








21 CFR Part 11 Secure Software
.

ADDING USERS

Administrators and users can easily be added in the
User Management tab. The User Management tab is
only available to administrative users.

Numerous password and account settings options
are available for the administrator to set to ensure
security for each user.

SECURITY SETTINGS

An administrator is required to set the security
settings for the software.

Databases and files can be assigned to save in a
protected file.

Login and lock out options can be configured.
Statistics are also shown for these options

A MADGETECH

fifi Security Settings x|

File Setting:

Maimum Size: 16384 Recards
Maimurn File Life: 7 Days

Eegin Mew Audit Trall

Defaul Sae | oK |

The Audit Trail tab provides flexibility to choose the maximum
size, maximum file life and to begin a new audit trail.

Password security features ensure users have a unique password.

E-mail notification features provide additional security.
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IQ/0Q/PQ Services
I

IQ/0Q/PQ SERVICE PLAN
DATA LOGGING SYSTEM 1Q/0Q/PQ ON-SITE SERVICES

MadgeTech now provides on-site IQ/OQ/PQ services to help the user validate the data logging system. Our
trained staff are familiar with the standard IQ/OQ/PQ protocols of the MadgeTech data logging system. This service
is a cost-effective means to save time and ensure proper implementation of IQ/OQ/PQ of the MadgeTech data
logging system with a minimal disruption to staff and operations.

KEY BENEFITS
e Custom IQ/OQ/PQ protocol generation

e Product/protocol expertise

¢ On-site qualification by trained individuals

¢ Recommendations for PQ and ongoing maintenance

e Comprehensive qualification report supplied upon completion

A member of the MadgeTech staff will provide the protocol and on-site services to expedite the required MadgeTech
data logging system validation. We will work with the end user to conduct test protocols including 1Q, OQ and PQ.
As part of this validation service, MadgeTech will provide protocols and a comprehensive final report that documents
all testing that was performed and results that were obtained. Recommendations will be made for testing worst-case
and normal operating conditions of the instruments, future performance qualification and on-going maintenance.
Certified operator training will also be provided as part of the completion of the service.

MadgeTech performs extensive product qualification testing prior to releasing new products to the marketplace. This
includes independent testing of the hardware and software components, as well as integrated testing of the complete
data logger system. Despite this detailed testing, regulatory agencies still require that the end-user validate the
data logging system in the environment in which it will be used. This validation process includes installation
qualification (IQ), operational qualification (OQ) and ongoing performance qualification (PQ). MadgeTech offers
standard protocol templates and on-site services to help end-users fulfill their validation requirements.

DATA LOGGING SYSTEM 1Q/0Q/PQ PROTOCOL

MadgeTech provides the IQ/OQ/PQ protocol to establish that the MadgeTech system has been received as specified,
is properly installed on the computer in the selected environment, that this environment is suitable and appropriate
for use of the MadgeTech system and that proper communication occurs between the MadgeTech data logger(s) and
the computer. In addition, this protocol will verify that proper communication occurs between the MadgeTech data
logger(s) and the computer, that the MadgeTech system functions and performs as specified on the computer in the
selected environment and will provide a basic framework for typical use of the system.

AREAS EVALUATED

Installation Qualification (IQ)
¢ A description of the MadgeTech system
e Verification that all MadgeTech system equipment, software and accessories are received in good condition
¢ A check for complete documentation
e Verification that the installation of MadgeTech equipment is completed properly
¢ Verification that MadgeTech software is installed properly on the target workstation
e Verification of basic communication between MadgeTech data logger(s) and the target workstation(s)

Operational Qualification (0OQ)
e Functional verification of MadgeTech data loggers
e Handling and maintenance information for the use of MadgeTech equipment
e MadgeTech operating procedures for primary functions
¢ Verification of proper communication between the MadgeTech data logger(s) and the workstation(s)
e Verification that the data logger hardware is operational
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.

Performance Qualification (PQ) Recommendation
¢ Additional handling precautions for maintaining the accuracy of MadgeTech equipment
e Periodic maintenance information for the use of MadgeTech equipment
e Periodic calibration verification in the field
e Comparison of the reported values to a known good standard
e Verification of acceptable performance in the target system

For more information or to arrange for an on-site visit, please contact MadgeTech at (603) 456-2011.

Validation Workbook

Meeting compliance regulations for the FDA’s Good Manufacturing Practices, or those set forth in Quality Plans,
has become increasingly complex. MadgeTech has simplified this process by offering IQ/OQ/PQ protocols for its
standard and secure (21 CFR part 11) software.

This enormous time and money saving feature eliminates the need to develop in-house software and
validation procedures. The MadgeTech 1Q/OQ/PQ protocol is in support of FDA and cGMP guidelines for your
business.

In addition, MadgeTech offers a Software Validation Workbook (SVW) to help the user verify the functionality of the
software. The document defines the procedure for validating the operation of MadgeTech data logger software, and
takes users through the steps of the validation procedure to verify and document the functionality of the software.

The Software Validation Workbook is not required to meet cGMP or FDA requirements, but is incorporated into
existing quality control plans.

Contact MadgeTech for details and to discuss your application and requirements.

Ordering Information

Product ID Description

SVP-Standard 1Q/0Q/PQ Protocol for MadgeTech
Standard Software

SVP-Secure 1Q/0Q/PQ Protocol for MadgeTech
Secure Software

VW-Standard Standard Software Validation
Workbook

VW-Secure Secure Software Validation Workbook
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Technical Reference: Mean Kinetic Temperature (MKT) Application Note
S

What is Mean Kinetic Temperature?

