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Automation Solutions LLC Terms and Conditions of Sale

Customer and Automation Solutions LLC ("AS LLC") agree that the purchase and sales of AS LLC hardware and software products ("the Products")
are made under these terms and conditions, and that AS LLC SHALL NOT BE BOUND BY CUSTOMER'S ADDITIONAL OR DIFFERENT TERMS.
Customer's order and purchase of the Products shall constitute acceptance of these terms and conditions.

1.

10.

11.

TITLE. Title to the Products shall pass at AS LLC's plant; however, if Customer is the United States or any political subdivision of the
United States, title shall pass at Customer's plant. AS LLC retains a security interest and right of possession in the Products until
Customer makes full payment.

TAXES. Product prices are exclusive of, and Customer shall pay, applicable sales, use, service, value added or like taxes, unless
Customer has provided AS LLC with an appropriate exemption certificate for the delivery destination acceptable to the applicable taxing
authorities.

PRICES AND PAYMENT. All quotations shall expire sixty (60) days from date of issuance, unless otherwise set forth on the quotation or
agreed in writing. Customer shall make payment in full prior to or upon delivery by cashier's check, credit card, or money order, unless AS
LLC approves Customer for credit terms. If AS LLC approves Customer's credit application, payment shall be due no later than 30 days
from the date of AS LLC's invoice. All sums not paid when due shall accrue interest daily at the lesser of a monthly rate of 1.5% or the
highest rate permissible by law on the unpaid balance until paid in full. Payments for orders shall be made in U.S. Dollars. In the event of
any order for several units, each unit(s) will be invoiced when shipped. Exceptions may be made for government purchase orders.

ORDERS. All orders are subject to acceptance by AS LLC. AS LLC's booking of an order shall constitute its acceptance of an order.

DELIVERY. AS LLC shall deliver the Products to a carrier at AS LLC's plant and, if the Products are sold to a Customer outside the United
States, shall clear the Products for export destined outside the United States. Customer shall pay all freight charges, applicable import
duties, and other necessary fees and shall bear the risks of carrying out customs formalities and clearance. Orders are entered as close
as possible to the Customer's requested shipment date, if any. Shipment dates are scheduled after acceptance of orders and receipt of
necessary documents. Claims for shipment shortage shall be deemed waived unless presented to AS LLC in writing within twenty one
(21) days of shipment.

LIMITED WARRANTY. AS LLC hardware Products are warranted against defects in materials and workmanship for one year from the
date AS LLC ships the Products to Customer. All software Products are licensed to Customer under the terms of the appropriate AS LLC
license. For a period of ninety (90) days from the Delivery Date, AS LLC software Products (when properly installed) (a) will perform
substantially in accordance with the accompanying written materials, and (b) the medium on which the software product is recorded will be
free from defects in materials and workmanship under normal use and service. Any replacement of a licensed software product will be
warranted for the remainder of the original warranty period or thirty (30) days, whichever is longer. Customer must obtain a Return
Material Authorization number from AS LLC before returning any Products under warranty to AS LLC. Customer shall pay expenses for
shipment of repaired or replacement Products to and from AS LLC. After examining and testing a returned product, if AS LLC concludes
that a returned product is not defective, Customer will be notified, the product returned at Customer's expense, and a charge made for
examination and testing. This Limited Warranty is void if failure of the Products has resulted from accident, abuse, misapplication,
improper calibration by Customer, Customer supplied third party software not intended for use with the applicable AS LLC software,
utilization of an improper hardware or software key or unauthorized maintenance or repair.

CUSTOMER REMEDIES. AS LLC's sole obligation (and Customer's sole remedy) with respect to the foregoing Limited Warranty shall be
to, at its option, return the fees paid or repair/replace any defective Products, provided that AS LLC receives written notice of such defects
during the applicable warranty period. Customer may not bring an action to enforce its remedies under the foregoing Limited Warranty
more than one (1) year after the accrual of such cause of action.

RETURN/CANCELLATION/CHANGE POLICY. Customer may return unwanted Products within thirty (30) days of the Delivery Date.
Customer shall pay a fifteen percent (15%) restocking charge on any unwanted Products returned to AS LLC. No returns will be accepted
after the thirty (30) day period has expired. Where special equipment or services are involved, Customer shall be responsible for all
related work in progress; however, AS LLC shall take responsible steps to mitigate damages immediately upon receipt of a written
cancellation notice from Customer. A Return-Material Authorization number must be obtained from AS LLC for return of any Products. AS
LLC may terminate any order if any representations made by Customer to AS LLC are false or misleading. Changes to orders shall not be
binding upon nor be put into effect by AS LLC unless confirmed in writing by AS LLC's appropriate representative.

NO OTHER WARRANTIES. EXCEPT AS EXPRESSLY SET FORTH ABOVE, THE PRODUCTS ARE PROVIDED "AS IS" WITHOUT
WARRANTY OF ANY KIND, AND NO OTHER WARRANTIES, EITHER EXPRESSED OR IMPLIED ARE MADE WITH RESPECT TO
THE PRODUCTS, INCLUDING BUT NOT LIMITED TO ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE, TITLE OR NON-INFRINGEMENT OR ANY OTHER WARRANTIES THAT MAY ARISE FROM USAGE OF
TRADE OR COURSE OF DEALING. AS LLC DOES NOT WARRANT, GUARANTEE, OR MAKE ANY REPRESENTATIONS
REGARDING THE USE OF OR THE RESULTS OF THE USE OF THE PRODUCTS IN TERMS OF CORRECTNESS, ACCURACY,
RELIABILITY, OR OTHERWISE AND DOES NOT WARRANT THAT THE OPERATION OF THE PRODUCTS WILL BE
UNINTERRUPTED OR ERROR FREE. AS LLC EXPRESSLY DISCLAIMS ANY WARRANTIES NOT STATED HEREIN.

NO LIABILITY FOR CONSEQUENTIAL DAMAGES. The entire liability of AS LLC and its licensors, distributors, and suppliers (including
its and their directors, officers, employees, and agents) is set forth above. To the maximum extent permitted by applicable law, in no event
shall AS LLC and its licensors, distributors, and suppliers (including its and their directors, officers, employees, and agents) be liable for
any damages, including, but not limited to, any special, direct, indirect, incidental, exemplary, or consequential damages, expenses, lost
profits, lost savings, business interruption, lost business information, or any other damages arising out of the use or inability to use the
Products, even if AS LLC or its licensors, distributors, and suppliers have been advised of the possibility of such damages. Customer
acknowledges that the applicable purchase price or license fee for the Products reflects this allocation of risk. Because some
states/jurisdictions do not allow the exclusion or limitation of liability for consequential or incidental damages, the above limitation may not
apply. If the foregoing limitation of liability is not enforceable because an AS LLC product sold or licensed to Customer is determined by a
court of competent jurisdiction in a final, non-appeasable judgment to be defective and to have directly caused bodily injury, death, or
property damage, in no event shall AS LLC's liability for property damage exceed the greater of $500 or fees paid for the specific product
that caused such damage.

WARNING: (1) AS LLC PRODUCTS ARE NOT DESIGNED WITH COMPONENTS AND TESTING FOR A LEVEL OF RELIABILITY
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12.

13.

14.

15.

