MULTI PLE HEATER CONTROL SYSTEM W TH EXPANDABLE MODULAR FUNCTI ONALI TY
BACKGROUND OF THE I NVENTION Field of the Invention [0001] The
present invention is related to power and control systens for
heaters, for exanple, to apparatus and nethods for powering and
contr ol | i MWTMMAPLIPHE APBER O NTFOL fSyS TEW W' HOE RPA NIPABLERIODULAR

conponents in vacuum process, feNEIONALIRYSport, and other system
devel oped by HPS Division of MKS Instrunents, Inc., and Watl ow

El ectric Manufacturing Conpany, parties to a joint research agreenent

(35 U.S.C. 103(c)(2)(CQ). State of the Prior Art
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
system, developed by HPS Division of MKS Instruments, Inc., and Watlow Electric
Manufacturing Company, parties to a joint research agreement (35 U.S.C. 103(c)(2)(C)).
State of the Prior Art
[0002] Many vacuum, process, delivery, transport, and other systems used in industry for
conducting or moving various gaseous, liquid, or solid materials from one point to another
include pipes of various lengths, sizes, and shapes that have to be heated to maintain the
pipes and/or materials in the pipes within certain temperature ranges. Pipe heaters for
heating pipes for these and other purposes are well known to persons skilled in the art and
have ranged from simple resistive wires and tape wrapped around the pipes to more
sophisticated, insulated pipe heaters, such as those described in U.S. Patent No. 5,714,738
(Hauschultz et al.), which is incorporated herein by reference, as well as many such heater
products that are available commercially.
[0003] Along with the development of pipe heaters for various pipe heating applications,
there was also a need for better pipe heater control systems for regulating heat output from
the heaters along lengths of pipe and for monitoring and controlling such heater operations.
There are many kinds and configurations of such heater control systems, such as the ones

described in U.S. Patent No. 6,894,254 (Hauschultz), which is also incorporated herein by



[ 0002] Many vacuum process, delivery, transport, and other systens
used in industry for conducting or noving various gaseous, liquid, or
solid materials fromone point to another include pipes of various
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allow a thermal runaway of the heater until either the heater element burns out or starts a

fire. These problems are exacerbated when the thermal switches are placed in or on the
heaters where they need to be for accurate response to the actual temperature of the heater
and pipes, because the high heat at the heater is a major cause for such degradation of the
thermal switches. Yet, the thermal switches cannot be placed off or away from the heaters,
because they would not be able to respond to actual temperatures of the heaters or pipes.
[0006] Thermal fuses are more dependable and available commercially, but once they

expire, i.e., “blow” or “burn out”, they cannot be reset. Since thermal fuses are typically
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[0008] Also, there is a need for more options and versatility in both connection and control
configurations to accommodate a wider variety of piping configurations, applications, and
user requirements. Each pipe installation is different and many operators need custom pipe
heater and control systems to accommodate their particular requirements, but designing
and manufacturing custom pipe heater systems is expensive, time consuming, and often not
feasible for most applications. For example, some operators want a control mechanism for

each heater in a heated pipe system, whereas other operators prefer to avoid the cost of



i ndi vidual controls on each heater and instead use a strategy wherein
a single controller is used to operate an entire zone conprising a
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several exanpl e enbodi nents and/or conponents that are presented to
support gt @wabiqivivasly sahopsmting stapysiinformponsashie nutdibrepertiagns i n
any way. In the drawi ngs: [0012] Figure 1 is an isonmetric view of an
exanpl e padmetasimicalheatteach beatdrrwithimp spstgranmsiitl odlierd toguireibhlyblasicheat er
control system [0013] Figure 2 is an isonetric view of sone of the
princi pabrdpedi@Be Bofirdlat bdch@datef) @Ncdusl, WetlWat alk6 Bpratdz®Whb HNant any

arrangenment such as that illustrated in Figure 1;
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;



[0014] Figure 3 is an isonetric view of the principal conponents in
Figure 2, but froma different perspective to illustrate the

connective conponents; [0015] Figure 4 is an isonetric view of the
i ndi vi dual heater control arrangenent in Figure 1 in its assenbled

condi t i oneof39Fi&ire Biigat BoMekri vadw bS QiR 61 the PHBYpAf corfpoR¥REMMiezed in an
arrangenment of the nmultiple heater control systemin which a single

poi nt heaf £1;dGAHeh Flér&ro‘l‘ﬁﬁgn gﬁ{enPﬁfEh%Qlcﬂait ﬂ%s&aﬁéﬁgﬁ refPne

conprising a master heater and one or nore ave heaters; [0017]
o P11 sea WG FRERE Sfatefatis PP R pngenCsrinogeeS T ERE A er e
heat er comhi nation such as that illustrated in Figure 5; [0018]
Fi gur e 7 diféergnt pesspagiiveite iNsale dhe eqmaedviesempanetsnponent s in Fi gure
6, but froma different perspective to illustrate the connective
conponen{®)15] Gixnes 4 i gusemstricyiemof the mptividualdieater odnttoh errgrigegiest jpofigure
control apparatus for the master and sl ave heater arrangenent in
Fi gur e 5 1iifi its bssembiedrdoheidiogondi t i on;
[0016] Figure S is an isometric view of an example arrangement of the multiple heater
control system in which a single point heater control is used for controlling a gang or zone
comprising a master heater and one or more slave heaters;
[0017] Figure 6 is an isometric view of some of the principal components utilized in a
single point control arrangement for a master and slave heater combination such as that
illustrated in Figure 5;
[0018] Figure 7 is an isometric view of the principal components in Figure 6, but from a
different perspective to illustrate the connective components;
[0019] Figure 8 is an isometric view of the single point control apparatus for the master
and slave heater arrangement in Figure 5 in its assembled condition;
[0020] Figure 9 is a cross-section view of a pipe heater mounted on a pipe for use with
either the individual heater control arrangement or the single point control a master and
slave heater arrangement of the multiple heater control system;
[0021] Figure 10 is an isometric view of a T-type source power cable section;
[0022] Figure 11 is a schematic circuit diagram of the T-type source power cable section
of Figure 10;
[0023] Figure 12 is an isometric view of a linear-type terminal source power cable section;

[0024] Figure 13 is a schematic circuit diagram of the linear-type terminal source power

cable section of Figure 12;



[0020] Figure 9 is a cross-section view of a pipe heater nounted on a
pi pe for use with either the individual heater control arrangenent or
the single point control a master and sl ave heater arrangenent of the
mul ti pl e heater control system [0021] Figure 10 is an isonetric view

of a T-typsswunGe P& iseablie ve&e bf alexahidedhvdidipteg cdle S a
schematic circuit diagramof the T-type source power cable section of
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exanpl e S[(l)((iiZ\gi(]a inigu?g t1%55 e? éictl?xler?l;atic circuit diagram of the T-type slave controlled power cable
section of Figure 16;
[0029] Figure 18 is an isometric view of a linear-type terminal slave controlled power
cable section;
[0030] Figure 19 is a schematic circuit diagram of the linear-type terminal slave controlled
power cable section of Figure 18;
[0031] Figure 20 is an isometric view of an example basic heater controller with an
enthanced control expansion module installed on the base module to provide additional
functionality to the heater controller;
[0032] Figure 21 is an isometric view of the basic heater controller with the enhanced
control expaﬁsion module in a position poised to be installed on the base module of the
heater controller;
[0033] Figure 22 is an 1sometric 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;



[0026] Figure 15 is a schematic circuit diagramof the slave adapter

cable of Figure 14; [0027] Figure 16 is an isonetric view of a T-type
sl ave control |l ed power cable section; [0028] Figure 17 is a schenmatic
circuit diagramof the T-type slave controll ed power cable section of
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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;



[0035] Figure 24 is an isonetric view of the heater controller base
nodul e froma different perspective to illustrate a nodul e nounting
apparatus; [0036] Figure 25 is an isonetric view of the heater
controll er base nodule sinmilar to Figure 24, but with the nounting
appar at ug004%4) Figas 38 ioNsdeed clrafit GioHecdf aninditidullichdapatlitrol
controller; [0037] Figure 26 is an isonetric view of the nounting
appar at U4 flodeh Qi 58518 9o B bt 2R AnEhh B leaRih RAESRARD] YfouftQvith
illustrate t%e opelr atalgvoe faéggagﬁmant uconpgfldgnt S; ﬁ{eoég% R gure 27u|§s a
schemati ¢ & Leuit. di agram . of an exanple multiple individual heater
control olﬂ;é %ﬁ%&sgotgﬁgg%eﬁﬁ%getséeas% an AC power source and to an
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example high-limit control circuit with a PTC thermistor 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 1s a schematic circuit diagram similar to Figures 28, but with the slave
adapter junction box of Figures 35-37 replacing the slave adapter cable illustrated in Figure
28;

[0050] Figure 39 is an isometric view of an example source power junction box;

[0051] Figure 40 is an isometric view of the example source power junction box in Figure
39, but from a different perspective;

[0052] Figure 41 is a schematic circuit diagram of the source power junction box in
Figures 39 and 40;

[0053] Figure 42 is an isometric view of a plurality of the heater controllers as they are
daisy chain connected with a plurality of the source power junction boxes of Figures 39
and 40;

[0054] Figure 43 is an isometric view of another example variation of a source power
junction box with multiple trunk outlet connectors;

[0055] Figure 44 is an isometric view of the source power junction box in Figure 43, but

from a different perspective;



[0039] Figure 28 is a schematic circuit diagram of the heater
controll er base unit and the enhanced control expansion nodul e
connected to the T-type source power cable and to nultiple pipe
heaters via a slave adapter cable, T-type slaved heater cable, and a
term nal [6056) Figeets & 4 aficpeuetiradtdigeramn ETheARG Rwer NglctoR B bT
control arrangenent [0040] Figure 29 is a schematic circuit diagram
simlar ﬁ%ﬁégwg . but with the controller connected to a term nal
source po cabl e séction; [0041] Figure 30 is a schematic circuit
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controlled in a series of miltiple, individually controlled heaters;
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plugged into the controller inlet connector;

[0059] Figure 48 is a cross-sectional 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.



[ 0044]
heat er

Figure 33 is a schematic circuit diagram of an individual
control arrangenent simlar to Figure 30, but illustrating an

exanple high-limt control circuit with a PTC therm stor tenperature

sensor,;

[0045] Figure 34 is a schematic circuit diagramsimlar to
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froma different perspective; [0048] Figure 37 is a schematic circuit
di agr am dbhsede Bdxable aa@i@maeﬁahlmmﬂﬂ]@dtyﬁxiliaﬁed by the example components so that

various components and combinations of components of the system can be assembled and
connected in a variety of ways to serve a variety of heater monitoring and control
configuration needs. The system 10 is best described in relation to two basic
configurations — an individual local heater control configuration 12 illustrated, for
example, in Figure 1, and a single point control arrangement for multiple heaters in a zone
or gang configuration 14 illustrated for example in Figure 5. Other combinations and
variations of these basic heater control system configurations 12, 14 can be created by
using selected ones or all of the principal components of the system 10, as will become
apparent to persons skilled in the art as the description of these example embodiments and
components continues.

[0064] The multiple heater control system 10 is designed primarily for pipe heaters 16, as
illustrated in Figures 1 and 5, although it can be used for other kinds of heaters as well.
Therefore, for convenience, this description will proceed in the context of multiple pipe
heaters 16 with the understanding that it can apply to other kinds of heaters as well.

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

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



Figures 35 and 36; [0049] Figure 38 is a schematic circuit diagram
simlar to Figures 28, but with the slave adapter junction box of

Fi gures 35-37 replacing the slave adapter cable illustrated in Figure
28; [0050] Figure 39 is an isonetric view of an exanpl e source power

j uncti on hegess 14 ROBBLE HieddshBoH& J0Ss ShrieSRAE Thirefork, RaciotorithtleL2@rapéhds
source power junction box in Figure 39, but froma different

2o B o SATAES 81 e SOLERA L i A el i
turns the high voltage power on and off to that heater 16 according to settings in the
controller 20, as 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 108 (Figure

27)(not shown in Figures 1-4 but described below) connected to the last controller 20 in the

daisy chain.
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[0053] Figure 42 is an isonetric 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 isonetric view of another exanple variation of a source power

j unct i oobmX Aldol fnytedrhbiRatRont SruRdviauAllyeéont@NBE BERES | 6 A9 Blate fid-8its €6'44n

Is an isonetric view of the source power junction box in Figure 43,

but fr o RcehtdiR! FRELSRBEL, Y fidicated in Figures 5-8, additional individually
controlled heaters 16 and/or additional single point control zones of slave heaters 16' can be
connected to the T-type source power cable 26.
[0068] For more detailed descriptions of example embodiments and implementations, it is
helpful to refer to the heater elements and to temperature sensors in example heaters, not for
limitation, but to aid in understanding. In general, there are many varieties, materials, and
structures of heaters that can be controlled by these systems. Therefore, this invention is not
limited to any particular heater or heater structure. However, to facilitate the description, an
example pipe heater 30 mounted on a pipe P is shown in cross-section in Figure 9. This pipe
heater 16 has many similarities to those described in U.S. Patents No. 5,714,738 and
6,894,254, both of which are incorporated herein by reference, but there are several different
or additional features that will also be described below.
[0069] In brief, the example pipe heater 16 in Figure 9 comprises a high density silicon
rubber heater mat 30 with a heating element 32 comprising resistive wires or other resistive,
heat producing material embedded in it. The heating element 32 creates heat when an electric
current flows through it, usually at standard, high voltage levels, such as 110-120 volts, 220-
240 volts, or any other voltage level that provides enough power to create the heat needed for
a particular application. The heater mat 30 is surounded by a thermally insulating heater
jacket 34 comprised of low density, closed cell silicon rubber foam or any other suitable
insulating material. A fastening halter 36 with straps 38 (Figures 1-8) can be provided to
secure the heater 16 in place on the pipe P or on other components that are to be heated.
[0070] The heater 16 has a cavity 40 where high Volfage power lines 42, 44 are connected to

leads 46, 48 from the heating element 32. Two temperature sensors 50, 52, such as

thermocouples, thermistors, or any other suitable temperature sensing devices, are embedded
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[ 0056] Figure 45 is a schematic circuit diagram of the source power
junction box of Figures 43 and 44; [0057] Figure 46 is an isonetric
view of the controller base nodul e and the expansion nodule with the
branch outl et connector of a T-type source power cable poised for

i nser tiianhd ffath nbh@atiny jatket 94 afat @ titfhcalke ntioBO E@tHabthey @an Hétbgit rate a
connector retainer feature conprising a resilient spring biasing tab;
[ 0058] furék/atlo? pBarthORSE G5t 130N 8l orisSWR b éH?thle@énE;!ile Qtﬁflesr 51501
spring bkggﬁng tag for tﬁﬁé%ranch outTet connector 5ontr§ rfé%ﬂ
inl et conne

I t nect or, e nto the
cont r of FRPEIPE peHbl v i bt B0 Gl Giopfly AR OB gBeHBREE of BlePets et
V|em/3|n1la{ to.Fi ure 47, ﬁ %_Egg @% the latch | ever pivoted
agai nsteopHe %ma%onﬁ e and izl TPBSHF PUIRE (GG eISFISOF. fg ¢ IgBPFIgHure sensor
rel ease of the latch; [0060] Figure 49 is a cross-sectional view
si m | ar5G; & wedby thespntrplier Hrlonipiepr semhpeadtursdithit goriten], gsrvoili i degeritied in
securing bias force; [0061] Figure 50 is a cross-sectional view
si m | arméme detafiuretowdt 70nb temshantersgnsar coild &d usainfor bsthiodthap fumtiohg but it is
provi ding the securing bias force; and [0062] Figure 51 is a

Cr 0ss- SREE ©RbviNe B rﬁddﬂdhﬁ’éy 6ﬂw6't&ﬁ?&atﬂ7e seBYdrs %Qgé’&sﬂ@ Br fiRigH ent
conpressi ble material for providing the security force.

temperature limit function, which has to shut down the heater if the process temperature

sensor and/or the process control circuit in the controller fails and causes a runaway heater
situation. Some safety certifying agencies require such redundancy for safety certification.
[0071] The low voltage wires 54, 56 for the first (“high-limit™) temperature sensor 50 and
58, 60 for the second (“process™) temperature sensor 52 are routed through the cavity 40 and
through a flexible cord 62 to a cable connector 64, for example, a Molex™ connector. A
boot 66 anchors the flexible cord 62 to the pipe heater 16 and covers the cavity 40. The
heater cord 62 can be any desired length. In some embodiments, the cord 62 is long enough
to place the controller 20 (Figures 1-8) and connector 64 far enough away from the heater 16
to avoid heat damage to the controller 20, especially in high temperature applications. Of
course, as shown in Figures 1-8, the controllers 20 are connected to the pipe heater 16
through the connector 64, either directly as illustrated in Figures 1-4 for the individual heater
control configuration 14 or via a slave adapter 22 and slave heater cables 24 (Figure 5) and
184 (Figure 18), as will be described in more detail below.

[0072] Before proceeding further with structural details of individual component parts of the
multiple heater control system, reference is made now to Figure 27, which, in conjunction
with Figures 1 and 9, provides an overview of some of the electrical components and

functions of the system and is helpful for an understanding of other components and features
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DETAI LED DESCRI PTI ON OF THE EXAMPLE EMBODI MENTS [ 0063] The multiple
heater control system 10 illustrated generally in Figures 1 and 5 is
based on fl exi bl e and expandabl e nodul arity facilitated by the
exanpl e conponents so that various conponents and conbi nations of
conponethhtswidl bet degcriyedtberove athdrefoss a€ shulvedindtigure QM vd tH Rdondarpref@enaity
of ways to serve a variety of heater monitoring and contro

confi gurigieQn aH@@%gluH]ﬁy Y SSrRIBNER Zo%aﬁ%ércoﬁ?e‘éféﬁ'ﬂﬁ%dhﬂllf & ﬁ&ﬁe@fivé 0
two basiCc confi gura ions” - an individual local heater control

conf i gLHeaterso ﬂ? é%r an u§]5tr chusn? 1¥ %ngrgvﬁh &nﬁ'ﬂﬁéﬁ ﬁCl Ctio ﬁle%e t%rsem

poi nt contro &F2TPH ne or
configuration 14 il.l trated exa e in Figure

combi nafi% t%ﬁ’&"\?%}ilu%ql?%ﬁés %Olfq{%%‘hgn‘g’é]%‘fl&e‘ﬁ@a 8?“"6%?%%‘6@“%??@8%
configurations 12, 14 can be created by u3|ngsselected ones or all of

the prilA@7Hatr @M@@@We&megyﬁqa@h seotions 2 Swe§,1 1 08 dleas wenrgspiagether ino

persons skilled in the art as the description of these exanple
enbodi niaysshamdashhoponfenh a soort ipowestrujkideihatideiven | AC phecdpateno the
control system 10 is designed primarily for pipe heaters 16, as

i |1 ust raheellds 261 THE @&tﬂol@&dz@the@bm@lﬂmﬁ Ad &ﬁéfd?ﬁanﬂscﬁ’ﬂtofd%lhvéﬁtﬁér
ki nds of heaters as well. Therefore, for convenl ence, this

descr | RohBM AL JRGACRAAEhBRY oM@ K roPHlcticRks: RBDHIRRL D

with the un erst can apply-to other
ri, mar i i ndi vi,dual | ocal

wel | . Ref err.in to Fi 1 fo

noat or AN BF MOl pa Y pBTed shiePypistar e forsRlipieldhBEH At Bheerty
is shown. They are typically_ arranged and aI| gned for mpunting on a

pi pe (rdd 0§ﬁ1maprpcpfsqm“ée§ siyitgh amsargement 342 a«hécal Gap bejagglid ste swtchyguch
be described in nore detail below In this enbodinent, there is a
separ atag adoag 3@, irepargitel frath amethdneat wilaylR)5 (T menehioe er,cirgsmkilheansnrpéuoeidn,
in Figures 1-4, each controller 20 is connected directly to each

heat er ot@ny Bther cainddiableRattched produce the dotied A phiweh IvilalsagsAbleltb ne
(source) power to the heater elenment 32 (Figure 9) in the heater 16

as vel lysag vagsyly E&wéﬁ&%ﬁbﬁéﬁ&&h' AR aQLARS AR FRI AN Shd WP RIrakiHsBng the
sensors 50, 52 igure 9) in the respective
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
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heater 16 to which the controller 20 is connected. Therefore, each
controller 20 responds to the tenperature sensors 50, 52 in the
I ndi vi dual heater 16 to which it is connected and turns the high
vol tage power on and off to that heater 16 according to settings in

t he condffehdedt habeea suribd bffBEndiRs & bp&atot htdMéRiodelsdiebertdell @Mnore detail
Therefore, the high voltage AC power delivered to the heaters 16 by

t he con[;éi(m,.l ers 20 is sonetines referred to herein as

[0075] An alert/alarm function is also provided, which signals an alert/alarm at the remote
monitor station 15 when any one of the controllers 20 in the daisy chain connected series
detects that the heater 16 which it controls is at a temperature above or below a desired or
needed operating temperature range. For example, if it is necessary to keep the pipe P
(Figure 9) within a certain temperature range for a chemical process, transport, or other
activity to proceed, this alert/alarm function 17 can notify an operator at the remote monitor
station 15 if any one of the controllers 20 detects a heater 16 temperature outside of that
temperature range, and/or it can produce a signal to an equipment interlock 19 to prevent
operation of, or shut down of, equipment until the heaters 16 are all producing temperatures
in the desired range, as will be understood by persons skilled in the art. The depiction of the
monitor station 15 in Figure 27 as a defined block is only schematic. The various
components and functions, e.g., DC power supply 21, continuity detector 31, signal circuit
23, and alert/alarm 17, can be in one location or in divers locations, so the use of the term
“remote monitor station” in this description is for convenience only and does not limit the
components or functions described or depicted to being together at one location or in any
unitary configuration or assemblage.

[0076] To implement this alert/alarm function (also sometimes called the temperature range
signal), a low voltage DC power supply 21 at the remote monitoring station 15 provides a
low voltage DC potential on a signal circuit 23 comprising a pair of conductors 27, 29 that
runs via the daisy chain cable sections 25, 26, 108 to all of the controllers 26. Low voltage is
generally considered to not exceed 30 volts, which is how the term is used herein. Therefore
high voltage is anything above 30 volts. One of the conductors, e.g., conductor 29, extends

through each controller 20, where it is connected in series to opposite terminals of a relay
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"controll ed AC power," whereas the high voltage AC power that is
received by the controller froman AC power source, which is
sonetines referred to herein as "source AC power"” or "AC source
power" or just "source power". The term "high voltage" in this

cont extswiRANRS 02 TheRFdRS, ARVFend fekikd Yorndbtkd YO Switdhes 3 Exanalyef the/pi cal
heaters are often powered by ordinary 110-120 volts, 220-240 volts,

440- 480.4bi¢ts 20'caR QYerbEIP1S 20 ol ik K] £15H HAIHMH BOYRhal Grovit

meet the heat pro i on requirénen a particu

23. Conversely, all of the relay switches 310 in all of the controllers 20 have to be closed in
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 generates
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 296(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
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installation. AC neans alternating current, which can be 50 hertz, 60
hertz, or any other alternating current frequency that is used to
power heating elenents in heaters. [0066] The plurality of
controllers 20 in the individual |ocal heater control configuration

12 ar e dbidcsad Wk BoSangerdior 91 HWigch batermed the @RrATarRONBhal S THE edayl 3
(Figure 27), which can be associated with renote nonitor and/or

contr ol s“ﬁﬂ:ﬂiﬁﬁ%ﬁﬁ bé 2 nidch %a? ﬁéi%;) %Jﬁé' JiidSstate I’éf@ﬁ aS UL GBIRAVE kR !

cables 26, which contaln I %o tage power lines for carrying
source 4§§é¥% o d the controllers 20 and | ow vol tage signal |ines,
whi ch ¢ i a I'ow vol tage tenperature range alert signal that can
be used for any purpose and will be described in nore detail bel ow
The t erlfP™lobhspiadm sepneetion coawepenis fgicoprssEng theycopaliers 2f glectrically
vol tage that does not exceed 30 volts. Also, as indicated in Figures
1 and 40tk Crpomise pousée btend todhatemperaiwe aliogt/alanh clomvitr23| 4t dhre 2Mote
assenbl i es can be dai sy chain connected together by additional T-type
sour ce memmiringisgitiah ichides at [Rast anel Tvypdisaurtd passr/signabcableveetiicn PO ET-type
cable 108 (Figure 27)(not shown in Figures 1-4 but described bel ow)
connectsggrce o%ﬁsi?ﬁ’fflfcaﬁl@ﬂ bF O -bRk s8fkck BotvBecalfi DY s 8T Rype doHRE ChbIdk &

any conbination o ndi vi dual I'y controll ed heaters 16 and sl ave

heat er ' . I 1. ndi [ ' es
55, - st SEE IS AGRRER PR SmideBhe B R 3O ysP iR sPols s oy
single point control, zones of slave heagers 16' can be connected toQ.
Che T 1 BRFAE HRE QEWSHSIgR dapiReting caplso 85 it LYhs S RtHing SGree bower cable
descriptions of exanple enbodi rents _and inpl enentations, it is

hel pf ulorgiest refainatipg sqvaceeahics forsherpat shosmdnFagurendérad 37 e Thedslype in
exanpl e heaters, not for limtation, but to aid in understanding. In
gener alsputch eatdes? eansmngd toaohatct &, firstedndrintairsediata dostrallect 2 msheflaisy
heaters that can be controlled by these systens. Therefore, this

I nvent ichkini cdnfdted defibd RAhE A v 3bilirce UB ahd Wtk elerthilariPAE Il circuit 23.
structure. However, to facilitate the description, an exanple pipe

heat er THl IR HlrcR RHIEO Wed OWMANEE tiE ASSCRRBHED ihiid dALY Grath

Thi s pi pe ter 16 has many simlarities to those descri bed
Pat ent s,_No

hereincB?“?%%%%é%%%%ﬁ%ggﬂ?ﬁﬁggég%%f%%@gﬁnggkﬁﬂgggﬁgégﬁkﬁ%ﬁggf%%éﬁgT-

Featur %?pet s%%;cevgaélle(s?Eg,oas%ﬁovgg ?Ii: lggggl%g l?f lu%N 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
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[0069] In brief, the exanple pipe heater 16 in Figure 9 conprises a

hi gh density silicon rubber heater mat 30 with a heating el enent 32

conprising resistive wires or other resistive, heat producing

mat eri al enbedded in it. The heating el enent 32 creates heat when an

el ect ri gn&bridsippédrane. tihe etr@dtuleland Ushidddriticat alsd makaitalndsabolpeddrage
| evel s, such as 110-120 volts, 220- 240 volts, or any other voltage

level thahed H%VAégyt%w%P S brt/hRrrh %@%ﬁiiiscﬁﬁ Lol %‘gﬁﬁ@gcogl%ll@rs 20 as

particular application. The heater mat surroun

thermal | y. i nsul atin at er,-j acket 34 .conprised.o ow densi t

ol oseq Seaid i} HoliPp diBE o7, 86H Bomdih TR eE Eihie Ao 8RS aigh frvace
material . A fastening halter 36 with straps 38 (Figures 1-8) can be
provi de8 thas oe pajF ot high vRKageawiras! Ity 1 1) QAL BRWEIHEISS SEIUSt ROWSH VEEH e for
conponents that are to be heated. [0070] The heater 16 has a cavity
40 whershoti) gl anslpaitgd 1pgweltagd wises U3, 121(“sigealcvingsd dordhottp extendiall & way
48 fromthe heating elenent 32. Two tenperature sensors 50, 52, such
as t hersimaiphtiressh thé emmisitiag Source cabiy 108 fieh (Belinl@kbendcmmeo & the@utlet
sensi ng devi ces, are enbedded in the foaminsul ating jacket 34

adj acenfonhdigorigat er nmat 30 so that they can detect tenperatures at or
near the heater mat 30. Signals fromone of the tenperature sensors,

o9 . [BIRA" RhYEBeIR D8 ecf sk Sor SR DNOLNGEORME bk 8Am1 2t ot AR BR

oper ationa OCEéssS heater con uncti onal1ty, and si
the other ,te ratyre sen 5 9., fenperat sensor 50, | sed b
the coftPler ePIgnts usedoMoléi cdaneciareWpricwell Beairemoy € Apiablgm

described in nore detail below One tenperature sensor could be used
f or botdmBguratiensdhatigeeammadate fenr, §ix, ar snayehighyvollegpansllowevdligge wire pairs
redundancy of two tenperature sensors, especially for the high

t enper at ameannenthat hates tithvorredpoating @sniteotahon othercompmmehisan enlyidnet he
process tenperature sensor and/or the process control circuit in the

cont r oldrehtafiah ks thanthe AuisRs b@ilﬁ%ﬂ cdimaéted. AlsolUBdth e maenBd Feh#Ak pins
certifying agencies require such redundancy for safety certification.

