es eRceBdsABESSitY dranGlifittdinperafidd ofithe PTOHANTIRA th®current

(Oconpare preset tenperature range paraneters that represent a
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.
[00154] 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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predeterm ned desired operating tenperature range to tenperature
information froma heater to determ ne whether the tenperature

i nformati on Hoomifigisheater is within the desired operatiger/us2007/066078

t enper at ure range; cause the signal relay switch to cl ose
when t hejdogsser abyestork ACOSIWHE: kPhe hSatdhd 1%%%3&%&%% &%9@&&6&&9& with
terrperature range; and (iii)cause the signal refay switch to open

when thethremaagldﬂeﬁtég@wcﬁ%ﬁs OBy &g%%né&%&%@ tﬂgﬁn'aﬁ&ﬂgropgryggem

terrper ature range; re noni

conpri si Rglf ch 315, the draln 01 u{t?srr&)eagt h%é.%l e rsrgrﬁllas Qégtlo ﬁ ézplégf the

el ectrical y to I'gha citeurt connec re )

SW t ches_ sai d eat er !

si gnal clle; |\glﬂéf‘g§e va§la5a18 %?Od#ﬂghe CP%ﬁa‘ét§7 ngg‘%ﬁéé”?lhﬁél I
of the heat er control rs bei c 0S wher eby_t he si gnal CI rcwt
i s openegl o fym g sy §H8W8rft°§ hpater g&&PdF Icﬁva%t%f’f%ﬁé%c% SHihoYe

(ii)a contlnwt detector, attached electrically to the signal

ci rcuit, ORERity Jé%tﬁ? T dray cetle disielase ign dhgyapiellppraged ey qbgdw*e@gaﬁr

t he si gnal circuit is an open circuit or a closed circuit; and
the drain circuit stays deactivated.

[00156] The manually operated switch 315 can be any of a variety of switch fypes, but the
normally closed, push button switch illustrated schematically in Figures 33 and 34 is a
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.

[00157] 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.

[00158] 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
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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 RfREMALIsen fromthe heater being outside of ghgusesiokeds
operating tenperature range, whenever the continuity detector detects

that t het&'lﬂﬂﬁhg 4 C’ltﬂetlnl%fco &Hor 330, 1 ehAnlB ConndQ6r TR rBe s(fzg;étaﬁéﬂter

apparatus of claim1, including an povver source connecte

el o0t 11 Caly a1 0. Bliadle WG NSAhGLe &RM 5@&;3131[4%%%%% \9) 267 ure 20).

heat er control’ rocess power era

fr
respect | 98¢ 03%'%1 I, c&ﬁ%%ﬂ?%?zqi}%‘%ﬁ? RotROHE spbis ora?@ R 8t e

| east one he The heater contro aratus of claim
2, incl ua?h%@?% lss%?aﬁwe%m#ee%u%e Reater mpyt %%Pnﬁﬂ%ﬁér‘f‘ RHBCAT cpif2 of a
heater c ntrollers electrlcally in parallel to e AC power source

and el ecPFItEA0) Fhprsiose theseais of power cangpgier leaqséé@t%f? carry C@trézilfsﬁ power figgn
heater control pgar atus of claim3, wherein each heater controller

i ncl udes therpontolisr 2@ Enhe magier baster 46.0vhiledhe Feorpsire phsignahbendartars4fal® of
| ow vol tage signal conductors in the heater controller extend from
respect i ved 344 pplosrtyssigsalsdtan thehight-lihei tepfpetature séngera0 andltlsg/preesist ch t o
the inlet connector so that the signal relay swtch can open and

cl ose t héngiegphatk saisorcid, tespdrdivelgxtb emdntrbliew@gh sai d pair of | ow

vol tage signal conductors in the heater controller, and wherein one
of a pai [00a59]AC Thees slevnelitiet eondedtors BBE 304 af Bk skonhdPler Rinclidtaiox 322 are
conprise a power circuit which extends fromthe inlet connector to

t he out!| ebnfRNIEES iR thd 18/ cuher1360NtheGla0E addiptdr BEIPD §o @At thly A8 WRie
conductors extends fromthe inlet connector.to the outl et connector

via the RLiGGRSHIPONMESN IS Iafth\ehetry?\bmaw&n%l@éaep%@epeéws 23%hd gl s8N
turn the AC power circuit on and f in the heater controller between

the inlef, %%C]]b@ of ARGinkhG gﬁ%ﬁ%ﬁﬁ%ﬂ%ﬁ&&% é;nglepﬁﬁ’e' AB1eE P84 TGd Rt AC

power at the outlet connect ater ntro

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.

[00160] 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 heaters
that are connected to the slave outlet connectors 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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Claim5: The heater control apparatus of claim4, wherein the source
power cabl e includes: a T-type source power cable section

that has a tywetsesegkent and a branch segnent, each of WEHGRAogdoRHS
a pair of signal wires and a pair of power wires for connecting the

first hembesi]Comhédbaor 8hRsed bé mdld ard fholshiSe IR ¥ortlRatbR ik HRNESE h@ptdr O
the signal circuit and to the AC power source; and (ii)a linear-type

t er m nat juRgicdek 882 &Pyﬁémﬁl%g&sn&?&t]&xw&v&mf& LR Qo GRELALD RS %fﬁ?\irer of
ast