SUITABLE FOR USE IN OR IN CONNECTION WITH SURGICAL IMPLANTS OR AS CRITICAL COMPONENTS IN ANY LIFE SUPPORT
SYSTEMS WHOSE FAILURE TO PERFORM CAN REASONABLY BE EXPECTED TO CAUSE SIGNIFICANT INJURY TO A HUMAN.
(2) IN ANY APPLICATION, INCLUDING THE ABOVE, RELIABILITY OF OPERATION OF THE SOFTWARE PRODUCTS CAN BE
IMPAIRED BY ADVERSE FACTORS, INCLUDING BUT NOT LIMITED TO FLUCTUATIONS IN ELECTRICAL POWER SUPPLY,
COMPUTER HARDWARE MALFUNCTIONS, COMPUTER OPERATING SYSTEM SOFTWARE FITNESS, FITNESS OF COMPILERS
AND DEVELOPMENT SOFTWARE USED TO DEVELOP AN APPLICATION, INSTALLATION ERRORS, SOFTWARE AND HARDWARE
COMPATIBILITY PROBLEMS, MALFUNCTIONS OR FAILURES OF ELECTRONIC MONITORING OR CONTROL DEVICES,
TRANSIENT FAILURES OF ELECTRONIC SYSTEMS (HARDWARE AND/OR SOFTWARE), UNANTICIPATED USES OR MISUSES,
OR ERRORS ON THE PART OF THE USER OR APPLICATIONS DESIGNER (ADVERSE FACTORS SUCH AS THESE ARE
HEREAFTER COLLECTIVELY TERMED "SYSTEM FAILURES"). ANY APPLICATION WHERE A SYSTEM FAILURE WOULD CREATE
A RISK OF HARM TO PROPERTY OR PERSONS (INCLUDING THE RISK OF BODILY INJURY AND DEATH) SHOULD NOT BE
RELIANT SOLELY UPON ONE FORM OF ELECTRONIC SYSTEM DUE TO THE RISK OF SYSTEM FAILURE. TO AVOID DAMAGE,
INJURY, OR DEATH, THE USER OR APPLICATION DESIGNER MUST TAKE REASONABLY PRUDENT STEPS TO PROTECT
AGAINST SYSTEM FAILURES, INCLUDING BUT NOT LIMITED TO BACK-UP OR SHUT DOWN MECHANISMS. BECAUSE EACH
END-USER SYSTEM IS CUSTOMIZED AND DIFFERS FROM AS LLC'S TESTING PLATFORMS AND BECAUSE A USER OR
APPLICATION DESIGNER MAY USE AS LLC PRODUCTS IN COMBINATION WITH OTHER PRODUCTS IN A MANNER NOT
EVALUATED OR CONTEMPLATED BY AS LLC, THE USER OR APPLICATION DESIGNER IS ULTIMATELY RESPONSIBLE FOR
VERIFYING AND VALIDATING THE SUITABILITY OF AS LLC PRODUCTS WHENEVER AS LLC PRODUCTS ARE INCORPORATED
IN A SYSTEM OR APPLICATION, INCLUDING, WITHOUT LIMITATION, THE APPROPRIATE DESIGN, PROCESS AND SAFETY
LEVEL OF SUCH SYSTEM OR APPLICATION.

FORCE MAJEURE. AS LLC shall be excused for any delay or failure to perform due to any cause beyond its reasonable control, including
but not limited to acts of governments, natural catastrophes, acts of Customer, interruptions of transportation or inability to obtain
necessary labor or materials. AS LLC's estimated shipping schedule shall be extended by a period of time equal to the time lost because
of any excusable delay. In the event AS LLC is unable to perform in whole or in part because of any excusable failure to perform, AS LLC
may cancel orders without liability to Customer.

LIMITED INDEMNITY AGAINST INFRINGEMENT. AS LLC shall, at its own expense, defend any litigation resulting from sales of the
Products to the extent that such litigation alleges that the Products or any part thereof infringes any United States patent, copyright, or
trademark, provided that such claim does not arise from the use of the Products in combination with equipment or devices not made by AS
LLC or from modification of the Products, and further provided that Customer notifies AS LLC immediately upon its obtaining notice of
such impending claim and cooperates fully with AS LLC in preparing a defense. If Customer provides to AS LLC the authority, assistance,
and information AS LLC needs to defend or settle such claim, AS LLC shall pay any final award of damages in such suit and any expense
Customer incurs at AS LLC's written request, but AS LLC shall not be liable for a settlement made without its prior written consent. If the
Products are held to be infringing and the use thereof is enjoined, AS LLC shall, at its option, either (i) procure for the Customer the right
to use the Products, (ii) replace the Products with others which do not constitute infringement, or (iii) remove the infringing Products and
refund the payment(s) made therefore by Customer. The foregoing states the Customer's sole remedy for, and AS LLC's entire liability
and responsibility for, infringement of any patent, trademark, or copyright relating to the Products provided hereunder. THIS LIMITED
INDEMNITY IS IN LIEU OF ANY OTHER STATUTORY OR IMPLIED WARRANTY AGAINST INFRINGEMENT.

ACKNOWLEDGMENT/GOVERNING LAW. Customer acknowledges reading these Terms and Conditions, under-stands them and agrees
to be bound by them. A waiver of any provision of this agreement shall not be construed as a waiver or modification of any other term
hereof. With respect to all orders accepted by AS LLC, disputes arising in connection with these Terms and Conditions of Sale shall be
governed by the laws of the State of Oklahoma without regard to principles of conflicts of laws.

APPLICATION LIABILITY. AS LLC assumes the buyer to be an expert in his intended application of AS LLC products. AS LLC claims no
special expertise in the application of its products into the buyer’s equipment. AS LLC accepts no responsibility for the buyer’s selection
and use of AS LLC products. Buyer’s interpretation and implementation of application suggestions and recommendations by AS LLC,
general or specific, transmitted verbally, electronically or in writing, published or unpublished, is strictly at the buyers own risk.
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GENERAL SAFETY INSTRUCTIONS

Warnings in this manual appear in either of two ways:

1. Danger warnings — The danger warning symbol is an exclamation mark enclosed in a
triangle which precedes letters spelling the word “DANGER”. The Danger warning symbol is
used to indicate situations, locations and conditions that can cause serious injury or death:

/\ DANGER

2. Caution Warnings - The caution warning symbol is an exclamation mark enclosed in a
triangle which precedes letters spelling the word “CAUTION”. The Caution warning symbol
is used to indicate situations and conditions that can cause operator injury and/or equipment
damage:

/\ CAUTION

Other warning symbols may appear along with the Danger and Caution symbol and are used to
specify special hazards. These warnings describe particular areas where special care and/or
procedures are required in order to prevent serious injury and possible death.

Electrical Warnings — The electrical warning symbol is a lightning bolt mark enclosed in a
triangle. The electrical warning symbol is used to indicate high voltage locations and
conditions that may cause serious injury or death if proper precautions are not observed:

A\

For the purposes of this manual and product labels, a Qualified Person is one who is familiar with
the installation, construction, operation and maintenance of the equipment and the hazards
involved. This person must:

1. Carefully read and understand the entire manual.

2. Be trained and authorized to safely energize, de-energize, clear
faults, ground, lockout and tag circuits and equipment in
accordance with established safety practices.

3. Be trained in the proper care and use of protective equipment
such as safety shoes, rubber gloves, hard hats, safety glasses,
face shields etc. in accordance with established safety practices.

4, Be trained in rendering first aid.
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Manual Revisions

0.78 Oct 2007 Release

0.79 Dec 2007 Calibration explanation, add use of clamp on CT'’s, load resistor examples corrected. Minor spec changes.
1.00 Dec 2007 ChartLogger re-calibration shown.

2.00 May 2008 Support for hysteresis and pulse counting capability.

2.01 Jun 2008 Cosmetic corrections.
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Amper Datalogger Family
Introduction

Automation Solutions Amper, milliAmper and microAmper provide a new, modern way to
electronically collect current and voltage data. Each device may be connected to a signal of
interest and the device will automatically take readings at a preset rate, saving the data to a
standard low cost SD/MMC data card. The data may then be transferred to a PC for further
analysis, either with standard PC programs such as Microsoft's Excel or with the provided
ChartLogger program, which is capable of manipulating and displaying huge amounts of data. This
manual covers operation of three similar models, the Amper, milliAmper and microAmper. The
Amper is typically connected in series with a standard 5A current transformer. The milliAmper is
typically connected in series in a 4-20mA current loop. The microAmper, along with a resistor, may
measure directly applied Voltages or currents and with a non-contact clamp on current probe it
may log currents to thousands of Amps. With the exception of the input signal rating the units are
identical and only differ by the internal load resistor. They may be referred to below simply as the
Amper. Features include:

Easy to operate. There are no switches, knobs or buttons. One blue LED occasionally flashes
to indicate successful writes to the card, another red LED flashes if there’s an error, such as the
data card full. Pulling out the card allows the operator to walk away with logged data in
seconds.

Easy to install. There are just two wires to connect, insensitive to polarity. The unit can be
connected and running in minutes. The extremely low impedance (0.05 Ohm for 5A CT’s and
15 Ohm 0.3 Volt drop for the millAmper) allows it to run in series with many other devices in the
current chain.

Easy to configure. All configuration settings are done via simple text files written on the memory
card. Use the Amper configuration program (provided) to make any changes, insert the card
and the configuration is automatically set and retained; the Amper then automatically deletes
the configuration files. The Amper configuration program easily lets the user change settings
such as site name, acquisition rate, time and date, CT and scaling factors.

