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A modular switch device (20) includes a housing (22) enclosing an interconnected control module (70), a display mo-
dule (72) and a power module (74). A sensor module (42) supplying analog data signals from one of a temperature (104) or
pressure sensing element (170) connects to the control module (70) through a passage (48) in the housing. A user can select
between AC and DC switched output modules (66) and the presence or absence of a 4-20 milliampere output module (62,
64) by plugging and unplugging same from wells (56, 58, 60) provided in the housing. The manufacturer and user thus can
modify the standard housing, which includes an internal electrical assembly to be a pressure or temperature switch and to
provide selected output switch characteristics by applying and removing selected sensor and output modules thereto. The
control module (70) includes one analog to digital converter (134) and controls via microprocessor (136). The sensor mo-
dule (42) includes an amplifier (120), a reference voltage circuit (122) and a non-volatile memory (124) containing calibra-
tion data.
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MODULAR SWITCH DEVICE

Background of the Invention

This invention relates generally to switch
devicés that furﬁish discrete output signals as a
pressure or temperature sensitive element experiences
or senses a set point or particular value and to
sensor devicés that furnish continuous or analog
outputs, indicating the pressure or temperature
conditions experienced or seﬁsed by a sensing
element. In particular, the invention relates to a
modular switch device that includes selected
removable and interchangeable output modules
furnishing desired discrete and analog output
signals, indicating the pressure and temperature
conditions experienced by a sensing element
associated with a selected one of several removable

and interchangeable sensor modules.
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Pressure switches are known that include an
integral pressure sensing element connected to a

pressure line. The output of the pressure switch

indicates that the pressure in the pressure line

stands above or below a selected set point or
particular value by making or breaking contact
between pairs of user-supplied wires. Temperature

switches likewise are available to provide similar

indications on user-supplied wires in response to

sensed temperatures being above or below selected set
points or particular values.

Such switches becdme used in such as
industrial applications for controlling processes

involving pressure and temperature. While these

switch devices have in the past substantially

fulfilled the requifeﬁents for indicating process
parameters, they exhibit some drawbacks. In
particular, the switch devices geherally have been
limited by the accuracy of the.includéd sensing
element. A more accurate pressure or temperature
switch device required a more accurate and more
expensive sensing element and a more accurate
electrical circuit for converting the sensed pressure
and temperature to the desired opening and closing of
contaéts for the output. If the range or type of
switch device in its entirety was to be changed in

the field, the old temperature or pressure switch
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device was removed and discarded and the new desired
switch device was installed. This effected needless
waste of an otherwise properly functioning switch
device.

Additionally, pressure sensing elements
usually provide a non-linear data signal to the
control electronics of the switch device. This non-
linearity previously became compensated or adjusted
for by the control electronics before the device
determined whethér to change or maintain the
condition of the output contacts. Normally; the
sensing element data signal occurs at a low level and
must be amplified for use by the control electronics.
This introduces amplifier gain and drift and accuracy
errors that can differ between different ones of the
switch devices.

Pressure transducers, ét ieast, have become
known that include micro-electronic processors
enclosed within the cylindrical éase of the
transducer. These Eransducers compensate for these
non-linearities and different gain to provide a
serial data signal indicating the pressure sensed by
the pressure sensing element’ of the transducer. This

overcomes some of the.drawbacks of earlier switch

devices, but again the entire case and contents

becomes discarded when replaced by a switch device of
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a different range or of a different type, whether

pressure or temperature.

The transducer calibration system disclosed
in U.S. 4,446,715 to Bailey furnishes a transducer
system capable of receiving data signals from a
plurality of pressure transducers and that provides
plural corresponding monitoring and correcting
circuits to furnish a fully corrected pressure
measurement output signal from each,transdﬁcer.

The pressure transducers comprise a fiber
optic pressure sensiﬁg element and a circuit card
carrying opto-electronic signal producing components
and an array of resistors. The resistors in the
array identify the offset in the sensing element’s
output signal at zero pressure, the différence
between the span of the sensing elements actual
output signal and the span of its desired output
signal and the degree of non-linearity in the sensing
element’s output signal.

The monitoring and correcting circuitry
receives the data signal from the sensing element and
can determine the resistance of the resistors in the
array for corrécting and compensating the sensing
element to linear data. While the sensor elements or
pressure transducers apparently can be connected to
the monitoring and correcting circuitry as desired to

obtain sensing of different pressure ranges, there is
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only one analog output, and the monitoring and
correcting circuitry includes complicated
compensation circuits. This system appears
incapable, further, of accepting a temperature
tfansducer in place of a pressure transducer.

The pneumatic—digital converter system and
method disclosed in U.S. 4,483,178 to Mille furnishes
a pressure to digital module assémbly. A chassis of
the system'carries a plurality of pressure line
connectors for the pressure lines to be monitored and
carries a printed circuit mother board carrying a
plurality of electrical connectors for receiving the
digital data measured from the monitored pressure
lines. Modules. plug into the chassié and mother
board for connection to the pressure lineé and
conductors carried on the mother board. Each module
contains one or more pressure transducers, an analog
to digital converter and a non-volatile memory
component, which stores data to compensate for non-
linearities, offsets, gains,‘etc.'of the transducer
and converter. Each module also contains a
temperature-transduce£ to sense the ambient
temperature fcf correcting temperature variations in
the pressure transducers. Changing the range of a
pressure sensing element or changing to a temperature

sensing module apparently requires discarding the
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entire module including the non-volatile memory, the
analog to digital converter and control logic.

In the temperature type switch devices, it
is. known to providé a process monitor or meter that
provides terminals for electrical connection to any
one of several different types of thermocouples
having different temperature rangés. These devices
contain contrél logic and non-volatile memories to
linearize the input signal depending upon the
thermocouple type used. Switched and analog outputs
are available apparently as factory options while
some types of switch devices allow the user to change
the type of output by simply changing an output
circuit card. (This latef change becomes effected by
removing the housing of the meter, sliding the output
circuit board off the stakes connecting it to the
control logic circuit board and installing the
desired output circuit board. While the ability to
change the type ofroutputs>and the type of
temperature sensors appears readily accomplished by
such a device, such a switch device canhot readily be
changed to sense and indicate pressures.

General purpose digital process monitors or
controllers also are known to accept any one of two
different types of sensing element data signals and
to provide serial, discrete and-analog outputs.

Microprocessor based software performs wide ranges of
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mathematical operations on the data received from the
sensing elements to perform desired linearization,
scaling and range outputs. While such switch devices
perform most switching functions conceivable, their
expense prohibits them from being used in ordinary
process control situations. Moreover, field changes
appear to require opening the case of the switch
device to interchange internal circuit boards.

What is desired is a switch device.having a
standard housing and standard, interchangeable sensor
and output modules that serve well for processing
pressure and temperature data from respective sensing
elements and that can supply desired switched and
analog outputs. 'Such a switch device could Ee
manufactured with few differing parts to érovide
temperature and pressure sensing over wide ranges.
This would simplify manufacturing to make specific

ones of standard parts and to combine desired sensor

-and output modules with a standard housing assembly

at final assembly to meet custom orders. 1In the
field; customers could readily change between

temperature or pressure ranges, between temperature

- and pressure sensing, and between desired outputs

simply by removing and installing desired modules
from exterior of the switch device housing.
Such a switch device could be manufactured

inexpensively, and once installed in a customer’s

-
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plant; could be changed as desired to meet changing
process coﬁtrol needs. Such a switch, however,
should be arranged and constructed for each sensing
device to provide the most accurate data possible
between manufacturing lots of the sensing elements of

the same type and range.