AC power” wires and a pair of signal wres for connecting the

heat er CI?E%@E‘SQ lAl@(S il(oéci:t{iﬁ| é&i%b%/n iirpthte Favﬂ%?%}igﬁg\hegcaggg ?reacdtdilt%galﬁgncai%g

signal circult an ower sour ype source
power cabl e section. im6; The. heater c r.Ql aratu f.claim
5, wherel Ry’ SAie Cofl?e)cg?ﬁ% mFSlasyﬁ 8‘_1%% a?rglgc%\%g&, 3%36’? gr%sgi\aé’ ] iagaﬁ’?e(f é'fﬁ?ﬁf’% es
a trunk portion and a branch portjon, said. trunk portion including a
pair of PBEM B‘Sﬁﬁﬁ'ﬁf"ﬁf&é ,COIB@PtEF L#J ?ﬁhecsiavéﬁfl@’ﬁﬂ Cﬁ@?&ééﬁp%’f{r@ Ronah| et
connector .and a trunk-outlet connector, and a branch portion

i ncl udi n‘éfl%Y ginycoppecisdneies b plavie hestes 1 fidedsed onaesiedm an el ectri cal
paral l el connection with the power conductors of the trunk portion to
a br anchl08182let AceRiseeowBer jurgiign box, for gxampleTthe seuremroviss funicten baxciSdes
a pair of signal conductors, the first of which extends fromthe
trunk i ndhewngw Riggees 3P-4Locanthe usediiniplaseof b Tetypaootagmowanekbte ¥ is dwond
of which extends fromthe trunk inlet connector through the trunk
porti on dseentiees bircawrcin Fpgres bR, antdie trammigivutdegotyerinadtiondok 360, asoutche
branch outl et connector and fromthe branch outl et connector back to

t he tr unfowefirction Brageht antieh@nheatsra 50 pdteidesCibnih @@tbdftom Saifebe 364 0N the
si gnal conductor being electrically discontinuous at the branch

_CI)_ u: | et conrRPokr Bactididiox 350 eh®klcohBmtreCONMBEtd @An&bR AL idlQ chbRRctor
e 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.
[00163] 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).
[00164] 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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source power cable section via the branch connector is required to
make the second signal conductor electrically continuous fromthe

trunk inlet ¢@aeeigissto the trunk outl et connector. PO /066078
The heater control apparatus of claim®6, wherein the trunk portion

conpri segyg doluld kot @ble 269 MRELfofd) dnPof the! iloRitlel Bh be BREE inW thbtrhdle
;

pai r of power conhductors in the trunk inlet segnent being connected

el ectri caluhiy 368 oF e sPdkE pRber! n & Cifhiothd shite bowiexRlibtable
&%Frg %ﬂs con uct@r el §et i

segnent and with the t s int run

segnent i D hcal ly.t0 4 he fi i_gnal cond F.in
The b r uniooly Par DEEEREE LR LA, bY s Rt Mo SR I Pl
of claim wherein the inlet trunk portion and the outlet trunk

portion are connected together physically and electrically at the

branch o connect or . . Claim9: The_ heater control apparatus
of "ot ai 1001851 cr AR SRS schpatic ok OB Bh A SeiEE SO R MFAon box
portion are.connected together physically and electrically via a
source powers SPAWBEL Biguisdi. A pair of tink seRragpowER éorﬁ’é%if’@r%éo?%reéﬂends
apparatus of claim9, wherein the source power junction box includes
a j unct i ewingpted|fem the inleicroarectas 8 5¢ trfhe iilneptieheonperdten360r andle pegpfent
to the source power junction box and a junction outlet connector for
connect i rrgurchpovpartbrasch conduktosaPieit) axtend firemsopardkel pownectionuritt the frutdox .
Claim 11: The heater control apparatus of claim 10, wherein the
branch oubtret pawerrendustors 364pdémtoghie brandhhvatlstouontetop GHR&r Thetefotd, e biaxh
Claim 12: The heater control apparatus of claim1ll, wherein the
branch ouwtletcosmmtve G5Dts dosnetud fel egtiicaltl inarmitiao he dauich @owal ®hductors in

connector on the heater controller.
relation to the trunk outlet connector 360.

- [00166] 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.

[00167] 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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Claim 13: The heater control apparatus of claim 12, wherein the inlet
connector on the heater controller has a |atch protrusion and the

branch outl efyooingsgiser has a pivotal latch Iever wth a@E9ek00%/086078
distal end of the latch lever that is sized, shaped, and positioned

for engaggp®s bowkd $50Ldag bb akiSHcHAEP mHS: QMo YRR, | e RER MW PEMtdRIon

connector is matingly connected to the controller inlet connector,

and wher gipflesthREaRNE 31 ﬁgﬁ‘& 49| ﬁ}o? iy} ﬁfﬁﬂéﬁj 68cohlBferéppar atus that bears
agai nst the distal end of the latch | ever to resist pivotal nnverenth

f the | I f ' . ' . t c
0 e gfr?](it ee\[f\gltﬁ)téhtﬁpcggam Yo doSrdy chu?&: d}ﬁl@%ﬁh?@?%?@ﬁhé&%@%%ﬁé}@ sré‘%ﬁa(rzxﬁ ah

| ever fr protrusion in I'sconnec

I f t.h | | i.nl et tor. s i m 14:
e et RGPl ARG L0 AL SOTRRR e i B
i ncl ud t] bi asi t rt ousi ng on
the. heat BPT BN 1A PRI AB S G EBR PG S BFoEGH e Tme g

bi asi ng tab being yi el dably noveabl e agai nst an el astic_bias  in

r espons et cqUsFPHE A anddrish apticarneciar # edeserthed apexedpr the junctiondpayy m
15. The heater control apparatus of claim 13, wherein the bias

appar at udsG, s nedies saresg raglign s P3G is shewmisy Faguwer 43tdnd 44 oithy ol tewnk jontlest
connector. Claim 16: The heater control apparatus of claim 15, :
wher ei n t¢racgpisidig 388 imrdspeetive ppnonide sides 387, 380 aBothiof theThtlehembentors 386,
control apparatus of claim 15, wherein the spring is a coiled

conpr essB&hars penfrayred 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.

