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Watson Industries prides itself on solving custopr@blems and serving their needs in a timely fashiThis manual is
intended to facilitate this goal and to providetten information about your product. We ask ttai garefully read this
manual. Becoming familiar with the manual will bglou understand the product’s capabilities andditions, as well

as provide you with a basic understanding of itsrapon. If, after reading the manual, you reqtiir¢her assistance, do
not hesitate to call Watson Industries with youestions and comments.
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CAUTION!

Watson Sensors are rugged devices that have bedrsuscessfully in a number of harsh
environments. The components have been qualdi@dthstand a mechanical shock of more than
200g 's, and most enclosures provide an addeddépebtection. However, dropping a sensor from
waist height onto a hard floor can cause a shoa l&f 600g's. At this level, damage is likely to
occur.

Introduction

The Inertial Measurement Unit (IMU) is a solid-staensor that provides the user with
measurements of angular attitude, angular rateéhBanagnetic field, together with linear
acceleration, in three (3) orthogonal axes (seerEi@). A unique feature is the two sets of
acceleration measurements. One set gives sers@ertion with respect to the sensor mounting
face while the other set resolves the motion imiozZontal and vertical components, irrespective of
the sensor attitude. This allows forward and &tacceleration measurements that are essentially
free of gravity influences.

Product Description

Watson Industries IMU uses solid-state gyros, talfluxgate magnetometer and silicon
accelerometers. This system uses a microprocessttegrate angular rate sensor data and provides
a closed loop system of error correction to adpistes from earth rotation and from instrument
offsets. Interface to the microprocessor is domneugh a 16-bit A/D and a 12-bit D/A converter.

The solid state vibrating structure angular rat@gyised in this system provide extremely high
reliability, low power consumption and shock resgte. There are no physical adjustments
required by the user. All of the primary transdscae locked into position during manufacture.
Adjustments are made with the aid of PC-based miaamce software, which communicates with the
IMU via the RS-232 serial connection. Calibratisrachieved by using the maintenance software to
store data in non-volatile memory within the IMU.

A vehicle speed input is used to assist in theeotion of errors. It is also included in the paeten

set that is available for serial output. Althoutghuse is not always required, it is highly
recommended that this signal be supplied to the.IMUe unit requires an analog signal that is
scaled to 40 KPH per volt. Forward motion shoulodoice a positive signal with respect to signal
ground. Many other velocity scale factors can éedted through simple changes in the scale factor
stored in the EEPROM in the microprocessor. Thislee done with a PC and the assistance of the
factory.

Installation

Orientation

The connector face of the unit must face forwarthe IMU drawing, with wire call outs, is located
in Figure 1.

Mounting:

A mounting plate is provided for a flat surface mbuUse non-magnetic hardware. Ideally, the unit
should be installed away from power circuits andynetic materials. Highly magnetic materials
require greater separation from the IMU unit. Tihé@ may be adhesively mounted at any of its

surfaces. If high shock loads are expected (gréade 20G or repeated shocks greater than 10G),
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the appropriate shock mounting should be usedawent long term damage. Vibration isolation
should be used for use in 4G or greater vibratiorirenments. Symmetry is very important in such
mount designs (consult Watson Industries for appbo notes on this if needed).

Environment:

High level AC magnetic fields, such as from langesformers, motors, or soldering guns, are to be
avoided as being potentially damaging to the cirgueven if the system is not powered. Exposure
to high DC magnetic fields are to be avoided siheecan produce a lingering self-magnetization of
the sensor, which can cause distortion of the Ingagiference.

Avoid mounting sites that are subject to significemperature variation over the duration of the
test. Temperature variation will induce rate sefsas drift, which may reflect in degraded attgud
accuracy.

Power:

This unit has an internal regulator to allow operabver a wide voltage input range. Best openatio
is obtained at either 12 or 24 VDC level, althowugleration is fully satisfactory down to 10 VDC
and up to 30 VDC. Power draw of the unit is al#b6tWatts. Internal capacitors are provided to
remove a reasonable level of power line noise, keweapacitors should be added for long power
line wiring or if noise is induced from other loaals the circuit. The IMU power system is isolated
from the IMU signal system.

Calibration

The IMU is calibrated at the factory before ishapped to the user. Itis recommended that thite un
be returned to the factory annually for evaluaton recalibration.

