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/ ORK PLA'LFO. BOOM HAVING GROUN LATFORM
‘ONT S LINKED BY A CONT EA NETWORK
EIELD OF THE INVENTION

The invention generally relates to aerial work platforms and, in particular, to a
computer baged control system for an aerial work platform having various safety and control

features.

BACKGROUND QF THE INVENTION

Wil regard to the control of aerial work platforms, it is known to usc a control panel
which opcrates the aerial work platform whenover a manually activated switch, such s a foot
switch, is held in a depressed position. In the event that the switch is released, the controt
pan¢l becomes inactive. Alicrnatively, the serial work platform may contain selectively
placed switches which must be held in place by the operator. These switches interrupt power
when an oporator leaves the operating station and takes a position remote fiom the swilches
such that the switches are no longer held in place by the operator.

There is a nced for a computer based control system [or un serial work platform which
allows aperation of the platform by an operator at its base or on the platform and which
includes safety feutures and interlocks preventing inadvertent or unsafe operation of the aerial

work plat{orm.
SUMMARY OF THE INVENTION

It is an object of this invention to provide a microprocessor controller for an acrial
work platform which has ground and platform controls linked by a controller ares network for
transmitting input commands issucd by an operator at the platform control or at the ground
control to a controller so that operation of the boom can efficiently and safely occur from
either contral,

Lt is also un object of this invention to provide a controller in conjunction wilh sensors
for an acrial work platform which restrict or minimize operation of the platform in ¢ertain
positions beyond 4 predefined three-dimensional cnvelope to enhance safe operation of the
platform within a safe envelope.

It is also an object of this invention to provide such a controtler which provides ,

automatic retraction of the platform to maintain the platform within the safe envclope and
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which automatically retracts théL boom in response to certain operalor commands which
attempt to operatc the boom outside the safe envelope.

It is an object of this invention to provide a computer based electronic control for an
acrial work platform which ramps boumn movement in any direction as applicable to provide
for smooth and safe operation of the boom and its movement.

Iiis also an object of this invention to provide such a controlier which executes

multiple boom movements either sequentially and/or simultancously in an efficient, sale and

smooth manner.

It is another object of this invention to provide such an aerial work platform which has
sensors und software for preveating inadverient or unsale operation of the hoom und for
saving powcr. .

~ In one form, the invention is an aerial work apparatus comprising a base, a platform,
a boom connecting the platform and the base, a hydraulic system for moving the boom
seclions and a boom control. The hoom control controls the hydraulic system in response to
operator input to move boom sections in accordance with the operafor input. The boom
contral comprises a first control module on the base respousive to an opcerator for providing
boom motion commands for causing the hoom (o move in a desired dircetion; a second
control module on the platform responsive Lo an operator for providing boom motion

commands for causing the boom to move in a desircd direction; and a controller area network

interconnecting the first module control module and the second control medule.

In another form, the invention compriscs an envelope controller suitable for use with
an aeriyl work platform having a boom comprising a plurality of boom sections, a hydraulic
system for moving the boom sections, a work platform supported by the boom, a base
supportting the boom, a boom control for providing 2 boom control signal to the hydi-nulic
system, the boom control signal controlling the hydraulic system to control motion of one of
the plurality of boom sections. The envelope vontroller comprises a position detector
subroutine or circuit for deteuling a position of the boom sections or work platform relative to
a position of the base; and 4 position limitation subrouline or circuit for inhibiting the boom
control signal being provided to the hydraulic system when the position detector subroutine
or circuit indicatcs that the dctected position of the hoom sections or work platform refative to

the position of the base will cxceed an envelope limit whereby the cavelope controller limits
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the position of the boom sections or work platform rclative to the position of the base to
within a predclined region,

in unother form the invention comprises un aerial work ypparatus comprising a base; a
platform; a boom having a plurality of boom sections connceting the platform amd the base; a
hydraulic system for moving the boom scclions; and a boom control for conirolling the
hydraulic sy.étem in response to operator input to move the boom sections in accordance with
the operator input. The boow controller compriscs 4 boom section select switch response to
operator input for selecting vne of the plurality of boom sections 10 be moved; a boom motion
input switch responsc {o operator input lor providing a boom direction signal indicative of a
desired direction of boom motion for the selected hoom section to be moved and providing a
desired hoom speed; and a hoom ramping controller, responsive to the boom section sclect
switch and boom motioactin input switch, for éontrolling the hydraulic system to move the
selected boom section in accordance with the boom direction signal, the hoom ramping
controller adapted to cause the hydraulic sysiem to maove the selected boom geclion at a
varying velocity which does not exceed a preset maximum velocity so that the boom
accelerates at a preset rate from zero velocity to the desired velocity,

In another form the invention com priscé an aerial work apparatus comprising 4 base; a
platform; a boom having a plurality of booin sections connecling the platform and the base; a
hydraulic system for moving the boom éeclions; and a boom contro! for controlling the
hydraulic systcm in response to operator input to move the boom sections in accordance with
the aperator input. The bootn control compriscs a boom section sclect switch responsc to
operator input for selecting ouly one of the plurality of hoom scctions to be moved; a boom
motion input switch response to operator input for providing a boom direction signal
indicative of a desired direction of boom motion; and a boorn controller responsive to the
boom section seleet switch and the boom motion input switch for controlling the hydraulic
system to effcct boom motion, the boom controller adupted to causc the hydraulic system to
sequentially move the boom from one opcrator requested movement to the next operator
requested movement or to simultaneously move the boom in a second dircction in response to
an operator tequesicd movement while the boom is moving in response to a previous operator
requested movement.

In another form the invention compriscs an aerisl work platform comprising a

plurality of boom sections; a boom control for providing a motion output signal for
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controlling a motion of one of the plurality of boom sections in response to input from an
operator to the boom control; and a timer subroutine or circuit. The limer subroutine or
circuit comprises a safety subroutine or circuit for monitoring operator input requesting
hoom movement and for preventing the boom contro) from responding to operator input
requesting boom movement in the ¢vent that there has been no operator input requesting
boom movement fdr a first time period; and a power saver subrouline or circuit for
monitoring operator input (¢ the boom control, the power saver subroutine or circuit
deactivating the hoom control when the power saver subroutine or circuit detects no operator
input to the boom conirol for a second time period.

In another form the invention comprises an acrial work épparatus comprising a base; a
platform; 2 boom connecting the platform and the base; a liydraulic system for moving the
boom sections; and a boom controt for controlling the hydraulic system in response to
opcrator input to move boom sections in accordance with the operator input. The boom
conirol compriscs a4 microprocessor having inputs for receiving operator inputs and having
outputs providing output signals which are a function of the operator input provided to the
micropracessor input, the hydraulic system being responsive to the output signals; a frst
control module on the base responsive to an uperator for providing first boom motion
command signals for causing the boom o move in a desived direction, the frst boom motion
command signals being supplicd 1o the inputs of the microprocessor; and a second control
module on the platform responsive to an operator for providing sccond boom mation
command signals for causing the boom to move in a desired dircction, the second boom

motion command signals being supplied to the inputs of the microprocessor.

BRIEF DESCRIPTION OF THE DRAWINGS AND APPENDICES

Figure ! is a perspective illustration of an aerial work plaiform having an clevated
articulated boom.

Figure 2A is a block diagram of a preferred embodiment of the control area network
according to the invention,

Figure 2B is a block diagram of & preferred embodiment of a CAN-based boom
control syslem according to the pfesent invention.

| Figure 3 is a top plun view of a platform control panel module suitable for use with a

CAN-bascd boom control system according 1o the present invention.
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Figurc 4 is a top plan view ol'a ground control pancl module suitable for usc with a4
CAN-based boom countrol system according to the present invention.

Figure 5A is a geometric diagram of zones of operation which deline a safe working
envelope within which movement is restricted by an envelape control system of 2 CAN-bascd
boom controt system according to the present invention.

Figure 5B is a geometric diagram of lhe zones of autorctraciion of a CAN-based boom
control system according to the present invention.

Figure 6A is a graph illustrating the operation of a soft start subrouline or circuit for
use with a CAN-based boom control system according to the present invention.

Figurc 6B is a graph illustrating the operation of a soft sturt subroutine or circuil for
use with a CAN-based hoom coutrol system according (o the present invention wherein an
operating function F1 is ramped down to 50% while a new function is simultaneously ramped
up to 50% and both functions are ramped up to 100% thereafier..

Figure 7A-~7TH are flow charts illustrating the interlocks and envelope control
according to the invention.

Appendix A is an example of a system databasc,

Appendix B is an cxample of the databasc fcalures according to the invention.

Appendix C is a summary of one preferred cmbodiment of the inputs and outputs to
the platform and ground controls.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Figure 1 is a diagram of an aerial work platform 10 suitable for use with (he present
invention. The aerial work platform 10 comprigcs a base unit 100. The buse unit 100 is
mounted on a plurality of wheels 102, at lcast two of which are stecrable, A drive 104
mounted internal (o the base unit 100 is adapled to drive one or more of the wheels 102. The
base unit 100 may be further divided inlo 2 rotating boom support 106 and a base chassis 108.
The support 106 includes a baye operator control pancl 110 which is adapted to rotate with
support 106 about the base chassis 108 as indicated by arrow 109 in response to a rotation
drive 112 mounted insidc the base chassis 108. The support 106 also includes 2 hydraulic
system 114 for powering the rotation drive 112 and for providing power to move the boom
sections. As is known in the art, the hydraulic system may include electrically driven,
variable speed motors which drive hydraulic pumps at varisble speeds to move the boom
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sections ut variable specds. Alternatively, the hydraulic system may be driven by u fuel-
burning engine and may include a constant pressure system having proportional valves which
reccive a pulse width modulated signal to control boom scction movement although it is
preferred that the wheels are driven by variable speed cleetric motors, it is contemplated that
the wheels may be powered by the hydraulic system 114. _

A riser boom 120 in a parallelogram configuration is mounted to the basc unit 100 at a
pivol point 122. A main telescoping boom 124 is connceted to the riser boom 120 viaa
conncling member 126 and pivot points 128 and 130, A hydraulic eylinder 131 expands and
contracts to control the position of the mauin telescoping boom 124. Other hydraulics (not
shown) control the position of the other boom sections. The telescoping boom 124 further
compriscs a nonextending member 132 and an exlending member 134, A work platform 136
is connected to the extending member 134 via a jib baom 138, The jib boom fucther
comprises an upper jib boom arm 140 und a lower jib boom arm 141 in a parallelogram |
configuration and interconnected by 4 cylinder 142 for rotating the jib boom 138. A
platform rotator 144 rotates the platform about the jib boom 138 while maintaining it in a
substantially horizontal position. The platform 136 of the machinc will rotate 90° in cither
direction in a level planc us indicated by arrows 150 and will move up and down with the jib
boom 138 as indicated by arrows 152, Those skilled in the art will recognize that the ahove-
described boom configuration comprises an articulated boom for the uerial work platform 10.

The boom control system as illustrated in Figures 2A and 2B has a configuration
which meels requirements lor control system ilexibility, programmability, muitiplexing and
quick design cycle time. Ln general, the work platform control system consists of two

pritary components, 4 ground control station (GCS) illustrated in the left portion of I'ig. 2B

“and a platform control station (PCS) illustrated in the right portion of Fig. 2B, The two

componenis are linked to be utilized as a system which responds to instructions from an
operator. The components are limitad by a controller area network (CAN), which may be any
network such as a local area network having 1 microprocessor al each node or may be a single
computer controlled nctwork having a ground controller card 202 and a platform controller
card 204 for providing information to a computer based controller 206 via 2 bus 208 such as
twisted puir cables. Prefcrably, the ground control station GSC serves as the master
controller and the platform control station PSC serves as a remote input device to the master
controllcr. Therefore, the controller 206 muy be located on the base with the ground
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controller card 202. Appendix C illustrates the inpuls and outputs to and from the stations.
Howsever, those skilled in the art will recogntize that this configuration is not a necessary
limitation of the invention and that the controller 206 may be remotely located from both the
ground controller card 202 and the platform contraller card 204, or, in some cases, the
controller 206 may be lacated in yombination with the platform controller card 204, in each
case with a variety of inputs and outputs.

It is contemplated that controlier 206 may have an input/output port (not shown)
which would interface with another computer such as a laptop computer which would allow
the system of the invention to be configurable in that the system outputs and their logical
relationships with other system inputs and outpuis may be varied by the laptop. The set of
instructions which describe the inputs, outputs, and their relationships, constitutes the system
database (Appendix A) having features (Appcadix B) which controls the operation of the
acrial work platform 10. As indicated bclow in detail, controller 206 may be programmed |
with parameters which define boom operation by specifying one or more of the following:

parameters which dcfine an envelope within which the hoom is permitted to operatc;

parameters which cause the boom to automatically retract in cerlain positions in
response to'certain operalor requested actions;

parameters which define ramping up speeds or ramping down speeds of boom
movement;

paramelers which define sequential funetions of the boom;

parameters which define simultaneous funclions of the boom; or

parameters which define time periods based on the status of various switches during

which time periods the boom is permitied to operate.

CONTROLLER AREA NETWORK (CAN)

Figures 2A and 2B arc block diagrams of a preferred embodiment ol'a CAN-hased
boomm control system according to the present invention. n gencral, the CAN would have at
least two nodes: (1) a ground control station GCS (or modulc) which is the primary control
and includes a ground controller card 202 and a ground control platform 400; and (2) a
platform control station PCS (or module) which is 4 secondary contro] and includes a
platform controller card 204 und a platform control platform 300. The controller 206 for
controliing the operatian ot a hydraulic system 226 for driving the boom and for controlling a
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drive control 227 for propelling the buse may be part of cithor mode or a separate node. The
platform control station PCS, the ground control station GCS and the controller 206 are
intcrconnected to each other via a shielded, twisted wire pair 208 serving as the CAN-bus.
Optionally, the drive control 227 may constitute a fourth node cormected to the CAN.
Alternatively, discrele wiring may be uscd 10 interconnect the drive control 227 and/or any
interlock switches to the controller 206 (0 minimize tampering or unsafe operation, The PCS
interlaces with all of the platform inputs with the exceplion of a drive control speed
potentiometer (not shown) located on the drive joystick 224 and is used to calibrate the
Jjoystick. The drive control syslem directional and speed inputs (forward, reverse and high
speed) and a high speed request signal are connecled through a multiplex system and are
arbitrated by a system database (Appendix A). In order to provide redundancy, to avoid
tampering and to provide a chock of the interlock switches in any position, each switch may
be a single pole, double throw (SPDT) switch which when operating properly would provide

one open circuit and onc ¢losed circuit.

PLATFORM CONTROL STATION (PCS)

Referring to Figure 2B, to operate any boom function [rom the platform control
stalion PCS, the operator places a key on/off switch 210 located on the ground pancl in an
“ON" position, 1n addition, a second requirement in order to operate any boom control
{unction is that a platform emergency stop switch 212 be set or pulled out by the operator. Tn
addition, it is also required that a platform fool switch interlock 214 be set such as by heing
depressed by the operator. After thesc three (3) interlocks are made, the operator may select
and activale any boom function. Any or all of thase intctlocks m.ay be hardwired to the
conirol 206 or may communicate to the contral 206 via the CAN. Tf hardwired, their status is
still monitored by the CAN to implement various safety features.

To select  boom function, the opcrator must press a button which corresponds to the
desired boom section to be operated on a platform control panél 300 (or module) as shown in
Figure 3. In particular, each hoom scction has a boom function button associated therewith
which, when pressed, selects the particular boom section for operation and indicates such a
selection hy encryizing an alert buzzer 216 which will beep once. This indicates to the
operator that the particular function has been selected. In addition, each section has an
associated L.ED which will be illuminated to further indicate the purticular boom section
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which has been selected for opcralion by the operator, I'he boom section select switches 262
(i.e., function buttons) and the LED indicators 264 associated with each hoom section will be
described below with regard to Figures 3 and 4.
Once a boom section has heen selected by the operator, the opcrator may then activate
a boom function by actuating a directional motion input switch such as by moving a boom
Joystick 218 on the platform control panel 300 in the desired dircetion. In response,
controller 206 will provide appropriate signals to a hydraulic system 226 which controls a
pump motor and/or valves at a speed to respond proportionately to the increasing or
decreasing deflection of the hoom joystick 218. To stop any further motion of the activated
function, the operator simply releascs the boom joystick 218 to its centered position.
The system includes interlocks und timers which may litnit further movement of the
boom. In cuses where a boom section hus been selected and moved and the movement is
complete, so that the motion has stopped, the selected tunclion will remain active for a briel
period of time until one of the following events ocours: (1) no further motion of the selected
boom scution is requested by the opcrator for more than a preset period of time such as ten .
seconds; (2) the platform foot switch interlock 214 is released by the vperator; or (3) the
cmergency stop switch 212 is placed in the stop position. Il any three of these events occurs,
the previously selected boom section and activated function become inactive and the alert
buzzer 216 will indicate that the function has been inactivated with two short boeps. In the
event that the fool switch interlock 214 is rclcased by the operator, the alert buzzer 216 will
indicate the release with two short bevps.
One skilled in the art will recognize that these safcty features for interlocking and
limiting operation may be implemented in a2 number of ways. For example, as ilfustrated in
Figure 2B, a separate safcty subroutine or circuit 222 (as required by ANST or EN2B0 safcly
standards for aerial cquipment utilizing computer conirols) may be associated with the
controller 206 {o monitor the foot switch 214 and emergency stop switch 212 as well as to
kecp track of the time since the operator has last moved the sclecled boom section.
Alernatively, the safety subrouline or circuit 222 may be implemented by modular software
within the controlier 206 which provides the monitoring function. In general, the safety
subroutine or circuit monitors boom controller input signals such as provided from the foot !
switch 214, stop switch 212, and boom joystick 218 via platform controller card 204 and .
CAN 208 1o (he controller 206.
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In addition, il is contemplated that the systcm may also include a power saver feature.
Tf there is no activity at the platform control station PCS for a preset period of time such as
three minufes, the system will deselect all functions and will go into a power saving (slcep)
mode. The alert buzzer 216 will beep two limes to indicate the change in system slatus.
Inactivity is defined as the sbsence of any boom or drive motion for the preset three minute
period. As with the safety interlock noted ahove, this feature may be implemented by a
separatc power saver subroutine or circuit 222 as shown in Figure 2 or may be implemenited
by sollware which is executed by the controllcr 206. In the power saving mode, all panel
LEDs are commanded off by controllcr 206 and any circuit ignition is disabled. In this power
saving mode, the apparatus can appear to be “OFF.” However, the control system and
network are still funclioiml and consume a small amount of power. When operating from the
platform control station PCS, the operator can recover from the power saving (inactivity)
mode by activating or recycling the fool switch 214 or the emergency stop switch 212. This
fealure also functions as a safety mcasure in that an operator cannot permancatly cngage the
foot switch 214 with some forcign object. For example, if an operator on platform 136
wedges a foreign object such as a beverage container in the foot switch 214 (o hold the switch
in its closed or down position, this feature would prevent operation of the system from the
platiorm after no activity for the preset period. As a result, an operator could not deftat the
purpose of the foot switch by permancn(ly engaging it with a foreign object.

Additional power saving [atures are contemplated and may also be implemented.
For example, in cascs where the operator or person respongible for apparalus stowage forgets
to turn off the on/ofl'key switch 210 controlled hy the operator, the batteries could run down
after an extended period of idle time. To help preven( or minimize this situation, the
controller 206 may activate a ground motion glarm after a preset period of extended inactivily
such as one-half hour. At that point, the motion alarm wi Il remain active for a period of time
such as one minutc. Allgr another preset petiod such as a half hour of inactivity, the alert
cycle will start over again sournkling the motion alarm. In effect, the machine is indicating a
signal to remind the opcrator to turn the machine off.

In summary, the invention preferably includes a timer subrouting and/or circuit in
combination with or programmmed with the contraller 206 including a 10 second safety
subroutine and/or circuil 222, and a three (3) minute power saver subroutine and/or circuit
220. The safety circuit 222 monitors motion output signals initiated by the operator by
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activating the boom scetion sclecl switches or boom joystick. The safety circuit 222
prevents the boom controller 206 from responding to the boom joystick il there has been no
boom movement or boom section selection via a boom section select switch for a first time
petiod, such 45 10 seconds. ‘This prevents inadvertent activation and/or movement of the
boom if un operator accidentally touches the boom joystick more than 10 seconds after the
operator's last command. This safety circuit assumes that the operator is working on the
platform rather than moving il and essentially kills the boom joystick so that it will not move
the boom if the operator accidentally bumps it which working.. The power safely circuit 220
monitors the boom controller input signals and deaclivales the controller 206 when the power
saver circuit 220 detects no boom controler input signals for a second time period, such as
three (3) minutes. This powers down the system and requires the foot switch 214 to be
cycled (opened and closed) in order to power up the system. The power saver function also
provides a safcty fealure because it prevents an operator from jamming a can or other foreign
objcct in the foot switch to keep it permanently closcd.

To power one or more of the wheels 102 v operate the drive and steer functions of the
apparatus, there is also a serics ol interlocks that must be in place. In particular, it is required
that the platform cmergency stop switch 212 be set or pulled out and the platform foot switch
interlack 214 must be sct or depressed. When these two interlocks are made, the operator
may selcct and aclivale the drive or steer functions of the apparatus. All drive motion is
conlrolled by a drive control joystick 224 on the platform control panel 300. The control
joystick 224 proportionatcly controls the drive speed in two separate ranges, low range and
high range. The drive spced rangs is selected by pressing a drive range switch 304 on the
platform control panel 300. The high range speed can only be activated when the boom is
cradled and a boom cradle interlock switch is closed to indicate that the boom is in the
cradled position and an angle sensor indicates that the slopc angle on which the platform
rests is less than five degrees. The boom cradle interlock switch and/or the angle sensor
constitute a position detector circuit or, if implemented in software, constitute a position
detector subroutine. To stop motion of the active drive or steer function, the opcrator may
release the drive juystick 224 to its centered position, release the platform ool swilch
interlock 214 or release the emergeney stop switch 212, As noted above, these switches
would be SPDT switches. For example, when the boom is cradled, one side of the boom
switch would provide a closed circuit and the other side would provide an open circuit,
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When the boon is not cradled, the one side would provide an open circuit and the other side
would providc a closed circuit. If both sides arc simultaneously open or closed, this would
indicatc to the microprocessar of controllcr 206 that a malfunction has occurred (see displays
346 and 460, below). Tf the platform 100 is equipped with crab stecring or four wheel
steering, position sensors may be located on each wheel to indicate wheel position.
Preferahly, the wheels would be parallel and straight before transitioning for one type of’
steering to another, In addition, the control 206 myy be programmed to automatically orient
all whecels (o be parallel and straight ahcad when changing from one type of steering to
another, :

The platform control station PCS has two primary input banks: a switch input matrix
and a discrete digital input terminal strip. The controllcr 206 which is preferably located at
the platform scans a 4 x 3 switch matrix for operator commands, and monitors discrete digital

inputs {rom the interlock inputs such as the fool switches, jib limit switches and emergency

" stop swilch. The interlocks are input into the control system sa that they may be included in

the database description of the machine. Certain interlocks are also routed to the apparatus
interlock subroutine or circuits which are external to the control system.

