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DISCLAIMER

While every effort has been made to ensure the accuracy of this document, Raven Industries assumes no
responsibility for omissions and errors. Nor is any liability assumed for damages resulting from the use of
information contained herein.

Raven Industries shall not be responsible or liable for incidental or consequential damages or a loss of anticipated
benefits or profits, work stoppage or loss, or impairment of data arising out of the use, or inability to use, this
system or any of its components. Raven Industries shall not be held responsible for any modifications or repairs
made outside our facilities, nor damages resulting from inadequate maintenance of this system.

As with all wireless and satellite signals, several factors may affect the availability and accuracy of wireless and
satellite navigation and correction services (e.g. GPS, GNSS, SBAS, etc.). Therefore, Raven Industries cannot
guarantee the accuracy, integrity, continuity, or availability of these services and cannot guarantee the ability to
use Raven systems, or products used as components of systems, which rely upon the reception of these signals or
availability of these services. Raven Industries accepts no responsibility for the use of any of these signals or
services for other than the stated purpose.
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CHAPTER IMPORTANT INFORMATION

SAFETY

NOTICE

Follow the operation and safety instructions included with the implement and/or controller and read this manual
carefully before installing or operating this Raven system.
» Follow all safety information presented within this manual. Review implement operation with your local dealer.

< Contact a local Raven dealer for assistance with any portion of the installation, service, or operation of Raven
equipment.

< Follow all safety labels affixed to system components. Be sure to keep safety labels in good condition and
replace any missing or damaged labels. Contact a local Raven dealer to obtain replacements for safety labels.

Observe the following safety measures when operating the implement after installing this Raven system:
< Do not operate this Raven system or any agricultural equipment while under the influence of alcohol or an
illegal substance.

< Be alert and aware of surroundings and remain in the operator seat at all times when operating this Raven
system.

* Do not operate the implement on any public road with this Raven system enabled.

Disable this Raven system before exiting the operator seat.

Determine and remain a safe working distance from obstacles and bystanders. The operator is
responsible for disabling the system when a safe working distance has diminished.

Disable this Raven system prior to starting any maintenance work on the implement or components
of this Raven system.

» Do not attempt to modify or lengthen any of the system control cables. Extension cables are available from a
local Raven dealer.

DISPLAYS AND CONTROL CONSOLES

 If the display will not be used for an extended period, it is best to remove the display from the machine and
store it in a climate controlled environment. This may help to extend the service life of electronic components.

< To prevent theft, secure the display and GPS antenna when leaving the machine unattended.

Important Information: 1



CHAPTER 1

HYDRAULIC SAFETY

When installing or servicing a hydraulic system or hydraulic components, be aware that hydraulic fluid may be
extremely hot and under high pressure. Caution must be exercised.

Always wear appropriate personal protective equipment when installing or servicing hydraulic systems.
Never attempt to open or work on a hydraulic system with the implement running.

Any work performed on the hydraulic system must be done in accordance with the machine manufacturer’s
approved maintenance instructions.

Care should always be taken when servicing or opening a system that has been pressurized.

The implement or machine must remain stationary and switched off with booms or implement sections
unfolded and supported during installation or maintenance.

Take precautions to prevent foreign material or contaminants from being introduced into the implement
hydraulic system. Contaminants that are able to bypass the hydraulic filtration system will reduce performance
and may damage hydraulic components.

Stand clear of the implement when starting the system for the first time after installing or servicing hydraulic
components in case a hose has not been properly connected or tightened.

A\ CAUTION

ELECTRICAL SAFETY

Always verify that power leads are connected to the correct polarity as marked. Reversing the power leads
could cause severe damage to the Raven system or other components.

To prevent personal injury or fire, replace defective or blown fuses with only fuses of the same type and
amperage.

Do not connect the power leads to the battery until all system components are mounted and all electrical
connections are completed.

Always start the machine before initializing this Raven system to prevent power surges or peak voltage.

To avoid tripping and entanglement hazards, route cables and harnesses away from walkways, steps, grab bars,
and other areas used by the operator or service personnel when operating or servicing the equipment.

TOUCH SCREEN

Only touch the touch-screen with your finger or by using a special touch-screen stylus/pen. Operating the
touch-screen with sharp objects may cause permanent damage to the screen.

Only clean the screen using a damp cloth. Never use caustic or other aggressive substances.

Case IH AutoBoom XRT Calibration & Operation Manual



IMPORTANT INFORMATION

RECOMMENDATIONS AND BEST PRACTICES

HOSE ROUTING

The word “hose” is used to describe any flexible, fluid carrying components. Use the following guidelines and
recommendations when connecting and routing hoses while installing or maintaining this Raven system:

< Leave protective caps/covers over hose ends until connecting the end into the hydraulic system to help
prevent contaminants from entering the system.
< Follow existing hose runs already routed on the implement as much as possible. Proper hose routing should:
» Secure hoses and prevent hoses from hanging below the implement.

» Provide sufficient clearance from moving components and operational zones around shafts;
universal joints and suspension components; pulleys, gears, belts, and chains; moving linkages,
cylinders, articulation joints, etc.

* Protect hoses from field debris and surrounding hazards (e.g. tree limbs, fence posts, crop stubble,
dirt clumps or rocks that may fall or be thrown by the implement).

* Protect hoses from sharp bends, twisting, or flexing over short distances and normal implement
operation.

e Ensure sufficient length for free movement of the implement during normal operation and prevent
pulling, pinching, catching, or rubbing, especially in articulation and pivot points. Clamp hoses
securely to force controlled movement of the hose.

* Avoid abrasive surfaces and sharp edges such as sheared or flame cut corners, fastener threads or
cap screw heads, hose clamp ends, etc.

* Avoid areas where the operator or service personnel might step or use as a grab bar.

< Do not connect, affix, or allow hoses to come into contact with components with high vibration forces, hot
surfaces, or components carrying hot fluids beyond the temperature rating of hose components.

* Hoses should be protected or shielded if routing requires the hose to be exposed to conditions
beyond hose component specifications.
< Avoid routing hoses in areas where damage may occur due to build up of material (e.g. dirt, mud, snow, ice,
etc.).

Important Information: 3
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CHAPTER INTRODUCTION

Raven'’s latest advancement in boom controls is AutoBoom® XRT. Industry-leading radar sensor technology uses
simultaneous ground and canopy detection to maintain optimal spray height for maximum product efficacy.
Pressure-based control allow for smooth movement and quicker reaction time while center rack stability
technology with optional dampers gives the operator complete control, maximizing boom life.

INSTALLATION

Carefully read and follow all safety requirements
and precautions contained in this manual and the
machine-specific Installation Manual. Failure to
— follow safety instructions may lead to equipment
damage, personal injury, or death.

RECOMMENDATIONS

Before installing the AutoBoom XRT system, park the machine where the ground is level, clean, and dry. Bleed
pressure from the hydraulic system and leave the machine turned off for the duration of the installation process.

During the installation process, follow good safety practices. Be sure to carefully read the instructions in this
manual as you complete the installation process.

Raven Industries recommends the following best practices when installing or operating the XRT system for the first
time, at the start of the season, or when moving the AutoBoom XRT system to another machine:
< Verify that the machine’s hydraulic system is using fresh oil and that the filters have been recently changed

e Ensure there are no issues with the machine’s hydraulic system (e.g., pump issues, faulty hydraulic motors, fine
metal deposits in the hydraulic hoses, etc.).

POINT OF REFERENCE

The instructions in this manual assume that you are standing behind the machine, looking toward the cab.

016-0235-002 Rev. B 5



CHAPTER 2

UPDATES

Software and manual updates are available on the Raven Applied Technology website.

https://portal.ravenprecision.com/

Sign up for email alerts, and you will be automatically notified when updates for your Raven products are available
on the website!

At Raven Industries, we strive to make your experience with our products as rewarding as
possible. One way to improve this experience is to provide us with feedback on this manual.

Your feedback will help shape the future of our product documentation and the overall service we
provide. We appreciate the opportunity to see ourselves as our customers see us and are eager
to gather ideas on how we have been helping or how we can do better.

To serve you best, please send an email with the following information to

techwriting@ravenind.com

-Case IH AutoBoom XRT Calibration & Operation Manual

-016-0235-002 Rev. B

-Any comments or feedback (include chapter or page numbers if applicable).
-Let us know how long have you been using this or other Raven products.

We will not share your email or any information you provide with anyone else. Your feedback is
valued and extremely important to us.

Thank you for your time.

6 Case IH AutoBoom XRT Calibration & Operation Manual
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CHAPTER AUTOBOOM XRT HOME

. SCREEN AND OPERATION

UT OPERATION

Pressing the UT widget on the run screen will open the UT interface. From this screen it is possible to adjust
machine settings, view diagnostic information, and adjust Sensitivity and Target Height.

FIGURE 1. UT Run Screen Interface

» E = ABM-AutoBoom

Senwitivily Target Height

AutoBoom IEB l [35 I

el eIl EIET

Fold 2
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CHAPTER 3

HOME SCREEN

AutoBoom XRT is a UT based application. To access AutoBoom XRT screens:

1. Press the UT icon.

FIGURE 2. Home Screen

)(F{1- e ABM-AutoBoom XET Malr

REnsltivity

Home
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2. Select the XRT working set icon.

XRT HOME SCREEN OPERATION

FIGURE 3. XRT Home Screen
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Sensitivity Target Height
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AUTOBOOM XRT HOME SCREEN AND OPERATION

MASTER SWITCH

Press the Master Switch E to toggle between enabled and disabled states. If enabled, the system is ready to
transition to auto mode. If disabled, auto mode is locked out.