Mean Kinetic Temperature (MKT) is a simplified way of expressing the overall effect of temperature fluctuations
during storage or shipment of perishable goods. Consider the following example:

Example:
A dozen eggs sat:
In a 20°C room for 2 hours
In a 2°C refrigerator for 4 hours
And on a 25°C loading dock for 1 hour

Using MKT we can calculate that the temperature profile of the eggs was “thermally equivalent” to storing them at
15.7°C for 7 hours.

How is Mean Kinetic Temperature Calculated?

Technically speaking, MKT is an expression of cumulative thermal stress experienced by a product at varying
temperatures during storage and distribution. In other words, MKT is a calculated, single temperature that is
analogous to the effects of temperature variations over a period of time.

MKT is not a simple weighted average. The calculation of MKT gives the higher temperatures a greater weight when
computing the average than would a simple numerical average or an arithmetic mean. This weighting is determined
by a geometric transformation— the natural logarithm of the absolute temperature.

The International Conference on Harmonization (ICH) stability testing guidelines define MKT as ‘a single derived
temperature which, if maintained over a defined period, would afford the same thermal challenge to a pharmaceutical
product as would have been experienced over a range of both higher and lower temperatures for an equivalent
defined period’.

By using this unequal weighting of the higher temperatures in a temperature series, MKT takes into consideration the
accelerated rate of thermal degradation of materials at these higher temperatures. Therefore, MKT provides for the
non-linear effect of temperature.

MKT is expressed as:

AH/R

—AHRT, | ,~4HRT, | | ,~4H/RT,

e

—In
n

Where...

A H = activation energy (typically from 60 to 100 kJ/mol for solids and liquids)
R =0.0083144 kJ/mol'K (universal gas constant)

T = temperature in degrees Kelvin

n = the number of sample periods over which data is collected

Note 1: In is the natural log and e* is the natural log base.
Note 2: Changing the activation energy from 60 to 100 has a very minimal effect on the MKT. If unsure, use a value
of 83.144.
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Why is MKT Important in the Life of Pharmaceuticals and Perishable Goods?

The pharmaceutical and food industries are two closely regulated markets. The FDA provides regulations that require
warehouse and shipment temperatures to be closely controlled and monitored. In addition, The FDA requires well
documented verification of these storage environments and any corrective actions taken if temperatures exceed
specified storage conditions. The calculation of MKT is regarded by the FDA as an action taken to verify if a particular
perishable has exceeded storage conditions.

In addition to compliance with the FDA regulations, MKT can help distributors and manufacturers determine if
improper storage and handling of goods that may have occurred during shipment and/or unloading, has affected the
shelf life of their product.

How Does MadgeTech Make MKT Simple?

MadgeTech’s software Automatically calculates MKT for any of our temperature loggers as shown in the summary
report below:

& MadgeTech - [Summary] . =|0f x|
Ll He Edt wew Communkaon Device Graph Window Help =18|x|
DrH@E +aB (BoFPAAAFAQ (Feoans HEBNS-BE |
(S | Composte Graph | Giach | Dt | P @ ot lx
Summary
Statistics for MKT

First Reading: 1

Last Reading: 1000

Total Readings: 1000

Start Time: 29 Jul, 2003 13:23:37

End Time: 30 Jul, 2003 €:02:37

Duration: 16 hours 39 minutes

Channel 1: Temperature
Finirmurs: 248°C

Madmum: B52'C
Average: 422933°C
Standard Deviation 158522 'C
Mean Kinetic Temperature: 526485 'C
Alarm Enabled: True
Alarm Triggered: Trug
Alarm Low: 20T
Alarm High: 50°C

[ [ [2Ju,2003 | 125758 % 3 @

The MadgeTech algorithm has been validated against the United States Pharmacopeia (USP) and will yield a value
within 0.1°C for all inputs. It is also important to note that the MadgeTech software uses constants that are more
recent and marginally more accurate than the USP. MadgeTech obtains these constants from the CODATA/ NIST
recommended values.

The software assumes activation energy of 0.008314472 kJ/mol for its calculation. In fact, any value between 60 and
100 kJ/mol, which covers most solids and liquids, will have only a small effect on the final value.

Of course, extreme temperature even over a very small time period can damage most foods or pharmaceuticals.
Per the above example, putting an egg in a 75°C oven for 1/2 hour will bring the MKT to 45.4°C, but the egg ill be
irreversibly damaged (ie. Cooked). Consequently, there are maximum and minimum temperature limits
established by the FDA. MadgeTech data loggers make monitoring these extremes easy with user settable alarm limits
so out-of-limit temperatures can be easily identified.

Any data downloaded from a MadgeTech temperature data logger offers the user instant access to MKT and the
vital information that our users need to comply with FDA regulations and/or make cost effective decisions on the
acceptance or storage of perishable goods.
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Technical Reference: Meeting USDA Compliance Guidelines
L

Meeting USDA Compliance Guidelines
Using the MadgeTech Software

USDA Compliance Guidelines

FSIS — Appendix A — “Meeting Lethality Performance Standards”

MadgeTech’s software automatically calculates the kill factor in PU (Pasteurization Units). A PU is calculated based on
1 minute at 60°C, but the user has the ability to change the reference temperature and Z-value to determine the kill
factor for other product such as beef and poultry. The data is provided on the summary tab for instant validation.

FSIS — Appendix B — “Cooling Heat-Treated Meat and Poultry Products”

The MadgeTech software automatically recalls up to 5 preset cooling points. Each point is clearly marked on the
graph by a flag and the summary provides the temperature, time elapsed and rate of cool down in degrees per minute.
Instant access to this information makes record keeping and report generation quick and simple.