The following is u description of the elements as illustrated in Figure 3 which form
the switch matrix inputs. A horn switch 302 operates the electrical hom located al the base
unit 100 to allow the operator to warn others around the aerial work platiorm 10. A range
switch 304 selects the speed range (high range or low range) for the drive system. As noted
above, the operation of this funclion is governed by the position of the interlocks and the
vradle switch. A range LED indjcator 306 indicates the status of the range switch 304, A
base swing function switch 308 generates a request 1o rolate the boom support 106. The base
will rotatc 180° in either direction. In general, for all boom functions, their activation,
dircetion, and speed would be dictated and controlled by the hoom joystick inputs and each
Runction is governed by the position of the interlock inpuis. A basc swinyg function LED
indicator 310 illuminates when the base swing function switch 308 has been selected such as
by being depressed by the operalor.

A riser hoom function switch 312 may be activated by the operator to select the riscr
boom 120 for mavement. The riser boom |20 will raisc or lower the level of the platform
136. A riser hoom fonction LED indicator 314 illuminates when the riser boom function

swilch 312 is activated. A main boom function switch 316 generates a request to move the

LN
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nain telescoping boom 124. ‘The main boom 124 gperates about pivol point 128 and will
raise and bring inward the position of the platform 136, or lowcr and force outward the
position of the platform 136. A main hoom Rmction LED indicator 318 illuminales when this
function is selected by the operator. A tclescoping hoom function switch 320 generates a
request to extend or retract the telescoping boom 124, The telescoping bouvm 124, depending
on the angle of the riser boom 120, will extend and force upward or retracl and force inward
the platform 136. A telescoping boom function LED indicator 322 illuminates when the
telescoping boom function is selected by the operator. A jib boom function switch 324

. generales a request to move the jib boom 138, The jib boom 138 operates to pivot about a

pivot point in response to the parallelogram configuration 142 of the jib boom and when
below the horizontal position, the function will raisc and force outward or lower and force
inward the position of the platform 136. When the jib boom 138 is above the horizontal
position, its function will raisc and force inward or lower and force outward the position of
the platform 136. A jib boom function LED indicator 326 illuminates when this function is
selccted.

A platform level function switch 328 generatces a request to automatically level the
plaiform 136. A platform level function LED indicator 330 illuminates when this function is
sclected. A platibrm rotate function switch 332 generates a request to rolate the platform.
The platform 136 of the machine will rotate 90° in either direction in a level planc as
indicated by arrows 150 in Figure 1 and will move up and down with the jib boom as
indicated by awrows 152. A platform rotate function LED indicator 334 will illuminate when
this function is sclected. An emcrgency power switch 336 generates a request to actuatc an
emergency hydraulic pump, The emergency hydraulic pump is driven by an electric motor
vonnected to the emergency 12 volt dc battery., When this function is selecied, an cmergency
power LED indicator 338 illuminates.

The terminal strip inputs for the platform control station PCS are as follows: a
Joystick drive signal A corresponding (o a drive command to the controller 206; a joystick
drive signal B corresponding to a drive direction to the controller; a drive joystick stecr right
signal corresponding to a steer right command to the controller; a drive joystick steer lefl
signal corresponding 10 a steer left cotumand to the controller; the foot swilch interlock; the
emergoncy stop interlock; a jib low angle interloek limit switch which is tripped when the jib
boom 138 is at a low angle; a jib low angle redundant interlock limit switch which is tripped
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when the jib boom 138 is not at a low angle; a boom joystick x-axis input which is a
proportional analog input to the controller representing the boom joystick x-axis pasition; and
a boom joystick y-axis input which is a proportional analog input to the controller
representing the boom joyslick y-axis posilion.

The platform conirol station PCS has two- primary output banks: the LED output
matrix and the discrete digital output terminal strip. The platform controller refreshes 2 4 x 4
LEI) matrix for indicating functions and feedback and also controls discrete digital outputs
for alarms. The stales of the LEDs at the platform station are determincd by the systom
database (Appendix A) and arc sent to the platform control station from the ground control
station GCS via the system CAN network.

The platform LED matrix oulputs for the apparatus arc LEDs 306-338 as noted above.
In addition, the T.ED matrix outpuls include a baltery hank (48 vde) L.ED array 340 indicating
the stale of the 48 volt battery bank, a status OK LED 342 indicating no errors prescal in the
systcm, and a stalus warning LED 344 indicaling errors present in the system, The platform
coniro] panel 300 also includes a numeric display 346 which reports the system errors and
status. For cxample, errors may include inconsistent switch indications. The cradle switch
cannot indicate that the boom is in the cradie at the same time that the angle switch indicates
that the boom is at un angle since, by definition, a cradled boom is at zcro degrees angle.
Also, the extended switch and the retracted switch cannot both be activated simultaneously.
Some error would cause the control 206 to disable the unit whereas other errars may allow for
limited or unlimiled operation,

The terminal strip outputs for the platform control station PCS are a single function
alert signal which is a buzzer which indicates swilch presses and various other function
control states. ‘There is one cable which connects the platform control station PCS to the
ground control station GCS. Between the two stations there are elcven signal and power
supply wires. There is 2 terminal strip on the control card of the platform control station
terminal strip which interfaces the control station to an external processor such as a laptop
computer, A tilt alarm is provided as purt of the platform control station.
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GROUND CONTROIL STATION (GCS)
The ground control station GCS has two primary inpul banks from the switch input

matrix and from the discrete digital inputs of the interfuce connectors, The controller 206
which is located at the ground control station scans 4 4 x 5§ switch matrix of operator inputs
and monitors discrete digital inputs for interlocks and warnings such as the tilt sensor and
boom limit switchcs, .

~ The ground switch panel matrix inputs are as follows. Figure 4 illustrates the ground
control panel 400 (or module). Tt includes 2 ground control interlock switch 402 which
corresponds to the platlorm foot switch 214 at the platform control station, A platform
control LED indicator 404 is illuminated when plaiform control has bevn selected whereas a
ground control LED illuminator 406 is illuminated when ground control is in use. A basc
swing function switch 408 generates a rcquest 10 rotate the boom support 106. A base swing
function LED indicator 410 iltuminales when the hase swing function switch has been
activated, _

A riser hoom function switch 412 gencrates a request to move the riser boom 120, A
riser boom function LED indicator 414 illuminates when this function is selected. A main
boom function swilch 416 generates a rcquest to pivot the main telescoping boom 124, which
request is indicated by illuminating a main boom funetion LED indicator 418. A tclescoping
boom function switch 420 gencrates 4 request to extend or retract the telescoping boom,
which {unction is indicated by illuminating a telescoping boom function LED indicator 422.
A jib boom function switch 424 generates a request to move the jib boom 138, which
function is indicated by illuminating a jib boum function 1.KED indicator 426.

A platform level function switch 428 generates & requcst to level the platform 136
which request is indicated by illuminating a platform level function LED indicator 430. A
platform rotate function switch 432 generates a request to rotate the platform, which request
is indicated by illuminating a platform rotate function LED indicator 434. An emergency
power switch 436 penerates a request for the cmergency hydraulic pump, which request is
indicated by illuminating an emergency power LED indicator 438.

The ground contro] panel 400} also includes a boom motion input switch for
controlling boom directional movement, such as a boom keypad 252, Aliernatively, the
hoom keypad 252 may be replaced by a joystick, In the keypad 440, an up high speed switch
activates movement of the selected boom section upward at fast pump motor speed. An up
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low speed switch 442 activates movement of the selected boom scetion upward at a slow
pump motor sped. A down high speed switch 444 activates movement of the selected boom
section downward at fast pump motor speed. A down low speed switch 446 activates
movemen( of the selected boom section downward at a slow pump motor speed. A clockwise
high speed switch 448 activales movement of the sclected boom section clockwise at a fast
pump motot speed. A clockwise low speed swilch 450 activates movement of the selected
boom section clockwise at slow pump motor speed. A counter-clockwise high speed switch
452 activates movement of the selected boom section counter-clockwise at fast pump motor
speed, A counter-clockwise low speed switch 454 activates movement of the selected boom
section counter-clockwise at slow pump motor speed. In other words, the GCP 400 provides
two speed control of the movement of the boom via keypad 252 whercas the PCS 300
provides variable speed control of the movement of the boom via joystick 218.

‘The ground control station GCS includes the following discrete inputs to the
controller 206, a low brake release prossure input indicates that the hydraulic pressure is too
low to relcase the wheel brakes lor drive operations; a tilt swilch input i11dicaies that the
apparatus is tilted (i.e., the tilt switch is active); a main boom down input indicates that the
main boom 124 is in the full down position; a main boom not down input indicates when the
main boom 124 is not in the full down position, a main boom high angle input indicates when
the main boom angle is high (e.g., over 50 °); a main boom not high angle input indicatcs
when the main boom angle is not high; 1 main boom extended input indicates when the main
boom 124 is extended over a maximum amount (e.g., 33"), 2 méin boom not extended input
indicatcs when the main boom 124 is not extended; a main boom retracted input indicates
when the main boom 124 is fully retracted; and a main boom not retracted input indicates
when the main boom 124 is not fully rctracted.

As with the platform control panel 300, the ground conirol panet 400 includes u status
ok LB 456, a status warning LED 458 and a numeric display 460.

The ground control station GCS has two primary output banks to the LED oulput
matrix and the high side driver output bank (master controller driver card). The driver card is
connccted Lo the devices on the apparatus through several connectors located on the GCS
enclosure. The ground controllcr refreshes a 4 x 4 LED matrix for indicating funclions and

feedback and also controls digital outputs for valves, alurms, solenoids, and relays. The
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statcs of the LEDs at the ground station arc determined by the system database and are sent to
the pround station control 1.ED/switch interface card via the systcm CAN network.

In addition, the ground conirol panel 400 includes an hour meter 462 indicating the
hours of operation of the acrial work platform 10. Also, the ground control panel 40()
includes an emergency stop switch 256 and an on/off kcy swiich 258 (see Fig. 2)
corresponding to those aspects of the platform control panel 300.

"The ground control panel 400 also includes a ground contral interlock switch 260
whicl} corresponds in function to the plaiform foot switch interfock 214, The ground control
interlock switch 260 is locatcd on the surface of the ground conirol panel 400 and must be
continuously depresscd by the operator in order to maintain active control of the aerial work
platform 10 from the ground contrel panet 400, |

As a result, the controller 206 is responsive {u the boom section select switches (312,
316, 320, 324, 328, 332, 412, 416, 420, 424, 428 and 432) and the boom motion input
switches for controtling the hydraulic system to effect boom miotivn. It is contemplated that
the controller may be adapted to cause the hydraulic system (o discontinue hoom motion for 4
previously selected boom section if its boom motion inpul switch is in the selected (second)
position when the boom motion select switch selects a current boom section different from
the previously sclected boom section. Further, the boom controller may be adapted (o cause
the hydraulic system to initiate boom motion for the currently selected boom section after
discontinuing movement of the previously selected hoom section whereby only one boom
scelion may be moved by an operator at a time and boom motion for the previously seiected
boom section is discontinued before the currently selccted boom section moves.

Relerring to Figure 5, there are four limit switches which monitor the position
of the boom. The limil switches provide inputs to the controller 206 and arc incorporated into
the rule database describing the apparatus. For diagnostic purposes, cach limit switch has a
redundant contact wired to the controller 206. Limit switch 1 ig 2 main boom angle limit
switch which measurcs the muin boom angle with horizontal and is active whenever an angle
of the main hoom 124 is low or below a preset maximum such as 50°. Limit switch2is a
main boom extension limit switch which measures the main boom extension and is active
whenever the main telescoping boom is extended less than 4 preset amount such as 33",
Limit switch 3 is a main boom retracled limit switch which detects the main boom position

and is aclive whenever the main telescoping boom is near [ully retracted, such as within 9",
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Limit switch 4 is 4 jib boom angle limit switch which meusures the jib boom angle with
horizontal and is active whenever the jib boom angle is below a preset amount such as 30°
above horizontal. Optionally, a fifth limit switch not illustrated in Figure 5 may be employed
in the form of a main boom cradlc limit switch which monitors the main boom p_osition and is
active when the main boom and riser boom are in the most down position.

Two conditions can exist which may lirgit the movement of the boom. The first
condition is referred to as position A and includes positions when the angle of the jib boom
138 relative to horizontal is not low and the main boom 124 is extended less than 33", In
position A, requests to raise the jib boom 138 are ignored. In position A, the jib down
function is allowed; however, the jib boom will automatically be activated if a down boom
retract command is issued while position A exists. A sccond condition is referred to as
position B and includes positions when the angle of the main boom 124 relative to horizontal
is low and the main boom 124 is extended morc than 33", In position B, requests to extond
tihe main boom 124 are ignored whereas the retract function is always atlowed; however, the
retract function will be automatically activaled if the main boom down conunand is issued
while position B exists. As illustrated in Figure 5, this defines shaded arca NO ZONE ONE
which identifies an area in which the platform is vot permitted to operate. In addition, this
defines a shaded area NO ZONE TWQ in which the jib is not permitted to operate. It should
also be noted that when the boom moves from an angle of above 50° to an angle of'less (han
50°, the coniroller 206 initiates an auto-retract mode to retract the main boom so that the
platform is maintained within the acccplable operating Zones.

The following table sumnmarizes the zone of "no" operation and the position of the

boom as detected by switches for positions A and B:

ZONES: ANGLE EXTENSION B
NOZONEONE 0°to35° .33" to 67" N/A
NOZONETWO 35°1075° 0"t 33" . 0° to 45°

SWITCIIES: POSITION A POSITION B
1. ANGLE 0° to 50¢ 50° to 75°
2. EXTENSION 0" to 33" 33" 10 67"

3. FULL RETRACT 0" to 6" 6" to 67"
4. JIB ' -90° (o -20° -20° to +45"

An cnvelope controller suitable for use with an aerial work platform huving a boom
comprising a plurality of boom sections, a hydraulic system for moving the boom sections, a
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work platform supported by the boom, a hase supporting the boom, a boom controller for
providing & boom control signal to the hydraulic system, the boom control signal controlling
the hydraulic system to control motion of onc of the plurality of boom sections, the cnvelope
controller comprising: |

As a result, the invention includes # position detector subrouting or gircuit for

detecling a position of the boom scetions or work platform relative (o a position of the base

and a position limitation subroutine or circuit (implemented in hardware or in software in the
controller 206) for inhibiting a boom control sighal being provided to the hydraulic system
from the controller 206 when the position deteclor circuit indicates that the delected position
of the boum sections or work platform rolative to the position of the basc will exceed an
envclope limit whereby the envelope controller limits the position of the boom sections or
work platform relative to the position of the base to within a predefined region. In addition,
the invention includes an auto retract subroutine or circuil for retracting the extendible scction
when the operator moves the boom sections or work platform outside the predefined region to
maintain the work platform within the predefined region.

The apparatus operates according (0 & defined set of rules. The rule database in
conjunclion with certain controller varisbles defines the operation of the aerial work platform
10. _

The controller ares network CAN includes a multiplexing system which performs the
specific function of passing information betwcen the nodes of the boom control system. The
network is designed to be utilized within the parameters and guidclines of the Society of
Automotive Engineers, Specification No, J1939. The multiplexing system exists within the
SAE J1939 network as an independent segment. A segment is distinguished by all devices
sceing the signal at the samc time. The multiplex system is referred to as a boom electrical
control segment sub-nctwork, and may be connected together with other segments by devices
which include rcpealers, bridges, and routers. Colloctively, all the segments together form
the SAE J1939 vehicle-wide network,

There are five devices which are part of the boom control clecirica] segment
controlled by a message format. Each device has a discrete input and output address space.
The devices arc the platform input/output node, the boom joystick input/output node, the
ground output node, the ground control switch input node, and the master ¢ontroller node
MCN.
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The master control module MCM is located inside of the ground vontrol station
enclosure. The MCM is the main controller 206 for the cntire system and its primary
function is to evaluate the system rule databasc and arbitrate data to and from other devices
on the network. Operation of the electrical system is dictated by a predefined database
{Appendix A). The database describes the relationships between the devices in the elcetrical
systemn. The MCM evaluates the database and arhitrates data to and from cach specific
device in the system. The MCM implements the class 1 multiplexing database enging (o
evaluate the system database residing in a non-volatilc flash memory of the device.

One of the nodes of the CAN is a platform inpul/output node. This is a generic node
which interfaces to a switch panel matrix and asserts LED outputs as commanded by the
MCM. This node also allows discrete digital inputs and outputs. Another mode is a boom
joystick node which interfaces to dual-access analog joysticks such as mechanical joysticks
with potentiometers or inductively coupled joysticks with independent access outputs. The
joystick node translates the joystick positions into a scrics of switches and directions and
repotts the data to the master control module. The ground control LED/switch panel node is
also a generic (non-intelligent) node which interfaces to a switch panel matrix and asserts
LED outputs as commanded by the master contral module. This node is located inside of the
ground control station enclosure. The power output driver node contains 4 bunk of high side
output drivers which connect to and control the apparatus components. This node is located
inside the ground control station enclosure. The hardware for the platform control station
serves the power output driver node and, additionally, serves the boom joystick node. The
hardware for the master control modulc serves the power driver output node as well as the
tnaster control module nelwork I/O data space. The network, however, sees these nodes as
occupying independent address space. The nodes may be scparated into independent
hardware components without any impact on the overall system.

One aspect of the invention includes a soft start or ramping function in which the
controller responds to the baom section sclect switches and boom motion input switches to
control the hydranlic system to gradually move (he selected boom section in accordance with
the boomt direction signal. As shown in Figure 6, the controller causes the hydraulic system
to move the selected boom scetion at a velocity which accelerates at a preset linear rate from
zero velocity to a preset maximum velocity. For example, line 600 illustrates a situation
when the operator is requesting movement of a boom section at maximum velocity. This
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request could be indicated by maximum dclleclion of the boom joyslick 218 or by selecting
one of the high speed switches of the ground controt panel 400, ‘In this situation, the
controller 206 provides a digital signal which begins a zero velocity and steadily ramps up to
maximum velocity over a two second period. (This digital signal is converted to an analog
signal by an analog-to-digital converter, not shown, and the converted analog signal is
suppled to the hydfaulié system 226.) In another example, line 602 illustrates a situation
when the operator is requesting movement of 4 boom section at half or 50% of maximum
velocity. This request could be indicated by partial deflection of the boom joystick 218 or by
selecting one of the low speed switches of the ground control panel 400. Tn this situation, the
controller 206 provides a digital signal which begins a zero velocity and steadily ramps up to
50% of maximum velocity over a one second period. It is contemplated that the ramping
ratcs may be nonlinear and that the ramping period (shown in Fig, 6 as two seconds) could be
0.5 scconds or less or 2.0 seconds or morc. Tn addition, the ramping period may vary
depending on the function. For example, the ramping period for lifting a boom section could
be 0.5 seconds whereas the ramping period for lowering a boom section could be longer and
set at 0.75 seconds to more slowly begin the lowering movement. On the other hand, the
ramping period for rotating a boom section could be even longer and set at 1.5 seconds to-
effect rotational movement which is initialed even more slowly than the lowering movement.
As a result, the controller 206 constitutes a boom ramping controller, responsive to the boom
section select switches and boom motion input switches, for controlling the hydraulic systerm
to move the sclected boom section in accordance with the boom direction signals generated
by the boom motion input switches. The boom rumping controller is adapted to cause the
hydraulic system to move the sclected boom section at.a velocity which accelerates at a presetl
rate from zero velocity to a preset velocity, as shown in Figure 6.

It is also contemplated that the controller 206 may be programmed to causc the
hydraulic system to substuntially instantly discontinue movement of the selected boom
section in response to operator input indicating that the motion of the selected boom section
should be terminated or indicating that another boom section should be moved. For example,
if the operator suddenly released boom joystick 218 and allowed it to return to its central
position, the digital signal provided by the controller 206 would be terminated causing the
hydraulic system to immecdiately terminate movement of the selected boom scction. This
provides a safety feature in that the operator has the option to immediately discontinue boom
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section movement in the evenl of a dangerous or unsafe condition. This aspcct of the
invention and the immediate termination of movement of a boom scetion is Hllustrated in Fig.
6 by line 600 drapping from maximum specd to zero speed at 2.5 scconds and by line 602
dropping from 50% maximum spced to zero speed at 2.0 seconds.

As shown in Figure 6B, it is also contemplated that the control 206 permit a
movement of the boom in a second dircelion while the buom is being moved in a first
direction. For example, assume that member 134 of the telescoping boom 132 is being
extended (which we will call function F1) and (he opcrator would like (o raise the jib boom
138 (which we will call function ¥2). As shown in Figure Gb, at time t, function F1 is
operating to extend the telescoping boom at maximum specd. At time t; the operator
requests that function F2 be exceuted in addition to function F1. In response, the controlier
206 ramps down function F1 to 50% and simultaneously ramps up function F2 so that at time

1, both functions F1 and F2 are at 50% of maximum operating speed (which is called a
transition speed). Thereaficr, the controller ramps up functions F1 and F2 simultaneously to
maximum at time t,. It is contemplated that the ramp down rate and ramp down point for
function F1 could be different thal the ramp up rate and point for function F2. For example,
function F1 could be ramped down lo 75% while function F2 is ramped up to 30% and then -
the two functions could be ramped up simultaneously or sequentially thereafter, either at the
same rate of ramp up or at different rates or at rates which are proportional lo cach other. 1t
is also contemaplated that any and all of the parameters (e.g., ramp ratcs, maximum speed,
transition speed, speed when other funciions are opcrating, speed when the unit is horsepower
challenged, etc.) relating to operation of each function may be programruable by an operator
in the field, For example, either the platform or base station would have a key pad which
would allow the operator to indicate the maximum speed for a particular function, the ramp
up rate or the ramp down rate as illustrated in Figurcs 6A and 6B, the maximum speed or the
transition speed. Also, a separate sct of parameters can be programmed or implemented in
the event that several functions are being executed simultaneously and the apparatus is
horsepower challenged. For example, reduced maximum and transition speeds could be
executed when three or more functions are being simullaneously executed so that the
apparalus is not horsepower challenged.

Referring to Figs. 7A-7H, the operation of the microprocessor of the controller 206
according to the invention is illustrated particularly with regard to envelope control, error
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detection and automatic retraction. In Fig. 7A, the status of the cradle switch is first
evaluated. The cradie switch has two sides which, as noted above, should have opposite
status so that when side 1 of the cradle switch is high, side 2 of the cradlc switch is low and
vice versa, Al step 702, side 1 of the cradle switch is evaluated, Ifside 1 is low, the
microprocessor proceeds to step 704 to consider side 2 of'the cradle swilch. Ifside 2 is high,
the indication is that the boom is.not cradled und in state (2) so that the high speed drive is
disabled at step 706, If side 2 of the cradle switch is low (and since side 1 is also low) an
crror is indicated since both sides should not be low and operation is interrupted by step 708.
If side 1 of the cradle switch is high, the microprocessor proceeds [rom step 702 to step 710
lo evaluate the status of side 2 of the cradle switch. If sidc 2 is also high, an error is again
indicated since both sides should not be high and operation is interrupted by step 708, If side
2 is Jow, this indicatcs that the boommn is cradled and in state (1) and the microprocessor can
proceed with the next sub-routine to consider the angle switch.