NOTE: The Master Switch status will automatically toggle On after completing an AutoFold Out cycle to the
spray position. The status will automatically toggle to Off when AutoFold begins to fold booms to the
transport position. Without AutoFold, the status will automatically toggle to Off when the booms are
near the folded position.

SENSITIVITY SETTINGS

Use the Sensitivity Settings buttons to increase or decrease the system sensitivity. Increasing the
sensitivity will increase how quickly the boom responds to the sensor target. Increasing the sensitivity too high
may result in unnecessary or excessive movement. Decreasing the sensitivity will result in less boom movement
but will make the booms slower to respond to an error in boom height.

TARGET HEIGHT SETTINGS

Press the Target Height button to set the distance from the boom to the target. This screen also allows
the user to select the Height Sensor Sensitivity. This information can also be changed on the XRT Home screen
using the +/- buttons or typing the value into the Target Height field.

FIGURE 4. Target Height
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CHAPTER 3

HEIGHT SENSORY SENSITIVITY

Height Sensor Sensitivity can be adjusted by typing the value into the Height Sensory Sensitivity field. This value
affects the ability of the radar sensor to distinguish between spray, crop, and ground.

NOTE: A Height Sensory Sensitivity range of 1-20 is ideal for reduced canopy detection or high spray drift
suppression.

A Height Sensory Sensitivity range of 20-100 allows the sensor to be more sensitive in detecting a
canopy, however, as the Height Sensory Sensitivity value increases, drift suppression decreases.

The Height Sensory Sensitivity value is set to 45 by default.

TARGET TYPE

FIGURE 5. Target Type

ABH-AutoBoom XET Halin

Sensitivity

Press the Target Type to select between the desired measurement target:

1
e Ground -: This target type will use the ground signal as the primary target, but will use the canopy signal
if it has a higher confidence level.

2k
e Ground Locked : This target type will only use the ground signal as a target.

Sy
e Canopy : This target type will use the canopy signal as the primary target, but will use the ground signal
if it has a higher confidence level.

SupH
e Canopy Locked : This target type will only use the canopy signal as a target.

10 Case IH AutoBoom XRT Calibration & Operation Manual



AUTOBOOM XRT HOME SCREEN AND OPERATION

MANUAL/AUTO
Depending on the machine configuration, there can be up to three Manual/Auto toggle buttons. Each Manual/

Auto toggle button controls a boom (left/right) or the center rack. If the center rack only displays a Manual
button, center rack control is not enabled. Pressing this button will still transition the left and right booms into

Auto mode. When in Auto @ mode, the XRT system will continually move the boom position to reach the

target position. When in Manual m mode with the Master Switch on, the system is ready to engage. Another
way to switch from Manual/Auto is to press on the desired boom section.

SENSOR READING

Sensor Height displays the height for each of the sensors. The number of sensors displayed will match the number
of sensors on the machine. The table below describes the Sensor Height reading in more detail.

TABLE 1. Sensor Reading States

Image Status Description
S Sensor Working/Reading Indicates the sensor is functioning properly and reading
— the desired target.
o l g
Sensor Not Reading/ If there is an X through the sensor, the sensor is not
Malfunctioning reading a target or is malfunctioning.

If there isn't a number below the sensor location, the

Sensor Offline/Disabled sensor may be offline or was disabled by the user.

016-0235-002 Rev. B 1



CHAPTER 3

AUTOBOOM XRT OPERATION ON RAVEN OPERATING SOFTWARE
(ROS)

RUN SCREEN OPERATION

FIGURE 6. Run Screen

ISO
AutoBoom
Widget

Q

Press the desired boom on the XRT widget to enable or disable AutoBoom XRT.

2. Press and hold the desired widget to open additional boom information. Pressing and holding also allows the
user to turn on or off the master switch.
FIGURE 7. XRT Widget Long Hold
3’9
12 Case IH AutoBoom XRT Calibration & Operation Manual



AUTOBOOM XRT HOME SCREEN AND OPERATION

AUTOFOLD OPERATION

NOTE: Ensure the machine propulsion lever is in the neutral position. AutoFold is disabled if the machine
propulsion lever is not in neutral.

AUTOFOLD OUT TO SPRAY POSITION
1. Press and hold the AutoFold switch in the UP position.

NOTE: Release the AutoFold switch at any time to abort the AutoFold cycle.
FIGURE 8. AutoFold Button

2. Release the AutoFold switch after the boom has reached the spray position.

AUTOFOLD IN TO TRANSPORT POSITION
1. Press and hold the AutoFold switch in the DOWN position.

NOTE: Release the AutoFold switch at any time to abort the AutoFold cycle.
2. Release the AutoFold switch after the boom has reached the transport position.
FIGURE 9. AutoFold Operation Main Screen

ABM-AutoBoom XKET HMaln

AutoBoom Update

Spray

Foasition

AutoFold
Update Boom
Height
Limit
Lafe
Liw) 181
Rix) iee 1 -]
Cis) 77T

EEII%EEI

2 EBEE B
—
48 47 52 48 47
NOTE: It is not necessary to view the AutoFold Operation Main screen to perform automatic folding or

unfolding functions.
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CHAPTER 3

Update Boom Height Limit. Adjusts the boom height limit above the cradle to prevent contacting the mirrors.

Update Spray Position. Saves the current boom tilt position as the new target for folding OUT operation. This
setting affects tilt only. The target positions for inner/outer fold joints and the center rack position are not

updated.

Update Cradle Position. Recalibrates the boom tilt cradle position based on current boom position. Boom should
be resting in cradle. The target positions for inner/outer fold joints and the center rack position are not

updated.

FIGURE 10. Set Cradle Position

ABM-AutoBoom XRT Maln

—

' Sel trndlf’

AutoBoom

Position

AutoFold S ——

ABN-AutoBoom XHT Hmain

Ensure the area 1% cleéear.,
AutoBoom Raise the booms above the
cradle lip and move the
booms inward until they
AutoFald are in contact with the
cradle vertical stops.
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CHAPTER CALIBRATION

4

FIRST TIME CONFIGURATION

NOTE: Depending upon configuration settings and installed unlocks, the following steps may vary.

After installing the XRT system:

1. Park the machine on a level surface.
2. Machine Make, Machine Model, and Machine Configuration will automatically populate into the three fields.

FIGURE 1. Machine Selection

Machine
Setup

Ploase select a machine make, ?
model, and configuration. Once H
completa, press the “"Next™ button

to continue setup.

Hachine Make

.
!Cl!& IH

Machine Model
1H¥22+ Patriot 3250

Machine Configuration
'11901": Booms

G " =

m

3. Press Next.

016-0235-002 Rev. B 15



CHAPTER 4

4. Verify the number of height sensors installed on the booms and center rack. This will be three, five, or seven
sensors depending upon the number of sensors installed.

If there are no Height Sensors Detected, press . to re-detect the number of sensors.
FIGURE 2. Height Sensors Detected

Height Sensor
Setup

Varify the number of detected ?
height sensors. IT the number H
of sensors is incorrect, use
the "Information™ button to
identify the missing sensori{s).
Once complete, press the
“"Retry"” button. If the number
is correct, push the "Next™
button to continue setup.

Height Sensors =
< I |

5. Press Next.

NOTE: If the AutoFold feature is unlocked, AutoFold will be calibrated at this time. Refer to the AutoFold
Calibration section on page 36 for assistance with calibrating the AutoFold system. Once the
AutoFold calibration is complete, proceed with step 6 to continue the AutoBoom XRT calibration.

6. Verify the orientation of the ABM (ECU) on the machine matches the downward/forward orientation of the
controller on the ABM Orientation page.

NOTE: Many of the next screens will populate with default settings based on the machine configuration
selected earlier.

FIGURE 3. ABM Orientation

ABM ABM
Orientation Orientation

Verify the detected downward Verify the Forward Orientation.

orientation matches the If the forward number does not .
controller's orientation. If the match the forward direction,
number does not match, ensure enter the number pointing
the machine is parked on a level forward on the ECU.
surface and press the redetect
button.
1 462665 44—}2 6495

Rodetect
Orientation

Downward Orientation [:::::::] Forward Orientation
[Ravin m
>
L] L |
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CALIBRATION

7. If required, press the Redetect Orientation button to redetect the orientation of the ABM on the Downward

Orientation page.

NOTE: The downward and forward orientations can be entered in the appropriate fields.

8. Press Next.

9. Verify the machine is parked on a level surface.

FIGURE 4. Terrain Compensation Setup

Terrain Compensation
Setup

Park the machine on a Level

surface and press the “"Calibrate
Terrain Compensation” button.
Once complete, press the “"Hext"
button to continue setup.

Roll Pitch Roll

Rate
o.2" a.o0"
Calibrate Terrain
Compensation

Q==

L
faecond

10. Press Calibrate Terrain Compensation.
11. After terrain calibration compensation is complete, press Next.

NOTE: If the AutoFold feature is unlocked and calibrated, the following steps will have been completed

during the AutoFold calibration. Skip to step 17 to continue the calibration process.

12. Fold the boom in so the booms are stored in the transport position.
13. Touch the Next button to continue fold calibration.
14. Raise the booms above the cradle lip and inward to contact vertical stops. Booms will control to the set point

when cradling.

FIGURE 5. AutoBoom Fold Setup - Raise Above Cradle

AutoFold
Setup
Raise
Above Cradle .

1. Ensere the ares 1s clear. malse the beoms shove Uhe
ermile Lip snd move the Dooms inward entil they are in

comtact with the eradle vertical steps, This is the

height the bosms will move te when returming to cradle.

¥. Press ihe “Hent™ betlon te comtines setup.