[00169]  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
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.
[00170]  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 18: The heater control apparatus of claim 13, wherein the bias
apparatus includes a conpressible material. Caim19: The heater

control appayfles,Akisg! ai m 10, wherein: (1) The inlgdridbiesors

segnent conprises a linear cable section that includes an inlet

R T T

fi
pair of signal conductors, bo

h i nl . i ] .he.
t he trunlf_t%_ S%grﬁ:g89@9&%&%zﬁya@ﬁ%g%gﬁgel{ng{}#%iég%gﬁ%n %%ﬁx%%gﬁ?é%céblg 108,

j uncti on boX; CO

| i near cabl e section that i,nc an outle tion.of e pair..of
bover corREPolRhedlon chlE 2R GF hieaRleCidtor 18R AaBlued S Blickuch
conductors, both of which outl rtions,extend froma connection
with theoéfbi?ruf:cé pﬁﬁ’\‘?&k‘?’“?ﬁ%?@t"?@ﬁ%&ﬁ‘%ﬁ%‘si %Yk outlet connector.

[00171] A conventional connector latch feature on some commercially available
connectors, such as Molex™ connectors include a latch lever, such as the latch lever 410
shown on the male connector 78 in Figure 46, with a dog 412 on its distal end that is sized
and shaped to engage a latch protrusion on the female conne&or, such as the protrusion 414
shown on the controller inlet connector 140 in Figure 47. Such engagement of the latch
protrusion 414 by the dog 42 on the latch lever 410 is intended to secure the male connector
to the female 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.

[00172]  Therefore, to provide further security and resistance to unintentional
disconnection of the connectors, for example, of the connectors 78, 140 éhown 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

61



Gl ai m20: The heater control apparatus of claim19, wherein the trunk
inl et connector and the trunk outlet connector are configured to be

abl e to mat ewbogeihgiseW th each other so that duplicates girgdifzosso7s
T-type source power cable sections can be daisy chain connected to

each ot h@asiﬁgatapagxyioqﬁvﬁguwaug,easngte@%ﬂpim%ugﬂa'in gfghfe%st. The eﬁa}cd

plurality of heater ‘controllerfs. aim 21: The ater contro

. i m. i . ' K

outter connepMdBid ofthy fafg H?%Sge?af{%%&ﬁd@% iy ?;%?P%%f%lé%tﬁéﬁoat%? ghitey
- r a sections

can be qai el baRkaRaR bl G LoVRErREY €8 SR e Ref 0BT bt

and the sj gnal circuit.to.said urality of ter controllers.
Caim szé %ﬁg)e KERlpesed fEp Fh8|C°%‘5‘8LFF Hﬁ%‘%‘}w@r 2‘? 21, wherein the I

i near-t erm nati ng source power. cabl e section includes an inlet
connect O%ng one R e ARG iad %’ﬁtt‘?p%rf’v’%ﬁﬁ%‘&&ﬁla%‘tg forre tobere pn diedatcls ai d
inlet connector of the linear-type term nating source power cable
bei ng coffPirgutEt 4 Pnsexample implepmgniation efithis featre iprir mold thebiasinatabct28ras
of the T-tg e source power cable section, and the outlet connector of
the |ineds @W@d past off tgahmﬁglgs?@dl rof hepasreuniiP) & iHestiafedin Bigireg 46-48.
configured the sane as the branch outlet connector of the T-type
sour ce poeendinaloh bowantchdrasdorce hohow yieklable apheicwlat dpplibaionmegires for the
connector of the heater controllers. Claim 23: The heater
control tapp20,atpogionfof thediomsidg 20h etrthé candRebre®foilthe tHeast €20 t6 dd reglolf Gies
i ncl udes: a high-limt power switch that is connected

el ectri ciadusirg201 Carstid tHinaérhs Furka6s ke REiliedt dditc Piakd 408 aNRoRAWE Figures 47
conductors between the first interface connector and the process

power swirddof3. $0s16thak chiBe Pxiogfél'eh iMht hOQWRY to B¥dchihb dafd rﬁ%nﬁ%ﬁ%e latch

controller can open and close the AC power circuit that extends

through Radrd10RAb indPdutAEHRNNEEINS SN UL Ea?[ex%d Rgh ‘Q@r@&etﬁ}?ﬁ tcs%}ﬂéﬂeﬁ}xo t'@&irlﬁlctﬁg r

of the heater controller and thé outl et connector o eater

control I gf 42@Bc¥aéiii{azeacaﬂf;[nﬂgg {HeTht} 48P0 bPhe Wal Geh: tHeTatbDRVASAD & being

controll er that causes

inserted into the housing 201 as the outlet connector 78 is plugged into the inlet connector
140.

[00174]  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.