&l MadgeTech - [C:\Documents and Settings'tabitha\Desktop'smokehouse.txt - (Modified)]

I
—18[

) File Edt view Communication Device Graph Window Help

DEEH@E |G-+ dTARAE evoc0eo HEHS -8 E HE-

Bl Set Cooling Flags x| ] D | I Ll x
Templ000P - Temperature Recarder
‘ Nurnber of Flags: a A ‘ Chill Rate Device ID: Temp Serial Mo: ADNODD
i~ Flag Setting: ‘
Temperature 'C

Flag? at  [140 ﬂ Flagl

Flagz st [a0 ﬂ

Fagial [0 j Flag! 2

Fagda [0 :II

FagSa [0 j
¥ Enable Cooling Flags

Save

Off Fie B Wew communcein Devios Greph Window Helo
IPEE@S  t=>FAARAAE 0+0000 [HEHM-0H BE-
Bl Preferences {57733 ]| Componte Greph | Giagh | D |
il | Communications | Display | Data | Graph Calculations | Suiary
Select Calculation: Sterilization [F-calculation) =
Statistics. Chill R
Edit Calculation
Firzt Faadng: 1
CoubdionDescipiors Pateurzaon i Lsnasrn. i
P Sten Time Jun 04, 2008 011337 P EOT
filcuichon 2ol End Time: Dec 30, 1939080000 PM EDT
Caleulation Ui FU Haperans Finas
Mirimum T emperature (2} 50 07:48:00 P Chaonnel 1: Probe Temperatue
Jun D4, 2008
El 50 Minirum: 32°F
Reference Temperaturs (L) i e
o Aumrmge: 9262784 °F
S S A Sandard Davielion: 24107584 °F
Mean Kinetic Temperatire: 1260046 °F
Posteurization Lnits: 1255.74 FL)
Coaling Statisti
Defadlt Flag Feading#  Date Time Tempemstrne (F) Time elapsed  Fate degfmin
1 E10 Jun 04 2008 1002:37 PW ECT 120,56
H £l Jun 04, 300811 5237 PR EDT a7 01E00 045
1 TG dun 06, 2008 02:28:37 AR ECT 39758 0Z36:00 0.6

01:50:00
02:36:00

Time elapsed Rate (deg/min)

0.45
0.26
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Technical Reference: Pulse, Event, State Application Note
-

Choosing Between a State, Event, or Pulse Recorder
The State, Event, and Pulse recorders, although related, each serve very different purposes in meeting the needs of a
specific application.

A State Recorder indicates how long an event lasts, an Event Recorder indicates when an event occurs, and a pulse
Recorder indicates the number of times an event occurred in a given time interval.

This application note will discuss the differences between these three types of units and provide some insight into
practical applications to help the user choose the correct product for their application.

State Recorder
The State Recorder records a time-stamped value whenever the state of the signal changes over a period of time. This
is useful when the user needs to be able to collect data on an event duration.

Example:
If the user is monitoring traffic through a door, the
State Recorder would take a data point: Quey: 01 2 3 4 5 & 71

1. When the door opens
2. When the door closes ‘
tt t 1

Dhosar Open Close  Open Close Cipar Close
The State Recorder records the data points to indicate
how long a door was open; that is, the data collected
tells the user that a change in the “state” of the door Quey. D w1 2 w3 4 5 8w
occurred: i
1. When the door opened at 9:30:00 am
2. When the door closed at 9:30:05 am T T T T T T
Daar Oper Cose Open Close Open  Close

The user can then calculate that the door was open for a
period of 5 seconds.

However it should be noted that if the leading edge of a state occurs between position 0 and position 1, it will be
recorded as taking place at position 1.

The State Recorder samples the state of the input at fixed intervals. In order for a state change to be recorded, the
change must be present at the time it is sampled. If more than one transition occurs between position 0 and position
1, only the state of the input at the time of the sample will be recorded. Therefore, the sample period must be set to
less than the minimum time required for the input signal to rise and fall. If the change in state does not persist long
enough to be active at the time of sampling, it will be missed.

Example:
If it takes 30 seconds for a garage door to open and Quey. 0 R
close, the time period should be set to less than 30 ]
seconds to ensure the state change is not missed ‘ ‘ H ‘ ‘
Another example of an application for the State Recorder —— OIOH GIBO I [ H [)Imlmc
is the monitoring of a furnace or pump turning on and

off, both of which have a long enough state change to
be captured by the State Recorder.

3
)
=
n

Open Close Open Close
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Event Recorder

The Event Recorder records a single direction time-stamped data point when an event takes place within a fixed read-
ing interval. This is useful when the user needs to be able to collect data on when an event occurred, but does not
need to know the duration of the event.

Example:
If the user is monitoring the traffic flow through a door, Tires
the Event Recorder will take a data point recording:

1. That the door opened, and t t t
2. That the door opened again, and Door Opan Open Open
3. That the door opened again.

Unlike the State Recorder, the Event Recorder does not provide the data points that would indicate how
long the door was open. The Event Recorder can track the number of times the door was opened, but not how
long it was open for.