016-0235-002 Rev. B
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CHAPTER 4

15. Move the booms to a typical spray position. The center rack should be well below the travel stops and the inner
booms unfolded.

16. Touch the Next button to continue the fold calibration.
FIGURE 6. Vertical Center Sensor Calibration - Set to Spray Position
AutoFold
Setup

Set to Spray

Position

1. Sat the center rack o the desired spray helght.
This is the initial position the cemter rack will
raturn U6 when AuteFolding owt. The center rack apray
haight is updated when an AutcFald Im sequence Qs
iniviaved.

I, Sat Llaft and right boos te the desired spray helpght.
This s the position the Left asd right boss will sove
to whan AutaFalding awt.

1. PFrais Tha “NHezxl™ hittan to comtinmus setup.
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CALIBRATION

17. Enter the Center Rack Width. The center rack width is measured from the left boom pivot point to the right
boom pivot point. The pivot point is where the boom rotates as it is raised/lowered. The pivot point is generally

a horizontal steel pin.

FIGURE 7. Center Rack Setup

18. Press Next.

Center Rack
Setup
Please enter the width of the ?
center rack. Once complete, .
press the “"Next"” button to
continue setup.

Center Rack
Width
fdn)

C—

19. Enter the Z offset from the bottom of the spray tips to the bottom of the sensor lens for the identified sensor

into the Offset Z field.

20.Enter the X offset from the boom pivot point (not the machine center line) to the sensor mounting location into

the Offset X field.

FIGURE 8. Height Sensor Setup

21. Press Next.

Height Sensor
Setup

Enter the offsets for esach

seansor. Once complete, press
the “"Next” button to continue

setup.
Sensor N
Position ple T T717]
Hount g elow — |
offsetr I~

Lim)

22.Repeat step 19 and step 21 for the remaining sensors.

016-0235-002 Rev. B
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CHAPTER 4

23.Set the booms parallel and under 8 ft. [2.4 m] from the ground.

24.Press Next.

FIGURE 9. Height Sensor Setup - Set Booms Parallel

Height Sensor
Setup

Set Booms

Parallel

Ensure the area is clear and
move the booms to a parallel
position. Once complete, press
the “"Next” button to continue
setup.

“Sat booms wunder a (Tt}

—

25.Raise the left boom until there is at least a 40 in. [L01.6 cm] change in height.

26.Press Next.

FIGURE 10. Height Sensor Setup - Raise Left Boom

Height Sensor
Setup
Raise
Left Boom

Ensure the area is clear and raise
the left boom wuntil all sensors are
at lLeast 40 inches above the previous
position. The “"Next” button will
appear when this condition is met.

If the next button does not appear,
return to the previous step and
adjust the center rack.

27.Raise the right boom until there is at least a 40 in. [101.6 cm] change in height.

20
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CALIBRATION

28.Press Next.

FIGURE 11. Height Sensor Setup - Raise Right Boom

29.1f an IMU (Inertial Measurement Unit) is installed on the machine, skip to step 32.

30.Lower and level the booms.

Height Sensor
Setup

Raise

Right Boom

Ensure the area is clear and raise
the right boom until all sensors are
at Least 40 inches above the previous
position. The “"Next"” button will
appear when this condition is met.

€ P

31. Have an assistant manually rock the boom up and down until the Next arrow appears. The Next arrow will only
appear when the voltage is more than 0.25 V apart.

FIGURE 12. Center Rack Rotation

Height Sensor
Setup

Manually Rotate
Center

Have an assistant manually rock
the booms wup and down until Next
arrow appears. Once complete,
prass the “"Next" button to
continue setup.

016-0235-002 Rev. B
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CHAPTER 4

32.Press Next.Raise the center rack and set the booms level.
NOTE: The boom will move on its own for the next few steps. Verify nobody is standing near the booms.

FIGURE 13. Base Control Effort Calibration

Base Control
Effort Calibration

Raise Center Rack
Set Booms Level

Ensure the area is clear, raise the
canter rack to the full extent and set
booms to a Llevel {(within 5 degrees of
parallel) position. Verify the master
switch is on. Once complete, press the
“"Next” button to continue setup.
NOTICE: Booms will begin to move

Laft Coentar Right

Current

Angle 1.68 e.12 0.58

33.Press Next. The system will perform an automatic calibration sequence to determine the duty cycle required to
keep the boom stationary.

34.1f prompted, manually raise or lower booms and press Next to continue calibration.
35.Review the information on the Height Sensor Setup page.

36.Press Next.

37.Review the information on the System Summary page.

38.Press Next.

39.The XRT Home screen will be displayed.

NOTE: If features are not visible on the XRT Home screen, it means those features are locked. To unlock these
features, follow the directions in Chapter 6, Feature Unlock Codes.
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CHAPTER SETTINGS

MACHINE SETTINGS

FIGURE 1. Machine Settings

Machine Settings

|anhin- Settings Home =|

Boom Boam
Configuration Tuning

H

Display Fold
Configuration Tuning

Haeight
Sensor Calibrations
Configuration

Presets
Configuration

FIGURE 2. Machine Settings Drop-down Menu

Please Make a Selection [a

Flchlnr ¥rillings Home

Hess Canfiguratisn

Waam Tanisg

CAaliBrarisans

Display Canfigeraiies

Feld Tunimg

Helght Semsar Canfigeraiiss
Heighl Semsar Bpdates
Frasets Canfigeraties

INY Bpdataw

KW Wpdnies
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CHAPTER 5

BOOM CONFIGURATIONS

The Boom Configuration window allows the user to adjust the Center Rack Width, enable or disable Center Rack
Control, and enable or disable the variable damper system. If the Center Rack Control checkbox is blank, the
system will not automatically raise or lower the center rack based upon height sensor readings.

FIGURE 3. Boom Configuration

.
| < | SN

Machine Settings

|Bnnm- Configuration —1 |

Canter Rack
Control

Canter Rack
Width
{dn)

DISPLAY CONFIGURATION

The Display Configuration window allows the user to create a customized view of the AutoBoom XRT home screen.
This may be useful for diagnostics and troubleshooting. To configure the display:

1. Select Display Configuration from the Machine Settings tab. A window will open that represents the editable

sections of the AutoBoom X

RT Home screen.

FIGURE 4. Display Configuration

Selected

Readout | selected Press To Press To
Readout Select Select

Desired Value
Drop-Down

ABM-Satup

Machine Settings

’Di.sp‘l.ay Configuration = l

Selected
Readout Value

Press To Prass To Prass To
Select Salect Select

Change selected readout information

\|Nu Readout E ]

Change main screen middle section

|__.Done

|Hu Readout E |
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2. Select the desired value for that location from the drop-down at the bottom of the page.
3. Select the Readout drop-down window and select Advanced Options

NOTE: These options can also be edited from the Home page by selecting the readout box to be updated.

4. Press Selected Readout in the desired area.

5. Select the AutoFold Percentages option at the bottom of the page to view the current joint fold positions
instead of the AutoBoom sensor readouts on the AutoBoom XRT Main screen.

FIGURE 5. AutoFold Percentage Position Display

Lift Fold 1 Fold 2 Fold 3
L 104 99 29 29
rRewi 94 1e0 100 100
ci% 61

6. Select the Enable/Disable Readout option at the bottom of the page to replace sensor readings on the
AutoBoom XRT Main screen with large Auto/Manual toggle buttons. This can help the operator more easily
confirm whether a boom fold section is engaged or not during AutoBoom operation.

FIGURE 6. Toggle Auto/Manual

Left Center Right

Ev] [v] Ew]

7. Select the Fore/Aft option to replace the middle section of the main screen with boom main fold position
information.

FIGURE 7. Fore/Aft

ABM-Autoboom XRT Hmin

AutoBoom

AutoeFold

48 47

8. After all the Selected Readouts are configured, press Done.
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HEIGHT SENSOR CONFIGURATION

The Height Sensor Configuration window allows the user to change the sensor Offset, review software information,
or select Sensor Enable. This page also allows the user to swap the sensors by pressing the Swap Sensors button
and update sensor software by touching the Height Sensor Update button.

Offset X is the horizontal distance from the pivot point of that boom (near the Left or Right Shoulder). Offset Z is
the vertical distance between the spray tip and the lens of the height sensor. If the sensor is below the spray tip,
the Mount field should be set to ‘Below.’

FIGURE 8. Height Sensor Configuration

| <= IR
aln

Machine Settings

|Nuight Sensor Configuration :|

Current Offset X
Software 1.46.0 tim}

-
eiser l7zess (=] TS

_ as4

Height Sensor . =

Update \ Below  =| Enabled L— Swap Sensors

Select the different sensors shown on the sprayer boom to modify that sensors configuration.

HEIGHT SENSOR UPDATES

The Height Sensor Updates window allows the user to update software on the height sensors. The sensors may be
updated individually by selecting each sensor and pressing Reprogram Selected. Alternatively, all sensors my be
programmed by pressing Reprogram All. Height sensor software is bundled with the XRT ABM software. No
external file is needed for updating height sensor software.

FIGURE 9. Height Sensor Updates

o
| < I

Machine Settings

|Hcight Sensor Updates

- -

(@k

A
=

Serial ——
Number Selected
Current R
Software 1.46.8 'P;:?Flm

M w
Software 1.46.0

(@]
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SWAP SENSORS

Press Swap Sensors to open the Height Sensor Swap window. After physically swapping sensors on the machine,

select the two sensors that were swapped. Once both are selected, touch the Swap button.

FIGURE 10. Swap Sensors

REM UPDATES

Height Sensor
Swap

Select two sensors by clicking ?
a sensor or use the below drop H

downs .

