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In this concluding part we will examine the evolution of the various temperature
recording systems used in reefer containers, right from the days of the manually
maintained log sheets to the currently used remote monitoring systems and the possibility
of using satellite transmission of data for monitoring and control from a shore
establishment, which is already under trial.

Temperature Measurement implies on the spot instantaneous display of the
temperature of the air inside the reefer container. The temperature measurement of air
inside the reefer container is done at two locations - one at the return air i.e., at the entry to
the evaporator coil and one at the supply air which is at the exit of the evaporator coil.
Under normal working conditions, a temperature difference of 2-3°C is always permissible
between the return and the supply. For a marine reefer container, the return is from top
and supply is from bottom and for truck refrigeration, it is the other way around. When
return is at the top, it aids the natural circulation of air, i.e., hot air goes upwards and cold
air sinks to the bottom. The temperature difference is more pronounced in case of chilled
cargoes like fruits and vegetables which liberate heat due to the chemical and physiological
changes taking place within the cargo.

Temperature Recording is required for future reference. At the end of a loaded
trip, if it is noticed that there is a deterioration or damage to the cargo, the record of the
temperature maintained inside the container and performance of the reefer machinery is
called for. This is done to ascertain the cause of the damage and extent of the damage to
pinpoint the responsible party. The record of temperature maintenance is called for by the

courts to find out the genuineness of cargo damage claims.

Evolution of Temperature Recording Systems

Manual Logsheet

In the earlier days, when there was no recording mechanism, the only available document
was the reefer container temperature log sheet. Temperature was physically and
individually checked and logged down in a pre-printed format. The temperatures were
logged down at two fixed timings during the day - one at AM and one at PM. This was
accepted as evidence in the court of law. However, this was not 100% reliable as the log
sheet could be tampered with, the temperatures recorded could be wrong. An entire new

log sheet could be fabricated to protect the ship's staff and the carrier. In spite of this, even
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in today's world, some shipping companies insist on mandatory maintenance of the daily

temperature log.

Partlow Chart Recorder

The daily temperature log started to get supplemented by an additional feature - Partlow
Recorder. This consisted of a temperature sensor (mercury filled) fitted to the return air
side grill which would be permanently connected to a stylus. Variation in temperature
sensed by the sensor would cause a corresponding and proportional movement of the
stylus. A paper chart was fitted to a metal base on which the stylus would move and make a
mark (an impression). The Partlow chart would be calibrated in °C or °F as desired by the
shipper. The entire chart would rotate continuously about a center at a fixed speed, the
movement of rotation provided by a hand wound clock mechanism. Once fully wound, the
clock would complete one full circle and come back to the starting point after 31 days. The
entire chart would be divided into 31 segments, each representing one day of 24 hours.

Thus, with one chart, we could have a continuous record of 31 days.

P.il'1||:l“ L.h.'u'l recorder

Since there is no electronics involved and there is no requirement of external power
source, this system would work as a stand alone system and the recording would go on
irrespective of whether the container is loaded or not, the machinery is running or not,
whether power supply is available or not. At the end of the 31 day period, the chart could
be replaced with a new one. The required number of photocopies of the completed chart
could be taken and distributed to the concerned parties and kept as a permanent record.
Since the chart was exposed to the atmospheric elements, the markings being
impermanent, would fade away and become incomprehensible after some time, like a
thermal fax paper. So, it is important to take a photocopy of the completed Partlow chart at

the earliest and preserve it.
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A Partlow chart was accepted as evidence in the court of law for deciding the
genuineness of cargo damage claims, ascertaining the extent of damage and awarding
compensation to the aggrieved party. Also, at a glance at the Partlow chart, we could know
the way the temperature was maintained inside the container for the last 31 days. We could
identify temperature fluctuations due to defrosting cycles shown by periodic peaks, not
running of the machinery due to power shutdowns or otherwise shown by a slow rise of
temperature indicated by a gradual upward slope and so on.

However, even the Partlow chart was not foolproof. It could be tampered by simply
lifting up the stylus for the required period and making the required temperature marking
later. Ship's staff and carriers started protecting their interests by making their own charts
to fudge the actual information. The actual temperature fluctuations due to machinery
breakdown or power shutdown could be camouflaged and concealed. So, the Partlow chart
was no longer accepted as foolproof and sacrosanct. Further, the Partlow mechanism itself
needed regular calibration.