At step 712, side 1 of the angle switch is considered. Lfsidc 1 is low, side 2 ol (he
angle switch is considered by step 714. U'sidce 2 is high, this indicates that the angle of the
boom is low (e.g., Jess than 509) so tliat the boom is in slyle (4) and operation of the
apparatas can proceed. L side 2 is low (and since side 1 is also low) an error is indicated and
operation of the appuraltus is interrupted by step 716. If side 1 of the angle switch is high, the
microprocessor proceeds from step 712 to step 718 to consider the status of side 2 of the
angle switch. If side 2 is also high, an error is again indicatcd and the upparalus operation is
interrupted by step 716. 1f side 2 is low, this indicates that the angle of the boom is equal to
or greater than 50)° and the boom is in state (3). The microprocessor can now proceed to the
next subroutine. |

| In Fig. 7B, the microprocessor determines whether member 134 has heen extended
from the telescoping boom 124. At step 732, the status of side 1 of the retract switch is
evaluated. If it is low, the status of side 2 of the retract switch is evaluated by slep 734. If
side 2 is high, this indicatcs that the boorn _has not been fully retracted and in state (6) so that
the high speed drive is disabled by step 736. Ifside 2 is low (and since side 1 is also low), an
error is indicated so that operation of the apparatus is interrupted by step 738. If side 1 of the
reiract switch is high, side 2 of the retract switch is cvaluated. If side 2 is also high, an error
is again indicated and operation of the apparatus is inlerrupted by step 738. If side 2 is low,
this indicates that the boom has been fully retracted which means that the boom is in state (5).
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Next, the boom extension switch is considered. In gencral, this switch indicales when
the boom has been extended more than a presct amount Such as 33 inches. Al step 742, side 1
of the extension swilch is evaluated. If side 1 is low, the microprocessor proceeds to step 744
lo evaluate side 2 of the extension switch. If side 2 is high, this indicates that the boom has
been extended less than 33 inches and that the boom is in state (8). Ifsidc 2 of the extension
switch is low (and side 1 is low), an .error is indicated and opcration of the apparatus is
interrupted by step 746. [f side 1 ofthe extension switch is high, the microprocessor _
proceeds to evaluate side 2 ol the extension switch at step 748. If side 2 is also high, an error
1s again indicated and operation of the apparatus is interrupted by step 746. Tf side 2 is low,
this indicates that the boom has heen extended hy 33 inches or more and the boom is
considered to be in state (7).

In Fig. 7C, the jib anglc switch is cvaluated to deterrmine the angle of the jib boom
138. Atstep 752, side 1 of the jib angle swilch is evaluated. If it is low, the microprocessor
proceeds to step 754 1o evaluate side 2 of the jib angle switch. If side 2 is high, this indicates
that the jib angle is low (e.g., less than or equal to 15° above horizontal) so that the boom is
in state (10). If side 2 is low (and side 1 is low), an error is indicated that so operation of the
apparatus is interrupted by step 758, Ifside 1 is high, the microprocessor proceeds to slep
760 to cvaluate side 2 of the jib angle swilch. If side 2 is also high, a switch error is indicated
and opcration of the apparatus is interrupted by step 758. If side 2 is low, this indicates that
the jib ungle is greater than 15° above the horizontal and that the boom is in state (9).

The following table summarizes the various hoom states and the corresponding state

numbers.

Table of Boom Stale

State Switch Status of Boom

(1} cradle cradled

(2) cradle not cradled

(3) boom angle angle »50°

(4) hoom angle angle <50°

(5) retract retracted

(6) retract extended

{7 exlension extended >33"

(8) extension extended <33"

©) jibangle - angle >15° abovce horizontal

aom jib angle angle 15" above horizontal
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In Fig. 7D, the micropracessor compares the state of the cradle and angle switches and
the state of the extend and retract switches, If either of these comparisons indicates that the
switches compared are inconsistent with each ather, operation 61‘ the apparatus is interrupted.
In particular, the cradle and angle switches are comparcd at step 772. 1f the cradle switch
indicates statc 1 and the anple switch indicates state 3, this is an inconsislency because the
cradle swilch is indicating that the boom is cradled and the angle switch is indicating that the
boom is at a high angle (not cradled) so that a switch error is detected and operation is
interrupted by step 774, Otherwise, the microprocessor proceeds to step 776 to comparc the
status of the retract and extend switches. I the retract swilch indicales stale 5 and the extlend
switch indicates state 7, this is an inconsistency because the relract switch is indicating that
the boom 1s retracted and the extend switch is indicating that the boom is extended more than
33 inches (not retracted). Therefore, the microprocessor proceeds to step 774 to interrupt
operation of the apparatus. Otherwise, the operator inputs are considered acceptable at step
778. Thereafter, the microprocessor will cxceutc one of the sub-routines illustrated in Figs.
7E-7H, depending on the posilion of the platform.

If the platform is in envelope zone § and the operator is indicated instructions to
cxtend the boom which would cause the platform to approach zone 3 (which is a non-
operating zone), as indicated in Fig. 5B, the microprocessor will execute the sub-routine of
Fig. 7E. At step 782, the status of the extension switch is considcred. At step 784, the status
of the angle switch is considered. Relerence character 780 indicates an AND gate, Ifthe
cxtension switch indicates state 7 (boom extended greater than 33 inches) and the angle
swilch indicales state 4 (an angle less than 50°), two high inputs are provided to AND gate
780 so that the microprocessor proceeds to step 786 to disable any further extension of the
extendable member 136. For any other state combinations, when in zone 1 and approaching
zome 3, extension is permitted by step 788.

if the platform is in envelope zone 4 and the operator is attempting to approach zone 3
by lowering the boom, the sub-routine illustrated in Fig. 7F is executed. If the extension and
angle switches indicate states 7 and 4 to AND gate 790, the microprocessor executes the auto-
retract feature at step 792 to retract the extendable boom until it is in a safe operating zone,
Otherwise, the opurator is permitied to lower the boom at step 794.

The sub-routine fog Fig. 7G relates (o a situation where the platform is in envelope
zones 1 or 2 and the uperator is attempling to approach zone 3B (which is a non-operating
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zone) by raising the jib, If the jib angle switch indicates slate 9 and the extension switch
indicates state 7 so that high inputs are provided to AND gate 796, upward movement of the
jib boom is disabled hy step 798. Otherwise, the micropracessor allows upward movement
of the jib boom by step 802.

Fig. 7H is the sub-routine applicable when the platform is in zonc 4B and the operator
is aitempling (o approach zone 2B (which is 4 non-operating zone) by retracling the boom, If
the jib angle swilch indicales state 9 and the extension swilch indicates state 8, high signals
are provided to AND gate 804 so that the microprocessor executes step 806 to automatically
move the jib downward. Otherwise, the microprocessor executes step 808 to allow the
operator to retract the boom.

As various changes could be made in the ubove constructions and methods without
departing from (he scope of the invention, it is intended that all matter contained in the above
description and shown in the accompanying drawings shall be interpreted as illustrative only,

and not in a limiting sense.
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APPENDIX A

i Snorkel DB Version 1.2

#02-27-98

#/ This databuse will aperate all 33/38 machines as described in the
# masval and tupports alf features of controller cev 1.2

Bifndef DEFAULT_DATABASE

#defing DEFAULT_DATABASE

#dctine NO_DDV 0X0000 # 0Xoui DOVO

#define NO_DDVI 0X00uh # OX0000 DDV (secondary DDV)
#define FILLER 0X0000  /#/ available for database dode expansion
# SNORKEL MCM INPUTS

7 '

#pip: 0

#1 DIDADDR. ¢

# BASE ADDRESS (INPUTS):  0XQII0

#define GND_INP FULLRET  OXO000B # (L1-5) relescoping boom fully retructed

#define GND_RED _FULLRET OX0QO0F //(C(-6) redundane full retract = nat GND_INP_FULLRET
kdefine GND_INP_LSLTI3  OX0003 /(C1-7) limit switch true when extended fess than 33"

#define GND_RED_LSLT33  UXOQ0E # (C1-8) redundant extension limit switch = not GND_INP_LSLT33
#dctine GND_INP_LSANG  0X0002 // {C1-9) limit switch truc when maiy boom angle LOW

#define GND_HRED_LSANG  OxUQD // (C1-10) redunant boom angle = nat GND_{NP_LSANCG

Blefine GND_RED _BMCRA  0X001B // (C1-11) redundant boom switch cradled = not GND_INP, BMCRA
#define GND_INP_BMCRA  OX000C # (C1-12) main hoom and riser boom full down (cradied)

Hdcfine GND_INP LEVEL  OXO0LA /(C2-1) Level (2ilt) Scosor true when tilted

#define NOU_GND_INP_LEVEL 0X401A /7 (C2-1) Level (tilt) Sensor (nagative pin lugic)

#dcfine GND_INP_BRKPS]  0x0019 #{C2-2) True when brake refease pressure low

#deline GNI_TNP_ALMI 0x0018 #{C2-3) slarmi type input drive)

#define GND_[NP_ALM2 0x0001 #/ (CC2-4) alarm2 type input (desc)

#defiae GND_INP_DOM Ox001) i7{C6-§) True (pin grounded) when domestic mnuchine

#define GND_INP_C6_T 0x0006  # (C6-T) Available for use
#define GND_INP_C6_U 0x0012  #{C6-U) Available foc use

#define (WND_INP_C8_V 0x0007 X (C&-V) Available for use

#define GND_INP_TYPE33 ox0013  /F{C6-W) True (pin grounded) when machine type 33 {DDV(-1)

#define CONN_C6_W DOV 0x0013 #(C6-W) Evaluated into DDVO bitd - do nut dc!:te
#detine GND_ INP C6_X Ox000R /7 (CG-X) Avuilable Far use

#define CONN_ ("6 X DDV OxDO08 # (C6-X) Evuluntcd inte DDVL bit 3 - do not delctc.
#define GND, l'NP DRERR 0X0016 # Driver Bank Error

#define GND PSW _GMODE  0X00t7 # Geound Control Interiock (Select) Switch
# SNORKEL GROUND SWITCH NODE

# =

e 9

// DIDADDR: 0

/1 BASE ADDRESS INPUTS:  0OXT1100

# 'ne ground switch node mateis is mupped into the system

1 with the following nddr:asr.s (the matrix is a scunoed

H row - ¢olunun urray ' .

#define GND_PSW_EXTND  OX1201 # GCS$ Telescoping Boont Switch

Hdctine GND_PSW__( IFT  0X1202 # GCS Main Lift Boum Switch

#define GND_PSW_RISER  0X1203 // GCS Riser Boom Switch

Edcfine GND_PSW_SWING  0X1204 # GUS Body Swing Switch

#define GND_PSW__JIB  0X1206 # GCS Jib Boom Swirch

#dcfine GND_ PSW_ EMPWR  0X1209 / (CS Craergency Pwr Switch

#define GND_PSW_ROTAT  0X1207 # GCS Pluform Rotare Switch

#define GND_PSW_LEVEL  0X1208 # GCS Plactarm Level Switch

#define GND_PSW_DWNHE  0X120A # GCS Fuaction Down ITigh Speed Switch
#define GND_PSW_DWNLO  0X120B # GCS Function Down Low Speed Switch
Bdefine GND_PSW__CCLO  0X120C // GCS Function CCW Low Speed Switch
#dctine GND_PSW__CCHI  0X120D # GCS Functive CCW Llgh Speed Switch
#defline GND_PSW_CWLO  DX1210 # GCS Function W Low Speed Switch
bdefine GND_PSW_ CWill  0XI1211 # GUS Function CW High Speed Switch
#define GND_PSW__UPLO  0X1212 # GCS Fuuctivn Up L.aw Speed Switch
#define GND_PSW__UPHI  0X1213 / GCS Function Up Switch

7/t BASE ADDRESS OUTPUTS: 0X3200
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# The grouad switch node LED matrix is mapped into the system

#t with the following addresses. {the malrix is a scanned

/! tow - column array

fidefine GND_LED__ JIB  0X3204 # LED Indicator: Jib Boom

#define GND_LED_RISER  0X3203 # L.ED Indicator: Riser Boom

#dctine GND_LED _SWINCG:  0X3206 // LED ladicator: Hody Swing
#defiae GND_LEN__UIFT  0X3207 / LED Indicator: Main Lift Boom
#define GND_LED_LEVEL  0X3208 # LED ladicwar: Platform Level
fdefine GND _LED GMOQDE  0X3209 // LED indicator: Ground Control MOde
#define GND_LED_EMPWR  0X320A # LED Indicutor; Emergeny Power Mode
#define GND_LED_PMODE  0X320B // LED Indicator: Platfonn Control Mode
#define GNID_LED_ROTAT  0X320C # LED Indicator: Platform Rotate
#define GND _LED_FAULT  0X320D # LED indicator: System Fault
#define GND LED NORML 0X320F # LED Indiculor: System Normal
#define GND_ LED__I- XTND  0X320F / LED indicaror: Telesvuping Boom
# SNORKEL DRIVER NODE

# =
#DID: &

# DIDADDR: 0 .

Hdefine GND_SIG C2 7 0X3017 #(C2.7) Quiput: Available for use

fdefine GND_SIG_(C2_8 0X3016 /#,(C2-8) Qurput: Available for use

#detine GND_SIG PCPWR 0X3Q15 #(C2-9) Oulpwu: Ignition-2 (Pump Contraller Power)
#deflie GND_QUT_DRVCMDZ 0x3014 # {€:2-10) Output: Drive command signal

#dcline GND_QUT _DRYCMN 0x3011 #(C2-11) Output: Drive command signal

#define GND_OUST_HIDRV 0X3010 // (C2-12) Ouipur: High Runge Command
#dc.hnc(-ND VLV JIBDN OX3OE /#(C3-1) Valve: Jib Down

#define GND__VLV_RTRCT 0X30LF #(C3-2) vaive: Telescope Retrect

rdetine GNDD_VLV_RISDN Ox3048 #{C3-3) Valve: Riser Down

#define GND_VLV _RISUP 0x3000 / (C3-4} Valve: Riser Up

#define GND_VLV__SWCC 0X300D #((:3-3) Valve: Body Swing CCW

sdetine GND_VLV. _SWCW 0X300C /(C3-6) Vulve: Body Swing CW

#define GND_VLV_LVLDN 0X3018 #(C3-7) Valve: Platfonin Level Down
#dcﬁnu(.ND VLV LVLUP 0X3019 /#(C3-8) Valve: Plattorm Level Up

Rdefine GND VLV_LFTDN O0X30IA //(C3-9) Valve: Main Lift Down

#definc GND VLV_JIBUP OX3{HE #(C3-10) Valve: Jib Up

#define GND_VLV_LFTUP 0X30IC / (C3- {1) Valve: Lift Up

Adefine GNIZ_VLV_EXTND OX3U01D //(23-12) Valve: Telescope Fxrend

#define GND_ ALM TILT O0X300B #{C3-1) Cutput: Tilt Alarm (Audible)

#define GNU_ALM__ T HORN Ox300A # (CA-2) Output: Hum Retlay

#define GND_ VLV SII{RT 0x3009 //(C4-3) Valve: Steer Right

#define GND_VLV STLFT 0x3001 #(C3-1) Valve: Steer Left .
#dctine GND_VLV_EM!’WR 0X300E #/(C4-5) Valve: Emergency Pump Diventer Valve
#define GND_RLY_DRSIG 0x300F # {(:4-6) Output: Foul Switch

#detine GND_OUT_C4 7 0X3002 // (C4-7) Output: Available for use

#define GND_OUT_C4_8  0X3003 # (C4-3) Output: Availuble for use

#dctine GND_ALM_MOTIQ 0X3004 /7 (C4-9) Qurtpur: Motion Alarm

#define GND_DUT_C4_10 0x3005 # (C3-10) Qutput: Aveilable for nse

Adetine GND_VLV_ROTCC 0X3006 //(C4-11) Valve: Platform Rotate CCW

#define GND VLV_ROTCW (X3007 #(C4-12) Valve: Platform Rotate CW

adeftne GND_RLY_PMPSG  0x3013 #(C6-A) Ouiput: Hydraulic Pump Countaceor
#define GND_RLY_AXPMP 0x3012 #(C6-C) Outpntr- Emergency Power/Steer Punp Contactor
4 SVORKI:L F'L.—\TFORM SWHi LH \()DI"

N e e — g

#OID: 10

1 INDADDR; 0

## BASE ADDRIESS MNPUTS.  9XI400

#f The platform switch nude mareix is mapped into the system

# with the following addresses. {the malrix is a scanned

# row - column array

Fdefine PLT_PSW_RISER  0X1400 / PCS Riser Boor Switch

Bdetine PLT PSW_SWING  0X140) # PUS Rady Swing Switch

Bdeline PLT_PSW_EMPWR  OX1402 / PCS Emergeney Pwr Switch
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ideting PLT_PSW__HORN  0X1404 #/ PCS Hum Switch

fdefine PLU_PSW__JIB  OXI1405 // PCS Jib Boom Swich

#define PLT_PSW_PLROT  0X(406 / PCS Platform Ratate Switch

#define PLT_PSW__LIFT  0X1408 s PCS Main Lifi Boom Switch

4define PLT_PSW_EXTND  0X1409 /7 PCS Telescuping Boom Switch
#define PLT_PSW_LEVEL  0XI140A // PCS Platform Level Switch

#define PLT_PSW_HILDRV  0X1408 # (S High Drive Range Switch

#define PLT_INP_DRVREQB OX1413 // (Term #3) Drive Reverse

#define NOT_PLT _INI®_DRVREQB 0X5413 #/ (Term #5) Drive Reverse (negative pin lugic)
Hdefine PLT_INP_DRVREQA OX1412 // (Term #6) Drive Forward

#deline PLT_INP_STRRT  OX141} // (Term #7) Steer Right

fdeline PLT_INIP_STLFT  0X!1410 /7 (Term 48) Staer Laft

ddefine PLT_INP_FOTSW  0XI4OF # (Term #9) Foot Switch

#dcfine PLT_INP_ESTOP  OxI40E // (Term #10) Emcrgency Stop Switch (Platform Signal)
#define NOT_PLT_INP ESTOP 0x540E // (Tcrm #10) Emergency Stop Switch (Platform Signal)
Hdefine PLT_INP_TYERM_I1  0x1400 # (Term #11) Avaitable for usc

#define PLI_INP_TERM _12  Ox140C / (Term #12) Available for use

Rdefine PLT_INP_JIHANG  Ox1414 #/ (Term # 13) Limic switch true when jib angle low
#define PLY_RED_JBANCG  Ox1415 # (Teim #14) Redundant jib angle low = not PLT_INP JIBANG
/1 BASE ADDRESS QUTPUTS: 0X3400

4/ The plattorm switch node [.IZD matrix is mupped into the system

// with the following addresses. (lhe matrix is a scanned

# tow - column array

Bdefine PLT_LED_BAT0 0X3400 /7 1.LED Indicater: Battery 0% - 20% (RED)
#define PLT_LED_BAT40 0X3401 / LED Indicaenr: Battery 20% - 40% (YEL)
#dctine PLT_LED_HNAT60 0X3402 /# .LED Indicator: Bawtery 10%% - 60% ( YEL)
4define PLT_LED_BATS0D UX3-03 // LED Indicator: Battery 60% - 80% (GRN)
#cfine PLT_LED __ HB 0X3404 // LED tndicator: Jib Boam

Hdefine PLT_LFD_RISER 0X340% #/ LED Indicator: Riser Boom

#define PLT_LED_SWING 0X3406 // LED Indicator: Budy Swing

Adefine PLT_LED__LIFT 0X3407 # LED Indicator: Main Lift Boom

Adeflne PLY_LED _LEVEL 0X3408 // LED Indicator: Platform Level

#define PLT_LED_BATI00 0X3409 // LED [ndicator: Buttecy 0% - 100% (URN)
#detine PLT_LED_EMPWR 0X340A # LED indivalor: Emergency Power
#define PLT_LED_HIDRYV 0x340B # LED Indicator: High Drive Range
Rdciine PLT_LED_ROQTAT 0X340C # 1ED Indicator; Platinem Rotate

#define PLT_L.ED_SYSFT (X340D // LED [ndicator: System Fuoult

#define PLT_LED SYSNQ 0X340E / LED Indicator: System Normal

#detine PLT LED_EXTND 0X340F # LED Indicator: Tef¢scope Boom

#define PLT_OUT_ALERT 0x3416 # (Verm #13) Qutpul; Starus Alert Buzzer
#deline PLT_OUT_TERM 16 0x3417 /7 (Term #16) Qurput: Available for use

// SNORKEL JOYSTICK NODE

14 g

#0I: 7

/I DIDADDR: D

/f the joystick decuder card transmiits the state of the joysticks inpurs

/fta the master control module, the inputs are defined as follows.

#defing IS_SwY_Pus  Ox0EQ0 /4 Input: Jaystick on Pysitive Y Axis

#deftne JS_SwX_Pos  OxOEOI // Input: Jovstick on Positive X Axis

Bdefinc JS_SwY_Neg  Dx0E02 # Input: Joystick on Negutive Y Axis

#define JS_SwX_Neg  Ox0E03 /7 Input: Joystick on Negative X Axis

#deline JS_SwY_PusHi 0xDEO4 ¥ Input: Jaystick on Very Pasitive Y Axjs
#define IS_SwX_fasHi 0x0E03 # lnput: Jovstick on Very Positive X Axis
#define J5_SwY_NegHi UXDE0G // lnput; Joystick on Very Negative Y Axis
#dcline JS_Swx_NegHi  OxXOEQ7 // Inpur: Jovstick vn Very Negative X Axis
#define JS_OfF_State  Ox0EU8 // Inpur: Joystick Ceatered

#define J5_On_State  OXDEAQ / [nput: Juystick On (off of ¢znter)

¥detine IS_On XAxis  OxOEQA /# Inpue: Joystick un X Axie

Bdefine JS_On_Yaxis Ox0EOR # Input: Joystick on ¥ Axiy

#deline JS_Noue3 OxDEOC / Input: not defined

Rdefine JS_Noned ONQEOD // Input not defined

#define JS_Nonesd OXOEDE # laput: not detined
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#dcfine JS_None6 OXUEOF // Input: put détined

" #define 15_Spd_Sw0  OxOELOQ // Input: bit O of the speed value (0-100%)
#dcfine JS_Spd _Swi  ONOEI! # Input: bit ! of the speed value {0-100%5)
#define JS_Spd_Sw2  OxOF12 // Input: bit 2 of the speed value (0-100%)
#dcfine IS_Spd Sw3  Ox0E13 / Inpur: bit 3 of the speed value (0~100%)
#define JS_Spa_Swd  0x0E14 // Input: bit 4 of the speed valuc (0-100%%)
#define IS_Spd_Sw3  Ox0EL5 // Inpue: bit 5 of the specd value (0-100%)-
#define JS§_Spd_Sw6  OxUE14 # Input: bit 6 of the speed vuluc (0-100%)
#define IS_Spd_Sw7  OxOEL7 # lnpur hit T of the speed value (0-100%4) note: never sex!
#define IS NULL__DATA Ox2EQD ) Qutpul: used to get joystick in valid devices list
77 SYSTEM STORAGF. MODULE
" g

#/ System storage modulcs occupy three device id’s

 addresses. ‘These varisbles are defined us required

#/ ta hold interstitial database vartables or results.