Summary of the Iﬁvention

The switch device of the invention provides
a standard housiﬁg—assembly capable of receiving from
its exterior pluggable sensor and output modules.
Different temperatﬁfe and pressure sensor modules are
interchangeable and different output modules are
interchahgeablel Therhousing assembly ihcludes a
protective case and an electronic assembly including
an analog to digital converter and control logic
standard to all senso: and outpﬁt module variations.
The sensor modules each contain digital calibration
data used to standardize and linearize the data
signals produced by each different sensor module. A
standard input port of serial and analog signals to
the housing assembly receives the various temperature
and pressure sensor modules. The output modules '
likewise become installed at standard output ports
with each type of output module being indicated by a
simple wiring of an indicator lead and the output

module connector.
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The processes of the invention includes a
self-diagnostic tool that accumulates the number of
times a sensor experiences an over-range condition
and displays or indicates the over-range count to the
user upon demand. Transients, in such as a sensed
pressure line, become digitaily filtered out by
determining the slope of successive data signal
values and ignoring those with a slope greater than a
certain value. The switch device further indicates
that the calibra£ion data for recalibrating the
sensing element to zero needs to be reset and
prevents any recalibration beyoﬁd one percent of the
previous . value.

The switch device indicates on a display

the calibrated set points or particular values at

which the output modules are to make and break
contact between the user-supplied wires. A user
changes the displayed particular values by actuating
push button switches binarily to increment or
decrement the cohtents of a register containing the
actual values from the sensor module at which making
and breaking of contact is to occur. The switch
device then converts the contents of that register to
produce the linearized or célibrated switch point
selected by the user at the display.

Thereafter, the control logic only compares

the received data signal from the sensor module
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against the actual values in the registers to
determine whether to make and break contact at the

output modules.

The switchrdevicerof the invention thus
provides a standard housing assembly thét can be used
to make several different desired temperature or
pressure sﬁitch devices. The ﬁanufacturer produces
standard parts such as housing assemblies, sensor
modules and output modules. Each sensor module is
tested by the manufacturer for its linearity, offset
and gain, and the data for standardizing the
calibration of that sensor module becomes written
into a non-volatile memory carried therein. At final
assembly, the manufacturer installs the sensor and
output modules specified by the customer before
shipping the switch device to the customer. '

In the field, the user‘chénges between
temperature or pressure rangeé, between'pressure or
temperature sensors or between output types by .
unplugging from the exterior of the switch device
housing the undesired sensor or output module and
plugging in the desired module; The modules are
small and relatively inexpensive to reduce the waste
if the modules are discarded, or the customer can
retain the modules for later use in the same or other
switch devices. This substantially reduces the

amount of labor and materials the user must spend to

<
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effect a change of the switch device while reducing
to a minimum the manufacturing and assembly costs.

In particular, the modular switch device
comprises a cast metal housing with a hinged front
door that can seal the interior of the housing from
the environment. An opening in the housing admits
electrical wires from the user, and a passage in the
housing furnishes connection to externally mounted
sensor modules. An inner plastic case covers the
internal electronic circuitry when the hinged plate
of the housing becomes opened and provides three
output module ports or wells intended to receive the
output modules.

The sensor module comprisesran outer case
or housing that becomes attached to the standard
housing assembly by such as boits with a connector

extending through the passage for ccnnection to

electrical circuits inside the housing assembly. The -

output modules comprise rectangular cases having
connecﬁors along an edge 6f an internal circuit board
to be inserted into a connector extending into the
bottom of each port or well. Thus by simple
translational force, a user canrremove the output
modules from the modular switch device. By removing
four bolts, the user likewise can remove the sensor

module from the modular switch device.
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Inside the standard housing assembly, the
switch device contains three circuit boards arranged
above and below one another so that from the bottom
up they respectively provide the power supply module,
the conﬁrol module comprising an analog to digital
cénverter and control logic and the display module
presentingra visual display and user accessible
switches. This electronics group or assembly becomes
manufactured identical for every modular switch
device.

The two different types of output modules
that provide AC and DC switching each comprise the
described rectangular case with snép-fit cover, a
small enclosed éircui£ board, 'and if desired or
necessary, a heat sink formed by an enclosed sheet of
metal such as aluminum. The output module for the
analog output signal comprises two such plastic cases
with covers substantially enélosing a single circuit
board extending therebetween carrying the necessary
electronic components.

A sensor module comprises thé described
outer housing or base, enclosed circuit board
carrying the connectors to the sensor andrcontrol
module, an amplifier circuit, a voltage reference
circuit and a non-volatile memory component. A snap-
fit end casing or cover subs;antially prevents user

intrusion to inside the sensor module while providing
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a passage therethrough for connection of the enclosed
circuit board to the housing assembly.

The interconnection between a sensor module
and the electronics or coﬁtrol module within the
housing assembly comprises arfirst lead carrying the
amplified analog data signal origihating at the
sensing element and carrying the temperature or
pressure information. Second and third leads carry
sebarate, uni-directional serial digital data between
the control module and seﬁsor module to convey
calibration signals and set point or particular
values between the two modules. A fourth lead
extending from the control module to the sensor
module carries a clock signal indicating the serial
bit timing in the serial digital data. An additional

lead provides a reference voltage produced on the

. sensor module to the control module for aiding the

control module to effect the analog to digital
conversion. This interconnection also includes power
leads and a chip select lead for the non-volatile
memory.

The process of indicating the number of
times that the temperature or pressure sensing
element experiences an over-range condition comprises
receiving a datum value from the sensing element,

testing the datum value to determine whether it is

- over the range of the sensing element by comparing it
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to the maximum calibration datum from the non-
volatile memory in the sensor module and incrementing
an over-range counter if the received data value is
greater than the maximum calibration datum. The
process then writes the incremented over-range
counter to a storage location in the memory component
and indicates' the count bf therover-range counter
upon demand of the user. This indication can occur
by visual display.

Transient changes in the sensed temperature
or pressureAlinés become recognized and eliminated by
the switch_qévice of the invention by receiving data
from the sensor module.r Each datum then becomes
compared to the previous datum to determine whether
the slope of the data is greater than a certain
value, which represents a maximum desired transient
response. Upon the slope of the data being greater
than said certain value, the process of the invention
obtains additional data and analyéés its slope. When
the élope of the data becomes equal to or less than
the certain value, the switch device proceeds to
effect the making and breaking of contéct of the
user-supplied electrical wires.

The switch device of the invention
indicates to a user that the data from the sensing
element needs to be recalibrated to a zero level.

This recalibration occurs by the user placing a zero
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load on the sensing device and indicating to the
device that the sensor is to be recalibrated to zero
and that the sensing element is experiencing a zero
level load. The switch device then reads the data
signal from the sensing element to obtain a new7zero-
level value and determines whether the new zero-level
value is within a certain percentage of the old zero-
level value. If the new zero-level value is within
the certain percentage of the old zero-level value,
the device replaces the old zero-level value with the
new zero-level value and, if not, indicates to the
user that the sensof cannot be recalibrated to zero
by the device. Typically, this certain value is one
percent. This prevents a user from intentionally 6r
accidentally improperly resetting the zero
calibration level of the switch device.