Subsequent variations of the Partlow mechanism were made by replacing the
mechanically operated handwound clock mechanism by a replaceable battery. An
electronic Partlow was developed which could give better precision as the temperature
signal was converted into electronic signals and fed onto the chart. So, mechanical

sluggishness of the Partlow was ruled out.

Electronic Data Recorders / Data Loggers

In view of the increased container trade, there was a tremendous pressure on the
manufacturers to come out with a 100% tamperproof mechanism like the Black Box in the
aircraft which could store the temperature signals as they were sensed without being
tampered.

This gave rise to a Data Recorder also called Datacorder or Data Logger. Two
additional sensors were fitted, one each at the supply side and the return side to record the
supply and the return temperatures of the air after and before the evaporator coils
respectively. These sensors were fitted next to the controller sensors. They would record
the same temperatures as recorded by the controller sensors being located in the same
vicinity and close proximity. The signals would be fed into an electronically sealed box
called Datacorder fitted with a memory device. The capacity of the Datacorder would be
sufficient to store data continuously from the container for about three years. In addition

to the supply and return air temperatures, change of set point, alarms and all other events
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would be recorded in the Datacorder. Under normal conditions, the recording would be
available with the main power supply, a low dc voltage signal being taken to power the
recording unit. Back up power would be provided through a rechargeable, replaceable
nickel cadmium battery pack with a fixed life. When main power supply is available, the

battery would be charged through a charging circuit.

A typical Datacorder

Unlike the circular temperature charts, the data loggers record the temperatures
digitally which provides only a discrete number of measured values. The normal recording
interval is one hour. However special events such as alarms, defrosting process etc. are all
saved explicitly. Depending on the type of logger and the way it is programmed, the
recorded temperature data may be snapshot values or may be average values over a
defined period of time.

Today, a considerable proportion of refrigerated containers are equipped with data
loggers of this type and not with the traditional chart recorders, which have become
redundant. The trend today is away from chart recorders and toward data loggers. Some
container owners, however insist on having a visual display of temperature in the form of
Partlow chart, which when provided would be in addition to the electronic data logger,

which has become a default feature.

Temperature Recorders Inside the Cargo

Nowadays, several additional data loggers are often placed within the load when
transporting refrigerated cargo in containers. These are used to directly monitor the
temperatures of the cargo inside the container during transport and allow this data to be
made available to the recipient of the goods. These loggers can provide evidence of periods

of insufficient refrigeration leading to damage. For certain highly sensitive products (for
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example, blood plasma) the use of such loggers is required as proof that the cold chain has

not been broken at any time.

T'l.'|}il.'il| temperature recorders inside
the cargn,

All the reefer containers carrying refrigerated cargo especially fruits and vegetables to
United States are required to have special USDA (United States Department of
Agriculture) sensors which are actually placed inside the cargo at various locations in the
container. The unit is equipped with a receptacle to receive the temperature signals and
connect to the data recorder to provide a continuous record. Only when the temperature
fluctuations of the cargo during the period of passage is within limits, will the cargo be
accepted and allowed to land inside United States. This is to prevent landing of fruit-fly
infested cargo in US teritory.

The devices currently available on the market range from clockwork-driven analog
recorders that write data on a strip of paper to digital data loggers that use infrared
interfaces to transfer the data. The accuracy of the analog devices is approximately +1°C,
and the digital devices are accurate to +0.1°C. Taking into account the value of the cargo
and the potential costs of compensation for damaged goods, the cost of using a recorder is
negligible and their use is highly recommended. The recorded data is not only useful in
providing the consignor with data as evidence against the transporter, but is also useful in
providing evidence for mistakes made by third parties like terminals.

When choosing where to place these loggers, care should be taken to ensure that they
are placed in temperature-critical locations in the container so that they measure the actual
cargo temperature. They can be located in a box on the top layer close to the door.