No external power required. The unit typically operates for 5 years with the user replaceable
high capacity battery. Since events of interest often occur just before or after power loss being
independent of external power is a huge benefit. As well as maintaining the time and date the
unit automatically measures its own battery voltage, and will start to write warning messages to
the data card typically 3 months before the battery fails.

Accurate data logging. The Amper, designed for 5 Amp CT’s, measures current surges up to 30
Amps at full scale A to D resolution to accurately capture events such as motor startups,
overloads, heavy load changes, line sags and surges. If the input current is below 6 amps the
signal is automatically routed through a separate input signal path so it is still acquired at the
full scale A to D resolution. This gives a total resolution exceeding 14 bits. The other models
have similar input scaling circuits. True RMS (including dc offset) data acquisition is used, so
the data is accurate no matter what shape the signal waveform is. Measurements from any type
of VSD, switchboard or non sinusoidal source are all accurately recorded. All data is saved to
the card in raw text format, so may be calibrated or offset if required after acquisition without
any loss of accuracy.
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Fast data logging. The user may set the data acquisition rate, from 20 readings per second to
about one per hour; in 50mS increments. Adjustable hysteresis lets the logger accurately catch
high speed impulses without creating giant files.

Lots of data logging. The amount of data collected using the Amper may be huge. At the fastest
data acquisition rate over 1.7 million readings are taken every day. At this rate in less than an
hour files are too big to load into Microsoft Excel. (No problem for the ChartLogger program,
included with the Amper) However, the large size and low cost of SD/MMC cards provide deep
data storage. Using a 2 GByte card and taking samples twice a second a year’s worth of data
fits on a single card. Use a sample rate of once a minute and you won't live long enough to see
the card full.

Compatible data logging. Every single reading collected by the Amper is stored as a plain
ASCII string in a text file, along with the date and time stamp of each reading. Every day a new
data file is created. Open any day’s file with any text editor such as notepad. View, zoom, scroll,
pan, print, see statistics and inspect the data with ChartLogger. (Excel may be used for small
files).

Pulse Capability. Change a couple of configuration files on the data card and the Amper is
reconfigured to become a powerful pulse logger; useful for utility, traffic, flow and similar
measurements. Collect pulse data (up to 10 pulses per second) in buckets of minutes to an
hour allowing for easy analysis of totals that are simply impossible to collect with a typical
totalizer type counters. Even copy data from the card while running without loosing any pulse
counts.

Unattended data logging. Leave the Amper running all the time; if there’s a problem swap the
card and look at the data. Just pull the Amper data every year or so (unless you need it
sooner), replace the battery every 5 years or so; that's it. Forget changing the circular charts,
the dried up pens and weekly wind ups.
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Operating temperature
Storage temperature
Size

Weight

Power Required
Battery Life

Input Signal Range

Input Signal Load

Input Surge Time Limit

Accuracy
Conversion Resolution
Input Conversion Type
Fastest Acquire Rate
Fastest Pulse Rate
Pulse Counting Bucket Size
Data Storage Format
Data Storage Medium
Data Storage Capacity
(Analog Mode)
Data Storage Capacity
(Pulse Mode)

Amper Manual Version 2.01

Specifications:

-20°C to 60 °C non condensing

-30°C to 70 °C non condensing

6.125" x 4.5" x 2.25"

1.5 Ibs; 675 grams.

3.6V 19Ah Lithium Battery Tadiran TL-5930S
Depends on acquire rate; typically 3-8 years

0 - 6 Amp nominal, 0 — 30 Amp Surge (Amper)
0 - 100mA (milliAmper)

0 — 1.5V (microAmper)

0.05 Ohm (Amper)

15 Ohm (milliAmper)

10.0 KOhm (microAmper)

Amper 20 Amps 5 seconds Maximum
milliAmper 150mA maximum continuous
microAmper 0.2mA maximum continuous

0.15 % 0°C to 50°C

14 Bit

True RMS for any waveform

50mS (20 samples / second)

10 Hertz / 20 edges.

1 to 60 minutes.

ASCII text files

SD/MMC Flash Memory Cards, up to 2 GByte (FAT or FAT32)
Depends on card size; approximately 60 Million analog samples
with a 2 GByte card.

Greater than 50 years of data using a 2 GByte card.
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Operation

Unpacking and Inspection:

/\ DANGER

The Amper datalogger uses a high capacity battery
containing Lithium. FAA regulations prohibit transporting
this battery via passenger aircraft. If the device has to be
shipped via passenger aircraft the battery must be
removed before shipment.

/\ NOTE

The date and time maintained by the Amper datalogger
will be lost if the battery is removed for more than
approximately 10 seconds. Do not remove the battery
unless the unit will not be used for extended periods of
time or the device needs to be shipped by passenger
aircratft.

Open the container and verify the following items are included.

Amper Datalogger

SD/MMC data card. The ChartLogger and Amper Setup software are on this card.
SD/MMC to USB Adapter

Manual

2 Pin signal plug

Battery (this may already be installed in the Amper)

o0 hsWNE

The microAmper may also be supplied with a resistor kit and BNC adapter.

If any are missing please contact the vendor for assistance.
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Configuration and Setup

The Amper may need configuring before initial operation, to set suitable parameters such as
the site name, sample rate and the local time and date. The AmperSetup program provides a
quick and easy way to create these settings and write them to the card, then when the card is
inserted into the Amper all settings are automatically updated. Since these configuration files
are in a plain text format they may also be created with any plain text editor such as Microsoft
Notepad, details on the configuration files are explained further on in the manual. The following
chapters explain how to use the Amper Setup program to configure the Amper ready for
operation.

Using the Amper Setup Program

The Amper Setup program provides a quick and easy way to generate any configuration files
needed. The program itself is provided on the SD card that comes with the Amper. To install
the Amper Setup program insert the card in the PC (use the supplied SD/MMC to USB
converter if the PC does not have an SD/MMC slot). Navigate to the SD card directory on the
PC then double click on “Install Amper Setup”; this will install the setup program. The Setup
Program may now be started, and a screen similar to the following will appear:

i Amper Setup ¥1.4 = =l |
Fil=  Factory Callbration  Card Tools About

00 00 00 |
0[0[:/0]0-|2|5
00 00 00

e ——

| Minutes | Seconds

Appraximate daily file size 11 | 1 0!3012007 08 :46 :4

MBytes, logging time with a 1GByte
card B87.5 days

EXF




The large control buttons initially appear grey such as the date and time in the screen above,;
clicking on them will change color to indicate that they are operational. One or more may be
selected to create the required settings.

—Iox]|

i, Amper Setup ¥1.4
File Factory Calibration  Card Tools  Abaut

9 99 99 | Well
10(0[:)0/1-/0|0

QQQQ ~ v Set Time / Date
Approximate daily file size 2.75

LR [10/30/2007 08:52:08
MBytes; logging time with a 1GByte

card 350 days
crocaes JE
EEEE) =Jd: @
0/1/0]0 I J

| 5 Amp CT Ratio Write

Card Location

Set Sample Rate allows changing the sample rate for collected data. The sample rate may be
set from 50mS (20 samples a second) to approximately once an hour. An estimate of the data
file size will be shown in the box below. Use the up and down buttons to select the required
sample rate.

Set Site ID allows changing the ID of the site. This will be used as part of the name for the data
files. It may be up to 4 characters long without any special characters. Note that the Set Site ID
button must be enabled to allow changes to the scaling with the Scaling button; since the
scaling data written to a card needs to know the units ID it is to be associated with. Scaling data
from different sites may exist on the same card; these files are not actually read by the Amper.
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Set Time Date. This will update the internal clock and calendar in the Amper. The time and
data will be taken from the PC’s clock, and may be seen in the window below the button.

Set Store Rate. For most applications this is never used. The Amper will only write to the card
when it needs to due to its internal data buffers being full. However, if acquiring at a slow rate it
may be a long time between card writes; for example if taking a reading every 5 minutes it will
be over 3 days before the card is written to. If data is needed before this wait a shorter time
may be set here; this will force a write to the card if new data exists within this time frame. It is
the longest time between writes (in minutes), so in the above example if the store rate was set
to 30 minutes then the most current readings stored on the card would never be more than 30
minutes old.