[ 0071] a}_@&e'aﬂ’i\éﬁ ¥Q itﬁ@%ﬁﬁc‘!ﬂé{ t%sclcéﬂentgg; ;@ﬁedlggbyrl]ﬂﬁé( déscggtmﬁ' k‘(%rrgoﬁi}énience

tenperature sensor 50 and 58, 60 process$

tenperatyre sensor . .52 are routed.thr t he cavity 40 and.through a
{1+ ox biradag B RBTea0% B TR s P Vel PR htpedtr B G A
connector, A boot 66 anchors the flexible cord 62 to the pipe heater
16 and TEVES £ FRITESRAYSF 219 thertgrm heuiteg is ggeditogiesignate the conpedricgrcaple

| ength. I n sone enbodi nents, the cord 62 is |ong enough to place the
cont r oleng thag deliwrrydCeoucepwan degaod et svhether those eoroggiorsaatopblereods albe
heater 16 to avoid heat damage to the controller 20, especially in

hi gh t eaqedresdndroe dafiydrile@tvohiage sigfalscour se, as shown in Figures 1-8,
the controllers 20 are connected to the pipe heater 16 through the

con Decgmszﬁ%r%é Ihedar-SpeterinliMatdy sohitce 2ht181108, the idtbtdehestor-14 01has af1Bs
i ndi vi dual "heater conttol configuration 14 or via a slave adapter 22

and sl i 3 i j be
doscr i Bg BB Bhs FAMERC ulde pBUeByY; PG 130 dnd S8 Bud Bhnel el blgs -
structyr details of .indiyidual .co ent, parts of the nmultiple

neat or Heohe FgnagSpluire de i e T Thear b M wRl i Py e,
conjunction with Figures 1 and 9, provides an overview of sonme of the
el ect r 86 thehpEpfesuscehlerin cilieomy etgfonnendorsdfsat dhg e MonpTIg Atatiogy

an understandi ng of other conponents and features
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
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that will be described bel ow. 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 heaters 16 primarily, but
not exclusively, for providing controlled AC power to the heaters 16
i n or deerrifatify $udddtableel J8eRURItR pléygeR Airetl oMt Mdhitodhb slafosleeddt ed
tenperature ranges. [0073] A daisy chain connected series of cable

Sect i ONGnAcotor s injs%atw}érwlf:m@fetis %1918??19 %BntirdllAeng W a ﬁQﬂEﬂ‘s\Xééﬁlh lon to

forma source power trunk |line tha Ivers source power to the
control 0. .The controllers d.hen switch.the AC po an

oft t o 1R, A3 wifl € oGRMSEF 1O R il iy Y il FeerR bl POk % ve
necessary _for the heaters 16 to produce_the heat needed for

mai nt ai BEREP earaceldhs laglrontrafle 2 inadaisy thain conrgeiid sepigs aghe gply copolies
power on and off with a process power switch arrangenent 302, which
can be 29, #idhérd isory ene b thshremetechonitormgtstation 1368 that thepagrl Cietuitdd ¢ance
mechani cal relay 305 to mnimze arcing and heat production, or any
ot her adeed oAl dddyechaid teghinkied VithdITeydceuterhble2bathiACldaosic.signhl ¢ifcuit
al so possible to use a variable power controller, such as a variac

t ransf Gfsfr?p’en,(r@gérd&@w‘\)ﬁheftﬁaf allacﬂiﬂ%{ﬁe}(@%v&ii&gﬁsgﬂ@ih%l' &@he%_n%n&ﬁ 20Rrénd

down, but "they are nuc arger, rer, nore expensive than
switch ' , f. . s ' t

st ng (Rl afish Ul e oRRMRle I o5 BREG R aedibea
tenperature sensor 52 in the heater 16 is described in nore detai

bel ow. 3°09%4] A high tenperature linit switch (also called a

hi gh-1imt smﬁtchf 300 is al so provided for shutting off the AC power
t o t he (A%l eFha@itiehcarmectey i of the tarmiinéing sowrec e4ble ith pleaneads ablepst$wa
to an unsafe | evel as sensed by the first (high-limt) tenperature
sensor pofrer Bins Hordhe snsed powanpiessdtldy Bl A avalt laxeting gins fiuéet sieral circuit

mal functi on of the process power switch 302, the process tenperature

Sensor vhides 1A8, 1115 afid RELETRARIA O matd WitHithe AR chricdior €4@ 8 the @bntidller 20.
could be due to sonme external cause, such as a high tenperature purge

or cl e?iﬁiqulew&hgabmm@ftﬂé BSntrdMer 8MHaf ({nﬁ%{fg@ dg,nrl%hrtﬂ @k ifihe

high-limt swtch 300 using tenperature feedbac I'nput fromthe

tenperature, se r.-5Q.. inacluding a Jatching funclion to keep th C
power | CaPHEAEE BEPH103 me PR RoUe B0 3 PaP s ahne S oA g
intervention, .is described in npre detail  bel ow. [00751 An

al er t / dFSReetieln 89 thsputlet sarasctpr bla ofdhe tefminating sepHss <abl 108 dpq hagita b
at the renote nonitor station 15 when any one of the controllers 20

i n t he diff¢reyt thirathe twok vutetadnsentore §6 déthech-type satrce habl ereadaliffarenttharc the
it controls is at a tenperature above or bel ow a desired or needed
oper at ionget @imestat i £ thargnte Monitaka gudtdn 15 THis differspc eqdiguyation faedp
the pipe P (Figure 9) within a certain tenperature range for a

chem CahlePéRnB&Srs 1403 BRAOhiroRérs fQ@ eFroRebd Yirithe hepBicdi@Rabrlylde 31 one

alert/alarmfunction 17 can notify an operator at the renote nonitor

stati 02}6‘?0\1&%?@?‘%{%%@;%[&%%0{& ef %ﬁtfo(ﬁ[el' %lﬁck?g geg.?)} %ﬁhﬁe&? p?%lﬁ'ge, %i?ei et

t enper ure o enperatudre ran can oduce

a signal to a i.pment interlo 19 to prevept operatjon of, or
Shut Cagameior 1403 bRaRna D onb gk eeseaReahen & A rgnicotor
tenperatures in the desired range, as will be understood by persons
ski | | ed2i hiG Hedegied. The depiction of the nonitor station 15 in Figure
27 as a defined block is only schematic. The vari ous conmponents and
funct i ¢0G85] &hg T-tyPEsquoueecabdas(Rpl aye 2skd fooerinnactirigythel st ahdanydihtermeding
circuit 23, and alert/alarm 17, can be in one location or in divers

| ocat i @Bstrolf®s 2R HE Sodte phiPerlc@ichit 3B AADHR sTBHAl EidduitStPdtitdreniofe t hi s
description is for convenience only and does not |[imt the conponents

or funglid Afin Q €565h l??,dds MentiBREFARTe! Ea&ei‘-'?)gpet s%gf‘cter%%le"ﬁ% HaG tlluﬂﬁ @édtl%ﬂ

83 extending between the inlet connector 82 and the trunk outlet connector 86 and a branch
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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 fromflowng in the signal circuit 23. Conversely, all of the
relay switches 310 in all of the controllers 20 have to be closed in

order f@Etiéhgs eltambhg Hbicté truRlBsdclioR 83 & e®anch btlétiofhedted BY Sybdseh”
as used herein can nean any swtch, nechanical or solid state in

W“' ch aseﬁl?m Fl%l,llbesjg?grzttl sle&ﬁ#!%:ﬁ%féfaﬁe WP rg'télﬁ,dl e ﬁ’ﬁ’rﬂ{#cﬂ@&/vﬂf 's%E%f

witch, om1cur nt ‘fTow t hr ough t

[0077] ontln ty, det ector asso wWith the r n|t ring
Srat orbore Gt ST bR 8 NS O oF b
Upon detection that t he si gnal CIrCUIt |s open,, whi ch can be caused
by any GssemeRs 2ye %\%@H@t@ﬂ betwaen tbﬁéweh injet qopnesior $7 adgha EERK of
break in the dalsy chain cables 25, 26, 108, the continuity detector
31 genendletepnaeepiydtal Thebraneh pivest tWieds 899 nareannhte@tedtabecamcaélqdn panghel to
interlock 19, or to any other device or function desired by the

oper at ahe trhitk pbharwingr 8t 88 tahi tosthg bednch comnetioe 78 enthaguiiien thetantotler 31is
can be used to initiate an alert or alarm or it can be used to stop

equi pPNeRhnédiePdY¥héBRnciPSechbh B3 Afe ﬁ@@é&’f&ﬂ&hn OmPAERL AR e LEflidctbrd Dp,

art upon reading this description. A variety of continuity detectors
t hat f
vot ag AUy 40 Lo Rl s P R L

wel | knpown to persons skilled in the art or c b ructed
by per dhBows PR FompringFE podist (R aRibrian B ERe pther0riSy SRt 1 e

for an understanding of this feature. For conveni ence, but not for
limt atcoprectedonyplerg R0c il thﬂ-tm spurce gehle 2fralpvernin| Figunes &0, 11, the branch
"alert/alarmsignal circuit" or "tenperature range signal circuit”
even t houghare hey shom almpanwithmchd eonteeior 78 itsef) ahdrattetnatintlgy they kowddd

ot her purposes. [0078] The relay switch 310 in each controller 20 is

cont r oldvesibé elilRRedBIdoiniSWirtys A SB1A6 €859 @péthel at O hdjdtdnt ARG UL 81l
28) in the controller 20, which uses tenperature information fromthe

Pr 0Ces . aIMEL8 biiliGalSRe 20 Wil Be bt é?ét&&iﬂ}gf‘rféﬁs skfifea3eiReg:. t enperature

at the heater 16 °connected to that contT 201s wthin the

ot oy JOPRRT Pl AR o5 lopIR et RAR ey t%w#ﬁ&vﬁ%gté%% R

circuit 23 is geteﬁﬁed by the continujity detector 31, whic

gener atEsCRgcty Tt Gty %qmcaﬂwém%%tragptedmwhé% r'é%lh%ef Trtype
mechanical relay or a solid state relay, as is well known to persons
ski | | edovge et 36 from fhedmie] conhectom$Xstp thhaittet commestor B6releasripalydypessing:
connecting the controllers 20 electrically to the AC power source 13
and t o thdlerahdnyegrenhts earal the biaakh pollaicoansctor73. dheblier sigrsitveires 100, 104,
nmonitoring station includes at | east one T-type source power/signal

cabl e eeid 9ehal Fite phirs UPe Totbe SoRO¥EIbiS2. MWet@DEQoutrom Thd tik section
source power cable” or just "T-type source cabl e for short) and at

| east %@%&bh?ﬁf{hr&g@eq& BEANLR Bk i34 .sk'téi"fe%{)ec%&@ rséférﬂg r?hx%’i)?-imcﬁ%t&h@t

SECtI on ype pOV\BI’ Sl gha ermn

"linear-t ower _cabl e" just "termpatin
sour co R 7o hgng s waS bR Brbeh st Gontetst 78 i pnsEa 1, B poRSogier
source cables 26 are used to connect the first and intermediate
cont r ol20ethg sizpal giroqui 3 pxtosgls Bhweris Bueighdherplaseywitch 316 in the watrpBenel0.
source 13 and to the alert/alarmsignal circuit 23.
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
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The term nating source cable 108 is used to connect the | ast
controller 20 in the daisy chain connected series to the AC power
source 13 and to the alert/alarmsignal circuit 23 via the T-type
source cabl e(s) 26, as shown in Figures 1-4 and 27. The first T-type

sour ce wahathlic Giet DEnERRRIOtFthdlion@ellbn 20 dlthe trimObltRst ssﬁsaédnﬁ@uﬂeaﬁo
if it is close enough, or, as shown in Figure 27, an optional

li near ﬁg@%ﬂ,ﬂﬁ& ﬁﬁet%ﬂﬁéc!t& DN AR R 62 eef—ﬁypg%lﬁr% t%(@éds S e?!

extension ca ust solirce extension ca or S or

any necessa to connect, the firs rce
bl o AP iR Hﬁ?ﬁt%doﬁo Spdiiediiives SSuEePRNFL 0B ng@??m%ioeﬁﬁﬁvs-ﬂ

Fi gure 27 [0080] To inplenent the functions of providing AC source
power tWhilereaigiitiag oertingity 3% thertgnal elsmifed: aveplatredabodes 20 and
routing the alert/alarmsignal circuit 23 through the relay sw tches
310 i n [668T A$ alshenentinnedodboge,$h@ extemsordwsiore dable 2alsbuen in Fegufe 2% gan be
source cables and the |inear-type source cable 108 (and opti onal

sour ce ytigedinthydetpiendded td ciigectats d:iiﬁ}ecl_ihﬁlﬂédﬂi%ﬁeﬁﬂ 28nU0gRthe gilires
not only to performthose electrical functions t also to provide

a neat ,pofedy3 ﬁﬂcpﬁﬁrs?%}ﬁﬁcuéﬂﬁeﬁsatt LGS SorRRAnE SRlibYYS. aﬁ“h@go@éls\ﬁr {3§3

it al m)st fool proof 1o connect the AC power source and alert/al

si gnal 0, as

i oure 9%735‘932%%5'? o 0 08 el R Bp Bt ﬂ}eeﬁfegmm of
f or war on ai.r of hi voIt e wires_114 116 AC. pqower
wires" dl&rl m%gﬁm P ggite @?Cmc ehﬁﬂéh? r‘?S‘FOtlg‘BWWBT‘?%ge
wres 118, 120( signal wres” for short) extend all the way straight
t hr ougfstatien 1tseﬁ0rﬂl¢19¥tifﬂi gowrnsgtor d 02.amlieh io@nfigesd thmaterivish thednlsbeansecton 0
to the outlet connector 112. [0081] Any type of connector that can
connect82fafitic Wtypessoiircercable@ 6cab Ivath the irdetrconngoas 10D od et teeninatidy ®uedn
be used. Mol exTM connectors work well because they are available in
confi guhBlkilgRs that accommobdate four, six, or nore high voltage and

| ow voltage wire pairs in a manner that mates with corresponding
connect ! ey
cannot ey %?f%%@ o RRADAG Pty OT0 th Afnclin SANThLRL: P2, ki3 obbs
are sheat he t to accidentally short

descr | SOGR oo bah PubiesnsBt s RRriiie P ok B <ehe Pt 7 2

is used to designhate _the connector or cable end that receives AC
sour ce IpensH tegethar mathyaaband 7 e ferm a peaty k-shaned, ¢pdlsdl.gigutce power edimesction
or cable end that delivers AC source power, regardl ess of whether

t hose @énkath of the tmnk attle segmkntal(; 92 heveiespectine tals del6 that ategorminated
vol tage signals. [0082] For the linear-type term nating source cable
108, t I therdoimarotranci ebleldbdnb@sr 8. Tieashertend Sp @fte iRien Guhlo tabllhieeghfent
source power wires 114, 116 and at | east two signal circuit pins for

the si gnad tephlrattidtin e 1Akt ddde c&%@c@f‘ %, 'a%dQMth&LHn@%t&tﬁ%ﬁlewm( 8able
trunk outlet connector 86 on the T-type source cable 26. The outl et

h
oo Sl 7 AT R A OF Sy BAE oo
the signal gi.rcuit F}‘f}\)@ﬁ ose conponents, is, al so confi gured t he
same adCURwh {on fARMp S OIRBRICIITS 66 AU 349y pe source cabl e 26.

Therefore, the inlet connector 110 of the
[0089] Figure 11 is a schematic circuit diagram of the T-type source cable 26. Each trunk

segment 70, 72 contains at least two power wires, e.g., the power wires 87, 88 in trunk
segment 70 and the power wires 90, 92 in the trunk segment 72, for carrying source power to
the controllers 20. The power wires 87, 88 in the inlet trunk cable segment 70 are terminated

in pins 1, 4 in trunk inlet connector 82 and in pins 1, 2 in the common branch outlet

21



term nating source cable 108 could be plugged directly into the

nmoni toring station outlet connector 35 in situations where there is
only one controller 20 in a heater system [0083] As wll be

di scussed in nore detail below, the term nating source cable 108 has

to be us@dedtor T MERGIovdd Hited D, EOMUKEOLLRS: trdflk tabl@sébMeny 72 Bl tBrminated in
connected series or the only controller 20, if there is only one, t

(0]
the r e”ﬁ?i@l Jizil tf'%ioﬂgetséo%&%} 8365an r‘qﬂféts b8 ! &Hﬂﬁofﬁ:ﬁ&ﬁ (Seutl%gcé\/‘%%f@?

cl osed. dal sy aln termnate th a T-type source ca

| eave t ignal circuit 23 open, regapdl ess of whe rall t he
oy St (SO Pt ALY e itdabREs bieAC Botr PR TR A b
woul d render signal circuit 23 inoperative for _its intended pu&gose

as desdispabacumnssied to hegdst ik segmewt7Ocam fediusk mlgbcagneqtpes2, and both

term nating source cable 108 al so needs at |east two power pins for
t he sournugd sgpgments K Bsarg tdgnetted tandorttollee 28 tvia the cpnmenfooanch lestleti gnal
circuit wires 118, 120, and it is configured to mate with the inlet

connectdaandolét 78f (sédEigaeBll r8)] doasour@.powaeisi sapsliedcro Mieaingo1144Q06ka pihe 1, 2
controller 20 has a different configuration than the inlet connectors

82, 11Qn@fe dddEndn LHRECOPYSE CHoRRAESy-BRs 2PAndcALM F1A06 AL HBWIEE %oh%onnect

connectors 108, respectively, so the outlet conneéfor 112 of

t er mi ané éo ﬁ&vér%i’fgs 6%@#&11%23%{%{ %%epéﬁ % & %.itlfet ﬁ-ﬁﬁ?éa&@%@ﬁgﬁfﬁ {923?{5“

out | et nect ors ype SGurce cables and

the outl et connector 35 at the renoje nitoring statiqn 15. Thi

di f f er SASURIBHPIYET BRYG I fisPiRhk 4 Iﬁlté‘% “E@ﬁ?i&ﬁef BQ@GE"QD%%?OTH%@I controllers
controllers 20 is provided for the purpose of orderly use of one AC
sour ce J9candpirsdishters He thabmay be deisy ehash petnecigh ite theitgink gyiletfapnnepier 8 as
O course, the inlet connector 140 of the controller 20 could have

t he saniesadefliaboveati on as the inlet connectors 82, 110, if desired.
[ 0085] The T-type source cables 26 are used for connecting the first

and anyo09t] eyderditiad BwoRiMabOkibRdl Swiddd, £.8., Wi IBOH thE iNQWRIMkGkimHA7033
and the signal circuit 23 at the renote nonitoring station 15, as

oL OSSN echeRl Ty B BRIl 228 e AP 3, B

con neCtp% 3 %? co‘fjlnrr]lgctgr Qﬁ gt t%g inlet trunk segment 70 is at a common potential with pin 3 in the
trunk outlet connector 86 of the outlet trunk segment 72. However, those signal wires 98,
102 by-pass the branch outlet connector 78, so they do not get connected to the controllers
20. The other signal wire 100 in 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 31
(Figure 27) to detect that the signal circuit 23 is opened and to trigger the alert/alarm 1‘7 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
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section 85 extending fromthe trunk section 83 to the branch outl et
connector 78. As best seen in Figure 27, with secondary reference to
Figure 1, the trunk power wres, conprised of power wires 87, 88 of
the inlet trunk segnent 70 and the power wires 90, 92 of the outlet

trunk se@rentet édmeyoe B theimised pitgRed ibgi\womdn @ aldhllet dUn@Ector 78, and
connector 82 and the trunk outlet connector 86. The branch power

W res r I L } t t :
poner v ¢ S B I Bl R oo S BpRisFand PR it Refion
controller .20.i.s connect.ed t he hr.anch, secti.on 85, the power.

o rout 1o BpTe TREE e i Bl S B5 V88 FolmeR e BR YO er 20
are in parallel electrically with the trunk power w.res 87, 88 and
with tHeessaspoise peinterferensap theilay velaze dgrats otk highoroltageHC paywer; 1

t he ot her daisy chain connected controllers 20. In the T-type source
cabl e 2A00%HoWhe lineaFitypertemmingted squrce pawdyrcablet OGishesn by Bigursrly? is neadtto
junpers within the connector 78 itself, and, alternatively, they

coul d exoanedd@bduntdyaived ahy theadghiah girowit 23Sto8fle 1a8coardll &R0 02 dabgehhifed
at or adjacent the pins 2, 1, all of which are equivalents as wll be

under stNRAIRYRBAEOIMNESs 3 bt J)Iﬁﬂ)nb% {8 sAE EonttPRBHY inldBeaddr PAbmWhAtB3s Oy

102 in'the i'nlet trunk segnent and outlet trunk segnent 72 are

{runk 850 SPRSRIOR0. Ln LRI ARNES N ok 0 BB TUAERRRatll 8o T
he. br RGO SH1e8 Sn MR o785t FHENRE HLf rbAded ff PEendonh deaic;

the signal wire pairs in the T-type source cabl e 26, however, detour

f r om t renpeaiend 18dkatimpiesemith hedunkpytletgoanetion Heoftha hdMpaswurdegable2 6 and
respective separate pins in the branch outlet connector 78.

Ther ef at &e otherrend athitha nethet cutbeetor d b2 Het tlde tE8biascicontleé céredtctoo 78 héthe
controller 20, the signal circuit 23 extends in series through the

rel ay sohtrélpowed chile RhEmgRatvith Itheinlef Qonndlol 14T (i 26-0Mtah @b P65 the0
dai sy chain connected in this manner, all of the relay sw tches 310

of all ecﬁﬁ&ol‘fé?@?@.ohk ?ﬁcﬁn@glst‘:ﬁé Ec%ﬁﬁpﬁg%réghiéﬁ%gﬁg f;/ﬁi;i -t é%nﬂisttgmrliﬁgted

ext end signal circult SO a es 310 in al

of the contrall Q to be cl in.order. to have a clo

o gnat “Grve e 308 168 i TaCrelifeetiafR Forkb BRI - EofreTd, 16
is configured to pmate with the inlet connector 14Q of the controller
20 and ap% &t leagiAwo signplovirgs! [8s 12Q nT aRaved wiEss sapeechiherpins e 4qf|thg inlet
connector 82, so that any nunber of the T-type source cables 26 can
be dai spnedstird 18 dmnims Ledl of hgeuHetrconpeader § \eandiba sigpalpuines conpecd pins 3, 6
nunmber of controllers 20, while maintaining continuity in the signal
Ci r cui tof A, inks centiebtatr hetitcathe pims 8 808e osledomaedtent 120 1@ taddusted sdhdce
ext ensi on source cable 25 shown in Figure 27 can be provided in any

| engt h apIREleek &1 SQMOGbVIHE Soréd Sotvd TRInD aff ARPRAAGHs8urél 13 HB8utc® 7 Bfd the

source power 33 and the signal circuit 23 at renote nonitoring
station. . i ir 93, i i T i
09" ext SIALFIIAR A i fhioRBbn it s iign 33 piele 23 e 1k EEp B oo
which is.configured to mate wifh the autle onnect.or 35 at the
ot o ST GG GTeR oMo Blh £0 R P o] P SOUee GTIEAS: s
configured to mate with the inlet connector 82 of the T-type source
cabl e Decaelthgi k-fypereurca celescthatdlee end afrodaity ehpim werldilesxe thegwogigneb
cable 108. [0088] Referring now primarily to Figure 10 in conjunction
‘Wi t h Fivgresemcdnr@ctet thusTaliwpears opencércor lvbBageGitoatinn thait weldé pravent dyevation
to, conprise two coiled trunk cable segnents 70, 72 fastened together
with adpgiderhfietatiré f&hﬁb aleRMrm st @RRbon GohikR dill BOUERALOPMEH0@RLE

e

section 26. Both of t trunk cabl e segnents 70, 72 have respective
ends 7%ek%@ that are termnated in the commopbn branch cabl e connect or
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[0089] Figure 11 is a schematic circuit diagramof the T-type source
cable 26. Each trunk segnent 70, 72 contains at |east two power
wres, e.g., the power wires 87, 88 in trunk segnent 70 and the power
wires 90, 92 in the trunk segnent 72, for carrying source power to

t he conoo9l] @rke 2Qsle Fomt ROWES] c\%ﬂi@ﬁa’[&)ﬁ 1881 bénddBastdt 16tant! K14RK heakk 8 6"

segnent 70 are ternmnated in pins 1, in trunk inlet connector 82
and in

Wi res 9881'0%#1:1 %ges %Bf T‘lﬁ@ truncﬁfe?ﬁg%&gﬁeléﬁ%dn}/ﬁ ar éaﬂ%%%ﬁfog}?%gﬁ%"‘ﬁ{e
pins 1, run

K nne tor.86.a n. t he .common
by anch deid P T v E%J“ﬁaw”g% PER R B S
t he AC power supp y 13 (Flg re 27), is_usual connected to the inlet
trunk s @"Fféﬁ@ 20, P oReER@ATe hrikps FAngiolled Pﬂﬁ‘é"c‘é@?(esézﬁ to pRtre) gemurality aé
segnents 70, 72 are connected to a controller 20 via the common
branch Imatdael@déﬁn@cgauged?go(ns erzdEieql heaters-v@ih the singtaurontrolbendéx Ths first
supplied to the controllers 20 via pins 1, 2 in the comon connector