Example:

Data from the Event Recorder tells the User that events occurred:
1. When the door opened at 9:30:00 am, and

2. When the door opened at 9:37:04 am, and

3. When the door opened again at 12:22:13 pm

Thus, the user can track the number of times the door was opened, but not how long the door was open each time.
The Event Recorder has a resolution of 1 second. This means that the device has the ability to record an event every

second. Unlike the State Recorder, the Event Recorder does not require a persistent signal. The Event Recorder will
trigger on the leading edge of the signal transition. However, it should be noted that:

Time 0 1 2 3 4 a6 !
Time n o+ 1 2 3 4 5 » 6 i ‘ ‘ ‘ ‘ ‘
T T T Dioar: Open I Open Cpan
[oor Cpan Open Opan Open
(not recorded)

If a data point occurs between position 0 and position
1, it will be recorded as having taken place at position
1.

If more than one data point occurs between position 0 and
position 1, only a single data point will be recorded.

Another common application for an Event Recorder is monitoring tipping-bucket rain gauges. The Event Recorder
will record data when the bucket tips and the contact is closed. It is unlikely that the bucket on the rain gauge will
tip more than once per second, therefore the Event Recorder will not miss recording any data points.

Pulse Recorder

The Pulse Recorder records the number of pulses that happen over a period of time. Unlike the State or Event
Recorder, the device does not time-stamp each pulse, but rather groups together or bins the number of pulses
according to the time period they occurred in.

Example:

If the user is monitoring traffic through a door, the Pulse
Recorder will log the number of times the door was opened ‘
during each interval: —|_H
1. The door was opened 3 times between 9:30 and 9:31 am

2. The door was opened once between 9:47 and 9:48 am ttt
3. The door opened twice between 12:32 and 12:33 pm Door 3

Time 0
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The Pulse recorder requires a signal of at least 1ms duration and at least 10ms between the leading edge of each pulse

to be counted. If these conditions are met, then every pulse will be logged, with up to nearly 4.3 million pulses per
time interval.

Conversely, a pulse may not be recorded if it is less than 1 ms or if more than one pulse occurs within a 10ms period.
If the latter happens, further data points may not be recorded until 10ms after the first pulse.

10 ms 10 ms

RS — !
ms ms s, 1ms

K T =

t t t

Pulse Pulse Pulse Pulse |
(Mol Recorded)

A common application for the Pulse Recorder is to measure the flow rate or total volume of a pipeline. The Pulse
Recorder collects pulses generated by a flow meter and uses that information to calculate the number of gallons per
minute. The flow meter produces a pulse that is too rapid to be collected by the Event or State, yet can easily be
binned by the Pulse Recorder. The important data here is not the exact time when the pulse took place, but rather the
number or pulses in a time interval.

If you have any further questions about your application, please contact MadgeTech Customer Support at
603.456.2011, or via e-mail: support@madgetech.com
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Technical Reference: An Informal Guide to Fast Fourier Transform (FFT)
.

The term FFT stands for Fast Fourier Transform. This begs the questions: Who is Fourier? What is he transforming?
And why is he going fast?

Jean Baptiste Joseph Fourier was one of the premier mathematicians of the 19" century. One of the many problems
he solved was understanding the relationship between complex periodic signals (eg. vibrations) and the simple
individual frequencies that, when added together, created the complex signal. He created a mathematical formula
called the Fourier Transform which converted a complex signal into its basic frequencies. (In technical terms, the
formula converted a signal from the time domain to the frequency domain.)

An example of the relationship between the time domain and the frequency domain: Say for example, a train
schedule indicated that Train A runs every 10 minutes and Train B runs every 15 minutes. They both start running
at 6AM in the morning. In the time domain, the schedule would look something like this:

6:25AM
6:30AM E
6:35AM

6:00AM

In the frequency domain, the train schedule would look
something like this:

3 A
o | GUY WIRE VIBRATION
=) (FFT EXAMPLE)
; -
S
o 100
g 1__ w Guy Wire Vibration
g | | | | XYZ Magnitude i”n
Z 1) mAa0-100|
U B : =
Trains per Hour - j asn
Do you see the relationship? The frequency of Train A is 6 times ° o300
an hour where as Train B is 4 times an hour. (Note that the T mio
information of when the hour begins is lost in the transform.) g ~
In 1965, two mathematicians, Cooley and Tukey, realized that T g st
the complex signal could be “factorized” before being operated FFT Bins (0 to 63.5 hz) Bogm . Smt,me
on by the Fourier Transform. The benefit was that the Transform T8 :

could be executed on computers much faster than before, while
introducing only slight errors to the calculation. This became
known as the Fast Fourier Transform.

With regards to vibration, the MadgeTech SVR101 uses the FFT
to “break down” the complex vibrations to indicate the simple
vibrations that comprise a complex vibration. One real-world
example involves the guy wires that anchor high-voltage towers.
In harsh winter conditions, the guy wires become coated with a
hard packed and heavy combination of ice and snow called rime.
When winds blow across the wires, the laden guy-wire begins to
vibrate. The vibration can become strong enough to snap the
guy-wire and leave the towers unanchored. Using a device like
the SVR101, the strongest frequencies can be identified and steps
can be taken to diminish the strongest modes of vibration, saving
the power grid from a potential disaster.
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The MadgeTech 101 and 110 Series

The 110 series data loggers are specified with up to a 10 year battery life, while continuing to use the same battery
as our previously available 101 series data loggers (1 year typical battery life). This product note will explain the
differences in technology between the two series, demonstrate how to optimize the battery life of the 110 series to
achieve the 10 year life specified, and help users select the appropriate type of product for their application.

Features
The chart below shows some of the similar and different features of the two types of data loggers.