-— —

I NSNS S
2 g 8 B )

Height
Sensor 1

RE!

Height Sat
Sensor 2 Sansor 1

= = MM Swap

(Raven]

The REM software is included with the ABM software and updated through the object pool. REM Updates window
allows the user to update software. If an update is available, select reprogram. No external file is needed for

updating REM.
FIGURE 11. REM Update

Machine Settings

IREH Updates :|

Current
Software 20.1.0.4

Hew R
Software 21.2.8.1 'PEEEFR!
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PRESETS CONFIGURATIONS

The Presets Configuration window allows the user to select the desired Preset Mode, select the number of Taps to
enable the mode, and select the Joysticks checkbox if using the joystick will enable the mode.

Boom control switches can be configured to perform certain functions depending on the number of joystick
presses. For example, the user can configure the system to raise the boom to a higher position (e.g. for end of row
turnaround) when the switch on the joystick is quickly tapped up three times. To configure presets:

1. Select Preset Configuration from the Machine Settings tab.
2. Select the desired boom. Each boom will have its own settings from each preset selected.

FIGURE 12. Preset Configuration

Machine Settings

Prasets Configuration = |

Preset Mode

I'_i|:|nr'a|1uI Mode

Joysticks Taps

Y m

3. Select the desired Preset Mode.
a. Spray Mode - Standard XRT operation mode
b. Preset 1 - User customizable mode
c. Preset 2 - User customizable mode
4. Select the Trigger Method.
a. There is one trigger method per Preset mode.
5. Select the Control To option.
a. Height - The preset will control to a user selected height.
b. Angle - The preset will control to a user selected angle.
c. Spray Height - The preset will control to the height in the Spray mode.
d. Transport - The preset will control to a max height and disable the wing when it reaches the height.

6. If desired, select the Joysticks checkbox. Selecting Joystick enables or disables joystick shortcuts for mode
changing.

7. To activate the preset, press the joystick button in the direction selected as the trigger type and press it the
number of times selected as number of taps.
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BOOM TUNING

Boom tuning displays boom settings based on machine configuration (Make, Model, Boom Width) options
selected during initial calibration. If needed, the user can adjust Speed to Duty Cycle, Down Speed Ratio, Base
Duty Cycle, Height Deadband, and PID gain settings. Use the Boom Gains and Boom Speed Tuning buttons to

toggle between the two screens.

NOTE: Pressing the Reset Tuning or Reset Gains buttons only reset the values displayed on that page. The
values are reset to defaults specific to your machine Make, Model, and Boom Width.

Refer to Chapter 6, AutoBoom XRT Advanced Tuning for additional information on these settings.

FIGURE 13. Boom Tuning Screens

Machine Settings

|Buum Tuning = |

Laft Canter Right

puty Cyeta [a.alz ”5.599 "9.912 ‘
il iy |a.5aa [1.355 |B.EBB |

Base Duty [3? .00 ”59. 00 "3?. 00 ]

Height
Deadband

Boom Reset
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FOLD TUNING

Fold Tuning displays fold settings based on machine configuration (Make, Model, Boom Width) options selected
during initial calibration. If needed, the user can adjust Sensitivity, Base Duty Cycle, and the Min/Max values.

1. Sensitivity can be set independently for Up/In and Down/Out. Higher sensitivities correspond to faster
movements during manual boom movement.

2. Base Duty Cycle (Lift Only) is the Duty Cycle required to hold the booms level/stationary. Changing this value
does not effect the equivalent value for AutoBoom.

3. Min and Max values set the maximum and minimum duty cycle that will be applied to the specified joint when
the system is AutoFolding In or Out. The Min/Max values do not affect manual folding operations.

NOTE: These settings are only available for boom joints that have proportional hydraulic cartridges.

FIGURE 14. Preset Configuration

ii

G5 | S
Machine Settings 2
EFnld Tuning

Lift -

E

In Out

Fo'lld
Sensitivity lsa | |59 |

Base Duty
cyels |32.00

a““ Hm:l“ ‘
|

[1&9 |

Retract

Extend

[a

CALIBRATIONS

FIGURE 15. Calibrations

—

Machine Settings

lt:n‘l..i.hrntiun: — l

Auto-Indox
of Haight I:.:luitl:fr':.:ttidun
Sensars

Base Control Resat
Effort to

Calibration Defaults

Tarrain
Compensation
Calibration

Boom Angle
Calibration
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AUTO-INDEX OF HEIGHT SENSORS

The Auto-Index of Height Sensors calibration allows the user to verify the number of height sensors and update
the location of the sensors. The user will be prompted to raise the left and right booms. By observing which

sensors had the greatest increase in height at each step, the system learns which sensor is at each location on the
boom.

1. Verify the number of height sensors detected matches the number installed on the machine.
2. If all sensors are detected, touch the Next button to continue.

FIGURE 16. Height Sensor Setup - Sensor Indexing

Height Sensor
Setup

Varify the number of detected '}
height sensors. IT the number H
of sensors is incorrect, use

the "Information” button to

identify the missing sensori{s).

Once complete, press the

“"Retry"” buttom. If the number

is correct, push the "Next™

button to continue setup.

Height Sensors
n-t":t‘d 3
< I |

3. Unfold the boom and set the booms to level and less than 8 ft. [2.4 m] above ground.
4. When both booms are unfolded and level, touch the Next button to continue.

FIGURE 17. Height Sensor Setup - Set Booms Parallel

Height Sensor
Setup

Set Booms

Parallel

Enzure the area is clear and
move the booms to a parallel
position. Once complete, press
the “"Next"” button to continue
setup.

“Sat booms wundor a (Te)

—
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5. Raise the left boom.

6. When all sensors on the left boom have been raised above 8 ft. [2.4 m], the Next button will be displayed.
Touch the Next button to continue.

FIGURE 18. Height Sensor Setup - Raise Left Boom

Height Sensor
Setup
Raise

Left Boom

Ensure the area is clear and raise

the left boom wuntil all sensors are
at lLeast 40 inches above the previous
position. The “"Next” button will
appear when this condition is met.

If the next button does not appear,
return to the previous step and
adjust the center rack.

. —

7. Raise the right boom.

8. When all sensors on the right boom have been raised above 8 ft. [2.4 m], the Next button will be displayed.
Touch the Next button to continue.

FIGURE 19. Height Sensor Setup - Raise Right Boom

Height Sensor
Setup

Raise

Right Boom

Ensure the area is clear and raise
the right boom until all sensors are
at Least 40 inches above the previous
position. The “"Next" button will
appear when this condition is met.

32 Case IH AutoBoom XRT Calibration & Operation Manual



SETTINGS

9. The location and offsets for each sensor are displayed on a summary page. This completes the calibration.

FIGURE 20. Height Sensor Setup - Summary Page Display

Height Sensor
Setup

Please ensure the offset
H

infoermation is correct. Once
complete, press the “"Next"
button to continue setup.

offset Offset Serial
x Z Number

E -4 2135
E;EEEb—. 312 -4 2123

Position

@ ==

BASE CONTROL EFFORT CALIBRATION

Press the Base Control Effort Calibration button to recalibrate the pressure required to hold the booms level and
stationary. This will update the Duty Cycle required to keep the booms level.

FIGURE 21. Base Control Effort Calibration

Base Control
Effort Calibration

Raise Center Rack
Set Booms Level

Ensure the area is clear, raise the
ceanter rack to the full extent and set
booms to a level (within 5 degrees of
parallel) position. Verify the master
switech is on. Once complete, press the
“Hext™ button To continue setup.
HOTICE: Booms will begin to move

Laft Center Right

Current

Angle 1.68 8.12 8.58

1. Ensure the area around the machine is clear of bystanders and obstacles. The booms will move up and down
during this procedure.

2. Unfold the booms fully and set the left and right booms level. The booms must be within 5° of level to proceed
with calibration.

3. Toggle the master switch to the on position.
4. Touch the Next button. Note that the booms will begin raising and lowering while this calibration is performed.
5. When calibration is complete, the new values will be displayed.
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TERRAIN COMPENSATION CALIBRATION

The Terrain Compensation Calibration button allows the user to verify or update the ECU orientation and
recalibrate the ABM inertial sensors.

The machine needs to be parked on a level surface prior to performing this calibration.

FIGURE 22. AutoBoom Node Orientation
ABM ABM
Orientation Orientation

Verify the detected downward '? Verify the Forward Orientation. j
orientation matches the H ITf the Torward numboer does not .
controller "s orientation. ITf the match the forward direction,
number does not match, ensure enter the number pointing
the machine is parked on a level forward on the ECU.
surface and press the redetect
bButtom.
1 d4¢—>2 G5 1 44—>2 65
Redetect
Grientation

Downward Orientation 3 Forward Orientation -

IIII pE— IIII lIII . IIII

BOOM ANGLE CALIBRATION (LEFT AND RIGHT)

The Boom Angle Calibration button allows the user to recalibrate the boom tilt sensors. This correlates the tilt
sensor measurement to an angular boom position.

1. Set the booms parallel and under 8 ft. [2.4 m] from the ground.
2. Press Next.

FIGURE 23. Height Sensor Setup - Set Booms Parallel

Height Sensor
Setup

Set Booms ?
Parallel

Ensure the area is clear and
move the booms to a parallel
position. Once complete, press
the “Next” button to continue
setup.

“Sat booms wunder a (Tt}

—
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3. Raise the left boom until there is at least a 40 in. [101.6 cm] change in height.