78. Hovieer 16 by theasse, sdiicteiiconnstdddo t1RGsiagle chitaliee 20 by ﬂnecsmm&aa;ly(téﬂ“@ble
power wires 87, 88 to the power wires 90, 92 in the outlet trun

cabl e sgg f?d%hsﬁgreﬂ o BE ﬂfermzﬁs@brﬂ%ﬂ&l for ffeAohe b%‘ﬂ?\% theQoLiAsl1dp! ’20 Sespondk thn

the trunk outl et connector 86 for other controllers 20 and pipe

heat er

Dot o AR R85l T SERRPRAEY % RO B e
W res, he inlet trunk ment 0 i S connect ed

di r eot 1 40 the bt Qégwﬁmﬁ tegs é%ﬁ St 0801 BB TR 94EC biitrra 16 0h ghacone
segnent 72 so that pin 3 in connector 82 of the inlet trunk segment
70 is athe tharthemagst beaterdlo, plietcalles the slave hedterst hagansedhey smplydreaken st
86 of the outlet trunk segnent 72. However, those signal wres 98,
102 by-heass thé A Copewerlis owitdhet oo andieff} e, dﬁtroﬁed,tblyelye centrotitr 2etvithout
connected to the controllers 20. The other signal wire 100 in inlet

trunk seewBite af) terhRMEURS feedtRER tCBB BE@tolleR 20 PFBr @nivBnibR®, tHeunipknl et
connector 82 to a pin 4 in the branch connector 78. Li kewi se, 't he

ot her %09&@1& %{\feeﬂsﬁ%e OIS L) SESI%MH%Q%%&% Gty REHCALYINRr

in the tru t connect or I'n the-co ranch
t
Che s givam (o cotFIEANIE e e Rl g, s Runthe T pEst DiecPbiE pois FBEF

or |nterrupt a closed circuit conprising the signal wres, for

exanpl &0 4eETEegSBOYh G A SHIPRBOWY tadicetandplles 20Fi gure 27) to
detect that the signal circuit 23 is opened and to trigger the

al er t / 40023 The mastetrheaiee dbard thersiave heatgrssithini typicalsngtEllagionse a2 Tpually t he
event the controller 20 detects a heater problemor to trigger sone
ot her fideigicklor casrenients aidethndb@vatiod,ehidinistety thieparelshowniand dbribed
trunk inlet connector 82, the unused pins 3, 7 in the common branch

outl et 1eRIMNECAPEafihle, %ﬁﬁoﬁéﬁ‘%é&ﬁiﬁﬁﬁaﬂéﬂhﬁd%lw@ hbﬂeﬂsh?n&tra%&m%ﬁén??or
connector 86 are opti onal and can serve the function of naintaini ng a

spati alg Sﬁlﬁ%ﬁngﬁ% {)Iﬂlﬁnaﬁﬂe L3 Hé%}tér? cfé?%ﬂgt%& '18’]ﬁﬁt£a%bo%"1% iflt

el ectriccaP nolse or | erence 1n

hi gh v e AC 0091 he |.i near e te nlnated source power
cabl'e oD 1@8%5&1'1@234@5 ditF g o TRt AL SR
the signal circuit 23 to the last controller 20 in a daisy chained

pl ur al imastesfunchany of the mastzphenterd§t iAsrwill e explainesionenare deteid belowv, #& i n

a heater systemthat has only one controller 20, as nentioned above.
|t conmpempastuocnensabbe, Figupe 8f mrthbdilyve aatern df', if doysexast,idre/ notased. ed
to maintain a neat structure. It is term nated at one end with the

i nl et  cgRAESsIeOthe Jh0e h8akrs T8t @%1dbd Had Rithdud AdmPthtuRe seB QI %&é%fre@ Gnaf
the T-type source cable 26 and at the other end with the outlet

connectfi L ied Hath il idBntidle REARRE QM dnBbnGOHRSEIRE 5148 RlatdI%6' can be

the same as the master heater 16, in which case the slaved heater cables 22, 24, 184 used for
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[0092] In the single point control configuration 14 for zoned naster
16 and sl ave heaters 16 shown in Figures 5-8, a single controller 20
is connected via a slave adapter, for exanple, the slave adapter
cable 22 or a slave adapter junction box 324 described below in

rel ati agdnheéctinledhe déveraitfs 14' € QRRofroINR O afe dofiPi@ufedth b WayaHatS4AMEs the
cables 24 to control a plurality of heaters 16, 16" in a ganged group

or zon ichh I L 16
’n the ghpeifll fgollstls) (Bl OF) L pRRVE Mart 16 dmd Wt dobd i DRBHE

sl ave adapter cable 22, is considered t ter .heater for the
one bataor dnst i prrrie 0 rs BB b eler 2o RacdBk G criierinds
(Figure 9) in that first heater 16 to control both that master heater
16 and APTS edt526H therdavg heplern ko plpddively inpperatiie 1 dhresystrre 25 wall bof t he
heaters 16' in the zone, other than the master heater 16, are called
t he sl alescrihedtienore detaihbelewt hey si nply heat or not heat as the AC
power is switched on and off, i.e., controlled, by the controller 20
W t hout[0094]VAslindicagadyin Fegares At 8, thae dhabKariyomirkteer O Blav©hdaddrs 26.in By
conveni ence, the T-type controlled power slave cables 24 are so

desi gnar IREGAHEE cHREYI ANy the 6ROLSHRINIED A B RRURIenf £1978 KRS @k! er

20 to e 'slave heaters 16", as opposed to the T-type source power
cabl es [ ' u Q

cont o0 EiEoRE ARied WO Filp el AR TR 3 Epe b BheoiEy e 16
in typic instal l.ations ar su%%} i dentical for convenience and

o antarabs 2 B n Rl i Bratidenal B coana eS0T GRS REcBIA as
an exanpl e, although identical master and slave heaters is not a
requi r derEHpatingrcoatrellsd eablroidrEigure 8) whichry aeftshewn imFigusssavd brfewilldres
are designated 16' instead of 16 just for convenience in this

descr i plesaibefl @ monddeatait belgwt hei r sl aved functions as distinct from
the master functions of the naster heater 16. As will be explained in

nore dghews] Peb@umating theeTPRcbi 61l GaMseI bl 24 drly(doh@utt 81edikicith td f
sl ave heaters 16', if they exist, are not used. Therefore, the slave

heat er ' i ur : i |
and o (1TpEARLERE AR 10l SERER L T RERAG, ot bo BRI B0 slave
the sl ave h ers S_gan,be the s as t mast er ater, 16, in .
whtch CAEERIRL R cPnbled il g RorufieR 20730 3Pusk Ve EBHH:Blee A7 i v i el
the slave heaters 16' to tpe control|ler 20 are configured in a ywa
that i POMAE tosthe plave beaters 40'wthey SEyves Beato When thepqiitrodena0 mtqhﬁéogfﬂ%%
heaters 16' and that does not route the signals fromthose

t enper staghe proves e thetstave heatesor, thayetoppgrodudieg kdsy. Neretepératyre inéormation
tenperature sensors 50, 52 of the slave heaters 16' effectively

i noper as derdvet bytthecsysllen0 dsmuink lof He stiesdichtesdioi.n nore detail bel ow
[0094] As indicated in Figures 5 and 8, there can be any nunber of

sl ave hegdep' PhelBiastérhehfee 166RY Bi-dlﬂc&f heaPRBRerCABLbRkOIRE 20 ¥witBEesdRahe
controller 20. Subsequent slave heaters 16' in the zone can sinply b

connect ' ' ' I - . v
cabl o Sl et init SR o B hed Akl Bafrafer ASRHEREE SF isifechn
sl ave cabl es .24 and.a term nafi controlled cahlg 184 (Figure 18),
which PEVCHREY PR PRI 0 558 MR PR AL e i Ractature
detail bel ow. %0095] To summari ze, the T-type controlled slave cabl es
24 onl ypersoridits £2 éFigater] @nd32) inthenpasts deeter Londstugmsitheipexeranang ofbin i n
the slave heaters 16'. The electricity for powering the slave heaters
16" i s respnhsedb sedeth yenipeeato@ievadd inghe A@steshcardrdd. (Therefmmn) whdd the s@f3ed
switches on electric power to the slave heaters 16', they produce

heat . V&ﬁ]fbrﬁthfé 1B9Rd madtbEtieatd 16\ fowh) 88sclloh stltiRoelremt chtrdIRYRY, the t he
sl ave heaters 16', they stop producing heat. Eb tenperature

I nf or ML 0t 50 S G Dnte pONGerS A A1PLHEE nrel LATNAVRRlerd [ 18V iRYfe zone

e
e

will be turned on in unison. Likewise, when the temperature sensed in the master heater 16 is
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hi gh, based on settings in the controller 20, the controller 20 wll
turn off the power, and all of the master and sl ave heaters 16, 16’
in the zone will be turned off in unison. [0097] Electric power is
provided to the controller 20 in Figure 5 via a T-type source power

cabl e 26gh, Hasedlon $6RthgS bl e o8 @I 285thk @BkiSolFer XD vall tiird dffie hotvkRand all
control | ed power slave cables 24 fromthe outside, but it also has at

| east grifﬁﬁ‘é fnaQbr AWM MRIHeARE 1%, 983h tl’é@eigﬁé wlf‘béﬂ%éd Oft i @ Iﬁg&ﬁ‘ pa of

hi gh vol'tage power wires, as descri above ereas t

control r sl ave. cabl 4 hav ta omer
i res 1P HCRERrSpoRrE iR B & e e ieR 2l fFighin i a4 Bies %efc Bolyer
not the s CIrCUIt wres for the alert/alarmcircuit described
Above, < bg’és]Th?%ts@Paw‘émaa%% 26 lokB pianizp ta e dntyp crREplled poRer Java od,
as shown in Figures 5-8, to connect a controller 20 to the naster
heat er cibleadd fiom hreutiderbutdt slhabes dideses paitof lowasliegpsighal odreabnve.
The sl ave adapter cable 22 is conprised of two cable segnents, a
mast er a@d@hionad kiechaprayidiigicaditage pogeERires] 26daotdbal sHoawoviiaedsitht Tagpe
power cable segment 128, which are so designated for convenience

becausgohhiEed et skB LKLY ﬁﬂhiv% 18 paiS¥¥ HiSHEO QR tp@%r ) fcﬂ?)%’émflé He

the controller 20 as opposed to source power to the controller

One en

Cre ST i S Sy O PSR PR o
64 on the haateg %%;d 62 (Figures 1-9), has at least six pins to
handl e °§euit descibedy@PqYegh vol tage power wires to conduct AC control | ed
power to the heatin elenent 32, and two pairs of signal wires for
the twd0098igde slaye edapserseble 23Ghown in Eigyre & Bused; ag Bleowmit Bgugeatdeto 16
(Figures 5-9). In sone enbodinents, the signal wires can be | ow

vol t agepnndet h eontrollzt B to teboatiarbniter B arldda®he onmoad slivechaqatrs 56',afs
signal wires may al so be high vol tage, depending on the kind of

t enper akplamed QBSRS. THelhvieQdaptBEcablIID: dsicBinbriS@IN @b cae sBhhént)@ master
described in nore detail below Therefore, the inlet connector 130

can be
ot ovi aseRERRATRNES Eﬁ%?%éﬁﬁz?ﬁg& Sl e Bl BOT ARG bl oo s, rhich
out put conn ctor inthe ¢ ntroller 20, as hown i F| ures .1-4
For 't na® T GRERasA SRy kR e v sy sy BedE B i oeh
connecting the heater cord 62 to a controller 20 via a sl ave adapt

22, as PP¥CEHaRhe pontraller 4 afsomwﬁ%f} tor SYBICSPRYERIOEE RENtERISE 281 One en 157
conflguratlon 14 for a zone conprising master and sl ave heatersl6,

16' . Tioéthetrhasterenutraldsl pfwer isablraegraent d 3histeinhisated ot inb lsbenestay Bkt
126 is termnated at a comon outl et connector 132, which is

conf i guviach, likk ehetihtet ootideelor 64 bN @ed Iasatet 4ard@? (FipiresonRDY, hhs strleadsix pins to
(Figures 3, 7, 20, 21) so that it can mate with the inlet connector

64 of theqib ﬁ?‘lfeﬁd't t&we hfkh%ltaé@b&@er VI 1B coRhiRY AdeSntBRePPEWA0 He heating
connecting the heater 16 directly to a controller 20 for individual

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
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heater 16 control or to the slave adapter 22 for a single point
control configuration 12. The slave cable segnent 128 of the sl ave
adapter 22 contains two high voltage power wires for powering the
sl ave heaters 16', but it does not have to have wires for the

t enper ah@ivaieERSalMeated cotfrdl casfighirationb2, 6X & @nA&dink MhdMdater @6FB61 to a
bel ow. One end 136 of the slave cable segnent 128 is termnated in

OB 2 SN S 0 S R L
i i i i Fi 15 f. 22
o A O 4 e ST Sa SRR T B o

W res 144, 146, which connect pins 1, 5 of the inlet connector 130 to
pi ns 1,hemgstef ppntiglled ppwelsshiscieamentst26rip fermimataddt 4 GommaR qrblet eryaeoter
power to the heater elenents 32 in the naster heater 16 (Figures 1-4
and 9) .13Zhwhivhds emnfigabdddikssherentict tateatos 4 as thomonpaller2 0dfFigiresigl7, 20,
wres, e.g., afirst pair of wres 148, 150 and a second pair of

W res 153 so it chemaGowie td iRt Edimetion 64 onhe hakitel 18 60 5whish MEain5 2
(Figure 9), respectively, in the master heater 16 to the single point

contr ° ! ﬂrg\'?iggsothé bt @ﬁco%h&tingm@hé&&%'diﬂ%ﬂi;etsoﬂﬂ%ornu%ﬂ&» 201f|~‘69 iERERA!

pi ns f I nlet connector "130 to pins 4, of the outlet connector
132, a ' |1 VM [ . t. Ri 14 he
o et - dSHRLs SOl o7 LR HIate e e Euingibofi? U Phfifurdson'12 "
However, as expl ai ne bove, the controller 20 in the single poin
cont r oS48 ﬁfﬂ?ela a?%?%ﬂﬁﬂ%ﬁswééa%@%? efaing té‘wdaglatf@iﬁa@e PRIGE TTet B
only fromthe master heater 16, not fromthe slave heaters 16'.

Ther ef poweripg ghestlanpdicatg ' dagsiaes noidaye to lipee siivey dordhe fempeaipiesenees
does not need any signal wires. Its only function is to provide

cont r ol50edi2,las gill be lekplgmed aveiord detdihgelsiva Omelradtl 86 sf thé'slavs ealilheeghan e
cabl e segnment 128 contains two high voltage power wires 156, 158, as

shown 18 @hhmatel-in MeSROmn Htlet BekeBr 33D AR (helokIRS chd 13DR t&di#NAed in
cabl e segnment 128, use of the slave cable adapter 22 automatically

i sol at %th%u%ﬁﬁgﬁhﬁgﬁgﬁmsensors 50, 52 of subsequent heaters in a

dai sy chai n, es them function as slave heaters 16'. Al so,

si nce oes not have to.be any.signal wres_i.n . the slaye cahle
e gnmend 0055, ATk BE *Eehaue Fsf i aiaRin plbs o e b e fiefef e
t han the _connectors_ 130, 132. Also, this smaller outlet connector 134
wi t h i #8d a5 peatiend abeve. itk mattrirblsregBaRis 20ihes aldepst bymRewer wheot44a 146,
source power cable 26 or a term nated source power cable 106 to the
sl ave adagt emmngethylins 23, ofithd wlet counegtar 13dvepine it § 9f thewnteftconhestor 132 for
tenperature sensors 50, 52 of nore than one heater 16 to the single
poi nt  eestidiak hath Wltagh CCpuwes € tHellrateraleinetits 3diih tiermmitdnheateni 6 Fupads
connector 134 also requires a smaller mating connector 172, 190 on

subseqyeninFhpvimeheatdcabidRbgterd426 284 1ha¥‘m&€‘aif@i dr |si§g§1 WirsS U$S 8dirktpair

nore detail below Those smaller connectors 172, 1 al so prevent

t hose I [ : hch .d [

From bat Airer nam/ P R S he Tt st reons e R ot B E il o embbhfeRe
whi ch does hagv ignal wires, as described aboye. [0100] As shown_ in
Fi gure Si@,"rstﬁ)e%%? ot %@0&%1 ¢ pastes ,atelgg t%h*%SHé‘%P%}QbC%&B?rer
cable 22 connect pins 1, 5 of the connectors 130, 132 to the pins 1,
3 of tRE (BunrestS-Dorimestanal wia pais 1¢B.akdOtroghec) pins g8 o8 tlgtcenpreiasr1 30 to
provided fromthe controller 20 (Figures 5-8) through the inlet
connecpars 41 3@ fitle @altikbcqameontor €30, tand tHeetloertsigehl woapael 62, 153 2ofndct pine 3, 7
master heater 16 and to the outlet connector 134 for the slave

heat er $n #f inlef\dRinBetof 1D Bighss .7 18 thélouthe cHRRABE L DF SHIWEver 1d%xBlathed
unused and provi de space between the high voltage connections and the

si gnal ,GRANafRtd.ARSHerP0Ni tfe siflglk ot Botl LES AP FighPés ARFO!

temperature information only from the master heater 16, not from the slave heaters 16".
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conprises two trunk segnents 160, 162, preferably, but not
necessarily, coiled and banded together with a band 164 to create and
mai ntain a neat structure. Since this T-type controlled power cable
24 only provides high voltage controll ed power to the slave heaters

16" ( Fiphirerd thid)slae dblReHSE&H 12R0Y the sIhRTabIE il Siterdtdtices 661Eked Iaay §i@nal
trunk segnents 160, 162 contain high voltage power wires 166, 168

but t hey; do I@&nl?ﬂiﬁ% 1ibPis%0 %}@Idﬂa %}[ﬂl?’rogétgﬂ%é V\‘)’lt owl:e'lJ ch g1 5 fv‘é‘hhgﬂelgq 6',

signal wires in T-type contr

selectio d u of the e cont.r ower sla 24 to
got - coribrf Ay SEIEsan; P8, comiu i ik Y%@@ % W&%WH&%Y?E’%?Q 45 Shdwn in
controller 20 dlrectly to_.the heater, autonatlcally i sol.ates the

t enper Aigite dedden. Sysiot hayingsighal avires n e slavegablpasamaent | 88 sgpéthe slave
function as a slave heater 16' instead of as master heater 16. Al so,
si nce tdablemndapteh22anutbrsaticadlynendates thederperatuee SEnsorp 80,58 unfcubiequent heatbise
26 described above is configured different fromthe branch outl et

connectififa dhi&9 chhin{ Whichniakee theonfuholidresh fPorieatstsalot ARB) Enctdhéreé dobenot
exanpl e enbodi nent descri bed above, the T-type source power cable 26,

wWhi ch dQee td16/ fnySdi GRR kv [iBfhe sERBLMle %?é‘ﬁ@ NEE, ttﬁ‘@'oﬁtl%t EOYeBRBRY 4 can be
[0102] One end of each trunk segnent 62 'of the T-type

control r t

o e GBI T AR Bpba S5 B M AR AR R
160 is t%é H ed |n inl et daisy chain connector 172 while Hﬁ
opposi t&tRHgdigkergn go %WIOBlPE‘FVeePtStIPﬁ o1 EIREFHOH G R JORTGEONMER 5ARG 20 Ar &
trunk outlet slave daisy chain connector 174. The slave inlet dais
chai n dewmnBeedsourgepewercepiril§i te therstavrat eptol cehle e whicheublinpdiertgalls y
chain connector 134 of the slave adapter cable 22 (Figures 5-8 and
14) . Thenteatitie températurs bemgers 38 $3/oftheaterthaonmdatiter 14 felthesinpbapaigur ed
the sane as the daisy chain outlet connector 134 of the slave adapter

cabl e Z3ng6lldrat Gdurke! MPESmeRe didfeldyRonBsur6d B R eddr €8N alb®requires a
connected either to the slave adapter cable 22 or to another T-type

cont r olgh &l POME s %:@cogfln ﬁ@é@ﬁ]suﬁr %&ﬁﬁ‘lﬁ he%'tﬁ?\éﬁlﬁeé‘@@tl%& ‘%%h%}l be

connector 170 is configured to mat e e 1 nl et conrector

t he he rd 62 can iver h o ower o
Slave: it ot mre Skl iy’ mgRntile: Kotnealo 0801 06 5 RERR: S Wf}ef
control |l ed power cable sectjon 24 dges _not have to have any. sig

wi res, SBWE Sedions s Sy whishadodiot barq denat Shisedton being lmeélvte%@ltb'eﬁ%nected
conflguratlon as the outlet connector 132 of the slave adapter cable
22 and iete thérpovwer(sigial tomnldes, vhidudoes hatvchagmd mires) dsales@ibed eboveat it
can mate with the inlet connector 64 of the heater 16'. As shown in
Fi gur e [0100] t AesHuwghin\Rigiirads, the highotdltage powarwindsr16s, ﬂ57tﬁof the Blavdaddpeer
slave inlet trunk segnent 160 connects the pins 1, 3 of inlet

connectable b3 %ohﬂ’ecft pRsRl Bof t:he c%nﬂfct&r@ ?3 &Ry tHér;ﬁﬁ’sCh 3BHthEbuthd BHGREQE

170, which is the sane as the vol tage powWer connections to pins

1, 5 t

g vare el vaaps ‘ﬁ%%m%%e&%?’h el R R
al so connected to t h vol t ower. res 18 of th out
trunk £ forfb‘-'ﬁforﬁ?%f%eg%o wgvisEda B ohl 13#%?%{&3%%&65? Paastet R 6.
1, 3 of the outlet slave daisy chain connector 174. As shown in

Fi gur e 21¢ to theentetgoaneniorel3der tha sk hpaters 19° /A gain the Bing 8, ¢ inether anch

out | et connector 170, but having no signal wires connected to the

pi ns 3comneattts 430,832 acd wtuesd drtdeproeidp spak etveee tisiigh $6ltageZonnedtibes and

pi pe heater 16' and prevents them from being connected to the

cont r olthedigrd comfticinsTBKRS) tha theqitRE coiRelor P34 A% ndt 8dedve heater 16'.
[0101] The T-type controlled power slave cable 24 is best seen in Figure 16, and its

schematic circuit diagram is shown in Figure 17. This T-type controlled power cable 24
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[0104] It should be apparent fromthis description, therefore, that
the sane heaters can be used as either: (i) individually controlled
heaters 16 in an individual |ocal heater control configuration; (ii)
a master heater 16 in a single point heater control configuration; or
(111)  aonmses RAf@ik sk@mehtd 180S120pRIRPMID 1t ABE KeRbsseORT bdllEdaht BAnddd0
nodi fication or change is needed i n either the controlfer 20 or the
heat er JHRK i I J : i t . i

desi redtagel}frll%t I onggéﬁyt ﬁéqﬁé:gét%ér&[a 1}95}1181}3\% %ua y é(?:%rﬁt rgg]%ﬁéc}g ﬁﬁt&é?g@tro&_@g

slave - is inplenmented nerel.y, by, choosj to either: (i) connegct..the
eat or RVEERTG 28 Gty ROMAFOH P ro e gRtalied fhsies pariaye befigm bl Gigores
heater 16; (ii) connect the heater to controller 20 via a slave, .
adapt er3-8kasgliscugsed|afgee, ipap fiest apdgcandslavedgrunk segmerts 1R ao02rcontin gh
(iii) connect the heater to a controller 20 via a slaved heater

cont r olvoltdggpavesr veiadsl 1665 b3, butrth@yldé oot leve kawmtdieabesigid wires. [FaftBé&] with
The selection of a heater to function as a slave heater 16' can al so

be nadefgnat Werek asthe I-gpe chariied pdict slave aBREQthdeRtESBaiduse oF tHge €
poi nt heater control configuration by using a term nated controlled

pover —cpRle ool Hower Eﬁv@@a%tleéﬁecﬂ gep?{dﬁgﬁgﬁét?pd%értﬂo b h8atSC nﬁf@{i e

circuit diagramin Figure 19. Essentially, ermnated controlled

power cable..184 is b atially. the . sane as.the.inlet . trunk segment
50 of Phucindd sl PR it B o cal il b AR T
to have two high voltage power wires 186, 188, a inlet connector 190
Chat | SSRRE 2hrid o dhe iter, et malss dehagtor fnctioh a8 palaye 51935@ IGosteat Pgas
power cable 24, and an outlet connector 192 that is the sane

conf i gumastdr beatas1§. halseyainestthe brandceuttet eqmegfor 78 of thet B e source pbwed
power cable 24. The high voltage power wres 186, 188 connect the

pi ns 1,cablei26 deb@ibied labbvecio coefiguded diff@renofibimethp bramic putbet iconridor U0 béthe
connector 192. In use, the outlet connector 192 is connected to the
inl et qog@e chRfolfd el BRVOEME4 fnFth Bk nfle embbielenB&e8bdd atRvE | (RY -
heater 1 because there are no signal wres connected to the pins 3,
7 and 4

720 Rl BBl BNl YA SOLPRE A5 P
L, SO SRR FOMRLEY 88k B Sy TRASEARE

sl ave heater 16', or to a connector 174 of the T-type contraqlled .
power @4Rt terminatedsin pirampeniy epncherutiecanpectpn 50, apd HiePpppsils e ofHednlet
t han one sl ave heater 16'. [0106] The controller 20 is nodul ar so
t hat i truokregneenid 64 id termingiedmi & inletrdagsygbamrtonngctdr 173 otloleythpopmsite end
paraneters or so that it can be expanded, if desired, to acconmpdate

nor e uEthe shiverohdeemakkeg@ehtalgngs Rananeidan aapinkendet sheveliaily chgian in
Fi gures 20-23, the controller 20 has a base nodul e 200, which

| ncl udegnidefor 47k, TREBRPEMS dhfdgchath %]gﬂf‘e%ﬁﬁ%@ﬁ ¥s dodfighfa@ t®ABtLwith the slave

functions of the controller 200w th factory-preset paraneters,

i ncl udi i1 el [ ' . g sors
U BB o o By g AP BE LB, 11 BUPES A SPEF
power to phe heater elepents 32 o nd off according to . . )

fact or ;‘;“‘BL Qulet sfaygdaisycpia ca@}eawéﬁﬁ & %ﬁ‘ggHﬂfétﬂé? ¥8)esas the laigy chain outlet
Di sconnecting the high voltage power in the event of an over-.

t enper gowyrestos\ kot Hestaveiadeptercablef22codhat-any dstepe gpgeniled onper egblg 24 can
limt; (iv) Initiating an alarmsignal to a renote nonitoring station
i f t hebbhicgme¢rddteither tpaeslavesaddpiae cabe?22 edtodinethen Tayhe gintroHad powérusable
event; and (v) Displaying several status indicators, e.g., |ow

t enmper agure, high tenperature, in-range, high voltage power to the
heater(s) on or off, and high voltage power disconnected due to a

high t Tlf%%ﬁ Y Sufti§illaved 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

29



[0107] Additional functionality and user interface capabilities, such
as re-settabl e paraneters, data conmunications, system nonitoring,
al pha-nuneric visual display capabilities, and others can be added to
the controller 20 by attachi ng an expansi on nodul e 202 to the base

nodul e 12Qfrs BE (Bipoms 5K8). Ahetef®s, evén @iviigR Zhe BSypsJohtralfed pbwer ¢bt1€ Section
3, 6, and 7. The exanpl e expansion nodul e 202 shown in Figures 21 and

22 i ncl &R Qo€ lk]a{v‘é't'? hax(c”'aﬁ’lhr %ﬁgl’%rb@ ikd Hkfisn ﬁ%v@ﬂ%&féutfe@@énn@&%

user inputs eit rom i on the expansi on no e 202 itse

froma fenote mlonV|at e th
o BE FRAE eorieRt Rl ¥ kit dulEe COERE 72 Se3Re SRUDFNBI: Bpefl 22 400k the
conmuni cates with process control and, in some enbodinents, with hj

t enper AWHeECAIDA§Pr B centrollgs 2Qsaxidat it sappmpie;with Be st Gonneqier Gheld 4
nmodul e 200 to view, set, reset, and nonitor sone or all functions of
t he badwatendéll e\szsmvvde’pﬁmrmbl@m hiple vblagsl confroldad] pesteawites t1§6,bi7i8l in the
into the base nodule 200 and the | evel of capabilities built into a
parti culak isheprmunt seamendldlecodfekts the paisoiV3 ofinlbi @unésor2l¥2a06 thedins 1 eof
expansi on nodul e 202 has an al pha-nuneric display 204 that is visible

thr oughh@cdhMos B?Jn%ﬁbuflét%hnéc@&q 790k hicRs BB 8arRé a@th@q)l ‘Flﬂtagé’ oweiS
i nput buttons 210, 212, 214, and status LED di spl ay nubblns 16, 218

220, al or el 611115 sy O SR BSReIoD1 52 oSOl haliE Ubic B3 The gy

expansi on no ’cain a ne cormmunitcat1 on ports

244 to t ansmt and r ta to and from te stati r
Co and HEH BRBrescgh: frfd Sl 1B e ecsoaetedlobe bigh
It should al so be noted that dlfferent expansi on nodul es 200 can al so
be madeolirgarpavesieriresHaR, b2 efdheottieh trunk segmang 462 meyderdo prastidekigh yokiage
select and install particular expansion nodules with a particul ar
packagepoefer atetphabinsilt B ef theraititeddwerdasy chaniapenstitorgl 7dn Astshowh e ligvent 7,
or need for their particular heater control systens. Al so, wreless

COMUNithéE b MMYPGNBNEEd pifsiell A3 6-9id @e dtanciRbutl@cofhiddedr 10] 6t @8 Sing no
communi cations inplenmentations and conponents for such

i en’%%?f%ﬁ@?c&r@@&te&ﬂpﬁ’@é r%%nﬂh&g %%Olﬂ?&ltﬁg% k r{u@ﬁ 'SQ'i‘nthe

nodul e esire as 1s er st oo Yy persons

Therefqre ni.ca oris_and co
dr v ngireiea eI ROT (BB Ao S PR PSR Mtﬂ&ﬂ Frefsoie
The expansi gn nodul e 202 attaches very eaS|Iy to the base nodul e 200
as best e%@’éﬁ‘nPtrﬁOW%? a¥e Beptes A 22 by sinply aligning a plurality,
e.g., three, latch dogs 222, 224, 226 protruding fromthe back side
234 of [0HM] elkp@vshi baiapnadent érommwdesmmmpl theraforeythatehg same heatess can be
corresponding or mating latch holes 228, 230, 232 in the front panel
288 of usébadrader: nrindaiRA0y andrdlkdhebters 16 i0 apliadieidudltiocdhedier doptrol ed
just about as easily by sinply pulling the expansi on nodul e 202 apart

from t RenHageidmw @1‘1‘} £meRer hdat@8lin I bRl ﬂo%t'HeatléPé’Jrﬁroﬂ BorlfpRrR8 Col

20 has a set of electric contacts, for exanple, the pad of contacts

i eo. FERKeSfd sEouhal o] f%%@%?gﬁﬁnﬁ%%ﬁt n%‘é’ﬁlfélf.fyaﬂtfﬂ“ Hnefisicedgd

238. A.correspondin d.a n ct asse or a
sut ¢ anisegres e prppheaor R it A mae it e R aﬁﬂsﬁgﬁéﬁ%dm e
202 through the rear panel 256, mhlch when the expansi on nodul e 202
is s natfb‘é"glorlﬁt thoqleé@ér? Brctipr obhs destpttuindividerllymontrellete mastsr, on glave hés
opening 246 and into contact with mating el ectrical contacts on the
cont actimpktheR®d merelyritychbbsingtogthee c@ptanke thanldate kideot]y fore ¢omérobas2d
nodul e 200 in order to connect the expansion nodule 202 electrically

t o t he fhasEndRiitaRy S0 rdIRdMese} V& (IPY¥iiediBe héut&ababitidtidl 20 dataslave
Al so, there are a plurality, e.g., three, transparent or at | east

transl ugent, DASIeRRad R B BEForaastdrifeatef PE: IFPHH) LEfhecthE R€ater to a

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

30



240, 242, 244 in the base nodul e 200, so that, when the expansion
nodul e 202 is snapped into place on the base nodul e, the bosses 250,
252, 254 are positioned adjacent the LEDs 240, 242, 244 so that they
transmt light fromthe LEDs 240, 242, 244 to the display nubbins

216, 21810R20heselédtionloramhkattR®eurdfon ak LIALE hbhenl ¢ ban HasBe Mdetor2last
is operated al one, w thout the expansion nodul e 202, a dust cover 258

I's pr 0?’4151%%51% $EIR 2 ZBhOo PAALSs A sthlﬁgie E@iﬁ?héﬁ?e%hﬁtr@l%ngg?@h&?@ 8§in%?e

expansi on nodul e 200, as best seen I gure In or to preve

dust and_debris fr enteri ase. ule 200 thrgugh the, opening
S, Triaaneed SovkdBpRNer a8 LPEntRa0s Peiesun et b n Byl Fnahes
expansi gn podul e 202 that align . with and_snap intQ the |atch holes
228, 23pcuy sagran HpFigura . dissentiadythe tesminated gsontrellehpewer gshled Sdtiul e
200. The dust cover 258 has three bosses 260, 262, 264 sinmlar to the
bosses sebgantivhly thoSume dnthe ghieirttuak segrhent 16R bétig T-typmcephtzoliadpowep tatilh 24
dust cover 258 into the hole 246 to the LEDs 240, 242, 244 so that

t hey t r@ismé 16) iIphily haotn Hakve e Biehtvolthfeepdwa Rtireaf1 86 NES 8¢l b $iiletcdviBECtdr0IN0
status displays. [0111]] O course, nore or fewer LED status displays

can be nLqy idedmb Qs R ihikeEodnREoP X PARSHOT- 1P &dn IR }laéeéexoéabiefﬁ, d$hn
cover display. The three LED status displays 216, 218, 220 on the

cxpane! a5y 08 A HISAS5o Rl 0 P A YRR 3P PRy
be, f , " Al m' _wh he . 20 ] .
e ST e RSB LS55, B

the sensed tenperature, e.g., fromthe process tenperature sensor 52,
i s too thoinlehconrrstardPa to e pimsnl, Ran dle outlstieonngcton Uy % altiaisetbe outlet
tenperature of the heater is in the preset desired operating range,
and an cofiopurt!'92nocmneviad ohths lindescanhedtort fieorcthn heattt @dgudCop ovtech makdshie
heater is turned on, i.e., being output to the heater. [0112] As

nent i ongghvaey@r 16'hecRXP aied 48 noRthBwRELccnabetbetords bRed7ahd 4, 8 of
programmed to provide nore or fewer of the functions, capabilities,

and/ or of#g%g \:'Sr%%ﬁ%‘?? 9ﬁ,ivprﬁgl? ﬁ%fa‘f‘ésglge %ratu.fr@ TEnsGAPRNSA ﬂ[‘th'%‘?xg?{!ef@ééﬂg 9,

can be W t nore or ewer t se tuncti ons, capabl

d/ f h h i I 202. f
expansiheT 880 Redfte S RE0 N RS et o e Sulsh ShsRtinh [ Faet
base nmodul.e 200 to check and/or reset paraneters in the first
cont r olth&slavgaflapiee rakle 2¢ dgwres ady ad 1AddEtheris ot Aieslavg hepler Kecuriga

and/ or any nunber of additional base nodul es 200. Therefore, if _
desi r egonzectiriGh of Sephrtigieanivoldrd povad 2alde 24 thedwdteo h6'as thedast froz series
base nodul es 200, if desired.
of more than one slave heater 16'.
10106] 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-
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[0113] To help hold the controller 20 and associated wiring away from
hot heaters, which could damage its el ectronic conponents, and to
hel p maintain a neat, daisy chained connection |ayout, the controller
20 is provided with a convenient wall nount bracket 270 and nating

| ocki ngemperstire éveht hétokdifig RAL FacRRPpleséiithpeP@nipefiturs Bait; i(7) hliGatinsan
24- 26. Thg bracket 270 has a plurgﬁltyﬁg) rag?glly extehd?ng eé%?