CT Ratio / Span & Offset. The Amper normally operates with a current transformer (CT). The
CT is an isolated pass through device (or hollow transformer) that senses a sample current and
provides an isolated output current typically in the range from 0 to 5 Amps RMS. This output
current is proportional to the sample current. Typical CT’s may be 50:5, 1000:5 etc rating,
meaning that they can measure currents up to 50 and 1000 Amps respectively with full scale
outputs of 5 Amps. When the CT ratio button is enabled a calibration factor is generated that
may be stored on the card. Note that this value is not used or even read by the Amper, but the
value is stored on the card so the ChartLogger program may use it. When the ChartLogger
imports the data from a site it also automatically reads these parameters if present, so the data
displayed in ChartLogger is in scaled units that relate to the site. The CT ratio may be entered
here, and is the nominal full scale reading for the current transformer. (The Amper will
accurately measure levels up to 5 times higher than this to accommodate overloads). Note that
setting the ratio 5:5 effectively scales the input as a 0 to 5 Amp ammeter, and it can be used as
such without the use of a CT. If the CT Ratio button is clicked again it displays span and offset
values typically used for the milliAmper; although they can be used by the Amper too.

For the milliAmper the nominal full scale value .
corresponds to 20mA input. The span could be any 4-20mA Scaled
process variable, for example 10,000 PSI, 120 ft, 100
GPM. Note that most 4-20mA transducers provide 16mA Span 1250

as the full scale ‘span’ and an offset of 4mA. Since the
milliAmper measures from 0 to 20mA the entered span is Offset | 250
typically 1.25 * the transducer span, and the offset will be
a value subtracted from the result by the ChartLogger
program as the data is displayed. For example, if a transducer measuring 0 -1000 generates a
4 to 20mA change, enter a span of 1250 and an offset of 250. This means that an input signal
of OmA will result in -250 being displayed in the ChartLogger, a signal of 4mA would indicate 0,
and 20mA would indicate 1000. Generally the only signal sources that would require an offset
would be 4-20mA transducers.

To summarize, the nominal full scale range used for display in the ChartLogger program is
set by using either the ‘CT ratio’ or ‘Span’ button. They both have the same effect, generating
the ChartLogger ‘span’ value. If the ‘CT ratio’ button is used the ChartLogger ‘offset’ is set to
zero; if an offset is required use the Span / Offset button. Note that the span and offset may be
entered or changed later; they are not used by the Amper at all for datalogging but just by the
ChartLogger display program.

Write to Card. Once one or more settings have been selected this button will become enabled.
It will allow any settings to written to the card. Before clicking on it ensure that the drive letter,

Amper Manual Version 2.01 Page 15 of 45



such as D: or E: corresponds to the current card location, and that the card is not write
protected. The configuration files will always need to be in the top or root directory of the card.
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Connecting the Amper to Electrical Signals

/\ DANGER

Only qualified persons may make electrical connections to
the Amper datalogger. Ensure all local safety codes and
procedures are followed.

First ensure any live circuits are disengaged and suitable lockout / tag out procedures are in
place.

Amper AC current measurement using a CT with 5 Amp secondary.

There is just a single 2 pin connector on the front of the Amper to connect. The two pins are
simply connected in series with the CT secondary. There is no electrical connection between
the Amper and the primary current being measured as the CT provides electrical isolation.

Example circuit where current
is to be measured using as CT

Current AMPER

Transformer (CT) 0.05 Ohm
(insic_le.A._mper)

/

Input to Amper

Current to be
measured

Since the electrical burden is so low the Amper may be connected in series with other
current measuring devices such as the Bristol Babcock ampchart without affecting the other
devices.
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Amper AC and/or DC current measurement without a CT.

I\.
N,
) -I-II~: ‘

”

DANGER

The Amper is not intended for direct connection to high
voltage potentials. The electrical isolation between the 2
pin current sensing input and the grounded case is rated
at 40 Volts AC or less. Do not connect the input
connection directly to any Voltage exceeding 40 Volts with
respect to ground.

|

First ensure any live circuits are disengaged and suitable lockout / tag out procedures are in
place. There is just a single 2 pin connector on the front of the Amper to connect. The two pins
are simply connected in series with the current to be measured. Since the electrical burden is
very low (approximately 0.25 Volt drop for 5 Amps of current sensed) other devices may be in
the circuit without any affect.

()

Example circuit where current
is to be measured directly AMPER

0.05 Ohm
(inside Amper)

12 Volt
Battery

Input connector/'

on Amper

pm—

Current to be
measured

The Amper is often used for low Voltage DC current measurements, for example to
determine the draw on a solar powered system. Since the Amper measures true RMS current
the polarity for connection is irrelevant, as the Amper does not indicate negative currents but
rather shows them as true RMS positive currents.

Amper Manual Version 2.01 Page 19 of 45



milliAmper AC and/or DC 0-20mA and similar current measurements.

bt

[
\\.
”

DANGER

The milliAmper is not intended for direct connection to
high voltage potentials. The electrical isolation between
the 2 pin current sensing input and the grounded case is
rated at 40 Volts AC or less. Do not connect the input
connection directly to any Voltage exceeding 40 Volts with
respect to ground.

|

First ensure any live circuits are disengaged and suitable lockout / tag out procedures are in
place. There is just a single 2 pin connector on the front of the milliAmper to connect. The two
pins are simply connected in series with the current to be measured. Since the electrical burden
is so low (approximately 0.30 Volt drop for 20mA of current sensed) other devices may be in
the current loop without any affect.

Example circuit where 4-20mA
current is to be measured

4-20mA Tank
Level Transducer .
milliAmper
Control e ower o
power | wansducer /\ 15 (?Ahnr: gp)&de
supply M Ampen)
DC Power i
toPLC Water /
Oil Tank
Control
PLC
Input connector
l \/ on milliAmper
PLC I/O J P

Analog Input
on PLC

Loop current to
be measured

The milliAmper is often used for low Voltage DC milliamp current measurements, for
example connected to a suitable transducer it may log the level of a tank or pipeline flow. As
the milliAmper measures currents down to zero it also logs events such as power failing to the
4-20mA transducer. The milliAmper measures true RMS current, so the polarity for connection
is irrelevant as the milliAmper does not indicate negative currents but rather shows them as
true RMS positive currents.
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microAmper AC and/or DC Measurements.

The microAmper has a higher impedance load (10.0K Ohms) compared to the Amper and
milliAmper. As such it is capable of measuring a nominal Voltage of O to 1.5 Volts with a very
small current draw. By using an external resistor either in series or parallel with the microAmper
much higher full scale Voltages and currents may be accurately measured. For example, by
placing a single resistor in series with the microAmper it may easily measure applied AC and/or
DC Voltages from 0 to over 50 Volts. By placing a suitable resistor in parallel with the
microAmper it may measure currents from micro Amps to many Amps. The microAmper is
provided with a selection of resistors to allow logging of common Voltage and current ranges,
and is also able to be directly connected to suitable clamp type current probes. The
microAmper is therefore the most flexible of the unit three units, but a little more caution is
needed before connecting it to signals of interest as suitable resistors may be required to
prevent damage to the unit or hazardous conditions.

microAmper Voltage Measurements

/\ DANGER

The microAmper is not intended for direct connection to
high voltage potentials. The electrical isolation between
the 2 pin input and the grounded case is rated at 40 Volts.
Do not connect the input connection directly to any
Voltage exceeding 40 Volts with respect to ground.

First ensure any live circuits are disengaged and suitable lockout / tag out procedures are in
place. There is just a single 2 pin connector on the front of the microAmper, one pin is
connected to the low Voltage side of the signal to be measured. The other pin is connected to
one side of the user supplied Voltage dropping resistor. The other connection from the user
supplied dropping resistor goes to the high Voltage potential side of the signal to be measured.

The microAmper is often used for low Voltage DC Voltage measurements, for example it
may log the Voltage level of a battery powered system during charge and discharge cycles. As
noted previously, since the microAmper measures true RMS signals the polarity for connection
is irrelevant as any negative readings will be shown as true RMS positive values.

Several common Voltage ranges and resistor values are shown as examples below. Note
that suggested common values are also listed. Since it is easy to adjust the span to
compensate for resistor values commonly available low cost resistors may be used and the
microAmper will still produce very accurate readings.

