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@ Temperature data recorder and method of storing data.

@ A number of temperatures and events indicative of the
operation of a refrigeration system are recorded chronologi-
cally. The memory is filled and overwritten in such a way that
the memory contains full data for the most recent events to

' the extent of memory storage capacity. Depending upon

whether the recorder is in continuous use, the memory will
contain data for the last 62 days of use with storage in memory
for at least a year.
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TEMPERATURE DATA RECORDER
AND METHOD OF STORING DATA

Background of the Invention

Perishable goods must be kept at a particular temperature .
range during shipment to avoid thawing, to prevent freezing
or to delay/prevent ripening. To insure the gquality of the
goods, it is standard practice to monitor and record the
temperature of the goods during shipment. Typically, a
circular chart temperature recorder is used to record the
temperature in the conditioned space during shipment. This
arrangement provides a record of only the temperature in the
conditioned space which is measured at the discharge of the
evaporator and this record is removed from the container
upon the removal of the paper chart. Additionally, data can
be lost due to problems with the clock mechanisms, charts,
stylus pens and inks. The data itself tends to be very
compressed due to the physical limitation of space for

logging the temperature readings over an extended period of
time.

Summary of the Invention

The present invention is directed to a replacement for an |
indicating circular chart temperature recorder. More
specifically, it is directed to an electronic replacement
for a mechanical chart recorder ahd includes a data logger
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for measuring temperature data which is stored for later

recall by an interrogator/printer or through the display and
keyboard.

5 The electronic data recorder is an indicating recorder for
two temperatures in the range of -30.5°C to +30.5°C. It
also records and displays the setpoint temperature from a
temperature confroller along with the controller defrost
signal. The occurrance of a power interruption to the

10 recorder is recorded as well as the number of recording
intervals the power has remained interrupted. Stored data
can be displayed using an auxiliary keyboard which is a
part of the recorder keyboard. External connections permit
the monitoring of the controller's active temperature probe

i5 signal via the setpoint display. An auxilliary control
function is provided to monitor the supply air temperature
and alarm when the supply air temperature remains 3 centigrade
degrees below setpoint for 20 minutes for setpoints in the
perishable temperature range. This low temperature alarm

20 also energizes an interlock for use in controlling the

monitored refrigeration equipment or activating remote
alarms.

The data retrieval and display device, referred to as the

25 interrogator/printer, is intended to produce human readable
documents to replace the chart from the commdnly used chart
recorder. The interrogator/printer also provides auxiliary
functions for data inspection, exception - reporting and
data analysis normally provided by an operator or clerk to

30 ascertain performance of the refrigeration system.

It is an object of the invention to provide method and

apparatus for measuring temperature data and storing the
value for later recall.
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It is another object of this invention to provide an indepen-
dent verification of container return and/or supply air
temperature.

It is a further object of this invention to providé a tempera-
ture data recorder having an extended operating temperature

range and improved accuracy and clarity of data.

It is an additional object of this invention to provide a
temperature data recorder which will record the actual
setpoint value, monitor refrigeration unit performance, and
record events pertinent to temperature control/unit operation

including the occurrénce and duration of power interruptions.

It is another object of this invention to provide a device
which avoids the problems associated with clock mechanisms,

charts, pens and ink which are necessary for mechanical
recording.

It is a further object of this invention to obtain additional
information from the temperature data.

It is another object of this invention to provide apparatus
for providing temperature information to an interrogator/
printer without loss of data from memory.

It is a further object of this invention to provide apparatus
for retrieving and processing data and providing a hard copy
of the processed data.

It is a still further object of this invention to provide a
recorder which retains data in memory until it is replaced
by new data. These objects, and others as will become

apparent hereinafter, are accomplished by the present inven-
tion.



10

15

20

25

30

0122866
-4

Basically, the present invention is directed to an electronic
temperature data recorder having an electronic memory and
control circuitry for the acquisition, dispiay, and storage
of temperature and events. The acquired data is stored in a
manner to allow recovery in chronological order for display
and/or transfer to other storage media. This device records
multiple temperatures and a setpoint plus a number of discrete
events at time intervals to provide a history of temperature
and related events. Typical temperatures and events stored
are the supply air temperature; the return air temperature;
defrost occurrences; power outage occurrences; and, controller
setpoint temperature. The stored information is retrieved
from the recorder by an interrogator/printer which processes
the retrieved data and provides a hard copy.

Brief Description of the Drawings

For a fuller understanding of the present invention, reference
should now be made to the following detailed description

thereof taken in conjunction with the accompanying drawings
wherein:

Figure 1 is a schematic representation of the recorder and
data transfer structure;

Figure 2 is a functional block diagram of the recorder;
Figﬁre 3 is a block diagram of the interrogator/printer; and
Figures 4A, B and C are a block diagram of the recorder;
Figure 5 is a schematic diagram of the recorder power supply:

Figure 6 is a schematic diagram of the reset circuit; and
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Figure 7 is a view of a modified panel.

Description of the Preferred Embodiment

In Figure 1, the numeral 10 generally designates the electronic
data recorder of the present invention which is installed on
a refrigerated container 11 for monitoring and recording
temperatures and events occurring therein. The electronic
data recorder 10 is a microprocessor based data acquisition
and recording apparatus. Coupled with the interrogator/
printer 26 it performs the display, recording, retrieval and
printing of temperatures and events normaily associated with
the performance of refrigeration equipment (not illustrated)
for cooling container 11. Recorder 10 includes an operator's
control panel 12 having a plurality of membrane keys 13-18
and a display 19 as well as an indicator panel 20 havihg a
plurality of indicator lights 21-25. To transfer the data-
from the recorder 10, interrogator/prihter 26 may be directly
connected to recorder 10 or indirectly connected through

tape recorder 27. Data may also be recalled via control
panel 12. Tape recorder 27 provides storage for data that
has not been processed in reports. Alternatively, the

output of tape recorder 27 can be connected to a computer 28

for storage and/or use and transferred to a desired location
via off-line teleprinter 29.

Referring now to Figure 2, the signal interface- 32 of recorder
10 receives analog signals in the form of analog voltages
representing the setpoint temperature, defrost, supply
temperature and return temperature. The signal interface

also receives discrete signals in the form of switch closures
representing the on or off condition of an input signal.

These discrete signals include those from keys 13-18 and

other on/off signals selecting the operating mode and func-
tions. The analog voltages aré selected by a multiplexer,

digitized in an analog-digital (A/D) converter and supplied
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to the control logic 34 along with the discrete signals.
Control logic 34 is in two-way communication with memory 36
and interrogator/printer/tape recorder interface 38 and
supplies an output signal to display interface 40. The
output signal supplied to display interface 40 contains
control and data information which appears on display 19 and
as the activation of the corresponding indicator light 21-25
depending upon the data currently appearing on display 19 as
well as the activation of any aiarms. Interrogator/printer/
tape recorder interface 38 permits an interrogator/printer
or a tape recorder to be in communication with memory 36 and
to receive the data stored in memory 36 in chronological
order in response to a control signal supplied to control
logic 34 from interface 38. Time information, which is part

of .the control logic 34, is supplied to the recorder 10 by
time keeping device 30.