276,

275" beruaan B i nd s B bAHADICTR bR ERETor SRAIRAIR S o
the cont.roller 20 is rota .the.ears 2 e t ured r th

sect or HiRHsritreevsugnah 60 Rite ERE i ol S S AR L L B Rmslne
fromthe socket 272. Several backing plate guides 282 on the bracket
that ardgh t@wggaé%real%rrapg%/ highriolfage preveade thedicgtep(shemer offrpaddigh vitage

pl ate gui des 280 when the bracket 270 is inserted into the socket

272, s@oweedistémmectsdtdnold @highGerhperatoteagvwedt. about an axis 284 of the
socket 272, the sector plate guides 280 get captured between the ears

276 andqo1m Axhlitkdray fipkabealigpaniesse? Bilertxee bopabilitiee, Sach ekl seidblephrafeyers,
and securely in the socket 272. [0114] In use, the wall bracket 270

can be d, ﬁaséo%ﬂﬁﬁhlkého%s%%ﬂenﬂhoﬁtd?ﬁfg al ﬁélﬁﬁl’ﬂéx@c (i3ed d%ib%ﬂ)a PALGES, S Or

ot her rasteners (not 'shown) through hol es 286 1 n the Cross pi ece
288 A t t
8. ARLOR etdti%tétﬁe%gmﬁet 2489 aagau o B3R5 ploRuf 20200 iase

(not sho d around th ie 288 .and around the_object.
The comtadts 216 58St Rkl 323 %ﬂ%ﬁ@dp%f%e%f AoReindsholhe
axially aligned with the bracket 270 on axis 284, and axially pushed
t owar d %meplg@reéemomgdmle 2Baskovihia Iagurss 277 end B ingldes 2 gireuip(rgt shewa in
t he socket 272. The controller 20 is then rotated about the axis 284
to | odkgurbe? camt 22)Itha pr@@ssen updranmitoeititeh frobr iapkts ton Idex passishmadulicr2 02
Figure 24. The controller 20 can be easily renoved fromthe bracket

270 by itsel¥ 6f fbith fchR$€lothtedSvia tHebbiihunitetioh bfipbAdits SNsth&Qdhinnit0i@he
in one enmbodi ment can be described by reference primarily to the

SChemi;nin leﬁ{(fﬁfdﬁ'ohs 54 A AR 2' ﬂ%s%scoﬁﬁmﬁﬁcdtéb vﬂ?f?ﬁ‘ LRS! gBHtréﬁ' dnfl, f6me

| ogi c iagramin K gure e schematic cir Ult iagramin

e eibe i, i R rineRase i Ened Efrélﬁ%ﬁéo#@%‘lmﬁfaé?)aﬁ&%bafz

as |IIustrated in Figures 5-8 and descrlbed above. In su

mest er THSR001E Viaw.S6hAweh aad Fonitasoms AT ad) fhastiops of fhe basetnaévée 200
adapter cable 22 to the base nodul e 200 of controller 20. The

cont r oldepend2@ grsthe devebef atiugtabilatythiug hinjothedbgee podwde 26¢ emd the levehof an
AC power supply, by the T-type source power cable 26 connected to the
cont r olchpabilies balieinko gpartiohlbpgpassion aRdpR\IOR. iAS stewh e Fiptirds@0tand 21, the
controller 20 by the high voltage wires 87, 88 in the T-type source
pover  eRBiRicAtnédifle 262 AARMSHAAL AT dtﬂﬂa}gﬂm thed ik @fsﬁﬁ@tﬂ?éfu%? egtli‘ansparent

vol tage conductors 290, 292." In the controller 20, the hi vol t age
AN
cont acélsagaprfggnsﬁﬁ 15 Eﬁgéﬂ@ é"lq’éc @Wf‘s‘hwﬁ% ARRrE e bElody bl o

to the expansion nodule 202, if the expansi on nodul e 202 is
i nst al E¥RANSTRENOIWM20Htanakw hayadetgllinegoposication apgs22% 3t & trenspiiand
outl et connector 142, where it is available to heaters 16, 16 via the

sl ave aetapteaiataialznd fn’bm a Terhotp statibmead/comwtand Hloadapoher contadil e 2045 a daidy
slave termnating controlled power cable 184. In the nmaster heater 16

and sl augnhepiRrd s @tem trhéholi Odso/1ed ﬁcﬁ@&ttﬁpﬂﬁfeﬁén't BOR inddu200 can
conductors 290, 292 in the controller is conducted to the heater

el ementfo 3¢ n¥iclitth AW m4f'ot ATe Mah Bifesd feandtés sd BiEhrs! dAn SOEEXE TRt

particular expansion modules with a particular package of capabilities and features,
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such a digital logic, high-limt control circuit, one high voltage
conductor 292 is routed directly to the outlet connector 142, from
where it connects directly to the high voltage wire 44 in each heater
16, 16'. However, the other high voltage conductor 290 is routed

t hr ougmebmlﬁ bit GihaCkBy dy GAaat ted &F2Zheid, léulalqiea&%&ﬂfblq ke ARQ s

in front of the second switch device 302 and is controlled by a

m cropry dlﬁ%g%%t%nglﬁ] JRt i % cb@gbﬁ%ﬁé %&éﬁ'h&s défﬁatjéﬁ%il o Bltfer W%Iers?!:?rﬁfn%gfégﬁons

298 to vol tage power to ever

behi nd .t h f|r t switch device 300 ud the heaters, 16 6'
and { hd SERSHAORF P Cofaenents B&SUC%H@P%P@PI@}@%@ TG Gh s hf feluded
control, 298 opens the first switch 300, such as due_to _an excess
t enper dn theeexpprsion madels; if desitsdnan s sadsrstoedby Rerspus| skilledin therprt, aFherefore,
operate until the first switch 300 is reset. In this description,
" upst r éberoramudnitationfsiponts and compdrents shown e theiddayingds arecikamples emot
relative position fromwhich the electricity cones, e.g., fromthe AC

power &meﬁee@fﬁﬁﬁﬁﬁgenﬁbﬂhﬁﬁﬂgure 27). In conpl enentary fashion,
"downstreant or "in back of' or "behind" refers to the side,

di rect i;908)Ofhd gﬁﬁél&?nﬁaﬁl'et"lb@ RteaMRY Véﬂ'y%.éﬂ)hl% tROYAsE tnodal &200 &shﬁst seen

direction in whi t he pomer goes away ‘from a conponent, etc. [0117]
The f|r vl .t t ch r

%Eﬁ,r&?lrf%gréﬁo. & %%aﬁﬁ%ts’néﬁﬂﬁeg i ﬁbgs?%%%%%@%
(current through the rela S re uire Io e it. Also, once
the powETuiiRg ﬂm(tﬂ‘éb%ﬁif st %f) B?)%’?Pé‘& opfn gle&P@fV@F LR eSSt
essential, that the power switch 30 cannot be reset (closed) w thout
sone o;?@rra&p@ndmg of ating datel hadps 285 230.,238tih &re Tt gencl BR8 pf thedase module
tenperature at the heater recedes, the relay switch 300 does not
reset @00ahdserpatinberplace alt kcyn bé restovad jushabap as edsdy bgsimigg pullmg the
actively do sonething to reset (close) the relay switch 300 in order

t o resteRpinstddem&dilé DOL bRkt 26 ke BBk nkRuleCmnt rol | ed power to the
heaters. A nechanical relay switch is preferred, although not

essent '[@iO lf'ﬂ{e cth'ﬁlt I%!OQIQI ih 418 $as8 WddGl2 s aRE6 (ﬁtélfleecn?c §091]lte%§:gs %ﬂatx ple, the

swi tch, h as triac, has nDre resi stance, us wou nﬁre
d 118
e AR By TR SRR L L

descri bed above, hut conventlonal Iatchlng rel ay devices that could
be usedr242nédbadipgenbanppering 46 indha front nape 238a envteshendlingly ghigned and
bul ky devices that require a second coil and substantial power to

oper at enatifgepathorassenahly @dbouiarmuiiable blughprotiudessim arcitcnid baatdgn ¢he
high-limt control circuit 298 that is configured to cause an

or di nakypansiphiddule fethraiphhadicatparctd 56, viltH, Sdheh the pandiorm@tulc @02 ks
after the heater tenperature recedes bel ow the upper tenperature

limt, st}Jtp'eH iR pRIRE bA LY haRE nibagle 100 ﬁo%&&%moﬁguﬁ{@dpeﬁ?ﬁgr%%d into
hi gh-1im control circuits 298, one digital and tw anal og, that

enabl e g, QAL aiing & ﬁﬁ%{l 'c%nf%B%%n'Iﬁ& Q&Réc‘f %‘l‘dl%%a %m?o‘%% %Q)g&%cgﬁ?ﬁet (B

in this manner in er cont

Sor s eh Shal) in LheRase oy orh ofer ?@é@”@'%% Gingon Brogule B2ty ey

that are spring biased to an open node or position and a coil, which,
when pdhadaseimoguleciO8tte secsiviewgiver Ried foi commusticase daa.t Algo, theee ave mwiuralify,
spring bias to close the contacts. When the power to the coil is

t ur ned eqf,fthizo, trdnaparauct ot leastttransluoait besses ghwawe guedds 25DpXE2, 064 aeghtet e

coil to create a strong enough el ectronagnetic field or bias to

over CORR: diRQitbBhidNE 1R @S andibehodtiR 2R thalArddiAsed fitRRADSxiche feaMthact S.
display nubbins 216, 218, 220 on the front face 206 to protrude out the back panel 256

toward the base module 200. These protruding bosses 250, 252, 254 align with the LEDs
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[0120] One exanple high-limt control circuit 298 for controlling the
high-limt mechanical relay swtch 300 to function as described above
includes a digital |ogic mcroprocessor or other logic circuit as
indicated diagrammatically in the schematic circuit diagramof the

cont r ol 24y, 225) 2uR A tHEWaESmSald 200, thitl FhexMaRkBansiodensdulé 07 ReASSRA
or other di gi tal | ogic circuit of the hi gh-limt circuit 298, upon

startupy, q@%&r oﬁ%{a@ﬁ?&%&@lé’ OIEGSS 50 o453 aﬁa%dsﬁﬁ)ngé @E%Vng’rh% Ihéiﬂs! ¢

st eps, donparing the tenperature sen

first (ypp ratur sor, 5

tenper il 23, 2Hf bo g ep Ry FeRCRSB e S adn Rt rbs G faiseley ahins
or exceed the preset hi gh tenperature limt, generating a signal to
cl ose tﬂé,%tﬁﬂgﬂpp ptrfatedPOswi t ch 300. For exanpl e, but not for
limtation, the S|gnal can be applied to the gate of a | ow voltage,
sol i d J0&tl Which ¢he base nodel2(0rianpérated mloneowithdns wirg extpension moduler203, a
flow of | ow voltage DC electric current through the coil of the

mechanidust covet 258 18\Wrdiled0@niPintaplace ot tHe®asd MB&ule R02 ihslasesBel
tenperature does equal or exceed the preset high tenperature limt,

the stag &g&&d:ﬂﬂb@m@@@@ dg%stg;@é}%%Tﬁm’eQ@ ﬁ'x'tﬂ&‘él’lto gi’t%nt"&'ét %d%ﬂﬁ?ﬁioﬁﬁ

relay po swtch 300 to close refore, ne exarrp e

i npl ene 0 e
By W R ST A
and then urned on ain tqQ mak o, t hr.ough |t reboot .o restart
| ogi c B A dasg g ?’%ﬁ%%?%ﬂ?ﬁ 882@%[1%% t@lﬁtoeﬂgsi atef) ypes
tenperature limt in order to close the relay power swtch 300 after
it has 88ebgéhtadholdtiadustiearieng>Hinfplage crnetho¥aﬂe g duBC2 b viBhe dust edver
high-limt control circuit 298 can be acconplished in a nunber of
ways. POR haxthigd enssdst60nde2, 264 sinitdar t@athedosses 260,22 52h254)6upshweter, shappl y
294, which provides DC power to operate the high-linmt control

Ci r cuUi tex298 fioth i 8P leQIubttol 8NETRtiatd tAD ho R 2468/ iR ED$S24(RRAZD4URLO
the AC power in the AC power |eads 290, 292, the renoval of DC power

from”%ﬁat*?ﬁ%)t ;Jé]bfﬁ‘lttl E’ﬁfofnoéhe b thARGhioR @@o%{‘ﬁ;lr %@E rzglg!y by

unpl uggi ng I'SCo ect| ng t e contro er rom

power, | so cuts of r _su her eby
Porovt AT RF e Pashitire Shieaht LER et ff e %ﬂ?‘t’%ﬂrt"@%%%r e the
reconnecting the controller 20 to the AC source i e-

e i GRPTSTAR T GAl Ersplay S Tes ot 0T upigy e Bpe Buga LAY 3008 GSmele. AHt
go through its startup logic again, which will close the relay power
swi t ch 230@nithe ¢xpansivmmntadplel 268iand dhest thraei L3 stahvadisphey 260n2@ 264 on the dust
t enperature does not equal or exceed the preset high tenperature
limt, cageresplimthrasaply/embddimentules@ibedhbRin way 8e,dbr éxsmipléignt he DC
power to the high-limt circuit 298 on and off could al so be

pr Vi dejer{/AlaraMRindhe BorfRMLALS Yet@REL BbRHISNHEC bl HhertBANELL s

front of the DC power supply 294 or between t e DC power suppl y 294

and t he, Iy 0lb b oGh ' a‘t!‘t 8§ed°t8ﬁt Sl Q Lo h Y Qessﬁén?ﬁé' s%n
‘# FhE AET ‘? ’rcwt §can i"nc ¥0r

| ogi c Ci P Ut 1

exanpl a168 ce sor man act red b

Cor por 821 Biiod kot o eo1ds %’E@ﬂgé modg DRbtigHe isienp rﬁwéa?é@saemlemt
chi ps that can be prograrmed to performthe descri bed functions are
readi | yhepasat dpsivedcparabing ranigeyandraag “Aruspuie modriekiah sl wrcthsighe cenraliedd
in the art. [0121] Again, a purpose of this exanple inplenentation is
to reqWic powertopbe}a&amri@mmatarn, i.e, beihg velpyt forthehsagere i n order to
restart a heater that has been turned off by the upper-limt control

ci rcui 40293, A@ﬁ@nﬁ&%ﬂ%ﬁ&v&ﬂﬁ%x;phnﬁ&{ Sobihlkehy chited ec{dﬁ)eﬂnﬁ Al RAmeied to

user will check on the cause of the high-limt shutoff of "the heater

before pth&]é R8re &r &K WNe ﬁﬂlgtlé)r?s?&ﬂ?tgllitfes,%ﬁ;& 206 adtrib S aHE Also,

some expansion modules 202 can be made with more or fewer of these functions,
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unl ess specified otherw se, >= is considered to be equivalent to >
and vice versa, and <= is considered to be equivalent to < and vice
versa. [0123] As long as the tenperature in the nmaster heater 16
remai ns bel ow the high tenperature limt set in the high-limt

cont r ol capFlititd) end/b¥ fehtuses thehotheeipiissiGl Msatles 200 ARE, dhe i HcSexbnsidid’
are controlled by the process control 296 in the controller 20 based

on te i I j e
gnﬁaaﬂw @%&V@ﬁix@%xfegmg?e 1?%? ngj(.' gprg :Eigjﬁ{o@ﬁéf h&@seSRORAE 280 td dhebD

mast e eater a ther nocoupl e or

therm st ar . shown, in H gure 2 the signals fromthe second .

t enper atiios <R E8MBsH b B Pegrtioner rlthOUR stk R LT BaE Y ers infpe
heater 16 and by a | ow voltage wire pair. through the sl ave adapter
cabl e 89 @G?Oé gy pumgerpf amomli hase modules 204 e Thgpioreo i desired 2 sipeds e
they are conditioned and anplified for use by the process control

296. [ Ckpajsi@smedule 207 gan bhesed ooas or twre base nkGBles B€P.f desitele second
power switch assenbly 302 to turn on and off the high voltage AC
power t[6113]eThaepdiokl the codigdller 00 andl essotiatedvviribguway fem Ivhestaispwhich
sensed by the second tenperature sensor 52 within a predeterm ned

range tdyald dasnazgits ierecﬁbﬁc%@?@ﬁéusqaﬂa fPhel g BRintAR alntatS BAWIChandiOr €
detail in Figure 32. The switch assenbly 302 in the exanple

ﬁe”‘iﬁgin{"légiﬁe#iéflZ%}‘Oé%&?%ﬁiﬂ%ﬁg%ﬁfﬁ@(%@%' AR VAR R el 7
1 ni mi. [ . . [ 305. ]
Dot or o i repRa RS kit 1€ e A P 7, S PO EhFIEORE 2803 ke

closes to mnimze arcing in the relay switch 303 during the initial
cl osi ngregket hed hasaindenality; of radiallyedending ears 286, ayhighwire sized tsslipriheoughi ac
305 then turns off; e.g., about 20 mlliseconds after the nechani cal
rel ay swmatingradislly Extemding slots.278tbetveseniadjaeestsegpoplaies R8Min the ket 272ac
305 while the relay switch 303 is closed and conducting the

cont r olTHef, Wherpdwesnttsller D@ in@edt@l, sheldars 316 are ThRired uhi@ertthé 8btorPhaté Ur ns
on again just before the relay switch 303 opens to mnimze arcing in

the relRyies o & t}ﬁPﬁleﬁa?acjkEt PREQ N0t HeGFithdrae lﬁjog'g@e g&&ef:?ﬁ. ksl by

the process control circuit 296, as is underst y persons skilled
in the,arg. hani. ¢ rel i ches and fri. wer. . SW t s.ar
Feadi |y Rabas PRECERIG aal o B poRel e woPOSed GfB B Hb g to b
numer ous nmanufacturers,_as is | 1 -known by persons skilled in the
Bt [ GesEor R BgESLS T BF Dasket 0 FPBURUES the MRHEGE Zobo HiRBHe
functions shown in nore detail in Figure 32, including, but not

| i mi t edonioollesi28dersatedyabavt an axis i28% of hiespelied 282, tthesegtos plas gwifles 386k get
exanpl e, green, anber, and red LED |ight displays 240, 242, 244,
conmmunicaptbreddetwéenrthatare 276 amktha bdcifing platdetides 8?2 tthBold Xpabatios 2fddul e
202 and the base nodul e 200, and receiving signals fromthe

hi gh- | ity seidec@lelyf @rthdsakessing for displays and output relating to
the status of the first switch 300. The process control circuit can

also c gﬂ?f#; flﬁ é.\%‘@, gﬁ%{g/?lﬂ BlacRE 7L BE tf&'i%%g ,?(y a %lglr gﬁgf R Rl ?félﬁ shown)

al t hou _ m croprocessors tl coul 0 serve ese and
other funciions are uel b Koo Snrnl Sl hy nQUeh IR e L3 PELETR

Alternatively, the bracket 270 can be fastened to an object, e.g., to a heater 16, with a strap,

wire, tape, or other material (not shown) wrapped around the cross piece 288 and around the
object. The controller 20 is then positioned adjacent the bracket 270, axially aligned with the
bracket 270 on axis 284, and axially pushed toward the bracket 270 to pass the ears 276

through slots 278 into the socket 272. The controller 20 is then rotated about the axis 284 to
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[0126] One of the functions provided by the process control 296 is
processing tenperature input information for producing tenperature
range signals (sonetines also called "alert/alarmsignals") to be
delivered to a renote nonitoring location to confirmthat the heater

or heatigels thk@oafr 6112 RO pided okid Brickat URS ik SbviEHIEE@E 24 e Tha efrol 626
function can serve a nunber of uses. For exanple, If the heater

temper alifig eiaﬁlﬂéﬁﬁ)krﬁﬁtﬁg tfle B&%k&izﬁo%%ée?éin%&%é‘&ﬁ% range, which

may or may not “be re to the high“tenperature t discussed
above, ' | ectronic tenperature ran ignal can.be .used t

1 oger ORISR TnA TR fnd GHRRA et G SR oM e B paSrd e Bideference
preventing Qr interrupting an industrial process that depends on the
heat er PTRAEEE tejspprpaticratcny diagrams intagures B3 hansornyincHpp with the logic
particul ar tenperature range. Another use for such an electronic

t enper alaw diagranyin Kiggread2. righe sbleematicopingeit diagram imofiigers 28rdep] cée the muitiple
function for operators at a renote |ocation to notify themthat a
heat er lpategeontivl efstéindDei shd et Bivelgiodlina stipgs peiflt Haes abhtnd coafigaation
i.e., either too cold or too hot. O course, the uses for such an

el ect r o £ ifGIMARKAh Wi Surk L4918 Gn@ HescAbld HoveaMISmBha He Risterhehtet 1 ¢Mist ed
to these exanpl es. 0127] To inplenent an electronic tenperature
range sj I valer I i ") hi s 4 nveption, an
ci oot r serneed @ REeoneEs0 Aaied BRI & s iy RO
control 296, i ovided.in the controller 20, A desired tenperature
range fOPIPHg Qﬁe%@r‘x’%ﬁk‘éi H%?Omaﬁt?‘i%@ ﬁ‘ﬂ@é’@lta%ﬁp%éf‘é FOI&T&‘F’&E’i %%8 i's
programmed into the process control 296. The range can be set in
absol uthewee gipds byrthe bpepe sowece power cable2é sonngeteddo therrop@olley 20. The high
i ncrenental val ues around sone operating tenperature setting that can
be ei t hettagd somtceqrower dadelivgred de firerdhingllan® Ottyehe pimhatolte geswires 87, 88 in the
requirenents. [0128] A low voltage, such as thirty (30) volts or

| ess, supRkiseeichdpoRer QBRI B 4HATE tpidsafted @Y iteRohPolldring Wiyt ghYoltaiss
delivered to the controller 20 via the |ow voltage wires 98, 100

andr o bducidh930041 4fshd dbatbffer oot ¥R SPHIEES BANEE pGll i BEE] PRDO

and/or viat ow voltage w res 118, 120 1n-a terni nated urce

power cable secti 06, as.explained ove and, shown in Fi.qure

o- s, TRty kB e S Tolhel gt B s OB tue Bty Raroidiirans. 19
| ast controller 20 in a daisy chai.ned series_of controller 20 or the
only cdglbnftepntsel chip 20&indhe anbediment shopyndp E1guses 2504 1 @pd spthe spmtagpad
the | ow vol tage signal conductors is routed through the relay device
310, a38lowphgrgcaptasia (natdwvwa)avhezd it i$ availablgrte tirExpamstormodule 262, if the
routed back into the T-type source power cable 26 or term nated

sour ce eppaionaabdide 205is(insthllelh e high Vdlfage eodfblled powkt Bulseolidd iBthe A
renmote nonitor device ( Figure 27) at the renote location 15 is

connectygflef @nhétfor 12, %ﬁllaﬁeeiﬂﬁ aVhilBfe BheatbR0 @N6/184 thbQave hdptértablRS2, T-

T-type source power cable 26 and/or 118, 120 in the term nated soufce

poue! a5y i L B 1 15 AR Oy L S B e
g A R SERNE e A

terninatigg)source power cable 106 are closed, then a current wll

f1 ow ar@Poto%indhe/eintrgler inicpndugtedpo tharheates elsmeats Rendthe highamtagnwines 42,
the relay devices 310 in any of the controllers 20 is open, no

currenddwi Il flow in the Iow voltage lines in any of the source power
cables 26, 106 and/or the voltage will be the highest, i.e., the open

Ci rcui 0116y oh HRARafPRL confroR@H @sboldinéM 8hdwivirV Bk kaltehafic ldeSrdds i@ gures
remote nonitoring device 15. Such voltage and/or current conditions

are monit-ar ad iy fifk &adbi Qttuinro8t 85:ALd AdinbRdlS digARYExEBRELL Shis

a microprocessor, which can be programmed to perform the high-limit cutoff functions. In
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continuity detector 31 can then trigger sonme alarm notice, and/or
control or interlock signal for whatever purpose is desired, as

di scussed above. [0131] As al so discussed above and as can be seen
in Figure 28, the tenperature sensors 50, 52 in the master heater 16

are CONeR hAkitaldelte hEMhhRlchREol 28 chlY, dnb Bigh WL g@BaRIu8or 08blsqodidd and

the controller 20 uses si gnal s from those tenperature sensors 50, 52

| MASLEL OB B ool Akl OCRSS WIRSE BRI MHEHE T, BRI gga% .

t he sl ave aters are’| entlcal in structure

16 in C|Ud| esarrete ature rs
50, 52 PLRSE EABIPaTey HOSiEL e 5 hél%#?t%ﬁgolaqua 2 rgpted o

not connected to the controller 20. Wth_no Iom/volta e wres in the
sl ave d@pIsicBggenes 309303 Theefins switchdrainecsi00auis fsont of therfgeand své

vol tage conductors in either the T-type slaved heater cable 24 or the
t er m nateete 02 andid @dtrpbekhy s haaepmatsser didthertlbgc coatit wl High-lidht aogsl

not get any tenperature signals fromthe sensors 50, 52 in the slave

heat er sirtfit 29844 @IBmFSaIvm@fn SfEikeshipih et dgd PolviePd S@rghiay ecliigd iy frstldwitch
What ever the controller 20 determnes to do, whether i1t is turning on

and of faeb 2§ 36D QHcM@ﬂn %ﬁ‘%h@ﬂé’ﬁ?érs IS’F{%‘ d Mg séé&ﬁd%@rﬁ@l’?ﬁé’%b{% 502 FHife 551%' ay