Amper Manual Version 2.01 Page 21 of 45



Voltage logging with the microAmper

vig
< )
gk \:A microAMPER
™ Dropping resistor,
332K in this ~10.0K Ohm
Solar Panel ( (inside Amper)
example allows
measurementsup | 7 7
to 50 Volts)
Input to
S ontoler” Amper
A
12 Volt
Battery

Nominal calibration Maximum Measured Dropping Resistor Closest Common Scale if using
Voltage. (AC and/or Voltage Required Resistor Value common value
DC) resistor
5 25 157K Ohm 158K Ohm 5.04
10 50 323K Ohm 332K Ohm * 10.26
12 60 390K Ohm 392K Ohm 12.06
20 100 657K Ohm 681K Ohm * 20.73
25 125 823K Ohm 1 Meg Ohm 30.3
50 250 1.66Meg Ohm 2 Meg Ohm * 60.3
120 600 3.99Meg Ohm 4.0 Meg Ohm 120.3

* supplied with the microAmper

Commonly available resistors have 1% accuracy; however they will generally remain very
stable over their lifetime and temperature changes. Once the microAmper calibration has been
adjusted for the required input extremely

* [

Line Voltage varies from 117.7 to
120.18 Volts AC within 2 minutes

W 'v".‘"¢'W'f\'="11"hf'*f\*f'\J\'u"\/w'\f“uﬁu“uhuf

1 Note — microAmper caught the sag to
115.43 VAC as a heavy load started
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accurate measurements may be taken over
extended time periods. When calibrating it
should be noted that many AC Voltage
sources such as AC line power continually
vary, it is not unusual for line power to vary by
more than 1% in less than a minute (see
example graph). In the solar panel example
shown above if a Voltage that could vary up to
| 50 Volts were to be logged then a 332K

B | resistor would be placed in series with the




microAmper. Using the Amper Setup program calibration settings could be entered as follows:
an offset of zero and a span of 10.26 The microAmper may then be used be used to measure
up to 50 V and readings displayed in the ChartLogger program will be accurate to within the
resistor tolerance of 1%. Since the ChartLogger allows rescaling after data has been
accumulated the scaling could then be adjusted if required.

microAmper ‘In Circuit’ Current Measurements
First ensure any live circuits are disengaged and suitable lockout / tag out procedures are in
place.

/\ DANGER

The microAmper is not intended for direct connection to
high voltage potentials. The electrical isolation between
the 2 pin input and the grounded case is rated at 40 Volts.
Do not connect the input connection directly to any
Voltage exceeding 40 Volts with respect to ground.

There is just a single 2 pin connector on the front of the microAmper, to measure currents with
the microAmper a resistor is placed in parallel with the microAmper input terminals. This burden
resistor is sized so it will produce an input Voltage to the microAmper below 1.5 Volts, which is
the maximum the microAmper can directly measure. When entering scale values the calibration
factor is calculated based on a 300mV input signal, so the full scale range is actually 5 times
higher than the scale point. As an example a common application would be to measure 4-20mA
current loops, In this case a 15 Ohm resistor (provided with the microAmper) would be placed
as shown in the diagram providing 300mV to the microAmper input terminals when 20mA is
flowing.
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4-20mA logging with the microAmper microAmper

10K Ohm (inside
4-20mA Tank microAmper)
Level Transducer P

Control /v
DC Power to

power transducer Input connector on

supply microAmper

Water /
Oil Tank <>

Loop current to
be measured

15 Ohm
burden resistor

D

The calibration values are then chosen based on the 20mA transducer point; note that the
microAmper will accurately record currents up to 200mA with this value of burden resistor.

microAmper ‘Clamp On’ Current Measurements
First ensure any live circuits are disengaged and suitable lockout / tag out
procedures are in place.

/\ DANGER

The microAmper is not intended for direct connection to
high voltage potentials. The electrical isolation between
the 2 pin input and the grounded case is rated at 40 Volts.
Do not connect the input connection directly to any
Voltage exceeding 40 Volts with respect to ground.

The micro Amper may also be used with a ‘clamp on’ type current probe, which allows
measuring current without any direct electrical connection to the signal of interest. There are
many brands, types and ranges of these clamps, with different scaling and loads available.
Virtually all of them may be used with the microAmper, but depending on the model they may
need a suitable burden resistor and the calibration settings may need adjusting. There are two
basic types, the first outputs a current (typically 1mA per amp sensed) across a burden load
resistor (which is often inside a multi-meter set to measure current). This resistor is sized so it
will produce an input Voltage to the microAmper below 1.5 Volts, which is the maximum the
microAmper can directly measure. A typical burden resistor for this type of probe (example
Fluke Model i400 shown which can measure 0 to 400 A rms) would be 1 Ohm resistor
(provided with the microAmper) that would result in 400mV at the input to the Amper when 400
Amps were measured. When entering scale values the calibration factor is calculated based on
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a 300mV input signal, so the span would be adjusted accordingly (and can be rescaled in the

ChartLogger program later).

Fluke i400 (ImA per Amp) Clamp Meter with the microAmper

Loop current to microAmper
be measured

10K Ohm (inside
microAmper)

Single Current
Carrying Cond

Input connector on
microAmper

1 Ohm burden

resistor

The second type of clamp probe outputs a voltage (typically 1 to 100mV per amp sensed
depending on the make and model. This kind of clamp is a little more flexible for extended
ranges which are often switchable, have increased resolution especially at low currents and
typically will not require any load or dropping resistor when operated with the microAmper. The
voltage output type probes typically have a BNC connector rather than two banana plugs. A

BNC to pigtail adapter is available to connect to the microAmper.

Fluke i400s (millVolt output) Clamp Meter with the microAmper

microAmper

10K Ohm (inside
microAmper)

Single Current %
Carrying
Caonductor

BNC to 2 Pin

Adapter
(Pomona 4969)

Input connector on
microAmper

Generally this type of probe may be directly connected to the microAmper without any resistors;
the only caution relates to using the larger capacity Voltage output probes at full load, for
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example the Fluke i3000S clamp will output 3.0 Volts rms at a 3000 Amp load which would be
outside of the microAmpers 1.5 Volt measurement range. If clamps such as this were to be
used a resistor in series with the input signal would allow accurate operation at full range.
Again, when entering scale values the calibration factor is calculated based on a 300mV input
signal, so the span would be adjusted accordingly (and can set rescaled later in the
ChartLogger program).
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Starting Data Logging.

At this point any settings that needed to be changed on the Amper have been written to the SD
card and the signal of interest is connected to the 2 pin connector. If the battery is not in the Amper
open the battery holder and insert the battery; note that removing the battery for more than a few
seconds will loose the current time and date in the Amper and it will need to be reset using the
configuration file for the time and date. Ensure that the write protect latch is set to “unlocked” on
the SD card then insert it into the Amper. Almost immediately the blue card access LED should
rapidly flash; this indicates that the Amper is inspecting and verifying the card. Depending on the
card brand, size, contents and directory structure the blue LED may flash for several seconds
during this process; then the LED’s should both be off. If configuration files were on the card when
it was inserted the Amper will have updated its configuration settings from the files on the card,
and will have deleted the configuration files from the card. The logger is now accumulating data
and will not access the card until it needs to write data to the card, which may occur within a
minute or could take hours, depending on the sample rate and save rate settings. To prevent lost
data it is better to not remove the card during a write, so before the Amper writes to the card it will
flash the blue LED four times indicating that it is about to write, this acts as a warning to the user
before a write occurs. During the actual write the blue LED flashes rapidly, the write time will vary
depending on several factors but will typically be a second or two. Any time the blue LED is not
flashing it is safe to remove the card by pushing it in slightly then it will eject.

The other LED is red and will flash if there is an error condition. This may be caused by
several conditions such as the card being write protected, not fully inserted, the card may be full, or
the card having a non standard file format such as 4GByte SD-HC cards which are not supported
by the Amper. If the red LED flashes remove the card and inspect it on a PC to try and resolve the
problem.

Once sample data has been accumulated on the card remove it and the data may then be
inspected using the ChartLogger program running on a PC. If accumulating at the fastest data rate
it will be less than a minute between writes to the card, so if no data is to be lost while copying files
to the PC another card may be inserted and it will continue collecting the interim data. Since it may
be days (or months) between data collections cards can simply be swapped by an operator who
brings the sample cards containing data back to a location where it may be easier to copy and
inspect the data.