The set point particular values indicated

on the four-digit display and selected by the user

correspond to the actual data values received from

20

25

30

the sensing elements at which the AC or DC discrete
output modules make and break contact between the
electrical wires supplied by the user. To select or
change the set points, the user increments or.
decrements, by actuating push button switches, the
contents of a binary register containing the binary
actual value at which the output modules are to

change between making and breaking contact. The’
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switch device of the invention immediately upon a

change in the contents of the register or actual
value performs a linearizatién or calibration
calculation to determine the calibrated value
selected by the user, and the switch.de&ice indicates
the calibrated value on the display. The several
different calibrated actual values selected by the
user then become stored in the non-volatile memory
carried in the sensor module. During operation, the
switch device obﬁains-data from the sensing element
and compares it to the stored éétual values rather
than the user selected particular values in
detefﬁining whether to make andrbreak contact between

the electrical wires from the user.

Brief Description of the Drawing

Figure 1 is a perspective view of the

switch device of the invention with the front cover

. opened to reveal the inner case;

Figure 2 is an exploded perspective view of
the switch device of the invention with three output
modules spaced from the inner case and the sensor
module spaced from the outer housing;

Figure 3 is an exploded perspective view of
the housing assembly showing the outer housing, the

inner case and the contained electronics assembly:;
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Figure 4 is an exploded perspective view of
an output module showing the outer case, top cover, .
circuit board and heat sink:

Figure 5 is an exploded perspective Qiew of
a pressure sensor module showing the pressure sensor,
outer housing, inner case, and enclésed circuit
board; |

Figure 6 i1s a block diagram of the several
parts of the switch device of the invention;

Figure 7 is a flow chart of the main
program loop:;

Figure 8 is a flow-chart of the interrupt
routine servicing the data acquisition, over-range,
transient discrimination and display multiplexing
features of the switch device:;

Figure 9 is a flow chart of the programming
mode routines; |

Figure 10 is a flow chart of the
linearization calculations performed by the switch
device; |

Figure 11 is a flow chart of the 4-20
milliamp update routine;

Figure 12 is a schematic diagram of the
electronic components carried in an AC output module;

Figure 13 ié a schematic diagram of the
electronic components contained in a DC output

module;
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Figure 14 is a schematic
electrical components contained in
output module;

Figure 15 is a schematic
electronic components contained in
module;

Figure 16 is a schematic
electronic components contained in
thermocouple sensor module;

Figure 17 is a schematic
electronic components contained in
module;

Figure 18 is a schematic
electronic compcnents contained in
and

Figure 19 is a schematic

electronic components contained in

PCT/USS8/03218

diagram of the

a 4-20 milliamp

diagram of the

an RTD sensor

diagram of the

a j or K

diagram of the

a pressure sensor

diagram of the

a control module;

diagram of the

a display module.

Description of the Preferred Embodiment

"In Figures 1, 2 and 3, switch'device 20 of

the invention presents a housing assembly 22

comprising a rectangular rugged outer housing 23 that

is closed by a faceplate 24. Faceplate 24 pivots

about hinges 26 to close the open face of the housing

23 and becomes sealed thereto by fasteners passing

into threaded openings 28. The switch device

typically becomes mounted vertically with the
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faceplate accessible by a user to read the
information produced at a visual display 30 through a
window 32. The user, upon opening the faceplate 24,
can input information to the switch device through a
set of fdur switches 34.

The user typically connects his electrical
wires (not shown) to the switch device 20 th:oﬁgh
conduit tube (not shown) connected to the nut :
fastener 36 , which in part provides an opening 38
through the hﬁusing 23 so that electrical wires can
be connected to terminals 40. Thus user-provided
electrical wires carrying electrical power and analog
swifched signals become connected to the switch
device 20 through opening 38 and at terminals 40.

Switch device 20, as shown in the figures,
stands constructed and arranged with a pressure
sensor module 42 secured to the outer housing 23 by
fasteners such as bolts 44. Pressure sensor module
42 connects to a pressure line (not shown) through a-
connecting nut 46 and éonnects to the electronic
assembly interior of the outer housing 23 through a
passage 48 by way of a connector 50 extending from
the pressure sensor module 42.

Referring partidularly to Figure 3, the
housing assembly 22 comprises an innér case 52 and
electronics assembly 54 that fits within the bottom

opening chamber of inner case 52 with case 52 in turn



10

15

20

25

30

WO 89/02578 | ' PCT JUS88/03218

20

fitting into the upwardly opening outer housing -23.
Inner case 52 can be secured into the outér housing
23 as desired.

Inner case 52 provides three weils 56, 58
and 60 for receiving the output modulesréz, 64 and
66. Inner case 52 also provides a cut-out 68
arranged in alignment with switches 34 so that
switches 34 protrude through cuf-out 68 and are
accessible to the user when the faceplate 24 becomeé
opened. Inner case 52 can be any insulating material
desired, and in the preferred embodiment becomes a
molded pléstic part. |

Electronics assembly 54 comprises a control
logic module 70 s;ndwiched between an upper'display
module 72 and lower power supply module 74. The
three modules become connected to each other and are
fixed in position relative to each other by connector
stakes such as conneétor stakes 76 and 78. Power

supply module 74 carries upwardly directed connectors

80, 82 and 84 respectively aligned with the bottoms

of the wells 56, 58 and 60 with conﬁectors 80, 82 and

84 intended to connect to the bottoms of the output
modules 62, 64 and 66. Control iogié module 70
carries a connector 86 intended to mate with the
connector 50 of the sensor module 42 after connector

50 passes through opening 48.
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Display module 70 carries LED members 88
and 90 on the top surface thereof adjacent switches
34 and in alignment with window 30 of inner case 52
for producing the alpha-numeric output to the user.

In Figure 4, output module 66, which is
typical for an AC or DC switched output module,
comprises an elongate rectangular case 92, a snap-fit
cover 94, a circuit card assembly 96 cérrying
electronic components to be described and, if needed,
a heat sink 98 formed of such as a piece of aluminum
stock. Typically, thé circuit card assembly 96 and
heat sink 98 fit completely within the case 92 with
the case being closed by snap-fit cover 94. A
locating pin 100 extends from the bottom of case 92
to engage witﬁ a mating hole 102 in the power supply
module 74 correctly to polarize the connection
between the circuit card assembly 96 and the
connector 84.

A 4-20 milliamp output module, represented
in Figures 1 and 2 by output modules 62 and 64, is
constructed and arranged in a manner similar to that
of AC or DC output module 66 but has a circuit card
assembly (not shown) extending substantially the
width of'two casings such as 92 and becomes enclosed
in two adjacent casings and snap-fit covers.

Referring to Figure 5, sensor module 42

comprises a sensing element 104 secured to a base
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plate 106. Sensing elemént 104 fits into opening 108
in rectangular housing 110, which also receives
circuit card assembly 112 and is closed by cover
piece 114. Circuit card assembly 112 connects to the
sensing element 104 through wires 116 forming an
input port to the circuit card assembly 112.