4. Press Next.

FIGURE 24. Height Sensor Setup - Raise Left Boom

Height Sensor
Setup
Raise
Left Boom

Ensure the area is clear and raise
the left boom wuntil all sensors are
at lLeast 40 inches above the previous
position. The “"Next™ button will
appear when this condition is met.

If the next button does not appear,
return to the previous step and
adjust the center rack.

. —

5. Raise the right boom until there is at least a 40 in. [101.6 cm] change in height.

6. Press Next.

FIGURE 25. Height Sensor Setup - Raise Right Boom

7. Lower and level the booms.

Height Sensor
Setup

Raise
Right Boom

Ensure the area is clear and raise
the right boom until all sensors are
at Least 40 inches above the previous
position. The “"Next"” button will
appear when this condition is met.
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8. Have an assistant manually rock the boom up and down until the Next arrow appears. The Next arrow will only
appear when the voltage is more than 0.25 V apart.

NOTE: If an IMU is present, the center angle icon will be used to calibrate the IMU.
FIGURE 26. Center Rack Rotation

Height Sensor
Setup

Manually Rotate
Center

Have an assistant manually rock
the booms wup and down until Next
arrow appears. Once complete,
prass the “"Next"” button to
continue setup.

AUTOFOLD CALIBRATION

AutoFold Calibration recalibrates the sensors used for performing automatic folding and fore/aft operations. This
should be performed if sensors have been adjusted/replaced, or if AutoFold is not completing an AutoFold IN or
AutoFold OUT sequence.

1. Fold the boom and lower the booms completely into the cradle.

FIGURE 27. Set Folded Position

AutoFold
Setup

Fold

Boom In -

1. Ensure the arena 1% clear and Told
the boom completely inte the cradle.

2. Press the "Hext" button to
continue sctup
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2. Raise the booms above the cradle lips and inward to contact the vertical stops. The Booms will control to the

set-point when cradling.

FIGURE 28.

AutoFold
Setup
Raise
Above Cradle =

1. Emsure the ares is clear. Waise the bones abowe the
cradle lip and move the boems inwsrd sntil they are in
contacl with the ermdle werticml stops. This iIs the

height the hoams will meve te when retarming te cradle,

z. Fress the “mext”™ button te continee setup,

3. Unfold the left and right inner joints fully. Leave the outer joints folded. Tilt the booms down to the fullest travel

extent

FIGURE 29. Minimum Height

AutoFold
Setup

Booms Minimum Height
with Tips Folded In

1. Uafald the Laft and right laner Told jolnts until
the booms are fully enfolded. Oo NOT wnfold the ouler
boos joimts.

2. Lowsr the laft and right boess te thelr minisus
position. Ralse the conter Lif mecossary.

3. Press the “Hext™ buttom to continue selup.
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4. Unfold the left and right outer joints fully.

NOTE:

The booms may be raised up to complete this step.

FIGURE 30. Fold Tips Out

AutoFold
Setup
Fold

Tips Out
1. UnToeld the left and right outer
fold joints wuntil the booms are
fully unfolded. (Booms can be roaised
if necessary)

2. Presa the "Next"” button to
continue setup.

5. Raise the center rack to the maximum height and tilt the booms up to the full travel extent.

FIGURE 31. Raise Center Rack and Booms

AutoFold
Setup

Center Rack & Booms
Maximum Height

1. Raisea the center rack, left boom
and right boom wntil they are at
their maximum position.

2, Press the "Next™ button to
continue setup.
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6. Move the booms and center rack to the desired spray position. This is the position the boom will move to when
AutoFolding out. Note that the center rack height will be relearned each time an AutoFold in operation is
performed. Left and Right tilt will not be relearned.

FIGURE 32. Set Booms and Center Rack to Spray Position

RESET TO DEFAULTS

Selecting Reset to Defaults allows the user to reset AutoBoom XRT to factory default settings.

To reset defaults:

Settings

AutoFold
Setup

Set to Spray

Position

i, Sat the center rack to the desired spray height.
This ds the initisl position the cemter rack will
raturn Uo when AuteFolding cwt. The center rack apray
haight is updated whan an Aptcfald In sequence is
inivieved.

to when AutoFalding owt.

1. Prais the “NHezxl™ hittan to comtimus sstiep.

I, Sat Laft and right boss te the desirsd spray helpght.
This s the position tha Laft and right boss will sove

1. Press the Reset to Defaults button in the Calibrations screen.
FIGURE 33. Reset to Defaults

A BTSN A

Reset
to
Defaults

Are you sure you want to reset
calibration values and machine data
to factory defaults?

You can"t unde this action and the
system will need to be recmlibrated
before At canm be used,

Boom Coantrol m

NOTE: Unlocks will not be erased during the reset.

Defaults
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ALARM SETTINGS

The Alarm Settings tab provides the option to sound audible beeps from the display when AutoBoom transitions
from Auto mode to Manual and Manual mode to Auto.

FIGURE 34. Alarm Settings

Alarm Settings

Autﬂfﬂ;:::: @

Disable Is Folded
Alarms
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FEATURE UNLOCK CODES

The Unlocks tab displays a green padlock next to features that are already unlocked. A red padlock is displayed
next to features that are not unlocked.

A feature unlock code is required to activate additional AutoBoom XRT features. Contact your local Raven dealer
to purchase feature unlock codes.

FIGURE 35. Feature Unlock Screen

AEN-AutoBoom XRT ABM-Satup

sensitivity Target welght

[53 ] ESE ]

BEE BE3

AutoBoom

Feature Unlocks

5 1 : Features Status
a5
R ht
= AutoFold

Fore/Aft E

To enter a feature unlock code and enable a feature:

1

Select Settings on the XRT home screen.

2. Select the Unlocks tab.
3.
4. Enter the feature unlock code.

Select the padlock icon next to the feature to be unlocked.

NOTE: Dashes may be omitted, letters may be entered in either upper or lower case.

5.

Touch the checkbox to submit the entered code.

NOTE: A message will display indicating whether or not the unlock code that was entered is valid. If the code

is valid, the padlock icon next to the feature will turn green and indicate that it is unlocked as shown
in Figure 35 on page 41.

After unlocking a feature, a calibration is required before any XRT function can be used.
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CHAPTER AUTOBOOM XRT ADVANCED
TUNING

PREPARATION
SENSOR DIMENSIONS

Verify the system dimensions are entered correctly for height sensor offsets and center rack width.

BOOM ANGLE SENSOR

Ensure the automated calibration sequence is performed over flat ground. If the sensor dimensions were updated,
re-perform the boom angle sensor calibration.

HYDRAULIC OIL
For best results, perform tuning with the hydraulic oil at normal operating temperature.

BASE CONTROL EFFORT CALIBRATION

Accurate base control effort values are necessary for successful advanced tuning. Only perform a Base Control
Effort Calibration after warming the hydraulic oil. If possible, engage AutoBoom and drive slowly for two minutes
prior to performing Base Control Effort calibration. This will ensure the Solenoid coils are at operating temperature
and will give the most accurate Base Control Effort.

TARGET CONTROL EFFORT TEST

1. Select Diagnostics.
2. Select Tests.
3. Select Target Control Effort Test.

FIGURE 1. Target Control Effort Test

ABM-Dimgnostics Target Control Effort 2

Test

@ A | &
LL -ﬂm—

t.ﬁu toBoom =

[anqnt Control Effort Test —i Hanual Test Test Results

Control Avernge 8.11
This screen is designed to test the _> Effn'rﬁt} m Velocity "

boom function with a static centrol faea s

affort. The control affort can be Current = o ag
entered manually or by using 'M”-:”' )
predefined options fTor lowering and {den}
raising. Current

Velocaty 8.19
{deg s}
Dty
Cycle o
%}

= -
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4. Press Begin Test.

5. If the boom moves up or down, Adjust Control Effort accordingly to result in no or very slow boom
movement.

6. Repeat step 1 through step 5 until the desired results are achieved.

NOTE: Control effort must be performed on each side of the boom by selecting or highlighting each boom
on screen.

BOOM SPEED TO CONTROL EFFORT SCALE
The boom speed to control effort scale value correlates the required PWM duty cycle to the hydraulic valve to
create the desired boom speed. To determine the boom speed to control effort scale:

1. Select Diagnostics.
2. Select Tests.
3. Select Target Velocity Test.

FIGURE 2. Target Velocity Test

Inutnﬂnum :l
‘Target Velocity Test =| Test Type Summary
Manual Select a boom
This screen is designed to test the Test section and test
velocity control parameter. The —> type, then snable
angular velocity can be entered faise Velocity the master switch
manually or by using predefined Test and press play to
begin test.

options fer lowering and raising.

Lowar Velocity
Test * Press the stop

button or any
joystick button
to stop the test.

Press Begin Test.

Set the Target Velocity to 2° per second.

Raise the center rack with one boom lowered near the ground (but at least 24” above the ground).
Press Start Test. The boom should raise. When the test is complete, the average velocity will display.
Press the Settings (small gear) on the tab.

© N o g b
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9. If the boom moved faster than the desired 2° per second, decrease the Boom Speed to control effort value. If
the boom moved slower than the desired 2° per second, increase the Boom Speed to control effort value.

FIGURE 3. Target Velocity Test Results

Target Velocity Test 5

Raise Velocity

s SIS

Test Results

Target
Velocity 2.00
[deg/sl
Current
velocity 0.00
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Current
Angle 11.22
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£
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(dag/e)
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Error B.01

g /%]
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to ctrl 0.020
Effort
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m

Ralse Veloclity

'vnloclty
to cirl [8.020
Effort

Control

Effort |[24.98
=)
Down

speed (B.700

Ratio

0 0;

?