As best shown in Figure 3, the power supply 42 is normally
run off of battery pack 43. Power supply 42 contains elec-
trical regulation structure for stepping down the voltage
supplied by battery pack 43, 12 volts, to the operating
voltage, 5 volts, necessary to run the various electronic
components of interrogator/printer 26. Also, power supply
42 detects insufficient voltage and gives a signal indicative
thereof. The battery pack 43 can be connected to a power
source such as a shipboard power supply power source through
a charger 44 for recharging the battery pack 43. 1I/0 con-
nector 45 is a female multipin rack and panel type connector.
I/0 connector 45 provides the external connection to the
memory 36 of recorder 10 and provides the connection between
interrogator/printer 26 and/or tape recorder 27. The
interrogator/printer 26 provides a single parallel bi-
directional channel wvia I/0 buffer 47 and control circuits

46 to provide communication with the recorder 10. ‘A strobe

signal controls the timing when the output channel is from
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the recorder 10. Data for transmission to the recorder 10

is placed in an I/O buffer 47 to be read by the recorder 10
as it polls the interrogator/printer 26. A data acknowledge
signal is generated by the recorder 10 to gate data from the

interrogator/printer 26 onto the communication channel.

The strobe signal (normally high, negative going pulse)
accompanies the data during a transfer to the interrogator/
printer 26. The busy signal channel to the recorder 10
becomes logically high to indicate a busy condition of the
output channel until the interrogator/printer 26 is once
again ready to receive data. The Data Available line of the
input channel is set low whenever valid input data exists on
the input channel. As data is read by the recorder 10, an
acknowledge signal is presented as a negative going pulse
which resets the Data Available, DATA AVAIL, signal on the
low to high transition. This allows coordination of the
input of data to the recorder 10. 1In interrogator/printer
26, I/0 connector 45 is in two-way communication with single
chip central processing unit (CPU) 48 via control circuits

46 and I/0 buffer 47. CPU 48 is accessed via 58 key keyboard
52 through keyboard controller 50 and scan decode 51.
Keyboard controller 50 is an integrated circuit which performs
the function of converting contact closures in the keyboard
matrix to binary signals for CPU 48. Scan decode 51 receives
three signals from the keyboard controller 50 and selects
one of eight columns on the keyboard. CPU 48 supplies /READ
and /WRITE signals to keyboard controller 50 and receives an
interrupt, /INT, signal for controlling the printing of

data. The /READ, /WRITE and /INT signals are negative true
logic signals i.e. O=on, 5 volts = off. CPU 48 is also in
two-way communication with the printer mechanism 56 via
printer drive electronics 55. CPU 48 is connected to program
memory 60 and data memory 62 directly and through address
latch 64. CPU 48 provides a /READ sighal directly to audible
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signal 66 and a KEY CONTROL signal indirectly through address
decode 65.

In Figures 4A, B and C, the numeral 70 designates the evapora-
tor of the refrigeration system or temperature controller 68
for refrigerated container 11. The discharge from the
evaporator 70 is supplied to the refrigerated container via
line 71 and returned via line 72. The analog or signal
interface section 32 contains signal conditioning circuits
and an analog to digital converter (A/D) to convert tempera-
ture and controller signals into binary numeric data for the
CPU. The signal conditioning consists of amplifiers and
attenuation networks to scale temperature controller setpoint
or active temperature, defrost and reference voltage signals
into the range of the A/D converter. There are passive
excitation circuits and a reference divider circuit to
interface the recorder thermistors to the A/D converter. A
dual 4 channel analog multiplexer (2 pole, 4 position switch)
controlled by the microprocessor selects one of the 4 analog
inputs (setpoint, defrost, supply or return) and one of two
references (controller/4 or internal precision X 0.8) as the
input signal and reference voltage for the analog to digital
converter. The input signals and references are coordinated
to allow the A/D converter to make a ratiometric conversion
eliminating errors due to variations in reference voltages.
The temperature of the air supplied to the container 11 via
line 71 is sensed by thermistor 74 which provides a signal
indicative thereof to excitation circuit 76. Similarly,
thermistor 75 senses the temperature of the air returning to
the evaporator from the container 11 via line 72 and provides
a signal indicative thereof to excitation circuit 76.
Multiplexer (MUX) 78, which is physically a portion of the
same element as MUX 79, is operatively connected to excitation
circuit 76 to receive signals indicative of the supply and

return air temperature, as well as being connected to clamping
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circuit 80 and divider 82. Clamping circuit 80 receives a
signal indicative of a refrigeration system defrost from
temperature controller 68 via interface and power connector
69 and provides a 1.5 volt signal to the MUX 78 upon the
occurrence of a defrost. Divider B2 receives a setpoint
signal indicative of the setpoint temperature selected on
temperature controller 68 and which is divided by four and
provided as an input to MUX 78. MUX 78 selects one of the
four analog signals supplied by excitation circuit 76,
clamping circuit 80 and divider 82, respectively, for digiti-
zation in response to a channel selecting signal supplied by
CPU 92 via channel sglect signal line 83. The selected
signal is supplied by MUX 78 to A/D converter 84 where it is
digitized. A nominal 2.0 volt referenée signal is supplied
to MUX 79 by circuit 86 and also provides excitation to
excitation circuit 76. A 9 volt + 5% reference signal is
supplied from temperature controller 68 via interface and
power connector 69 to divider 88 which divides the reference

- signal by four and supplies the resultant signal to MUX 79.

Responsive to a channel selection signal supplied by CPU 92
via line 83, MUX 79 provides a reference signal to A/D
converter 84. A/D converter 84 provides an output signal
via buffer 90 and the data bus to CPU timer RAM 92, and is
connected by the data bus to address latch 106, low RAM
address 116, 6Kx8 CMOS RAM 124, clock 130, display control
134 and printer data buffer 146. »

Power supply 94 which is identical to power supply 42 of
Figure 3 except for the AC input, receives power from a wide
range of suitable AC and DC sources including a battery 93
which serves as a standby energy source. For example, power
supply 94 can be connected to a 12-15 volt DC source or a
nominal 24 volt AC source with a frequency range of 47-63

Hz. The power supply 94 subsystem provides operating voltages
for the electronics and is derived from the 24v AC input and
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the 12v DC supplied from the temperature controller 68 via
interface and power connector 69. A 24v/12v transformer
provides line isolation. The 1l2v AC secondary voltage is
rectified and filtered. An electronic regulator maintains
the main DC supply voltage at 5.7v DC with a pair of diodes
isolating and stepping down the working voltages to 5.0v DC.
The internal operating voltages include 5v DC operating
supply, a 5v DC memory and clock supply, and a precision 2.5
volt reference. A nominal 3.6 volt primary battery 93 and
switching circuit are provided to support the memory and
clock when the 5 volt supplies are absent. A low battery
voltage detection circuit senses a battery voltage ébove
2.95v DC and generates a "battery ok" signal to the CPU 92.
An input voltage monitoring circuit monitors the 12v AC and
detects inadequate input voltage level and generates a "low
voltage™ signal to the CPU 92 and the signal is inverted in.
inverter 133 to a "not low voltage™ signal which is supplied
to the .display controller 134. The reset circuit which
detects the application of DC voltage to the logic is
provided to properly initialize the CPU 92 in a known state
when power is restored. The reset circuit provides an
indication of power interruption and restoration. Power
supply 94 provides a stable output to components 92, 106,
108, 1iio, 9o, 84, 78, 79, 76, 86, 88, 116, 118, 124, 130,
134 and 146. Power supply 94 provides a stable output to
components 118, 124 and 130 in the absence of input power

sufficient to maintain operation.