#DID: 1%

#DIDADDR: 13-13

#define SYS_VAR_GNDCW OXIFAS # Gnd (W Fastur CW Slow

#define SYS_VAR_GNDCC 0XIFAL /# Gnd CCW Fast or CCW Slow

#define SYS_VAR_GNDUP DXIFA2 # Gnd Up Fastor Up Slow

#dctine SYS, VAR_GNDDN 0X1IFA3 # Gad Do Fast or Dn Slow

#define SYS_VAR_PLTCW OXIFA3 /# BItW Fastor CW Slow

Hdefine SYS VAR_PLTCC OXIFAS // Pt CCW Fastor CCW Slow

#define SYS_VAR_PLTUP OXIFA6 # Plt Up Fast or Up Slow

#dcfine SYS VAR_PLTDON OXIFA7Z # Pit Dn Fast or Da Slow

#define SYS_VAR GUDLO (X1FA8 # Gnd Up Slow or Down Slaw

#define SYS_VAR _GLRLO OXIFA9 / Gind CC Slow vr CCW Slow

#detine SYS_VAR_GUDHI 0XIFAA // God Up Fast or Dawn Fust

#define SYS_VAR_GLRHI OXIFAB // Gnd C(. Fastor CCW Fast

Adcfine SYS_VAR_PLTUD OXLFAC # PltUp or Duwn

#define SYS_VAR_PLTLR OXIFAD / Pit Left or Right

#deline SYS_VAR_GNDHI OXIFAE /# Cied Fast Switch Pressed

#define SYS _VAR GNDLO OXIFAF // Gnd Siow Switch Pressed

#define SYS VAR_S'I EER OXIFBl // Steer Request

#dcfine SYS_VAR_CNTRL OX1F32 # Anyv Boom Request

#deflne SYS_VAR_UP DN OXIFB3 // Any lip/Dn Bovrn Reguest

Sdctine SYS_VAR_CC_CW 0XIFB4 /1 Any CC/CW 3anm Request

Mdefine SYS_VAR_EXRET 0XIFBS # Extend Or Retract

#define SYS_VAR_SWING O0XIFBS // Swing CC ur Swing CW

#define SYS_VAR_ROTAT OXIFB7 // Rutute CC or Rotate CCW

#define SYS_VAR LEVEL O0XIFBS #/ Lavel Up or Level Down

#define SYS_ VAR_NBLT 0X1FH9 # Jib Down or Lift Down

#define SYS_VAR_SWROT 0X{FBA # Swing or Rotale

Hdetine SYS_VAR_LEJLT OXIFBB / Jib Lift ur Leval Functious

#deflue SYS_VAR_JILUF OXIFBC # Jib Upor Lit Up

#dcfine SYS_VAR_GNDUD 0xIFBI) ## Any ground up or down

#deflne SYS_VAR_GNDLR Ox1FBE /7 Any ground lefi/right (cefew)

#dcfine SYS._ AU'I() RETR OxIFBF # True when automatic retract function active

#define SYS_ AUTO RETR2 0Ox1FBO # Truc when automatic retract fnction and ramped to zern

#detine SYS_EXT_INTUK Ox3FAQ # True whex okay to extend

#define SYS _VAR_RETR! Ux3FAY // Interstitial retract ttue

#define SYS_VAR REIR2 0x3FA2 // Incerstitial ceianct true

#define SYS VAR_NOTRIM  Ox3FA3 / True when no speed trim active

#idefine NOT_SYS VAR_NOTRIM O0xIFA3 # True when tnim speed active (pin negative logic)

#detine SYS VAR_VALVE Ox3FACd / any valve active

#Adeline NOT_SY'S_VAR VALVE OX7FAJ // nat any valve active {negative pin loglc)

#define SYS_VAR_LILRI 0XJIFAS / lih jib level or ratract valve un

Adefine SYS_VAR_SRREX UONIFAS / swing rocate retract or extend valve on

#define SYS_VAR_LHUL. OXSFAT7 # liftjib or level valve on

#dctine SYS_VAR_RISER OX3FAS / riser vulvcon

f#define SYS_VAR_ROLL  Ox3FAQ # vehicle in motion variable

#define NOT_SYS VAR_RQLL Ox7FAY # qot vehicle in motion variable (neg logic)
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#define SYS_VAR_HIDRY 0x3FAA / high drive active

#define SYS_VAR_NOTRIMA 0x3FAC # No trim spced case A

#define SYS VAR NOTPJMH 0X3FAD // No trim speed case B

#deline SYS_RETR_BUNK Ox3FAE / toggles on when auto retract true

#define 5YS AUTO IIBDWN  Ox3FB4 # Auto Jib-Down Variable

#define NOT_ _SYS.AUTO_JIBDWN 0x7FBd # NOt Auto Jib-Down Varlable (ncgative pin logic)
#define SYS VAR JIBRT Ox3FR3 # Jib > 33 and Extend < 33 Used for Auto Jib-Down
#define GND, REQ RTRCT 0x3EB6 # Rewract Requested

#dctine GND_REQ_JIBDN 0x3F137 / Jib Down Requested

#define GNID_REQ_JIBUP 0x3FBS / Jib Lip Requested

Kdcfine SYS_VAR_AMCRA  0x3F139 # True when boom cradied und full retract
#define SYS_VAR_JIBEXT Ox3FAF // Iib up and telescopr boom extended

# these variables are urilized fur CE aprions as incorporated into

/ the Jutsbase. aote that to disable CE restrictions, connector

/1 23 must be true 10 override CE resrictions

#define SYS_VAR_UNDERSM 0X3IFBA / Under 8 meters (for CE)

Hdcfine SYS VAR_DRVENBL 0x3FBB / Drive cnable (for CE)

#define SYS VAR. _DRYREQ! 0x3FBC /# interstitial variuble far drive | cammand
#detine SYS 'VAR_DRVREQZ (kIFBD / interstitial variablg for drive 2 command
#definc SYS_ VAR PMPREQ 0x3FBE / interstitial vasiable for pump signal

Bdefine SYS_ _VAR_GCENBL Ox3FBF / ground cantrol okay (CE) variable

#definc 'sYS VAR LVI.ENBL 0x3FBU #/ platform fevel cnable (CE)

#detine SYS, VAR _LVLREQD 0x3FBI # imerstival platform level

fidefine SYS VAR. LVLREQU 0x3FB2 / interstitial platform level

#define SYS_VAR_MAL 0XIFCH / motion ularm db storage variable

#define SYS_ VAR_ _MA2  OXIFCL # mation alarm db storage variable

#dcfine SYS_ VAI{ NOWN  0X18C2 /7 with uny down motion intention

Bdcfine SYS_VAR_ALLMOT OXIFC3 / inpurs dictate il motion alarm desired
#define SYS_VAR_IBONLY Ox1FC4 # allows verin functions for 38 anly

#define SYS_ TRASH_CAN OX3FFE / Trash Queput

#define SYS_DB_STOP OX3FFF /# Stop marker

# special cage - these ace DDCW's to be used

/7 in the system for the TRUF. and FALSE casc. see

/1 the specificativn on DNCW's for further info on

/I how the cvaluations work for these two cascs,

#define SYS_INP__TRUFE OXBFFF /1 Always True

Adcfine SYS_IND_FALSE OXFFUE #/ Always False

#define ANID_TRUE  OXBFFF # Always True

#define OR_FALSE OXFFFF #1 Always Fulse

Bdefine AND_FALSE  UXFFFF / Always False

/ SNORKEL VIRT UAI 7] MODM {

I —

701D 14

# DIDADDR: @

# These variables are set by the custam progrun modules - the

/I addresses may be utilized {hut not set) by the database

#definc SYS_VOM_UGMODE  0X3ENO # System Ground Mode

#dctine SYS_ _VOM_PMODE 0X3EO0! /# System Platfonn Mode

#define SYS, VOM EMODE  Ox3E0Z /# Emergency Power Mode Active

kdetine NOT SYS_VOM_EMODE 0x7E02 # Not Emergency Power Mude Active (negative logic)
#define SY§ VOM HSREQ  Ox3E03 # High drive ungc mode

/7 there are two outputs for puncl function inpuls pcndmg requests and pane] requests,
2 when u switeh is presscd an the pancl. the request is recognized by the controller and
/! becames pepding. A pending request becomes n valid panel request when the boom speed
{1 s zery {ramped to or started from). The valid panc! fequest 0isa remaing as the

# pending request unil anather function button is pressed, then the new function becomes
# thie current pending function vace the prior function has been retumned ramped to zero,
#dcfine SYS_PRQ_SWING OXIEO3 # Panct Request Active: Body Swing Function
Adefine SYS_PRQ_RISER OX1E0+ # Panel Request Active: Riser Function

Adefine SY$_PRQ__LIFT OXIE03 # Punct Request Active: Lift Function

Rdefine SYS_PRQ_EXTND OX1E06 # Panct Request Active: Telescope Function
Bdefine SYS_PRQ___IIB OX1EU7 /# Panel Reyuast Active: Jib Function
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#deflne SYS_PPRQ_PLROT OXIEO8 # Puncl Request Active: Rotate Funclion

#define SYS_PRQ_LEVEL O0OXIE09 /# Panel Request Active: Level Function

#¥define SYS_PRQ_EMPWR OXLEUA # Panel Reyuest Active: Einergency Power Function
#define SYS_'ND_SWING OX1EOB /# Pending Function Request: Body Swing

#define SYS_PND RISER OXIEOC /' Pending Function Request: Riser

kdefine SYS_PND_ LIFT O0X1EQD / Pending Function Request: Lift

¥define SYS_PND_EXTND OXIEOE # Pending Function Request: Tclescope

Hdefine SYS _FND__JIB OXIHOF # Pending Function Request: Jib

#define SYS_PND_PLROT OXIEI0 / Pending Funclion Request: Rutate

#define SYS_DNO_LEVEL UXIEN # Pending Funcrion Request: Leve]

Bdefine SYS_VOM_CHIRP O0x1EI2 / True when system function/status alect

#define SYS_VOM_TURNOFF 0x1E13 # True when slecping for § hour

Adcfine SYS_VOM_PWRDN Ox1E14 // True when system in pawer down/sleep mode
% SYSTEM POTENTIOMETER MODULE

i
HD: 13

# DIDADDR: (

#detine VOM_POT_CMDO 0xIE20 / potentivmeter command 0

#define VOM_POT_CMD!1  0x1E2] # potentiometer command 1

#define VOM POT_CMD2 0x1E22 # potentiometer camtmand 2

define VOM_POT_CMD1 0x1E23 // patentiometer command 3

#define VOM_POT_CMD4  OxIE24 # potentivmeter command 4

#deline VOM_POT_CMDS 0x1E25 // potentiameter command 3

#deline VOM_POT_(MD6  OxIE26 # potentiometer command 6

#define VOM_POT_CMD7 0xUE27 / potentiometer command 7

#cfine VOM_POT_(CMD2  0x1E28 / potentivmeler command §

#define VOM_POT_CMDY  Ox1E29 // potentiamerer command 9

#define VOM_POT_UMDI0 Ox1E2A // potentiometer command A

Hdefine VOM_POT_TRIMS0O  Ox!E2B // potentiomer profile | {30%)

#define NOT_VOM_POT_TRIMSO OxIE2B # not polentiomer profile | (negative Jugic)
#define VOM_POT_TRIM25  OX1E2C / putentiomer profile 2 (23%)

#define VOM_POT ONZERO O0x3E20 / porentiometer output true when zero

#deline VOM FOT_OFFZERO 0x3F21 // potentivmeter output truc when not zero
#define VOM_POT_POSVALI 0x3E22 / potemiometer ouiput tnte when at Vall
#define VOM_POT_POSVAL2 0x3E23 // potentivineter output true when at Val2
#define VOM_POT_POSVALJ Ox3E24 // polentiameter oulput trae when ut Val3
#define NUM_DODES 118

#dcfine SIZE_DB 944 // total number of words in data base array (dodes*8)
code long DONE_DATABASE [SIZE_DB]~

{

/i a device must exist in the database to be included in the network -
/' wdd a null in the joystick addresy space to bave it included and “in vic:

/1 of the nuster controller.
IS_NULL__DATANO DDV, SYS_INP_FALSE.SYS_INP_FALSE,SYS_INP_FALSE,SYS INP_FALSENQ_DDVIFILLER

4 GROUND MODE/PLATFORM MUODE LIGHTS
# ground mode led set when

/7 svstem ground mode set
GND_LED_GMODENO_DDV.SYS_VOM_GMODE.SYS_INP__TRUKSYS_INP_FALSE,SYS_INP_FALSENO_DDV1,F
LLER,

¥ plturform mode led sct when

# system platform mode set

GND_LED_PMODE.NG_DDV.SYS_ VOM_PMODE,SYS_INP__TRUE.S YS_INP_FALSE,SYS_INP_FALSGNO_DDVLFIL
LER.

# SYSTEM YARIABLES FOR MOTION COMBINATION

R s

#/ These variablcs are set on various combinativns of switches

/7 and valves and can be used hy the datubusc,

{1 Ground Control Enabie

/1 set to enable ground canteol (CEY

# ground control operativn okay when
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# platform estop off and ground mode or not in CE mede (In domestic mode).
SYS_VAR_GCENBL.NQ_DDV,NOUT_PLT_INP_ESTOP,SYS_VOM_GMODE,GND_INP_DOM,SYS_VOM_GMQODENO_
DDV, FILLER,

# Ground Down Variable

1/ get on dawn diceclion speed switch press

71 ground down variable when

# gryund down fow speed switch and ground mode or

# graund down hi specd switch and ground mode
SYS_VAR_GNDDN,NO_DDV,GND_PSW_DWNLO,5YS_VAR_GCENBL,GND_PSW_ DWNHI SYS_VAR_GCENBL.NO_
DDVI FILLER,

1t Ground Up Variable

 sct on up direction spred switch press

{ ground yp variable when

{f ground up low spesd switch and ground muds ot

#f ground up hi speed switch and ground mode

SYS. VAR_GNDUPNO_DDV,GND_PSW__UPLOSYS_VAR_GCENAL,GND_PSW__UPHILSYS_VAR_CQCENBL,NO_DD
V1,FILLER.

# Ground Up or Givund Dawn Variable

4/ sex with any ground up or down function

# ground up or down variable set when

#/ ground up variahle set or ground dewa variable sat

SYS _VAR_GNDUD,NO_DDV.SYS VAR GNDUPSYS_INP_ TRUESYS_VAR_GNDDN,SYS_INP__IRUENQ_DDVI, F
ILLER.

7 Plarform Station Down Variahle

/I set on joystick down direction swilch press

7 platform down variable when

4/ platform down swyitch and placform mode

SYS_VAR PLTDN.NOQ_DDVJS_SwY_Neg,SYS_VOM_PMODE,SYS_INP_FALSE.SYS_INP_FALSENO _DODVI,FILLER,
7! Platform Station Up Variable

4 xet on juystick up direction switch peess

# platfurm up vasiable when

# platform up swilch and platform mode

SYS_VAR_PLIVPNO_DDV.JS_SwY_Pos.SYS_VOM PMODESYS_INP_FALSE,SYS INP !'ALSE,NO DDV, FILLER,
# Platform Up or Platform Down Variable

4 set with any platform up or down function

# platform up or down vuriable sat when

#/ platform up variable se1 or plodfurm dawn variable set

SYS_VAR PLTUD.NO_DDV,SYS_VAR_PLTUP,SYS INP_TRUE.SYS_VAR_PLTDN,SYS_INP__TRUE,NQ_DDVIFIL
LER.

# Up Down Variable

#1 set with any up vr down function

1 system up or down varigble set when

# ground upidown vasiahle set or platform up/down variable set
SYS_VAR_UP_DN,0x0004,5YS_VAR_GNDUD,SYS_INP__TRUE.SYS_VAR_PLTUD,SYS_INP__TRUE,NC_DOVIFILL
ER.

# Grround Cuunter-Clocksviye Variable

# set on countee-cluckwise direction speed switch prass

# ground counter clockwise variable when

#f ground e-clockwise lo speed switch and ground mode ot

# ground c-clockwise hi speed switch and ground mode

SY$ VAR_GNDCC.NO_DDV.GND_PSW__CCLOSYS_VAR _UCENBL,GND PSW__CCHISYS_VAR_GCENBLNO_DD
VLFILLER,

# Ground Clockwise Vuriable

# sct on clockwise direction speed switch press

/7 ground clockwise variyble when

/ yryund clackwise lo speed switch and ground mode ar

/f ground etochwise hi speed switch and ground mode

SYS_VAR _GNDCW,NO_DDVGND_PSW__CWLO,SYS_VAR_GCENBL.GND_PSW__ CWHISYS_VAR_GCENBLNC

DDVLFILLER.
# Ground LefvRighe [CC-CW) Vaﬁablc
4 set with any ground clockivise or counterclockwise function
# ground left right variable set when
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# ground clockwise vuriable sct or ground counter clockwise variable set

$YS5_VAR_GNDLR,NO_DDV.SYS_VAR_GNDCW,SYS_INP__TRUE,SYS_VAR_GNDCC,SYS_INP__ TRUE,NO_DDVL,F

ILLER,

/f Plattorm Counter-Clockwise Variable

/ set ou counter-clackwise joystick switch press

#f platfarm counter clockwise variable when

J1 platform c-clockwise switch and platform mode

SYS_YAR_PLTCC.NO DDV,I15_SwX_Pos SYS_VOM_PMODESYS_{NP_FALSE,SYS_INP_FALSE,NO DDV1FILLER,

/ Platform Clockwise Variable

// set on clockwise joystick switch press

{ platform clockwise variable when

/1 platform clockwise switch and platform mode

SYS_VAR_PLTCW.NO_DDV,IS_SwX_Ncg,SYS_VOM_PMODE,SYS_INP_FALSE.SYS_INP_FALSENO_DDVI FILLER,

# Platform LeftRight (CC-CW) Variahle

# set with any platform clackwise or counterclockwise funceion

1/ platform left right variable sct when

{ plactarm cluckwise vartahle sct or platforn counter clockwise vartable set

SYS_VAR_PIL.TLRNO_DDV,5YS_VAR _PLTCW.SYS_INP__ TRUESYS_ VAR PLTCC,.SYS_INP_TRUENC_DDVIFIL

LER,

I Clockwise Connrer-Clockwise varinble

# sct with any cluckwisc or counter-clockwise ur lefUright function

& system clockwise/counter-clockwisc variable set when geound left/right variable get

7 or platform teWright variahle sex

SYS_VAR_CC_CWNO_DDV.SYS_VAR_GNDLR.SYS_RNP_ TRUE.SYS_VAR_PLTLR,SYS_INP_ TRUE,NO DDVIFI

LLER,

# Boom Cuntrol Variable

/f set with any booinn cuntral tunction

# eystem conerol vaiahle set when system up/dawn variable set or

# sgutem clockwise/counter-clocksvise variable set.

SYS_VAR_CNTRL.NO_DDV.SYS_VAR_UP DN,SY$_INP_ TRUE.SYS_VAR_CC_CW,SYS_INP_ TRUENO_DDVI.FI

LLER.

/# SYSTEM VARIABLES FOR BOOM MOTION SPEED FROM GROQUND BUTTONS

PR

# Ground Lefi/Right High Spced Variable

# set when any ground left/right or CW/CCW high speed direction buttun pressed

# ground lefv/right high variable set when

# (ground elockwise high switch and ground mode) or

# {ground counter-clockwise high switch and ground mode)

SYS_VAR_GLRIINO_DDV.GND_pPsW__CWHILSYS_VOM _GMODEGND_PSW__(:(. HI, SYS_VOM_GMODE,NO_DDV

LFILLER,

# Ground Lefv Right Low Spewd Variable

/1 st when any gruund letright or CW/CCW low speed direction button pressad

# ground lefuright low variuble sct when

# (ground clockwise low switch and ground modc) ar .

# (ground counter-clockwise low switch and ground mode)

SYS_VAR_GLRLQ,NO_DDV.GND_PSW__CWLO,5Y5_VOM_GMODE,GND_PSW__CCLO,SYS_VOM_GMODENO_D

DV FILLER,

# Ground Up/Dn Hi Speed Variable

4 set when any ground up/down high speed selected

#1 ground up/down hi speed vaciable when

# ground down high switch und ground mode or

/f ground up high switch and ground mode

‘b,Y\ _VAR_GULIN.NO_DDV.GND, PSW_DWNHLSYS_VOM | GMODE GND_PSW__UrtiLsYs_VOM_GMODE,NO_DD
1FILLER,

# Ciraund Up/Din Low Speed Variable

/ set when any graund up/down low speed selected

# ground up/down low ypeed variable when

11 ground dowa low switch and ground modde or

/f ground up low switch and ground mode

SYS VAR_GUDLO.NO_DDV.GND_PSW_DWNLO.SYS_VOM_GMODE,GND_PSW__UPLO,SYS_VOM_GMODE,NO b

DV, FILLER.

/1 Giound High Speed Variuble
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# sct when auy high speed request made from the ground

7 ground high speed variable when

# grouad up/down high speed or ground left/right high speed _

SYS_VAR_GNDHINO DLV,SYS_VAR_GUDHLSYS_INP__TRUESYS_VAR_GURHLSYS INP_ TRUENO_DDVLFIL
LER,

# Ground Low Speed Variable

# set when any Jow speed request made from the ground

11 ground low specd variable when

#/ ground up/dawn low speed or ground lefi/right low speed
SYS_VAR_GNDLO,NO_DDV,SYS_VAR_GUDLO,SYS_[NP__IRUE.SYS_VAR _QLRLOSYS_INPM__TRUENG_DDVILFL
LLER,

/1 MAIN BOOM SECTION DEVICE OUTPUT DEFENDENCY EXPESSIONS

#
// Extension No-Zone Detection

/1 auto retract enabled when

// mzin hoom angle limit switch law and aol retracted limit switeh

SYS_AUTO_RETR.Ox IDD0.GND_INP_I.SANG,GND_RED_LSLT33.5YS_INP_FALSESYS_INP_FALSENO_DDVLFILL
ER,

# toggles with system auta retract (uscd with extend icd)

SYS_WETR_BLNK,0x0040,SYS_AUTO RETR,SYS_INP_YRUE,SYS_INP_FALSESYS_INP_FALSENO. DOV FILLER

// Main Boom Retract

1/ none thut 2yS_duto_reir2 is output from a systesu vom when aulo retracting

// and boom speed has been ramped dowy to zera

/ retract the boom when

#f panet request for extend and (ground down switeh or platfurm up switch)

#/ or when

# autw retract enubled and main boom lifting down

# but anly when not a 33 machine

SYS_VAR_RETR1,0x1000,SYS_PRQ_EXTND,SYS_VAR_GNDDN,SYS PRQ_EXTND,SYS_VAR_PLTUPNO_DDVI,FIL

LER,
SYS_VAR RETR20x1000,SYS_PRQ__LIFT.SY$_VAR_GNDON,SYS_PRQ_ LIFT,S$YS_VAR_PLTDN,NO_DDVI1,FILLE
R

GND_REQ_RTRUT,0x0004,5YS_VAR_RETR1,SYS_INP__TRUE,SYS_VAR_RETR2.SYS_AUT()_RETR2,NO_DDVLFIL
LER,

GND VLV_RTRCT,0x1000,GND_REQ_RTRCTNOT_SYS_AUTO_NMBDWN,SYS_INP_FALSE,
SYS_INP_FALSE.OxS000.FILLER,

# Main Boom Extcnd

I extend the boam when

i panel request for extend amd (ground up switch or platform up switch)

# but not when

# auto retract enabled

# but only when main boum angle switch error not active and extension switch error not active

# but only when nwt a 33 machine

GND_VLV_EXIND.0x1204,SYS_PRQ_EXTND.SYS_VAR_GNDUP,SYS_PRQ _EXTND,SYS_VAR_PLITN,0x8600,FILL
ER,

# Main Boomn Extension LED

/4t light main hoom extend function LED on the ground and platform box when

#f punel request for extend or (anto retract cnabled and up/down switch pressed)

/1 hur only when not a 33 machige

GND_LED_EXTND.0x1000,SYS_PND_EXTND.SYS_INP__TRUE.SYS_RETR _BINK.SYS_VAR_UP_DN,NO_LDVLFIL
LER,

PLT_LED_EXTND.U<1000.SYS_PND_EXTND,SYS_INP__TRUE.SYS_RETR_BLNK,SY$_VAR_UP_DN,NC DDVLFILL
ER .