However, it must be understood that placing recorders of this type on top of the cargo
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measures the temperature of the air rather than the temperature of the cargo giving rise to
far-reaching discussions about whether the cold chain has been maintained. A clearly
visible temperature peak in the middle of a printout shows an increase in temperature of
approximately 10 °C within the space of 30 minutes, but can only reflect a change in air
temperature since it would not have been physically possible for the cargo temperature to
have increased this much during this period of time because of its mass and the heat
capacity of the cargo. A sharp increase in air temperature, is perfectly possible in the event
that the refrigeration system fails, since the air in the container very quickly starts to form

layers where the warmest air is located just below the container roof.

Remote Monitoring Units

Since daily inspection of the large numbers of refrigerated containers carried on board a
vessel takes a significant time, a number of shipping companies have started to use
systems which enable remote monitoring of the containers. Data is exchanged between the
ship's computer and the containers over the power cable of the containers. This includes
information about current temperatures, any alarms that have occurred etc. The printed
logs that are generated as a result of this exchange can effectively replace manually
recorded temperature data. In addition, the crew is in a position to react to problems more
quickly, since when relying on daily rounds it is possible that a container had an alarm for
24 hours before this is noticed.

With an increasing number of refrigerated containers being used in maritime
transport, there is also a greater need for effective ways of monitoring these containers. On
ships, many of which can nowadays transport over 1,000 refrigerated containers, using a
remote monitoring system can cut the costs of inspecting the containers while also
enabling the crew to react more rapidly to potential problems in the event of a refrigeration
unit failing.

There are two basic types of Remote Monitoring System:

Four wire System. With the four-wire monitoring system, a separate monitoring
cable with four wires is used to record the status messages "Compressor Running",
"Defrost" and "Temperature in Range". Around 80-90% of all refrigerated containers have
a socket to connect them to this type of monitoring system.

In the four-wire (4-pole) monitoring system, a 4-wire cable is used to transmit three
signals as active 24V signals with a common return wire. The common return wire is

generally connected to the chassis of the container. By checking for a connection between
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this return wire and the ground wire of the container, it is possible to determine whether a
container is connected to the four-wire monitoring system.
One of the main disadvantages of four-wire technology is its contact problems.

Although signal sockets on the containers and on the ships are equipped with protective
flaps, the sockets still regularly suffer from corrosion due to the rough environment. The
cables are also prone to damage as they are often subjected to rough treatment when twist
locks and lashing rods are dropped. Sometimes the cables are also simply torn off, because

no-one removed them before unloading the containers.

Normal Temperature (Orange or Amber|

Earth Line A

Since the signals are transmitted as voltage signals with the statuses 0 Vand 24V, it is
impossible to determine whether or not there is a reliable electrical connection. It would
have been better to use a procedure for monitoring whether a wire is intact (e.g. 4-20 mA
signals).

Each of the three signals provided by four-wire technology has a different meaning.
The most important signal is undoubtedly "Temperature in Range". If this is not issued,
this triggers an alert. Very simple monitoring systems can therefore only evaluate this
signal. "Defrost" and "Compressor Running", however, are status signals which are
required to provide further information. The "Defrost" signal, for instance, can be used to
suppress a temperature alarm (during defrosting, it is to be expected that the temperature
will deviate from the nominal value). A cooling compressor which is constantly running
(Compressor Running) in low-temperature mode can indicate a fault in the container.

Compressor running

- B B i 5 1 e e e 0 e U I

1 Defrost

Tyvpleal signal behavisur of a relrigersted comtsine

During normal cooling operation, the cooling compressor runs in on/off mode. The

compressor is switched off during defrosting and must immediately switch on again after
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defrosting and remain running for longer than usual, so as to dissipate the defrost heat
which has accumulated. The "Temperature in Range" signal will not be issued during

defrosting, since the air in the cooling unit is being heated, but must be issued again later.

Power Cable Transmission System (PCT). With the Power Cable Transmission
(PCT) system, data is transmitted via the three-phase power cable of the containers. This
enables an unlimited amount of data to be transmitted between the container and the
receiver on board or on land. The data can be exchanged in both directions, so that it is
also possible, for instance, to change the nominal value of the temperature of a container in
this way. This offers a tremendous costsaving potential by the option of making remote
pretrip inspections (PTI) of the containers on board or in the terminal, as well as to read
out data logger information after a loaded passage.