More specifically, the power supply subsystem 94 (42) provides
the recorder 10 with operating voltages and reference voltages
and several power related control signals. The control
signals are a "low voltage" signal which is asserted when
the input supply voltage falls below a preselected level and

a "reset" signal indicating the requirement to place the CPU
92 into a reset state.
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Referring now to Figure 5, the power supply 94 is composed
of an alternating current transformer T1l, rectifier diodes
D1-D5, D9 and D10, filter capacitors C and an electronic
voltage regulator Al to produce regulated 5.7 VDC power as
the primary operating power source. The 5.7 VDC power is
passed through a diode D7 to the main 5 VDC power, Vcc,
distribution to the electronic components excluding RAM 124,
the real time clock 130, and the RAM high address latch 118.
The components not powered from the main 5 VDC receive 5 VDC
power, Vcmos, through a separate diode D6 from the 5.7 VDC

source and alternately from a 3.6 VDC battery Bl via another
diode D8 in the absence of the 5.7 VDC source.

A precision monolithic voltage reference A5 provides a 2.5
volt signal to the input of the unity gain operational
amplifier A4 which buffers this signal and produces a 2.5

volt signal at its output which is utilized as the system
reference voltage, Vref.

An operational amplifier A3 configured as a comparator and
having two inputs one of which is connected to the precision
2.5 VDC reference and the other connected to a resistive/
capacitive, RL/CL, network sampling the voltage level at the
input of the voltage regulator and providing a signal propor-
tional to the input voltage level. The output of the opera-
tional amplifier A3 is driven to the ground voltage level
wﬁen the input voltage level falls to a level too low to
sustain reliable operation, in this instance 17 VAC or 11.5
VDC. Otherwise the comparator output is near the 5 VDC
level. This "low voltage" signal is routed to the central
processor interrupt input to warn the CPU 92 of an impending
power interruption and provide it sufficient operating time
before loss of the operating voltage Vcc to save any informa-
tion necessary for performing its functions after power is

restored. These parameters include saving the time of the
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last recorded data in memory and completion of storing any
current record in the process of being stored. Capacitor C
provides stored energy to. the 5 volt supplies allowing
operation after loss of input power. The stored energy is
blocked from the low voltage detection circuit by a diode D9
enabling it to function autonomously.

The low voltage signal is also supplied to the reset circuit

as one of the inputs. Referring to Figure 6, the /RESET

input of the CPU 92 is shown connected to the common point
of transistor Ql, diode Dr, resistor Rr, and capacitor Cr.
The reset circuit operates in two modes as a consequence of
power application or power removal from the system. The
reset circuit is provided with a timed pulse on power applica-
tion through the RC network, Rr/Cr, holding the reset input
active low for a period of time sufficient to guarantee
proper initialization of the CPU 92 and inhibiting it frdm-
operating until the supply voltage Vcc is adequate. Diode
Dr acts to rapidly discharge Cr to insure reset action on
short power interruptions.

Transistor Ql which is driven from the logic circuit composed
of gates and inverters Ul through U4 operates to place or
hold the CPU 92 in a reset state whenever input voltage is -
inadequate for proper operation. The active low "low voltage”
signal input to OR gate U3 is ORed with the signal from U4
inverted by U2 to cause the outbut of U3 to be low whenever
the low voltage signal is true (low) and the CPU's "RESET
ENABLE" output is also true (low) or the output of U3 is
already low. The output of U3 becomes latched low when the
low voltage signal is present and the enable signal is
present simultaneously. Since all the CPU outputs are made
logically high by the reset state, the RESET ENABLE signal
exists only from the time the CPU 92 sets the signal low

until the CPU enters the reset state thereby removing one
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of the inputs enabling reset. The removal of the reset
enable condition allows the reset to be removed when the low
voltage signal becomes false. This enables the CPU 392 to
resume operation from the reset state. The use of this
circuit allows the CPU 92 to delay reset on sensing power
interruption for completion of necessary shutdown procedures

while permitting control of reset from the low voltage

input.

The low voltage signal assures that the last recorded time

is stored in RAM 124 prior to completion of activity termina-~
ted by a power interruption. Operational amplifier A6, also
connected as a comparitor, senses the level of the 5 VDC
power on one of its two inputs and compares the level to
Vref. The output of the "switch" A6 is connected to the
output enable control input on the RAM high address latch

118 and places a low active signal when Vcc is above the 4
volt level enabling the latch to control the chip select
inputs of the RAM 124 thereby enabling data transfers to or
from the RAM 124 via the data bus. The "switch" A6 places a
high signal on the output enable control of the latch when
Vcc is below 4 volts thereby disabling control of the chip
select signals to RAM 124 and allowing RAM 124:to be disabled
from transferring data and’preventing any changes in data

stored in RAM 124 while the supply voltage is insufficient
for operation of the CPU 92.

The RESET signal places the CPU 92 in the reset state where
its data and control registers are initialized into a known
state. Among these initializations is the setting of the
program counter to zero. Upon leaving the reset state when
the RESET signal is removed the CPU 92 begins executing
instructions from program memory 108 at the current value of
the program counter (e.g. zero). The processes performed

include clearing all internal registers including one reserved
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to indicate the status of recording power interruption.

This register is set to one after the power fail duration
which is calculated by subtracting the last recorded time
from the current value of time read from the CLOCK 130 after
power is restored and data is to be recorded in RAM 124.

The first record stored in RAM 124 after a power interruption
is information indicating the occurrence of the power inter-
ruption and information indicating the number of recording

intervals elapsed since data was last recorded in RAM 124.

This method of measuring the'duration of power interruptions
permits the temperature record to be reconstructed chrono-
logically without the need to record data duringvthe periods
when power is off and the refrigeratiéﬁ equipment is not
operational. The temperature during power interruption is
generally not meaningful as air circulation has stopped and-
supply and return air temperatures may not be indicative of
the load condition. The temperatures at the restoration of
power and the duration of power interruption are useful.
Furthermore, it is common for this equipment to remain
unpowered for long durations (e.g. 15 days operating, 15

days non-operating) when operated for carrying perishable
commodities in one direction and non-perishable commodities
in the other direction between two points. Since only the
standby CLOCK 130 and RAM 124 are operated during power
interruptions the battery capacity requirements are minimized
and the time span of retaining stored information is extended
with a minimum number of RAM storage locations.