10. Repeat step 3 through step 9 until the speed matches the target velocity (+/- 20%).
11. Repeat step 3 through step 10 for the other boom.

NOTE: Test results are affected by solenoid coil temperature. Perform the tests three or more times in rapid
succession for best results.

DOWN SPEED RATIO

Because of different flow restrictions and the affect of gravity, booms generally lower faster than the raise for the
same change in control effort. Down speed ratio accounts for this difference.

1. Select Diagnostics.
2. Select Tests.

3. Select Target Velocity Test.
FIGURE 4. Target Velocity Test

Tests

ABM-Diagnostics
L»

|ﬂutDﬂDDM

|Turu-lt Valocity Test —

This screen is designed to test the
velocity control parameter. The
angular veloclity can be entered
manually or by using predefined
options Tfor lowering and raising.
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Press Begin Test.

Set the Target Velocity to -2° per second.

Raise the center rack and tilt one boom so the boom is approximately 5° above horizontal.

Press Start Test. The boom should lower. When the test is complete, the average velocity will display.

Press the Settings (small gear) on the tab.

If the boom moved faster than the desired 2° per second, decrease the Down Speed Ratio. If the boom moved
slower than the desired 2° per second, increase the Down Speed Ratio value.

FIGURE 5. Down Speed Ratio Test Results

© ® N o oA

Target Velocity Test 2

N SIS

Lower Valocity

Target
Velocity -2.00

(degiub

Current
Velocity 0.00

idegiui

Current
Angle -0.19

iideg)

Duty

Cycle a
1%k

e
B0

10. Repeat step 3 through step 9 until the speed matches the target velocity (+/- 20%).
11. Repeat step 3 through step 10 for the other boom.

NOTE: Test results are affected by coil temperature. Perform the tests three or more times in rapid succession
for best results.

At this point most machines should be performing optimally. If further tuning is necessary, continue
through these additional steps. Test the machine performance in the field before adjusting Boom
Gains.
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AUTOBOOM XRT ADVANCED TUNING

BOOM GAINS

After verifying all of the previous configuration steps and Boom Speed tuning is complete, the following values
may be adjusted by going to Machine Settings and then Boom Tuning.

PROPORTIONAL GAIN
Larger proportional gain (P-Gain) values result in higher velocity for the same error in height. Typical values are 1.0

- 1.8. Too high of value will make the boom twitchy or unstable. Too low of a value and the boom will not move
quickly enough to changes in ground/crop height.

INTEGRAL GAIN
Integral Gain (I-Gain) compensates for changes in Base control effort over time. This could be caused by oll

temperature, valve coil temperature, boom weight, or other system changes. This is generally set between 0.001
and 0.003. To disable this feature, set the value to 0.000.

DERIVATIVE GAIN
Derivative Gain (D-Gain) prevents overshoot when moving the boom from one target position to another. If D-Gain

is too low the boom will overshoot the target position. A D-Gain that is too high may cause a ratcheting (stop and
go) effect until the target position is reached.

SYSTEM GAIN

System Gain (S-Gain) makes the complete system more or less responsive. This is equivalent to the Sensitivity value
on the XRT Home screen.
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CHAPTER DIAGNOSTICS AND
TROUBLESHOOQOTING

SYSTEM INFORMATION

To access the System Information window:

1. Select the Diagnostics . icon.

2. Select the System Information tab.

BOOM OUTPUTS

The Boom Outputs window displays the Base PWM (%), Blocker (status), and Control Effort (%).

ABM-Diagnostics

FIGURE 1. Boom Outputs

System Information
|BGﬂl‘I‘I Outputs —

Laft Center Right
e 37.0 37.0
%)
e OFF oOff
Control
Effort O 2] e

%)
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CHAPTER 7

FOLD OUTPUTS

The Fold Outputs window displays Control Effort (%) for each joint on the boom.

FIGURE 2. Fold Outputs

System Information

Fold Doutputs

LEs)
Laft
pun @ e
Faold 1
pun B 2]
Fald 2
PHH e e
Stoabilizing
Valwve off 0

RI%)

System Information

|IFald butputs

|

FHH

Center Roack
L

Boom Lock State

Locked

Toggle
Loack

BOOM READINGS

The Boom Readings window displays the boom position, velocity, and the Sensor Voltage of the selected boom.
Press the desired boom or center rack boom to view the information for that section. Voltage and angular position
should change smoothly through the range of movement. Angular Position should be close to zero when the

boom section is horizontal.

FIGURE 3. Boom Readings

ABM-Diagnostics
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DIAGNOSTICS AND TROUBLESHOOQOTING

CAN BUS INFORMATION
The CAN Bus Information window displays information about CAN system.

FIGURE 4. CAN Bus Information

ABM-Diagnostics

System Information
|'C!|N Bus Information EI

Hame Address

AuvtoBoom
Master Z00CB70012E10528 6x90

Vehicle I/0
Expansion 200CB4000BCODODD 8xa9D

Module

Speed
Source AG801DOGOBCOBDDE Ox80

Spead
Source Type Wheel

Speed

FOLD CONTROLS

FIGURE 5. Fold Controls

ABM-Diagnostics
-

System Information
’Fn‘l.d Controls E [

Center
Fold KN K
Laeft Right
Lift KRN K Lift EEY KX
Laeft Right

Fold 1 B KX Fold 1 BRI K]
Laft Right

Fold 2 B K2 Fold 2 B K]

Manually control each section of the boom.

NOTE: Depending upon your machine’s configuration, not all sections may be available to control on this
page and some displayed sections may not be controlled via the displayed buttons.
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FOLD SENSOR READINGS

Displays the voltage reading for each fold joint. If AutoFold is unlocked a percent position is also displayed. 0% is
fully folded and 100% is fully unfolded.

FIGURE 6. Fold Sensor Readings

ABM-Diagnostics

System Information
[Fn'l.d Sensor Readings

é@-lh

Voltage Parcent
Lirt
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Foald 1
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Fold 2
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HARDWARE/SOFTWARE (ABM)

The Hardware/Software (ABM) window displays the AutoBoom hardware and software number and versions.

FIGURE 7. Hardware/Software (ABM)

ABM-Diagnostics

OF & | A | &3

System Information
|Hnrﬂunra.ﬂ Software [(ABM)

Hardware

Part Number 8630174069

Hardwara
Serial Mumber 1320

Hardware
Revision F

Software

Part Number 8770171514

Software

Version Humber 21.3.1.RT16

Version Number |5.0.0.12
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HEIGHT SENSOR READINGS

The Height Sensor Reading window displays the sensor Serial Number, Distance to Canopy, Distance to Ground,
Canopy Confidence, and Ground Confidence percentages for the selected sensor.

FIGURE 8. Height Sensor Reading

ABM-Diagnostics

System Information
lHi:I.nht Sensor Readings EI

oot [17033 |=
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MACHINE READINGS

The Machine Readings window displays the current machine Speed, Chassis Roll Position, Chassis Pitch Position,
and Chassis Roll Rate.

FIGURE 9. Machine Readings

ABM-Diagnostics

T
Of| & | O | &3

System Information
|Hn:hin| Readings

Speed
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Chassis
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SYSTEM HOURS

The System Hours window displays the current Version Hours, Version Engaged Hours, Lifetime Hours, Lifetime
Engaged Hours.

FIGURE 10. System Hours

ABM-Diagnostics

System Information

|5}|'!-ttl'ﬂ Hours

Version
Hours 1

version
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Engaged Hours 21

SYSTEM VOLTAGES
The System Voltages window displays the ECU Power and the Regulator voltages.

FIGURE 11. System Voltages

ABM-Diagnostics

OB | A | &8

System Information
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VARIABLE DAMPER OUTPUTS

The Variable Damper Outputs window displays the Control Effort for the variable damper.

FIGURE 12. Variable Damper Outputs

ABM-Diagnostics
@ L?l -
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System Information
Ivurinb\e Damper Qutputs
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TESTS
TARGET CONTROL EFFORT TEST

The Target Control Effort Test tests boom function with a static control effort. Entering a Control Effort value

equal to the Base Duty Cycle should result in no, or very slow boom movement. Higher values will cause the boom
to raise and lower values will cause the boom to go down.

FIGURE 13. Target Control Effort Test

ABM-Dingnostics

Target Control Effort
Test
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AutoBoom [— =
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proedefined options for lLowering and c '"“:
tsfma . urren
Fasaing Velocity 8.19
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Cyecle @
(£ ]
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TARGET VELOCITY TEST

The Target Velocity Test tests the velocity control parameter by either manually entering the angular velocity or by
using predefined options. Tests are generally performed at +/-2° per second. Before starting the test, manually

move the boom to a position where it can travel up (or down) for five seconds. After running the tests an Average
Velocity will display. This should be within 20% of the Target Velocity. If additional adjustments are required, refer
to “AutoBoom XRT Advanced Tuning” on page 43.

FIGURE 14. Target Velocity Test

ABM-Diagnostics
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|.ﬂu toBoom
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|Target Velocity Test
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IIIHHHHHIII

TARGET POSITION TEST
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and press play to
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button or any
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to stop the test.

This test is designed to test the boom control PID loop. Enter a target position several degrees away from the
current position in the Target Angle field. After running the test, various values will be reported. These values
represent how quickly the boom moved to the target position. Ideally, the Delay, Rise, Settling, and Overshoot

val

ues are low.

FIGURE 15. Target Position Test

ABM-Diagnostics
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TARGET HEIGHT TEST

This test is similar to the Target Position Test but incorporates all of the sensors on the machine to control the
ground height.

FIGURE 16. Target Height Test

-
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AL

TERRAIN COMPENSATION TEST

The Terrain Compensation Test analyzes data from the inertial sensors in the XRT ABM ECU.