Amper Manual Version 2.01 Page 27 of 45



Amper Manual Version 2.01 Page 28 of 45



Using the ChartLogger Program

The ChartLogger program provides a quick and easy way to display, manipulate and print data
captured with the Amper. The program itself is provided on the SD card that comes with the
Amper. To install the ChartLogger program insert the card in the PC (use the supplied SD/MMC
to USB converter if the PC does not have an SD/MMC slot). Navigate to the SD card directory
on the PC then double click on “Install ChartLogger” icon; follow on screen instructions to
complete the installation. The ChartLogger Program may now be started, and a screen similar
to the following will appear:

»7* Chart Logger =t
) ) :
E = x
V& HEedHeEe dF. . B3 @
Open Print Zoom Al Zoom Dut Zoom In Left Right Points ¥ Scale Tracks Stats Hiztory About
i U 1 1 1 a2
08 - [
06 - [
04 = [
0z - [
q {J 1 1 I 1 I 1 1 1 1 I 1 1 1 1 I I -
0.8 - [
06 = B
04 - -
0z < [
3§l S
08 - 2
06 - u
04— [
0z - [
Y g
05 - d
06 = d
04 - [
0z - 8
q {J 1 1 I I I I 1 1 I I I 1 1 1 I I -
08 - [
0.6 - u
04— 8
0z - d
o I 1 1 =
000 AN 12050{1593 £:00:00 P 1245041533 12:00:00 PR 1205041533 £:00:00 AN 1205001553 12:00:00 A8
Add Comment Cursor: mm/ddAyypy hbcmm: sz am
Time Comment Curzor ¥alue Min Disp Avg Disp Max Disp Min Average Max
== Phase A 0 0 i i i 0 0
== Phase B 0 0 i i i 0 0
= Phase C 0 0 i i i 0 0
= A-B Voltage 0 0 i i i 0 0
— C-A Voltage 0 0 0 0 0 0 0
[ | Cursar; o

Note that the ChartLogger may also be used with other Automations Solutions products, such
as the ASAP/F5 motor controller which can log data from three motor phase currents and two
Voltage sources, typically used on submersed oilfield pumps and motors. When first started the
ChartLogger displays the above screen with graphs for the ASAP, then when Amper data is
loaded the display switches to a single graph.

If the open button is selected a window will appear allowing selection of logfiles, use the menus
to navigate to the card location, in this case drive D: The example below shows just two days
files from a motor test (note the calibration and offset files are also visible). Click on the ‘Import
to Home Folder” button which will copy the files to the PC.
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~"Open S5ite Data |

Home Folder

Folder to Import Awvailable Sitez and Dates Start Date
e +| Dctober 2007 _»|
a1 2 3 4 5 B
Fo8 9 10 11 12 13
14 15 16 17 18 13 20
21 22 23 24 28 2B 27
28 029 30 0N 1 2 3
4 5 B 7 8 9 10
MOTR1031.C5% End Date
MOTR1101.C5%
rnatraffs. bt
T e ;l Movember 2007 _’I
2029 0N 1 3
4 5 B 7 8 9 10
11 12 13 14 15 16 17
18 19 20 2 22 23 24
1
|rmport ta Home Faolder > 225 235 24? 258 259 BTD q

<3 Today: 11/2/2007

Ta Irport Files:
Browse ko the Folder boimpoart From.
Click the "Import to Home Folder" button,
&l files will be imparted,

To wiew data From imported Files:
Select a site name from the Home Folder,
Select a start and end date, Ok Carcel
Then click O ko open the Files,
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After they have been imported the file window will be similar to below.

~"Open S5ite Data |
Home Folder
Folder to Import Awvailable Sitez and Dates Start Date
= =||Sites
i TR |  October 2007 _»|
b 102107
e 110707 o1 2 3 4 5 B

8 9 10 11 12 13
14 15 16 17 18 19 Z0
2022 23 024 25 2% X

28 29 30 & 1 2 3
4 5 B 7 8 9 10
MOTR1031.C5% End Date
MOTR1101.C5%
rnatraffs. bt
motrscal. bt | MNovember 2007 _* |

[

28 239 30 31 Smeey 3
4 5 & 7 3 10
1M 12 13 14 15 16 17
18 19 20 21 22 23 24

25 26 27 2 23 30 1
Irpart to Home Falder »» # R d BT OB % g

ul b

<3 Today: 11/2/2007

Ta Irport Files:
Browse ko the Folder boimpoart From.
Click the "Import to Home Folder" button,
&l files will be imparted,

To wiew data From imported Files:
Select a site name from the Home Folder,
Select a start and end date, Ok Carcel
Then click O ko open the Files,

ChartLogger imported the data files to its own logfiles directory, and at the same time it
changed the filename to include the year. If present it will also import the scale and offset files
to a directory called cnffiles. Now to view the graph click on a site name in the home folder,
select start and end dates then click OK. The site data window will close and files will be

displayed on the graph.
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This example shows a few minutes test over two days of a motor and control relay that were
generating electrical interference. Click anywhere on the graph to move the cursor, statistics
will be displayed at the bottom of the screen. The graph may be zoomed in / out and scrolled
using the buttons at the top, also the small arrows at the axis provide detailed zoom and pan
control.

»# Chart Logger - Site: MOTR [_[O]
& Bl e ] . B E (D
Open Print Zoom Al Zoom Out Zoom |n Left Right Paints ¥ Scale Tracks Stats History Abaut
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103112007 4:45:00 PR 02007 4:30:00 PI V007 4:45:00 PIA 012007 E:00:00 PM 04312007 5:15:00 PR 0VFZ007 :30:00 B 02007 54500 PM
Curgor: 10/31/2007 5:00:33 PM
Cursor ¥alue MinDisp Avg Disp Max Disp Min Average Max
=== Phase A 0.01 0m 173 50,00 0.00 184 50.00
| Cursor; 1043172007 5:00:39 P e

Clicking on the History button enables an attached window where points of interest may be noted;
once entered they may be clicked and the cursor will jump to that location.
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»# Chart Logger - Site: MOTR
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Any notes entered will be stored in the ChartLogger directory and will automatically be recalled if
this data is reloaded. The example shows the start up current surge for a motor that normally
draws about 7 Amps; in locked rotor condition it draws nearly 50 Amps, the drops in current during
the locked rotor test are caused by a failing control relay that supplies power to the motor. The
‘points’ button turns on or off dots that is displayed where every reading taken.
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Scaling and Calibrating With ChartLogger
As explained earlier ChartLogger may use calibration constants that were generated with the
Amper Setup program. Often a scaling factor may not be known, for example an analog
transducers own span & offset adjustments may have been changed to match a tank level that
contained a liquid with unknown density, or a CT ratio may not be marked. It is easy to re scale to
match ChartLoggers display with the desired readout. Once the data has been loaded select

Chart Logaes - Site FLOP . =lax]
1 & | & = | [ A=
Open Prink Zoom Al Zoom Out Zoom In Left Right Paints % Scale Calibrate ~ Tracks Stats Histary Ahout
ssssss
.»
nnnnnn
13500 -
Current Yalues New Values
nnnnnn
¥ 2 Paint Calbratior
~ Sealed 14336.83 I 160
I aimum
12500 | .. & Scaled l 11011.52 I 50
Original scale (i
Raw 1433683
il T Caleuiars the N ]
e 1101162 | eale and Offset |
Mirirnwm
‘‘‘‘‘‘ Seale ! ] Fsmm S0 IEATE r
Oifset | i | 26 B165300R22306
nnnnn , Fieset Caibration Factors | ok | ceneal |
1000 - / @ V V “ v V v
10500 —
=
EN32005 4:05:00 AN EAN2005 4:06:00 AR EHI2005 4:0T:00 AN EHI2005 4:05:00 Ak
Cursor: £/13/2008 4:06:33 AM
Cursor Value Min Disp  Avg Disp Max Disp Min Average Max
Channel 1 11162 10820.00 1260223 1442600 106850.00 1272134 1461500
[ Cursor: E/19/2008 4:08:32 AM

‘calibrate’ from the menu. A dialog will appear that allows single or 2 point calibration, and may be
selected by clicking on the ‘2 point calibration’ checkbox. Single point is usually used for data that
has no zero ‘offset’, such as direct connection to a current transformer or an applied Voltage. Dual
point calibration is usually used for signals that have an offset, such as a 4-20mA signal where 0
(or any other value) in engineering units may correspond to 4mA. The cursor may now be moved
on the graph to find the high calibration point, then enter the desired value in the ‘new value’ box. If
two point calibration is used repeat for the ‘low’ point. Note that the further apart the high and low
points are the more accurate the display will be.
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Click on the ‘Calculate New Scale and Offset’ button then click OK. The graph will be reloaded
using the new calibration values. The next time this data is loaded it will use the latest calibration
coefficients. It should be noted that the data stored on the card and PC always remain in raw units
for maximum accuracy, after calibration just the calibration coefficients change.
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Pulse Counting Option.