# daiy Boom Lift Down

# muin boom 1ift down when

/i gnl requesy for 116 and (ground down switeh or plutform down switch)

bt aot i

# auto retract gnabled .

GND_VLV_LFTDN.0x8004.8YS, PRQ__LIFT.SYS_VAR_GNDDN.SYS_PRQ__LIFI,SYS_VAR_PL.TDN,0x8600,FILLER,
# Main Boom Lift Up

# main boom 1ift up when
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/7 pal request for MR and (ground up switeh or platform up switch)

# but only when main boom angle switch error not active and extensior switch error not acrive
GND_VLV_LFTUP,0x0004.5YS_PRQ__L.IFT,SYS_VAR_GNDUP.SYS_PRQ_ LIFT,SYS_VAR_PLTUP,0x9600,FI,LER,
4/ Main Buom Lift LED

# light main baom lift tunction LED when

I panel reyuest for tift .
GND_LED__LIFT.NO_DDV,SYS_PND__LIFT,5YS_INP__TRUE,GND_INP_Ch_LLSYS_INP__TRUE.NO_DDV),FILLER,
PLT_LED__LIFI,NQ_DDV,SYS_PND__LIFT,SYS_INP__TRUE,SYS_INP_FALSE,SYS_INP_FALSE,NO_DDVLFILLER,

4 J1B BOOM SECTION
Ll 4 -

# Jib Boum Down

/ Determine when Auto Jib Down (ungic > 35, extend < 33, Jib < 33)

{ jib boom down when

/# pnl request for jib and (ground down switch ar platform down switch) or when

# ar when jib boam high and extended less than 33 inches
SYS_AUTO_JIBDWN,Ux1000,PLT_RED_JBANG.GND_INP_LSLT33,5YS_| NP_FALSE,SYS INP_FALSENO _DDVIFIL
LER,

OND_REQ_JBDN,OxiXNM,SYS_PRQ __ JIB,SYS_VAR_GNDDN.SYS_ PRQ__JIB,SYS VAR_PLTDN,NO_DDVI,FILLER

GND_VLV_JIBDN,0x0004.GND_REQ_JIBDN,SYS_INP__TRUE.SYS_AUTO_JIBDWN,GND_REQ_RTRCT.NO_DDVI1,Fi
L.LLER,

# Jib Boom Up

# jib bavm up when

#/ prl request for jib and (ground up switch or plarform up switch)

/! hut onty when main boom angie swirch ermor not active and extensiun switch errur not active
GND_REQ_JIBUP,0x0004,SYS_PRQ_ _}B,SYS_VAR_GNDUP,SYS_PRQ__fIB,S YS, VAR_PLTUP,NO_DDVLFILLER,
GiND_VLV_JIDUP.NO_DDV,GND_REQ_JIBUP,NOI_SYS_AUTO_JIBDWN,SYS_INP_FALSE,SYS_INP_FALSE,0x1500,
FILLER,

#Jib Led

# jiv LED when

// pn! request fur jib

GND_LED___IB.NQ_DDV,SY5_PND__ JIB.SYS_INP__TRUE,GNN_INP_C6_V,SYS_INP__TRUE,NO_DDVLFILLER,
PLT LED___JIB,NO_DNV.SYS PND__ JIR,SYS_INP__TRUE.SYS_[NP _FALSESYS_INP_FALSENO_DDVLFILLER,
/ Pratform Level Enable (CE) -

/1 set when akay to platform level

# level enable when hoom fully cradled or when not u ¢e machine

SYS_VAR LVILENBLNO_DDV.SYS_VAR BMCRA,SYS_INP__TRUE.GND INP_DOM,$YS_INP__TRUE.NO_DDVI,FI
LLER.

4 Plarform Level Down

/ plutform level down when

# pnt request for lavet down and (gronnd down switch or platform down switch)

SYS VAR_LVLREQD,m0004,5YS PRQ_LEVELSYS VAR_GNDDN,SYS_PRQ_LEVEI +3YS_VAR_PLTDN,NO_DDVL,
FILLER,

GND_VLV_LVLDN,0x0004,5YS_VAR_LVLREQD,$YS_VAR_LVLENHI ~SYS_INP_FALSE,SYS_INP_ FALSE,0x8000,FI
LLER,

/ Plutform Level Up

# platform level down when

¥ pal request for level down and (ground down switch or platfarm dowa switch)

SYN_VAR_LVLREQU.0x0004,8 YS_PRQ _LEVEL,SYS_VAR_GNDUDPSYS_PRQ_LEVEL.SYS VAR _PLTUPNO_DDVLF
ILLER,

GND_VLV_LVLUP.0x0004.5YS_VAR_LVLREQU,SYS_VAR_LVLENBL,SYS INP FALSE,SYS_INP_FALSE.0x3000.F
LLER,

# Platform Level LED

4 platforin level LED when

# pal cequest for plutform level

/1 but aaly when nota 33 machine

(ND_LED _LEVEL.NO_DDV.SYS_PND_LEVELSYS_INP__TRUE.GND_INP_C6_X,SYS_INP_TRUENO_DOVIFILLE

PLL r_LED_LEVELNO_DDV,SYS_PND_LEVEL,SYS_INP__TRUE.SYS_INP_FALSE.SYS_INP_FALSE.NO_DDV{,FILLE
R .

H Riser Rooms Down
{! riser bovm down when
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& pol request for ciser and (ground down switch or plarform down switch)
GND_VLV_RISDN,0x0004.SYS_PRQ_RISER,5YS_VAR_GNDDN,SYS_PRQ_RISER,SYS_VAR_PLTDN,0x3000,FILLER,
# Riser Baom Up

# tiser boormn Up when

J1 pnl request for riser and {ground down switch or platform down switch)

# but only when main buom angle switch crror not setive and extension switch etror not uctive
GND_VI.V_RISUP,0x0004,5YS_PRQ_RISER.SYS_VAR_GNDUP,SYS_PRQ_RISER,5YS_VAR_PLTUP,0x8000,FILLER,
/ Riser Buom LED

# plytform level LED when

41 pnl request for platform level
GND_LED RISER,NO _DDV,SYS_PND_RISER.SYS_INP__TRUE,GND_INP_C6_T,SYS_INP__TRUE,NO_DDV],PILLER

PLT LED_RISERNO_DIV.SYS_PND_RISER,SYS_INP__TRUE,SYS_INP_FALSESYS_INP FALSE,NO_DDVL,FILLER

II Platform Rotate Counter ClockWise

# platfonn rotaze CCW when

¥ pnl request for rolute and (ground vew switeh or platform cow switch)

// but only when ot a 33 machine

11 but vnty when not & 33 machine
GND_VLV_ROTCC,0x1004,85YS_PRQ_BLROT,SYS_VAR_GNDCC,SYS_PR{Q_PLROT,SYS_VAR_PLTCC,0xR000,FILLE
R.

#/ Marform Rotate ClockWise

# platform rotate CW when

/! pni request fur rorate and (ground ew switch or platform ew switch)

1/ but onty when not 2 33 machine
GND_VLV_ROTCW,0x1004,SYS_PRQ_PLROT.SYS_VAR_GNDCW,SYS_PRQ_PL.ROT,SYS VAR_PLTCW,0x3000,FILL
ER,

I Platform Rotatwe LED

# platforms rutate 1.ED when

# pnl requese far platform rosate

/! bt anly when net-a 33 machine
GND_LED _ROTAT.0x1000,SYS_PND_PLRUT,SYS_INP_ TRUESYS_INP FALSE,SYS_INP_FALSE,NO_DDVLFILLER

PLT LED_ROTAT,0x1000.5YS_PND_PLROT,SY%_RNP__TRUE,SYS_INP_FAISE.SYS_INP_FALSE,NO_DDV),FILLER,
" Body Swing Counter ClockWise

4 body swing cew when

# pal requcst for budy swing and (ground ccw switch or platform cow switch)
GND_VLV__§WCC,0x0004,SYS_PRQ_SWING,SYS_VAR_GNDCC,SYS_PRO_SWING.SYS_VAR_PLTCC,0x8000, FILLE
Rr,

i Body Swing ClockWise

/1 body swing cw when

#/ pnl request for body swing and (ground ew switch or platfiorm cw switch)

GND_VLV_ SWCW,0x0004.5YS_PRQ_SWING,5YS_VAR_GNDCW,SYS_PRQ_SWING.SYS_VAR_PL I'CW,0x8000,FIL.
LER.

1 Body Swing LED

/ body swing LED when

#/ pnl request for body swing

GND_LED_SWING,NO_| DDV,SYS_PND_SWING,SYS_INP__TRUE,SYS_INP_FALSE,SYS_[INI' FALSE, NO_DDVIFILL
ER.

PLT_LELY SWING,NO_DDV,SYS PND_SWING,SYS_INP__TRUE,SYS_INP_FALSE.SYS _INP_FALSENO_DDVIFILL
ER.

u !gnitiun-z Relay (Pump Controller Power)

# ignition-2 reluy (pump controtter pwr relay) always on
AND_SIG_PCPWR.INO_DDV,SYS_INP__TRUESYS INI® _TRUE.SYS_INP_FALSESYS_INP_ FALSENO_DDVI.FILLE

" (‘OVTROL SIGNALS 10 DRIVE AND BOOM CONTROLLERS
# DRIVE {NIT ECU POWER (CABLE FDRM CONTROLLER)

Hi
# Under 8 Meters Vuriable for CE oplwns

/f when platform under § meters (CE}

1 sytem vuciable under § meters when

# telescoping hoom fully retracted and boom angle high or boom angic low
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SYS_VAR_UNDERSM,NO_DDV,GND_IN'_FULLRET,GND_RED_LSANG,GND_INP_LSANG,SYS_INP__TRUE.NO_D

DV, FILLER, -

#! Drive Enuble for CE Made

# set to enable drive functions (CE)

# drive enuble when under 3 merers and no valves runaning or if not u ce machine
SYS_VAR_DRVENBI.,NO_DDV,SYS_VAR_UNDERSM.NOT_SYS_VAR VALVE,GND_INP_DOM.SYS_INP__TRUEN
O _DDVLFILLER,

# drive signal when

¥ foot swhtch pressedt and plaform mode selected
GND_RLY_DRSIG,NO_DDV,.PLT_INP_FOTSW,$YS_VOM_PMODE,SYS_INF_FALSE,SYS_INP_FALSE,NO_DDV],FiL
LER.

# Drive Control Directiun Sipnal

# drive unit direction signal when

# joystick drive request *A" and not drive request "B switch

# but galy when

/ foor switch and not emetgency power mode

/1 and if drive enabled (CE)
SYS_VAR_DRVREQI,0X2801,PLT_INP_DRVREQANOT_PLT_INP_NRVREQB,SYS_INP_FALSE.SYS_INPF_FALSENO

DDV|,FILLER,

GND_OUT _DRVCMDI,0X2801.5YS_VAR_DRVREQ!L,SYS_VAR_DRVENBL,SYS_INP_FALSESYS_INP_FALSE.NO_D
DV FILLER.

# Drive Control “Go” Signal

# drive unit "go” signal when

/f joystick drive request "A" switch or drive roquest “B” switch

& but only when

/# foot switch und not emergency power mode

1 and if drive ¢nabled (CE)
SYS_VAR_DRVREQ2.0X2801,PLT_INP_DRVREQASYS INP__TRUEPLT_INP DRVREQB.SYS_INP__TRUE,NO_DD
VI,FILLER,
GND_OUT_DRVCMDZ,0X2804,SY5_VAR_DRVREQZLSYS_VAR_DRVENBL.SYS_[NP_FALSE,SYS_INP_FALSE,NO_D
DVLFILLER,

{1 Vehicle Motien

/1 vehicte motion variahle when

# drive command 1 or drive command 2
SYS_VAR_ROLLNO_DDV,GND_OUT_DRYCMDIESYS_INP__TRUE,GND_OUT_DRVCMD2,SYS_IiNF__TRUE,NO_DD
VIFILLER.

/f Boom Full Cradle Intcrlock

' boom tull cradled incerfock whea

# boom cradled switch and fulty retracied switch

SYS_VAR_BMCRA,DxD000,GND_INP, BMCRA,GND_INP FULLRET,SYS_INP_FALSE,SYS INP_FALSE.NO_DDVLFL
LLER,

/! High Drive Range Signal

/1 high drive range. once setive stays active until the foot swisch is relcased

# system storage hi drive signal when .

# system high range requcst and platform made or gl signal hi drive

# but vnly when crudle switch error not active amd full retract switch error not active,
SYS_VAR_HIDRV.(x0000,SYS_VOM_HSREQ,SYS_VOM_PMODE,GND_OUT_HIDRV,SYS_INP_FALSENO_DDVL,FI
LLER,
SYS_VAR_HIDRV.0x0000,SYS_VAR_HIDRV,GND_INP_I.EVEL.SYS_INP_FALSESYS_INP_FALSE,NO_DDVLFILLE

Rv

GND OUT_HIDRV,0X0001.SYS_VAR_HIDRV,SYS_VAR_BMCRA,SYS_INP_FALSE,SYS_INP_FALSE,0xU000,FILLER,

i Led High Drive

# high range led when

/f high drive range requested .

ELT_LED_Hl DRV.NO_DDV,GND_QUT_HIDRY,SYS_INP__TRUE,SYS INP_FALSE,SYS_INF FALSEMNQ_DOLVIFILL
7 :

i YALVE ACYIVATION VARIABLES

I} ===

# the following set of equations in this scction are utilized anly

# 10 result in one vquation which scts a varlable which is true when

H any vatve is uettve: SYS_VAR_VALVE

# Any Valve
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1 set with any valve function
SYS_VAR_VALVE,NO_DPDV,SYS_VAR_LJLRLSYS_INP__TRUE,SYS_VAR_SRREX,SYS_IN?__ TRUENO DDV FILL

ER.
SYS_VAR_VALVE,NO_DDV,5YS5_VAR_VALVENOT SYS VAR ROLL,SYS_VAR_VALVE,GND_INP_DOM,NO_DD
V1,FILLER,

# Hydruutic Pump Signal

# hydraulic pump signal when

/ not smergency power and any valid system boom control valve and not rolling (CE)

#f or not emergeucy power and any valid system boom controf valve und not & ce machine

# or bruke release pressure build requese and driving request

SYS_VAR_PMPREQ,NO_DDVNOT | $YS_VOM_EMODE,SYS_VAR_VALVE,SYS_INF_FALSE.SYS_INP_FALSENQ_D

DVIFILLER,
SYS_YAR_PMPREQ,NQ_DDV.SYS_VAR_PMFREQ,NOT_SYS_VAR_ROLL.SYS_VAR_PMPREQ,GND_INP_DOM.NO_

DDV JFILLER,
GND_RLY_PMPSG,NO_DDV.SYS_VAR_PMPREQ.SYS_INP_ TRUE.GND_INP_BRKPSLSYS_VAR_ROLLNO DDVLF
ILLER.

/1 Platform Rotaie Variahle

4/ set when platform rotate cc-cow

# platform rotate variable when

/ rotate function elockwise or rotate fct connter-clockwisce

SYS_VAR_ROTAT.NO_DDV,GND _VLV_ROTCW,5YS_INP__TRUREGND_VLV_ROTCC.SYS_INP__TRUENO_DDVIF
11 LER.

/f Budy Swing Variable

17 ser when body swing ccecow

# body swing variable when

# swing function clockwise or swing function counter-clockwisce
SYS,_VAR_SWING,NO_DDV,GND_VLV__SWCCSYS_INP__TRUE(IND_VLV__SWCW,5YS_INP__ TRUE:NQ_DDVILF
{LLER,

/! Swing/Rmate Varlable

/1 set with any swing or ratare function

# swingfrotate variable when

# plaiform ratate variablc or hody swing varibule

SYS_VAR_SWROT,NO_DDV.SYS_VAR_SWING,SYS INF__TRUESYS VAR _ROTAT,SYS_INF__ TRUENO_DDV1,II
LLER.

/! RetracExtendd Variahle

71 set with uxrend or retract function

1f extend rerract variublc set when

1 sereact valve active or extend valve active
SYS_VAR_FEXRET,NO_DLV,GND_VLV_RTRCTSYS_INP__TRUE,GIND_VLV_EXIND,SYS_INP_ TRUE,NO_NDV1,Fi
LLER,

# Swing Rotate Retract or Extend Variable

/f et with swing cotatc extend or retruél function

i swing/rulatc variable when

# plutform rotate variable or body swing variable

SYS_VAR SRREX.NO_DDV,SYS_VAR_EXRET,SYS_INP__TRUE.SYS_VAR_SWROT,SYS_{NP_ TRUE,NO_DDVLFI
LLER,

# Jih Dowg/Lift Down Variable

/1 set when fib or lift motion down

 jih down/lilt down set when

/1 jib down fiinction ur lift down functiva

SYS_VAR_NBLT,NO_DDV,GND_VLV_/IBDN,SYS_INP__TRUE,GND VLY_LFTDN,SYS_INP__TRUENO_DDVIFILL
ER.

# Level Variable

/7 set with gny level functivn maotion

/1 level variable when

 level up funcrion or fevel down function

SYS_VAR_LEVEL.NO DDV,GND_VLV_LVLUP,SYS_INP__TRUE.GND_VLV_LVLDN,SYS_INP _TRUGNO_DDVIFI
LLER.

# Jib Up/Lift Up Variable

1 set when jib or Jift motion up

# jib up/lift up et when

# jib up fuaction or up down function
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SYS_VAR_JILUPNO_DDV.GND_VLV_JIBURSYS_INP__TRUE.GND,_VLY_LFTUP,SYS_INP__TRUE,NO _DOVLFILL
ER,

# Jib«down/l,i-down Levet up-dn Varjable

 set with jibilift down or elther level motion finction

4 jibAifVicvel variable yet when

¥ tevel variable set ar jib down/liR down variable set

SYS_VAR_LENLT.NO_DDV,5YS_VAR _LEVEL,SYS_INP_TRUE,SYS_VAR_MBLT.SYS_INP,_TRUENO DDV FILLE
R.

# Lift 1ib oc Level

# set with any jib lift or level motion functivn

# jibflitt/tevel variuble set when

¥ level jib ur lift variable set
S$YS_VAR_LJIBL,NO_DDV.SYS VAR JILUP,SYS INP__TRUESYS_VAR_LEILT,SYS_INP_TRUE,NO_DDVIFILLE
R'

# Riser

11 set with either riser up or riscr down valve

I riser up/down variable when

#i nizer up valve or ciser down valve

SYS_VAR_RISER.NO_DNV GND_VLV_RISDN.SYS_INP__TRUE,

GNI_VLV _RISUPSYS_INP__TRUE.NO_DDVI,FILLER.

/ Riser Litt 1ib or Level

# set with any fib 1i&t riser ur level mation functiva

# riser jib 1itt or level variable when

# nser variable or liftjib variuble set

SYS_VAR_LILRINO DDV.SYS_VAR RISERS5YS INP,_TRUESYS VAR_LIBL,SYS_INP__TRUE.NCG} DDVLFILLE
R.

# BOOM SPPEED CONTROLLER SPEED TRIM INPUTS (aka Seveon profite inputs)

" -

4 Full Speed Case A

/i no trim nurput voliage when

/f riser up. extend or retract valves
S5YS_VAR_NOTRIMANU_DDV.GND_YLV_RISUP,SYS_INI’_TRUE,SYS_VAR_EXRETSYS_INP__TRUENQ_DDVE,
FILLER, :

i Full Speed Case B

# ne trim antput voltage when

# [{brake rejcusc pressure regucst and no valves))

I/ but vnlly when foolswitch

. SYS_VAR_NOTRIMB.Ox0001,GND_INP_BREKPSL,NOT_SYS_VAR_VALVE,SYS_INP FALSESYS_INP_FALSENO_DD
V1,FILLER.

# Full Speed Command

 no teim outpur voltage when

/ siser up, extend or retract valves

SYS_VAR _NOTRIMNO_DDV.SYS_VAR_NOTRIMA,SYS_INP_ TRUESYS_VAR_NOTRIMB,SYS_INP_ TRUENO_D
DVIFU.LER,

I Half Speed Allowed

I rim output voltage by 50% when

# jib up or main up valves

VOM_POT_TRIMSQ,NQ_DDV,GND_VL.V_JIBURSYS_INP__ TRUE,GND_VLV_LFTUP,SYS_INP_ TRUENO_DDVLF]
LLER,

# Quarter Speed Allowed

# trim outpul voltage 1o 25% when

4 wheu not sys_var_avtrim and not vom_pot_trim30

#1 in viher words when any other valve is operuling other than thuse listed in the

# abave twis cquations.

VOM POT_TRIM235,NO_DDV.NOT_VOM_POT. TRIMSONOT SYS_VAR NOTRIM,SYS_INP_FALSE,SYS_INP_FALSE
NO_DDV{FILLER,

/f STEER FUNCTIONS

N v remme—i =

# Stcer Left Function

# steer left when

1 platform oot switch and juystick stecr left
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GND_VLV_STLFT,NO_DDV,I,T_INP_FOTSW,PLT_INP_STLFT,SYS_INP_FALSE,SYS_INP_FALSE,NO_DDV!,FILLE
R.