Operation

Normal Operation

During normal operations, the IMU will output highdccurate inertial data for the user to interpret.
This data can be output several different ways.mbhst common way to acquire data from the IMU
is to use the RS-232 serial output. There areR®e232 output formats: decimal and binary. The
exact formatting structure is discussed later elttterface section of this manual. The IMU
generates different data items for output: X, Yg &rates; X, Y, and Z accelerations; X, Y, and Z
magnetometers; Bank, Elevation, and Heading, amgddrd, Lateral, and Vertical Accelerations.
Any combination of these data items can be seldotetlansmission via the RS-232 serial link. The
IMU also has analog outputs (see Interface sectimt)can be used to provide data.

In normal operation, the IMU takes data from it®inal rate sensors and integrates them in a closed
loop system, with the accelerometers & magnetonaster long-term reference, to generate the
Bank, Elevation and Heading data. The user shoeilaware that exceeding the normal ranges of
the sensors will affect accuracy. For example]evtiistom IMU units may have differing ranges,

the rate gyros in a typical IMU have a maximum &#t&00°/s. Care should be taken not to exceed
this rate because the closed loop system will veaeiaccurate rate data. This will result in eriiars

the angle output signals.

While this IMU is "all attitude", the accuracy tentb drift when its elevation is within 5 degreés o
vertical. Operation for any extended period of timéhis orientation is not recommended. If these
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few operational precautions are observed, the Ikaukl provide very accurate data for a wide
variety of application

Special Operation Modes

Reference Mode

This mode is usually used for calibration or diagfics. When in reference mode, the IMU will
output data generated directly from the sensoreat® signals rather than as a product of the @lose
loop integration used for normal operation. Themfice command provides the same sensor
information as in normal operation mode with thikofeing differences:

Bank and Elevation are obtained directly fromdbeelerometers - no gyro stabilization.
Heading information is obtained directly from tleél magnetometer — no gyro stabilization.
Angular Rate Sensors are not close-loop bias cieale

The reference mode can be selected either thranggtetminal mode, or by a discrete logic
command. Note that reference mode is never a isftting. It must be re-selected when re-
powering the unit.

Free Mode

The Bank, Elevation & Heading angles are generaydtie direct integration of the rate gyros.
These angles are not closed loop corrected byefeesnces. Free Mode can be used to totally reject
effects from dynamic accelerations, but accuragyat#es with time. It is intended for use over
periods of a few minutes at a time.

Free mode can be accessed through terminal mode tih&d free mode is never a default setting. It
must be re-selected when re-powering the unit. uBee should not enter free mode until after the
IMU is initialized and its readings are stable.

Hold Mode

This mode inhibits bias adjustments to the gylbss intended for short-term use only since legvin
biases uncorrected will allow the gyros to accurteubaas error over time. The accumulating bias
error will result in small attitude errors. Holdbae can provide better performance in highly
dynamic environments such as continuous circlingr @everal minutes time. The user should not
enter hold mode until after the IMU is initializadd its readings are stable.

Hold mode can be accessed either through termindepor by a discrete logic command. Note that
hold mode is never a default setting. It mustéssalected when re-powering the unit. The user
should not enter hold mode until after the IMUnigialized and its readings are stable.

Control Mode

In this mode, the IMU will output sensor data nolignanless it receives a control mode command.
Once a command is received, the IMU will send datasponse and await the next command.
Using this mode, the user can retrieve the EEPRGI(, haud rates, output formats, and many other
operational settings of this sensor. Having actefisis information makes the Control Mode useful
in assisting the factory to remotely troubleshbet ¢ertain operational problems that can occur. For
more details, see the RS-232 Input Commands sdetienin this manual.
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Specifications