310, or other Tuncti based on ‘heater tenperature, I's base

t he tenper he sens st er. heat er

1o. [ oMtk 1pe gﬂwi%%spmg‘ﬁr i %%Edhp@r%a%%ﬁ?uﬁﬁe%e 8571 he
high-limt control the process control 296 to oper

degcrl BQBP@QW%%VGBF@B%M § g’@tre aMFB’ItFIPmEMb?R%%E é‘n@éﬁ? %Fﬂt 296
and the high-limt control 298, mhlch is built in the base nodul e 200
of the swéwg BB0 fissiesez0 In thisdesetiptiang “unstreansdand ‘G fromt e tretrratoitheside,
nonitoring, or other capabilities are desired, such additional

cont r oldifeutimt, oo teddtivieyposition iffont whhalic eledtacity eqpndy, bigt, ifesn tan®power
provi ded in the expansi on nodul e 202 that attaches to the base nodul e

200 ( Fisghiice or &hph213 Fﬁg&?é&'?g' RESnANMNShtary FRhEHR B ensPeRAN St G bABIEY or

202 shown schematically in Figure 28 includes a di spl ay/ adj ust

m cr opr 0, : rfac

but t onsﬂgﬁg& Fﬁ%‘;ﬁ)tﬁ'&dﬁi %%F%ch%%tﬁ‘?é |tg&rfllsa%%§ gff’téﬁﬁ{"% égf al’s
222, 2r2d and. a c n| cations rocessonﬁEFiB The di spl ay/ adj ust
mi or opPEEERALn VY r?oﬁeggo%é’wélﬁ GAPPEE e act ured by Anmt el
Corporatl on, alt hough riad other m croprocessor circuits can al so
be used0117 1B frshlghvelirgsnoser sytichhd Q0 is preferabyo butgios necessesiihact ed t o
the user interface buttons 210, 212, 214, which can be used to

retri eveechanlcaleeley thatitsi rmmmabﬁnmsepewa‘r(duﬁrﬂftdmagh the relajpnicaib) is hagjuired
di spl ay/ adj ust m croprocessor 316 gets from and inputs to, the

pr ocesso €l@sd 1t0lAlIst) bnenttlé powehwvitthqreldy) 300 icepuhed)|it ¥ PBeferdtl, alhdighalo$ o
sends to the display 204. Such information that can be retrieved,

di spl axedntiANthat B8 Fowth Lkt %ﬁé%@é‘e@%&@kdf’%h&@t%ﬁﬁ%@ﬁﬁm oPberi S

not limted to, deSired operati ng tenper at ure” set poi nt,

tenper t&fv%nf?(frf >6t111 %rds Q}h%ﬁ &%&h‘é gt tﬁk %Eétﬁf %Ee(ﬁgltﬂé telay Sitch 300

t enperatdre a SI S, ropor ona
band, integral, and deviation ycle time, anbient te e (read
onl y) HB%‘%?HES&E% %Sem%%tg’aﬁﬁoﬁﬁﬁégﬁ&ﬁ’d’e}:aé‘?réﬂ usefchag ‘rVS e units
(Cel sius or Fahrenheit). Qher read only information such as base

r el easesomethisied resshédbossiithedelay swiseh 3¢hinarderde restartthe sontealisr 3f fo deliver
interface prototype version, and interface build nunber can al so be

retri ecentr@hd pd»mpt(aﬁaedieatbﬁl%x}leaﬁaﬁloabmaymvna:hus)p&fmedr dfifoogkeastor 318
enabl es external data comunications with a renote nonitoring or

cont r Oleseh@dll Rﬁ‘the'stﬁ%?{ &t SPRRUE0R! Becaddeth 0@ stdtk Swiltdh, kidhUls adfise, Bdd Ridte
i nformation, make adjustnents, nodify programm ng, and the liKe, via

the | ”%’s‘is’téﬁé&ﬂﬂﬁs &8&1&1%3&%“?0% undddEssGR LR ASAL b A8 e Th ShRRQGEP 5&er

drain.
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[0135] The schematic circuit diagramin Figure 30 illustrates a
heater 16 connected directly to a controller 20, as is done in the
multiple | ocal heater control configuration of Figures 1-4. Al of
t he connections and functionalities described for the controller 20,

base mo@eis AQQnvéHtReaSIStcER gtrélay dé&6e cdlil@perfori the G@kt0AY detB8bed dUovE,
swltch 300, second switch 3 tenperature range relay 310, heater

ﬁﬁx’éﬁﬁoﬁeﬁﬁhﬁa{xﬁ% fay e@&fi}]ce%?a%&ﬂd%le% |ne§ kg-tﬁ\g bzﬁ& Jmdyl e

202 an conponent e sane as exp or Flgure

28, except. that h ater cted direct t roII

Ther of 6 fc 93 o 8teR 0 0 S IR Eiin 5 it BB R B0

t hus no sI ave heaters [0136] The_ schenmatic¢ ci rcwt di,agramin F|

31 is APSERS: oFhesetormen gmbadinent ebihirdayengonincledes ¢ high-impegnie! ciggul 298
thus no sl ave adapter cable and no sl ave heaters. Therefore, the

ci r cui tthitris Forfiguecd3 cagsetdneordinmty, agmadhly open mechanical Fdlgumitcm,o remaiapt
that it is either the last controller 20 in a series or the only

cont r oldpen, &en afier tht hbaer teipefatiretatad @bebautheaippavempeatirelid@buntil an

i nstead of the T-type source power cable 26 for supplying the high

vol t ag&3R5GR uBGReriEs, L 16 et 0 Bk MRIE ﬁ%ﬁl 15h# f?:&x'it?d’l'c?rm!uﬁ%”i%r éﬁélﬁﬁuﬁl%ge

circuit 'to that controller 20 shown in gure 31. 37] An exanpl e

oper at i 0

P gur o 93 el iy inab BEERbiy Horkhfy B BT HRbnd R aﬁ%ép@%‘g‘@ § gk M
32 and pysed in thjs description are exa d not .intended to be
i miti rigs Tagacy m|tﬁ%b9aa%re°an§ yEteRy ]é)rﬁfglrEEPq%aén ﬂ‘bsp‘é‘fscil?‘i‘ﬁl} control

298. From start 320, a tenperature neasurenent is taken fromthe
first (ALKH-Anerdiyaryeossmely open weehspicabolayswieh inmelaowitehouith of lease
upper tenperature |imt paraneter. If the actual neasured tenperature
from t hmeketgif<ldctridal tertay thbtare sprénsiainsed Qo a8 op@smotdanpdsiteonhing h-doilmi t
paranmeter in step 322, then the next step 324 tests whether that

act ual \ﬂﬁ&paﬂ%hlpbﬂrefddogérﬁﬁiéﬁ mabndtie AiMld & Blas?@et Blerdonges FREGREhg bias to
(process) tenperature sensor 52. This conparison 324 is done as a

test to (%%tﬂ?er Bnbftd fwiq&?th]% o1 f &I HE Eoif ﬁr{ﬁﬁﬁé ofto (B n%rc%nlgﬁtaocrlf{(])'t Bbugh

reasona y accurate inre on to eac I'f yes, then t
terrperature

ST Ul Rt I il Slotde %%%gsee%sﬁﬁ%%@ﬁé S atiRl

for exanple, if the controller 20 iis too close to the heater 16, and
it couloyesamades WL e thep fresrEBmperiarraensihe AeritSht rol | er 20. |f
the controller 20 is found at 326 to not be overheated, then the

hi gh- | i[A120] €metexamplrddgikbaiiscontrel ¢ieuity298 bt esmtratimgdhebigh;limit mechanical

relay switch 300 to function as described above includes a digital logic microprocessor or
other logic circuit as indicated diagrammatically in the schematic circuit diagram of the
controller 20 in Figures 28-31. In this example, the microprocessor or other digital logic
circuit of the high-limit circuit 298, upon startup, is programmed to progress through a series
of startup logic steps, which include; (1) comparing the temperature sensed by the first
(upper-limit) temperature sensor 52 to a preset high temperature limit, and (ii) if the sensed
temperature does not equal or exceed the preset high temperature limit, generating a signal to
close the normally open relay switch 300. For example, but not for limitation, the signal can

be applied to the gate of a low voltage, solid state switch, e.g., a transistor (not shown) to turn
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as indicated at 328, so that the high voltage AC power remains
avai l abl e for control by the process control 296 to power the
heater(s) 16, 16'. [0138] On the other hand, if any of the tests at
322, 324, 326 are negative, i.e., the sensed tenperature is over the

hi gh t esipefled W v vBltdge IO electriteouftiesthtduh theC@ill fahe BREhMRANFeldy8vitch
relay switch 300 at 330, which interrupts the AC power to the

heat et () tb Bausth to ddsea e SERES AR dobOediPoEREE e pRALI bh 206
that indicates the relay swtch 300 I1s opened, and, I n response; the
process _control..296.activates an al arm signal .and/.or fl ashes the
Do opriepR ey i U3 155s Man s e R BR H o BB b Fetey
control 296, a tenperature_neasurenent from,the second (process)

t enper d1%<E S@gﬁs%&) toxlpss. J@ﬁfﬁ-‘éﬁ?rédn&ewsgaznnéietnﬁPEH@HW%ﬂ%ﬁweralag@pwer
point (desired operating tenperature) mnus the set hysteresis

par anmetsavitch 808 is natistased, 318y DA gowdn ¢hahpowais the bighdisnit eontesl airerithas to be
neasured by the process sensor 52 is at or bel ow the set point mnus
hyst er efingd offteed théretuartlwal agh@inp enake i @ thfough i aslvdt af residrt 1bgic tthen the
programed | ow tenperature alert (LTA) parameter, i.e., to see

whet hersef i thBPRENAL 48 nbBexRBEPMe RGOS Sh fith LRERAIhR th 5:ABIR cldsk thde

tenperature is at or below the LTA (e.g., about 20C bel ow t he set

poi nt t e e I

(pr oced S0 ety et B bREERRER IcE sty G BRER Ao 0 o
i £ HeaHET e ISP ReR o B St S
tenperature at 334 is not at or below the |low tenperature alert (LTA)
par anetbyf nottfaeimitaiéory sice the RGipowkr supehaids, shich movdesPl nesver friereated
at 338, but the LED 242 (e.g., anber) is turned on to indicate that

t he actthahighiimciesmttod niperib2f @ the examplé enplempetetiaper Bigored is éapged into the
[0140] If the conparison at 332 shows that the actual process

t enper KO peweEiAIhE AL fyvdr ladpn9s,e93, theMaRsall Uf DCSRIVER frop® theigiPlmat
or below the set point mnus the hysteresis, then the tenperature is

chechedaftoridilorsn bl sdnphi BB POgUBIISE S b ot

hysteresi s paraneter. | t hen rei1s c

342 to if, it~.s at or above the r qr anmmed, hi t enper at

) ort R e A st plve? VAT o bR 0B Bilnt DE oy RERAY 158
tenperature). If so, then the caontrol relay switch 302 is opened at
344 t o URSHFRY TRIOVingPORST Siovik thehegh hpitrentrel qusyit 288, Then, regoaneqting the
"Alert/Alarm’ LED (red) 240 is turned on. [0141] On the other hand,

i f t he contigliar 30 (e gheah C Baree powern wik recpoweb ehedhigletinpiogomtropiranit 298, thereby
hysteresis, then the tenperature is within the control hysteresis
range, csusitigie tembboaindreel thsougliits efartdp b gicadetntwhiglewilhtlosiGie peappdger
changes in the thermal condition, and the "In Range" LED is turned on

or | ef tswfBh 300 if the startup logic determines that the sensed temperature does not equal or
exceed the preset high temperature limit, as explained above, Of course, other ways of
turning the DC power to the high-limit circuit 298 on and off could also be provided, for
example, a manually operated switch (not shown) in front of the DC power supply 294 or
between the DC power supply 294 and the high-limit circuit 298 could also be provided. A

suitable logic circuit for the high-limit control circuit 298 can include, for example, an

ATmegal68 microprocessor manufactured by Amtel Corporation, San Jose, California,
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[0142] If the tenperature fromthe process tenperature sensor 52 is
not found at 342 to be at or above the programmed HTA paraneter, then
the control relay swtch 302 is open, as indicated at 348, and the
"I'n Range" LED is on. [0143] These and other functions are shown in

the exadiithofgitlbdét MEpr AR cie@$Chif2aHat A ¥e Bﬁﬁgrﬁﬁheﬁt@ﬁﬁrfc@mrfﬁéid@éénbed

several control processors, e.g., 296, 298, 316, 318. However, these
functi I

vart ous R A RESE AANalIE o R e MR o R p AR GRRRARI b at.
anong nore mcro essors as. i s under.st ood
Ski | Ted oAtk gal&rwul?ﬂ%%) Xl B o b TR T s aser 0
than shown in the draw_n erformthese exanple functions. [0144]
Anot heracEXelpierveRpIneHaer atrfv' %he@ct?réhﬁhjﬁbpmﬁlﬂwé&ﬁﬁ%ﬂhe@ppfardimlt298
is illustrated in Figure 33, wherein a switching positive tenperature
coef f i cioptrpl o{imi’(t)298hmdrthstby mekeritonord liktlorthatehe operiter erswsdr Wil chiekle on the
upper-limt tenperature sensor 50. Switching PTC theimstors are

sem congdusd sfithelRighaisit sIabFex thellichteAbsfore/tufiding it bACGOGH intElebdnpar at ur e
coefficient of resistance until the device reaches a critical

tenper alidfiendedl Wethd s%fﬂ%rtﬁﬁ@' tﬁ@us%%f tEmEMahichl &Tayts&%ﬁ kbb %htrolled in the

t enperature, whereupon th e device exhibits a sharp rise in

temper al Wl 8:_%%%&%13%% L 10 %éér?%]rﬁf‘s%%t A"@L&wérsto?hé RS i F%}ﬁ g | o

resi stance, St anc ange as’’'severa

magni t ude W|th|n erature span of afewde ree Su h|ng
PTC t hdPFSt 8% “&?Ieali’ "E%}Fwn%ff%egﬁa%wretawe ipadf hen Retng “f‘?%ﬁ‘?@ﬁf“&ﬁ’ya
tenperatures in ranges from60C to 160C and can be manufactured wth
transi tSiroplegpersigrietirveniips eueids the dizadveages 98 a thswmakiuginghe heaten thats t
as high as 200C. Wth the switching function inherent in the

swi t chicitheiHiaE té heraplated or chaders ¢haisattr agsudabke. Ht gbo hvaidd tht divpévaatageeof a
sensor 50, the high-limt control circuit 298 can be anal og, as shown

in Fi g%ﬁvéﬁionﬂngitcﬁthlraaﬁreoglll e} BEkesidragoheatitiig andtchvbidehd ons of
operating the normal 'y open nec ani cal rel ay high-limt power swtch

300 to HpHAY s SPH o1 %tatrerg%ltpﬁ: eog‘gf;egls{aﬂcé REat ?@&u%ﬁ&? )andgfgﬁlgfaéﬁ%fn. tfgﬁ ,

heater tenperaiure equals or exce an upper tenperatur
t hen not

b e AR t“rpﬁtlﬁﬁﬂ%&%@fﬁ R T 303 e theraot iR DRl is

bel ow t he u%f)er tenperature |i
adjustable, which provides add1t10na1 optlons and flexibility for users.

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

temperature exceeds, i.e., is greater than, the upper temperature limit parameter. Therefore,
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[0145] 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 in order to sense tenperatures caused by the heat produced
by the heating el enent 32 as descri bed above for the upper-limt

t enper ajniésg sPRMSH otBerwlih, PEQViRRI)IIS 56 biosle/Xe BRING vidiepRE R PL: gNs
shown in Figures 9 and 27-30. The high-limt nechanical relay swtch

300 is c%h?igeﬂ(%ﬁ% bé Q@ﬁ?aelélﬂ td Q%né‘@%og%ﬁ. circuit in the controller 20

to open an ose a ast one of the AC power conductors, e.g., the

AC po ngduct or 290, as al so descrjbed above and.sho i.n_ .Figures
7. 50- Tt EHInas Fink i ooiratich i RE e Ren s RS RBR Rl Belfh The
normal |y open contact 307 is closed and turns off the AC power to the
heat er te@mpoaByc Hd ssbinthe highdeis coniipd 288, thefirst swisgheremainsclepepand Alee
power conductor 292 passes through the controller 20 to the outlet
connectleateisd®, 1ateee eontrolled by dlut jrovdst honthd 286t teednitilgp@@drsaiomduct or
290 to the heater 16, as described above. [0146] The swi tching PTC

t her m st@perdteesigtalé FomhtheBedohdtdmjcedRrsehdor 62 $E R Mashdd hiefte DI REGELEAN
in series with a rectifier circuit 301 that powers the coil of the

relay sy kg '%xé’ﬂﬁ@le?@tﬁfeﬂﬁﬁcoﬁ fe' o MherdBold Ao dHBWnlid 'Fi%b%‘zﬁﬁﬂe %%&rlé"?hgﬁhe

PTC therm stor of the tenperature sensor 50 in order to p

coil tq_cl t no 0 cont act 7 of. t | wi.t ch. 30
e, ! Refort kO AR h SRR BOR RS palias Vines BB FE T PR b aithy
normal tenperature operation, i,e., when e tenmperature sensqQr 50 is
under tHEWYaEe VaRpar igreh e tlaye amtﬁrwaf)g Zdfigwe Pdo W{n@ﬁﬁﬁ@%m
transition tenperature of the PTC thermi stor of the tenperature
sensor tBocontiederAW whives Hhick arsrcondidioned o arepliftedfacesettiydhe pepspysycontrol
conducts enough AC current that, when rectified, flows through the
coi |l of296he relay switch 300 to create the magnetic field required to
cl ose the contact 307. Consequently, in such normal tenperature

oper at i[g4)t BReAMal POMR prédetLabintrol 204 berfedthe abdoRll pdRer SPIAN dsSénly 302
AC power conductors 298, 292, is closed and can conduct AC power to

t he he , i . u t iy t.ar-us:
the prasoin tand YENEEhen YnBR AL SouPigl JEREAR TR, Y 100G S0RiiRuthe
However, if the temperature of the swtchi PTC t hermm stor .of t .
i gh | PRSP SEATG SHOBT P s Dot Of WP e dEeeieen et P iptds
transition tenperature, its resistance increases sharplg and

ef f ect iS¢lanyhe proaess pptralR86, asds phqvaringperedistailip Figyae 3% Theswiteheaspanbly
switch 300, thereby allow ng the normally open contacts 307 to open
and t hé0Adm thelexgmplecamdrbdiroernt ddustra®08n Figued 2% ecomBines buo emitthes, ¢.iea open
contacts 307 opens the AC power circuit of AC conductors 290, 292,

t her ebyndchisinitdlgelay Ewitkte3 Cadavwilidtstatd ac Reatie 804, 6n plRalltli tb ingihimize arcing
circuits, for exanple, full-wave bridge rectifier circuits, are well

known t,84 R84tS TRE e 0588l B GlAE béfote, eldUboRERANNAsdclhds Bord GRE k1R | ON
for an understanding of this circuit. 101471 Then, when the

t enper at : j.stQ f lJj.m 211 e
sencor “ef 38 bRl hniiFR MeBedh o pol3rifRR B2 it s THREF BosthE ot e
tenperature Limt, |.e., below the swtchin r transifjon

t ompor £PUAES i teiniechamoll ik PETE 30 antie HEC GG FEHFUTRER SBartP PBus

t hrough the PTC therm stor, the high-limt control circuit 298 still
pr eventillisaeonds afterghe meghanggah gel@oovitehasclosed i-gs ey oidhheat pradaetion ohe
to turn the AC power back on to the heater 16 until there is an

oper at ariad 3MSewhitnthe oglay swit¢h3036x aluptEandoadudtingithe canidolled A powertto 288
shown in Figure 33, there is a drain circuit conprising a switch 309,

€. 0., &echtblsa®, §O. TRBNILE Hiab30Y HEnSSn AaiPflREPCIOR! thél reddPdiitdd 303 opens to
nmechani cal reflay switch, and a drain fesistor 311 cornected parall el

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

process control circuit 296, as is understood by persons skilled in the art, Mechanical relay
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to the rectifier circuit 301 and coil of the relay switch 300. The
drain resistor 311 has nuch | ess inpedance than the coil of the relay
swtch 300, for exanple, an order of nagnitude |ess, so that when the
triac or other relay switch 309 is turned on, the current that flows

t hr oughswittBeAfd tﬁﬁ@?@iﬁvéﬂ@ﬁtcﬁés 4rb eead R4 BbW ®nERASRIly MWmiasy sizal AR
away fromthe rectitier 301 and coil of the relay 300, which prevents

the _cOldonfERLERNGEAThEGr RS EhERRETANE LA byt iRlosl SNEPRARBEY

to close t acts 307 1nthe re swi tch 300. "['0148 e triac

309 is ed on by the urrent .that flows_.through.the, PTC.

ther m SDBESloTnE e ®ss el Beliash DR ap A mR L It B it B b i mogs o
313 of the triac 309 via the normally cl osed contacts 308 of the

rel ay <Haltn Fgge 33nsrafimgebut irbimitad topprocessinginiaraatipn to gperate the
tenperature sensor 50 turns off the rectified current to the coil of
t he reldsplaywl & e3a@plgpamsen, hmbet cnd reshGEDdightdisplgys 24542, 24dr e event
at the heater 16, the normally open contacts 307 in the relay switch
300 opespninguditHting @i forrittonack aind forthbetheentaatefanidion nesiutkeBOrandehke base
above, and the normally closed contacts 308 cl ose, as shown in Figure
33, 10 ARRNY 260 andMeRRNEY sififild 6m IRE BigBIBniPEorth? férPr8GsstRP fdr Aisplays and
activate (close) the draincircuit. COonsequently, when the

t enper . I t t r he
pTC 1 naridpdhidstB RE RS otlheiiaHERn 300 B plekfer PGl Sabined g
or transition t eratyre and again conducts current, the cyrrent is
i ver G Admeeals LBt Y ERR) LoltrEipns e el piEad
drai ned through the drain resistor 311. Wth the current conducted by
t he PTaicrpredesiosy thaesandd dpasarvithastesndrativen fuprdions pre wall knpavny aaidggadily
switch 300, the coil cannot create the el ectromagnetic field required
t o cl oswaildbde togrensink ykidpém theattact s 307, so the AC power to the
heater 16 remains turned off, even though the tenperature at the PTC

t her m qb026] 0Oné HEtht EARE6AY proeidSE BS e f20cdig SortRs @96 & pradiising tdnSpegtate)
conducting electric current. [0149] To turn the AC power back on to

t he he : r : W i rovi ded
to brea (grl&fgggéltl‘b?lhfg; g@? gmg%wea %@%&%’?&;ﬁ%ﬁﬁéﬁ @H%%él%u‘?a?llegf f the
triac 309..,As_soon the triac.309 is turned off he nyal |

oper at AL TEr ST (4 B R o7 F g G R GligR ocnBtnloonBRE dPi s

311 is deactivated, so the current fromthe FTC therm stor of the

t enper AeHFRohEaEsT 1Geregpsiating ylfﬁéb% dgsired) tomperHurerangs: £y TURriion can srye
and flows through the coil of the relay switch 300. Therefore, the
coi | crewmbsr phesca| Eer examplm slithe heater tampergtiire sobutssdeopfarcertain desiedict s
308 and to close the contacts 307 to thereby reactivate the AC power

t 0 t he opedtisg rabge anldich mayenrmeag rohbe Alitpdiethe highreinperagad Bméti distubded
Consequently, when the manually operated switch returns to the cl osed

mode, tB6vd iHigbledBshid RAsHRRireridR sRAGKeAbe @e@%&mmewahgm (Hi508"

the PTC thérm stor keeps the contacts 308 open ong as the

t enper @5? Fol gﬁﬁiphﬁﬁt HEMCE 3t rp?%v%ﬁﬁﬁ%&i iﬁgepﬁlﬁgﬁ% rQé ir@@%t%%ﬁageﬁ et ﬁéﬁeﬁﬂs

or trans enperatur€ of ‘the reasons

descri be ove, .t herefore, the pravjsion of the drain circuit, which
is di s&Bﬁ%“gﬁiﬁ'&rﬂm ORHALRE PYPY e‘i”al?féa%a%ﬁ%ﬁéﬁaté"i ,lnérﬁ’aﬁlﬁéfaéfe&ilpemmre
intervention, i.e., to operate the switch 315, is required to

react i vangs- Acogwnpe fop sedieanfdeptiopiciempenatire rangp senpldasy betorgsaergtefa due
to a high tenperature event in the heater 16 that equals or exceeds

t he swinbtite melam funeiisi for operbenpa matmpte lofatichao R ytthen thas b deatef ort he
high-limt tenperature sensor 50. [0150] It should be noted that it

I's pri medup of Hegdis ik baiidanf e MkafdddpefbHE eigebi.; sithBE@b cbIddPtbdBot. Of
heati ng el enent 32 or from hot purge or other gases or liquids in the

Pipe 1 L38LE e Bk 1R En LRErSRORGIRIHER A gel oS- LRSS Wi aPhre! it

limited to these examples.
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[0151] Any of a variety of status signals fromthe high-limt circuit
298 can be provided to the process control circuit 296 for use in
generating status and/or alert/alarmsignals, or for use in process

|l ogic, and the |ike. For exanple, but not for limtation, a sensor
317, sueh2AsTa ikplehrht alldt@findd terpeanie rahpedighal (a6 iceRéE dldretilatnh §ignal™)
relay swtch 300 is activated to provide AC power to the heater 16 or

deact i vatipd irf\f%nﬁ&’xj bn ¥detbficRA4E fe %9% ﬂfg Wa%ﬁg%g)geé{eﬁ%y dﬁe}? gro%éﬁ%ég%l

but not for limtation, a sensor rrent ctor,

Cermper 2 s HEGR) b’ RertEiel df AEHREbPRE e i ertle bitingnetioron

tenperature of the PTC therm stor, i.e., current is detected, or (ii)
at or ABSOE-PIeEet SnIse WRisEEedsif BrRgramAd indorfhenip s castiTol RR6.pYie range can
thermstor, i.e., current is not detected. These and ot her status

si gnal secehinzbselstedlelgiees heuppeo sedlowso Himits) ordl eaguhietin 20@¢méntal keesptand
to generate status and/or alert/alarmsignals to the LED display 321
and/ or dofmetdperating [dniyyth @dfclkatting that@pii BE eBls@ fix3d or flpAtif? Hepddinb@h the
exanpl e inpl enentation of the high-limt control circuit 298

utili zi pRrAoriieqhinghditgt or for the high-limt tenperature sensor 50
is shown schematically in Figure 34. In this exanple inplenentation,

eahani D512 19% bliec A8 P EORYS of R SR AET Dy Ml PRt
cwi o Aol Q85370 dalerdia pecarralir 901 tepy EledmPedt Ao as

could al so be provided by a separate relay switch (not shown), but
dual svangden 103 14¢provydedingBe TrHupowarcopmves halle fepfioBd6 ardieriria the low
schematically in Figure 34 are readily avail able and nore conpact

t han t weltsgpaired Bl &, é2Ain & termitaeesl sotee phiver abipiseeti@d 1 @ aspkgaintdabove
relay switch is | abeled 300" instead of 300, not for limtation, but

only t endiskéwh glFigtret N0 S?X@ﬁﬁﬂiﬂﬁ lofilveettieritieCddn@8er H0rio 6t isht either the last
previously described relay swtch 300. In other words, while the

pri mar %oflfﬁ&‘fériiz@ fin Qfdafg?tgﬂaiﬁéed %]e?l%§ &f Wbﬁd &l By oﬁw;c%ggﬁ]?eg‘;ﬂ%Qn 239%m! S

to turn the AC power t eat er there

t enper vent . .t he | a i t.ch 300" has.the, additional ,sec

vt ¢ o T R fonelges 36 Y o 6 PP sTa ErHEBERY 5780 pR85R R
the Figure 34 exanple, the contact_ 307 of first swtch 323 in the,
rel ay 3000Y devips dH) 28 shrwvinby tigdrages 3 1i2nél e Kigiisr 28, betore itienugsd bagk intg
normal |y open, as is the contact 307 of the Figure 33 exanple, so

cur r entthtEdypessotrtagpomier o126 hetepwinatedisowice ppekngabBoN6 (not SHovwdn Figire
contact 307 so that the AC power can be provided to the heater 16,
subj ect28 -odee Figtirse] 2-13). tAreenoqie moagondudic! (Fgug 20] atttherapicre kestia 3 3h
assenbly 302 as described above. The coil of the relay 300" is

pover edoRYectRGh td 18% volaEE Mires 98,1 08GnMr 102 10864 td REyp3Qdudct BBWa cable
current that flows through the PTC therm stor of the "high-limt

t enper a3 r r : .t or
< bl g ilef ST T2n NGRS RE bolfod SIRE b B0 30r MRy b OB C
upper tenperature |imt. Hoywever, if_ the te rature_at. the .