At the start of the test, the user is asked to have the engine idling at low speed. Next the user is asked to run the
engine at typical operating RPM. The test reports a pass or fail for each engine speed. If the test fails, engine
vibrations may be having a negative impact on system performance.

NOTE: If the test fails, check the node installation. Verify the node is mounted securely and has not come

lose during operation. Also confirm that the node is mounted as instructed in the AutoBoom XRT
machine specific installation manual.

The AutoBoom XRT system will still operate if the test fails, however, terrain compensation features
may not offer optimal boom height adjustments for all terrain features.

FIGURE 17. Terrain Compensation Test
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MANUAL VALVE CONTROL TEST

The Manual Valve Control test allows the user to manually move the sprayer booms to validate hydraulic valve

function.
Manual Valve
Control Test

Enable the master switch, then use
the "Manual Bump” buttons to test

FIGURE 18. Manual Valve Control Test

ABM-Diagnostics
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i~
Manual
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The Variable Damper test allows the user to manually apply a control effort to the variable damper system.

1. Select Connectivity Test.
2. Enter a Target Effort Percentage.
3. Touch the Start button.

NOTE:

Variable Dampers are optional. Test is only valid if equipped.

Each damper should draw between 2.0 and 2.8 amps when tested at 100%.

FIGURE 19. Variable Damper Test

Variable Damper Test

?

ABM-Diagnostics

Tests

=

[I.I.l- toBoom

’Unri-b‘lc Dampar Tast

Variable Damper

Test In Progress

Target Determining the
This sereen is designed to test the —_—{ Efrur‘:. f':':r:h“: :::;::-ltﬂ,
variable dampar parameter. Tha Control damper by
doesired control effort can be Effort O adjusting to
entered and compared to the actual i) target.
control effort.
Current
1 0.00 * pPress the stop
Ll butten oFr any
Current joystick button
z B.0eO to stop the test.
Al

58

Case IH AutoBoom XRT Calibration & Operation Manual



DIAGNOSTICS AND TROUBLESHOOQOTING

DIAGNOSTIC TROUBLE CODES (DTCS)
FIGURE 20. Diagnostic Trouble Codes Screen

fannifivi ¥ Targel righi
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Left Fold 1
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The Diagnostic Trouble Code screen displays active and previous diagnostic trouble codes (DTCs) that occur
during XRT system operation. Active DTCs must be fixed before the XRT system can be enabled for operation.
Once a DTC has been corrected, the code moves to the inactive DTC code list.

FIGURE 21. Diagnostic Trouble Codes Screen

Diagnostic
Trouble Code
(DTC)

- DTC Summary

Woltage High
NOTE: In Figure 21 on page 59 above, the active DTC is “522951.04” and the DTC summary is “Right Fold 1
Voltage Low.” The inactive DTC is 522947.03 and the DTC summary is “Left Fold 1 Voltage High.”

FIGURE 22. Info Screen

Right Fold 1

Diagnostic Trouble Codes Unltage Low

Aetilve In # Count
SZFR5L. 04

The right Told 1 joint is out of
FaRge .

Right Fald 1
Voltage Low

ImaoEive In ¥ EoEnt
S231910.31 2
SX¥RAT .81 L]

Left Fold 1
woltage Migh

522951.84 Bioom Control [avia] -
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Pressing the Info button displays the complete description of the highlighted active DTC.

FIGURE 23. Inactive DTCs Cleared from Error Log

Might Fald 1
Woltage Low

Inmctive i = Eoumnt

Pressing Clear deletes the inactive DTCs from the Inactive DTC error log.

DTC LIST
TABLE 1. Trouble Code Reference Table
Error Error
Error Code Error Code
REM OFFLINE ABM SUBNET BUS 522945.0 ABM ECU POWER VOLTAGE HIGH 520192.3
REM INVALID POOL 52294513 ABM ECU POWER VOLTAGE LOW 520192.4
ABM HIGH CURRENT POWER
REM COMMUNICATING ON ISO BUS | 522945.15 oo et 520194.3
ABM HIGH CURRENT POWER
REM OFFLINE ISO BUS 52294516 oot 520194.4
ABM LOSS OF COMMUNICATION ON
LEFT LIFT POSITION VOLTAGE LOW 522946.4 FrsVimeiiion 52045731
LEFT LIFT POSITION VOLTAGE HIGH 522046.3 ABM LOSS OF COMMUNICATION 522945 31
WITH REM
LEFT FOLD 1 POSITION VOLTAGE LOW | 522947.4 t(E)FVL FOLD 3 IN SOLENOID CURRENT | 555955 5
LEFT FOLD 1 POSITION VOLTAGE HIGH = 5229473 fng FOLD 3IN SOLENOID CURRENT | o995 5
LEFT FOLD 2 POSITION VOLTAGE LOW | 522948.4 t(E)FVL FOLD 2 IN SOLENOID CURRENT | 559,54 5
LEFT FOLD 2 POSITION VOLTAGE 200483 RIGHT FOLD 2IN SOLENOID CURRENT | oo
HIGH LOW
LEFT FOLD 3 POSITION VOLTAGE LOW | 522949.4 tngI/ FOLD 1IN SOLENOID CURRENT | o5996 5
LEFT FOLD 3 POSITION VOLTAGE crp010.3 RIGHT FOLD 1IN SOLENOID CURRENT | oo
HIGH LOW
LEFT FOLD 3 OUT SOLENOID
RIGHT LIFT POSITION VOLTAGE LOW | 522950.4 e oy 5229285
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TABLE 1. Trouble Code Reference Table

Error Eggg Error ggg;
RIGHT LIFT POSITION VOLTAGE HIGH | 5229503 R o5 OUT SOLENOID 5229295
RIGHT FOLD 1 POSITION VOLTAGE cr20514 LEFT FOLD 2 OUT SOLENOID £72030.5
RIGHT FOLD 1 POSITION VOLTAGE 6220513 RIGHT FOLD 2 OUT SOLENOID .
RIGHT FOLD 2 POSITION VOLTAGE cro050.4 LEFT FOLD 1 OUT SOLENOID 720305
RIGHT FOLD 2 POSITION VOLTAGE 220503 RIGHT FOLD 1 OUT SOLENOID c72033.5
RIGHT FOLD 3 POSITION VOLTAGE 220534 LEFT BLOCKER SOLENOID CURRENT | 503,
RIGHT FOLD 3 POSITION VOLTAGE 700533 LEFT PROPORTIONAL SOLENOID 70035 £
CENTER ANGULAR POSITION cr2054.4 RIGHT BLOCKER SOLENOID CURRENT | 75055
CENTER ANGULAR POSITION 220543 RIGHT POPORTIONAL SOLENOID -
CENTER LIFT POSITION VOLTAGE LOW | 522955.4 D AT LOCK SOLENOID 5229385
CENTER LT POSITION VOLTAGE 220553 CENTER RACK RAISE SOLENOID c72030.5
LEFT OUTER HEIGHT SENSOR OFFLINE | 52295631 gEﬁ;EE?’ESTNLOWER SOLENOID 5229405
oy HEIGHT SENSORNEEDS 1 529956.1 DAMPER 1 DRIVER CURRENT LOW 520168.5
LEFT INNER HEIGHT SENSOR OFFLINE | 52295731 | | DAMPER 2 DRIVER CURRENT LOW 520169.5
LEFT INNER HEIGHT SENSOR NEEDS | g7 LEFT STABILIZING SOLENOID 203055
LEFT MID HEIGHT SENSOR OFFLINE | 52205831 | &t STAELIZING SOLENOID 5203025
LEFT MID HEIGHT SENSOR NEEDS 720581 LEFT LIFT UP SOLENOID CURRENT cr2016.5
CENTER HEIGHT SENSOR OFFLINE 522959.31 f('fv'vﬂ LIFT UP SOLENOID CURRENT | 5559195
CENTER HEIGHT SENSOR NEEDS 6220501 LEFT LT DOWN SOLENOID CURRENT | 501
RIGHT OUTER HEIGHT SENSOR s2206031 | | FICHT LIFT DOWN SOLENOID 220015
RIGHT OUTER HEIGHT SENSORNEEDS | 55 LEFT FOLD 3 IN SOLENOID CURRENT | 5505 ¢
RIGHT INNER HEIGHT SENSOR soooer3 || RIGHTFOLD3INSOLENOID CURRENT | gppps
016-0235-002 Rev. B 61