Two different variants of the PCT system are currently available: Narrowband
transmission, which operates at a fixed frequency to modulate data on to the power
supply system, and Wideband transmission, in which data is transmitted over a
frequency spectrum. Since both these systems are not compatible with each other,
depending on what modems are fitted to the containers, both systems have to be installed
on board to be able to communicate with all containers. Out of approximately 360,000
refrigerated containers worldwide in 1997, approximately 6.6% and 5.3% were equipped
with narrowband modems and wideband modems, respectively, the choice depending
much on the shipping line and the route.

Power cable transmission eliminates all the problems which arise from using an extra
cable in the four-wire monitoring system. It also has a significantly larger range of
functions, since any data can be transmitted as it merely depends on the transfer protocol
used. The data is modulated onto the three-phase power supply system of the ship or the
terminal as a high-frequency signal and received by one or more master modems. It is then

transmitted from there via a bus system to the control computer.

Long Distance Systems

To cover longer distances, different types of technology are used by different providers. A
system with a capacitive network only needs one master modem, which is connected to the
three-phase power supply system over a kind of signal line and one or more capacitive
bridge units (CBUs). To bridge transformers, transformer bypass units (TBUs) are

available.
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The other system uses a number of master modems which are connected to each other
via a field bus The number of master modems required depends on the network
configuration and the distances to be covered. The disadvantage of this is that no more
than one master modem may be running at a time. This significantly reduces the effective
average data transfer rate in the event of several master modems. In addition, it is fairly
likely that some containers are positioned in the catchment area of a number of master
modems, meaning that the same data is transferred several times unnecessarily and then
needs to be filtered out.

Data transmission via narrowband is the older of the two methods. Data is modulated
onto the power supply network at a fixed carrier frequency of approximately 55 kHz. It is
transmitted at a rate of 1200 baud which is why this system is often also referred to as a
"low data rate system".

Sealand were already carrying out their first trials with PCT at the end of the 1970s. At
the beginning of the 1980s, ThermoKing collaborated with Sealand to develop the first
marketable system, known under the name of ThermoNet. Sealand and Matson were the
first to use this system on a large scale, principally in the relatively closed refrigerated
container trade routes in the Pacific.

In the mid 1980s, the wideband system arrived, transmitting data in a frequency
spectrum of approximately 140-400 kHz. Transmission over a number of frequencies was
intended to ensure reliable transmission even with interference frequencies such as those
generated by frequency converters. By distributing the signal over a frequency spectrum,
the strength of a signal on any frequency is lower than with narrowband laying claim to a
greater range.

Since the data transmission rate on wideband systems is theoretically 19,200 baud, it is
also known as a "high data rate system", though in practice this speed benefit is barely
discernible.

A monitoring system is useful only when there is a standard for data exchange, as
genuine saving effects can only be achieved if all refrigerated containers can be monitored
by PCT as far as possible. For this reason, an ISO sub-committee was set up between 1987
and 1990 to define a standard. This was finally published as ISO 10368. Since the various
companies participating in the committee had different interests, no consensus was
reached regarding hardware (i.e. the transmission frequency), and consequently there are
still two systems available on the market. Only the frequency ranges for each system were

defined, to ensure that they could both be operated simultaneously.
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Apart from this, the standard primarily regulates the data transmission protocol (i.e.
software) and defines the minimum range of functions for remote communication devices
(RCDs).

Precise data protocols were not defined for all commands and room was left for
subsequent extensions in the form of "private sessions", which can be used by individual
manufacturers to transmit proprietary data. This extension facility was used excessively by
certain manufacturers, to the extent that many functions available today are transmitted
within these nonstandardized protocol sections. There is disagreement on which of the
protocols should put in the public domain and therefore available to the competition for
this type of transmission, and under what conditions.

The ISO Standard has only documented the two existing systems and prescribed some
very basic queries. Even if all transmission protocols were put in the public domain, this
would mean today that a separate software driver would have to be available for every
modem type. Since the controllers of the refrigeration units and the data loggers which are
used also have different ranges of functions and data formats, a large number of drivers is
needed to support all potential configurations.