The modified recorder keyboard 12' when configured as shown
in Figure 7 can provide access to the data stored in RAM
124. The "SHIFT" key 14' when held while depressing the
°C/°F key 18' can enable or disable the recalling of data
from RAM 124. When enabled, the secondary functions of the
keys are active. The enabling of "RECALL" causes the first
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record after "Trip Start" to be displayed. The records are
displayed showing the record interval as the first item of a
record. The "NEXT ITEM" key 17' will cause succeeding
items of a record to be displayed. The items contained in a
record include setpoint change information if the setpoint
is changed in that interval, power interruption information
if the interval follows an interval in which the power was
interrupted, the supply air temperature, the return air
temperature and the status of the defrost signal. Actuating
the "NEXT RECORD" key 16' will cause the display of the same
item in the next record or the record interval if that item
is not present in the next record. The "RAPID ADVANCE" key
15' allows the next item or next record functions to be

repeated by holding the selected function and rapid advance
keys simultaneously.

The display recall feature permits review of the data stored
in RAM 124 without the interrogator/printer 26. This is of
interest in locations where an interrogator/printer is not
available or functional and also provides feedback to the
operator or maintenance personnel in evaluating previous

operation of the refrigeration egquipment.

The digital control logic electronics 34 and memory 36
include a single chip microprocessor, 6144 low power random
access memory {RAM) lécations, 4096 program memory locations,
a real time crystal controlled clock and miscellaneous

gates and buffers to controcl the flow of data to and from
the microprocessor. The 6144 (6K) bytes of RAM store recorded
data and control parameters to be retained throughout power
interruptions. The RAM and CLOCK are normally powered from
the main 5 volt supply, but are supported by the battery 93
during power interruptions. This enables the system to
maintain continuity of data and time. The switch 119

detects loss of 5v supply and disables RAM input/output
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circuitry to prevent erroneous alteration of the RAM contents
during the removal, absence or application of control power.

The microprocessor 92 is a complete computer in itself,
requiring only power source and clock signal for operation.
Its program memory 108 is contained in a separate programmable
read only memory (PROM) and has a capacity for up to 4096
program instructions or data. Internal to the microprocessor
are 128 bytes (locations) of RAM, an 8-bit timer and the
central processing unit (CPU). There are 27 input/output
(/0) lines utilized to sense and control signals to and

from the CPU. Additional control signals regulate the

timing and direction of data flow to and from the microproces-
sor, and select the destination or source of the data wvia
external gates and buffers.

The RAM 124 is organized as three segments of 2048 bytes and
an individual storage location is selected by loading the
specific address into a memory address latch 116 and 118.

Data can then be read or written to that location over the
system data bus.

The CLOCK 130 which corresponds to time interface 30 of

Figure 2 is a circuit containing fregquency division circuitry
and counters which accumulate values representing real time

in seconds, minutes, hours, days, and months. The counters
are individually addressable permitting the CPU to acquire

the time information. The clock may also be set to a specific
time or reset to 0 time by the CPU.

The A/D converter data is also addressable. The CPU can
obtain status and data over the data bus making the analog

values available to the processor.
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A single bi-directional I/0 buffer 146 routed to a connector
150 provides access to the CPU and permits the CPU to transfer
data from itself or other'devicesron the data bus to an
external device. This signal path is intended for use with
the interrogator/printer when retrieval and printing of
recorded data is required. It may alternatively be used

with the aid of external circuitry to transmit or remotely
display operating data.

CPU timer RAM 92 is accessed by keyboard switch matrix 100
which may have an auxiliary keyboard for displaying stored
data. CPU 92 provides a channel selection signal to MUX 78
and 79, "read" and "write" signals to address decode 110, an
address latch enable (ALE) signal to.address latch 106 and a
program strobe enable signal to 4Kx8 program memory 108 to
distinguish program memory from other devices. Additibnally,
CPU 92 is in one-way communication with address latch 106,
low RAM address 116, and display control 134 and is in two-
way communication with 6Kx8 CMOS RaM 124, clock 130, and
printer data buffer 146 via the data bus. Address latch 106
provides an address signal via the address bus to program
memory 108, display control 134 and address decode 110. The
output of program memory 108 is supplied via the data bus

to CPU 92, to supply a stream of instructions cobrdinating
the activities of CPU 92 and the peripheral parts to perform
its functions.

Address decode 110 provides a plurality of mutually exclusive,
unique signals which are provided to the various external
devices one at a time. Specifically, address decode 110
provides an A/D address signal to select one of four digits
for transfer to the CPU 92 via the data bus and buffer 90

and A/D read signal to cause the data transfer of the A/D
digit selected, a RAM address decode signal to low RAM
address 116 and high RAM address 118, a RAM read decode
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signal and a RAM write decode signal to CMOS RAM 124, a

clock I/0 decode signal to clock 130, a "printer read”

signal to printer data buffer 146 to control the direction

of the buffer 146 and the printer I/0 connector 150 to read
data from a device, such as interrogator/printer 26, connected
to the I/0 connector 150, a "printer write®™ signal to control
the timing of data transfer to the external device and a

display write signal to display control 134.

Low RAM address 116 and high RAM address 118 each supply
address information to CMOS RAM 124 which supplies data to
CPU 92 via the data bus. Clock 130 supplies timing informa-
tion to CPU 92 via the data bus. Clock 130 also receives
data via the data bus from CPU 92 to initialize the state of
the clock 130. The display control 134 controls the 5 digit
LED display 140 through current control 136 and digit driver
138. Printer data buffer 146 supplies data toc or reads data
from the printer I/0O connector 150 for printing by the

external device, and receiving control signals from the
external device.

The display includes five 7-segment hexadecimal indicators
and five discrete light emitting diodes. All display indi-
cators are driven by a single display controller which holds
the desired display information in its memory and operates
the indicators in a multiplexed configuration. The four
rightmost 7—-segment displays may indicate any of 16 hexa-
decimal codes while only three horizontal segments are
displayable in the fifth digit. The rightmost digit is
inverted to permit its decimal point to be displayed as a
degree indicator. The display controller together with a
segment current limiting resistors and digit drivers compose
the balance of the display subsystem. A negative true low
voltage signal disables the display drivers when active to

blank the display signaling non-operating condition of the
recorder. ‘
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Applying power to the recorder 10 will enable it to operate.
The supply voltage must be between 17 and 30 volts AC with a

frequency greater than 47 hertz and less

than 63 hertz.

Adequate supply voltage level will be indicated by the red

data display and other indicators illuminating.

should light and the display read "AAAA"

diagnostics and warmup routines are being exercised.

ful completion of warmup is confirmed by
of the default display (supply or return
see configuration) to appear in the data
status indicators will extinguish if the
the indicator is absent. Detection of a
diagnostic will result in a "bbbb" being

while the initial
Success-
the current value
air temperature -
display. The
condition iighting
failure in a
displayed on the

data display and operation of the recorder being inhibited.

The default temperature is indicated on the data display
when the warmup routine is complete. The default selection

will be one of three modes depending upon recorder configura-

tion:

Mode ‘Descrigtion

Return default Return air temperature is displayed

on power up. Supply is displayed
by actuating the supply/return key.
Supply Air Temperature indicator

lights when supply temperature is

displayed.

Supply default Supply air temperature is displayed
on power up. Return is displayed
when supply/return key is depressed.
Supply indicator is normally illumi-

nated.

All indicators
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Supply/Return The display of supply air temperature
Alternate is alternated with return air each

time the supply/return key is
depressed. The last selected display
will be shown on power up. The
supply air indicator is 1it when

supply air temperature is displayed.