Attitude
Range: Bank +180°
Range: Elevation +90°
Resolution: 0.02° Binary mode (14 bit)
Analog Scale Factor: 18°/V +10V Output
Accuracy: Static +0.25°
*  Accuracy: Dynamic +2%
Heading
Range: Bank 0° to 360°
Resolution: 0.02° Binary mode (14 bit)
Analog Scale Factor: 18°/V +10V Output
t  Accuracy: Static *1°
*  Accuracy: Dynamic 2%
Angular Rate
Range: Roll, Pitch, Yaw +100°/sec
Resolution: 0.01°/sec Binary mode (14 bit)
Analog Scale Factor: 10°/sec/V +10V Output
Scale Factor Accuracy: 1%
Bias: Roll, Pitch, Yaw < +0.02°/sec
Non-Linearity < 0.03% Full scale range
Bandwidth 20 Hz
Acceleration
Range: X, Y, Z +10g
Range: Lateral, Forward, Vertical +10g
Resolution: 4mg
Analog Scale Factor: 1g/vV +10V Output
Scale Factor Accuracy: 1%
Bias: X, Y, Z < 15mg
Non-Linearity: <1% Full scale range
Bandwidth: 20 Hz
Magnetic
Range: X, Y, Z +1000 mGauss
Resolution: 0.1 mGauss Binary mode (14 bit)
Scale Factor Accuracy: 1%
Bias: X, Y, Z < 5 mGauss
Non-Linearity: <0.01% Full scale range
Bandwidth: 10 Hz
Environmental
Temperature: Operating -30°C to +60°C
Temperature: Storage -55°C to +85°C
Vibration: Operating 5g rms 20 Hz to 2 kHz
Vibration: Survival 10g rms 20 Hz to 2 kHz
Shock: Survival 5009 10ms % sine wave
Electrical
Frame Rate 71.1Hz Maximum
Startup Time: Data 5 sec
Startup Time: Fully operational 10 sec
Input Power: 10 to 30vDC 4.8W
Input Current: 400mA @ 12vDC 200mA @ 24VDC
Input Velocity: (Optional) +10VDC Full scale (x4kph)
Digital Output RS-232
Analog Output +10VDC
Physical
Axis Alignment: <0.1°
Size: Including Mounting Flanges 6.5"W x 6.5"L x08"H 16.5x 16.5x 7.6 (cm)
Weight: 530z (3.3lb) 15009 (1.5kg)
Connection: RS-232 9 pin female “D” subminiature
Connection: Power / Analog Outputs 25 pin male $Dbminiature

*  Assumes accurate velocity data.
Actual accuracy can be calculated as the listedgméage multiplied by the change in value overtfitre dynamic maneuver.
1 Static heading accuracy is dependent on the mageetironment. This sensor will meet or exceesl $piec within the 48 contiguous United States.

Specifications are subject to change without notice
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RS-232 Output Format

The standard RS-232 output consists of a strirdgoimal ASCII characters sent asynchronously at
regular intervals. Nominally, the string is sen®800 baud with eight data bits, one stop bit and
parity. The number of strings sent per second d#pen the baud rate and the output format. The
maximum rate is 71.11 strings per second. See Appdnfor information on how to change the
data string. The contents of a typical stringfarened as follows:

1. A single letter and a space used to indicatetdu of the data string. The letter “I” indicaite
the start of an inertial data string. The leti'tindicates the start of a Reference data
string. If the letter is in lower case (“i”, or’jr an error over-range condition is indicated
(see below).

2. A seven character string representing the bagleastarting with a “+” or a “-*, followed by
three digits, a decimal point, one digit and a sdac up to £179.9 degrees.

3. A six character string representing the elevasingle starting with a “+” or a “-“, followed
by two digits, a decimal point, one digit and acsptor up to +89.9 degrees.

4, A six character string representing the headimgje by three digits, a decimal point, one
digit and a space for zero to 359.9 degrees.

5. A six character string representing the X axisdr acceleration starting with a “+” or a “-*,
followed by one digit, a decimal point, two digésd a space for up to £9.99 g.

6. A six character string representing the Y axisdr acceleration starting with a “+” ora “-*,
followed by one digit, a decimal point, two digasd a space for up to £9.99 g.

7. A six character string representing the Z axisdr acceleration starting with a “+” or a “-*,
followed by one digit, a decimal point, two digésd a space for up to £9.99 g.

8. The string is terminated by a carriage returhere will then be a short interval with no data
transmission before the next string begins.

Example:
| +002.5 -05.0 2734 -0.04 +0.12 -1.00 <CR>
Bank Elev. | Head. | X axis | Y axis Z axis
angle angle | angle | Accel Accel. Accel.
1) ()] 3) 4 ©®) (6) ™ (8)
space space space space space space

This may be reduced to attitude and heading infaomdo improve the update rate to almost twice
the previous rate by using special commands to intdat EEPROM of the unit. More channels are
available for output — see Appendix A.