Assembly 112 also carries connector 50 that extends
into the cover piece 114 for connection to the
electronics assembly 54. A temperature module
presents a similar configuration of a circuit card
assembly inside a housing and cover piece with
suitable provisions for connectionrto a desired RTD,

thermal sensor or J or K thermocouple sensing

. element.

15

In Figure 6, a block diagram of the modules
and electrical interconnection of the modules of the
invention comprises block 42 representing the sensor

module, block 70 representing the control module,

- block 72 representing the display module, block 66

20

25

30

representing an AC or DC switched output module,
block 62, 64 representing a 4-20 milliamp ahaldg'
output module and block 74 representing the power
module. Sensor module 42 comprises the pressure
sensor 104 connected thereto, an amplifier 120, a
voltage reference 122 and a non-volatile ﬁemory 124.
Amplifier 120 amplifies the low level analog signal

received from the pressure sensor on leads 126 and
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provides an analog data signal on leads 128 to
control module 70. Voltage reference 122 produces a
DC voltage reference signal on leads 130 to the
control module for use in the analog to digital
conversion of the-analog data signals on leads 128.

Non-volatile memory 124 contains
calibration data obtained when the sensor module 42
becamé manufactured in the factory and tested against
standard pressures and expected analog data signals
on leads 128 and voltage reference signal on leads
130. Non-volatile memory also can contain other
information that needs to be retained upon a loss of
power in the device 20, such as the set point
particular values, the over-range indicator and the
over-range counter. Additionally, the calibration
data in the non-volatile memory can be changed as
desired by the control module 70, such as by writing
a new zero-level calibration datum therein.
Communication between non-volatile memory 124 and the
control module occurs over leads 132.

Control module 70 comprises an analog to
digital converter 134 and control logic 136. A toD
converter 134 receives the amplified data signals on
leads 128 and receives the voltage reference signals
on leads 130 to produce a digital serial data signal
on leads 138 representing the pressure experienced or

sensed by pressure sensor 104. This digital serial
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data signal appearing on leads 138 is received by
control logic 136 where it is processed as desired to
produce desired output signals. A sensor
interconnection 140 comprises the leads 128, 130 and
132 and associated connectorsrelectrically and
mechanically'interconnecting the sensor module 42
with the control module 70.

AC or DC switched output module 66
comprises a driver 141 and an electronic switch 142
serially connectéd to plus and‘minus output leads 144
and 146. Output module 166 receives a discrete
output from control logic 136 and control module 70
over leads 148. Control logic 136 thus simply
indicates over leads 148 that the electronic switch
14275hould make or break the contacts to the leads
144 and 146.

The 4-20 milliamp analog output module 62,
64 comprises a decoder 150, a driver 152 and a
current controller 154 regulating a user-supplied
current passing therethrough from plus output lead
156 to minus output lead 158. Analog output module
62, 64 receives a digital indication of the output
level to be producedrover leads 160 arranged to
provide a parallel indication of the output value.
Leads 160 extend from control logic 136 and the
control module 70 to the analog output module 62, 64

and also to the display module 72.
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output interconnection 162 comprises the
leads 148 extending from control module 70 to the
switched output module 66 and_the parallel leads 160
extending from the control module 70}to the analog
output module 62, 64.

The display module 72 comprises the four
switches 34, a decoder 164 and four single-digital
LED displays 88a, 88b, 90a and 90b. Switches 34
indicate the making and breaking of their contacts to
the control logic 136 over leads 166. Leads 160,
previously described as carrying a parallel data
representation of the pressure experiencéd by sensor
104, extend to the decoder 164. Decoder 164 in turn
drives the fou%‘LED displays over leads 168. |

Alternatively, sensor module 42 qah be
constructed and arranged to accept a temperature
seﬂsor 170 instead of pressure sensor 104, in which
case the switch devise 20 will operate upon
temperature sensing principles in response to the
temperature experienced by temperature sensor 170.

In the overall scheme, switch device 20
provides a standard sensor interconnection 140
capable of connection to any one of séveral different
and interchangeable temperature or pressure sensor
modules with each sensor module being self-contained
with all of the signals and calibration data required

to make it look like any other sensor module. Thus
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different sensor modules of different range and of
different type, such as temperature or pressure, can
be substituted for a sensor module 42 as desired.

Output interconnection 162 likewise
provides for connection to any desired switched or
analog output module at the designated location in
the switch device 20. The designated locations occur
at the wells 56, 58 and 60 in the housing assembly.
Thus the described AC or DC switched output modules
can be substituted at well 60 as desired. Likewise
any analog output module can be substituted at wells
56 and 58 as desired.

‘The control module 70 contains the analog
to digital converter 134 and a control logic 136,
formed of a programmed microprocessor as desired, to
received standard signals from any sensor module and
to prodﬁce standard output signalsrto any output

module. The display module 72 generally is

substantially permanently connected to the control

module 70 to provide digital visual indication of
temperatures or pressures experienced by sensing
elements in a normal mode, and in a programming mode,
to receive user inputs over the switches 34 and to
provide visual programming information over the
displays 88 and 90. Power module 74 generally
connects to the modules as needed to provide

electrical power.
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In Figure 7, blocks 172-190 represent the
program steps of the main program loop df device 20.
Control logic 136 follows this sequence of program
steps on a ;ontinuous basis unless interrupted..

In figure 8,'program steps 192 through 214
represent the sequence effected by control logic 136
upon being interrupted by a counter at 1.5
millisecond intervals to read the serial digital data
from the analog to digitél converter 134. Step 196
of throwing away bad readings functions to obtain one
valid reading. This occurs as desired, such as by
averaging four readings; taking the last of four
rising or falling readings or by diécarding previous
readings that are more than 5% of the successive
reading. Step 202 performs a transient
discrimination by determining the slope of the most
recent data value from the A to D converter 134. If
the slope, or difference from the last data value is.
greater than substantially.60 psi per millisecond,
the program skips block 204 and proceeds to block 206
so that the discrete output such as the AC ér DC
switched output module 66 receives no hew data from
the control logic 136. If the slope is lesé than
approximately 60 psi per millisecond, program
proceeds to block 204 so that the switched output
module 66.receives new instructions on making and

breaking its contact. In either event, the analog
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output module receives an,updaterof the ﬁost recent
sensed data signal. 7

In Figure 9, the program flow chart blocks
216 through 282 represgnt the serial sequence of
steps effected by control logic 136 when the switch
device 20 has been placed'into the programming mode.
The programming mode substantially includes four sub-
modes being a set mode.(blocks 218, 260-282), a
diagnostic mode (blocks 220, 252-258), a calibration
mode (blocks 222-232) and a time delay mode (blocks
234-250).

Figure 10 comprises the programming flow
chart blocks 284-300 representing the sequence of
steps effected by control logic 136 to perform a
linearization calculation.

In Figure 11, program blocks 302 through
312 represent the sequence of steps effected by
control logic 136 in updating the analog output
module.