Selection of other displays is controlled by the three other
display control keys. Each key causes the selected parameter
to be displayed while the key is depressed. Releasing all
keys returns the display to the default display. The other
display control keys are:

Display Key Description
Lamp Test Turns on all displays and indicators.
Setpoint Displays controller setpoint tempera-

ture (Displays controller active
probe temperature when external
probe test switch is actuated).

Elapsed Time Displays time from trip start in

hours.

The units of temperature are indicated according to the
default units selection as configured»when power is first
applied. The temperature units may be changed by depressing
the °C/°F key. Each time the °C/°F key is depressed the
units will alternate and the selected units will be displayed
in the rightmost position of the data display.

The beginning of a trip record is indicated by recording the
event in the recorders memory. Only one trip beginning can

be recorded and is done so by the following sequence of
steps: '
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1. Depress the Elapsed Time key and observe the
elapsed time.

2. Depress the Trip Start key while holding the
Elapsed Time key.

3. Observe that the elapsed time is reset to zero.

4, Release both keys.

At the beginning of a shipment, the operator will indicate a
new trip by actuating "trip start" keypad 13 while holding
"time since last trip start (hr)" keypad 15. This denotes
the beginning of a new record in RAM 124 by causing the NEXT
pointer to be copied into the START pointer while the count
of record intervals is reset to zero. Additionally, the
elapsed time held in clock 130 is also reset to zero. This
causes the new record to follow the o0ld record in memory,
preserving the old data as long as possible.

The data logger or recorder 10 will record the specified
parameters once each thirty minutes whenever power is applied
to the refrigeration equipment. Timing is internally generated
by clock 130 for use in reporting the chronology of tempera-
ture measurements and event occurrences. Recorded data is
retained and timing is continued in the event of a loss of
power to the refrigeiation unit. Data is not taken or
recorded during power outages, however, the time of last

data recording, LTIME, is stored in RAM for use in recovering
the duration of power interruptions. The acquired data is
stored in such a manner as to allow recovery in chrono-

logical order. The temperatures and events to be stored
are:
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1) the supply air temperature which is the temperature
of the air being discharged from the refrigeration unit
after passing through the coil of evaporator 70 and is
sensed by thermistor 74 in line 71.

2) the return air temperature which is the temperature
of the air being returned from the conditioned airspace to
the refrigeration unit prior to entering the coil of evapor-
ator 70 and is sensed by thermistor 75 in line 72.

3) a defrost occurrence which is the state of the

defrost signal from the refrigeration unit temperature
controller 68.

4) a power outage occurrence which is an event evidenced
by the removal and re-application of AC or DC input control.
po&er and the duration of outage computed from the current
clock value, CTIME, at power restoration and the last recorded
time, LTIME, counted in 30 minute intervals.

5) the controller setpoint temperature which is the
selected operating temperature obtained from the temperature
selection potentiometer of the refrigeration unit.

The supply and return air sensors, thermistors 74 and 75,
are independent of the sensors used for box temperature
control. Each of the thermistors 74 and 75 is sampled at
least once every five seconds, averaged over time period,
e.g. a half hour, and recorded in RAM 124 at the end of the
interval. The setpoint temperature is recorded in the first
data record after initiating a "trip start™ and then, only
when changed by more than 0.5°C for the remainder of the
trip. The data is stored in 6K RAM 124 which provides a-
worst case storage for data for sixty-two days without

overwriting data, allowing storage of up to sixty setpoint
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changes and up to sixty power interruptions of a duration
greater than one record period.

RAM 124 is operated as a circular buffer using two pointers.
One pointer locates the first record (START), and the other
locates the last record (NEXT) recorded in memory. The
circular buffer can be pictured as an endless memory loop.
Data is stored in RAM 124 from the lowest RAM address selected
by 116 and 118, ascending to the highest RAM address selected
by 116 and 118, followed by a return to the lowest memory
location. A segment of the data memory is reserved to store
the pointers and other control parameters. Simultaneous
erasure of the entire memory is not permitted. Each time

data is written to memory and the address pointer (NEXT) is
advanced, it is compared to the first (START) pointer to
determine if every memory location has been used once. As
NEXT is incremented and used as a pointer to the next availéble
memory location, it will be egual to START if and only if

all memory locations have been filled. Sixty days after

trip start, the extended trip indicator 23 will start flashing
on and off. When the pointers are equal, the extended trip
indicator 23 is continuously energized and the extended trip
flag is set. The extended trip flag is set to assist in
correctly identifying the data for printout and is reset

only upon the actuation of a trip start.

Battery 93 is connected to power supply 94 and is suitable
for the retention of data in RAM 124 for one year over the
operating temperature range. Power supply 94 includes
circuitry for sensing a low battery capability or missing
battery condition, when the recorder 10 is powered externally,

and responsive thereto energizes replace battery indicator
24.
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The temperature values obtained from the supply and return
air thermistors 74 and 75 are compared to limits, e.g. -38°C
to + 38°C, to determine if an abnormal sensor condition
exists such as open or shorted. If a temperature outside of
the limits is detected, check sensor indicator 22 is energized
and remains energized as- long as there is external power to

the recorder 10 or until a valid temperature is detected.

For setpoints of -10°C and above, the recorder 10 will act

to shut down the refrigeration unit if the supply air tempera-
ture drops 3C° below setpoint for twenty minutes. When the
supply air temperature, under these conditions, is continually
3C° below setpoint for twenty minutes, a relay driver 160 is
energized causing relay 162 to open its normally closed
contacts interrupting power to the refrigeration control

unit and signaling the condition remotely at indicator light
21. When shutdown occurs, low temperature indicator 21 is
energized as a warning to the operator and, once initiated,
the low temperature shutdown is latched and can be reset

only by removal of extermnal power to the recorder. The

relay contacts can alternatively be used for remote signalling.

Display 19 normally displays return air temperature on power
up and at all times thereafter unless one of the momentary
functions is selected. Actuating the supply/return key 16
causes display 19 to indicate the supply air temperature-and
energizes supply air displayed indicator 25 as long as the
key 16 is pressed. Releasing key 16 extinguishes indicator

25 and allows display 19 to revert to return air temperature
indication. Optionally, the supply and return air temperature
display indicator can be interchanged. This permits the
supply air temperature indicator 25 to be the default tempera-
ture display. Also, supply/return key 16 may be operated in

a toggle mode, switching between holding the supply or

return air temperature on each actuation of key 16. The
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default display will remain set to the last selected mode
even through power interruption and restoration. The supply
air displayed indicator 25 is energized whenever the supply
air temperature is indicated on display 19.

The °C/°F key 18 permits selection of the units in which
temperatures are displayed on display 19, key 18 works in a
toggle fashion on each actuation of the key, i.e. the selected
mode remains set until the next actuation of key 18. The
depressing of time since last trip start (hr) key 15 causes
the current value of the recording interval counter, divided
by two, to be displayed on display 19 as long as key 15 is
held. A displayed value of zero represents the reset state.