{ enper 4040 WS o EelaR et vires s FEempls, Gl tRtAcHY d5iees AHinalkihe
tenperature of the PTC therm stor, the current flow through the PTC

t her m sepirollarni@ congeted fethegempteineqnilotipg datice iy Sugh opper merd ofdhe THppe
relay 300", is stopped. Wth no current flow through the coil, the
nor mal Isyuropeowén cabtes 2biot die t8BRinafrensutdegposentahdt $0E6xe,cldshé rtkdya current
turning off the AC power to the heater 16, and the nornally cl osed

second yEWlowhandids tht OSI8Ee tAR deeNt@F te 0?8 hand REABPYherasd ﬂ'éﬂlgidfvices 310

activating the drain circuit conprising the drain resistor

[0154] ;\anof BE cLRFRREAI s Spal, doMBrbR el Rl hrimE S0 Ob1:a8 RS RS of the

source power cables 26, 106 and/or the voltage will be the highest, i.e., the open circuit
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[0155] To restore AC power to the heater 16, an operator can open the
drain circuit with the manually operated switch 315. By even
nmonmentarily opening the manually operated switch 315, the drain
circuit is deactivated, so rectified current is restored to the coil

of the J&daga(th'ﬁﬂﬁ' appN¥d 13 tR&ITveRdltalst %e@gy@lgﬁﬂeﬂlotéh&z@%f%éﬁvf&i 15, sube

contacts of the first switch 323 close to turn on the power to the

R T
st 1D RlRingtstoBuS: Bl 8 ereth Bl VBfther GLAF cotty SRR B o7 ol fhse

but the normally cl osed, push button switch illustrated schematically
i n Fi guioatioles arecrloned; thugindigating thahell ekthappatersdiotaspopsypiang withip fhes
application. Depression of the button 327 causes the switch 315 to
monent alesirgd Eepwaratifh emgetlesedragnahtirdudrcwedition), enthved shew that heleimbhoof
327, the spring 329 re-closes the switch. [0157] Wile the

enbodi neahé&at@f 16 Rendtdpentihgwitiaste desedakayaatisdend O pen Hich sl RWer
and signal circuit distributions nade with cables sections, e.g., the

T-type RAuieR). pﬂy&éfoféﬁlb%c&ﬁewg&ﬁrem Folthid ‘&Es&:?ti@ﬁ %ﬁr%@ﬁstfcfr%’ﬂ he

trunk 83 (Figure 10), 'the slave ' cabl e adapter 22 wth 1ts slavée cable
segnent

Ml T e R
SRR NGO RD I RS B

limtation, the function of the slave cable adapter 22 can al so be
provi ddupmhipurdeeposics vebladbyasshoyu iitFigores §0x 13md 28h Smacifipally, iithers ig® 37
and illustrated in use position in the schematic circuit diagram of

Fi gur e c38trblder 28 cohngkerl tpthalastCDitpecbusy poean cabld2 4, e [sivawcdtapes el
branches controlled by a single controller 20. [0158] The sl ave

adapt ercidcif Ghill @Rva9%e 3%’811 faBe anddAHSHADCoRRGCtYE 1172, 813 Ak EinetRARNELE 202,
330 and a master outlet connector 332 in opposite top and bottom

335, " aan i B ATRAIMGEs A% 1 PeanBiE odiy B CRASFRARL T

324. The inlet. connector 330, |i inlet connector 130 of .t.he

Sl ave bt wPt SRRt st s L is oot wCPPRfRGs Siivrrtin Fifife 20
connector_ 142 of the controller 20 (Figure 20). The naster _outl et
connectl®303 3 suminggy, eacd Gogrplder 20 n aseriesghntds sy glypn gpnnegted syiththe T-
adapter cable 22, is configured to mate with the heater input
connecttype saraspowiee cdides 26 anddhellageonfrober#flainghe segies Tag isefoonested wigh the
pair of power conductor |eads 336, 338 carry controlled power from

t he conérfrihdted saded ovidi@atited 06, hab @edgeamh6d innddialdesitdieteinperanré bperting
signal conductors 340, 342 and 344, 346 carry signals fromthe

hi gh-1 igfde. LATBRE A tHE BoMEd1 $R6ces2 Rt o (Rt GRSt drRIRG Rt s Qerif atfe

52, respectively, to the controller 20.

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 (Figure 27). In response, the signal from the
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[0159] The two slave outlet connectors 333, 334 of the slave adapter
junction box 322 are configured the sane as the slave outlet 134 of
the slave adapter cable 22 so that they can nate with the inlet
connectors 172 of the T-type slave controlled power cables 24 and the

inl et comAggitPddect&D 10dantthén trigBeddonteydtant, abiide) ahd/B8cdm@o! 6@1&1&?13(:1@91
sl ave cabl es 194. One palr of “power conduct ors 348, 350 connect t

out |l et ﬁpwﬂ%garpg%{g hé%%ﬁld YudsBg Qg(gvzgl lel to the controlled povver

conductors pair power conductors 352, 354
connect et,.conn or 334 ele trical r 0 the
Conty olIPLAf BialsS ébﬁﬁaﬁfe? odesai & SaB5e josf B Pl Medeupe b
junction box 322 is connected to the controller 20, as shown

Fi gur e 23gn th msteieatss 40 are comnegiph iacthe gonteplien 20 hy hesslavs adrpter cable 22,
connector 332 and other heaters 16' connected into the slave outl et
connectapdsh8@8itrod 820 wdee sighals droatthosetenjparatire eenshisxX50p A2l mestetteeater 16
heater that is connected to the master outl et connector 332 to

f uncti dn tlesprobes destibed. NHatvever 16vea Mibudh Skdd &% Heaterd BaTRAY idéntical HENSOr S
50, 52 of the heaters that are connected to the slave outl et

connect@hsma3R@, thg’l%ﬁst%%éa'f@tl 6t1ﬁ‘ 95Re BEBLERRnfsUieiiaRy l’ﬁ%l Y Gafeat ers

16'. Therefore, the control recei ves tenperature i nformation from

the ma o, t OV, t

pover BT PHATRESETAE SO %Zﬁrgi%%e t%%ve?%‘%éﬁ%ﬁ?%go BRI YR 8 ot
sl ave heaters 16'. 1 re can, of course e nore than t

sl ave Sappestedds ﬁhr’eana%ﬁeq iﬂ t%ﬁw&w voltagh ®ires inike 7lave Gl ssgmep12s of
accommopdat e nore than two dai sy chain connected series of slave

heat er she glpepadapier ceble 22, andmetlowheltase sondhetorgriamwitiryshe Trhype slayed heater
cables or additional junction boxes can be connected to the slave

out | et cablerzdair ticsteBBidated 3dntodllddipewsl avec eabdgpl &, thewontrober Aodoes not get
the slave outlet connector 134 of the slave adapter cable 22 to power

addi ti QRgterfigdrsMreCdigials HBONMRCIR601S 80] 5inGhe ShviRah@al @] WhibRis What makes
desired or needed. [0162] A source power junction box, for exanpl e,

the So%éﬁpﬂﬁﬁtﬁﬁ# YRGS hQRD P, IPCarS0 doﬂg '1&% e?x%m‘l%'t Iesl%;}éﬂ?ﬁ@'

in place o type source power cable I n t asse

Sour o6 Wans) BT B PR Hee RO N et 8@%{%@2@8&%@%@?@&?@’%@%@%r1§n%%aer

bottonlsurface 354 of the source power junction box 350 and is

conf i gdReIoNs bassd On AGAELISHWETY R, 1 ? %1 Mhihg ferpRpRiBEes Sensed Oy dre sepgors
controller 20 (Figures 20 and 21) so that the source power junction
box 35@0cshingbe noatst behtetilibect |y on the controller 20 by plugging the
source power junction branch outlet connector 352 to the inlet
connect{0r32] A3.mentioned above, all of the parameters needed by the high-limit control 298 and

the process control 296 to operate as described can be preprogrammed or preset into the
process control 296 and the high-limit control 298, which is built in the base module 200 of
the controller 20. However, if more control, functionality, monitoring, or other capabilities
are desired, such additional control functionality, monitoring or other capabilities can be
provided in the expansion module 202 that attaches to the base module 200 (Figures 20-22)
as explained above. The example expansion module 202 shown schematically in Figure 28
includes a display/adjust microprocessor 316, an alpha-numeric display 204, user interface

buttons 210, 212, 214, digital communications input/output portals 222, 224, and a
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[0163] A source power junction inlet connector 356 on a first |ateral
side surface 358 of the source power junction box 350 receives source
power into the source power junction box 350 from for exanple, a
source power extension cable 25 as described above in relation to

Fi gur e chfmmidcgivdvimiciopfocessanPl &€, THispl M adut nicrbPRIcSsBr 816 EdhealSObl £E
power junction inlet connector 356 in Figures 39 and 40 can be

configu i . =

pover cab RS AR IR By AP CRRRRG Y e o RO SRES
source 13 Fugyre ZZ%ﬁ [0164] A trunk outlet connector 360 on a
second §UPHF S AFURE WG ace 362 of the source power junction box 350
in Figures 39 and 40 i s provided for _daisy connection of one or nore
addi t i dAAP31cEhe displpyadiust migtorapesEReTiSA0 1 ¢pectadto the yses apferfgce buttons 210,
configured the same as the trunk outlet 86 of the T-type source power
cabl e 282(Fl4uhich dande fsed tosnebyisve and edset varipuswparametess ahd infppmatay mdech
power cable 26. Therefore, any of the follow ng can be plugged into

t he tr uAkdsplalaljusticddprbessdGu 6 @etsnmerant ifsitd LNthe@rodsdeortio) 296 and/or
anot her source power extension cable 25; (ii) a 1-type source power
cabl e 28 hh-l{chit bdntfbl o8 SAHich RGO LAAY B3kd &Spﬁwdjzﬁ esﬁt‘iﬁ"i’ﬁfollﬁﬁi?&?th%{)&n

[0165] An exanple schematic circuit diagramftor the exanple source
power | j [ [ i ' t y
DOver IANGHPL SRGTER 8 SPGB B Bl FlPkpaiee:
connector. 356, to the trunk outl et cqnnector 360,g§ana.qgéﬁ of source
pover BPdIfERELMARIESFEPBaIre a8 GOk Uy tenPsrAiue safehy gt HEgeT e
with the trunk source power conductors 364, 366 to the branch outl et
connectabt 8% poinfHew derapesaturdyden sef point dustesssise onnuick bt (psgmriignal band,
connected electrically in parallel to the source power conductors in
rel at i antegmal,tahé deviatidn)pestcleetime,cmtderitdemBadurd @dadain] ihmolibwnddviceutitiess,
connector 352 is connected electrically in series, however, between

the i nlpeddbae BARTEE, asdfeniechthrd@nits (DUsiBs bl Rihr&MBHE cOMer a8 oniyt h _
respect to the signal circuit conductors in the source power junction

box 35Qn s gt s%"cﬁ ta%géste%l@iﬁé Jefbicﬂ, St muliber ?ﬁteﬁf?c%ﬁiig@éer{ibﬁ cuit

conductors, e. g runk signal circult conduct or ext ends

The-t OB BORS oS B e Bt R o O e RO dialgred °

conprises_an _inlet branch signal circuit conductor 374 extending from
t he i nil&134d ocHiferomypumegions mitiepineassens Buenables exsrmek tap cammugicatians with
outl et branch signal circuit conductor 376 extending fromthe branch
out | et agemnteononitd®mZ or gonthd stationksepded ermmueraent dhe Bgoto ippt@ag output
Therefore, while a plurality of controllers 20 can be dai sy chain
connectigfdrehtesl makahdjystiienamabife progréminie, podwbe likevia hy inpatdutput poxs
350 to the AC power source 13 (Figure 27), as shown in Figure 42,

they whbb 10 cioRNSaAh @hiBAS fiGaploYessdr ﬁ%rdaﬁ%e,%@eﬂh?ﬂ&%’ﬁﬂlﬂce

junction box 350 to the signal circuit 23 (Figure 27) in the same

manner A% BeRd BERARA YGetAedPIGaukid ¥REnRIANCEFRNIE SHERR hESa #8hsniTer
0 € power

course, any nu sour

and a receiver, although myriad other microprocessors could also be used for this function, as
is known by persons skilled in the art.

[0135] The schematic circuit diagram in Figure 30 illustrates a heater 16 connected directly
to a controller 26, as is done in the multiple local heater control cbnﬁguration of Figures 1-4.
All of the connections and functionalities described for the controller 20, base module 200,

process control 296, high-limit control 298, first switch 300, second switch 302, temperature
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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 20. [0168] Another exanple power source junction box 380
illustrated in Figures 43 and 44 has nore than one trunk outlet. For

exanpl Q‘an%ﬁlﬁelzﬂr@l 0f Reatdri 18] feapeiure kéhsaHEN, 5D Meh@nd Hembmt 1t cLRMBISE ifdule
e

384 and t bfanch outlet connector 382, which are substantially the
sanme a i I Nec
descri tsjzed&mglgg\rt}{e&%gr 8t e?ﬁtégéé%%éﬁl%%gf?@g@%@? ﬁée%pfgl\t/\gl sour’%}g&]p ﬁﬁ%% ]ﬁlegl;[]er

box 380, 4.s sho in Figures 4 nd,44. WM th t trunk . outl et e
connect b3 e 3Rt ert Pubf acttrd et o ik e Whet S S sy Ebigp eapien this
the outl et connectors 386, 388 are configured the sane for daisy

chai n configemtignthusne dagiheptsial power source extension cabl es 25,
T-type source power connectors 26, and |inear-type term nating source
power dab3dsTHOShematiheircuitvbagrapan Figireldl syalshiar a cogrmiker 28 dowectedof
controllers (not shown) can be connected to the AC power source 13
and to diketl§ tddate 16¢ thub nd Slavé ad cablda6€ np 6MRE h¢dieist TherehRy tBSEircuit
[0169] As shown in the exanple schematic circuit diagramin Figure 45

for the, @XARPS £ iAW mS RUhE Sirb R %Lg‘e %@5@?&%& thAt1Bis eithEhS R ShDAYET

conductor pairs 390, 392, 394 and t ranch” source power conductor
pair 396 . nect f.th nk - I con tors 386 t he
by anch 20uf Raptgtgmie P ogbBit 26 2hls B (GRBARH Pl B%er 8t 1Y
connect,or 384. The signal circui ductors 398, . 400, 402, 403,
howeve rll}steﬂ&ﬁdféle? Jfrtwa? RUTRPONSE Fable do ietbrly Peihphishygltagksopre noenan!
outl et connector 382 electrically in series to the inlet connector
384. [ Ghabw Giltage glesonipiameperaiane rangs aircyiiio tat Fetrotleneshosvsindagurpél.
provided in the source power junction box 380, if desired, with

subst arf0131] | An ekempsla wpedatinglo gaf fop anpllemehtispthe peespavievensnn issshibivadn
signal circuit conductor connections as descri bed above for each

addi t i gi@lre B2 UTKe Rk 8 wEIPBHBE bvBlues MBararhbtefas Figge 33 Rl BYedhs this
outl et connector 382 could be elimnated so that the junction box 380

woul d td%%fﬁé)ngH Ghd Ms¥%nl ﬁPPﬁwﬂ?g& toabeﬁhﬁft?l%{ E)F}'lg ﬂiu&%gfgg \%\%%39 &bfls in thi 5

connecte rres o ontrollers (not shown source
conn

and to_a _signal circu,t _23 t, At woul d not be t ahl e

't ect PRI ogREsIcpL Froth sBH 22 isctir o A G AR B R A kR s g Ty
1-type source power cable 26, an intervening |inear-type terninating
sour ce (pighdimipipmperatyge SO0 3P &gy 693@19“@3 tathe upprrdgBpEaie imft ¢ he
inlet connector 140 is configured for connection of a source power

ext ensiperantidyl &f 6 agwaldheasursddempdratueg from the high-limit temperature sensor 50 is
less than the high-limit parameter in step 322, then the next step 324 tests whether that actual
temperature from sensor 50 1s within 20°C of the second (process) temperature sensor 52.
This comparison 324 is done as a test to determine if the temperature sensors 50, 52 are
measuring reasonably accurate in relation to each other. If yes, then the temperature of the
controller itself is measured at 326 to be sure it is not overheated, i.e., is less than 85°C.
Overheating could occur, for example, if the controller 20 is too close to the heater 16, and it
could damage the electronic components in the controller 20. If the controller 20 is found at

326 to not be overheated, then the high-limit control 298 keeps the relay switch 300 closed,
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[0171] A conventional connector |latch feature on some comercially
avai |l abl e connectors, such as Ml exTm connectors include a | atch

| ever, such as the latch | ever 410 shown on the nale connector 78 in
Figure 46, with a dog 412 on its distal end that is sized and shaped

t o engagandicatad S50 & fhdSithe RighvoltiSe ACFIvRr 64N4IRE 4 vRilable Y6t comfrol Bethe
protrusion 414 shown on the controller inlet connector 140 in Figure

47. Sucﬁ}ogéggg%faﬁgb?ggéméh%&gbégz?grﬁi on 414 by the dog 42 on the

| atch l*ever ntende e nal e connector to the

femal e ect or til i.t..s disengag Y. i ing the latch | eve
470" on BR Quihe Mttt ey SLOETRRITE AT D a8 Retlien ™ g adued
the mal e connector fromthe femal e connector and allows themto be

di sconrfe@pagtuse isyyer thgdégh tempaiatie Hmah Fep thelsigaiat cqnirol gpgopens the relay
applications, such conventional |atches are not secure enough, and it
i s too sash 300kt 33k wiuinetnops thoAbepawmpltethgddater(s)ntéen6'i dhakd sends ar
exanpl e, by bunping or rubbing past themin tight spaces, and the
like. [dnéPlo theprRbar@ntrbl2gs thatiifl@icites thBeslap e@iteh 300 8 BPedcdsinit, ance to
uni ntenti1onal di sconnection of the connectors, for exanple, of the
connect ' ' i i Whkapt
pri g BRn e oG G ZoghANaRS g ALl P B (LT R ORIRS,
the | atc 10. The biasing tab 420 bears agai nst the distal end
418 of(F%%&igf%ﬁflever 410 and has a resilient spring bias force that
resists _nmovenent of the latch |lever 4 in a manner that ul d

di sengalak'”ﬁ hgglawl%ﬁltb Hsrrpgees F%@M%@&tﬁlag%wrﬁwswm m (&Rcond
user forces the latch | ever 410 to pivot about the elastic hinge 416,
whi ch dprogess teanngraterefsghsor s empates 4t 362 withdheprogrammed set pding &desidedy
pi vot arrow 422, the distal end 418 of the latch | ever 410 pushes

out war dipygratiggtensperdtne) apnusthe bit agstbiesic @ainddrde.pi, asou §°Craldf 4xthcand
forces the biasing tab 420 to pivot outwardly, as indicated by pivot

ar r ow 4dcekdtelripdthhte ﬂﬁaasﬁrré@bfhﬁﬁ%@eﬁ Sstishil BN 2B B hellSy et Hdint MBnkab
420 doés yield under enough Torce to allow the dog 412 on the latch

| ever %gtﬁegitsf’ﬂh&?ﬁ%aa%glrai {/egiﬁe%ﬁg'ééé a?écPét(rj'HﬁitR the ég%@#sér&gwt he

branch connect can unpl ugged from't er inlet

connector 140. 7, There are ria to provide a.spring .
bi o1 nd PRERHS e B ALRERET 4e 10 Pt She Priperaties AP Sired
i npl enmentation of this feature is to nold the biasing tab 420 as
cant i | &peratne page. Hithe tranesiwedyatay below thed T tees-Labopit 296, belpsw the set
illustrated in Figures 46-48. Depending on how nuch bias force or how
yi el dalpoint éempearatiee then thp pracesst Gontrol 24fudlosss thiagecenie(ptersss) 2¢jtck 302 at
portion of the housing 201 at the cantilevered joint of the tab 420
t o t he 33636 pivideheC powst PGheBdataa) 16£1 6" hind eturds@nfth6ilith ILED 244 (e.g.,
resilient elastic hinge 426, as shown in Figures 47 and 48. A slot
428 can:he) By aicdRdhdtihd M&tQY$6,NG 4L tAReQBRDBANE: SRUSIRA! ire t he
| atch I"'ever 410 into and out of the housing 201. A tapered cam
surfac [ faci ki ' t he
er@;ﬁ%ratgfenatt%§4 By Igo‘{ \ﬁg&db by h{&%ﬁ%@r‘&m&%@sﬁfig‘r& §5r%m%%%€rgt e

tab 42 he " wa en ver ng 1 nser
i he h [ 201 h I 78 i I [ h
: m gt ' é)gqﬁqg%sts\?{g?c%ﬁfga_y)%%ﬁs C os%'altas ?rtldigact)g a(.atCBtB(S),r but%he! EEB 2'19%?.%., I’c'lll"llli)gr)tis ©

turned on to indicate that the actual process temperature is in the proper operating range.

[0140] If the comparison at 332 shows that the actual process temperature measured by the
process temperature sensor 52 is not at or below the set point minus the hysteresis, then the
temperature is checked at 340 to see if it is at or above the set point plus the hysteresis

parameter. If it is, then the temperature is checked at 342 to see if it is at or above the
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[0174] As nmentioned above, this bias force feature can al so be

i npl enented in other ways. Several exanples are shown in Figures
49-51. In Figure 49, the biasing force is provided by a conpressible
| eaf spring 430 nmounted in a bracket 432 on the inside of the housing

oa TR . . ( \ (
rparn %lw?gedaﬁ gh fenfRtdture AIERY @A ) Ar&REtEN@. A Hbo b TPC AB6vd fAe s&'i%gft

force, Figure 51, an elastically conpressible materia

ﬁﬁg o f?ﬁi’??ﬁ@ﬁe 10 FR (b BRREo1 a %@%@'&9 ShettB ot 3@%@:@9%%@%2}?%‘1
41 410Q. i i i
feoort piaten e neARre) T A6 mdihe 1810 St S D240 ie b e and t he

controller inlet connector 140, it is alsqo applicable to the

cont r ol [0&41]oGa s otberdiads ib thetapperatr e iEvie ROt 4% 0B pQYEiSplgP i) rds
connector is plugged into the controller outlet connector, e.g., the
heat er hynlestsise tendut tempérhiurs [sawithiadaptoatro] Inysédrestiorange tso thel@dfrokietaye
junction box inlet connector 330, etc., as described above. It can

al so bewisRA0R fs keph apdr0dt 3U6 pbiEin biawiGed innBé {HRANLVEnitibh &ind 3RS InFange”
i ndicated by tab 420' in Figures 35 and 36. [0176] Since these and
numer oySe9tNSiARdidrh&ath ons and conbi nations of the above-described
nmet hod and enbodi nents wll readily occur to those skilled in the

art, itgl desired ta limt the invention to any of.th t
const r JOHRI R IneHERioh R ut Bl fk budcl seBEFRbLE Fort 2 ] FBG of Bl ey
exanpl e %Eﬁec s and enb ghnents have beﬁn dis%ussed above, those of
ski |l % aPpye tBF Programmee Eddhparameler thgnfhegentrql eclpy swdch Herisgoper-igdns,
addi ti ons, and sub-conbi nations thereof It is therefore intended that
t he folindeatedjatadfiSeartbtie CTreRengeahdisanns hereafter introduced are
interpreted to include all such nodifications, pernutations,

addi t i q0B43] aliekss wind cthaibfunatiémzase dowaria thd ¢dantpld daivingsrané dsgeribed albovd as
scope. The words "conprise," "conprises,” "conprising," "has,"

"have, "heirfg@etfafined by St Gontrol Pﬂ%wa_tso 6., 29003, BC BdeS HowWees, Hires 1N
this specification and in the following clains are intended to

speci f giéﬁ%?ﬁ)g? %?‘g‘gtg&% 2 b8 g@g&ﬁ&%@%ﬂé or nfdte ﬁfo%@s%orSQﬁ R/aﬁ%lg%oﬂﬁilﬁ(ﬁtons

pr eclu nce  or on“of one or - nore other atures,

steps, or oups t her eof . . .
PS. .34 vwg{h va%ous a ?ocahons of the functions among one or more microprocessors, as is

understood by persons skilled in the art. Therefore, there can be more or fewer processors
than shown in the drawings to perform these example functions.

[0144] Another example implementation of the high-limit control circuit 298 is illustrated in
Figure 33, wherein a switching positive temperature coefficient (PTC) thermistor
semiconductor device is used for the upper-limit temperature sensor 50. Switching PTC
thermistors are semiconductor devices that exhibit a very small negative temperature
coefficient of resistance until the device reaches a critical temperature, often referred to as the
switch or transition temperature, whereupon the device exhibits a sharp rise in the
temperature coefficient of resistance as well as a large increase in resistance, e.g., a resistance
change of as much as several orders of magnitude within a temperature span of a few

degrees. Such switching PTC thermistors are readily available commercially with transition
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CLAI V5

[0177] The enbodi ments of the invention in which an exclusive

property or privilege is clained are defined as follows: 1.Heater

contro
power e
power
first
in clo
pr oduc

conpri

| apparatus for controlling power to a heater that has an AC
d heating el ement which produces heat when connected to an AC

SterbeRuréfinGakiRa o 6PTLd Qb0RPARY @b bE ne@RRIchbd Fith transitiofor Awitch
terrper ature sensor and a second terrper at ure sensor PosSI tioned

S RUSHAL 18K I AR B VAT i
Sfiulrlls.g(ion inherent in the switching PTC thermistor device used as the high-limit temperature
sensor 50, the high-limit control circuit 298 can be analog, as shown in Figure 33, and still
provide the desire features and functions of operating the normally open mechanical relay
high-limit power switch 300 to open and shut off the AC power to the heater(s), whenever the
heater temperature equals or exceeds an upper temperature limit and then not close and turn
on the AC power again without an operator intervention or manual input when the heater
temperature recedes below the upper ternperature limit.

[0145] As shown in Figure 33, the PTC thermistor temperature sensor 50 is positioned in the
heater 16 adjacent the AC powered heating element 32 in order to sense temperatures caused
by the heat produced by the heating element 32 as described above for the upper-limit
temperature sensor 52 in previously described example implementations shown in Figures 9
and 27-30. The high-limit mechanical relay switch 300 is also positioned in the AC power
circuit in the controller 20 to open and close at least one of the AC power conductors, e.g.,
the AC power conductor 290, as also described above and shown in Figures 27-30, so that it
shuts off the AC power to the heater 16 when the normally open contact 307 is closed and
turns off the AC power to the heater 16 when the normally open contact 307 is open. The
other AC power conductor 292 passes through the controller 20 to the outlet connector 142,
where it connects with the switched AC power conductor 290 to the heater 16, as described
above.

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

that current has to flow through the switching PTC thermistor of the temperature sensor 50 in

order to power the coil to close the normally open contact 307 of the relay switch 300, i.e., to
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an AC power circuit extending between an inlet connector in the
heater controller and an outlet connector in the heater controller,
wherein said inlet connector is connectable electrically to an AC
power source and said outlet connector is connectable electrically to

t he headiiéh @k A PbwetoRRONate 16C TR EIre 8 nbliRall@BhéAGrS&bEIRMN, Vb2
the AC power circuit; (i1i) a high-limt power switch in the AC

power cj ' iRl eIl : of
Phe heat Lt CABIUHRER diler'sD i Eindl BRRIEREH 1cABEE LA LB IORART R
power cir.cuit; . (L hi gh-1im.t. control..circuit that is

P onnec i ereRritA <piaerstps i b en PRI St ePPeianire S it
high-limt power switch to open the AC power circuit in response to a
t enper & Ly thegaista dapy law ecsistanse thap pasdly spuguctssprysh ASuseat tigt, avhen
high-limt tenperature paraneter and that causes the high-limt power
swi t ch redtifeldpfews throegpibn seil bbtheelay ewper Hlcerstnthedndgpetihbelflirequred

t enperature sensor not exceeding the high-limt tenperature paraneter

and a powhise SRMSARLETH NChdst@itntly, in sucH hofnaBtetipRtatat lbpblagoR e 8€power
power switch in the AC power circuit between the inlet connector and

the outd@hit GPHAREARSIERR0! SRt Fihe AXNDEWA BhdddicHs 296, BAPARIS@bnd can

opening and closing the AC power circuit to control the AC power

provi dec%ngﬁct %&f gov%i'tt!) %le he%&g 16, subject, of course, to the closed or open status of the
process relay switch arrangement 302, as described above. However, if the temperature of
the switching PTC thermistor of the high-limit temperature sensor 50 rises to or exceeds its
switching or transition temperature, its resistance increases sharply and effectively turns off
the rectified current to the coil of the relay switch 300, thereby allowing the normally open
contacts 307 to open and the normally closed contacts 308 to close. Consequently, the open
contacts 307 opens the AC power circuit of AC conductors 290, 292, thereby turning off the
AC power to the heater 16. Rectifier circuits, for example, full-wave bridge rectifier circuits,
are well known to persons skilled in the art, thus need no further description for an
understanding of this circuit.
[0147] Then, when the temperature of the PTC thermistor of the upper limit temperature
sensor 50 recedes back down to a temperature below the high temperature limit, i.e., below
the switching or transition temperature of the PTC thermistor, and the current then again
flows through the PTC thermistor, the high-limit control circuit 298 still prevents the coil of
the relay 300 from re-closing the contacts 307 to turn the AC power back on to the heater 16
until there is an operator intervention. In the example upper-limit control circuit 298 shown
in Figure 33, there is a drain circuit comprising a switch 309, e.g., a triac as shown in Figure

33 or other solid state or mechanical relay switch, and a drain resistor 311 connected parallel
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(v) a process control circuit that is connected to the process power
switch in a manner that causes the process power switch to open and
cl ose the AC power circuit in response to conparison of the
tenperature sensed by the second tenperature sensor with a preset

desi r ecoSRd reP@FEcic8BOI 8hdEAI of the relayswildh300e AR Idr&if RésiPdr ANRAL Afued
of claim1, wherein the controllable power process switch is

2051 Bl g, LEALS ekl el 0 b oot e

power progess. switch i s positione ctrically_.in serjes between the
b on | Pt dhe &g of AUt s 204 hisSifu isThePh Gt A0 By
The heater _contraol apparatus of claim.l, wherein the power sequence
condi t i tBaPTRdheraugonpldhr tRgperatvigisansor A8 i draingd ewayfrem e gecdifier 301 and
prevents the high-limt power switch from cl osing. 5. The

heat er wdmfitind tebay 30pwhiwh psevehtschadaeil fomgerereiimg thielgotrmmagsatigufmht that is
condition includes a sequence conprising power to the process control

Ci r cui tncoedsig tb elokt tirtedtadRAOV hetherrelaglsaitth sbed. 6. The heater
controller apparatus of claim5, wherein the high-limt control

ci r cui toi48)PTRHAETBS id Bl $RDyiHE Al Qlrehi i ﬂ&@%o@ﬂt%&?”ﬁg%&ﬁﬂﬁor of

and thereby turn off AC power to the outlet connector i

e A R e SO R REPE L Y8 535 BP A i S nd MRah )
closed contacts 308 of the relay switch 300. Therefore, when the PTC thermistor of the
temperature sensor 50 turns off the rectified current to the coil of the relay switch 300 upon
the occurrence of a high temperature event at the heater 16, the normally open contacts 307 in
the relay switch 300 open to tumn off the AC power to the heater 16, as described above, and
the normally closed contacts 308 close, as shown in Figure 33, to apply the AC power to the
gate 313 of the triac 309 to activate (close) the drain circuit. Consequently, when the
temperature at the heater 16 recedes so that the temperature of the PTC thermistor of the
temperature sensor 50 falls below its switching or transition temperature and again conducts
current, the current is diverted away from the coil of the relay switch 300 and is instead
drained through the drain resistor 311. With the current conducted by the PTC thermistor
being drained away from the coil of the relay switch 300, the coil cannot create the
electromagnetic field required to close the normally open contacts 307, so the AC power to
the heater 16 remains turned off, even though the temperature at the PTC thermistor of the
temperature sensor 50 has receded, and it is again conducting electric current.