The Amper may easily be configured for ‘pulse counting’ operation. In this mode it will no longer
store a continuous stream of analog ‘level’ data points, but instead will count the number of
excursions the input signal makes above and below a preset point. The count will actually be
double the number of ‘pulses’ seen as it captures edges, which are used by some types of
equipment. Rather than keeping one single total count the Amper will put accumulated counts
into time ‘buckets’, each of which is then stored on the data card. For example, if the bucket
time is set to one hour then each day a data file will be written that contains 24 lines, each line
containing the number of counts that occurred during the respective hour. A bucket time of one
minute would result in files with 1440 lines per day. These data files can provide very useful
data, as pipeline flows, energy usage, traffic patterns and other parameters may easily be
analyzed by times as well as by simple totals. The fastest rate that may be correctly sampled

is 10 pulses or 20 edges per second.

To enable pulse counting rather than normal analog mode two text files need to be on the card,
called bucket.txt and pulse.txt The first, bucket.txt contains the bucket time in seconds; 60 to
3600. Each days results file will have a line appended every bucket time in identical format to
the standard ‘analog’ data files, so with a bucket time of 3600 each days file will have 24 lines,
one per hour of operation (bucket times start when the card is inserted). The second file
needed, called pulse.txt contains a number that is the threshold in raw Amper units for pulse
detection, from 1 to 20475. The pulse count increments every time (+ve and -ve) this point is
crossed. Typically this value would be approx 50% of the high input Voltage applied but is not
critical at all since most pulse, switch, relay or opto devices would cause the applied Voltage to
be present or absent. Note that the Amper does not supply the contact or switch closing
Voltage source, it must be supplied externally but may be any AC or DC source that the Amper
is configured to monitor.

Some suitable pulse.txt values for the millAmper and microAmper are......

milliAmper (4-20mA nominal input). 820 would set the threshold at 4mA, 2048 at 10mA

microAmper with 332K resistor in series (50 Volt full scale input). 1000 = 2.5V threshold, 2000 =
5V threshold, 2400 = 6V threshold, 4800 = 12V threshold.

The applied Voltage may could also be measured by the Amper in normal logging mode then
the average reading halved to obtain a suitable threshold.

Since the Amper has an adjustable threshold it may be used for applications that typical pulse
counters could not perform. For example, if the microAmper is monitoring AC line Voltage that
is nominally 120 VAC the pulse threshold could be set to correspond to say 115VAC. Now it will
store in the time stamped buckets a count of every line sag below 115V. The results are written
to the data files in exactly the same format as normal data files so can be directly read and
displayed with ChartLogger, or of course with excel or any text editor.

When in pulse mode the Amper will write to the data card at the end of every bucket time (even
if the count was zero), so whenever the card is removed it will always contain the most up to
date information. Pulses often need to be counted for extended time periods such as months
but data accumulated in the mean time may be required before then. If the card is removed the
data may be copied to a pc and provided the card re-inserted before the present bucket time
expires (i.e. when the Amper tries to write to the card again) no data will be lost. The Amper will
keep accumulating and retain an accurate count provided the card is re-inserted before the
bucket time expires; therefore totals for extended periods may be accumulated and the data
may also be collected during this time without loosing any pulse counts.
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To change back to regular analog logging rename or delete one or both of the bucket.txt and
pulse.txt files on the card, or use a card that does not have these files. The pulse configuration
files, bucket.txt, pulse.txt and hyster.txt will not be deleted by the Amper so by looking at the
card the user may determine what mode the Amper is in.

The storage time while in pulse mode is effectively infinite since the data files are so small.
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Data Reduction - Hysteresis.

With its fast sampling rate the Amper is capable of accumulating huge amounts of data, which
can result in very large files. To help reduce data file sizes a ‘hysteresis’ value may be entered,
which can drastically reduce the data file sizes but still allows samples of interest to be
captured. If hysteresis is enabled then samples are only stored if they differ by more than the
hysteresis value from the previous stored sample. The hysteresis value is entered in raw data
units, from 1 to 20475 as a single line in a file called hyster.txt on the data card being used. The
Amper will not store the hysteresis value and will only implement hysteresis if the hyster.txt file
exists on the card currently being used, so it is obvious if hysteresis is active. If the file does not
exist then every point will be logged with its associated time & date stamp. If the hysteresis
value is set to 1 then new data points will only be stored if they differ from the previous reading,
which effectively provides ‘lossless’ data compression. Note that this can yield a significant file
size reduction without losing any data points. If the hysteresis value is set to values higher than
1 then data points within (previous value +/- hysteresis value) will be not be saved. For
example, here are some data points taken with no hysteresis.....
Ver8,05/09/08,17:05:51.29,04010

Ver8,05/09/08,17:05:51.34,04007

Ver8,05/09/08,17:05:51.39,04007

Ver8,05/09/08,17:05:51.44,04007

Ver8,05/09/08,17:05:51.49,04007

Ver8,05/09/08,17:05:51.54,04007

Ver8,05/09/08,17:05:51.59,04007

Ver8,05/09/08,17:05:51.64,04007

Ver8,05/09/08,17:05:51.69,04007

Ver8,05/09/08,17:05:51.74,04007

Ver8,05/09/08,17:05:51.79,04018

Ver8,05/09/08,17:05:51.84,04014

Ver8,05/09/08,17:05:51.89,04007

Ver8,05/09/08,17:05:51.94,04007

Ver8,05/09/08,17:05:51.99,04007

Ver8,05/09/08,17:05:52.04,04007

Ver8,05/09/08,17:05:52.09,04007

Ver8,05/09/08,17:05:52.14,04007

Ver8,05/09/08,17:05:52.19,04007

Ver8,05/09/08,17:05:52.24,04007

Ver8,05/09/08,17:05:52.29,04007

Ver8,05/09/08,17:05:52.34,04012

Here are the same samples taken with an hysteresis value of 2 active.....
Ver8,05/09/08,17:05:51.29,04010
Ver8,05/09/08,17:05:51.34,04007
Ver8,05/09/08,17:05:51.74,04007
Ver8,05/09/08,17:05:51.79,04018
Ver8,05/09/08,17:05:51.84,04014
Ver8,05/09/08,17:05:51.89,04007
Ver8,05/09/08,17:05:52.29,04007
Ver8,05/09/08,17:05:52.34,04012
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Note that when a change occurs the Amper also stores the previous ‘identical’ value so that
graph charting programs such as ChartLogger will correctly display a straight horizontal line
between the points rather than a slope; the horizontal line would have contained identical data
points if hysteresis was not enabled.