/ Steer Right Function

#1 steer right when

/ platform foot switch and joystick steer right
GND_VLV_STRRT,NO_DDV.PLT_{NP_FOTSW,PLT_INP_STRRT.SYS_INP_FALSE,$YS_INP_FALSENO DDV FILLE
R,

# EMERGENCY / AUXILLIARY POWER

1]
I/ Steer Variable

# set when steer input and foot switch

# steer variable sct when

1 juystick steer right or joystick steee Jeft

# but onty when

# foot switch

SYS_VAR_STEER.0X0001,PLT_INP_STRRT,SYS INF__TRUE,PLT_INP_STLFT,SYS_INP__TRUE,NO_DDVLFILLER,
I/ Auxlllhrv Pump Relay

" 'auxilliury hydeaulic pump octive whben

#f system steer function ar emergency mode and boom controt valve

GND_RLY_AXPMP,NO DDV,SYS, _VAR_STEER,SYS_INP__TRUE,SYS_VOM_EM(MIESYS_VAR_VALVENO DDVI,
FILLER,

#} Emergency Power LED's

# ground led em pwr whea

/1 emergency mode vamable set and ground mode or plarform emergency power led
GND_LED_FMPWR.NO_DDV,5Y5_VOM_EMODE,SYS_VOM_GMODE,PLT_LED_EMPWR,SYS_VOM_PMODENO_D
DVI1.FILLER.

/1 platform led ¢-pwr when

# emergency modc variable set and plutform made or ground emnergency power Jed
PLT_LED_EMPWR,NO_DDV,SYS_VOM_EMODE,SYS_VOM _PMODE,GND_LED EMPWR,SYS_VOM_GMODENO D
DVLFILLER,

# Emnergency Power Diverting Valve

# ground valve cmpwr when

# aux pump on and sys var valve on

GND_VLV_EMPWR.NO_DDV,OND_RLY_AXPMP.SYS_VAR_VALVE.SYS_INP FALSE.SY$S INP FALSE,NQ_DDVLF
ILLER,

# MACHINE WARNINGS AND ALARMS

/-
/ tiarm

] horn when

{/ plartarm horn switch or gnd hom switch

GND_ALM__HORN,NO. DDV,PLT_PSW__HORN,SYS_INP__TRUE,SYS_INP_FALSE,SYS_INP_FALSE,NO_DDVI,FIL
LER,

// Tilt Alaem

## vikv olarm when

/I not level switch and not boom cradied switch

GND_ALM__TILT.NO, DOV, NOT_GND_INP_LEVEL,GND_ RED BMCRASYS_INP FALSE,SYS_INP,_FALSE,NO_DD
VIFILLER.

# Mution Alarm

# motion ularm when (drive muotion and gnd input2) or (duwn mation and gud inputl) or

// when (gnd inpull and gnd input2 and ony motion)
SYS_VAR_DOWNNO_DDV,GND_VLV_JIBDN,SYS_INP__TRUE.GND,_VLV_RTRCT.SYS INP_ TRUE,NO_DDV]FIL

LER.
SYS_VAR_DOWN.NO_DDV,SYS_VAR_DOWN,SYS_INI _TRUE.GND_YLV_RISDN,.SYS_INP__TRUE,NO_DDV|FIL

LER,
SYS_VAR DUWNNO_DDV,SYS_VAR_DOWNSYS INP__TRUE,GND_VLV_LFTDN,SYS_INP_ TRUENO_DDVLFIL

LER,
SYS_VAR_DOWN.NO_DDV.SYS_VAR_DOWN,SYS_RNP__ TRUE,GND_VLV_LVLDN,SYS_INP__TRUENO_DDV1LFIL

LFR,
SYS_VAR_MALNO_DDV,UGND_TNP_ALM2,SYS_VAR ROLLGND INP_ALM1.SYS VAR_DOWN.NO_DOV] FILLER,
Sys VAR ALLMOT,NG_DDV, GND NP ALMIL, f‘\l‘D P _ALMZ, SYS INP FAL&!'..SYS INP. FAI.SE,NO DDVLFILL

FR.
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SYS_VAR_MA2,NO_DDV,SYS_VAR_UP_DN,SYS_VAR_ALLMOT.SYS_VAR_ROLL,SYS_VAR_ALLMOT,NO_DDVI,

FILLER,
GND_ALM_MOTIONO_DDV,SYS_VAR_MA(,SYS_INP__ TRUE,SYS_VAR _MA2,SYS_{NP_ TRUENO_DDVIFILLER

;/ Platform Function Alert

# function ajert beeper when

41 system variable chirp sct

PLT _OUT_ALERT,NO_DDV,S ¥S_VOM_CHIRP,SYS_INP__TRUE,SYS_INP_FALSE.SYS_INP_FALSE,NO_LDVIFILL
ER, .
IS_NULL__DATANO_DDV,SYS_INP_FALSE,S¥S_INP_FALSE,SY S_INP_RALSE,SYS_INP_FALSE,NO_DDVIFILLER
5

#eadif
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Appendix ~ B

Patabaue Fsatures as of 02-23-98 (software xevision 1.2/1.3)

Switech Hrrors And Erxor Handlirng Fesatuzes

Limik Switch Erzrors. The control system monitoxs the limit switch inputs and
will detect errorxs if the inputs are not consistent with predetermined statas.
An advnntage of electronically controlled =ystems over mechanically controlled
systams is that decisions can be based on a given set of switch statas ko ’
disallow certain opezations and functions. Thexre are two types of limit switch
errors, those that are associated directly with the poles of the switch and
those which are determined by relative comparison to the states of other limit
switchas.

Type-I Switch Errors: Incorzect Swikeh Polae States. The limit switches utilized
on the apparatus are single pole double throw type switches. Each limit switeh
in the systam has both poles wired into the controller. For each state of ths
limit switch, there is a discreta input into the control system. This
methodology requires and utilizes more system inputs, but it also greatly
enhancaes the safety of the apparatus bacause improper combinations of the limit
switch can be monitored.

For example, in a txaditional system {eluctromechanical control), a limit =witch
may be configured to indicate that the beoom angle is low. The switch needs enly
& single pole and would indicata the following states,

BOOM POSITION LS INRUT LS (REDONDANT) INPUT
LOW ANGLE oN NONE
HIGH ANGLE : . OFF . MONE

With this type of limirc switch, a system would not be capabla of datermining 4if
the low angle limic switeh wire bacame shorted or opened. An operator could
potantially operate the machine while condirions are not stable.

With the electronic contxol system, and redundant limit switch state monitoring,
the switch now can attain four dis;xe:a stutes as follows:

BOOM FOSITION L8 IMROT LS (REDUNDANRT) INPUT
LOW ANGLE ON OFF

HIGH ANGLE OFF ON

ERROR STATE OFF QFF -
ERROR STATE oN ON

Based on these sta:es, a mhort or broken wire can be detected by the control
system,

Limitations. There are cextain limitations aszociated with single redundancy
monitoring. It is feasible that & cable can be sheared or that s switch can be
crushed resulting in one of the limit switch wirass shorxrted to positive voltage.
{ON)and the other switch wize shorted open (OFF).

Another limitation of single redundancy checking 1s that it cannot pratect
against or detect a situation when a limit switch is wired backwards (tha main
and redundant poles are switched). In this case, to the system, the switch
would (if not in error states) appear to the controller to be funcklonzng
corractly.
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Type-IX Switch Errors: Inconwsistent Limit Switch States. A sacondary switch
error monitoring method is in place that will minimize (not necessarily
eliminats) the potentiml of the limitations detailed above. The method compares
certain limit switch atates with expected statex of othar limit switches. As an
example, if the fully retracted limit switch is ON, it is then expected that the
extended less than 33 inches limit switech is also ON. If thix is nobt the case,
then an incomnsistent switch state exists and an error is logged in the system.
It is noted that the inconsistent swikch exror is only active if there are no
other switch arxxors present. IF there are othar switch erxors presant, then the
Type-II limit switch error can not ba determined with any accuracy. Further,
the Type-II limit switch error can bs utilized by the database ~ so the
existance of this parcicular arror can be handled as a discrete case.

Type~II errors are recognized as follows:

Detect: If the fully retracted limit switch is ON, then the extension under
337 limit switch should also be OM.

Detect: Tf the boom cradled limit switch is ON, then the rain boom angle low
limit switch should also he Q.

With the abave two comparisons, the system can potentially detect wiring errers
in the following switchas:

Fully Retracted Limit Switch
Extension Limit Switch

Baoom Cradled Limit Switch
Main Boom Anglae Limit Switeh

Limitations. There exist limitations in the overall switch error datection
methodology. Tt is feasible that the £fully retracted limit swicch is wirad in
reverse and that the extension limit switch is also wired in reverse - tharsby
giving false indication that limit switches are not inconsistent.

IMRORTANT NOTE: Xt iz isportant that the limit switch states and all opszation
of the appazatus iscluding the limis switch and anvelope cparation be varified
by 8 qualified technician xftar any limit switch is wired ~ aither at tine of
mazufacture, oxr ab the time s switch i3 meaxviced oz repaired, or at asy time tha
appazatus wiring 1s modified regardless of whether the wiring changes are done
at the switch or at any othor polat 4in the system., It i3 Impostant that aftox
any wiring or wiring service ix done to tha maniift apparatus in any way, that
the Jimit switch states and all of the apparatus including the limit switch and
envelope operation be verlfiad by a gqualified teckaigian, -
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Linit Switch BEzxvoxr States aud the Databaze

Limie sSwitch Error Manager DDV (DBV1) . The database can utilize tha results of
the LM DDV by making certain database output expressions dependent on the state
of the limit switch exrors. Tha level of function exclusion can vary from basic
to complux, depending on the systam requisites and the adeptness of the databage

designexr.

The initial release of ‘the database for the ATE-38E incorporates (entirely
through tha database by the use bf the LM DDV) the following function
limitations: -

Note: If inconsistent switch data or multiple (more than one) switch erzor is
datected {vl1.3}, all mocion is stoppead.

FUNCTION RESTRICTED RY

Talescope Boom Ratract * 4ib angle high while extension limit switch
or main boom angle limit awitch errors are
active

Telescopa Boom Extend ' + jib angle high while extension limit switch
ox maln boom angle limit switch errors are
active

* extension limit switeh arzor active
+ main boom limit switch error active

¥ain Boom Down + jib angle high while extension limit switch
: ‘ or main boom angle limit =witch errors are
active .

+ extension limit switch ezzor active
» main boom low limit switch exxor active

¥zin Boom Up + jib mngle high while extension limit switch
or main boom angle limit switeh errors are
active

~+ extension limit switch error active
= main boom low limit switch error active
* jib angle low limit switch error active

Jib Boonm Up . + extension limit switch error active
: ' * main boom low limit switch error active
- . :j:’.b angle low limit switch axroz active
Jib Boom Up ) » always allowed
Riser Boom Dowm + jib angle high while extension limit switch
or main bhoom angle limit switch erxors are
active
Riser Boom Up * jib angle high while extension limit switch

or main boom angle limit switch sezrors ara
active
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Platform Level Down
Platform Level Up
Plakform, Rotate

Body Swing

e 3ib mngle high while extension limit switch

or pain boom anglae limit switch arrozrs are
active

jib angle high while extension limit switch
or main boom angla limit switch errors are
active

jib anglae high while extansion limit switch
or main boon angle limit switch errors are
activa

dib angles high while extension limit switch

or main boom angle limit switch errors aza
active '
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Motion Alarm Selection

The databasas has been designed to allow 4 different states of the motion alarm.
The table describes these sgtates,

ALARM INPUT 1 ALARM INRUT 2 ALARM TYPE
OFF OFF NONE
OFF oN DESCENT MOTION ALARM ONLY
oN OFF DRIVE MOTION ALARM ONLY
oN oN ANY MOTION ALARM

C2/Domestic Oparation

The database enables and disables certain operations when tha domestic apparatus
input is active. The following features are controlled entirely by the dacabase
when the domestic operation is off (CE Moda}):

* YVhen operating 2a boom function, drive functions are disabled.
s When operating a2 drive function, boam functions are disablaed.
¢ When the boom is not cradled, platform level functions ara disabled.

e When the boom angle 1s high and the talescope boom is not fully
retracted, drive functions are disablaed.

« I£ !:lie' plat‘."a;:m control station emergency stop switch is not in the
*STOP* position, control from tlie ground station is dizsbled -
emergancy power mode overrides this feature,

Typa 23 Apparatus Qperation

The database disables cartain functions when the Typa 33 input i= g.:hive: The
following functions ares controlled by the database when the input is activated
{grounded) : .

» Platform rotate functionz are disabled,

= Telescoping boom functions are disabled.
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R NPUTS o UT:
Rlatform Contyol Station Inputs
The platform control station has two primary input banks: the switch input
matrix and the discrete digital input vterminal strip. The platform controller
scans a 4x5 switch matrix for operator commands, and monitors diserete digital
inputs for interlock inputs (foot =witch, jib limit swicches and emezgency
stop switch). The interlocks are input into the control system so that they
may be included in the database description of the machine. Certain

interlocks are also routed to the apparatus interxlock circuits which are
external the control system.

Swifch Matrix Inputs (ATB 33 System). The switch panel matrix inputs for the

ATB 33 machine are as follows:
BUTTON DESCRIPTION

HORN . Opezates the elactrical horn located at the base
of the machine,

RANGE Selacts spead ranga (high range or low range) for
the drive systum. The operation of this functiom
is gavernad by the poaition of interlocka (rees
database description).

BASE SWING FUNCTION Generates a requeskt for the base swing function.
The base of the machine will rotats 180 degreas
in either direction.

NOTE: For all boom funegigng. the activatcion,
direction and wi
controlled by ths boo stick innuts, and eac
ba i verne [ ogition h
= ute - refe o the data

deseriprion for each particulayr function.

RISER BOOM FUNCTION Generateas a raquesat for the visar boom function.
The riser boom will raise and lower the level of
the platform.

MAIN BOOM FUNCTION Genarates a raquest for the main boom functionm.
The main boom vperates about a pivot point and
will raise and bring inward the position of the
placform, or lower and force oucward the posaition
of the platform.

TELESCOPING BOOM FUNCTION Generates a request for the telescoping boom
function. The telescoping boom will {depanding on
the angle of tha main bcom) axtand and force
upward or lowsr and force inward the pasficien of
the platform.
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JIBR BCOM FUNCTION

PLATFORM LEVEL FUNCTION

PLATFORM ROTATE FUNCTION

EMERGENCY POWER

Generates a request for the jib boom fuaction.
The jik boom operates mbout a pivot point and
when below thea horizontal position the function
will raisge and bring inwazd, or lowar and force
outward the position of the platfoym; and when
below the haorizontal position the function will
raise and force outward, or lowar and torce
inward the position af the platform.

Generates a requast f£or the platform level
function,

Ganeratas a request for the platform rotatien
function. The platform will rotate 180 degrees,

Generates a request for the emergency hydraulic
pump. The emergency hydraulic pump is driven by
an electric motor connected to the emergency 12
V¢ battexy.

Iczminal Strip Inours(ATB 33 System). The terminal strip inputs for the

platform control station are as follows:

INPUT
JOYSTICK DRIVE SIGNAL A

JOYSTICK DRIVE SIGNAL B

DRIVE JOYSTICK SIEER RT SIGNAL
DRIVE JOYSTICKX STEER LFT SIGNAL

FOOT SWITCH INTERLOCK

EMERGENCY STOF INTERLOCK

JIB LOW ANGLE INTERLOCK
J1B LOW ANGLE REDUNDANT INTLK
BOOM JOYSTICK X-AXES INPUT

BOOM JOYSTICK Y-AXIS INPUT

DESCRIPTION
Drive command input to th: coatrol system.

Drive direction input te the conbrol system.

Steaxr right input toe the contral system.
Stear laft input to the control system,

Foot zwitch interlock input to the control

gystem,
NOIE: this interlock is also cont connactad bv a
discrete w to the $n oeake

at the base of the machine.

Emergency stop switch and interlock input ta the
contyol system,

NOIE: this ipterlock is also connacted by a

discrete wire to thea 1 rlock circuits locate
thcao ine

Limit switch input to the control system when the
jib beem is at lowar angle,

Limit switch input to the control system when the
jib bocm is not at lower angle.

Proportional analog input representing the boom
jovstick x-axis position.

Proportisnal analeg input representing the boom
joystick y-axis poszition.
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Roive Jovetick Direction Inputs, Two drive joystick direction inputs arze

utilized to command the forward and reverse drive functions. The joystiak
utilized for the drive function is common to okther machines and has the
following truth table for drive direction (see also drive controller input
signals section]:

STICK PUSHED TO: FWD REV
DRIVE SIGNAL "A" ON ON
DRIVE SIGNAL "g" OFY ON

Platform Control Station Outputs

The platform control station has two primary output banks: tha LED output
matrix and the discrete digital oukput terminal strip. The platform
controller refreshas a 4x4 LED matrix for indicating functions and feadback,
and also conkrols discrete digital outputs for alarms. The statas af the LEDg
at the platform station are determined by the system database and are sent to
the platform control station from the ground control gtation via the system
{CAN) network,

LED M x Qutputs (ATB 33 System) . 7%The platform LED matrix outputs for the
ATB 33 machine are as follows:

LED DESCRIPTION

RANGE LED fndicacea high range speed active.

BASE SWING LED : Indicates base swing function selected.

RISER BOOM LED Indicates riser boom function selacted.

MAIN BOOM LED Indicates main boom function selected.

TELESCOPING BOOM LED Indicates telescaping hoom functlon selected, or
auto retract wmode active.

J1B ROOM LED Indicates jib boom function selected.

PLATFTORM LEVEL LED Indicates platform level functicn selected.

PLATFORM ROTATE LED Indicatas platform zrotate funckion seleacted.

EMERGENCY POWER Indicates emergency power wade selected.

BATTERY BANK (48VDC) LEDs Indicatea the statc of the 48 velt bactaery bank.

STATUS OKAY LED Indicates no errors present in system.

STATUS WARNING LED Indicates errors present in system.

NUMERIC DISPLAY Roports the system errors and status.
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Terminal Strip Outputs {ATB 33 Svstem). The terminal strip outputs for the

platform control station are ag follows:

- INPUT

FUNCTION ALERT SIGNAL

) CONTROL, ON

Platform Control Station Cable Counegtor. There iz one cable which connacts

the platform c¢ontrel station to the ground control station.

DESCRIPTION

A buzzer which indicates switch presges and
various other funccion gontrel states.

ONS/TE. TON:

Betwaan the two

gtations, there are elevea (11) signal and powex supply wires (refer to
schematic dwg #102785).

CONNECQTOR: Deutsch P/N HD34-24-19PN

CONN POSITION CIRCUIT DRSCRIPTION
E3 CAN SHIELD shield wire tor CAN bus
2 CAN LOW CAN signal
3 CAN HIGH CAN asignal
4 spare - . :
] UIB SH POWER powar to Jib angle limit switch |
s DRIVE SPEED 1 drive apaed signal !
7 URIVE EPEED 2 drive spaed signal ]
8 GROUND battery ground |
9 PLATFORM SIGNAL platform emergency Etop interlock !
10 KEY IGNITTON platform +14vdc pawer supply
11 FOOT SWITCH 1 placform fout switch supply
22 spare -
13 FOOT SWITCH 2 placform faot gwitch return {(sigmal)
14 apare -
15 TILT ALARM actives tilt alaxm
16 spare -
17 JIB ANGLE NOT LOW jib angle not low limitc switch
18 spare -
19 JTR LOW AMGLE Jib angle low limit switch

Platform Coptrol Svation Terminsl $txip. There is a terminal strip on the

control card which interfaces the contro) station to the outside world - it is
defined as follows:

TERMINAL

i
2

|~ m E

e

11
12

CIRCUIT

KEY IGNITION®
unusad analog

JOYSTICK X-AXIS
JOYSTICK Y-AXIS

DPRIVE S1GNAL B
ORIVE SIGNAL A
STEER RIGHT
STREFR RICGHT

FOQT SWITCH 2+
PLATFORM STGNAL®

uausad input
unused input

DESCRIPTION

platforn +l4vda power supply

boom joystick x-axis positien
boom joyatick y-axis poaition

drive joystick dirsction ingut (on = reverse)
drive joystick drive command fnput (on = drive)
drive joystick stesr righe ipput

drive Joystick stear right input

oot zwitch gignal inpue ,
platform emsrgency stop intariock
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Sowm.

TERMINAIL, CIRCUIT DESCRIPTION
13 JIB LOW ANCLE §4d law angle limit switch inpuc
14 JIBE NOT LOW ANGCLE redundant limit switch < not low angle
1s ALERT OUTSUT functian alere bugzer output
18 unused oygpuc -
17 no ¢onnection -
148 no connaction -
1% CAN SHIRLDY ahield wire for CAN bua
20 CAN LOW+ " CAM signal
21 CAM HIGH® CAN aignal
22 +3% VDC QUT $ valt supply for huom joystick
23 GROUUND * battery ground
24 GROUND hattery ground ta boom joyatick

rdendtes cizcult connacty to boom cable connector

GROUND CONTROL STATION

OPERATION OVERVIEW

Drive and Steer Functions_. An operator cannot drive or steer the apparatus
from the graund control gtation.

Boom Functions. To oparate any boom function £rom the ground control statien,
it is a rogquirement that the key be turmed to the “on* pasition, the graund
emergency stop switch be set (pulled out) and the ground mode interlock switch
be set (depressed). After these twa interlocks are made, the operator may
select and activate any boom function.

To select a boom funckion, the operator must press tha desired boom section
button, When a function butten is pressed, an alert buzzer will bagp once Lo
indicate that the function has been =alected, and the asaociated panal LED

will illuminate.

To activate a boom function, the user must select and hold an appropriate boom
direction and speed button. The pump motor speed will ramp to the selected
baom speed {slow or fast).

Note: cercain boom functions are depengdent on the state of the limir switch
interio tes.

To stop motion of the active function, the operator may release the boom
direction button. Although motion has been stopped, the selectsd funetion
will remain active until one of the following three situations occux:

1. No motion i= requested by the operator for mors than 10 seconds,

2. The ground mode interlock switch 1s released, ovr

3. The emergency stop switch is released (note this disconnects powaer to
the entire control system - =ae inteérlock and power section).
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If there is no activity at tha ground control station for more than three
minutes, the system will desslect all functions and will go into a power
saving sleep mode. The alert buzzer will beep once to indicate the change in
gystem statcue. Inactivity from the ground is described as no activity on the
ground mode interleck switch.

When operating from the ground control station, the operater can recover from
power saving {(inactivityl wmoda by activation ¢f the ground meode interleck
switeh.

R TATI CONTRO S AND PUTS

Ground contrel Station Ipputs. The ground control gtation has two primavy

input- banks: the switch input matrix and the discrete digital inputs from the
interface connectors. The ground eontroller scans a 4x5 switch matrix for
cperator inputsg, and monitors discrete digital inputs for interlocks and
warnings (tilt sensor and bhoom limit switches).

round Contr anel Swi Matrix T kg (ATB 33/38 Svstem). The ground

switch panel matrix inputs for the ATB 32 machine are as follaws:
BUTTON DESCRIPTION

GROUND CONTROL SWITCH Ground centrol interloek switeh. The switch is
equivalent to tha foot interlock switch at the
platform contrel station.

BABE SWING FUNCTION Ganterates a request for thea bage gswing funétion.
The bage of the machine will zotate 180 degrees
in either direction,

NOTE: an o a 6G3. che b

ctiogn vation ation ar asd will b=
di d and olled b om
dirace 31:) £ func is governed

by the poeition the int ok 4w - a
to the databaze descriotion for esach particular
funesizn.,

RISER BOOM FUNCTION Genexates & request For the riser beom function.
The risear boom will raise and lawer the level of

the platfozm.