Another issue which was not dealt with by ISO is data protection. In accordance with
ISO (and also in practice), all data on all containers equipped with modems is available on
the power supply network. It is therefore possible theoretically that third parties with
access to the power line network via a master modem can read out and even change
information on the containers (e.g. the nominal values). This was never a problem while
shipping companies were only using PCT on board their own ships and terminals. Once it
began to be used on multi user terminals, however, the network operators (terminal
operators) have had to ensure that only authorized persons have access to information on
containers which pertains to them.

Power cable transmission usage has generally been restricted to shipping companies
with a high proportion of refrigerated containers. There is no evidence of all refrigerated
containers being generally equipped with modems. Two different systems will still be
deployed, which means that the evaluation installations used on ships and terminals must
be able to cope with both systems for the foreseeable future in order to effectively exploit
the savings potential. Even if it may seem that recent investments are generally being made
in wideband, there are still too many narrowband containers to expect them all to be

converted to wideband. In the long term, however, the modems of the first generation at
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least must be upgraded, since the impedance values are too low and this interferes with
dual band line transmission.

It can be expected that four-wire monitoring technology will be replaced by power line
transmission in the near future.

On a ship or at a terminal, every refrigerated container slot must have the relevant
sockets available to connect the signal cable. These sockets are often integrated directly
into the refrigerated container power outlets. The signals from the individual containers
are transmitted from there either via a field bus system or via the available power networks

to the evaluation computer. The signal cables themselves must also be available.

Downloading and Interpretation of Recorded Data

It must be remembered that the data recorded in the Datacorder cannot be read directly at
the container. It must be downloaded and converted into a readable and a comprehensible
format. Datacorder is only a data storage device with a limited storage capacity. Data
recorded in the Datacorder has to be regularly downloaded and preserved for posterity.
Older data gets wiped out as newer data gets recorded and stored beyond the storage
capacity.

Downloading is the act of transferring data from the container's Datacorder onto a
portable storage device. This portable device could be either a laptop or a hand held unit.
Carrier Transicold has called its hand held downloading device Datareader, which can
download data only from Carrier units. Psion, a Hungarian company has developed a
versatile hand held downloading device which is compatible for reefer units of all makes.
Each container unit is provided with an Interrogation Port to which the hand held device
can be connected using appropriate cables.

Using a hand held downloading device from Psion or a Datareader, a technician can
download data from many containers on a ship or in a terminal. It would not be advisable
to expect a technician to go up the different tiers of containers with a laptop, especially on a
ship with continuous rolling and pitching in extreme cold climate and rain. The portable
hand held device can be easily slid into a boiler suit pocket and can be conveniently carried
around.

It must be remembered that the Datareader or Psion hand held downloading device is
only a convenient gizmo and has a finite (about 2 MB) memory space. It can be used to
download data from a limited number of containers. Older data gets wiped out as newer

data gets stored beyond the storage capacity. Data has to be transferred onto a PC (desktop
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or a laptop) having the necessary software with which the downloaded data can be
interpreted. The act of transferring downloaded data from the Handheld unit onto a PC
containing interpreting Software is called Uploading. Carrier Transicold has developed a
DOS based software called Dataview and recently, a Windows based software called
Dataline to interpret data downloaded from containers with Carrier Transicold Reefer
Machinery.

When transmitting Controlled Atmosphere data (oxygen content, carbon dioxide
content, humidity etc.) by power line transmission, it is necessary for the controller of the
refrigeration unit to forward this data to the slave modem and for the evaluation software

to be able to process this data accordingly

o
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Looking at the Future
Sooner or later, it will be possible to transmit data by radio frequency, e.g. using "wireless
LAN" technology, as this promises higher transmission rates and lower interference.

Using satellites to monitor refrigerated containers generally fails, because when the
containers are stacked they cover the antennas of the containers below them, thus making
data transmission impossible. The same applies when containers are stowed below deck. In
future, however, it will definitely be possible to send data transmitted by PCT via satellite
from the ship to receiving stations on land, to enable the refrigerated containers to be

accessed online.
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