Because thé labels of each of these program
steps substantially describes the action being
effected by the control logic 136, only minimal
description of the processing has been provided.
Each of these process steps and the totélity of them
readily can be implemented in any désired machine

programming language.
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In Figure 8, after obtaining a valid data
signal from the analog to digital converter, the
control logic 136,‘according to process step blocks
198 and 200, test each data value to determine
whether it is over the range of the sensor by
comparing it to the maximum calibration datum from
the non-volatile memory. If yes, control logic 136
increments an over-range counfer and writes the
incremented over-range to a storage location in the
non-volatile memory means 124 in the sensor module
42. Referring also to Figure 9, during the
programming mode, fhe switch device 20 indicates the
count of the over-range counter upon the command of
the user by prdceeding through piocess step blocks
252, 254 and 256. These steps become initiated after
the user actuates the appropriatg switch to show the
number of over-range occurrences and that
recalibration may be necessary.

In Figure 9, the device recalibrates the
sensor to a sense zero input level in process step
blocks 222, 224 and 226. In those steps, the user

places a zero load on the sensor and indicates to the

~device through the switches 34 that the sensor is to

be recalibrated and that the sensor experiences a
zero level load. The indication that the device is
to recalibrated occurs at process block 222. 1In

steps 224 and 226, the control logic 136 determines
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whether the new zero level value from the sensing
element remains within the certain percentage of the

old zero level value and replaces the old zero level

value with the new zero level value upon the new zero

.level value remaining within the certain percentage.

Upon this occurring, control logic 136 indicates to
the user through the displays 88 and 90 that the

sensor can or cannot be recalibrated to zero byrthe
device depending upon whether the new zero value is

beyond or within a certain percentage of the old zero

" level value. This certain percentage typically is

one percent.

In Figures 8 and 9, the process of
effecting and making breakingrof contaéts is
indicated ét process step block 204 in Figure 8 and
blocks 260 through 272 in Figure'é. In Figure 9, the
user enters fhe set point mode through process step

block 218. In block 260 control logic 136 shows on

the display 88, 90 the linearized calibrated

particular values of the switch éoints for Output 1.
The user can adjust those particular values up or
down in block 262 as desired through switches 34 that
binarily increment or dlcrement the content of the
actual switchrpoint register. Control logic 136
continuously converts the actual value selected by

the user to calibrated values that will be displayed

by the contrel logic 136. 1In step 264, the control
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logic 136 stores the actual values from the register
in the sensor module at the non-volatile memory 124.
Process step blocks 266 through 272 repeat
substantially this processing of user-selected values
for the second stage of the switched output module.
These first and second stages provide separate and
distinct set points at which the switched output
module will respectively make and break contact
between the user’s wires.

After ﬁhe user exits the programﬁing mode
and returns to the normal operating mode, in Figure 8
at step 204, the control logic 136 compares the most
recently obtained data signal from the sensor to the
actual values retrieved from the nen-volatile memory
in the sensor module and indicates to the switched
outﬁut module whether to change or maintain the
making and breaking of contact between the user’s
electrical wires. The decisions to make and break
contacts and to change or maintain the contact state

are determined by comparing the received data signal

+to the actual values retrieved from fhe non-volatile

memory and whether the data signals are moving in a
direction down or up through the user-selected switch
points.

Referring to Figure 12, the AC output
module 66-AC includes electronic driver circuitry

141-AC and electronic switch circuitry 142-AC. The
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user’s electrical wires become connected to the
switched output module 66-AC at pins 9 and 11 of
connector J-20 and the signal input from control
logic 136 appears at pin 3 at signal UPA. Driver
141-AC receives the low-level signal UPA and uses
same to activate the electronic switch 142-AC to make
or break contact through component Q12 betweénlthé'
connector terminals 9 and 11. .

This and the other electronic circuits
described herein are of standard design and with the
component types and values indicated will readily
effect the general functions desired. Of courée,'
other circuit designs using varying and different
components can be constructed and arranged to obtain
the same functions. |

In Figure 13; the DC switched output module
66-DC includes the driver circuitry 141-DC and the
electronic switch circuitry 142-DC. DC module 66-DC
connects to the user’s electrical wires at pins 11, 9
and 7 of connector J-27 and receives the make or
breakkcontrol signal UPA at pin 3 thereof.

- In Figure 14, analog output module 62, 64
comprises electrical circuitry and components
furnishing decoder 150, driver 152 and current
controiler 154. The user’s electrical wires become
connected to pins 9 and 11 of connector J-19 and

extend to transistor Q5. The leads Bl through B8
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extending between connector J-18 and integrated
circuit U3 present in parallel digital binary form
the current level to be regulated through transistor
Q5. Signal UPB from connector J-19, pin 3 to
integrated circuit U3, pin 11 indicates that the
parallel digital binary data has attained a valid
state. Thereafter the decoder 150, driver 152 and
current controller 154 operate on known principles to
regulate the user-supplied current passing through
transistor Q5 between connector J-19, pins 9 and 11.

In Figure 15, sensor module 42-RTD
representing the electrical circuitry for an RTD-type
temperature sensor compriseé amplifier circuitry 120-
RTD, voltage reference circuitry 122-RTD and non-
volatile memory circuitry 124-RTD. The RTD sensor
connects to leads 314 and 316 in the'aﬁplifier 120-
RTD to provide a low-level analog signal thereto.
Amplifier circuitry 120-RTD increases the voltage and
current levels of that analog signal to produce an
analog data signal SGL to connector J-22.

The voltage reference circuit 122-RTD
provides a signal V REF to connector J-22

representing the maximum voltage to be produced by

the module 42-RTD in amplifying the low-level analog

signal from the RTD sensor to produce the analog

output SGL signal.
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Four leads extend between the non-volatile
memory 124-RTD and connector J-22. The lead CS is a

chip-select signal indicating selection of that

"particular non-volatile memory by the control logic

136. The DI and DO signal respectively carry serial
digital input data and output data between the sensor
module 42-RTD and the control logic 136. The signal
SK is the clock signal indicating.the bit timing for
the serial data carried on the DI and DO leads.

In Figure 16, the sensor module 42-J,K for
a Jd or K—type'thermocouple comprises connector J-23,
amplifier 120—J,K, voltage reference 122-J,K and non-
volatile memory 124-J,K. Leads 318 and 320 connect h
the low-level analog signal from a J or K-type
thermocouple to the amplifier circuitry 120-J,K,
which in turn produces the analog output signal SGL
to cénnector J=-23. Voltage reference circuitry 122-
J,K produces its voltage reference signal V REF to
connector J¥23. The non-volatile memory 124-J,K-
connects to connector J-23 through the same leads
previously described in connection with the sensor
module -42-RTD.

In Figure 17; sensor modulé 42-P provideé
the electronic circuitry for a sensor ﬁodule
inclﬁding a pressure sensing element. An amplifier
circuitry 120-P éonnects to the pressure sensing

element through leads T-1 through T-4 to produce the

-
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analog data signal SGL at connector J-24. Reference
voltage circuitry 122-P and non-volatile memory 124-P
produce signals similar to those previously discussed
pertaining to the RTD and J or K-type thermocouples.

In Figure 18, control module 70
substantially comprises control logic 136 and A to D
converter 134 together with peripheral and associated
electronic components identified therein. Control
module 70 receives the analog data signal SGL and the
voltage reference signal V REF at connector J—13 and
passes same to the A to D converter 134. The CS chip
select, DI data in, DO data.out,'and SK clock signal
also are received at'connector J-13 and passed to the
control log&c‘136. The serial digital representation
of the sensed temperature or preésure Yalue passes
from the A to D converter 134 to the control logic
136 over the DO data out signal lead extending
therebetween with a CS chip select and SK clock
signal. also extending therebetween.