MAIN BOOM FUNCTION Generates a request for tha main boom function.
The main boom operates about a pivat point and .
will raise and bring inward the position af the
platfozm, er lowexr and force outward the position
of tha platfazm.

TELESCOPING BOOM PUNCTION Generatas a requeat for the taleacoping boom !
funcrion. The telescoping baom will (depending on '
the angle of the main boom) extend and force
upward the or lowar and force inward the pesition
of the platform.
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JIB BOOM FUNCTION

PLATFORM LEVEL FUNCTION
PLATFORM ROTATE FUNCTION

EMERGENCY POWER

Up KIGH SPEED
UP LOW SPEED
POWN HIGH SPEED
DOWM LQW SPEED
CW HIGH SPEED
CH LOW SPEED
CCWw HIGH SPEED

CCW LOW SPEED

Generates a request for the jib boom function.
The Jib boom aperates ahout a pivot point and
when below the horizental position the funection
will raise and bring inwazd, or lowar and force
outward the position of the platform; and when
below the horizontal position the function will
raige and force outward, or lower and force
inward the position of the platform.

Generates a reguest for the platform level
funcrion.

Genarates a request for thc platform rotation
function, The platform will rotate 180 degrees.

Generates a reguest for the amargancy hydraulic |
pump. The amergancy hydraulic pump is driven by
an electric motor connected to ths emargency 12
VDC battary.

Initiates an appropriate raquastad function
upward at fazt pump motoz speed.

Iniciates an appropriate requested function I
upward at slow pump motor speed.

Tnitiaces an appropriate requested function
downward at fast pump mator epeed,

Initiates an appropriate raguastad funccion
downward at slow pump mctor gp2ed.

Iniviates an apprepwiate requeszed functien
¢lockwise at fast pump matar speed,

Initiates an appropriate raguastad function
clockwise at slow pump motor speed.

Initiates an sppropriate requeated function
ecounter-clockwise at fast pump motor speed.

Tnitiates an appropriate regquested functien
counter-clockvwise at slow pump motor speed.

Gzound Control Station Discrete Inputs(ATB. 33/38 Svystem). The apparatus inputs

are connected to the controller via the Deutsch connactors located on the GCS
enclosure, The following inputs are definead:

INPUT

LOW BRAKE RELEASE PRESSURE

TILT SWITCH

MAIN BOOM DOWN INPUT

MAIN DOOM HOT DOWN INPUT

MAIN BOOM HIGH ANGLE INPUT

DESCRIPTICON

Indicates presgsure toc low to ralease tha wheel
brakes for drive operations.

Indicaces apparatusa is tilted (tilr switch
activel}.

Active when main boom is full down.
Active when main boom is noz Full down.

Active vhen main boom angle is high (over 33
degzraas).
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INPUT DESCRIPTION

MAIN BOOM NOT HIGH ANGLE INPUT Active when main boom angle is not high.

MAIN BOCM EXTENDED INPUT Active whea main hoem is extended ovar 13-,
MAIN BOOM NOT EBXTENDED INPUT Active when main boom is not extended over 33+,
MAIN BOOM RETRACTED INPUT Active when main boom is fully retracted.

MAIN BOOM NOT RETRACTED INSUT Active vhen main boom is not fully retractad.
@round Control Station Qutputs. The ground control station has twa primary
output banks: the LED output matrix and the high side driver output bank
(raster controller driver card). The driver card is connected to the davices

on the apparatus through several Desutsch connectors located on tha GCS
enclosure. The ground conkroller refreshes a 4x4 LED matrix far indicating
functions and feedback, and also controls digital outputs for wvalves, alarms,
golenoids and relays. The states of the LEDs at the ground station are
determined by the system database and are sent to the ground station control
LED/switch interface card via the system (CAN} network.,

LED Matrix Outputs (ATE 33 System). The ground LED matrix outputs for the ATB
33 machine are as follows:
LED DESCRIPTION
BASE ROTATE LED Indicataz base rotate function selected.
RISER BOOM LED Indicates riser boom function salected,
MAIN BOOM LED Indicates main boom function selectad.
TELESCOPING BOOM LED Indicates telescoping boom function selectad.
JIB BQOOM LED Irdicates jib boom funation selected.
PLATFORM LEVEL LED Indicates platform level function selected.
PLATFORM ROTATE LED Indicatsas platform rotate function selected.
EMERGENCY POWER Indicates amergency power moda salected.
PLATFORM CONTROL MODE LED Indicates system in platform control mode.
GROUND CONTROL MODE LED .Indicates system in ground contzol mods.
STATUS OKAY LED Indicates no errors present in system.

STATUS WARMING LED Indicaces erzore present fn system,

NUMERIC DISPLAY Reports active gysteam errcrs.
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Seatio

a3/38

ground contreol station are as follows:

QUTPUT

PLATFORM ROTATE CW
PLATFORM ROTATE CCW
TELESCOPING BROOM EXTEND
TELESCOPING BOOM RETRACT
MAIN BOOM UP

MAIN BOOM DOWN

JIR BOOM UP

JID BOOM DOWN

PLATFORM LEVEL Up
PLATFORM LEVEL DOWN
APPARATUS BASE ROTATE CW
APPARATUS BASE ROTATE CCW
RISER BOOM UP

RISER BOOM DOWN

VALVE:
VALVE:
VALVE:
VALVE:
VALVE:
VALVE ;
VALVE:
VALVE:
VALVE:
VALVE .
VALVE:
VALVE:
VALVE:
VALVE:

VALVE:
VALVE :

STEER LEFT
STEER RIGHT
VALVE: EMERGENCY POWER HYD
DRIVE COMMAND 1

DRIVE COMMAND 2
DRIVE HIGI RANGE

SIGNL:
SIGNT ¢
STGNL:
SIANL: PUMP SPRED ANALOG
ALARM:
ALARM:

HORN RELAY
MACHINE MOTION

RELAY: 48 VOLT RELAY

Drive Controller Direction Outputg.

The connector outputs for the

DESCRIPTIION

Activates
Actjivates
Activates
Activatas
Activates
Activates
Activares
Activates
Activates
Activates
Activates
Activates
Activates
Activates

Activatas
Activates

Activates
Activates

Activates
Activates

placform rotate clockwise valve,
platform rotates ener-clockwise valve.
telascoping boam extend valva.
telescoping boom retract valve.
main boom up valve.

main boom down valve.

jibh hoom up valve,

1ib boam down valva.

placform laval up valve.

platform level down valve.

base xotate clockwise valve.

base rotate countar-clockwise valve,
riser boom up valve.

riger boom down valve.

stuer laft valve.
staer right valve.

emergency hydraulics valva.
drive cocmmand input to drive system.

drive command input to drive system.
high range input to arive system.

Motor apeed cantrol aignal to pump cantroller.

Activates
Activates

Activates

horn relay.
motion nlerting davica.

punp conkroller relay f{Ignition-2).

Two drive outputs from the bhoom control

system (at the GCS) are connected to inputs on the drive control aystem.

Thase outputs
(forward and xeverse).
are defined as Follows:

DRIVE QUTPUT COMMAND 1
DRIVE OUTPUT COMMAND 2

£WD

(+).1
oN

command the drive function (go) and the drive direction
The drive command outputs {(or drive controller inputs)
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CONNECTOR L1 (INPUT CONNECTOR}: Deutsch P/N DT13-12PA

n
[
o«

VORI AW

TYPE

INPUT
nPUT
THNUT
INeUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPOT
INPUT

CIRCUIT

CONTROLLER PWR SUPPLY
BATTERY GROUND

unuaad {analog)
unused (pulse)

FULL RETRAQCT

NQT FULL RETRACT
EXTENDED LESS THAN 33~
EXTEZNDED OVER 33°
MAIN BOOM ANGLE LOW
MAIN BCOM ANGLE NOT LOW
MAIN BCOM NOT DOWN
MAIN BCCM DOMYM

DESCRIPTION

+12 VEC supply from inteslock/voltage card
ground supply to sontrol syatem

full zatracted limit switch

not fully recracted limit gwitch
telescoping boom axtended lesa than 334
Eelescoping boom extanded more than 33~
main boom angle is low

main bBoom angle is nat low

main boom 42 not down (not cradled)
main hoom is down (cradled)

CONNECTOR 2 (I/0 CONNECTOR): Deutsch P/N DT13-12PA

PIN

WMl e

TYPR

IyoUT
INPUT
INFUT
INDUT
oUTPUT
INPYT
ouTrUT
QUTRUT
QCT?UT
ouTRUT
QUTPyT
QUTPET

CIRCUIT '

TILT SFNSOR

BRAKE RELEASE PRESSURE LOW
unugsed

unusad

ANALOG BUOM SPEED
‘DEFAULT

whused

unused

IGMITION.2

DRIVE SIGMNAL 1
ORIVE SIGHAL 2
HIGH HANGE

DESCRIPTION

input whea apparatus tilted

active when low relsase pressurs

analog output to rocm spesd

powar on this pin at poc loads default database
sctivates pump etrl rly (low curreat 48vdcl
sive direction signal

drive stgnal

high range outpuz ts drivec centrzol system

CONNECTOR 3 (OUTPUT CONNECTOR): Deutsch P/N DT13-12PA

PIN

OB RN S NN

P
(Y™

TYPE

oUTPUT
ouTPUT
ouTPuT
OQUTFUT
OUTPUT
ouTPUT
ouTPUT
oUTPUT
OUTRUT
OUTPYT
ouTRUT
QUTUT

CIRCUIT

JIB DOWN VALVE
TRELESCORE RETRACT VALVE
RISER BOCM DOWN VALVE
RISE BOCM UP VALVE
BASE SWING CCHW VALVE
BASE SWING CW VALVE
PLATFORM LEVEL DOWN VALVE
PLATFORM LEVEL UP VALVE
MAIN BOCM DOWN VALVE
JIB BOOM UP VALVE

MAIN 80CM UP VALVE
TELESCOPE EXTEND VALVE

DESCRIPTION

valve ageivation output
valve activation output
valve metivation output
valve activation outpun
valve activation output
valve astivation output
valve activacion cutput
valva actlivation curput
valve activation oucpur
valve activation outpuz
wvalve activation cutput
valve activation ouspun
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CONNECTOR 4 (OUTPUT CONNECTOR)r Deutsch B/N DT13-12FBA

RIN

VWSO S N

COMNECTOR S5 (PLATFORM COMNECTOR) :

PIN

Vo)A RE NN

TYRE

oUTPUT
ouTeOT
ouTAUT
oUTPUT

QUTRLT

ouTRUT
ouTPUT
OuUTPUT
QUTPUT
OuUTPUT
QUTPUT
OUTPUT

TYRE

CIXRCUIT

unuaed
HORN RELAY

ETEER RIGHT VALVE

STRER LEBFT VALVE

EMERGENCY POWER VALVE

DESCRIPTION

activates the dorn

valve activation output

valve acgivation oucput

emexgancy hydraulic fluid d&f{verting valve

FCOT SWITCH DRIVE SIGNAL ‘foot gswitch signal from database {(zedundant?)

unusad
unused
MOTION ALARM
unusad

PLATFORM ROTATE CCW
PLATFORM ROTATE CW#

CIRCUIT

CAN SHIELD
CAN LOW

CAN HIGH
sparm

DRIVE SPEED 1
DRIVE SREED 2
CROUND
PLATFORM SIGNAL
KEY IGNITION
FOOT SWITCH 1
spare

FOOT SWITCH 2
spare

TILT ALARM
Bpare

spaze

active with any apparatus wmotion

valve activation cutput
valve acgivation output

Peutsch P/N HD34-24.19PN
DESCRIPTION

shield wire for CAMN bus
CAN signal
CAN signal

drive speced signal

drive speed signal

batcery gzound

platform emmzgency atop inserleck
platfosm +livdc power supply
platform foot switch supply

platfaem fgoor awiteh zeturn (algnall
actives tilt alacm at platform

CONNECIOR € (POWER SUPPLY/INTERLOCK): Deutsch P/N HD34-24-21PN

PIN

XELQCHNURNIZXORYUTOMHOND Y

TYPE

SUTHT
SUPPLY
OUTRUT
SUPPLY
SUPPLY
syPRLY
SuesLy
ouTUT
INPUT

ouTHUT
ANALOG
ANALCG

CIRCUIT

PUMP SIGNAL
BATTERY GROUNT
AUX PUMP SIGNAL
CONV-14VDC
AUX-22VDC

DRIVE-CONTROLLER #WR

SYSTEM POWER
FOOT GWITCH 2
48 VDG SENSE
IGMITICN

DRIVE SPEED 2
DRIVE SPESD 2

DESCRIPTION

sctivates the main hydraulic pump contactor
power supply ground to centrol systen

ageivates the auxiltiary hydraulice pump contactar
14 VDG from the do step down convarter (48 to 14)

. 32 Vo& from the auxiliary temecrgency) battery

14 VDC to deive concroller when platform signal presenc
main controller power supply from intlk/voltage card
foct switch inclk sigral to the drive control aysten
48 volt battery bank monitoring input

circuit protacted supply with key on

drive speed circule from plagform drive joystick pot
drive speed circult from platfarm dyive joystick pot
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INTIERLOCK SYSTEM

The ground station control box contains an interlock cireuit which interfaces
teo the safety switches, and apparatus davices. The intexlock system is
located on a separate card in the control box and also contains the auxiliaxy
battery charging circuit and main system power circuit breaker.

There arc two primary conktrol interlock switches - the platfozm foot switch
interlock and the ground control switch interlock. There is a single primary
control intexlock - the goptrol interlock signal (refer to interlock card
gchematic DWG #102784), The control interlock gignal activates interlock and
charge isclation relays on the interlock card.

In platform mode, the foot switch will activate the control interlock signal
and in ground control mode, the control interlock is made by the ground
control made swicch.

The two interlock relays which are dependant on the control interlock signal
are Master Intexlock Relay 1 (MIRl), and Master Interlock Relay 2 (MIR2).

Magter Interlock Relav 2, MIR1 is utilized to interlock the hydraulic pump
motor contactor signal. The signal enters the ralay from a high side driver

on the master controller card through the ribbon cable connector to the
interleck card. The interlocked pump reguest signal is output to connector #6-
A. If the conkrol incerlock rignal is not prasent, there cannot be any
hydraulic pump operations.

ter Interlock Relay 2. MIR2 is utilized te intexlock the auxiliary
(emergency) hydraulic pump motor contactor signal. The signal entexs the
relay from a high side driver on the master controller cayd through the ribbon
cable connector to the intarleck card., The interlocked pump request signal is
output to connector #6-C. If the control interlock signal is rnot present,
there cannot be any emergency hydraulic¢ pump operations.

Auxiliary Zattery chaxging Ralav., The coatreol interlock signal also activates

the auxiliary battery charging circuit to isolate the auxiliary battery from
the converter when a function is active (see charging/power supply circuit).

Fcot Switch Interlock. The foot switch interlock signal is passed through the
ground controller box from the platform connector #5 to the power
supply/interleck connector #6. The circuit can be used as reguired by the OEM
to intexlock devices which may or may not be connected to the control system.
It is the QOEM‘s xesponsibility to determine the appropriateness of the
external wiring and ies suitability for any givan application.

Platform Emergency Stoy Switch. The platform emezgency stop switch signal

provides powar to the pla=form foot switch and also ra an interlock relay
whiclh pravides the electrical system with an ignition circuit attached to the
la VDC convertar. This intexrlock - called platform signal interlock is accive
whenever the appararus is in platform mods and the platform emergency stop

button is sst (pulled out).

-
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arlock ace les., There exist several (if not unlimited) methodg
for interfacing the apparatus (and interlocks) to the control system. The
attached apparatus interface schematic serves as a representative circuit
which has been taested and time proven. As shown, the apparatus interfaca
schematic (dwg #102785) coupled with the interlock interface circuit card
echematic (dwg #102784) has the following intarlock charactaristics:

PLATFORM SIGNAL NOT ACTIVE:

~ drive Bystem is digabled

- no foot gwitch interlock possible

- no netwark platform interlock signal
- control from GCS still functional

FOOT SWITCH INTERLOCK SIGNAL NOT ACTIVE:

- no MIRl (no main hydraulic pump for boom functions)

- no MIR2 {(no auxiliary hydraulic pump for boom or steer Functions)
- mno inkterlock to drive control system

~ no interlock to brake release valve (brakes reamain applied)

-~ no network foot switch interlock signal

- cantrol from GCS still funceional

POWER AND CHARGING SYSTEM

The control system is connected in a “dual battery” configuration through a
set of diodes configured as a battery isolator (refer to dwg #102784). The
voltage supplies are connected to the power supply/interlock card through
connector 6-D (14 VDC from the 48 volt to 14 volt convertex) and connector 6-E

{auxiliary 12 volt battexy).

The auxiliary battery is charged through the auxiliaxy battery charging xelay
whenever the control intarlock signal is not present. When the apparatus is
idle, the auxiliary (emergency) 12 wvolt battery is connacted directly to the
convexter output voltage, therxeby receiving chaxge,

The circuit system power is connected to the battery isolator circuit and is
protected by a 15 amp fuse, The system power ¢ircuit is routed directly to
connector 6-G. Thiag cirvcuit is utilized as the main supply circuit to the
contraller and controller driver banks. The system power circuit is connectad
to the controller throuyh connector #1-1.

MNate: In the 33/38 applicarion, thig gireuit is routed through a disconnect
an AC

relay which is activaged whenever the 48 volt aIge Quagag!
power spurce for charging the 48 volt batbery bank. N 2lso that th

converter s 38 volts) ls disco cad the converter duripg
charging.
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Power/Ratterv Charging Svstem Bxample., There exist several (if not unlimited)

methods for interfacing the apparatus charging to the control system. Whils
tha power connections to the control system are well defined, the external
battery and cabling circuits of the apparatus ara beyond the scope and control
©of the boom control system. Shown in schematic drawing #102785 is a
representative circuit which has been time proven and tested - this circuie
may be modified, or redesigned, as required by the OEM to satisfy the power
requirements and conditions of the other components on the apparatus (such as
drive control system, pump contactors, and pump speed controllers), The power
systems circuit, and its suitability for a particular application is the
reaspongibility of the OEM, rFollowing is a bricf description of the power and
c¢abling methodologies utilized on the test modal,

Master Disconnect Switch. The mastex disconnect awitch disconnects the 48 volt

battery bank f£rom the apparatus. .The auxiliary 12 volt battery is
disconnected from the control system by a separate set of contacts on this
switch.

AC Line Charger and Disconnect Relav. when the charger is plugged into an AC

line, an internal xelay disconnects the 48 volts from the convertex, and

disconnects tha circuit System Power from the control systeam, This conditien:
renders the controller and all apparatus functions non-operational. While the
charger is connected to a line source, the 48 volt battery bank is receiving a

charge.

Voltace Convertay.  The voltage converter drops the 48 volt supply to the 14
volt opaerating voltage of the contraller and system components.

Noteg: To allow the au 3 e X receive & cha iz is directiy
coanacted to the suxiliary batterv when the goparatug {s idle. uxiliasv
battary bank is charged only by the converter ia xamo frcuit,

Pump Controller Power Relay. The pump controller powexr relay connects the 48

volt supply to the hydraulic pump controller and to the 48 volt bathery sense
line of the boom control system. This relay is activated by the Ignition-2
circuit (which ig activated at power up). This relay scenario is primarily to
prevent 48 volts from being applied to the boom control system withaout proper

round ox powsr being supplied to the controller (or improper connector
pinning). Additionally, this retay will be shut off to reduce powex
consumption during system sleepn/power reduction made.

Hvdraulic Pump Contactor. The hydraulic pump motor and pump controller supply
cables are connected anly whan required for operation. The hydraulic pump
cantactor is activated by the control system when recquixed (see operating
database section for rules).

Auxiliarv/Emevgency Hydraulic Pump Contactor. The auxiliary hydraulic pump
morar supply cable is cannected only when required for operation. The
auxiliary hydraulic pump contacter is activated by the control system when
rzguirad (ses operating database gection for rules).,
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Envelopa Limit Switchaz/Operation

There are four limit switches which monitor the position of the boam. The
limit switches are connected to the controller, and ave incorporated into the
rule database describing the apparatus. For diagnoatic purposes, each limie
gwitch has a redundant contact wired to the conktroller. The limit aswitches ara.

defined as follows:

Main Boom Angle Limit Switch. The main boom angle limit switch is acgtive

whenever the main boom angle is low (below 33 degrees).

oom asion Limie Switc The main boom axtensien limit switch is
active whenever the main telescoping boom is extended less than 33 inches.

Main Boom Retracted r.imi; Switch. The main boom retracted limit switch is

active whenever the main telescoping boom is £ully retracted, .

Jib Boom Angle timit Switch. The jib boom angle limit switch is active

whenever the jibk boom angle is low {less than 33 degrees abave horizontal).

Main Boom Cradled Limit Swigch. 'rl'ie cradled limit switch is true when the

main boom and riser hoom are in most dawn powition.

The sctability analysiz evaluated and detexmined by Snorkel Enginsering results
in the following envelope reguirements and limitations on cextain boom
functions:

“A* (JIB). Dafined as the condition when §ib angle is not lew and
the boom is extended less than 33 inches.

Jib Up: requests are ignored while condition A exists.

Jib Down: Jib Down function is always allowed, however, the jib will
automatically be activated down if a bocm retract command is issued while

condition *A* exists.

ndition “B* (EXT . Defined as the condition when the main boom angle is
low and the main boom is extended more than 33 inches,

Extend: requests are ignored while condition - exists.
Retract: The retract function is alwa&s allowed, however, the retrackt

function will be automatically activated if a main boom down command is
isgsued while condition “B" exists,
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System Functions and Rules

The apparatus operates to a defined set of rules. The rule database, in
conjunction with the certain controller variables {rafer to database section)
defines precisely the operation of the machine, It 18 imperative that before
machine design is implemented, that the operational xrules be axplicitly
defined by the OEM, that iz, the yule base must be developed by a parson who
possesses a full, exact understanding of the machine and how it must funceion.
The excaption to this is the machine specific functions that ara beyond the
scope of the discrete Boolean relationships avallable through the database.

The machine specific functions are custom program modules embedded into the
contrxol system and are called System Virtual Qutput Modules (VOM’s). A VOM
utilizes database variables, and may also set database variables =0 that the

database developer has access to the VOM,

The 33/38B rula base im defined as follows:

Ttem: GCS Ground Meds LED
Desc: output indicacor
Rule: sat when system ground mode switch is active.