Data Logger Comparison Chart (Typical Values)

Feature 101 Series Logger 110 Series Logger
Weight 10z 20z

Dimensions 0.6"x1.4"x2.5" 0.8"x1.7"x2.7"

Battery LTC-7PN, 3.6V / 750 mAh LTC-7PN, 3.6V / 750 mAh
Battery Life 1 year at 1 minute rate 10 years at 15 minute rate
Operating Environment Indoor conditions Indoor Conditions
Temperature 4010 +80°C -40t0 +80°C

Humidity 0 to 95%RH non-condensing 0 to 95%RH non-condensing
Physical Memory 64 kB 64 kB

Communications 2400 baud 57600 baud

Download Time 9 minutes for full logger 30 seconds for full logger
Time Accuracy 1 minute/month 1 minute/month

The major differences between the loggers are download speed, battery life, size, and price.

Download Speed

The 110 series communicates with the PC at a speed of 57,600 baud, compared with a speed of 2400 baud for
the 101 series. This means that a 110 series logger can potentially download about 24 times faster than the 101
series. In practice, the Temp101 downloads a full run (32,767 temperature readings) in about 9 minutes of sustained
communication. The Temp110 downloads the same amount of data in about 30 seconds. This can be a major
advantage if the user is collecting and downloading large amounts of data. A higher download speed is valuable.

Battery Life

The following chart compares battery life at Battery Life Comparison Chart (Typical Values a 25°C

different reading rates for the two types of . : :
logger. These are estimated tvpical values. and Reading Rate 101 Series Logger 110 Series Logger
88er- . yp ’ 2 seconds 4 months 1 month
may not apply toa spec1ﬁc type of logger. 5 seconds 5 months 2 months
10 seconds 6 months 3 months
The chart shows that battery life can be sig- 15 seconds 8 months 4months
nificantly better for the 110 series loggers 30 seconds 12 months 8 months
when they are used at long reading intervals, 1 ! minute 18 months 18 months
reading per minute or above. An important | >™"* 2years #years
. . . . 10 minutes 2 years 6 years
consideration not reflected in the chart is _
. A 15 minutes 2 years 10 years
download or communication frequency. The 30 minutes 2 years 11 years
110 series is designed with a higher com- 1 hour 2 years 12 years

munication speed, which means a 110 series
device uses more battery power than a 101 series
device when it is communicating with a PC. The chart assumes that the devices are deployed for a full run (e.g. 32,767
temperature readings), then downloaded once and relaunched.

Since most long-term logging applications are recording at intervals between 1 minute and 1 hour, and they
are downloaded infrequently, the 110 series is an excellent choice for these applications. For very long-term
applications, where a logger will only be serviced yearly or at even longer intervals, the 110 series is the only choice.
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The 101 series battery life tops out at around 2 years of sustained operation. Under these circumstances, the 101
battery would have to be replaced every year to maintain proper operation. Short-term logging applications may be
better served with either type of device. The determination is usually made based on the user’s preferences for bat-
tery life and download speed. Typically, larger amounts of data make higher download speed more attractive. Fault
logging is a common application where the user needs the most recent data available after a fault has occurred, but
otherwise does not need the data at all. This typically involves a logger running continuously at a fairly short record-
ing interval in wraparound mode.

The Volt101 or Volt110 series logger running at a 2 second rate would store enough data for 18 hours of information
before the fault appeared. At a short recording interval, the 101 series is preferred because the battery will typically
last for several months before needing to be changed. At a long recording interval, such as 1 minute, the logger will
provide weeks or months of data before the fault, and the 110 series is preferred.

The following chart summarizes some of the applications, and indicates which type of device is preferred for use in
that application.

Application Comparison Chart

Application 101 Series Logger 110 Series Logger

Long-term Logging Yes
Long reading interval
Infrequent Downloads

Very Long-term Logging Yes
Unattended operation
Years between downloads

Short-term Logging Yes
Minutes to hours
Small amounts of data

Short-term Logging Yes
Minutes to hours
Larger amounts of data

Fault Logging Yes
Long-term

Short reading interval
Wraparound enabled
Data rarely needed

Fault Logging Yes
Long-term

Longer reading interval
Wraparound enabled
Data rarely needed

Physical size

The 110 series is physically slightly larger than the 101 series to accommodate the additional electronics required for
the more advanced power management. This may make it unsuitable for some applications that would accept the
101 series loggers.

Price

The 110 series is more expensive than the 101 series because of the additional electronics required. This may be
a problem in the more common parameters, such as temperature and humidity, because there are many low-cost
alternatives available. In other applications, the price is less important. The instrumentation-quality measurements
performed by the 101 and 110 series put them in competition with much higher-priced equipment, and many of the
“10-year” loggers provided by other manufacturers are priced at hundreds of dollars more.
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Mean Kinetic Temperature

The Mean Kinetic Temperature formula generates a single temperature from a complete temperature profile
which represents the “thermal equivalent” of the profile.

AH/R
—AH/RT —AH/RT —AH/RT
e /’+e /2+...+e "
—In
n
Where...

A H = activation energy (typically from 60 to 100 kJ/mol for solids and liquids)

R =0.0083144 kJ/mol‘K (universal gas constant)
T = temperature in degrees Kelvin

n = the number of sample periods over which data is collected

Note 1: In is the natural log and e* is the natural log base.
Note 2: Changing the activation energy from 60 to 100 has a very minimal effect

on the MKT. If unsure, use a value of 83.144.