The system is protected from inadvertent write-afedhe EEPROM by requiring two spacebar
commands during the initialization interval to aaxéhe EEPROM or related functions.
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The baud rate may be changed from the nominal \al@600 baud by modifying the default value
in the EEPROM of the unit to 38400, 4800, 24001200 baud.

A text header is sent by the IMU during initialimats that identifies the unit by part number and by
serial number and gives the date of last calibnatiddditionally, a line of text characters that
identifies the data channel columns is sent ifsi@al output is set to ASCII decimal. This whole
message can be temporarily or permanently supptessestored by a “*” command from the
interfacing computer.

Data transmission sent by the IMU can also be sg3ed or restored by a “+” command from the
interfacing computer.

The error overrange condition is indicated by the of a lower case “i” or “r’ when the calculated
attitude or heading error exceeds the ranges latede. Internal functions that require thesererro
values are disabled while the condition existse $ystem will continue to operate in an extended
time constant mode with a low level of error acclatan until the condition is cleared. Occasional
blips of this condition are expected with no dedbt# affect on the resulting data.

The other output format available is a binary formla this mode, the unit provides generally the
same information as the decimal ASCII format, loud icompact binary file form. In this format,
there are nominally 13 words sent that represdotiGeen-bit output channels followed by a
carriage return. Again, this may be reduced itudit and heading information to improve the
update rate (in this case the rate would be 71Z)lbk using special commands to modify the
EEPROM of the unit. This format is for highly exjgsmced users only. Consult the factory for
further details.

RS-232 Input Commands

The RS-232 input commands are provided for thegaef unit test and installation set-up. The
same parameters are used as for the output (9&@DACII nominal, or as reset in the units
EEPROM). There are eight commands intended fobyghe user (others are used at the factory
for alignment and calibration). A double spacdtsred in during the initialization interval is
required for access to most of these commandsinitiedization interval is the period of time that
the unit takes to send the startup message arnidatputting data. The two consecutive spacebar
commands must be received during the initializatmarval; Any more or less will invalidate the
command. Any other characters sent to the unibhduhis time will also invalidate the command.

1. An “R” or “r” will set the outputs (analog andrgal) to their Reference Command modes.
This will also disable the logic input Referencen@nand, Free Mode Command and Invalid
Velocity Command until the next time the unit isygved up. This mode is used in
installation to physically align the unit.

2. An “I” or “i” will clear the Reference Commandade if it had been set by the serial input.
This is the default mode at power up and is thenaboperating mode. This will also disable
the logic input Reference Command, Free Mode Condnaad Invalid Velocity Command
until the next time the unit is powered up. Douty@cebar at initialization is required for
access to this command.

3. An “F” or “f” will disconnect the references frothe attitude system and is the Free Mode
Command. Free mode is used to make the systemeigim® references during high
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maneuvers and brief disturbances. This mode isterided for use except in brief intervals,
since errors will grow geometrically. This willsal disable the logic input Reference
Command, Free Mode Command and Invalid Velocity @amd until the next time the unit
is powered up. Double spacebar at initializatioregpuired for access to this command.

4, An “H” or “h” will remove bias correction fromhe system and is the Hold Mode Command.
This mode is useful is highly dynamic situationattimay last for a few minutes. Hold mode
should not be used for more than a few minutesaumerrors can accumulate. Double
spacebar at initialization is required for accesthis command.

5. A “K” or “k” will clear the Free Mode Command drthe Hold Mode Command.

6. A “V” or “v” inhibits the use of velocity inputs This command is designed to isolate the unit
from noise generated by the velocity input. lioide used when velocity is not required (i.e.
When the unit is stationary or not turning).

7. A “C” or “c” will clear the Hold Mode Command drthe Velocity Inhibit Command.

8. An “I" will reinitialize the unit. Further, #access to initialization is inhibited such that a
spacebar command must be sent within 2.5 secortie 6 command for initialization to
be engaged. This command does not require a dephtee bar at initialization to be in
effect.

There are two output format serial commands: “ r’decimal output and “*” for binary. See second
part of Appendix A for more information on changeput formats. There are several interface
commands as well: “:” will toggle the output tanglea frame of data upon receiving any non-
command character and “+” will toggle the outputrdio output data. These and other changes are
made non-volatile in the unit on EEPROM by keyindhe quote (*) character. Double spacebar at
initialization is required for access to these cands.