The contral logic 136 comprises an 87C51
microprocessor with serial data input and output
leads and internal RAM/ROM memory circuits. The
internal memory circuits contain the software control
to effect the functions described herein for switch
device 20. Leads extending from control logic 136 to
connectors J-8 and J-9 carry the parallel digital

binary representations and control signals to the

e
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'display module 72 and to the analog output module 62,

64. The lead UPA extending from control logic 136 to
connectors J-8 and J-9 also indicate to the switched
output module 66 to change or maintain the making and
breaking of contacts. The leads extending from
control logic 136 to connector J-10 are used to
enable each one of the four characters ip the display
module while the Ieads:extending from connector'J—ll
to the.control logic 136 carry the information from
the switches 34.

The leads extending from control logic 136
to connector J-12 are each tied to a positive voltage
through a resistor. Each of these leads SA, SB and
SC extend to the connector for an output module, and
when that output module is present in the switch
device, it pulls that lead to ground, indicating to
control logic 136 that that particular qutput module

is present for implementing the desired software

features. The circuitry connected to transistor Q13

and to the CS chip select lead functions to disable
the non-volatile memory on any one of the sensor
modules during a power-ﬁp or down period.

In Figure 19, decoder 164 receives the
parallel digital binary information from the control
logic 136 at connector J-14 and provides the
necessary digital display indicator signals on leads

A thrcugh G and DP to the display modules 88 and 90.
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Individual characters becomes selected and are

multiplexed by way of digit select signals D1.1
through D2.2 received at connector J-16 from control
logic 136 and passed to the display modules 88 and 90
through transistors Q6 through Q9. The signals from
switches 34 extend to connector J-17 and therefrom to
the control logic 136 while an LED indicator D-51
becomes energized from a signal also appearing at
connector J-17.

The invention may be practiced other than
as specifically shown. For example, other specific
software steps and other specific electfical
éomponents can be used while remaining within the
scope of the appended claims.

We claim:
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CLAIMS

1. A modular switch device adapted to be
connected to a selected one of a pressure sensor and
a temperature sensor, which modulate an electrical
analog data signal to represent respective
témperature and pressure values, and to a user’s
electrical wires at least for indicating particular
pressure or temperature values selected by said user
occurring at said selected sensor by making and
breaking connection betwéen said user’s electrical
wires, said system comprising:

A. a housing having an opening adapted to
receive said.éleétrical wires from said user, said
housing also having a passage adapted for éelected
connection to said pressure and temperature sensdr;

B. at least one sensor module having an
input port of signals and an output port of signals,
said input port of signals being adapted for
connection to said selected sensor and said sensor
module further having an analog amplifier to amplify
the analog data signal reéceived from the sensor and
to transmit same to said output port:.

C. a control module secured in said
housing having at least one input port of electrical
signals, at least one output port of electrical

signals, A/D converter means for converting said
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amplified analog data signal received at said input
port to a digital data signal, and control logic
means for producing a switch signal to said output
port when said digital data signal equals said
particular values selected by said user;

D. input connection means secured in said
housing for connecting said output port of signals of
said sensor module to said input port of signals of
said control module;

E. at least one output module having an
input port of signals, a communications port of
signals adapted to be connected to said user’s
electrical wires and electronic switch means adapted
for effecting said making and breaking of connection
between said user’s wires in response to said switch
signal produced by said control logic; and |

F. output connection means secured in said
housing for connecting said output port of signals of

said control module to said input port of signals of

said output module.

2. The device of claim 1 in which said
input connection means include leads that carry'

serial digital signals and analog signals.

3. The device of claim 1 in which said

sensor module includes non-volatile memory means for
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retaining data upon loss of power and said memory
means include data at least representing the
calibration of said selected sensor and analog -

amplifier to a known standard.

4. The device of claim 1 in which said
sensor module includes means for producing a

reference voltage used by said A/D converter means

for said converting.

5. The device of claim 1 in which there is
a different type of sensor module for each of an RTD,
pressure and J or K sensor and each different type of
sensor module includes identical outpuﬁ ports of

signals.

6. The device of claim 1 in which said
sensor module is readily removable from said switch

device and input connection means.

7. The device of claim 1 including a
display module carrying display means coupled to said
control module for producing a vispal display of the
data represented by said amplified énaiog data

signal.
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8. The device of claim'7 in which said
display module includes switch means coupled to said
control module for inputting information to said

control module.

9. The device of claim 1 in which said
control logic means include process means for
calibrating actual digital data received from said

sensor to standard data.

10. The device ofrclaim 1 in which there
are plural different types of output modules
providing for AC and DC electrical signals to pass
through said user’s electrical wires and eaéh of said
different types of output modules has identical input

ports of signals.

11. The device of claim 1 in which said at
least one outpuﬁ module is :eadily manually removable

form said device and output connection means.

12. The device of claim 11 in which said
housing includes at least onerwell receiving said at
least one output module with said output connection
means extending to the bottom of said well for

engagement with said output module.
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13. The device of claim 1 including an

analog output module that includes analog means for

- producing an analog output signal representing the

" analog data signal received from said sensor.

14. The device of claim 1 in which there

are two output modules and one.sensor module.
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15. An interconnection between a sensor

module and a control module in a switch device at
least indicating user sele;ted particular temperature
or pressure values by making and breaking connectiqn
between user supplied electrical wires, said sensor

module amplifying and transmitting an analog data

‘signal representing the measured temperature or

pressure values received from a sensor, said sensor
module also carrying digital data representing
calibration values of said sensor module and séid
user selected particular values, said interconnection
comprising:

A. a first lead carrying said amplified
analog data signal from said sensor module to said
control module;

B. a second lead carrying a serial digital
data signal from said sensor module to said control
module for conveying said calibration signals and
particular values to said control module;

C. é third lead carrying a serial digital
data signal from said control module to said sensor
module for conveying updated particular values to
said sensor module;

D. a fourth lead carrying a clock signal
from said control module to said sensor module for
indicating the serial bits in said serial digital

data; and



WO 89/02578

10

15

20

25

30

PCT/US88/03218

44

E. power leads extending from said control
module to said sensor module for supplying power to

said sensor module.

16. The interconnection of claim 15
including a fifth lead carrying a chip select lead
from said control module to said sensor module for
selecting the calibration data carried on that sensor

module.

17. .The interconnection of claim 15
including a sixth lead carrying a reference voltage
from said sensor module to said control module for
aiding said cantrol module to effect an analog to
digital conversion of said amplified analoé data

signali
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18. A control module for a modular switch
device that indicates particular user selected
temperature or pressure values sensed by a sensor and
represented by an analoé data signal from at least
one sensor module by making and breaking contact
between user supplied electrical wires adapted to be
connected to an ocutput module of said device, said
sensor module also carrying digital data representing
calibrations-values for said analog data signal and
said particular values, said control module
comprising:

A. a substrate carrying electrical circuit
leads thereon and having holes therethrough for
receiving the leads of electri;al components;

B. input connector means secured to said
substrate and having terminals connected to said
circuit leads, said input connectcr means adapted to
connect electrical signals between said control
module and said sensor module;

C. analog fo digital converter means
secured to said substrate and connected to said
circuit leads, said convertor means adapted to
receive said analog data signal from said input
connector and produce a digital data signal to said
circuit leads; ‘ |

D. control means secured to said substrate

and connected to said circuit leads, said control
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means for producing a digital switch signal in
response to said digifal data signal and said
particular values carried on said sensor module; and
E. outpgt connector means secured to said
substrate and having ﬁerminals connected to said
circuit leads adapted to be connected to said output

module.