Dewpoint

Dewpoint is the temperature at which any moisture absorbed in the air will condense into water droplets.

ex (1n(RH) + Mj
T+c

d . bxT c=237.3
ewpoin b_(ln(RH) | bx J b =17.269
T+c

Where T is in Degrees Celsius
RH is %RH/100 (i.e. 95% is 0.95)

Lethality Equations

Lethality Equations generate values which describe the amount by which micro-organisms, micro-organism
spores and viruses are destroyed as heat is applied to destroy as many micro-organisms, micro-organism spores
and viruses as possible without affecting the flavor of the edibles.

Sterilization Units (F )

F, = Z(L(T)xM)

timeref
where...
(T—-Tempref)
L(T)y=10 “* for T>Tmin
L(T)=0 for T< Tmin
Tmin = 100°C

T = current temperature in °C

Tempref = 121.111°C (250°F)

A time = time between samples in minutes
timeref = 1 minute

Z=10°C

A MADGETECH

Pasteurization Units (PU)

Atime
timeref

PU = Z(L(T) x

where...
(T—-Tempref")
L(T)=10 7
L(T)=0

for T>Tmin
for T< Tmin

Tmin = 50°C

T = current temperature in °C

Tempref = 60°C

A time = time between samples in minutes
timeref = 1 minute

Z=7°C
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-

The MadgeTech Data Logging System allows users to create Engineering Units to receive output signals from a variety
of sensors and have this information expressed as other, more meaningful units of analysis.

Application:
Measure brake cylinder pressure on a train

Materials:
e MadgeTech Software
e MadgeTech Process Series Logger, +100mADC measurement range
e Pressure Transducer, 0-300 PSI, 4-20mA output, self-powered

In this setup, the application is to record the output signal of a pressure sensor attached to brake air-lines. As seen
above, the pressure transducer used in this setup has a 4-20mA output signal and a 0-300 PSI measurement range.
This signal is recorded by the MadgeTech Process Series Logger, and stored in NVRAM as current measurements.
Later, when this information is offloaded into the MadgeTech Software for analysis the current measurements can be
converted into pressure measurements. Here is how it is done:

Engineering Units Wizard

This wizard will help you to define your custom engineering units. Follow the instructions on each
St A0 soreen, then press the 'Next' buttan when you are done. You may press the 'Back! button ta
make changes while you are entering your information.

e v
(CAGAR ©=0000 HEES-UE BH-
oo | @ [n e

Chamar11-Corent . Fracese 1 - o Fecarier
18 mA on 008 16697 PMEDT 10 Frec
FussdEal

2ur-Line Prassise

Communication De mA On each screen, some of the information iz optional or shown to assist you in entering the
required data. The fields required ta complete the wizard are highlighted

v Toolbar =
v Status Bar

Preferences... 4 When you are ready, press the 'Mext’ button to begin the wizard.

Engineering Units... !

o & "

o asten o it o o
Vg g fiy gt g Sgham
Be & B i i i

Help

Fig 3. This is the first window of the Engineering Units
Window. A description of the Engineering Units Wizard is
displayed. Click “Next” to start.

Cancel | | Mext > | |

Fig 1. Once the amperage information from the MadgeTech
Process Logger is downloaded into the MadgeTech

Software, click “View” then “Engineering Units”.

]

Engineering Units Wizard

Enginearing Linits Wizard... ]

[

Select your recorder units belaw.

First, select pour recorder unit type from the upper list. This is the type of signal that can be

D=finition Giaph Recarder Units Sealed Engineesing Linds directly measured your recorder, such as voltage or current.
1 |smkrta Recaider Unt =] [Usa Nad Avakbie Ure 1D |
1 r e m ‘ Then, select your recorder unit from the lower ligt. This is the actual unit you will baze your new
,/ enginesing unit an, such as milivalts or miliamps.
=
i - T
g f [ [T I der:

Select the type of units that are directly d by your

Offsst = |0 Bain= !

Recorder Unit Type:
W S these Uit when the procram chsss

Select a Recorder Unit Tup [

Select the recorder units you will base your new engineering units on:

Erciveeriag Urits Lt | S1andand Ul Lit | Show dlunls [~

| Ui D | Releiencalinl | Descrption [ Loat AefLow Fef High Tur|| Fiecorder Unit: Select a Recorder Unit w7
£ >
Help. | o ‘ Help Cancel | < Back | Mest > | |

Fig 4. This window asks the user to specify the “Logger Unit
Type” and the “Logger Unit”. This is where information about
the Pressure Transducer used in this setup is specified. For
reference, the pressure sensor used in this setup has a 0-300
PSI measurement range and a 4-20mA output.

Fig 2. Once the Engineering Units window appears, the user
can either manually program the “Logger Units” and “Scaled
Engineering Units” sections, or can use the “Engineering
Units Wizard”. In this application, then Engineering Units
Wizard will be used.
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Engineering Units Wizard

Select your recorder units below.

First, select your recorder unit type from the upper list. Thiz is the type of signal that can be
directly measured your recorder, such as volkage or curent.

Then, select your recarder unit from the lower list. This is the actual unit you will baze your new
engineenng unit an, such az milivalts or miliamps.

Select the type of units that are directl d by your der:

Fiecorder Unit Type:

order Lnit Type i

Select a Recarder Unit Type
“oltage
General
Fatential

Select the recorder un| ngineering units on:

Recorder Lnit:

Help Cancel ‘

Fig 5. Here the user is specifying “Current” because the

output signal of the pressure transducer is in mA
(current).

< Back | Mext > | ‘

Engineering Units Wizard

Select your recorder units below,

First, select pour recorder unit type from the upper list. This is the type of signal that can be
directly meazured your recorder, such as voltage or cuirent.