The “&” command calls a menu which allows any ofexal parameters to be set. These are system
time constants, selection of data channels foakeutput and baud rate. Double spacebar at
initialization is required for access to this conmua

The commands “~", “@", “#", “$”, ‘(“, )", “{*, “}", ‘", “<”, “>" and “?” are used by the Watson
factory to calibrate the unit and should be usdg with the assistance of the factory. If an
undesired function is called, a “Q”, and sometirfaesape or a Delete will interrupt the command
and return to operation with the least disturbandde system. All other unspecified characters
such as carriage return, line feed and space aoedd by the system.

If there are problems with the system “hanging dpfing the binary output mode, check for
crosstalk between the serial transmit and recameeih your installation. In addition, check tees

that the communications program used is not seraingcho. This will not happen in the decimal or
hexadecimal modes because command characters iz @y the system are not produced in those
modes.
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Analog Outputs

The analog output signals are output from a 18igital to analog converter with a series resigbor
protect the analog buffer amplifier. The outputga for all of the analog output channelz19
Volts with respect to the common signal grounde ©htputs include:

Data Pin Range

Bank 14 +180° / £10V
Elevation 15 +90° / £5V
Heading 16 0-360° / £10V
X Axis Rate 23 +100°/s / £10V
Y Axis Rate 24 +100°/s / £10V
Z Axis Rate 25 +100°/s / £10V
X Acceleration 17 +10g / £10V

Y Acceleration 18 +10g / £10V

Z Acceleration 19 +10g / £10V
Forward Acceleration 20 +10g / £10V
Lateral Acceleration 21 +10g/ £10V
Vertical Acceleration 22 +10g / £10V

Note that the analog switches are disabled aft¢égioeserial commands are sent to the unit. This
prevents software/hardware switch conflicts.

Analog Inputs

In an effort to make this system more versatile,IMU allows the user to input analog data that can
then be added to the serial data output. Thisvallbie system to act as a data acquisition unit for
other vehicle information such as engine RPM, emgmperature, fuel remaining, altitude/depth or
any other important data. The four analog useutsps well as the velocity input have one megohm

input impedance, 16 bit A/D conversion resoluti#sh0 volt input range and have a bandwidth of
DC to 25 Hertz.

A vehicle speed input is used to assist in theeotion of errors. It is also included in the paeten

set that is available for serial output. Althoutghuse is not always required, it is highly
recommended that this signal be supplied to the.IMUe unit requires an analog signal that is
scaled to 40 KPH per volt. Forward motion shoulddoice a positive signal with respect to signal
ground. Many other velocity scale factors can éedted through simple changes in the scale factor

stored in the EEPROM in the microprocessor. Thislee done with a PC and the assistance of the
factory.

Output Logic Commands

When the IMU heading signal is South of the Eaélest line, the South Heading Flag is Set (+5V).
This is used to help identify the discontinuityttbacurs at the transition between 359.9 degrees

(+10 VDC) and zero degrees (-10 VDC). The Southditeg Flag is on pin 9 of the 25 pin
connector.

Watson Industries, Inc. IMU-E604 Rev M 03/28/2008
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Input Logic Commands

The IMU also has several digital inputs that ataetivated by connecting to signal ground. The
user should only apply a ground because all thetipave a pull-up resistor to +5VDC. The pins
are as follows:

a) Initialization - Resets all angle integrator§he unit should be in a non-accelerated
condition if this command is given. Leave pin offamot in use. Ground to command.

b) Reference - An alternate set of sensor inforongprimarily intended as an
instrumentation mode. Leave pin open if not in. uSeound to command.

c) Coast (Free Inertial) — In this mode, the atiitis computed from gyro data only. Free
mode is used when extreme accelerations are expecéave pin open if not in use.
Ground to command.

d) Velocity Inhibit — This is used to isolate thdU from velocity inputs when velocity
signals are noisy or unnecessary. Ground to comnifand velocity signal is applied to
the IMU, the Velocity Inhibit should be left open.

NOTE: All the analog digital inputs are all digadhif any one equivalent serial command is sent
via RS-232. This is to prevent hardware/softwaneflects.