[00175] 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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high-l1imt power switch to open and thereby shut off the AC power to
t he heater whenever the high-limt control circuit detects an-
excessive t enperauisiss i n the heater. Cl ai m 24: The RE&HWE2007/066078
control apparatus of claim23, wherein the heater has a heating

el enment ,oudetf dohsdctdr enp etha hedate islenanect@ 64 edoraddipepsicbtonnetad38olgveand
a heater inlet connector that is configured to nmate with the outl et
connect Glindibn bbeinle abilectoP B30, elcl, @& deswit@siabive. Necahaibibeysel iefeimion tb he
first tenperature sensor, and t he second tenperature sensor are al

connect g ghwrGhAdieabbY oﬁ&tgt@ a@ﬁﬂlc@fed'b?k&t@@q{iwgi&&@s and 36. O @i m 25:
The heater control apparatus of claim 24, wherein each heater

cont r ol Iggyenc! Sﬁg@esthese and nul(qbl%u@otilbrr rﬁ&dﬁ@aﬁgﬁg AHYLLLRSAGRTf B{EbbYd- er

circuit ‘connecte he outl et connector of the heater controller

for recej, %@rﬂgd el oﬁ%hd Fﬁpﬁcﬁfm&ﬁ il ﬁeﬁ@iﬁp ccﬁ @%se gl&ﬁ%@ e J}F iShotVi @

t he outle connec or o ater co er an I's éonnected
to th h I t rol d
oo 1 PP B e B R T

circuit; a _secon erat re,se i fier.circ

connect SRR fvsu Y il SuRRECD PGP o HeRs SRoLOReR S P bepbp St

recei vi na%pt he second tenperat gre sensor Frgogfa{_ll fromthe heate VI a

the out |®pVedmieet il prthe b Wilbrecegnizasstifia C4HAPS AT {E OB

to the process control circuit for providin condi ti oned and

anpl i fi e@d§@h-e¢mbm@tméﬂﬁwfelts%ﬁé@forgiwpd fget thn Pligragapsendsth cleigns

circuit. Cl aim 26: The heater control apparatus of claim 25,

i ncl udi rrgldaél%mw@fe@ftmpth@du%edrﬁmmretédﬁmﬁﬂyﬂ% such Jedifieslias, heat er

connection segnment that includes two 'pairs of |ow voltage
permutations, additions, and sub-combinations as are within their true spirit and scope. The

EE 19

LR 1 I &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 thercof.
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tenperature signal wires and a pair of AC power w res, each of which
extends between a sl ave adapter inlet connector that is configured to
mate with the outlet connector of the heater controller and a naster
heater interface outlet connector that is configured to mate with the
heater inlet connector; and (ii)a El%la%ﬁ[@eat er connection segnent
that has a pair of AC power wires that extend froma parall el

el ectrical co n_eci.i nwith the pair of ACwires in the master heater
connection s GAELFOBHPY MPUARSHRNPEF " hat is configured to mate
with an inlet connector on a sl ave dai sg cfhai n CaPlgw&:éc Claim27:;
The heater controlAappdy Blugaith el geatergopgolleihaiagh 9 hsgoxgnsisgs,p signal
chain cable includes a T-type slave heater cable section that has a
sl ave cabl e trelaniewitelyvetlt amegemn cistual Blode shé apelesed Hrirsaig meade, ardetrhopf
which has a pair of AC power wires, a slave cable trunk inlet

connect or t havhitlscampisegapedess contril enrfwtdatis progrdmemalitoput connect or

of the sl ave adapter conponent, a slave cable trunk outlet connector
that is configured theg)sanecaspirhgresetttbiaperanrenangcyarafeténs ehas kapvasent a
adapter conponent, and a slave cable branch outlet connector that is

configured to intgffacninkd hdéshed Nept@iing Ntctiper@dtBeGhile 0b aBmperature
internedi ate slave heater in a daisy chaln connected series of slave

heaters, wherein ;A}&gﬁg},ﬁ £ ﬁgﬁ?&% delhi®S WiRtHeP fieREANG R iRlPmaRi ©

segnent are connecte ectric y Itn parallel wth the pair of AC
power conductors i.n the, sl ave bl r ] gﬁg d to the
sl ave cabl e branc og‘utF? gffat%'ésr]vﬁqe(ﬁ:ll? 31?6. &GSHQA(OE %H{aggﬁ’%r@g# eEi ater
control apparatus of ell= 26, ingcludi a |linear-type terpinated

sl ave cabl e section tz’é)( ha§™¥¢ &7?1%4{9}%3(6 i t‘b\f%geswh% g%‘i&?’ﬁ&““”
between a slave cable inlet connector on one end of the linear-type
termnated slave @Hematiends vishn thegesired opsrting (HFTERETITeARRES: W h t he
outl et connector of the slave adapter conponent and a slave cable
outl et connector on tl{i)ot heauserthe signalirelay iswitah 1@ ppen weemihsdeaperslusg e
cable section that is configured to nmate with the heater inlet

connect or of anot livfornitiah ér not whthahthe dedilee tdngstratesleaamehaddt er in a
dai sy chain connected series of heaters that includes at |east one

sl ave heater. B. O ai mn2fs teflperahga@niteosybted coappisingt us of claim
25, wherein the heater controller includes:
(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;

(i) a continuity detector attached e_lectrically 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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(i) a base nodule that contains the high-limt control circuit, the
high-limt power switch, the first tenperature anplifier circuit, the
process control circuit, the process power sw tch, the second _
tenperature anplifier circuit, and the signal relay switch; and

(ii) an expansion nodul.e connected electrically to t base nodyl
sai d expansi on nodul etllflﬁcl uBitRgLEepEReT tgrrfsgﬁgsweoﬁpqg? 8%%&%%%6&1'
adjusting high-limt control rameters in . the high-lim.t_ control
circuit and proce¥sSE5HT 4P %gﬁ%lm Stepal; ﬁ”rhlﬂb i igshicatize of b dpmperature
circuit. C aim 30: The heater control apparatus of claim 29,
wher ei n the expansifematiesoiion the hegter h@%@é@daogﬁ%g gesirpd apfrefing temperature
m croprocessor that is programmed to: (i) retrieve information
from the high-Ii niahge shenaykr the eantinvityadetecfor detecththaighosigmd cipaittis ghen.
circuit and to process such information for display on the user
interface; ar@aim 2: The(hehfer c@m@l Uppadapsust ¢iwint 1 pmclading ah AQpotver fouesd
the user interface and to process such adjustnent paraneter inputs