Then, select your recorder unit from the lower list. This is the actual unit you will baze your new

engineering unit an, such az millvalts ar milliamps.

Select the type of units that are directly measured by your recorder:

Recorder Unit Type: Current =

Select the recorder units you will base your new engineering units on:

Recarder Unit:

Select a Recorder Uit
Amps [A)

Help Cancel |

Fig 6. Here the user is specifying “Milliamps (mA)” because
the pressure transducer has a 4-20 mA output signal. Once
these values are specified click the “Next” button.

< Back ‘ Mest » | |

MADGETECH
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Engineering Units Wizard

Enter your unit description and label in the boxes below.

The unit description should be specific and eazy to zelect from a list of multiple similar units. For
example, you should enter ‘Chlorine Concentration' rather than 'ppm’.

The unit label should be short and easy to read when displaved on a data table or graph. For
example, you should enter ‘ppm’ rather than 'Chiorine Concentration’.
Enter the description and label for your scaled engineering units:

Recorder Units Scaled Engineering Units

Description: | -3 |Pressure

Label | > [Psl

Help Cancel < Back

Fig 7. In this window the user programs the “Scaled
Engineering Units”, which allow the amperages units
shown in Fig 1, to be expressed as “Pressure” with a label
of “PSI” indicating that pressure shall be expressed, and the

Label is PSI indicating the data is pounds per square inch.
Click “Next” to continue.

Engineering Units Wizard

Enter your unit scale points in the baxes below.

Mast senzors will have clearly marked autput scales relating the output signal to the measured

input. For example, a curent output prezsure transducer may output 4-20 mé, for an input of
0-100 PSIA.

Enter the high and low scale points for your engineering units:

Unit: | > |
Low Scale Paint: |D | > |D |
High Secale Paint: |1 | > |1 |

Calculated Offset:
Help Cancel |

Fig 8. This window is where the user will enter the values
of the external transducer including the “Low Scale Point”
which is the low range of the pressure transducer output
(i.e. 4), and the “High Scale Point” which is the high range
of the pressure transducer output (i.e. 20). Once these
are entered, the user will specify the range of the external
transducer by entering the low range of the pressure trans-
ducer (i.e. 0) into the text box adjacent to the “Low Scale
Point” under the “Pressure (PSI)” column and then enter
the high range of the pressure transducer (i.e. 300) into
the text box adjacent to the “High Scale Point” under the
“Pressure (PSI)” column.

Calculated Gain:

< Back | Hext > | |
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Engineering Units Wizard Engineering Units Wizard

Enter your unit scale paints in the boxes below ‘r'ou have entered all the information necessary to create your new engineerning units.
Mast sensars will have clearly marked output scales relating the output signal ta the measured I ary of the information is incomect, you may use the 'Back' button to make changes
input. For example. a current autput pressure transducer may output 4-20 mé, far an input of
0-100 PS4,
Please 1eview the summary information below. and press the 'Finish’ button to
create your new engineering unit_
B E R 2 E Definition Graph Summary
Enter the high and low scale points for your engineering units:
. Recorder unit type: — Current
Unit: | > | e ) & -
: Ho Recorder unit: Milliarmps (md]
Low Scale Point: |‘1 | > |U | [PS1) Engineering unit: Preszure [PSI)
High Scale Point: |20 | -> [3m | lowseelapnti & 20
] High zcale paint: 20 -3 300
4 20 Uit 10 Mext dvailable 1D
Calculated Offset: Calculated G air: Milliamps (mA] G ot smalms Ve
Help Cancel | ¢ Back | Mest > | | Help Cancel | < Back | |

Fig 9. This window shows the entered values from Fig 8, and Fig 11. The final step of the “Engineering Units Wizard”
also displays how the MadgeTech software has automatically summarizes the information that was entered and displays
created a “Calculated Offset” and “Calculated Gain”. Click a “Definition Graph”, which is how the information will be
“Next” to continue. graphically represented and analyzed. Click the “Finish”

button and then “OK” as the final confirmation.

Engineering Units Wizard Egieeningfits
The settings below are optional, so pou may leave them at the default or select your prefemed ZtEL) (
seftings. Engincering Units Wizard .. | Create anzw ri | Careed changes |
The unit 10 iz a number that iz associated with the unit in your computer. |F you are setting up a Definitian Graph Recarder Units Seaded Enginesring Units |
recorder to use these engineering units, the 1D is what is stored in the recorder to allow the units [Frm—— 7 v =) =]
; : : : 00 1 : .
to be automatically displaved. If the units aszociated with an [D change after the recorder iz Tl =T = |
launched, the downloaded data will na longer be displayed in the ariginal. intended units. / :;ITW L : i : ELEE
5% [a mi 20 = [
i i i - i i - 0 fan [ 300 P ||
If you vml_.lld like to choosze a particular 1D for thiz engineering unit, zelect it . I I i
from the list below: | Malliams fmA] Braie = e o= E |
Urit |0 Use Mext Available Unit 1D~ ¥ Sava haea ks whan 18 piogiam ciess |
Check the box below to make these i ing units ilable wh you Ergivesiieg Lnis st | Ganedard Uit Lin | Show alurds [
use the software: Urie 103 | Refmmscs Unit | Diescripion | Label | RefLew | Ref Hich, |
: ] Millismyrs [mh] P 51 4 Fi]
¥ Save these units when the program closes i i
< | 2l
Help Cancel < Back ; |
Help... o |

Fig 10. This window allows the user to program a “Unit
ID” for the engineering unit that is being created. Click
the “Next” button to continue.