ITtem: GCS Blatform Mode LED
Desc: output indicator
Rule: set whenr system platform mode is active,

Item: Ground bown Variable

Desc: database variable

Rule: set when ground down low speed switch and ground mode or
when ground down hi speed switch and ground mode

Item: Ground Yo Variable

Desc: database variable
Rule: set when ground up low speed switch and ground mode or
when ground up hi speed switch and ground moge

Item: Ground o cun wn Variable

Dasc: database variable
Rule: set when ground up variable set or ground down variable set

Item: Platform St Do Varia
Desc: database variable
Rule: set when boom joystick down switch and platform mode

Item: Platform Skatjon Up Variablae
Desc: databage variable
Rule: when boom joystick up switch and platform mode

Item: Plabform Unm ¢r Platfozrm DNown Variable
Desc: database variable
Rule: get when Platform Up variable set or DPlatform Down variable set
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Itam:
Dasxc:
Rule:

Item:
Desc:
Rule:

Icem:
Dagg:
Rule:

Item:
Dasg¢:
Rule:

Item:
Desc:
Rule:

Ttem:
Desgc:
Rule:

Item:
Desc:
Rule:

Item:
Desc:
Rule:

Item:
Desc:
Rule:

Item:
Desc:
Rule:

Item:
Dese:
Rule:

Item:
Desc:
Rule:

Uo or Down Variable
database variable
get whea ground Up/Down variable set or platform up/down variable set

Ground Counter-Clockwise Variable

datahase variable .
set when ground c-clockwise low speed switch and ground mode ox

ground c-clockwize hi speed switch and ground mode

Ground Clockwige variable

databuse variabla
set when ground clockwise low gpeed switch and ground mode or
ground clockwise hi speed switch and ground mode

Ground Lefu/Right (CC.cW) Variable

database variable .
set when ground clockwise variable set or
ground counter clockwise variable set

Platggrm_goun;g;-élcckwisg Variable
dactabase variable
when platfoxm c-clockwisa switch and platform mode

Placform Clockwise Variabla

datakase variable :
set when platform clockwise switch and platform mode

Rlatform Left/Riaht (CC-CW) Variable
database variable
set when platform clockwigs variable sek or

platform counter clockwise variable set

Cleockwige Counter-Clockwise variable

database variable
when ground left/right variable sct or platform left/right variabls sat

Ground Left/Right High Speed Variable
database variable
set when ground clockwise high switch and ground mode or

ground counter-clockwise high gwitch and ground mode

Groupd Left ht Low eed Vari e

database variable
set when ground clockwise low switch and ground mode or
ground ecounter-clockwise low switch aud ground mode

Ground to/Dn Hi Speed Varziable
databage variable
set when ground down high switch and ground mode or

ground up high switch and ground mode

Ground Un/Dn low Speed Variahile
dacahasa variadble
when ground down low switeh and ground mode or

ground up low switch and ground mode
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Item: Gr h Soeed Variahl

Desc: databasze variable .

Rule: set when gxound up/down high speed or ground left/right high speed

Item: Grou Low Spe riable

Desc: database variable

Rule: when ground up/down low speed or ground left/right low speed

oom cti ules

Item: Auto Retract Redguest

Dasc: system variable

Rule: when main boom low angle limit switch and not retracted 33% limit switeh

Item: Auto Retract Blink Variable

Desc: database variable

Rule: when system auto retract variable and (system output blink variable)

Item: Main Boom Rekract

Desc: ocutput

Rule: when panel request for extend and (ground down switch or platfoxm down
switch) or (when auto retract enabled and main boom lifting down)
bhut not whan autcmatically lowering jib into safety zone.

Item: Main Boem Extend

Desc; output

Rule: when panel vequest for extend and (ground up switch or platfoxm up
switch) but not whan auto retract enabled.

Item: GCS Ma oom Extengion LED '

Desc: output

Rule: when panel reqguest for extend or {auto retract enabled and up/down
switch pressed)

Item: Main Boom Lift Down

Desc: output

Rule: when panel reguest for lift and (ground down switch or platform down
switch) but not if auto retract enabled

Item: Main Beom Lift Up

Desc: output

Rule: when panel request for lift and (ground up switch or platform up

switch)

Item: GCS Main Poom Lift LED

Desc;
Rule:

Item:
Desc:
Rule:

Item:
Desc:
Rule:

output
when panel regquest for lift

PCS Ma Boom Lifr LED
output
when panel request for lift

Auto Jib Boom Down

database variable
when jib boom angle is high and excended less than 33 inches.




66

Jib Boom Down

Itam:
Da=c; output

Rule: when panel requast far jib and {ground down switch or platform down
switch) or when retracting and auto jib boom down variable set

Item;
Desc:
Rule:

Item:
Desc:
Rule:

Item:

Desc: -

Rule:

Item:
Dasc:
Rule:

g3 gom U
output
whan pansl request fox

jib and (ground up sw or platform up sw)

but not when auto jib boom down wvariable set

GCS _Jib Led
output
panel request for jib

PCS Jib l.eqd
output
when panel request for

Platform Level Down
outpuc
when panal ragquest for

down switch)

Itam:
Desc:
Rule:;

Iteam:
Desc:
Rule:

Item:
Dasc
Rule:

Item:
Dasc:
Rule:

Itam:
Desc:
Rule:

Item;
Desc:
Rule:

Itam;
Dese:
Rule:

Item:
Deac:
Rule:

Platf evel U
output

when panel request fox
up switch)

GCS Platform Level LED

output
when panael regquest for

PCS P) rm Level LED
output
when panel request for

Riser Boom Dowrl
output

when panel request for

Riger Boom Up
output
when panel request for

GCS Riser Boom LED

output
when panel xecuest for

PCS Riser Boom LED

output
when panal reguest for

level down and (ground down switch or platform

level up and (ground up switeh or platform

platform level

platform level

riger and (ground down sw or platform down sw}

risar and (ground down sw or platform down sw]

platform level

platform level

Platform Rotate Counter glockwise
cutpuc

when panel request for

rotate and (ground cew sw or platform ccw sw)
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Item: platform Rotate Clockwise
Desc: output
Rule: whan panal request for rotate and (ground ow sw or platform ew sw)
Ttem: GCS Platform Rotate LED
Desgc: outpu
Rule: whan panel request for platform rotate
Ttem: PCS Platform Rotate LED
Pesc: output
Rule: when panel raquast for platform rotate
Item: RBod W, W
besc: output
Rule: when panel resquest for body swing and (ground ccw sw or platform cow sw)
Item: Body Swing Clockwise
Desc: output
Rule: when panel request for body swing and {ground cw aw or platform cw aw)
Item: GCS Body Swing LED
Desc: ocutput
Rule: when panel request for body swing
Item: PCS Body Swing LED
Daesc: output
Rule: when panel request for body swing
Item: Jgpition-2 Output
Desc: gutput
Rule: set whan the controller is powered up
Drive Control Rules.
Item: Drive Command Signal 1
Desc: output
Rule: joystick drive switeh A and not joystick drive switch B
but only when
the foot switch is active and not in emergency power mode
Item: Drive Command Signal 2
Desc: output
Rule: joystick drive switch A or joystick drive switch B
but only when :
the foot switch is active and not in emergency power mode
Item: Vehicle Motion
Desc: database variable
Rule: when any drive signal active
Item: High Drive Range
Desc: output
Rule: when (panel reguest high drive and platferm mode} and (boom is cradled

and fully retractad)
but only when tha foot ewitch is active.

——
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Iitem:
Desc:
Rule:

BCS High Range LED
outputb
when High Range Drive

Valve Actjivation Variable

The following set of rules are utilizod only to result in cne eguation which
sets a variable which is true when any valve is active, the variable is: Any

Boom Valve Active

Item:
Desc:
Rula:

Item:
Dasc:
Rule:

Itam:
Des¢:
Rule:

Item:
Desc:
Rule:

Item:
Desc:
Rule:

Item:
Desc:
Rule:

Item:
Desc:
Rule:

Item:
Desc¢:
Rule:

Item:
Desc:
Rule;

Ltem:
Degc:
Rule:

Item:
Desc:
Rule:

Platform Rotate Variable
database variable
when platform rotate clockwise or platform rotate counter-clockwize

Body Swing Variable
database variable
when swing clockwise or swing counter-clockwise

Swing/Rota Variable
database variable
when platform rotate variable or hody swing variable

Retract/Extend Varigble
database variable
when retract valve active or extend valve active

Swing/Rotate/Retract/Exte riable

database variable
when retract or extend variable or
platform rotate variable or bedy swing variable

Jit Down/Lift Down Variable

database variable
when jib down function or lift down function

Jib Up/Lift Up Variable

database variable ’
jib uwp function or main 1lift up function

Level Variable
database variable
when level up function or level down funection

Jib-down/Lifr-Down/bevel Variable

database variable
when level variable set or jib down/lift down variable set

Lifrv/Jib/Level Variable

database variable
when level variable or jibvariable or lift wvariable set

Riser Variable
database variable
set with either rigser up or riser down valve
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Item: Riser/Lift/Jib/Level
Desc: database variable
Rule: set with any jib lift xisar or level motion functicn

Item: Any Boom Valve Active
Desc: databagse variables
Rule: when swing or rotate or retract or extend ar lift or jib or riser or

lavel Function is active

oom an e ontrollar eed Tri ts

Item: Full Speed Allowed (no bogm spsed trimming)’

Dasc: system ¢command
Rule: whuen riser up, extend or retract valves or (brake release pressure low

and foot switch)

Item: Half Speed Allowed (hoom speed trimmed to 50%)

Degec: system command
Rule: when jib up or main up valve

Item: Quarter Speed Allowed
Desc: system command
Rule: when not full spead allowed and not half speed allowed

Item: Hydraulic Pumo Sianagl

Desc: output {(interlocked)

Rule: when any boom function valve and not emergency pump mode or
brake release pressure low and foot switch is active

Emgrgency / Auxiliarv Power Control
Item: Steey variable

Desc: database variahble .
Rule: when drive joystick stesr right or drive joystick stesr left

but only when foot switch active

Item: Au;iliarx Hydraulic Pump Relavy

Desc: output
Pule: when steer variable or (emergency mode and any boom valve wvariable)

Item: Steer Left Function
Desc: output
Rule: when platform foot switch and drive joystick stesr left

' Item: Steer Right Function
Desc: output
Rule: when platform foot switch and drive joystick steer right

Ttem: GCS Emergeneyv Power LED

Beasc: output .
Rule: when emergency mode variable set and ground mode or platform e-pwr LED

Item: PCS Eme (=3 owe: ED
Desc: output
Rule: when emergency mode variable gset and platform mode or ground e-pwr LED
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Ttem: Emergsncy Poway Diverting valve

NDesc: output
Rule: when auxiliary {(emergency)} pump on and any boom valve

Machine Warnings And Alarins
Item: Horn Relay

Deasc: output
Rula: when platform horn switch

Icem: Tilk Alarm

Degc: output

Rule: 0oy lgyvel owitch and not Basm éradled swieeh
Icem: Motion Alarm

Desc<: output
Rule: any boom valve or drive function

Item: Chirp Alext
Desc: output .
Rule: when system control system requests function chirp

Node Error Status. Each node has the ability to report its error status o
the master control module. The mascer control module will alseo report the

system error status to the network devices. The platform i/o node and the
ground ij/o node axe configured with displays which will display the exwor
status as reported from the MCM,

Node Errors. Thae following chart lists the error codes currently supported by
the system.

ERROR  DESCRIPTION

0001 MCM - PLATFORM NOT PRESENT (NO COM)

0002 MCM - BOOM JOYSTICK NOT PRESENT (NO COM) |

0003 MCM - GROUND SWITCHES NOT PRESENT (NO COM)

0004 MCM - BOOM CRADLED SWITCH ERROR

0005 MCM - BOOM ANGLE SWITCH ERROR

0006 MCM - EXTENSION SWITCH ERROR

0007 MCM - RETRACTED SWITCH ERROR

0008 MCM - JIB ANGLE SWITCH ERROR

0009 MCM - DRIVER ERROR______

0010 MCM - TILT ALARM WARNING

0011 “MCM — INCONSISTENT SWITGH STATES

2305 GROUND VO - SWITCH AT POC '

2306 GROUND VO - ILLEGAL SWITCH COMBINATION

2307 GROUND VO - COMMUNICATIONS ERROR

1793 "BOOM JOYSTICK - NOT CENTERED AT POC

1794 BOOM JOYSTICK - OUT OF RANGE

1795 BOOM JOYSTICK - MULTI AXIS DETECTED
1807 BOOM JOYSTICK - COMMUNICATIONS ERROR

2561 PLATFORM /O - SWITCH AT POC —

2562 ~ PLATFORM VO - ILLEGAL SWITCH COMBINATION
2563 PLATFORM /O - DRIVE JOYSTICK ACTIVE AT FOC
2575  PLATFORM VO - COMMUNICATIONS ERROR
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WHAT IS CLAIMED IS:

1. An aerial work apparatus comprising:
a basc;
a platform;
a hoom connecting the platform and the base;
a2 hydraulic system for moving the boom sections; and
a hoom control for controlling the hydraulic systevﬁ in response to operator inputto
move boom scctions in accordance with the opcerator input, said boom control comprising:

a first control module on the base responsive to an operator for providing
bhoom motion commands for causing the bhoom to move in a desired direction;

a sccond control module on the platform responsive to an operstor for
providing boom motion comunands {or causihg the boom o move in a dosired
direction; and

a controller area network interconnecting the first module control module and

the second control moadule.

2, The apparatus of claim 1 wherein the boom control includes a microproccssor

programmable with parameters which control operation of the apparatus.

3. The apparatus of claim 2 wherein the parameters include one or more of the
following: |

paramcters which deline an cavelope within which the boom is permitted to operate;

parameters which cause the boom to aulomalically retract in certain positions in
response to certain operator requested actions;

parameters which define ramping up speeds or ramping down speeds of boom
movement; '

paramcters which define scquential functions of the boom;

parameters which define simultaneous functions of the boom; or

parameters which define time periods based on the status of various switches during

which time periods the boom is permitted to opcerate,

* [ L M s *
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4. 'The apparatus of claim 1 wherein the boom control compriscs an envelope
controller comprising:

4 position detector subroutine or circuit for detecting a position of the boom sections
or work platform relative to a position of the base; and

a position limitation subroutine or circuit for inhibiting the hoom control signal heing
provided to the hydraulic system when the position detector subroutine or circuit indicates
that the deteeted position of the boom scctions or work platform relative (o the position of the
base will exceed an envelope limit whereby the envelope controller limits the position of the
boom sections or work platform relative to the position of the base to within a predefined

region.

5. The apparatus of claim 1 wherein said boom control compriscs:

4 boom section select switch response to operator input for selecting one of the
plurality of boom sections to be moved;

a hoom motion input switch response to operator input for providing a boom
direction signal indicative of a desired direction of boom motion for the selected
boom scetion to be moved and providing a desired boom speed; and

4 boom ramping controller, responsive Lo the boom section select switch and
boom motion input switch, for controlling the hydraulic system to move the selected
hoom section in accordance with the hoom direction signal, said boom ramping
controller adapted to causc the hydraulic system to move the sclected boom section at
a varying velocilsl which does not exceed 2 preset maximum velocily so that the boom

accelerates at a preset rate from zero velocity to the desired velocity.

6. The apparatus of claim | wherein said boom control is adapted to cause the
hydraulic system to sequentially move the boom ﬁ‘dm one operator requested movement to
the next operator requesied movement or {o simultaneously move the boom in a sccond
direction in response (o an operalor requested movement while the boom is moving in

response (o a previous operalor requested movement.

* 4 L M s *
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7. The apparatus of claim 1 wherein the booin control includes:

a safety subroutine or circuit for monitoring operator inpul roquesting boom
movement and for preventing the boom control from responding to operator input requesting
boom movement in the event that there has been no operator input requesting boom
movement for a first time period; and

a power saver subroutine or circuit for monitoring operator input to the boom control,
said power saver subroutine or circuit deactivating the boom control when the power saver

subroutine or circuit detects no operator inpul to the baom control for a second time period.

8. An envelope controller suitable for usc with an aerial work platform having a
boom comprising a plurality of boom scctions, a hydraulic system for moving the boom
sections, a work platform supported by the boom, a base supporting the boom, a boom
control for providing a2 boom control signal to the hydraulic system, the boom control signal
controlling the hydraulic system to confrol motion of one of the plurality of boom sections,
the envelope controller comprising;

a position detector subroutine or circuit for detecting a position of the boom sections
or work platform relative to a position of the base; and

a position limitation subroutine or circuit for inhibiting the boom control signal being
provided to the hydraulic system when the position detector subroutine or circuit indicates

that the detected position of the boom sections or work platform relative to the position of the

base will exceed an envelope limit whereby the envelope controller limits the position of the
boom sections or work platform relative to the position of the base 1o within a predefined

region.

9. The controtler of claim 8 wherein the boom sections include an extendible section
and further comprising an auto retract subroutine or circuit for retracting the cxtendible
section when the operator provides an input which requests mavement of the boom sections

or work platform outside the predefined region thereby maintaining the work platform within

*« ¢ L K s ‘*=

the predefined region.
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10. The apparatus of claim 8 whercin said boom control comprises:

a boom section select switch response to operator input for selecting one of the
plurality of boom sections to be moved;

a boom motion input switch response to operator input for providing a boom
direction signal indicative of a desired direction of boom motion for the selected
boom scection to be moved and providing a desired boom speed; and

a boom ramping controller, responsive to the boom section select switch and
boom motioactin input switch, for controlling the hydraulic system to move the
selected boom section in accordance with the hoom direction signal, said boom
ramping controller adapted to cause the hydraulic system to move the selected baom
section at a varying velocity which does not exceed a presct maximum velocity so that

the boom acceleralos at a presct rate from zero velocity to the desired velocity.,

11. The apparatus of claim 8 wherein said boom control is adapted to cause the
hydraulic systcm to scquentially move the boom from one operator requested movement to
the next operator requested movement or to simultanecusly move the boom in a second
direction in response to an vperator requested movement while the boom is moving in

response o a previous operator requested movement.

12. The apparatus of claim & wherein the hoom control includes:

a safety subroutine or circuit for monitoring operator input requesting boom
movement and for preventing the boom control [rom responding to operator input requesting
boom movement in the event that there has been no operator inpul requesting boom
movement for a first time period; and

a power saver subroutine or circuit for mdnitoring operator input to the boom control,
said powcr saver subroutine or circuit deactivating the boom control when the power saver

subroutine or circuit detects no operator input to the boom control for a sccond time period.

_—
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a base;
a platiorm;

a boom having a plurality of boom scetions connecting the platform and the basc;
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a hydraulic system for moving the boom scctions; and
& boom control [or controlling the hydraulic system in response Lo operator inpul to
move the boom sections in accordance with the operator input, said boom control comprising:

a boom section select switch response to operator input for selecting one of the
plurality of boom scetlions to be moved;

a boom motion inpul switch responsc (0 operalor inpul for providing a boom
direction signal indicative of a desired direction of boom motion for the selected
boom section to be moved and providing a desired boom speed; and

a boom ramping controller, responsive to the boom section select switch and
buom moticactin input switeh, for controlling the hydraulic system to move the
selected boom section in accordance with the boom direction signal, said boom
ramping controller adapted to cause the hydraulic system to move the selected boomn
section at a varying velocity which does not exceed a preset maximum velocity so that

the boom accelerates at a preset rate from zero velocity to the desired velocity.

14. The apparatus of claim 13 wherein the boom control includes a microprocessor
and wherein the maximum preset velocity is programmable by the operalor via the

microprocessor.

15. "The apparatus of claim 13 wherein the boom ramping controller is adapted to
causc the hydraulic system to substantially instantly discontinue movement of the selected
boom section in response to operator inpul indicating that the motion of the selected boom

section should be terminated or indicating that another boom section should be moved.

16. The apparatus of claim 13 wherein the boom ramping controller transitions from
moving the boom in a first direction to moving the boom simultaneously in the first direction
and in a sccond dircction by ramping down the movement in the first direction to a first
certain value and by ramping up the movement in the second direction to a second certain

value and, thercafter, ramping up the movements in the first and second direction

simultancously. T

RO g



10

15

76

17. The apparatus of claim 13 wherein said boom control is adapted to cause the
hydranlic system to sequentially move the hoom from one operator requested movement to
the next operator requested movement or to simultaneously move the boom in a second
direction in response to an operator requested movement while the boom is moving in

response to a previous operator requested movement.

18. The apparatus of claim 13 wherein the boom control includes:

a safety subroutine or circuit for monitoring operator input requesting boom
movement and for preventing the boom control from responding to opcrator input requesting
boom movement in the cvent that there has been no opcerator input requesting boom
movement for a [irst time period; and

d power saver subroutine or circuit for monitoring operator input to the boom control,
said power saver subroutine or circuit deactivating the boom control when the power saver

subroutine or circuit detects no operator input to the boom control for a second time period.

19. An acrial work apparatus comprising:
a base;
a platform;
a'hoom having a plurality of hoom sections connecting the platform and the base;
a hydrautic system for moving the boom sections; and
a boom control for controlling the hydraulic system in response to operalor input (o
move the boom sections in accordance with the operator input, said boom control comprising:
# boom seclion select swilch response to operator input for selecting only one
of the plurality of boom sections to be moved;
a boom motion input switch response to operator input for providing a boom
dircction signal indicative ol a dcsired dircction of boom motion; and
~ a boom controller responsive (o the boom section select switch and the boom
molion input switch for controlling the hydraulic system to effect boom motion, said
boom controller adapted to cause the hydraulic system to sequentially move the boom
from one opcrator requested fnovcmcnt to the next operator requested movement or lo

simultaneously move the boom in a sccond direction in response (0 an operator

| ) O A
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requested movement while the boom is moving in response 1o a provious operator

requested movement.

20. The apparatus of claim [9 wherein the boom control includes:

a safety subroutine or circuit for monitoring operator input requesting boom
movement and for préventing the boom control from responding to operator input requcsting
hoom movement in the cvent that there has been no opcerator input requesting boom
movement for a {irst time period; and

a power saver subroutine or circuit for monitoring operator input to the boom control,
said power saver subroutine or circuit deactivating the hoom control when the power saver

subroutine or circuit detects no operator input to the boom control for a second time period.

21. An aerial work platform comprising:

4 plurality of boom sections;

a boom control for providing a motion output signal for controlling a motion of one
of the plurality of boom sections in response to input from an operator to the boom control;
and

a limer subroutine or circuit comprising:

a safety subroutine or circuit for monitoring operator input requesting boom
movement and for preventing the boom control from responding to operator input
requesting boom movement in the event that there has been no operator input
requesting boom movement for a first time period; and _

a power syver subrowting or cireuit for moniloring operator input to the boom
control, said power saver subroutine or circuil deaclivating the boom control when the
power saver subroutine or circuit detects no operator input to the boom control for

second time period.

22. The platform of claim 21 wherein the second time period of the power saver

subroutine or circuit is greater than the first time period of the safetly subroutine or circuit.

* c L N S *
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23, An acrial work apparalus comprising:

a base;

a platform;

a boom connectling the platform and the base;

a hydraulic system for maving the hoon1 sections; and

a2 hoom cantrot for controlling the hydraulic system in response (o operator input to

move boom sections in accordance with the operator input, said boom control comprising:

& microprocessor having inputs for receiving operator inputs and having
outputs providing output signals which are a function of the operator input provided
to the microprocessor input, said hydraulic system being responsive to the output
signals;

a lirst control module on the base responsive o an operator for providing first
boom motion command signals for causing the boom to move in a desired direction,
said first boom motion command signals being supplied to the inputs of the |
microprocessor; and

a second control module on the platform responsive to an operator for
providihg second boom motion command signals for causing the boom o move ina
desired dircetion, said sccond boom motion command signals being supplied (o the

inputs of the microprocessor;

* ¢ L L] $ *