for deligsahdtdd@ldchirally @il Jf el heG@NEJAbIIGHE, M6 intheRDCeat R hddR® chritRfIeSRas a
control circuit. Claim 31: The heater control apparatus of

clai m 30y MRep&Id stviteh HaebperdidsSih r@pBnsenS E!?He% _ﬁléﬁh it BRReS ‘égﬁ{-dlgircuit in

display for viewing the paraneters and a tactile I nput pad an

but tons {ar. gzittft}g 51&?& g};é&?o%@%%tt&rﬁc poypron o B gt%éas‘grrg]% HaSaL er

control apparatus o , wherel e expansi on nodul'e Tncl udes

5 SormunL oL G I £ 05 eSS yGOURECk el PSRl O e

bei ng prcﬁl?sgr%maﬁ (gorgn%é;ts 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 turn
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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recei ve paraneter adjustments froma renote user interface for input
by the display/adjust mcroprocessor to the high-limt control
circuit and to the process control circuit; and (ii)transmt
parameters fromthe display/adjust mcroprocessor to the renpote user

i nterface. . .m.33: Th eat er contr.ol  appar.atus of claim 30,
wherei n the pTPiThet olE Kedier (RN FatAri e SIeTAm, VR sin che scBioe JoRt cablé
tenperature, hysteresis, |low tenperature alert, and high tenperature
alert. MW 5im 34: The heater control apparatus of claim 30,
wherein the paraneters are selected froma group consisting of high
tenperature |imt,(Mset apbitype souigpdpweieable spptencibathas a trovk segmeet andua e
alert, and high tenperature.alert. Cl aim 35: The heater control
appar at us of hhrdhmeg@entywbasheif whidhecdnésss apaubesigha oviren ahdidgsirlodEPower
visual display indicators of in-range operation, heater output, and

al ert/al arm cefel forofmecting theQidt Me@dér cdiitvlieealtricalintifi Ghe ajafygr eHaus
of claim23, wherein the high limt switch includes a |latching rel ay,

whi ch once op&naebtiof ahelichl e 8l 18thé ACHo8Rr vakdaaagd AC power to
the heater controller is shut off and then turned on again and until

the high-limt conjjol CiheHidpddamitahe IRLRE! pieL LIRS Ssel GIP MA HES
in the heater.
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
parallel 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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Claim 37: The heater control apparatus of claim 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
in the heater esett i nt.ervent

orovi ded. - <ol Bopessbicrrilorif BP HEeh ERioRish B SREASS Rake i sgond
wherein the nanug resetting |ntervent|§£ i ncl udes shuttlng of f

el ectric powsteigheondustanelectagally roptipypys drom the tank flet; Geppectqs e thy trunk

circuit. Claim 39: The heater control apparatus of claim 38,
wherei n the rRiflelgonpeeiat ting intervention includes shutting of f
electric power to a drain circuit portion of the high-limt control
circuit that (Frisvéntls keatcotdntrbl appamtue of elgint & evherlimthe trunk port@hragompsides
The heater control apparatus of claim 39, wherein the tenperature in
t he heateetrunkdnleiedegate dndy trankRh@et dogm et S thrthegsid dfipowextonductdieintbadngtk,
and the drain circuit drains electric power away fromthe coi

circuit ihlpdegond il doarhedtldERaBY RChE bbir 6EBIVRR okdB@HCH ek Bkt et
PTC thenni stor to power the coil to close the relay. ClaimA4l:

The heat @bme@ MOkt RIRA Fifk lgﬁgnaf P BB heMARE Gk s anémmeﬁtg connected

resetting intervention iIncludes disconnecting electric powe

0] 90, AMENE R SO o ALARTATRRA ohfl JERELAT © = ) 00l o’

close the re ng a re |ne and t hen

R il Bl P

apparat uﬂ?ré ogt?ertr?rurllks Ilaor}?ion 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 physically and electrically via a source power
junction 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 confrol 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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a plurality of heater controllers, each of which conprises neans for
turning AC power on and off to heaters to nmaintain one or nore

heaters within a desired tenperature range and neans for outputting
signals that are indicative of high heater tenperature to a renote

noni t or; a1 erat ure sensi ns_i,n.the heaters for sens
tenper at 2%t * BRE Sha.ttert S PTbObIRRT bn ool Riserd: i egsioresfer
heater controllers; sour.ce power. dai sy chain connector neans
for pr oviTPERRSACYilh theduclyBrRRSish WhiiA® BanTOREISt SOpis=ial 1t Bayes oapaed
controllers and for delivering the signals that are indicative of

hi gh healedhe ¢afrphisr dnlefrconpestorpnd r“@ﬁwet%ﬁb?ﬁtttr@m;ﬂrce\hamcludes bigssnpaans tat
power distribution neans for providing controlled AC power fromthe
heat er clonatsragpingiithe distal dnd ofi éwtlatelsleverdp tesisbpivetel metnpoiwfithellashi¢vsuthaton
means i ncluding sl ave adapter means for delivering controlled AC
power t oisaeqastgo diveagape thndog on abe laddslevontom | thy atdhepioausianth bder to
delivering sensed tenperature signals fromthe tenperature sensor

means i ndisdd@ndththt ®fanbieadtRE cdnBedtdigronemt eonteUB ihRt t@hectther ei n sai d
sl ave adapter neans includes a pair of AC power wires extending from

at |east one ohint W8 P Eéa:tér%’coﬁﬁ‘olhﬁﬁﬁﬁfus CANLR! 12 vwher@n TRBEE bpHratus

| east two heaters in parallel to controlled AC power from said at
| east o t ik Qf | J.er e ] i I

adapt er  ciates'{ FarMoVERl tikind o AMAER ds . B HORRICHE aRtc? oA ol
tenperature signal w,res, that connect.a t erat ur ensor i n onl
one of - #ied L B taRIch S gy S5 biafink P B Mg AR O el 1
of heater, controllers. Clain14ﬁt The _heat er coptrol apparatus of

cl ai m 42¢lasfifi B8 fhresngpss o Pryoial fruce wPlicR tedrirk e¥eiconpr i ses base

nmodul e neans for providing a basic set of heater control and signal
laim 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 ')1 7: 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