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

315 1s provided to break or open the gate power circuit and thereby to turn off the triac 309.

As soon as the triac 309 is turned off by the manually operated switch 315, the drain circuit
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7. The heater control apparatus of claim®6, wherein the high-limt
control circuit is progranmed to cause the high-limt power switch to
close if the tenperature sensed by the first tenperature sensor is
not higher than the high-limt tenperature paraneter and the power

sequenclirdugh ehd drein rBaStoPTLIUE [desbtivated, so tBe curiéht R@aT BE PAQhEShistor of the
apparatus of claim1l1l, wherein the process control circuit is

progr ar@ﬁgeﬁaﬂn& Sehsdr 5(2%?9{ QQ&Qﬁeg‘Bg‘ﬁE %\%ﬁé}'}nfc t?@?&n& ﬁ?‘?jr t @g%ﬁhe coil

circuit terrper re sense e secon enper a

e eI Sl 3B, TheRr® Eﬁﬁcqlﬁé%i?ts'%ﬁ* st R fegifbd foropen

the tenperature_sensed by the second tenperature sensor is belowthe
preset thysrds?Qs andhieclapg theeconipcisei0dite dierety resrdivpiedhen Corosyer daithset

poi nt tenperature. 9. The heater control apparatus of claim?7,
wher ei rheatee [ hend Brremome thel AG powksiromdbe gatBGrpoeCorseqyently.coenctbe ed
electrically to the AC power circuit between the inlet connector of

t he heahgtuallg opéralel etvitah ekt tdihe Ridsedrinod A rias 300 dbed vt @ bek bh,Ng
AC power to DC power and providing the DC power to the high-limt

cont 1 OlpeEhsE e omﬁﬁﬁﬁ&‘tﬁ%@l’f‘c Hﬁ@nﬂ&&ﬁee@@ﬁ@ %BH't@ctE 9p4l| b]%énoz& 1bAehUdlEs

the DC power to the high-limt control II’CUIt being term na ed and

then r%@xﬁﬁ&?ﬁ%es %ﬁg%tepqpera[tur%%enszp g re?ganﬁ‘\sr be He sw1§égﬁ%&a;";r_%l§1g%% claim

1, wheréi ower s rlrelay
A ”ﬁpaﬁﬁ‘pala%fn‘??tor' or i feaieng ¢ ‘ﬁ’gg%%?wﬁ?q%s%e o pliF BSIRH
claim1l1, wherein the process power switch conprises a solid state
pover sifithecdraintracuitvhish it disaird torthe saopely epetated Bsiccht HS, AToprsaler
circuit in response to signal input fromthe process control circuit.
intervention, i.e., to operate the switch 315, is required to reactivate AC power to the heater
16 after it has been turned off due to a high temperature event in the heater 16 that equals or
exceeds the switching or transition temperature of the PTC thermistor of the high-limit
temperature sensor 50.
[0150] It should be noted that it is primarily heat from an external source, e.g., heat from the
heating element 32 or from hot purge or other gases or liquids in the pipe itself, that causes
the temperature of the PTC thermistor in this example implementation to rise to its switching
or transition temperature to turn off the AC power to the heater 16. In contrast, temperature
rises in PTC thermistors used in conventional thermal fuse or thermal circuit breaker
applications are caused primarily by IR heat generated internally in the PTC thermistors. In
other words, PTC thermistors have inherent resistance (R) to current flow (I), and excessive
current (I) flow in the PTC thermistor will cause substantial heat production in the PTC

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

PTC thermistor will substantially shut off current flow.
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12. The heater control apparatus of claim 11, wherein the solid state
power switch includes a triac. 13. The heater control apparatus
of claim1, including: (i) a tenperature range signa
circuit in the heater controller connected tyo the inlet connector

for conpest]i ARybPaFafi@&yF Statu€ RIRAKIS HONEthe ANGLTMitdMRbit 0F 6aH e ]lnaﬂiéed to
(i1) a tenperature range signal switch in the heater controller that

Opens PSSRSO TR S AORE LAl BAIE U] SEARRS 2

égh:?gluhsg ?Ii[l ﬁr{ﬁ}f:%s%i ééig,l an%qgealrﬂ?é Yor %;(arrclllalg,i br{llt %%t for 1?nri a%i(r)]n,tahseenggr%(i ’?,S Such as a
current detector, can be used to indicate that the relay switch 300 is activated to provide AC
power to the heater 16 or deactivated to shut off AC power to the heater 16. Also, for
example, but not for limitation, a sensor 319, such as a current detector, can be used to
indicate whether the temperature at the high-limit temperature sensor 50 is either (i) below
the switching or transition temperature of the PTC thermistor, i.e., current is detected, or (ii)
at or above the switching or transition temperature of the PTC thermistor, i.e., current is not
detected. These and other status signals can be used by the process control circuit 296, for
example, to generate status and/or alert/alarm signals to the LED display 321 and/or to the
display/adjust microprocessor 316.
[0152] Another example implementation of the high-limit control circuit 298 utilizing a PTC
thermistor for the high-limit temperature sensor 50 is shown schematically in Figure 34. In
this example implementation, the triac 309 of the Figure 33 example is replaced by a second
switch mechanism 325 in the relay switch 300", which is normally closed and is activated by
the same coil that activates the first or primary switch mechanism 323 of the relay switch
300'. This second switch 325 could also be provided by a separate relay switch (not shown),
but dual switch relays, such as the dual switch relay 300' shown schematically in Figure 34
are readily available and more compact than two separate relay switches. In this Figure 34
example, the relay switch is labeled 300' instead of 300, not for limitation, but only to
distinguish this example relay switch 300" from the previously described relay switch 300, In
other words, while the primary function of both of these example relay switches 300, 300' is

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

300" has the additional second switch 325 for the drain circuit in this implementation.
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programmed to conpare the tenperature sensed by the second
tenperature sensor to a preset desired operating tenperature range
and to generate the tenperature range signal input to the tenperature
range signal switch to cause the tenperature range signal switch to

open t @153 REhaFuhee BABLENS E GR@kortdt BOT of first BRitéieIBein akd HebaySIDOS @hidly
the second tenperature sensor is not within the preset desired

operati sioﬁx%ﬁ REHE AL ugaw& 160 A{egtei:'tlﬁf@ bl £TRGURE bAAGS 07 IR

switch i e tenperature sensed by e secon enperature sensor is

eSS e 5 LG PR SR SRR S80S, P

control circuit is capable of bejng p_rogramred wth the hitgh-l I mt

t enper ottast P wntbitdhe Atdpeyrer cak e Dioviles to thedivalsr dhsrbictlopl ciysrsta W

the high-limt tenperature paraneter; and (ii) the process

cont r olopehingaind closingay i wocdss beitelgaspenoblyt2ed deicribed mwvee Jhe edil oéthe

point tenperature and the hysteresis and of receiving program signals

for adjrkii30g it pewsel bpetdifict eapeitacdr &l Bnthetriifity SOEA8S8I AC current that
flows through the PTC thermistor of the high-limit temperature sensor 50 whenever the
temperature of the PTC thermistor is below its switching or transition temperature, which
defines the upper temperature limit. However, if the temperature at the temperature sensor 50
reaches or exceeds the switching or transition temperature of the PTC thermistor, the current
flow through the PTC thermistor, thus also the rectified current through the coil of the relay
300, 1s stopped. With no current flow through the coil, the normally open first switch 323
opens the contacts 307, thereby turning off the AC power to the heater 16, and the normally
closed second switch 325 closes the contacts 308", thereby closing or activating the drain
circuit comprising the drain resistor 311.
[0154] When the temperature at the temperature sensor 50 recedes below the switching or
transition temperature of the PTC thermistor so that it again conducts electric current, the
closed drain circuit drains the current through the drain resistor 311, thereby depriving the
coil of the relay 300' of the current required to re-close the AC power (first) switch 323.
Again, as mentioned above, the drain resistor 311 has much smaller resistance than the coil,
so, when the drain circuit is closed, the current will flow preferentially through the drain
circuit instead of through the coil, which is connected electrically in parallel to the drain
circuit. Therefore, even though the temperature at the temperature sensor 50 has receded

below the upper temperature limit, the drain circuit prevents the relay 300' from providing

AC power to the heater 16.
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16. The heater control apparatus of claim15, including a base control
nodul e housing that contains the AC power circuit, the high-limt
swtch, the high-limt control circuit, the process power switch, the
process control circuit, the inlet connector, and the outl et

connect@s5] To restore KC pdRé tb &Rl IRiatef 90! dnQiperiitiodanionen Bfe dFhidiciredi®with the
i ncludi ng an expansi on nodul e housing that contains a tactile data

i nput i : I i : - ad I :
i or opraenel g e SRANRALES1 BY LY ATbER el ol b E R Bteted switch
hi gh-Timt .t erature paraneter, th esired set i pt t rature,
ey sty e R ot foo R e FEr Eitsitnel Bl s o s ol

adj ust/ di spl ay m croprocessor, a visual alpha-nuneric displa
connect¥" eValbrugartidiawips again Huougl s cpibi thp penjagts eﬁ@sﬁéﬁégf%ﬁ/ 33%slose to
receiving electronic data signals fromthe adjust/display

m cr oprtomessthe Adpowerdadhe ltiagpll &yanddhelcentactd eftthe egriond daiteh Py epenito h
contacts for interfacing the adjust/display m croprocessor

el ect r alisabdd thy dtn tieuih aBRréfofyvEen thiranatlel e bperhited sexplacids@hgipdthe
housing is physically attachable to the base nodul e housing in a

det achaplig M shyWidbritdigg.contacts of the electronic data port of
t he expansion nodule in mating alignment with conpl enentary contacts

of ac din e o e '

sai d adl LSRRGS RERERN SRR ST Rl he S O RER TR S8 M
data signals fromthe tactile data input interface for delivery of
quer i egl%alﬁaﬁ)a'alpﬁéa i tiop sprigh ﬂh@ﬁ@tﬁ& ﬁ?}len}?Bﬁ%]{YdF‘eFéWféﬁ Fandl 8 ¢ he
process control circuit and for receiving and processing data from

t he hi glenvement exynpleswiteh pxpgifer iscpphentionh Oepressies of thebutton 327 eanges the
for display, whereby attachnment of the expansion nodul e housing to

t he baseitthdub ¢o mousntagilyeosdal dhenselien mipital fifrced jrernd vednfrem die tutien 327,
preset high-limt tenperature paranmeter, set point tenperature,

hyst er qgé @ﬁ@l‘ﬂgd@.&ids@gjthggﬂnaﬁ_i ng tenperature range as well as
di splay of the preset high-limt tenperature paraneter, set point

t emper gb ﬁie?ji Wi ¥i8 YRS SRbotimBRd oﬁﬁéiiﬁxﬁeﬂtiﬁﬁ ﬁés"é%l;%gaﬁomﬁﬁé’ﬁﬂé rsﬁ%&éﬁgﬁer and

18. Th control apparatus of clarm rern t expansi on

e RO B RS RGPS R00h L2y TSGR o
hi gh-tenperature paraneter and the operating tenperature set point, .
and a doHhiNPaBgh g%éramlwsﬁp@cté%%vk £mg@ﬁgebsﬁb%$lévec%b}?e%d@p@h%2 pith its

t he conmuni cations port and to the adjust/display m croprocessor,
sai d comlvasildasegment 128 branching away from its master cable segment 126 (Figure 14), and

the T-type controlled power cable24 with its branch 163 branching away from its trunk 161
(Figure 16), these distributions can also be made with junction boxes. For example, but not
for limitation, the function of the slave cable adapter 22 can also be provided by the slave
adapter junction box 322 shown in Figures 35-37 and illustrated in use position in the
schematic circuit diagram of Figure 38 for a single point control system with two slave heater
branches controlled by a single controller 20.

[0158] The slave adapter junction box 322 has a housing 324 with an inlet connector 330 and
a master outlet connector 332 in opposite top and bottom walls 325, 326, of the housing 324

and two slave outlet connectors 333, 334 in opposite lateral side end walls 327, 328 of the
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m croprocessor being programred for feeding the received data to the
adj ust/ di spl ay m croprocessor, which is programed for processing and
sending the received data to the high-limt control circuit and the
process control circuit. 19.The heater control apparatus of claim 18,

wher ei nhdubRg@RATTRE Gkt RRGeddICI30PRIRCHE Skt dofin@dt&rO1 30T oTah AdiRchdapier cable
receiving and processing data fromthe high-limt tenperature

par aneter i%gqlﬁ-l?iﬁg{ég é& BBt CRRA He el SIRELEL Mﬁ)ﬁﬁ% chftiolty Z(mﬁi e%bgi 'l;lhe

processed just/display mcroprocessor for transm sSio

t he comyuni cat,ions rt.40.an.external .di splay. § : hl?e SEeat r_control

appar andE g Cn 890 e BF G B Rsue SRe Bl 5P oL AR Rlp G Ele

progranmmed to _conpare the tenperature sensed by the second

t enper at4ieCosfguse 1o mage with thetheaies inpatcaneagiar o on dedisateneord §2.04adgater

and to generate one or nore of a plurality of status signals that

i ndi catl$. Theyatbrgt thepeirpf powsscandnetooleads 336uBd 38 barsy ¢dnéroA& powenfrom the

circuit turned on, i.e.,
controller 20 to the master heater 16, while the two pairs of signal conductors 340, 342 and
344, 346 carry signals from the high-limit temperature sensor 50 and the process temperature
sensor 52, respectively, to the controller 20.
[0159] The two slave outlet connectors 333, 334 of the slave adapter junction box 322 are
configured the same as the slave outlet 134 of the slave adapter cable 22 so that they can mate
with the inlet connectors 172 of the T-type slave controlled power cables 24 and the inlet
connectors 190 of the linear-type terminating controlled power slave cables 194. One pair of
power conductors 348, 350 connect the outlet connector 333 electrically in parallel to the
controlled power conductors 336, 338, and another pair of power conductors 352, 354
connect the outlet connector 334 electrically in parallel to the controlled power conductors
336, 338.
[0160] When the slave adapter junction box 322 is connected to the controller 20, as shown
in Figure 38, with one heater 16 connected to the master outlet connector 332 and other
heaters 16' connected into the slave outlet connectors 333, 334, the slave adapter junction box
enables the heater that is connected to the master outlet connector 332 to function as the
master heater 16 and disables the temperature sensors 50, 52 of the 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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in "output” node; (1i) that the tenperature sensed by the
second tenperature sensor is within the desired operating tenperature
range, i.e., "in range"; and (iii1) that the tenperature sensed
by the second tenperature sensor is not within the desired operating

t enper QU6 E ThEEean,iof €ourse,deahdre ahaartwo. sladd .ohitiet ddaAddddrs Gthicsive adapter
apparatus of claim 2061, including a LED display in the base nodul e

that cORREdcHROxB2R! 1Y bédonintodite MblSihad RgY adigyalanf&?ﬁe Iﬁi@?ﬁ@%f&ﬂa@@t in

response to respective ones of the status signals 22 eat er

control heRPE rgltsbl,swl%ie it %saljloqlsl%c';LWn }Ar{nt Eﬁ%a%ﬁé‘s? sﬁﬁ%?a% ic&ﬁesngrdaﬁldﬁional junction

boxes can be connected to the slave outlet connectors 333, 334 of the slave adapter junction
box or to the slave outlet connector 134 of the slave adapter cable 22 to power additional
daisy chain connected series of slave heaters 16’ if desired or needed.

[0162] A source power junction box, for example, the source power junction box 350 shown
in Figures 39-42, can be used in place of the T-type source power cable 26 in the assemblies
shown in Figures 1-8. In the example source power junction box 350, a source power
junction branch outlet connector 352 protrudes from the bottom surface 354 of the source
power junction box 350 and is configured for mating connection to the inlet connector 140 of
the controller 20 (Figures 20 and 21) so that the source power junction box 350 can be
mounted directly on the controller 20 by plugging the source power junction branch outlet
connector 352 to the inlet connector 140.

[0163] A source power junction inlet connector 356 on a first lateral side surface 358 of the
source power junction box 350 receives source power into the source power junction box 350
from, for example, a source power extension cable 25 as described above in relation to Figure
27 and shown, for example, in Figure 42. Therefore, the source power junction inlet
connector 356 in Figures 39 and 40 can be configured the same as the inlet connector 82 of
the T-type source power cable 26 for substitutable modular connectivity to the AC power
source 13 (Figure 27).

[0164] A trunk outlet connector 360 on a second lateral side surface 362 of the source power
junction box 350 in Figures 39 and 40. is provided for daisy connection of one or more
additional controllers 2, as shown in Figure 42, and can be configured the same as the trunk

outlet 86 of the T-type source power cable 26 (Figures 1-8) for substitutability with the T-
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housi ng i ncludes a front panel, a rear panel, and a plurality of

| i ght conductors that extend fromthe back panel to the front pane
and that align with respective ones of the LEDs when the expansion
nodul e is attached onto the base nodule so that the |ight conductors
conducttypé s@hite povsncabis R6¢ Theefraemyaf tidelibkiE dag behtugeeditito AR/tAInkof
t he expansion nodul e for visual displays of the "output”, "in range",

and " al &iifef 96P6Mthe $ddtd SowdrJuddidh Box 396 (I%n(ﬁl?é}%ﬁzfc%ow@loéﬂ?édsﬁin P%

set of components that are conflgured for"assenbly 1h a variety o
desire f n e

for S%SC ?gabé '?q)tq%efs%ﬁléc%t é’?‘%r g%’b%% ? 0 ﬁﬁ? AEehE tgrp%\%%h?napﬁg gﬁgur epm%;ésr AR
heater ntroIIer base nodul es, each of which |ncludes a base nodul e
housi ngm%ont aining (i) an AC power circuit extendi ng between an inlet
connector and an outlet connector in the base nodul e housing, (ii) a
cont r ol [0hFleAniegampleschenasigeircuiiidiagrana i the praouds soUBeRROWes JiIctinn bax
the AC power circuit, (iii) a high-limt control circuit that

cont r ol&0tik ehdv’vrgin—HigmrieMlpdu\me- sfivninkisotiwetpomar tdimmeéiGrsBddes 6 extendst on
and off to the outlet connector in response to a conparison of a

t enper afpiiterriRad HHRANR inlétrc@Ahetdri 58 o IRMARKIUMECORRESS 3600a1?d Ppas et
hi gh-tenperature parameter and a power sequence that includes a power

of fand 0N $6ALERSHen ?Jhﬂu%ﬁo%’s)%%hﬁ’{(ﬁ&&%@ £80% rp%}alfa £ e&nénf@%h ﬁ%m\{nﬁl S

t he process power smn tur powe C|rcu on an

t he out] et connect n a r| son, o er at
reasur SR PPREHFreBEoB AT Sotp G e BracL SHEs PoRtee? 352 SEBRER 4b1 tgneh
set point tenperatur e

outlet connector 352 is connected electrically in parallel to the source power conductors in

relation to the trunk outlet connector 360.

[0166] The branch outlet connector 352 is connected electrically in series, however, between
the inlet connector 356 and the trunk outlet connector 360 with respect to the signal circuit
conductors in the source power junction box 350. Therefore, as shown in Figure 41, one of
the signal circuit conductors, e.g., the trunk signal circuit conductor 372, extends straight
through the junction box 350 from the inlet connector 356 to the trunk outlet connector 360.
The other signal circuit conductor comprises an inlet branch signal circuit conductor 374
extending from the inlet connector 356 to the branch outlet connector 352 and an outlet
branch signal circuit conductor 376 extending from the branch outlet connector 352 to the
trunk outlet connector 360.

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

above for the T-type power source cables 26. Of course, any number of source power
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B. Aplurality of controller expansion nodul es, each of which

i ncl udes an expansi on nodul e housing that is physically attachable to
the base nodule and contains (i) a tactile data input interface, (ii)
a visual al pha-nuneric display, (iii) an adjust/display

m cr oprjoaeisdroxenddl ¢anhe daisyahainconnetdd together eithacercepbkert dxecridise
nodul e for user input of adjustments of the high-limt parameter and

the opedaBlesng, dsBRh 3 Bigre L, FH0InYinuditlr bPEornoBElsay, of the hl gh limit
paraneter and t he operating tenperature set poi nt ;

p “r?" 5@ Féxsdm &'so % 8 5k§ ilhstratB8i 1%‘.9’% d 44 has
cat  ng L 9al T ofOBE S it ultid .

heatin ment C|n ur e  sensor

p03|t|oned n close en to heatin ment .to sense
hoat | pridtGALeR GiF @5? g @ﬁ%n 't fof ta&e%ﬁagé B & e ople
sensor p03|t|oned in close enough prOX|n1ty to the heating elenent to
sense HeapeqRiotidasd thebrand eutlet sonpeeioeAh tvhichre spbsfangiatie Hiespme s die
connector that is connected electrically to the heating el enent and

t 0 t he iflet stnnacidr 3%t antbraedipsitiat coneesten3s® deseniickdvdbioed for shepfapstiaethdxy
and electrically for mating connection to the outlet connector of the
heat er 350Nt @olvef sdiléc juAttHdn xR0t HdvarinACzRONEY add PMvith ewd\&uniRvellet
circuit in the heater controIIer to the heating el enent of the heater
and f oreoh L9986 R%SH résﬁgaﬁeepgaﬁe%ic%@? 3300 Boh6 dht Bﬁtrlet%agnﬁ%ﬁﬁ@@
tenperature sensors to t eater contro ura |ty
T-type urce power ab es

sect | orf SheE OB BESs or BAEY e C?wt?ﬁi%“‘f%eﬂtdaﬁks’ﬁ%@&woe; S
trunk outl et connector on opposite ends of the trunk sectiogn, (iii) a
br anch SSifosiep Cé@ﬁ%%%t%FYPS AOYTRR PRV S FORNSRRE 28 randdineay-iype &W@Eﬂé gource
physically and electrically for mating connection to the inlet
connecthowepfati¢rel (8esatthat two nepanite dpisy chain gonrientgd Acts 96 corgenllsrvivet shawn)
the heater controller, and (iv) a pair of trunk AC power conductors
that extmbd cheteareio drdA€ @owerdoutdee] 3 andrtls thendigial coauie2d vk the source power
electrically to the trunk outlet connector, and wherein said branch
out | et igRAGHRR8HEI ng connect ed eIectrlcaIIy in parallel to the

t runk AC power conductors wherein the trunk inlet connector and the

trunk qpjdoft g%@ﬁf&q %e&u{lsgrﬁﬁg&%@n{m o 85 &ttﬁé &aﬁ@%f or

mat i ng ‘con ECtI on Wlt eac er sot SEC I ons

SRR IR EER T RN AN IO R et

to the brr)elm%{l %Lﬁrtcg pg\]:verhgo%%gétox? I?arll; BE 906I clo%;mct both of the trunk outlet connectors 386, 388
and the branch outlet connector 382 electrically in parailel 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.
[0170] Of course, more than two trunk outlet connectors can be provided in the source power
junction box 380, if desired, with substantially the same kinds of parallel source power and
series signal circuit conductor connections as described above for each additional trunk outlet
connector. Also, if desired, the branch outlet connector 382 could be eliminated so that the

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

series of controllers (not shown) to an AC power source 15 and to a signal circuit 23, but it
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E. At least one linear-type term nating source power cable with an
inlet connector and a term nal outlet connector on opposite ends of
the linear-type term nating source power cable and a pair of AC power
conductors extendi ng between and el ectrically connecting the inlet
connectwouldmdt beorinectabla direcilit toatcoanolladhlet connbeavei 40 whikout ah éitervening
connector of the linear-type term nating source power cable is

conf i gureeheRbdk pBlkY cMNhL 618 %téﬂv@ﬁzhgylnfeéi{tyﬁ@fehﬁﬁlaﬁ %&ﬁﬁ'&é ﬁH’lvérQaﬁI'éq 08,
trunk outlet connector of the T-type sourcé power l e and

term naclr aosl&l#c% 0%955&%1&3%11 &Ifb}etise(r]%ﬁg R dNRE t<§ elr4§'1995ﬂf[g%re%%f &?nn%? lon

cable is con ured Sica ectrlca connec
with the inlet connector %Qﬁ%h ter Ggo IIer for routing the AC
sour ce (?V%Prcﬁé’oi”ﬁée’ﬁ%%@rca@ B Grgpssed a °V°F A sl ave adapter
conprisin a nmaster segnent that includes a master inlet

con nectlsl‘? Ilm cenvensiopglrongenteardateh jeatura o yorp gommeseiali e atallgble gpnnegtarng
connection with the outlet connector of the heater controller for

r out i ngucioat MoldxéY caGigemremciude mldtble] dver sech asai faadhl lever 40 shew:s bavhe
adapter and for routing tenperature signals fromthe first and second

t enper ahalk @omRARR TS i Piguhedd) @athed dapanr ¢ itsLdistaPerBBAtas siost ARitshaped to
connector, which is configured physically and electrically for natlng

connec téng% V%]lta&htﬂ?&r&‘?ﬂ{ & thle Brfadlc COPREGE Oﬁmﬂ Q¢ tHe 2&’(2}1’#%11041'1[358%11 of

power fr e sl'ave adapter to a naster heater routing

i ave. aabbeus APk Car 48 ki e SRR BF LR TAGE lySiny Y4 by

bet ween_ and el ectrical ly connect the master inlet connector to the
mast er BRE9%12 epHdechicvent Hbis duferded dn sers B mete pnErtor foghe fapeale

master inlet connector to the master outlet connector, two pairs of
| ow volcongrstariugtibit ixdisehgegest by piMetingthe éaich lezendddroneancklastie dingedd ) as
connect the master inlet connector and the master outl et connector

for rouhowg i Bigner 48, whiclsiclpasds shd male cohgediorradm drdemakandndctamad atlowe
sensors fromthe naster outlet connector to the nmaster inlet

connectipdm t@héldicédnheded bfil‘{rﬁ)lu g°g%9 MRB edc@kher NEloUASS:, @hﬁeva%pﬁbﬁtioﬁﬁ such

connector and a pair of slave AC power conductors f hat connect the

sl ave %HL@Eoﬁﬁ'iﬁ@Hésgﬁe fbGEht %ﬁ‘édg}ﬁ bl P8 L&y Pk EnARELE Lo BAéC

power con

unplugged unintentionally, for example, by bumping or rubbing past them in tight spaces, and
the like.
[0172] Therefore, to provide further security and resistance to unintentional disconnection of
the connectors, for example, of the connectors 78, 140 shown in Figures 46-48, a cantilevered
resilient spring biasing tab 420 is positioned adjacent the distal end 418 of the latch lever 410.
The biasing tab 420 bears against the distal end 418 of the latch lever 410 and has a resilient
spring bias force that resists movement of the latch lever 410 in a manner that would