19. The control module of claim 18 in
which said converter means are a single integrated

circuit.

20. - The control module of claim 18 in
which said control means are a single integrated
circuit including processing means for producing said

digital switch signal. -

21. The control means of claim 18 in which
said switch device includes display means for
preéenting a visual diéplay of the amplified analog
data signal adapted to be received from the sensor
module, said control module includes display
connector means secured to said substrate and having
terminals connected to said electrical leads adapted
to be connected to said display means and said
control means include processing means for producing

parallel digital data signals to said electrical
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leads for effecting said visual display in said

display means.

22. The control module of claim 18 in
which said switch device includes a power module
carrying power means for converting electrical power
to levels usablé by said control module and said
control module includes power connector means secured
to said substrate and having terminals connected to
saia electrical leads adopted for éonnecting

electrical power to said control module.

23.° The control module of claim 18 in
which said input connector means carry electrical
signals arranged to be terminal compatible with any

one of several sensor modules.

24. The control module of claim 18 in
which said output connector means carry electrical
signals arranged to be compatible with any one of

several output modules.

25. The control module of claim 18 in .

which said output connector means carry electrical
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signals arranged to be connected to two 6utput

modules simultaneously.

26.7 A sensor module adapted to be_plugged
into a sensor port of a modulér*switch system that
makes and breaks connection between user supplied
electrical wires in response to sensed temperature
and pressure values that equal user selected
particular temperature and pressure values, said
sensor modulé‘comprising:

A. a substrate carrying electrical circuit
leads and having holes therethrough for receiving the
leads of electrical components secured thereto;

B. éensor connector means secured to said
substrate and having terminals connected to said
circuit leads adapted for connecting to said circuit
leads one of a user selected'teméerature and pressure
sensor that modulates a low level'analog data signal
to represent temperature‘and pressure sensed by said
sensor;

C. amplifier means secured to said
substrate and connected to said circuit leads for
amplifying said low level analog data signal to an
analog data signal substantially at a desired gain:

D. memory means secured to said substrate
and connected to said circuit leads for containing

digital calibration data of said selected one of a
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temperature and pressure sensor and said amplifier
means so that analog data signals from different ones
of said sensor modules can be calibrated to standard
values; and

5 E. output conﬁector means secured to said
substrate and having terminals connected to said
circuit leads adapted for connecting said circuit
leads to said modular switch system to convey said
analog data signal and said digital calibration data

10 to said system.

27. The sensor module of claim 26
including housing means for enclosing said substrate
and carried components therein, said housing means

15 including a box-like base, open at one end; and a

cover that snap fits into said base.

28. The sensor module of claim 27 in which
said housinQ means include mounting means for

20 mounting said pressure sensor to said base.

29. The sensor module of claim 26
including voltage reference means secured to said
substrate and connected to said circuit leads for

25 producing a voltage reference signal indicating the

voltage at which said amplifier means operates.

30
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30. The sensor module of ciaim 26 in which
said memory means include a non-volatile component
capable of retaining data upon loss of power.
5 31. The sensor module of claim 26 in which
said memory means can be written to and read from.
32. The sensor module of claim 26 in which
said memory means include data representing said user
10 selected particular temperature and pressure values.
15
20
25 ’ S

30
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33. A process of indicating the number of
times one of a selected temperature and pressure
sensor experiences an over-range condition in a
modular switch device that normally indicates thét
user selected values equal those measured by said
selected sensor by making and breaking contact
between user supplied electrical wires, said device
including memory means for storing calibration data

of the values measured by said selected sensor and of

- the number of times said selected sensor experiences

an over-range condition, said process comprising:

A. receiving a datum value from said

selected sensor;

B. testing said datum value to determine
whether it is c.wer the range of said sensor by
comparing it to the maximum calibration datum from
said memory means;

C. incrementing an over-range counter if
said received datum value is greater than said
maximum calibration datum; |

D. writing said incremented over-range
counter to a storage location in said memory means;
and

E. indicating the content of said over-

range. counter to a user upon demand.
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34. The process of claim 33 including
setting an over-range flag in said memory means upon

determination that a datum value is over-range.

5- . 35. The process of claim 33 in which said
- indicating includes visually indicating the number of

over-range conditions.

10
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36. A process of discriminating against
transient conditions occurring at a selected one of a
temperature and pressure sensor and indicated by
transient analog data from said sensor in a modular
switch device that normally indicates that user
selected values eqﬁal those measured by said selected
sensor by making and breaking contact between user
supplied electrical wires, said process comprising:

7 A. receiving one analog datum from said
selected sensor;

B. determining whether the slope between
said datum and a next previously received datum is
greater than a certain value, which represents a
maximum desired £ransient response;

C. receiving another analog datum from
said selected one sensor and repeating the step of
sub-paragraph B. upon determining that the slope to
said one analog datum being gfeater than said certain
value; and

D. effecting said making and breaking of
contact upon the slope to said one analog datum

becoming equal to or less than said certain value.

37. The process of claim 36 in which said
receiving one analog datum includes converting said

analog datum to a digital datum to be tested.
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38. The procéss of claim 37 in which said
certain value is approximately 60 pounds per square

inch per millisecond.

39. The process of claim 37 in which said
determining includes digitally comparing said one

digital datum to the next previous digital datum.
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40. A process of re-calibrating a sensor

to a sensed zero input leQel in a modular switch
device that indicates particular user selected
temperature or pressure values sensed by a sensor and
represented by an analog data signal from at least
one sensor module by making and breaking contact
between user supplied electrical wires adapted to be
connected to an output module of said device, said
sensor module also carrying digital data representing
calibrations values for said analog data signal, an
old zero level value and séid particular values, said
process comprising:

A. placing a zero load on said sensor;

B." indicating to said device that said
sensor is to be re-calibrated and that the sensor
senses a zero level load;

C. reading said analog data signal from
said sensor module to obtain a new zero level value
therefrom;

D. ‘determining in said device whether said
new zero level value remains within a certain
percentage of said old zero lével value;

E. replacing said old zero level value
with said new zero level wvalue uponrsaid new zero
level value remaining within said cert&in percentage

thereof; and
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F. indicating to a user that the sensor
cannot be re-calibrated to zero by the device upon
the new zero level value becoming beyond said certain
percentage of said old zero level value.
5
41. The process of claim 40 in which said
certain value is one percent.
10
15
20
25

30
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42. A process of effecting a making and

breaking of contact between electrical wires supplied
by a user in a modular switch device that indicates
particular user selected temperature or pressure
values sensed by a sensor and represented by an
analog data signal from at least one sensor module by
said making and breaking of contact between said user
supplied electrical wires adapted to be connected to
an output module of said device, said sensor module
also carrying digital data, repreéenting calibration
values for said analog data signai and said
particular values, said process comprising:

A. converting said analog signal to a
binary signal;

B. providing a binary word-contéining an
actual value at which said making and breaking of
contact is to occur;

C. changing the actual value contained in

said binary word from exterior said device by

" binarily incrementing and decrementing same;

D. displaying a calibrated switch point
particular value corresponding to the actual value
contained in said binary word:

E. storing said actual values in said
sensor module at the location representing said

particular values;
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F. comparing a received datum signal from

said sensor to said actual values retrieved from said

sensor module; and

G. effecting the making and breaking of
said contact between said electrical wires in

response to said received data signal being above and

below said actual values.