(ii)  The outlet trunk segment comprises a linear cable section that
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functions and expansi on nodul e neans connectable to the base nodul e
means for providing additional heater control paraneter inputs and
outputs to and fromthe base nodul e neans. C aim44: The heater
control apparatus of claim42, wherein the heater controllers include
high-1imt cantr

| .means for shutting aff AC r to,the heaters
upon det ect R cBpRF e 8 wa ol apu cRaYtos 84 48 oplfRpRion of
tenperature |i 't,ag& reventing re-appljcation .of power to the
heater until Sﬁﬁ‘epi‘i& rg%‘ﬁ’x eCOB’Fiu“g S0 B%tr%a? which aptlet pqripnsapxtand dpm a
tenperature at the heater recedes below the high tenperature limt.
Cl ai m 45: Th&opesstien With fie sopreg ppweinnetionfbog tathmtmpk opile comfiepigr-
connector neans for connecting the heater controller to the daisy
chai n connect@epimm2{hriBie hebfer enfrol dppargwm nfdtior 1 hrwhesin the trudeislel einobetor
means for |atching the connection nmeans, and wherein the connector
means al@ad thetinkdesles@nnewgorbirasonfigard t@b altle nd mitaogedies kvifieatts other so
applying a spring bias force that yieldably resists unlatching the
| at ch nedfsiupkdatts 6T the T-tieadolrce pORET @bleapRidhAd e dhig EhisH Shnected 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:
@ 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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a plurality of heater controllers, each of which is adapted to
provi de controll ed AC power to at | east 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 cabl 0 a AC power source, wherein each_hranch outl et
connector is E%Bféﬁ EWerc,CBEﬁJéEOF? EWB‘] the ‘P‘ﬁ’F 8?““(?65%858& Sl Gﬂ%‘“g]ﬁr
the heater controllers; and wherein the inlet connector on the
heat er cont r offiddhe putiet gonngetenoffheheatesicapireller ale branch out | et
connector has a pivotal latch lever with a dog on a distal end of the
| atch | ever that i@)si zebighdimipeentrodsirguipdsitia beat cootrolem dbajevanyes the
with the |atch protrusion when the branch outlet connector is

mat i ngl y connkigh-dithit powdresviohtto opéreand thierby chutneE ther AC giotkenbetheiheateih e
heater controller includes bias apparatus that bears against the

di stal end of whievbmihehhibleVight tenulob Sirsiit Metéokadn BR¥GIRNMenbratdie th aheh
|l ever that is required to di sengage the dog on the latch ever from
the |l atch protdaesi on in order to disconnect the branch outl et
connector fromthe controller inlet connector. Claim47: The

c _ it . .
eater controp,ARBA §hy ﬁ%a?ér cgllltgdl ?}é%%nt%%d&g‘? é{%g%@;%ﬂg? ﬂ%&g Rt éjﬁeatmo%

i ncludes a cantil evered blasin ousi ng

t he heat gr n i t ntroller inlet, conhector, said
bi asi ng. emeer A5t fberat 8550, o P GRFRLlend S, 4TRT R oppekBlof
response_to.a pi.votal force.applied to the |latch |ever. Cl g

48 Tho. Meiserongied & masaifiihs obfet comisHon oL thhbrate rropllep wgerein the
apparatus includes a spring positioned adjacent the controller inlet
connect opeatip glawmeny - theriisst {empaptureosensas) anth Hier spcord Epmperagirensggor are all

wherein the spring is a |eaf
connected electrically to the heater inlet connector.

Claim 25: The heater control apparatus of claim 24, wherein each heater controller
includes:

(D a first temperature sensor amplifier cirquit 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
control circuit; and

(i)  asecond 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 prm}iding a conditioned and amplified second temperature sensor signal to the process

control circuit.
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spri ng. Cl ai m 50: The heater control apparatus of claim 48,

wherein the spring is a coiled conpression spring. Claim51: The
heat er control apparatus of claim46, wherein the bias apparatus
i ncl udes a conpressible materi al . Cl ai m 52: Heat er cont roI

apparatus for con Iura |t of h er

heaters incl Ud8 ?r%eiit‘? %’ﬁat@p Efttlsrg aﬁﬁ&ﬁg’é gs@ F adﬁpter
second tenperature sensor, and a heater i nl et connector to whi ch t he
heat i ng EN&IPBFIt COMPESIRg: r st t enperature sensor, and the second
tenperature sensor are connected electrically, conprising:

plurality of @®eat er mesien raster epmneciéene segmenivihiicinciudes tiwepairs(af) low voltage
process control circuit; (ii) a process power switch that operates in
r espons etetnperatugn sifisal fwimahbe mirodesS pownt woks, ehehcofi which ektaads between a
respective heater controller to turn AC power on and off to at |east
one of tflgvepidugtad ihleycodhedi@ahaf isSconfigirkq toahate Mith theCailoe®ifdctdr bathermkes
an electrical connection to a pair of AC power conductors in a daisy

chai n poyRkroB@ing at Mater HeR6! iicpRdd mepsmas&a thineis REH RFedGO @ﬁe&@tvttﬁ rthé 0
a AC power source, wherein one of a pair of power conductors in