Fig 12. The user is returned to the “Engineering Units”
window. Notice how the new engineering unit is now
shown under the “Engineering Units List” as Unit ID 0.
Click “OK” to close the engineering units window.
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Fig 13. Back in the software, with the amperage data
displayed from the Process101 current logger, select any
data point with the left mouse button and right click to
bring up the context menu. When the menu appears,
click “Select Graph Units” and choose the engineering unit
that you would like to use. In this case, the application is
measure brake air-line pressure, so a Pressure engineering
unit was created. Click “Pressure (PSI)”.
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Fig 14. The data that has been recorded using the
MadgeTech Process Series current logger connected to
an external pressure sensor can now be analyzed and
manipulated as units of pressure.

The engineering units function is simple and easy to use. The user only needs to program the units that are being recorded, and

then program how they shall be expressed.

Example Circuit Diagram To Measure Voltage

(Volt101, Volt110 100mV series)

In(+) BATTERY **

*Shunt value depends on the maximum
expected load current. For example for a 10A
max use a 0.01Q shunt.

Volt101/Volt110
2.5,5,30V**

** Select Voltage range to match maximum In(-) SHUNT*

battery voltage.

Warning:

- Do not connect ground terminal of
Volt101-100mV data logger to ANYTHING. Doing
so will damage the logger.

- Disconnect data logger from the circuit BEFORE
connecting data loggers to PC Interface cable.

A MADGETECH

V-

No Connect
Ground In(-) In(+)
Volt101/Volt110
100mv
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I

Installation of the Wind110

(Pulse110-2 pos. terminal block)

The anemometer should be mounted vertically in an open area, as high up as possible. It should be mounted on a
pole so that the Wind110 is unobstructed and clear of debris. It can be mounted using a cotter pin on a 13 mm (0.5
in.) diameter mast with a #35 hole, 11 mm (0.35 in.) from the top. The anemometer is non-directional, and will
measure wind blowing in any horizontal direction. To ensure the most accurate readings, adjust the position of the
anemometer on the bracket so that it is level. Run the 25’ (ft.) of provided cable to the location where the data logger
will be mounted, securing it roughly every 2 feet. There are 4 mounting holes (0.2 in. diameter spaced 2.5 in. square)
on the watertight enclosure.

PC and Interface Cable Set-up

A computer running Windows with the MadgeTech software v2.00.58a (or higher) is required. Once the
software is installed, a MadgeTech IFC110 or IFC200 interface cable is required to communicate with the logger.
To install the software and interface cable, consult the Wind110 Product Information Card on the MadgeTech
web site.

Once the software is installed and the interface cable (or IFC200) is connected to the PC, you are ready to
communicate with the Wind110 data logger. To establish communications, the first step is to unscrew the stainless
steel plug from the enclosure. The second step is to insert the 3.5mm plug of the interface cable through the hole in
the enclosure and completely into the data logger. The third step is to ensure that a 57600 baud rate is checked under
the “Communications”-> “Select Baud Rate” menu bar option within the MadgeTech software.

Launch the Wind110

The Wind110 is programmed to record wind speed (mph) every 10 seconds, but can be changed when starting the
device. To start the device, select the “Device” -> “Start Device” menu option in the software, and the following screen
should appear:

X
| Gtart Method T
| & StartNow [Now I8 II
" Delay Start .
- |
[ € Pushbuton Star: INOW =
~ Start Parameters
| Device Type: Pulse110
Serial Number: M33815
User ID: |':'“’SB
Extended ID: |
| Reading Rate: I-m Seconds j
| I~ Wrap Around
Loa Time
e 3] Day
| w2l Hours Caren
. 30 Minutes
| . 40 Seconds Start Device |

If a 10 second reading rate is acceptable, click the “Start Device” menu bar option to start the device. Wait for a
dialog box to appear that indicates the device has been started successfully. Unplug the interface cable, and replace the
stainless steel watertight plug.
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Changing the Reading Rate

If a different reading rate is desired, for example to extend the logging time, or to more accurately record
gust values, the engineering units gain will have to be reprogrammed on the device. To do this, click the
“Engineering Units...” button from the “Start Device” dialog box, and use the “Device Units Wizard.” Follow the
wizard’s prompts to accomplish the following:

1) Enable use of portable engineering units.
2) Enter an appropriate description and label (MPH or KPH).
3) Enter the Offset and Gain values (offset=0 / gain=see below).

4) Enable Engineering Units.
Click the “Finish” button to save the units to the device.

The Engineering Units are based on a linear conversion of the measured data y = m*x + b, where m=gain b=offset
x=measured value and y=engineered value. With the Wind110, the offset will always = 0. The gain will change
depending on the desired units and reading rate. The anemometer is calibrated to produce 120 pulses per second
at 102mph. To get a gain value from that, we use a Gain of 102[mph] / (120[1/sec] x Reading Rate [sec]). To read in
different units (e.g. KPH, knots) the gain value must be multiplied by an appropriate conversion factor.

Engineering Units Quick Reference
(1 pulse/reading rate)

Engineering Units Gain

Reading

Rate MPH KPH m/s KNOTS

2 sec 0.425 0.68397 0.18999 0.36931

5 sec 0.17 0.27359 0.075997  0.14773
10 sec 0.085 0.13679 0.037998  0.073863
30 sec 0.028333 0.045598 0.012666  0.024621

1 min 0.014167 0.022799  0.0063331 0.0123100
5 min 0.0028333 0.0045598 0.0012666 0.0024621

10 min 0.0014167 0.0022799 0.00063331 0.0012310
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