43. The process of claim 42 in which said
displaying said caiibrated particular valued includes
performing a lineafization calculation on the actual
value based upon the calibration data obtained from

said sensor module.

44. The process of claim 42 in which said
effecting includes producing a switch éignal of one
state while said received data signai remains above
said calibrated actual values and of another state
while said received data signal remains below éaid,

calibrated actual values.
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45. An output module adapted to be plugged

into an output port in a standard housing assembly of
a modular switch system that makes and breaks
connection between user supplied electrical wires in
response to sensed temperature and pressufe values
that equal user selected particular temperature and
pressure values, the sensed values being received in
a control module that produces a switch signal of
different states to indicate said making and breaking
of connection, said output module comprising:

A. a substrate carrying elecfrical circuit
leads and having holes therethrough for receiving the
leads of electrical components secured thereto;

B. connector means secured to said
substrate and having terminals connected to said
circuit leads adapted for connecting to said circuit
leads said switch signal from said conﬁrol module;

C. driver means secured to said substrate
and connected to said circuit leads for increasing
the electrical power of said switch signal;

D. switch means secured to said substrate
and connected to said circuit leads for making and
breaking contact between a pair of said circuit leads
in response to the state of said inqreased power
switch signal from said driver means;

E. said connector means being adapted for

connecting said pair of circuit leads between which
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said switch means make and break contact to said user
supplied electrical wires; and

F. housing means conformed to said output
well for enclosing said substrate.and éomponents
secured thereto, said housing means furnishing an
opening through the bottom thereof and said connector
means being located adjécent thereto for connection

to said control module through said opeﬁing.

46. The output module of claim 45 in which

said housing means include a molded plastic housing

-enclosing said substrate and secured components.

47. The output module of claim 45
including heat sink means contained in said housing
means in the form of a plate of metal located above

said components opposite said substrate.
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48. A modular switch device adapted to be

connected to a selected one of a pressure sensor and
a temperature sensor, which modulate an electrical
analog data signal to represent respective
temperature and pressure values, and to a user’s
electrical wires at least for indicating particular
pressure or temperature values selected by saidiuser
occurring at said selected sensor by making anai
breaking connection between said user’s electrical
wires, said system comprising:

A. a housing assembly furnishing a first
outer housing open to the front and an inner case
closing the front of said housing, said first housing
and inner case fqrnishing an obening therethrough
adapted to receive said electrical wires from said
user, é passage therethrough for receiving a selected
one of a pressure and temperature sensor module, and
at least one well extending into said housing
assembly for receiving at least one selected output
module, said housing assembly ihcluding an
electronics assembly contained within said housing
and inner case, said electronics assembly including
input connector means adjacent said passage for
receiving from said sensor module an amplified analog
data signal, control means for producing a switch
signal of one and another state in response to said

analog signal from said input connector means being
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above and below said user selected particular values,
and output connector means iocated at the bottom of
said wells for conveying said switch signal to said
at least one output module;

B. said sensor module including a second
housing and a sensor circuit card assembly therein,
said senéor circuit card assembly including sensor

connection means for electrical connection to said

-electrical analog data signal from said pressure or

temperaturersensor, amplifier means for producing an
amplified analog data signal from said analog data
signal and output connector means forjconveying said
amplified analog data signal to said input connector
means of said electronics assembly, said sensor

module also including fastener means coopefating with

~said hdusing assembly to fasten said sensor module to

said housing assembly adjacent said passage; and

C. said output module including a third
housing, configured to conform fo said well and be
inserted therein, and an output circuit card assembly
therein, said output circuit card assembly including
output module connector means for receiving said
switch signal from said output connector means of
said electrical assembly and for connection to said
user’s electrical wires, said output circuit card
assembly also including electronic switch component

means for making and breaking contact between said

P
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user’s electrical wires in response to said switch

signal of said one and another state.

49. The switch device of claim 48 in which
said sensor module fastens to the exterior of said

first housing.

50. The switch device of claim 48 in which

said wells are located in said inner case.

51. The switch device of claim 48 in which
said sensor circuit card assembly includes voltage
reference means producing a voltage reference signal
indicating the maximum voltage produced by said

amplifier means.

52. The switch device of claim 48 in which
said sensor circuit card assembly includes memory
means for storing calibration data of said sensor

module.

53. The switch device of claim 48 in which
said electronics assembly includes display means and
switch means respectively for Visuallyrindicating
data to a user and receiving instructions from a

user.
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54. The switch device of claim 48 in which
said electronics assembly includes power supply means
for supplying electrical power to said electronics
assembly, sensor module and output module from

electrical power supplied from said user’s electrical

wires.
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55. A modular switch device adapted to be
connected to a selected one of a pressure sensor and
a temperature sensor, which modulate an electrical
analog data signal to represent respective
temperature and pressure values, and to a user’s
electrical wires at least for indicating particular
pressure or temperature values selected by said user
occurring at said selected sensor by making and
breaking connection between said user’s electrical
wires, said system combrising:

A. a housing assembly including a first
outer housing open to the front and an inner case
closing said front, said outer housing furnishing an -
opening adapted to receive said electrical wires from
said user and a passage for réceiving a éensor
module; said inner case furnishing at least one well
for receiving an output module;

B. a sensor module having a sensor housing
fastened to the exterior of said first housing at
said passage, said sensor module including sensor
means interior of said sensor housing for producing
an amplified analog data signal from said electrical
analog data signal from saidrselected one pressure
and temperature sensor, said sensor means including
reference means for producing_a voltage reference

signal and memory means for storing actual values
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representing said user selecﬁed particular values and
calibration data of said sensor means;

C. a control card assembly contained in
said housing assembly including A/D converter means
for producing digital data in response to said
amplified analog daté signal and voltage reference
signal and contrdl means for producing a switch
signal of one and other state in response to
comparing said digital data with said actual values
and said calibration data, said control means
including program means for interacting with a user;

D. a display'card assembly contained in
said housing assembly and electrically connected with
said control caéd assembly, said display card
assembly including display means readable by a user
for visually indicating programming infqrmation to a
user from said control means and including switch
means for directing programming information from a
user to said control means:r

E. an output module having an output
housing conformed to the shape of said.wellrin said
inner case and removably inserted in said well, said
output module including output means interior of said
output housing for making and breaking contact
between said user’s electrical wires in response to

said one and another state of saidrswitch signal from

said control means; and
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F. a power supply card assembly

electrically connected to said control and dispiay
card assemblies in said housing assembly, said power
supply card assembly including power supply means for
supplying electrical power to said sensor module
output module and control and display card

assemblies.
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