heater cpn te\%\ﬁhét%m{e@t%% gPrprise a power circuit in the heater

controll er ch exten s fromthe inlet connector to an outl et

connect or and the (gi)hera s ave%ugt%o(lgong% tlon%e%{tént that h’iiS aofquWAéogguc\%%ss

that conprise the wer “CI rcui er con er ‘extends from
the inlet con ect or o the nnect or of. the heater cantrol]l er
via the procedd %@@r Ui A2 fje\i\/ﬁ@f"ﬁ‘ﬁ RBeGhPR Vs the R of s%ft“é‘hesd%ﬁhe
turn the AC power circuit on and off in the heater controller between
the inlet conféttdicalshepnoreiog sepmentde A SBLY coprecky dhat decndignied |tp Bt
power at the outlet connector of the heater controller, (iv) a

hi gh-1init povihasiglet chrrehiar on 8 slopndriet ddingdablet rical |y into said

ot her conductor of the pair of AC power conductors between the first

i nterface conGleoh @7: dihd Helter gmtrobgpapowef chnt26h whereinhtht skave daisy chain
high-limt power switch in the heater controller can open and cl ose
the AC peat® inCludesi T-tyipb dlave K @ablt Bectivg fhabRdsth fldlelcablt tiifk Bpnht and a
conductors between the inlet connector of the heater controller and

the outl ghveCQPRBAR s@imehf) @adheFvaAicHIRR apRlr o NC foer ifds, Aiidve rame trunk
control circuit in the heater controller that causes the high-limt

power S"‘Hlﬁ Qoxlttln% tﬁpﬁﬁt ﬁrbgnﬁ%t?édeﬁ%ymt%ﬂ*aﬁe Wi b *B%ttpﬁpccﬂa%\%r fnd D&vGRbES

whenever t mt co circuit detec an excessi ve

tenperatyure in the heat (Vi St t er at B80SQr. 2
cirout & Loprated SPIE AL bl ohod sihdsdls rtﬁar{qs RSB 30T B el
for recel vin %ff t t epperat ure sens S|gn Lﬁ]fro t e heater via
he out | BRIkl SR BB AL T SRRl e e p i
to the high-limt control circuit for prow ding a conditioned and
anpl i fi eePfigpisd to dHprécnritheths daater inket gensiector of b ifprmdipteriave dssier i) 2
circuit; and (iiv) a second tenperature sensor anplifier circuit
connect edaisyochairecomeited saishvéslave herfters,ehdreinttes pannf ASl peverfvoires in the
receiving the second tenperature sensor signal fromthe heater via
t he out | btandosimeatable segmdrit erch@aheredosettrically ar pasitt] ttihtthé gaicohA€qioedr
to the process control circuit for providing a conditioned and

anpl i fi ecordleaeRdntBEBRYACLIHIE SR SeImdt ghdlextefd td EhePilRREC&SlChRRINObutlst
circuit. Claim 53: The heater control apparatus of claim 52,

i ncl udi ngyResbave adapter conponent conpri sing:

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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(i) a master heater connection segnent 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 heater %gt%r%a e outlet connector that is configured to
mat e wi t FPORFRECTHEL R, end it dhe ﬁ%ﬁ%ﬁ@fem@n& slave cable seofion that 1 configedfo
connection segnent that has a pair of AC power wires that extend from
" a paral | Bpteeyvidle the ewlet comnsater iobrhansleye ednptepsompetennandyiar dayei gablenatlet
master heater connection segnent to an outlet connector that is

conf i gur exmeatonvatthe oihetrendof thellobaragpretentiostedsiaw @blavectigailsy iscoafigured
cabl e. Cl aim54: The heater control apparatus of claim53,

wher ei n tohmats vdthethel eyt inloéonnemdy! of anohbiskatr, avhict ke Bktslacheatein a
cabl e section that has a slave cable trunk segnent and a sl ave cable

branch ségsyembin ce@wbtedberdhbfitaktasha ihides 8fleAoRRWOE hMkdreS, a sl ave
cable trunk inlet connector that is configured to interface wth the

out put connectRim 2b: R RhRY SorRdaRpHEankONPARENES, FhetdiR YR KR SorddotBK

outl et connector that is configured the sanme as the outlet connector
of the sl avg..adapter conponent, and a slave cable branch outl et
connector that is configured to interface wwth the heater inlet

connector of an intermedi ate slave heater jn a.dai.sy chain connected
series of slave hg t er @?LWB}%P% "ﬁﬂeco %W %ff h’ﬁ&'q QLU FEE, :’:het lﬁéﬁ'
branch sl ave cabl e segnen£ gke connected electrically in parallel
with the pai riiBf BR¥ehSWREhe Bigafiest draperafutenamplitisy ecircylly ther Piopsss s@itreht
and extend to the slave cable branch outlet connector. Cl ai m 55:
The heater coicHB the prreestnesves switthaithn oond wmperdtungamplifigyeireuit, pé the
term nated sl ave cable section that has a pair of AC power wres

ext endi ng betssgahredeysivaigh; andbl e i nl et connector on one end of the

| i near-type term nated slave cable section that is configured to mate

with the outl et cdiinectaarexpdnsiohanciub/@nactaat dectaailllyan it baahshoduls) aide
cable outlet connector on the other end of the linear-type

ternminated slaypensi@bhedsechdieiing Baker itetRES FRWiSMAnE AndBlRstM gl Mgk it
heater inlet connector of another heater, which is the ["ast sl ave

eater in a dah§y ﬁéﬁ%&eﬁ%@l@féﬁ%}lﬁﬁ{ écﬁﬁroﬁé ﬁﬁaﬁlﬁrﬁg%égngé%qﬂghm%e?g

ir
| east one sl ave heater. im56: T eater par at us

of claimb52, W&&s&@&tﬁ?%&&ﬁt. controll er includes:

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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a base nodul e that contains the high-limt control circuit, the
high-limt power switch, the first tenperature anplifier circuit, the
process control circuit, the process power switch, the second
tenperature anplifier circuit, and the signal relayhsmLtch; agdI
i1)an expansipon du onnected electrical]l]y to the base nodul e
gaié expansiohﬁﬂﬁgﬁreHﬁﬁgFﬁﬁiﬁﬁmﬁlﬁ@%?m?%P%Phé%éof&@QWFbﬂFdﬁﬂéﬁﬂﬁﬁme
adjusting high-limt control paranmeters in the high-limt contro
circuit Hehdpy ar elpba-gemericotlisplay fretievisgithe parempiesfad 9 wotile igut pad and
circuit. Cl aim57: The heater control apparatus of claim 56,
wher ei n beitone fgyadivsting theoptedrestar.so i ncl udes a di spl ay/ adj ust
m croprocessor that is programmed to: (i)retrieve information from
t he hi gh- i ni €laimB2r dthe dieateitiddntrangbphuamimof bR B0t Ad &:@knsidn Bbdile
and to process such information for display on the user interface;

and includes a corR@RhiVRIoAH | HistopRIEssHACAIREBI dIEMRiHaBy fth Ok t SHIAPRhust
I nterface and to process such adjustnent paraneter inputs for

del i ver Ynﬁ&oﬂrb&aigr,ggidlcbmﬁmﬁ%rﬁ AicrbhroCdtidr lb@igg Bfo%r&rﬂﬁedq ocess control

circuit. aim58;: The heater contro aratus of claim57,

iher el LB et TSR AFLIGER AR JUISEE Rl Ae] B
adj usting t heb)P ?hreaﬁriglgl%/gdjust 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 33: The heater control apparatus of claim 30, wherein the parameters include
high-temperature limit, set point temperature, hystert‘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 until high voltage AC power to

the heater controller is shut off and then turned on again and until the high-limit control circuit

does not detect an excess temperature in the heater.
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Claim59: The heater control apparatus of claimb57, wherein the
expansi on nodul e i ncl udes a conmmuni cations m croprocessor connected
electrically to the display/adjust m croprocessor, said

comuni cati ons m croprocessor being programed to:
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circuit and to the process control circuit; and (ii)transmt
par anet ergludes sriclaeviirhs progyopersdyeannel kerdsed ueti doth efghe fdlowingroaditieusy
interface. Claim®60: The heater control apparatus of claim57,
wher ei n @daer: paraneters i nclude high-tenperature limt, set point
tenperature, tenperature alert.

@) the high-limit control circuit does not detect an excessive

temperature in the heater; and

(ii)  amanual resetting intervention is provided.

Claim 38: The heater control apparatus of claim 37, wherein the manual resetting
intervention includes shutting off electric power to at least one portion of the high-limit
control circuit.

Claim 39: The heater control apparatus of claim 38, whercin the manual resetting
intervention includes shutting off electric power to a drain circuit portion of the high-limit
control circuit that prevents a coil from closing the relay.

Claim 40: The heater control apparatus of claim 39, wherein the temperature in the
heater is detected by a PTC thermistor positioned in the heater, and the drain circuit drains
electric power away from the coil circuit that would otherwise use electric current conducted
by the PTC thermistor to power the coil to close the relay.

Claim 41: The heater control apparatus of claim 38, wherein the manual resetting
intervention includes disconnecting electric power to a digital logic circuit that is programmed
to generate a signal to close the relay only during a restart logic routine and then restoring
electric power back to the digital logic circuit to initiate the restart logic routine.

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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Cl ai m 61;

hysteresis, |low tenperature selected froma group

consisting of high tenperature limt, set point tenperature,
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| ow tenperature alert, and high tenperature alert.

Clai m 62: The heater control apparatus of claim56, wherein the base
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FEBRERITS HE PP
temperature sensing means in the heaters for sensing temperatures at the
heater and providing sensed temperatures to the heater controllers;
source power daisy chain connector means for providing AC source power
from an AC power source to the heater controllers and for delivering the signals
that are indicative of high heater temperature to the remote monitor; and
controlled power distribution means for providing controlled AC power
from the heater controllers to the heaters, said controlled power distribution means
including slave adapter means for delivering controlled AC power to a master
heater and to at least one slave heater and for delivering sensed temperature signals
from the temperature sensor means in the master heater to the heater controller,
wherein said slave adapter means includes a pair of AC power wires extending from
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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of power to the heater until the occurrence of an operator intervention after the temperature at
the heater recedes below the high temperature limit.

Claim 45: The heater c_ontrol apparatus of claim 42, including connector means for
connecting the heater controller to the daisy chain connector means, wherein the connector
means includes latch means for latching the connection means, and wherein the connector
means also includes spring bias means adjacent the latch means for applying a spring bias
force that yieldably resists unlatching the latch means.

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, anld 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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adjacent the controller inlet connector, said biasing tab being yieldably moveable against an
elastic bias 111 response to a pivotal force applied to the latch lever.

Claim 48: The heater control apparatus of claim 46, wherein the bias apparatus
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 element, 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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to the outlet connector of the heater controller via the process power switch,
whereby the process power switch can turn 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; (iv) 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 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) é
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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(i) 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)  a slave 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, cach 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 fhe
branch slave cable segment are connected electrically in parailel 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 i;s 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 heater in a
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:

(1) 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

(1)  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 appare-ltus 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

(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.

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

(i)  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, ilysteresis,
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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