Watson Industries, Inc. IMU-E604 Rev M 03/28/2008
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Connections / Dimensions

Watson Industries, Inc.

12

25 Pin Male Power/Analog Output Connector 9 —Pin Female RS-232 Serial
Communication Connector
Pin Description Pin Description Pin Description
1 Power Ground 15 Elevation Angle Analog Output 1 No Connection
2 +12 or +24 VDC 16 Heading Angle Analog Output 2 TXD**
3-6 User Inputs 1 - 4 17 X Axis Acceleration AotaOutput 3 RXD
7 Velocity Inhibit 18 | Y Axis Acceleration Analoguput 4 Shorted to pin 6
8 Coast Command 14 Z Axis Acceleration Analog Qut 5 Ground
9 South Heading Flag 20  Forward Acceleration Ag&wtput 6 Shorted to pin 4
10 Initialization Command 21 Lateral Acceleratidmalog Output 7 Shorted to pin §
11 Velocity Input (option) 22| Vertical Acceleratidnalog Output 8 Shorted to pin 7
12 Signal Ground 23 X axis Rate Analog Output ) 0 @bnnection
13 Reference Command 24 Y axis Rate Analog Output ** The user receives datg
14 Bank Angle Analog Output 25 Z axis Rate Analgput on this line.
y O O
Inve N
/
ety
P FORWARD
YT
X
1 Q ] L 1 | _ _
X Axis Acceleration
‘ ?0.20” 4 places ‘
f 6.00" ! Z Axis Acceleration
6.25"
6.50”
b Female 9 pin A
@ D-Sub Connectow‘
s Jep
R X o
3 = ==¢ Vertical Accelerati i
o2 YT <X_ W TR A Forward Acceleration G
% Male 25 pin _
z 1 D-Sub Connector IMU E6O4
N Figure 1
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Warning
Rough handling, dropping, or miswiring this unitikely to cause damage.

DISCLAIMER

The information contained in this manual is belgt@ be accurate and reliable; however, it is the
user’s responsibility to test and to determine Wwhet Watson Industries’ product is suitable for a
particular use.

Suggestion of uses should not be taken as indudsrteemfringe upon any patents.
WARRANTY

Watson Industries, Inc. warrants, to the originaichaser, this product to be free from defective
material or workmanship for a period of two fullays from the date of purchase. Watson Industries’
liability under this warranty is limited to repaig or replacing, at Watson Industries’ sole disorgt

the defective product when returned to the factsinpping charges prepaid, within two full years
from the date of purchase. The warranty describbéais paragraph shall be in lieu of any other
warranty, express or implied, including but notited to any implied warranty of merchantability or
fithess for a particular purpose.

Excluded from any warranty given by Watson Indestare products that have been subject to
abuse, misuse, damage or accident; that have beeeated, installed or adjusted contrary to the
instructions furnished by seller; or that have besraired by persons not authorized by Watson
Industries.

Watson Industries reserves the right to discontmoeels, to change specifications, price or design
of this product at any time without notice and withincurring any obligation whatsoever.

The purchaser agrees to assume all liabilitiesuigrdamages and/or bodily injury which may result
from the use, or misuse, of this product by thepaser, his employees or agents. The purchaser

further agrees that seller shall not be liablenywaay for consequential damages resulting from the
use of this product.

No agent or representative of Watson Industriesiiborized to assume, and Watson Industries will
not be bound by any other obligation or repres@rahade in connection with the sale and/or
purchase of this product.

PRODUCT LIFE

The maximum expected life of this product is 20rgdeom the date of purchase. Watson Industries,
Inc. recommends the replacement of any producti@imiexceeded the product life expectation.

Watson Industries, Inc. IMU-E604 Rev M 03/28/2008
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SERVICE

Watson Industries, Inc. has no service outletd.sédvice is performed at the factory. In order to
insure prompt service, prior to returning units rigpair please call, write or fax:

Watson Industries, Inc.

3041 Melby Road

Eau Claire, WI 54703

ATTN: Service Department
Telephone: (715) 839-0628

Fax: (715) 839-8248

Email: support@watson-gyro.com

All sensors returned under warranty will be repdif@ replaced at the sole option of Watson
Industries) at no cost to the customer other thgmpsng charge from customer to Watson Industries
(plus any export and transportation charges outbiel®nited States).