Hysteresis can allow extended logging for months at a time even at the fastest sample rate of
20 samples a second, since only activity of interest is stored. This is especially useful for
capturing fast events that may occur infrequently, such as power surges, lightning flashes,
animal or other occasional traffic.
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File Formats and Contents.
Configuration Files:
Most users will never need to be aware of the configuration files and contents, since most
configurations may be set using the Amper setup program and typically would only be done
once; however they are explained here for users who may need the information. If these plain
text configuration files exist the Amper will read them when a card is inserted. It will then
reconfigure itself to use any new settings found on the card. For some parameters it will save
the new configuration settings in non-volatile memory inside the Amper, then delete the
configuration files from the card. Configuration settings may be changed at any time, and only
ones that need changing need to be updated. For example if the device is moved to a new site
the site name may change; or after a new well startup has run for a couple of hours the data
acquisition rate may be modified. There following files affect the actual operation of the device,
these are named:

time.txt This contains the current date and time in 11/23/07 09:32:56 format to set the Amper
to. If it is not in this format it will be ignored. The Amper does not perform automatic daylight
saving time adjustments as this varies around the world, but it will compensate for leap years.
Once the time is set the Amper will keep track of it automatically; it is typically accurate within a
minute or so a year. If the battery is removed for more than ~10 seconds the time will be lost.
(The battery can be changed in less than this time).

sample.txt This contains a single number from 1 to 65534 which will be the sample rate, in
50mS increments. So if a sample was required every second the sample.txt would contain the
number 20

saverate.txt Usually the Amper writes to the data card when its internal data buffer is full. If
acquiring at a slow rate it may be many hours between card writes. Saverate is the time in
seconds between writing to the card; this may be set to a suitable value between 60 and 3600
so the user does not have to wait extended times before data is written to the card. The
drawback to using faster data writes than required is increased power consumption with
resulting reduced battery life, and reduced card life due to more frequent writes. If the file
saverate.txt contained 120 then data would be written at least every 2 minutes to the card. Note
that the Amper will only write to the card if new data exists that needs to be written.

sitename.txt The data files saved by the Amper have a standard naming convention. The first
four characters are the ‘sitename’ which are used to uniquely identify the site. The remaining 4
characters are the day and month. So if a card with a site name of “Well” is left in for a year 365
files will be generated on the card, with the filenames Well0101.txt (January 1), Well0102.txt
etc up to Well1231.txt for December 31%'. When ChartLogger imports the data files it
automatically renames them to add the year to each filename, so ChartLogger can handle files
that span years correctly. If each site has a unigue site name then it's easy to keep track of
different sites; even if the same card is used in different units.

pulse.txt This contains the threshold for pulse counting, and is only used when the Amper is in

pulse counting mode. The value is from 1 to 20475. See the section on pulse counting for
further details.
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bucket.txt This contains the bucket size in seconds form 60 to 3600 and is only used when
the device is in pulse counting mode. See the section on pulse counting for further details.
hyster.txt This contains the hysteresis value, from 1 to 20475. See the section on hysteresis
for further details

Calibration Files:

The following files may also be present on the card, but are not used, deleted or even read by
the Amper itself. These files provide a way for the ChartLogger program to import parameters
pertinent to a site, such as the CT ratio or milliAmper scale / offset. When the ChartLogger
imports the data from a site it also automatically imports these parameters if present, so the
data presented to the user in ChartLogger is in scaled units that relate to the site. Note that
there is no need for these files to be present on the card as all calibration may be performed
inside ChartLogger, which can directly calculate the calibration values needed.

abcdscal.txt where abcd is the site name. See the CT Ratio / Span&Offset section above for
how this value is used. If the scale value was saved in the CT mode then the scale is a number
(in scientific format) that is simply the CT ratio divided by the factory CT calibration value. The
factory CT calibration value is typically 3425, but may be adjusted to compensate for variations
in the value of the 0.05 Ohm load resistor. If the scale/ offset were saved using 4-20mA scale
(i.e. scale & offset were entered) then the value is the span divided by the factory 20mA cal
value (usually 4096).

abcdoffs.txt where abcd is the site name. See the CT Ratio / Span&Offset section above for
how this value is used. If the scale value was saved in the CT mode then no offset was used,
and this file will not be written. If the scale/ offset were saved using 4-20mA scaling (i.e. scale &
offset were entered) then the offset value is simply subtracted from the calibrated value by
ChartLogger. Offsets may also be entered for any reading, which has the effect of adding or
subtracting a dc offset from the measurement so any offset errors may be removed for use by
ChartLogger.

Data Files:

Most users will never need to be aware of the data files and contents, since the ChartLogger is
able to import them directly. They are explained here for users who may need the information.
New data files are created by the Amper each day. Each file name consists of the site name
plus the day and month, such as abcd0415.csv where abcd is the sitename and the date of the
file is April 15" (0415). Inside the file are a list of date and times and the reading taken.
Although the filename does not contain the year every reading inside the file does, so as
ChartLogger imports the data it inspects the file then automatically adds the year to the
filename as it stores the file on the PC, so the file abcd0314.csv on the card will be imported
and renamed on the pc as abcd031407.csv A few lines from a typical file are shown below.....

abcd,04/15/08,22:13:12.75,00515
abcd,04/15/08,22:13:13.00,00557
abcd,04/15/08,22:13:13.25,00561

In this case the site name is abcd. The date and time are shown then the readings. The

readings are always shown as a 5 digit number that varies from 0 to 20475, this is the raw
value measured by the Amper.
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The maximum stored data value, 20475, is not the value typically used for calculating the
calibration constant used by ChartLogger. CT’s are typically rated with a 5 Amp secondary and
various primaries. For user convenience the calibration entry is set so the user can simply enter
the primary current corresponding to the ‘5 Amp’ point even though it is not the full scale input
range of the Amper (which is designed to measure 5x full scale overloads accurately). The
other two units are similar, both have a full scale reading of 20475 which corresponds to
100mA for the milliAmper (which is typically operated up to 20mA), and 1.5 Volts for the
microAmper. The actual calibration constant is equal to (users entered span / 4095) for the
milliAmper and microAmper; it is equal to (users entered span / 3425) for the Amper.

Miscellaneous Files:

battery.low Once the Amper detects battery capacity is falling it will write this file to the card,
once a day at midnight. It will probably be several weeks after the file is first written before the
device stops operating, giving the operator time to change the battery.

abcdSOFT.ver This contains the firmware version of the Amper.
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Card & Battery Notes.

Cards.

Memory cards have gone through a remarkable change in the last few years; prices have
dropped to a fraction of what they used to be and capacities have skyrocketed. This plus recent
advances in electronic components have made the Amper possible.

However there are some points to note regarding the cards, as they do have some
characteristics that can affect the device operation especially when used at the fastest acquisition
rates. The cards have a finite number of times that they may be written, this is often not specified
by the manufacturer but is typically 100,000 — 250,000 times. In most applications with sample
rates of 5 times a second or less it will take many years for the card to ‘wear out’ due to frequent
writes. However, if the fastest acquire rate of 20 times per second is used the card will be written to
nearly 2000 times per day; and in 50 days the card may be worn out and will fail. Therefore the
Amper should only be used at the fastest acquire rate with caution, and the user should be aware
that the card should be swapped before it gets close to the write limit. (see the section on
hysteresis for methods to reduce file activity). Different brands of cards vary in their behavior, but it
is conceivable that a card could fail in a mode where files already written could be lost.

Some cards have intelligent controllers inside that attempt to control wear leveling; they try
to extend card life by moving data around on the card so all areas get written to the same number
of times. This may be beneficial in some circumstances, but while cards are doing this ‘leveling’
procedure they require extended times (often 30 seconds or longer) to complete, and therefore
take much longer than normal to perform a write. While the card is plugged into a PC the user will
never be aware of this process and delay, but if the write attempt takes too long in the Amper it
may have to give up waiting and flash the error LED, since it cannot store data as fast to the card
as it is arriving. If this occurs remove any data found on the card, and re-formatting the card may
restore satisfactory results. Note that simply inserting the card into a pc and waiting for a minute or
SO may also ‘rejuvenate’ the card, as it will have had enough powered up time to perform its
internal wear leveling. These wear leveling routines typically would only cause problems at the
fastest acquisition rate with heavily worn cards.

Recently cards have been offered with faster write rates (maybe called Ultra or similar).
They offer no benefit at all to the Amper. These cards are optimized for a few occasional writes of
very large files as a single fast write; typically for cameras or video devices. The files generated by
these devices are very large, but are typically written as a single write very infrequently (few people
take 2000 photos every day). The Amper generates multiple writes of small amounts of data
perhaps thousands of times a day. Although these cards may support a faster transfer rate for a
few large files they typically have reduced capability for repetitive writes. Generally these Ultra
cards have reduced lifetimes at high acquisition rates compared to the standard lower cost cards
and should be avoided for high acquisition rate applications.

Batteries.

As previously noted the battery life is largely dependant on the data acquisition rate; as the
most current is consumed during writes to the cards. If the device is not being used for some time
remove the card and the current draw will fall to virtually nothing. If it wont be used for many
months the battery can be removed but the clock will need to be reset when it is next used. The
Amper does measure the battery Voltage, and when it starts to get low will write a file called
“Battery.Low” to the card once a day. This may occur 1-6 months before the battery finally fails
(again the time depends on acquisition rate), so it allows time to obtain and replace the battery
before it fails.
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