Depressing lamp test key 14 energizes all of the lamps 21-25
for as long as it is held. This allows visual verification
of .proper operation of the lamps. Display 19 should indicate
"-88.8°8" and indicator lights 21~25 should be illuminated.
Releasing key 14 allows display 19 and indicator lights 21-
25 to return to their normal mode. '

The temperature controller's active temperature sensor value
may be displayed by actuating an external momentary toggle
switch (which will switch the setpoint temperature signal
from the controller to the active probe temperature signal
from the controller and input this to the recorder as well
as indicatiﬁg a test condition to the recorder by opening a
set of normally closed contacts so the active probe tempera-
ture will not be recorded as a new setpoint) and depressing
setpoint temperature key 17 to display this value. Both
controller sensors may now be checked by adjusting the
setpoint potentiometer above and below -10°C since the
setpoint signal to the recorder 10 is ignored during this

test mode. Releasing key 17 returns the display 19 to its
default mode.
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The recorder 10 provides a single parallel eight bit bi-
directional channel to communicate with the interrogator/
printer 26 or tape recorder 27. A strobe signal is generated
by /WRITE when the output channel is addressed and data is
supplied to printer I/0 connector 150 to control timing for
the data transfer into the external device, i.e. interrogator/
printer 26 or tape recorder 27. An acknowledge signal is
generated to the external device when the input channel is
read and is furnished to CPU 92.

Data transfer is initiated by interrogator/printer 26 or
tape recorder 27 which places a unique 5 bit code on the
input lines of I/O connector 150 and asserts the data ready
signal so as to be interpreted by the“recorder 10 as a
request to transfer data.

Upon recognition of a successful data transfer request, the
recorder's display indicates data transfer activity. Data

is then transferred from the recorder to the interrogator/
printer 26 in fixed record lengths followed by a check sum.

If the interrogator/printer 26 transmits a negative acknow-
ledge, the previous record will be retransmitted. A positive
acknowledge causes the next block to be transferred and so

on until record transfer is complete. The number of allowable

retransmission attempts shall be limited by the interrogator/
printer 26.

An acknowledge or negative acknowledge character is sent to
the recorder 10 as a result of the check sum computation and
comparison performed on the received data by the interrogator/
printer 26. A positive acknowledge will enable the recorder
to transmit the next successive block of data or terminate
output if data transfer is complete. A negative acknowledge
will result in a retransmission of the preyious block. The
interrogator/printer thereby retains control of the number

of attempts to transfer a block of data.
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Failure to get an acknowledge, complete a one byte data
transfer or loss of the /PRINTER PRESENT signal for more
than 250 msec will terminate interrogator service, requiring
the re-initiation of recorder/interrogator communications.

The interrogator/printer 26 receives data at its maximum
data transfer rate and stores the data in an internal buffer

memory where it is available for analysis and printing.

The data received from the recorder 10 is decoded into

temperatures and status information, isolated into individual
records for each recording interval.

Data is formated as it is output to the printing device to

minimize working memory requirements.

The interrogator/printer 26 carries on a dialog with the
operator via the keyboard 52 (input) and printer 56 (output).
The dialog provides communications with the operator necessary

to configure the interrogator, retrieve data from the recorder
or print reports.

To transfer data to a tape recorder 27, the recorder 10 is
instructed through keyboara 100 or from the tape recorder to
transfer data to the tape recorder 27. Since the data
transfer of information from recorder 10 is a reading of the

information stored in RAM 124 the information remains in RAM
124 until overwritten.

In summary, the recorder 10 monitors and records the tempera-
ture of the air supplied to and returned from the refrigerated
container, the setpoint for the temperature in the refrigerated
container as well as recording the occurrence and duration

of defrost and power interruption. The recorder serves to

only record data except for the occurrence of too low of a
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temperature in the refrigerated container for a predetermined
time whereupon the recorder exerts a control function which
serves to shut down the temperature controller or refrigera-
tion system 69. The data is recorded such that the records
for the last sixty-two days of operation is stored in memory
whereby the data, or at least most of it, is available for a
number of days after the completion of a trip. Also, the
reading of data out of the recorder does not remove the
record of the data as is the situation with a paper record.
The data can be read out by an interrogator/printer which
processes the data and provides a hardcopy report or can be
recorded, as stored in memory, by a recorder for later

transfer toc a microprocessor, or the like, for processing.

The components configured to make the recorder 10 and the
interrogator/printer 26 are off-the-shelf components with

the following components being suitable for use in the
disclosed device:

Ref. # Name Model or Part No.

42,94 regulator 7805

(Mfg. - National Semiconductor)

diodes IN4005
(Mfg. - Fairchild)

transformer 24 to 12 volt
(Mfg. - Essex)

operational amplifier CA3140
(Mfg. - RCA)
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55

56
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operational amplifier 1M224

(Mfg. - National Semiconductor)

control circuits 74HC10, 74HCO04

(National Semiconductor) 74HC32,

battery v2008
(Mfg. - Union Carbide)

control circuits 74HC10, 74HCO04,
(National Semiconductor) 74HC32,

I/0 buffer 74HC245
(Mfg. - National Semiconductor) .

CPU 8031
(Mfg. - Intel)

keyboard controller 8259A
(Mfg. - Intel)

scan decoder 74HC138

(Mfg. - National Semiconductor)

keyboard
(Mfg. - Advanced Input Devices)

printer drive electronics

(Mfg. - Star Micronics)

printer mechanism

(Mfg. - Star Micronics)

program memory 273242
(Mfg. - Intel)
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data memory }lPD446
(Mfg. - NEC)

address latch 74HC374

{(Mfg. - National Semiconductor)

address decode 74HC138

(Mfg. - National Semiconductor)

temperature controller/
refrigeration system

(Mfg. - Carrier Transicold Co.)

interface and power connector
(Mfg. - Molex)

thermistor probe 12-00216

(Mfg. - Carrier Transicold Co.)

resistors

analog multiplexer, CD4052
dual 4 channel
(Mfg. - RCA)

diodes IN4GO05
(Mfg. - Fairchild)

resistors

operational amplifier M224
(Mfg. - National Semiconductor)

A/D converter, 12 bit ADC3711
integrating

(Mfg. - National Semiconductor)
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voltage reference IM236

(Mfg. - National Semiconductor)

buffer - tri state HCMOS 74SC244
(Mfg. - Semi Processes)

microprocessor - single 8039
chip with RAM and timer
(Mfg. - Intel)

battery - memory back v2008
up type
(Mfg. Eveready)

keyboard/escutcheon - Custom
membrane type
(Mfg. - EECO)

latch octal D type 74HC374
(Mfg. - National Semiconductor)
memory - read only, LD2732A
programmable

{(Mfg. - Intel)

latch octal D type 74HC373
(Mfg. - National Semiconductor)
memory CMOS RAM 2Kx8 UPD446
bits, 3 required

(Mfg. - NEC)

real time clock MM58167

(Mfg. - National Semiconductor)
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134 display controller 74C917
(Mfg. - Natéonal Semiconductor)

136 resistors

138 transistor array ULQ2003

(Mfg. - Sprague)

140 5 digit LED display MANG6740
(Mfg. -~ General Instrument)

146 buffer octal bi- 74SC245
directional
(Mfg. - Semi Processes)

160 relay driver ULQ2003

(Mfg. - Sprague)

162 relay Lz-12
(Mfg. - ITT)

Although a preferred embodiment of the present invention has
been illustrated and described, other changes will occur to
those skilled in the art. For example, the interrogator/
printer could be located at a remote location and connected
to the recorder through suitable lines and a modem. Also,
the interrogator/printer could be combined with the recorder
to provide storage and recall in one unit. It is therefore
intended that the scope of the invention is to be limited
only by the scope of the appended claims.