In the case of units not under warranty, a flaanefee will be charged. This fee can be deterohine
by contacting Watson Industries. Modified unitdturse subjected to extreme abuse may be
returned to the customer unrepaired.
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Appendix A

The following outputs are available via the RS-888al link. Their full scale ranges are listed lfoth decimal and

binary format.

Inertial Output Label
Time since last reset ™
Bank BK
Elevation EL
Heading HG
X Accelerometer XA
Y Accelerometer YA
Z Accelerometer ZA
Forward Acceleration FA
Lateral Acceleration LA
Vertical Acceleration VA
X Angular Rate XR
Y Angular Rate YR
Z Angular Rate ZR
Heading Rate HR
X Magnetometer XM
Y Magnetometer YM
Z Magnetometer M
Corrected Bank Pendulum Xl
Corrected Elevation Pendulum Yi
User Channel 1 Ul
User Channel 2 uz2
User Channel 3 u3
User Channel 4 U4
Forward Velocity VS
Temperature TP
Status Bits ST
Flag Bits FL

The Flag Bits contains the following information:
Bit Description

0to2  Show the current system time constant, usiadollowing equation:

If set,
If set,

(21N ¢, =N dN]

TC=1.8 x 4Flag Value)

If set, Reference Command selected

Hold Mode selected
Free Mode selected

If set, Analog Switches disabled

The Status Bits contain the following information:
Bit  Description (If Set)
0 Bank Error Flag

System

U WNPFP

Watson Industries, Inc.

Elevation Error Flag
Heading Error Flag

Error Flag

Velocity Error Flag
South Heading Flag
Checksum Error Flag

15

Full Scale Decimal

65, 535 seconds
+179.9°
+89.9°
359.9°
+9.99 ¢
+9.99 ¢
+9.99 ¢
+9.99 ¢
+9.99 g
19.99 g
+99.9 9/s
+99.9 9/s
+99.9 °/s
+99.9 °/s
+999 milliGauss
+999 milliGauss
+999 milliGauss
+179.9°
+89.9°
+9.99 VDC
+9.99 VDC
+9.99 VDC
+9.99 VDC
+399.9 Km/hr
-40° to 87°C
1 byte
1 byte

Full Scale Binary

16,388nsksc
+180°
+180°
+180°
+10g
+10g
+10g
+10¢g
+10g
+10g
+200 °/s
+200 °/s
+200 °/s
+200 °/s
+1000 milliGauss
+1000 milliGauss
+1000 milliGauss
+180°
+180°
+10 VDC
+10 VDC
+10 VDC
+10 VDC
+400 Km/hr
-40° to 87°C (7 bit)
1 byte
1 byte
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Determining and Setting Output Channels

To determine which channels are present.
Hook the unit up to your computer’s serial port.
Use hyperterminal program to interface with the.uni

Turn on unit. Wait for the startup message to appe display.
Hit the space bar twice within the first 5 secootiturn on.
Sometimes it takes a few tries to get the hangisf t

Wait for the data string to start transmitting.

Now the unit will take in the keyboard commands.
To determine which channel present, first type '&'.
This will bring up the menu:

TYPE IN THE NUMBER OF YOUR SELECTION (OR 'Q' TO QU):
1= ADJUST TIME CONSTANTS
2 =SET OUTPUT CHANNELS
3 = LIST CURRENT OUTPUT CHANNEL SELECTION
4 = SET NEW BAUD RATE

Typing in '3" will show which channels are currgrattive.
To change which channels are output type '&'(thisbring up the menu again)

Now type '2' to set up channels
The following message will appear:

TO SET FOR OUTPUT FOR ANY OF THE FOLLOWING DATA EMS, PRESS Y
TO AVOID ANY OF THE FOLLOWING DATA ITEMS, PRESS N
TO QUIT AND DISREGARD ANY OTHER DATA, PRESS Q

** DO YOU WANT TO PROCEED? (Y/N/Q)

To proceed type 'Y"
Now each channel will come up one at a time
For example:

DO YOU WANT OUTPUT OF BANK ANGLE?

Type 'Y' to output channel, type 'N' to remove ¢fen
When you get to bottom of list, this message vplear:

Y = GOBACK, N = INSTALL DATA & QUIT, Q = QUIT
DO YOU WANT TO TRY TO SET DATA AGAIN?