CHAPTER 7

TABLE 1. Trouble Code Reference Table

Error

RIGHT INNER HEIGHT SENSOR NEEDS
UPDATE

RIGHT MID HEIGHT SENSOR OFFLINE

RIGHT MID HEIGHT SENSOR NEEDS
UPDATE

INERTIAL MEASUREMENT UNIT
OFFLINE

INERTIAL MEASUREMENT UNIT NOT
RATE TABLE CALIBRATED

INVALID ABM ORIENTATION

INVALID IMU ORIENTATION

ERROR NOT RATE TABLE CALIBRATED

BOOM OFFLINE

LEFT LIFT UP DOWN PRESSED

LEFT FOLD 1 IN OUT PRESSED

LEFT FOLD 2 IN OUT PRESSED

LEFT FOLD 3 IN OUT PRESSED

RIGHT LIFT UP DOWN PRESSED

RIGHT FOLD 1IN OUT PRESSED

RIGHT FOLD 2 IN OUT PRESSED

RIGHT FOLD 3 IN OUT PRESSED

CENTER UP DOWN PRESSED
AUTOFOLD IN OUT PRESSED

NO SPEED

IS RIGID CENTER RACK TOO HIGH

ISO AUTOFOLD NEEDS UPDATE

BOOMS ARE FOLDED

Error
Code

522961.1

522962.31

522962.1

522963.0

52963.1

522964.0

522965.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0
0.0

0.0

0.0

0.0

0.0

Error

LEFT FOLD 2 IN SOLENOID CURRENT
HIGH

RIGHT FOLD 2 IN SOLENOID CURRENT
HIGH

LEFT FOLD 1IN SOLENOID CURRENT
HIGH

RIGHT FOLD 1IN SOLENOID CURRENT
HIGH

LEFT FOLD 3 OUT SOLENOID
CURRENT HIGH

RIGHT FOLD 3 OUT SOLENOID
CURRENT HIGH

LEFT FOLD 2 OUT SOLENOID
CURRENT HIGH

RIGHT FOLD 2 OUT SOLENOID
CURRENT HIGH

LEFT FOLD 1 OUT SOLENOID
CURRENT HIGH

RIGHT FOLD 1 OUT SOLENOID
CURRENT HIGH

LEFT BLOCKER SOLENOID CURRENT
HIGH

LEFT PROPORTIONAL SOLENOID
CURRENT HIGH

RIGHT BLOCKER SOLENOID CURRENT
HIGH

RIGHT PROPORTIONAL SOLENOID
CURRENT HIGH

BOOM CRADLE LOCK SOLENOID
CURRENT HIGH

CENTER RACK RAISE SOLENOID
CURRENT HIGH

CENTER RACK LOWER SOLENOID
CURRENT HIGH

DAMPER 1 DRIVER CURRENT HIGH
DAMPER 2 DRIVER CURRENT HIGH

LEFT STABILIZING SOLENOID
CURRENT HIGH

RIGHT STABILIZING SOLENOID
CURRENT HIGH

LEFT LIFT UP SOLENOID CURRENT
HIGH

RIGHT LIFT UP SOLENOID CURRENT
HIGH

Error
Code

522924.6

522925.6

522926.6

522927.6

522928.6

522929.6

522930.6

522931.6

522932.6

522933.6

522934.6

522935.6

522936.6

522937.6

522938.6

522939.6

522940.6

520168.6
520169.6

520303.6

520302.6

522918.6

522919.6
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TABLE 1. Trouble Code Reference Table

Error Error

Error Code Error Code

HEIGHT SENSOR ZERO OFFSET 0.0 ::'ElELUFT DOWN SOLENOID CURRENT 522920.6
RIGHT LIFT DOWN SOLENOID

IMU NOT CALIBRATED 522963.13 CURRENT HIGH 522921.6
ABM LOSS OF COMMUNICATION IMU INVALID ORIENTATION
WITH IMU 522963.31 DETECTED 522965.31
INVALID ABM ORIENTATION ABM LOSS OF COMMUNICATION
DETECTED 522964.31 WITH UT 524082.31

RADAR LED CODES

FIGURE 24. Raven Height Sensor LED

TABLE 2. Radar LED Colors

LED Status LED Color
Sensor is in bootloader mode Flashing Red at 10 Hz
Sensor is reprogramming Flashing Red at 1 Hz
No CAN Communication Flashing Yellow at 10 Hz
geAtlglcfé)dmmunlcatlon but no ABM Flashing Yellow at 1 Hz
ABM detected, but not indexed Flashing Pink at 1 Hz
Sensor has been indexed Flashing Green at 1 Hz
Boom with sensor is enabled Flashing Blue at 1 Hz
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REM LED CODES
TABLE 3. REM Node LED Status

LED Color Hz Status Name Description
Power Green solid ECU Powered Active when ECU has high current
power.
A Off Solid Microprocessor | Active when the microprocessor is
Off not powered.
A Red 1 ISOBUS Offline Active if the ISOBUS is offline.
A White 1 ISOBUS Online Active if the ISOBUS is online.
A Green ] Systems Normal Active vyhen linked with VT and
system is normal.
B Red ] ECU Power Loss System has lost Logic power, but
not high current power.
B Off solid ECU Has Power System has logic power and high
current power.
. FPGA Not PCB subsystem not running
¢ Red Solid Running (FPGA).
C Green solid LED C Functional | LED C is functional and there are
- No Error no other LED C states to report.

SYSTEM SUMMARY

The System Summary window displays the machine configuration information.

FIGURE 25. System Summary

ABM-Diagnostics
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Machine Make
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Machina Model
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Height Sensors
Detected 3
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o width 122
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TOTALS

The Totals icon on the right side of the run screen allows the user to view short-term performance.

FIGURE 26. Home Screen

ABH-AutoBoom XRT Main

| Sensitivity Target Height
AutoBoom [Eﬁ l l

The Short-Term Performance window displays Deviation of Heights, Average Terrain, Average Error, and Average
Speed.

FIGURE 27. ABM Performance

ABM-Performance ABM-PerTormance
X il &

Short-Term Performance Resettable Performance
Haeight Height
Variability 9.0 Variability 9.0
fdnd fdn}y

Average Avarage
Terrain e.e Terrain 0.0
Average Average
Error 8.0 Error 9.0
timy [iny
Average Average
Speed 9.0 Speed 9.0
imph} {mph}

Report Report 0
Issue Issue

The Resettable Performance window shows the same information as the short-term performance tab but allows
the user to reset the information.

NOTE: Press the Report Issue button to send out diagnostic information on the ISOBus. You may be asked
to do this if working with Tech Support.
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LIMITED WARRANTY

WHAT DOES THIS WARRANTY COVER?

This warranty covers all defects in workmanship or materials in your Raven Applied Technology Division product under
normal use, maintenance, and service when used for intended purpose.

HOW LONG IS THE COVERAGE PERIOD?

Raven Applied Technology products are covered by this warranty for 12 months from the date of retail sale. In no case
will the Limited Warranty period exceed 24 months from the date the product was issued by Raven Industries Applied
Technology Division. This warranty coverage applies only to the original owner and is non-transferable.

HOW CAN | GET SERVICE?

Bring the defective part and proof of purchase to your Raven dealer. If the dealer approves the warranty claim, the dealer
will process the claim and send it to Raven Industries for final approval. The freight cost to Raven Industries will be the
customer’s responsibility. The Return Materials Authorization (RMA) number must appear on the box and all
documentation (including proof of purchase) must be included inside the box to be sent to Raven Industries.

WHAT WILL RAVEN INDUSTRIES DO?

Upon confirmation of the warranty claim, Raven Industries will (at our discretion) repair or replace the defective product
and pay for the standard return freight, regardless of the inbound shipping method. Expedited freight is available at the
customer’s expense.

WHAT IS NOT COVERED BY THIS WARRANTY?

Raven Industries will not assume any expense or liability for repairs made outside our facilities without written consent.
Raven Industries is not responsible for damage to any associated equipment or products and will not be liable for loss of
profit, labor, or other damages. The obligation of this warranty is in lieu of all other warranties, expressed or implied, and
no person or organization is authorized to assume any liability for Raven Industries.

Damages caused by normal wear and tear, misuse, abuse, neglect, accident, or improper installation and
maintenance are not covered by this warranty.
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EXTENDED WARRANTY

WHAT DOES THIS WARRANTY COVER?

This warranty covers all defects in workmanship or materials in your Raven Applied Technology Division product under
normal use, maintenance, and service when used for intended purpose.

DO | NEED TO REGISTER MY PRODUCT TO QUALIFY FOR
THE EXTENDED WARRANTY?

Yes. Products/systems must be registered within 30 days of retail sale to receive coverage under the Extended Warranty.
If the component does not have a serial tag, the kit it came in must be registered instead.

WHERE CAN | REGISTER MY PRODUCT FOR THE EXTENDED WARRANTY?

To register, go online to www.ravenhelp.com and select Product Registration.

HOW LONG IS THE EXTENDED WARRANTY COVERAGE PERIOD?

Raven Applied Technology products that have been registered online are covered for an additional 12 months beyond
the Limited Warranty for a total coverage period of 24 months from the date of retail sale. In no case will the Extended
Warranty period exceed 36 months from the date the product was issued by Raven Industries Applied Technology
division. This Extended Warranty coverage applies only to the original owner and is non-transferable.

HOW CAN | GET SERVICE?

Bring the defective part and proof of purchase to your Raven dealer. If the dealer approves the warranty claim, the dealer
will process the claim and send it to Raven Industries for final approval. The freight cost to Raven Industries will be the
customer’s responsibility. The Return Materials Authorization (RMA) number must appear on the box and all
documentation (including proof of purchase) must be included inside the box to be sent to Raven Industries. In addition,
the words “Extended Warranty” must appear on the box and all documentation if the failure is between 12 and 24 months
from the retail sale.

WHAT WILL RAVEN INDUSTRIES DO?

Upon confirmation of the product’s registration for the Extended Warranty and the claim itself, Raven Industries will (at
our discretion) repair or replace the defective product and pay for the standard return freight, regardless of the inbound
shipping method. Expedited freight is available at the customer’'s expense.

WHAT IS NOT COVERED BY THE EXTENDED WARRANTY?

Raven Industries will not assume any expense or liability for repairs made outside our facilities without written consent.
Raven Industries is not responsible for damage to any associated equipment or products and will not be liable for loss of
profit, labor, or other damages. Cables, hoses, software enhancements, and remanufactured items are not covered by this
Extended Warranty. The obligation of this warranty is in lieu of all other warranties, expressed or implied, and no person
or organization is authorized to assume any liability for Raven Industries.

Damages caused by normal wear and tear, misuse, abuse, neglect, accident, or improper installation and
maintenance are not covered by this warranty.
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