5

10

15

20

25

30

0122866

-33-
CLAIMS
What is claimed is:

1. Recorder apparatus for recording for later
recall a plurality of conditions in a refrigeration system
comprising:

I.

II.

means for receiving a plurality of inputs repre-

senting refrigeration system conditions and inclu-

ding;

a.

means for receiving information indicative
of supply air temperature and providing

a first analog signal indicative thereof;
means for receiving information indicative
of return air temperature and providing

a second analog signal indicative thereof;
means for receiving information indicative
of a defrost condition and providing a
third analog signal indicative thereof;
means for receiving information indicative
of temperature setpoint and providing a
fourth analog signal indicative thereof;
multiplexing means for individually
selecting each one of said four analog
signals and providing said selected
signals as first output signals;

analog to digital converter means for
digitizing said first output signals and
producing said digitized first output

signals as second output signals;

logic and memory means for processing and periodi-

cally chronologically storing said second output
signals including:;

a. random access memory means for storing and

recalling stored data;
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random access memory address means for supply-

ing address information to said random access

memory means to cause said random access
memory means to operate as a circular buffer;
address decode means having a plurality of
output signals for providing instructions to
said random access memory means and said
random access memory address means;

central processing unit and program memory

means operatively connected to:

i. said multiplexing means to cause said in
dividually selecting of each one of said
four analog signals;

ii. said analog to diéital converter means’
for receiving said second output signals;

iii. said address decode means to cause said -
address decode means to provide said
output signals; and

iv. said random access memory means to
furnish data for storage;

III. means for receiving information queries and for

including:

transferring said data stored in said random

access memory means responsive to said information
queries including:;

a.

2.

input/ocutput connector means operatively
connected to said logic and memory means for
transmitting information gqueries thereto and
for transferring said data stored in said
random access memory means responsive to said
information gueries and under the control of
said central processing unit and program
memory means.

The recorder apparatus of claim 1 further
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IV. display means including;

a.

b.

3.

including:

display means for digitally displaying one of
said four analog signals;
selector means for selecting which one of

said four analog signals is displayed digitally.

The recorder apparatus of claim 1 further

Iv. display means including;

a.

4.

display means for digitally displaying one of
said four analog signals or said stored data
corresponding thereto; (

selector means for selecting which one of
said four analog signals or said stored data
corresponding thereto is displayed digitally.

The recorder apparatus of claim 1 further

including disabling means operatively connected to and

controlled by said central processing unit and program

memory means for providing a shutdown signal to a refrigera-

tion system responsive to overcooling over a predetermined

period.

5.

The recorder apparatus of claim 1 wherein

said means for receiving a plurality of inputs representing
system conditions further includes:

g.

second multiplexing means for providing
signals to said analog to digital converter
means;

means for sensing a power interruption to a
refrigeration system and for providing a
signal representative thereof to said central
processing unit and program memory means;
means for sensing a power restoration and for
providing a signal representative thereof to
said central processing unit and program

memory means.
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The recorder apparatus of claim 1 wherein
memory means further include:

means for sensing the absence of power and
for protecting said data stored in said

random access memory responsive thereto.

The recorder apparatus of claim 6 wherein
memory means further include:

time keeping means for accurately measuring

the passage of time and for providing a

signal indicative thereof to said central
processing unit and program memory means
thereby controlling the frequency and chronology
of said second output signals and measuring

the duration of a power interruption.

The recorder apparatus of claim 1 further

interrogator/printer means adapted to be connected

to said means for receiving information queries to

provide information queries and to receive data

transferred responsive to said information gqueries
and including:

Q.

b.
c.
dl

input/output connector means for connecting.
said interrogator/printer means to said
recorder apparatus;

printing means;

keyboard means;

second logic and memory means operatively
connected to said input/output connector
means, said printing means and said keyboard
means for providing information queries
entered by said keyboard means to said recorder
apparatus via said input/output connector
means and for processing, storing and printing_
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said processed data transferred by said recorder apparatus

in response to said information query.

9. Recorder apparatus for recording for later recall a
plurality of conditions in a refrigeration system comprising:

means for receiving a plurality of inputs representing
refrigeration system conditions;

memory means for periodically, chronologically storing
said plurality of inputs representing refrigeration system
conditions; and

means for receiving instructions and for transferring

said stored plurality of inputs responsive to said instruc-
tions.

10. The recorder apparatus of claim 9 further including
display means for selectively displaying one of said stored .
plurality of inputs.

11. The recorder apparatus of claim 9 further in-
cluding an interrogator/printer means adapted to be sel-
ectively connected to said means for receiving instructions,
said interrogator/printer means including means for providing
instructions to said means for receiving instructions and
means for receiving said stored plurality of inputs re-

sponsive to said instructions.

12. The recorder apparatus of claim 9 further including

means for shutting down a refrigeration system responsive to
overcooling.
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13. A method for storing information for later recall
comprising the steps of:

receiving a plurality of inputs representing operating
conditions in a system;

periodically, chronologically storing in memory the
inputs representing the operating conditions in the system;

and

responsive to receiving instructions, transferring from
memory the stored inputs.

14. The method of claim 13 wherein the step of per-
icdically, chronologically storing in memory includes the
steps of:

periodically checking each of the plurality of inputs
representative of air temperature over a period of time;

averaging the values of each of the plurality of
inputs representative of air temperature over a fixed
period of time; and

storing the averaged values in memory.

15. The method of claim 14 further including the step
of shutting down the system when one of the inputs rep-
resentative of an air temperature is below a setpoint by a
predetermined amount for a predetermined time.

16. The method of claim 14 wherein the step of storing
the averaged values in memory includes the steps of:

determining whether memory is full; and

if the memory is full, storing the averaged values by
overwriting the oldest data in memory.
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17. The method of claim 13 wherein the step of
chronologically storing in memory the inputs representing
the operating conditions in the system includes the steps
of:

storing the time of the start of a power outage;

storing the time of the end of a power outage;

computing the duration of a power outage;

storing the duration of a power outage whereby power
outages are tracked with the use of little memory while

providing a complete reconstruction of the chronological
record of system operations..

18. A method for recording the interruption of power
comprising the steps of:

detecting the removal of power;

storing the time of power removal;

detecting the reapplication of power;

storing the time of power reapplication;

computing the duration of power removal;

storing the duration of power removal whereby power
outages are tracked.