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

outwardly against the spring bias force of the biasing tab 420 and forces the biasing tab 420
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G A plurality of T-type slave power cables, each of which includes:
(i)slave trunk section, (ii) a slave branch section, (iii)a slave
trunk inlet connector on one end of the slave trunk section that is
configured physically and electrically to mate with the slave outl et

connecttorpiadt cutveardlyayeinditaet & pivdt wrow 494 an Bidukeddk Dl ¢ledticaediiat piing
on the other end of the slave trunk section that is configured

physi calihyoand ! @@Hobé??ﬂeld’uﬁd'%@erﬁﬁ@ﬁ f@ee t@10 €08 Ulih gh t}?élﬁf&ﬁ%\%? 490
the sl ave adapter to actcommobdat e dai sy chain connecCtion of

plurali |1V, cahl gy kAC
pover cB iR o R SRRl A B Thes o e lef yor%o%ni?ﬁ 4
slave tru |.et connector .to the sl t runk outlet connector to
rout e d'BW? E@&n% ﬁ%\lﬁqlf}eﬁ‘rﬁ?ﬁcpﬁléecéqriﬁg trunk inlet connector to the
slave trunk outlet connector, and (vi)_ a slave branch outlet
connectl8173IhEhere grammmmed ways telpsevide & siring hissipgfosed telbearon the latehny e
trunk AC power conductors and is configured physically and

el ect r ipzairbsior 614re@re svianiple neplbrmeantetion of this feamreas toomeldithe biasihg tab 420 as
controlled AC power to the slave heaters. 24. The heater

cont r ol cagflRaéral part of thellRubng 301 Yhk Bhst die20028Li1keRAtE®I Egur@pd@hs
I ncl udes a controll able signal switch and t he process con circuit

i's pr O%Wﬁpgrhg?ﬁ?uéﬂ‘ﬁaﬁ&%r o ﬁg ?hlfe tﬂa&éu 15@&3&&5&631%{1@@{5&%

t he seco € sensor IS not prese

P 03Tt AW 2t gtp S P b SO e

the in lh%E.lSlggrz]Bf%;[u? lge t%];nntep teo function as a resilient elastic hinge 426, as shown in Figures 47
and 48. A slot 428 can be provided in the housing to accommodate movement of the latch
lever 410 into and out of the housing 201. A tapered cam surface 421 can be provided on the
tab 420 to facilitate camming the tab 420 out of the way when the latch lever 410 is being
inserted into the housing 201 as the outlet connector 78 is plugged into the inlet connector
140.
[0174] As mentioned above, this bias force feature can also be implemented in other ways.
Several examples are shown in Figures 49-51. In Figure 49, the biasing force is provided by
a compressible leaf spring 430 mounted in a bracket 432 on the inside of the housing 201. In
Figure 50, a coil compression spring 434 provides the bias force, and, in Figure 51, an
elastically compressible material 436, such as rubber, silicon rubber, a foamed elastomer, or
other foamed material is shown to provide the bias force against the distal end 418 of the
lever 410.
[0175] While the biasing tab 420 has been described above in relation to the branch outlet

connector 78 and the controller inlet connector 140, it is also applicable to the controller

outlet connector 142 and whatever interfacing inlet connector is plugged into the controller
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heater controller, (ii) the T-type source power cables also

I nclude signal wires that connect the branch outlet connectors in
series to a signal circuit at a renbte nonitoring station so that
connection of the branch outlet connector to the inlet connector of

t he heanglet comectot, leex:, thehermertinlet bmmseignéd, skawk addptéminleheorneatbei 30, slave
controller in series with the signal circuit; and (iii) the

| i near -jui@fntixThiReEdNMGCEOBB(E @td)AAEscEiBEd Sbdves Ot daaslsdit@nabd M reRioh kat
connect the termnal outlet connector in series to the signal circuit

so t hattPg glao@ﬁﬁlbﬁéh Rx SR Pﬁ,% ;ﬁd@&m b Qﬁo@? @%%%gestﬁseanh%t. er

controllers to the termnal outlet connector 't near-type

' ' bl I he signal i tch of
o naUkE SBE BB BB B e RPRE, B B ARG UL oo
of provjding.a hjgh-1jmt thermal safety shutdown for a heater that

i s poweteseritsg methoshnd embodimenta@ikh sradily beeu ( those grifhed iy thgart, it is not
desired to limit the invention to any of the exact construction and process shown and
described above. While a number of example aspects and embodiments have been discussed
above, those of skill in the art will recognize certain modifications, permutations, additions,
and sub-combinations thereof. It is therefore intended that the following appended claims
and claims hereafter introduced are interpreted to include all such modifications,
permutations, additions, and sub-combinations as are within their true spirit and scope. The

LR 1

include,”

k4

words “comprise,” “comprises,” “comprising,” “has,” “have,” “having,
“including,” and “includes” when used in this specification and in the following claims are

intended to specify the presence of stated features or steps, but they do not preclude the

presence or addition of one or more other features, steps, or groups thereof.
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positioning a high-limt switch in the AC power circuit that is
capable of turning the AC power to the heater on and off; and
controlling the high-limt switch with a high-limt control circuit
that is powered by | ow voltage DC power froma DC power source and
that is programmed to (i) conpare acLAIN® ature sensed by a
tenperature sensor that is positioned in close enough proximty to
the heater to sense heat produced by the heater to a preset high

t enper JO¥TH ThébhbiRBmRABLEhe ihbéntiondt $@idhe dtBibve ipfaderts\oir bﬁbﬂégé igurn
off the AC power to the heater if the tenperature sensed by the

t enper %Mﬁﬁd%w ﬁéfﬁﬁ%@vthe preset high tenperature limt, and

(ii1) cause t Imt switch to turn on the AC power tothe
heater if the | ow voltage DC power to the high-limt control circuit
has been stopped and then started again and if the tenperature sensed
by the tenperature sensor does not_exceed the preset tent*ﬁerature

t

limt. 1. heaten coBiralAPPATIS BT FARRgIng HOMEHR 19 § Araterheihanan &4f et y

shutdown for a heater that is powered by AC power via an AC power
ci r cui tpowsosddrdang glement which gpsdduicemaatywhemiqyettedia arsMCtpphwer sourhe stid
power circuit that is capable of turning the AC power to the heater
on and hehfer catoll app@itud corhprismg:t ch i ncl uding a normal |y open rel ay
switch that is powered by a coil to close and thereby to turn the AC
pover on and thats openg fipdi esnpdiSruf@ichsdrinB ke RAVRERFera@®Rsensor positioned

in close enough proximity to the heating element to sense heat produced by the

heating element;

B. A heater controller comprising:

(1) an AC power circuit extending between an inlet connector in
the heater controller and an outlet connector in the heater controller, wherein
said inlet connector is connectable electrically to an AC power source and said
outlet connector is connectable electrically to the heating element to provide
AC power to the heating element via the AC power circuit;

(ii) a high-limit power switch in the AC power circuit between the
inlet connector and the outlet connector of the heater controller that is capable
of opening and closing the AC power circuit;

(iii)  a high-limit control circuit that is connected to the high-limit
power switch in a manner that causes the high-limit power switch to open the
AC power circuit in response to a temperature sensed by the first temperature

sensor exceeding a high-limit temperature parameter and that causes the high-

Limit power switch to close in response to the temperature sensed by the first
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positioning a PTC therm stor in the heater, directing electric
current to flow through the PTC resistor in series with a coil power
circuit so that the coil is powered fromcurrent that flows through
the PTC thennistor, providing a drain circuit that closes when

current stops fl Oﬁéhﬁ}GraH}é QuHaby ﬁd}%xg’&@lﬁghﬁé ;%Im)ﬁn fihekdtate JaliBdtéiSand a

closed to drain current away fromthe coi | en current starts

fl owi ng again thr T |stor 28. A nethod of
controlling a pl Lﬁ%tséfih%flg ers ’that are powered by AC power from

an AC power source to roduce heat risi tionin
heater controller adj a¥nt %%]I‘imnf‘blfa Fsl}?f’é’fq%twltﬁlf mn@gt‘é\e(# BOWE ¢ ult
each heater controller having neans for turning AC power in an AC
power circuit on befdewrthe pRelegnosriarang dhe elet @qnnﬁc'@éﬂéfélé hietgt eantroller
tenperature to an operating tenperature set point to create AC
control |l ed power,thathercaableedepeiagtad cloaingdire AGlIpptvee ointidcioaonfrolrthe AC
recei ving AC source power into the AC power circuit and an outl et

connector for deljouRiipRSidednt: k8l logdetAnPover to the heaters;
connecting the heaters el ectrl cally to the respective heater

controllers via the o b/\: 9(%9E8ﬁt§01%§rcﬁlpﬁaapfs%ﬁﬁec?é?f%rtﬂé %\%Eéssi(awer

that the heaters are p the con

switch in a manner that causes the process power switch to open and close the
AC power circuit in response to comparison of the temperature sensed by the
second temperature sensor with a preset desired set point temperature.

2. The heater control apparatus of claim 1, wherein the controilable power
process switch is positioned in series electrically with the high-limit power switch.

3. The heater control apparatus of claim 2, wherein the controllable power
process switch is positioned electrically in series between the high-limit switch and the outlet
of the heater controller.

4. The heater control apparatus of claim 1, wherein the power sequence condition
includes opening a drain circuit that, when closed, prevents the high-limit power switch from
closing.

5. The heater controller apparatus of claim 1, wherein the power sequence
condition includes a sequence comprising power to the process contrpl circuit being
terminated and then reestablished.

6. The heater controller apparatus of claim 5, wherein the high-limit control
circuit is programmed to cause the high-limit power switch to open and thereby turn off AC
power to the outlet connector if the temperature sensed by the first temperature sensor is

higher than the high-limit temperature parameter.
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connecting the AC power fromthe AC power source to the plurality of
heater controllers via a series of T-type source power cable
sections, each of which has a trunk segnment that is daisy chain
connected to the trunk segnment of another one of the T-type source

power cabl esy and ' tr: _
one of the ﬁéat erﬁ%aﬁlcwkdsl%?%% oPERIHES, RAeTHNhe B%g‘fhr{%ﬁg&ﬁ%%lﬂ“ﬁt

e 1 nlet connector eater

controller so th t he heater,.controller re coppected el ectricall

" par df et emmeE o, s MR ALIRR GGy sFirth Ao pARE Rl b Gy he
met hod of controlling a plurality of heaters that are powered by AC
power fﬁ?ré#ﬁeawew@% SHEPT SEGH E‘&Pﬂfég%ﬁhﬁé’i‘%@slmlt tempergiyeg pargRetghand %@ RPWET
controller adjacent a plurality of heaters, each of which has a

heat i ngpeghense penditien has degwrsed. one t enperat ure sensor adj acent the
heating el ement and a heater inlet connector where power wres
connect ed el&ct r i Tiad Hegtek oorithe apeahton gf elamme whearsid (¢ pdatsswon@d circuit is
connected electrically to the tenperature sensor are term nated,
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receiving AC
temperature sensed by the second temperature sensor exceeds a preset hysteresis upper value
in relation to a preset desired set point temperature and to close the AC power circuit if the
temperature sensed by the second temperature sensor is below the preset hysteresis lower
value in relation to the preset desired set point temperature.

9. The heater control apparatus of claim 7, wherein the heater controller also has
a DC power supply connected electrically to the AC power circuit between the inlet
connector of the heater controller and the high-limit power switch for converting AC power
to DC power and providing the DC power to the high-limit control circuit, and wherein the
power sequence condition includes the DC power to the high-limit control circuit being
terminated and then reestablished.

10.  The heater control apparatus of claim 1, wherein the high-limit power switch
comprises a mechanical relay switch that opens and closes in response to signal input from
the high-limit control circuit.

11. The heater control apparatus of claim 1, wherein the process power switch
comprises a solid state power switch that turns off and on to open and close the AC power
circuit in response to signal input from the process control circuit.

12.  The heater control apparatus of claim 11, wherein the solid state power switch

includes a triac.

13.  The heater control apparatus of claim 1, including:
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power fromthe AC power source, an outlet connector for receiving
tenperature signals fromthe tenperature sensor in the heater and for
delivering controlled AC power to the heating elenent in the heater,
and a process control circuit that conpares the tenperature signals

to at |east one t@nperafediRrabft riteRlonBPEANRS thettdick BoitdMer ERfcbed tyo
power to the heater on and off based on the conparison of the

t enperat ure gi I tnt ter: Al | f
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and the power wr fhe heater inlet. cannector. to the |1 er
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heaters as aANg|ciRres HBAeBPCBICIgRZE LN gireml {n TepRonge igdempprabse snge pignal
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connect or viiapywdwem tlegdeess oomrol nir¢the sl ave adapter that connect the
heaters electrically in parallel to the AC power. 30. A
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and that has at |east one tenperature sensor, conprising;
programmed to compare the temperature sensed by the second temperature sensor to a preset
desired operating temperature range and to generate the temperature range signal input to the
temperature range signal switch to cause the temperature range signal switch to open the
temperature range signal switch if the temperature sensed by the second temperature sensor is
not within the preset desired operating temperature range and to close the temperature range
signal switch if the temperature sensed by the second temperature sensor is within the preset
desired operating temperature range.
15. The heater control apparatus of claim 1, wherein:

(1) the high-limit control circuit is capable of being programmed with the
high-limit temperature parameter and of receiving program signals for adjusting the
high-limit temperature parameter; and

(i)  the process control circuit is capable of being programmed with the
desired set point temperature and the hysteresis and of receiving program signals for
adjusting the set point temperature and the hysteresis.

16. The heater control apparatus of claim 15, including a base control module
housing that contains the AC power circuit, the high-limit switch, the high-limit control
circuit, the process power switch, the process control circuit, the inlet connector, and the

outlet connector.
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connecting a heater controller base nodule electrically to an AC
power source and connecting the heating elenent and the tenperature
sensor of the heater electrically to the heater controller base
nodul e; conparing tenperature signals fromthe tenperature

sensor to a fﬁ”pefl?éMa%r%@ﬁtrdl@hﬁéraiﬂ@b?&ﬁfnﬂﬁ,iiﬁclhﬁ'i%glaﬁ%ﬁ AR o Rl
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set point data fromthe base nodule and to process aid sensed
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31. The nethod of claim 30, wherein the expansion nodul e al so has
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to adjust the set point, and wherein the m croprocessor is progranmed
to recey : : - ' : [
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| nstr ucl}olrtovgf%h contacts for interfacing the adjust/display microprocessor electronically to the base

module, and wherein the expansion module housing is physically attachable to the base
module housing in a detachable manner with the contacts of the electronic data port of the
expansion module in mating alignment with complementary contacts of a corresponding
electronic data port on the base module housing, said adjust/display microprocessor being
programmed to process input data signals from the tactile data input interface for delivery of
queries and adjustments to the high-limit control circuit and to the process control circuit and
for receiving and processing data from the high-limit control circuit and from the process
control circuit for display, whereby attachment of the expansion module housing to the base
module housing enables user input of adjustments of the preset high-limit temperature
parameter, set point temperature, hysteresis, and desired operating temperature range as well
as display of the preset high-limit temperature parameter, set point temperature, hysteresis,
and desired operating temperature range.

18.  The heater control appara’fus' of claim 1758, wherein the expansion module
also includes a communications port for receiving adjustment data from an external data
generating device for adjusting the high-temperature parameter and the operating temperature
set point, and a communications microprocessor with electronic connections to the

communications port and to the adjust/display microprocessor, said communications
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32. The nethod of claim 31, wherein the base nodul e al so uses

adj ust abl e hysteresis and tenperature range paraneters for turning AC
power to the heater on and off; and wherein the expansi on nodul e al so
has capabilities of receiving and displaying those paraneters and of
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to bear against the distal end of the latch | ever in a manner that

resi st Se@pérad(eé plrafieiee A tan@ thel diRrdtiak SdinpeMare dehpdint, W@ttt pRtedsed by
di sengage the dog on the latch I'ever fromthe latch protrusion in

order tiflc QHEGRAGEE! mid6pBsbdi o QIHIRHRIN ik BT ol tionS B &F4PLxternal

display.

20. The heater control apparatus of claim 17, wherein the process control circuit is
also programmed to compare the temperature sensed by the second temperature sensor to a
preset desired temperature operating range and to generate one or more of a plurality of status
signals that indicate:

(i) that the process control circuit has the AC power circuit turned on, i.e.,
in “output” mode;

(ii)  that the temperature sensed by the second temperature sensor is within
the desired operating temperature range, i.e., “in range”; and

(i)  that the temperature sensed by the second temperature sensor is not
within the desired operating temperature range, i.e., “alert/alarm”.

21. The heater control apparatus of claim 2061, including a LED display in the
base module that comprises a plurality of LEDs, individual ones of which light in response to
respective ones of the status signals.

22.  The heater control apparatus of claim 21, wherein the expansion module
housing includes a front panel, a rear panel, and a plurality of light conductors that extend
from the back panel to the front panel and that align with respective ones of the LEDs when

the expansion module is attached onto the base module so that the light conductors conduct
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34. The wire connector apparatus of claim 33, wherein the bias
apparatus includes a contilevered biasing tab nolded as a part of a
housi ng on the second conponent adjacent the inlet connector, said
bi asi ng tab being yiel dably noveabl e agai nst an elastic bias in

I espoNsigot; Groth REYREM oh& FehARLDE fthk FronParlcBbEthc 'eﬁ%ﬁfsio_n module fo3¥isual
The wire connector apparatus of claim 33, wherein the bias apparatus
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systems for a plurality of heaters, including:

A. A plurality of heater controller base modules, each of which includes a
base module housing containing (i) an AC power circuit extending between an inlet
connector and an outlet connector in the base module housing, (ii) a controllable high-
limit power switch and a process power switch in the AC power circuit, (iii) a high-
limit control circuit that controls the high-limit power switch to turn the AC power
circuit on and off to the outlet connector in response to a comparison of a temperature
measurement from a first temperature sensor to a preset high-temperature parameter
and a power sequence that includes a power off and on sequence, and (iv) a process
control circuit that controls the process power switch to turn the AC power circuit on
and off to the outlet connector in response to a comparison of a temperature
measurement from a second temperature sensor to a preset operating set point
temperature;

B. A plurality of controller expansion modules, each of which includes an
expansion module housing that is physically attachable to the base module and
contains (i) a tactile data input interface, (ii) a visual alpha-numeric display, (iii) an
adjust/display microprocessor, and (iv) a data connection interface with the base
module for user input of adjustments of the high-limit parameter and the operating
temperature set point and for display of the high-limit parameter and the operating

temperature set point;
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C. A plurality of heaters, each of which comprises (i) an AC powered
heating element for producing heat, (ii) a first temperature sensor positioned in close
enough proximity to the heating element to sense heat produced by the heating
element, (iii) a second temperature sensor positioned in close enough proximity to the
heating element to sense heat produced by the heating element, and (iv) a heater inlet
connector that is connected electrically to the heating element and to the first and
second temperature sensors and which is physically and electrically for mating
connection to the outlet connector of the heater controller for routing controlled AC
power from the AC power circuit in the heater controller to the heating element of the
heater and for routing sensed temperature signals from the first and second
temperature sensors to the heater controller;

D. A plurality of T-type source power cables, each of which comprises (i)
a trunk section and a branch section, (i1) a trunk inlet connector and a trunk outlet
connector on opposite ends of the trunk section, (iii) a branch outlet connector on the
branch section that is configured physically and electrically for mating connection to
the inlet connector of the heater controller for routing AC source power into the heater
controller, and (iv) a pair of trunk AC power conductors that extend between and
connect the trunk inlet connector electrically to the trunk outlet connector, and
wherein said branch outlet connector being connected electrically in parallel to the
trunk AC power conductors, wherein the trunk inlet connector and the trunk outlet
connector are configured physically and electrically for mating connection with each
other so that the trunk sections of the plurality of T-type source power cables can be
daisy chain connected together in order to provide AC source power from an AC

power source to the plurality of heater controllers;
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E. At least one linear-type terminating source power cable with an inlet
connector and a terminal outlet connector on opposite ends of the linear-type
terminating source power cable and a pair of AC power conductors extending
between and electrically connecting the inlet connector and the terminal outlet
connector, wherein the inlet connector of the linear-type terminating source power
cable is configured physically and electrically for mating connection to the trunk
outlet connector of the T-type source power cable and the terminal outlet connector of
the linear-type terminating source power cable is configured physically and
electrically for mating connection with the inlet connector of the heater controller for
routing the AC source power to the heater controller;

F. A slave adapter comprising (i) a master segment that includes a master
inlet connector, which is configured physically and electrically for mating connection
with the outlet connector of the heater controller for routing controlled AC power
from the heater controller to the slave adapter and for routing temperature signals
from the first and second temperature sensors to the heater controller, a master outlet
connector, which is configured physically and electrically for mating connection with
the heater inlet connector for routing controlled AC power from the slave adapter to a
master heater and for routing temperature signals from the first and temperature
sensors to the slave adapter, a pair of master AC power conductors that extend
between and electrically connect the master inlet connector to the master outlet
connector to conduct controlled AC power from the master inlet connector to the
master outlet connector, two pairs of low voltage signal conductors that extend
between and electrically connect the master inlet connector and the master outlet
connector for routing temperature signals from the first and second temperature

sensors from the master outlet connector to the master inlet connector, and (ii) a slave
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segment that includes a slave outlet connector and a pair of slave AC power

conductors that connect the slave outlet connector electrically in parallel to the master

AC power conductors; and

G. A plurality of T-type slave power cables, each of which includes:

(i)slave trunk section, (i1} a slave branch section, (ii1) a slave trunk inlet

connector on one end of the slave trunk section that is configured physically and

electrically to mate with the slave outlet connector of the slave adapter, (iv) a slave
trunk outlet connector on the other end of the slave trunk section that is configured
physically and electrically the same as the slave outlet connector of the slave adapter
to accommodate daisy chain connection of a plurality of T-type slave power cables,

(v) a pair of slave trunk AC power conductors that extend between and electrically

connect the slave trunk inlet connector to the slave trunk outlet connector to route

controlled AC power from the slave trunk inlet connector to the slave trunk outlet
connector, and (vi) a slave branch outlet connector that is connected electrically in
parallel to the slave trunk AC power conductors and is configured physically and
electrically to mate with the heater inlet connectors to route controlled AC power to
the slave heaters.

24.  The heater control apparatus of claim 23, wherein the base controller module
includes a controllable signal switch and the process control circuit is programmed to open
the signal switch if the temperature sensed by the second temperature sensor is not within a
preset desired operating temperature range.

25.  The heater control apparatus of claim 24, wherein:

(1) the signal switch is connected in series to the inlet connector of the

heater controller,
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(i)  the T-type source power cables also include signal wires that connect
the branch outlet connectors in series to a signal circuit at a remote monitoring station
so that connection of the branch outlet connector to the inlet connector of the heater
controller connects the signal switch in the heater controller in series with the signal
circuit; and

(i)  the linear-type terminating source power cable also has signal wires
that connect the terminal outlet connector in series to the signal circuit so that
connection of the inlet connector of one of the heater controllers to the terminal outlet
connector of the linear-type terminating source power cable also connects the signal
switch of that heater controller in series with the signal circuit.

26. A method of providing a high-limit thermal safety shutdown for a heater that
is powered by AC power via an AC power circuit, comprising:

positioning a high-limit switch in the AC power circuit that is capable of
turning the AC power to the heater on and off; and

controlling the high-limit switch with a high-limit control circuit that is
powered by low voltage DC power from a DC power source and that is programmed
to (i) compare a temperature sensed by a temperature sensor that is positioned in close
enough proximity to the heater to sense heat produced by the heater to a preset high
temperature limit parameter, (ii) cause the high-limit switch to turn off the AC power
to the heater if the temperature sensed by the temperature sensor exceeds the preset
high temperature limit, and (iii) cause the high-limit switch to turn on the AC power
to the heater if the low voltage DC power to the high-limit control circuit has been
stopped and then started again and if the temperature sensed by the temperature

sensor does not exceed the preset temperature limit.
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27. A method of providing a high-limit thermal safety shutdown for a heater that
is powered by AC power via an AC power circuit, comprising:

positioning a high-limit switch in the AC power circuit that is capable of
turning the AC power to the heater on and off, said high-limit switch including a
normally open relay switch that is powered by a coil to close and thereby to turn the
AC power on and that opens when the coil is not powered; and

positioning a PTC thermistor in the heater, directing electric current to flow
through the PTC resistor in series with a coil power circuit so that the coil is powered
from current that flows through the PTC thermistor, providing a drain circuit that
closes when current stops flowing through the PTC thermistor and that remains closed
to drain current away from the coil when current starts flowing again through the PTC
resistor.
28. A method of controlling a plurality of heaters that are powered by AC power

from an AC power source to produce heat, comprising:

positioning a heater controller adjacent each of the plurality of heaters, with
each heater controller having means for turning AC power in an AC power circuit on
and off based on comparison of a sensed heater temperature to an operating
temperature set point to create AC controlled power , wherein each heater has an inlet
connector for receiving AC source power into the AC power circuit and an outlet
connector for delivering controlled AC power to the heaters;

connecting the heaters electrically to the respective heater controllers via the
outlet connectors of the heater controllers so that the heaters are powered by the
controlled AC power; and

connecting the AC power from the AC power source to the plurality of heater

controllers via a series of T-type source power cable sections, each of which has a
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trunk segment that is daisy chain connected to the trunk segment of another one of the
T-type source power cables and each of which has a branch segment that connects to
one of the heater controllers via the inlet connector of the heater controller so that the
heater controllers are connected electrically in parallel in relation to each other in the
AC power circuit.
29. A method of controlling a plurality of heaters that are powered by AC power
from an AC power source, comprising:

positioning a heater controller adjacent a plurality of heaters, each of which
has a heating element and at least one temperature sensor adjacent the heating element
and a heater inlet connector where power wires connected electrically to the heating
element and signal wires connected electrically to the temperature sensor are
terminated, wherein the heater controller includes an inlet connector for receiving AC
power from the AC power source, an outlet connector for receiving temperature
signals from the temperature sensor in the heater and for delivering controlled AC
power to the heating element in the heater, and a process control circuit that compares
the temperature signals to at least one temperature set point parameter and turning the
AC power to the heater on and off based on the comparison of the temperature signal
to the set point parameter;

operating one of the heaters as a master heater by connecting both the signal
wires and the power wires at the heater inlet connector to the controller outlet
connector via respective power and signal conductors in a slave adapter; and

operating at least one more of the plurality of heaters as a slave heater by
connecting only the power wires at the heater inlet connector of that heater to the
controller outlet connector via power conductors in the slave adapter that connect the

heaters electrically in parallel to the AC power.
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30. A method of controlling a heater that has an AC powered heating element and
that has at least one temperature sensor, comprising:

connecting a heater controller base module electrically to an AC power source
and connecting the heating element and the temperature sensor of the heater
electrically to the heater controller base module;

comparing temperature signals from the temperature sensor to a temperature
set point parameter in the base module and switching the AC power to the heater on
and off in the base module to provide controlled AC power to the heater based on the
comparison of the signals from the temperature sensor to the temperature set point
parameter; and

displaying the sensed temperature and the set point parameter by attaching a
detachable expansion module to the base module, wherein the expansion module has
display apparatus and a microprocessor that is programmed to receive sensed
temperature and set point data from the base module and to process aid sensed
temperature and set point data for display at the expansion module.

31.  The method of claim 30, wherein the expansion module also has data input
apparatus for inputting to the microprocessor instructions to adjust the set point, and wherein
the microprocessor is programmed to receive and process the instructions and to send signals
to the base module to adjust the temperature set point according to the instructions.

32. The method of claim 31, wherein the base module also uses adjustable
hysteresis and temperature range parameters for turning AC power to the heater on and off,
and wherein the expansion module also has capabilities of receiving and displaying those
parameters and of receiving and processing adjustment inputs for those parameters and

sending signals to adjust one or more of those parameters in the base module.
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33.  Wire connector apparatus for connecting an outlet connector on a first
component to a inlet connector on a second component, comprising:

a latch protrusion the inlet connector;

a pivotal latch lever on the outlet connector, said pivotal latch lever having a dogon a
distal end of the latch lever that is sized, shaped, and positioned for engagement with the
latch protrusion when the outlet connector is matingly connected to the inlet connector, and
wherein the second compoenent includes bias apparatus positioned to bear against the distal
end of the latch lever in a mémner that resists a 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 outlet connector from the inlet connector.

34.  The wire connector apparatus of claim 33, wherein the bias apparatus includes
a contilevered biasing tab molded as a part of a housing on the second component adjacent
the inlet connector, said biasing tab being yieldably moveable against an elastic bias in
response to a pivotal force applied to the latch lever.

35.  The wire connector apparatus of claim 33, wherein the bias apparatus includes
a spring positioned adjacent the inlet connector.

36.  The wire connector apparatus of claim 35, wherein the spring is a leaf spring;

37.  The wire connector apparatus of claim 35, wherein the spring is a coiled
compression spring.

38.  The wire connector apparatus of claim 33, wherein the bias apparatus includes

a compressible material.
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