To accept channels type 'N', then hit space barubutata to resume.

To make this channel selection the default the tie you power the unit on type in " (double qgote
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Setting Output Format

There are two output formats:
Decimal output —“_” Command.
Binary output — “*” Command.

To change the output format:
Hook the unit up to your computer’s serial port.
Use hyperterminal program to interface with the.uni

Turn on unit. Wait for the startup message to appealisplay.
Hit the space bar twice within the first 5 secoanfiturn on.
Sometimes it takes a few tries to get the hangief t

Wait for the data string to start transmitting.

Now the unit will take in the keyboard command®d$rthe key Command corresponding to
the format you want to switch into.

To make this channel selection the default the timyd you power the unit on type in " (double
guote.)

Appendix B
Sensor Test Instructions

B Sensor Test InstructionsTestswithin this section have been designed to proasiirance of the
correct operation of the sensor without the uselaliorate test equipment other than a means of
accurately observing the outputs. The “Hyperteatiiprogram provides a suitable means of
observing the outputs.

B.1 Parameter Exercise Test

After successful initialization, move the sensoaliithree axes using both linear and angular metio
making certain each of the measurement parameigpemds to the motion.

B.2 Angular Displacement Scale Factor Tests

After successful initialization, place the sensoradevel surface and observe the pitch and roll
displacement signals. Place the sensor on a anatncline the sensor by a small angle of 6 to 10
degrees in the pitch. A suitable pivot is a 10nguase bar attached to the sensor base plate with
adhesive tape. Give the "Reference" command. sigmals from the simulated pendulums will be
outputted instead of the normal angular displacérmsignals. Careful note should be taken of the
angles indicated in the reference mode. The sesnrd then be tipped on the pivot into the other
stable position and the angle again noted.

The procedure of tipping the sensor should be tegeaith the "Reference” command removed.
The angles obtained should agree with those notikdthe reference.
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The procedure should be repeated in the Roll akie same pivot may be used, but some care will
be needed to avoid exceeding the 100 degree/séicthdA more appropriate size of bar would be
5mm square.

B.3 Accelerometer Scale Test

After successful initialization, place the sensoradevel surface and monitor the acceleration
outputs. Observe the X and Y outputs will readr zeao while the Z axis will read minus 1G within
the accuracy of the sensor.

Set the sensor at a 45 degree angle to the haaizarRitch only. The value of X and Z accelematio
should read 0.71G, within the accuracy of the sengaile the Y acceleration should remain at the
level value. The values of Forward, Lateral andti¢al Acceleration should remain at the values
when level.

Repeat the test for the roll axis of the sensandey this test, Y and Z acceleration will read G71
and the X acceleration will retain its value atdev

B.4 Leveled Accelerometer Test

After successful initialization, place the sensoradevel surface, and observe the pitch and roll
displacement signals as well as acceleration ositput

The Forward, Lateral and Vertical outputs shouldegpond to the X, Y and Z outputs to within the
accuracy of the sensor.

Set the sensor at a 45 degree angle to the haalzargitch only, taking care not to move the s&nso
at an angular rate of more than 100 deg/sec.

The Forward, Lateral and Vertical Acceleration atgpshould not change from the values, when
level, by more than the accuracy of the sensor.

Move the sensor through a further 45 degrees ai @itich that the baseplate is now vertical, again
taking care not to exceed the 100 deg/sec limite Jensor should then be rotated about the vertical
and the Yaw output will respond accordingly.

The test should then be repeated for the Roll axis.
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Appendix C

Data Word
VEB LSB

7165141312 ]11]60 7165141312 1]11]60

As the data words are received, the LSB is shififido shift out the sign bit. The MSB is themoected to the LSB as
a 16 bit word. This word is then shifted left tofsout the sign bit. What remains is a signextfional word with a
resolution of 13 bits plus a sign bit.

DATA STREAM
Carri age
Ret urn
WRD1 | WORD2 | WOBRD3 | WODRD4 | -+ -vvinn WORD N | Ox0D

All of the data words have a high sign bit, but dedimiter byte is an ASCII carriage return chagactvhich has a low
sign bit. The nominal interface settings are:

9600 Baud
8 Bit Data
1 Start Bit
1 Stop Bit
No Parity
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