0122866

1/9

/ 9/

-2I-
Gl 1d ¢l
MIALNINd / ﬁ ) ; ) . )
dOLV90HdH3LNI (¥H) LYVLS i
wN.\ 4 didL 1SV me_.._ ﬂﬁm
A / Tonis 3wt | © gl
| 3HNLVYIdWIL MO 0) .
| 2~ _ 4o dWaL NYN L3y
_ HOSN3S %03HO 0) % | [ni0dizs| [/ A1ddns
mNn/ . J \ _J
Y3INI¥d3T3L _ dldl G3AN31X3 ) ml .\.1 ol J
NN-ado [~ ¥3Lndwod (- SEgIUP Po—,
“AH3LLVE 30V1d3Y ) -g|-

o1
mm\ wm\ : NN.\ —

Q3AVdSIQ HIV AlddNS




0122866

279

g 9/

3NIL

o

301A3Q ONIQH023Y ¥IHLO w—

30IA3Q AYLN3 vivVa / ¥3LNING

30V4H3UNI
Y¥30¥003y 34Vl
/ ¥3LNIdd

/ HOLVO0HHILNI

mm\

S39VLI0A 90TVYNY ——»

STVNOIS 31340810 ——»

30V4¥3LNI
TYNOIS

Viva/ T08LNOD

«

Nn\

g

SWYHVYTV Ol t—
G2-12 SHOLVOIANI Ol -t—
61 AV1dSIa Ol -t—

JOVIYIUNI
AVdSIa

91901
o
Yiva 70Y¥1NOD
WLiolg
\.O¢
4 viva/ouinoo

AHOWINW

AN

mm\

Ol




0122866

3/9

£ 9/4

QYVO8A3N A3M 8§

AHOW3N
viva
8X YOI

92

Nw\

99—

P

ZH 09/06
. OV A 0£2/02)
1§~
300033 39V.L10A
NVYOS ONILLYY3dO HIAOMYHI /
| 2P~ » ! L4 4
MITTI0ULNOD LN
Q¥vO8AIN EL a¥o| >ovd
av3y Alddns AYILLYVE N _ ch
N ‘ ¥amod [ Az
26 / A2l
05 y
SATVIVa Lﬂ Gy —__ HOLOINNOD 0/i ¥3QH0I3Y
$S38AaV MO //
- HOLV v Ol
ss3ayaav u.._..sm 0/1 ._oEzoo o
AHOWIW =
Wvdooud| ~—09 {9-—7ssanaav L
" — \
HOIH nds
dIH)  |eg——] S0INON 1033
300930 3719NIS 3IAING
/ am——
ssayaav—¢ HILNI /mm
UNSIS TLND A3N
37gianv /mw /
av3ay st
WSINVHO3W
H3LNINd

wm\



0122866

479

ST ST Mt Swvmenn St Smtte  —— — ——— a— —— ——— m———

S— ——  t——— av—

Nm/ my \N\.O.\_.lyl

HOLVHOdVA3

—
«——— LINouID
__ NOILVLIOX3 _
__ 8L— A “w A
8 XNW _
_ 08~ \g; PtLZ ||
| \ ./ __
i , M dWV1)D TVNOIS
] AS1 [ Tsous3q
ceot .Iul. Z  |vnois | 04A 2l |
l__l S ‘ ._<zw_m“
o NIOdL35|
(@]
|| 2 e |
1 3 43y _
| z A0O'2
_ 5 —] W 98 __
_ ~ . R NENEPERT
| b+ %S ¥ A6|
~g8 |
26 oL “ / /mh _
= XIuLVW €8 |
26 0L < =] HOLIMS |
GEVOEAIN [~ 00| |
L —

HOLI3INNOO ¥3MOd 8 30V44ILNI

-..—.—_.-._—.——_——_——_—__——.——_—_l

H3TT0ULINOD JUNLYYIJdWIL

B

L

14 0]
(o

{




0122866

5/9

AS

- T - ||“
_ [+ B L
| SN VLVd < SE— | s
_ —1"%ne viva m T (Woud
| ogl =
€ _
_ ./ + ALIMM AVIdSIQ ———] \ _
_ FLIMM HILNIYD -— 06
| %0070 [T | ] avas uainmd<— “
€ 071 90719 |
_ JLIUM WYY mmmwwoomn_@ w ALIEM |
_ QVIY WYY TEM |
Ny
_ BN Qv 47y v |
_ SS3NAQY /Y <€—o) |
SSIHAAY || 6 WOu4
_ »2l oL WYY TR //o: “
| Mo PEI OL <o ——s ) 76 Wous
| v2l Ol 8| 801 0L R |
ya v6 WOM 4
_ ssauaay | HOLY _ILIE WOY
| HOLIMS |}————» HOIH wo_.\ $s34aQv oy
“ 091 OL -— HINIL q?%mm“
80! 01 -— | I——
! 26— |
rlulllllllllllll.l.l. — e — — e e e . ————— —— — — e e e e




0122866

St HOLD3NNOD 0/1 0L

2 9/

©
N

e
|
_ [ 3LIHM HILNI 011 WOYA
Eos |
3NIT €f4OLOINNOD | . el
il 0/1 $S3¥Qav 2-0 av 90! NoNd _
VIVAl w3iNiyd _ _
| aNfs udddng | A 26 0L
-
vIva A ; u u 39VL10A MO LON q
| 3NITe € €——SNd VLva
| > | SERAT, el o o
—_QSIZ_ _ovZ |l | ¢ 3LINM WYY Ol WOX4
7 \_ av3y Wvd Ol WOXA
|26 [ y3aug J _ J ) ) de
= gy > Aviay ¢ € com
WOy \.29| ~~]-]-]-]— =] — — — — ~
| | I
ow_\ . 90! WOHd | = mm//
| 8EI—_ | N—g¢ S
_ ¥IAING 26 Wou| 5| |au3Live
| _ .
_ 11910 | « _ «
low 9¢| Houtnoo| | Wvy -
| NOD
| A ./ avidgsia| || SONO She viva _ RSy od
| | AHOWZN | |
dd dns
| |Avidsia a3 TOHLNOY) _ N~ WYHO0Hd| | 26 0L o | ATd W A
_ li9la g LN3¥HNO _ vel _.Em MO ¥3IMOd | G'€2
[&)]
| — <
“ _ B0l _ o 0a AGl-2l
L velZ B2\
———————
ob / o€l ANV +2I'8ll oL —I® v6

O€l NV b2i'8ll 1430X3 717V OL

HOLO3INNOD ¥3MOd 8 30VIHILNI




0122866

G 9/

JOV1ITO0A ¢

MOT v

!

AS'¢

_—

H»mw._:zm 2v

8a AV

60

RW [] 43490
1y
AVID 13y og

) €a
% UH ﬁxu
20
Iv O\ _0 L

13y
o VA D2
[Covave
Iq \
—K [Joanzl
sa
I M oaAz
N ALYNYILTY

Ad3lliva MmO



0122866

8/9

indino

anNo

1383y

ndd

1dNYUYILNI

Oo>

R,

378VYN3 1353y

$

ol

g

—e

et

ST

\ae

£V WNOou4
JOVLTI0A MOT



0122866

9/9

£ I/

-,2I-
\_m_ \_S \_m_

[ 3onvAQY R
aldvy dWV
LAIHS
INIL LYVIS
a3Sdv13 | L

r Y, \_
[ 440/N0 watl | [ auwoo3zy |
Tvo3y LX3N LX3N
NYNL13Y
d40/ Do | LNIOdL3s | ) Wdans |




	bibliography
	description
	claims
	drawings

