
1.Aug.2003 AERIAL WORK PLATFORM BOOM HAVING GROUND AND PLATFORM  CONTROLS
LINKED BY A CONTROLLER AREA NETWORK FIELD OF THE INVENTION The invention
generally relates to aerial work platforms and, in particular, to a 5
computer based control system for an aerial work platform having various
safety and control  features. BACKGROUND OF THE INVENTION With regard to
the control of aerial work platforms, it is known to use a control panel
which operates the aerial work platform whenever a manually activated
switch, such as a foot  to switch, is held in a depressed position. In the
event that the switch is released, the control panel becomes inactive.
Alternatively, the aerial work platform may contain selectively placed
switches which must be held in place by the operator. These switches
interrupt power  when an operator leaves the operating station and takes a
position remote from the Switches  such that the switches are no longer
held in place by the operator. 15 There is a need for a computer based
control system for an aerial work platform which  allows operation of the
platform by an operator at its base or on the platform and which  includes
safety features and interlocks preventing inadvertent or unsafe operation
of the aerial  work platform. SUMMARY OF THE INVENTION 20 It is an object
of this invention to provide a microprocessor controller for an aerial
work platform which has ground and platform controls linked by a controller
area network for  transmitting input commands issued by an operator at the
platform control or at the ;round  control to a controller so that
operation of the boom can efficiently and safely occur from  either
control, 25 It is also an object of this invention to provide a controller
in conjunction with sensors  for an aerial work platform which restrict or
minimize operation of the platform in certain  positions beyond a
predefined three-dimensional envelope to enhance safe operation of the
platform within a safe envelope. It is also an object of this invention to
provide such a controller which provides 30 automatic refraction of thy:
platform to maintain the platform within the safe envelope and 1.Aug.2003 2
which automatically retracts the boom in response to certain operator
commands which  attempt to operate the boom outside the safe envelope, It
is an object of this invention to provide a computer based electronic
control for an  aerial work platform which ramps boom movement in any
direction as applicable to provide  5 for smooth and safe operation of the
boom and its movement. It is also an object of this invention to provide
such a controller which executes  multiple boom movements either
sequentially and/or simultaneously in an efficient, safe and  smooth
manner. It is another object of this invention to provide such an aerial
work platform which has  () sensors and software for preventing inadvertent
or unsafe operation of the boom and for  saving power, 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  



sections and a boom control. The boom control controls the hydraulic system
in response to 15 operator input to move boom sections in -accordance with
the operator input. The boon  control comprises a first control module on
the base responsive to an operator for providing  boom motion commands for
causing the boom to move in a desired direction; a second  control module
on the platform responsive to an operator for providing boons notion
commands for causing the boom to move in a desired direction; and a
controller area network 20 interconnecting the first module control module
and the second control module. In another form, the invention comprises an
envelope controller suitable for- use with  an aerial 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 booni, a. base
supporting the boom, a boom control for providing a boons control signal to
the hydraulic 25 system, the boom control signal controlling the hydraulic
system to control motion of one of  the plurality of boom sections. The
envelope controller comprises 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 30 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 1.Aug.2003 3 the position of the boom sections or work
platform relative to the position of the base to  within a predefined
region, In another form the invention comprises an aerial work apparatus
comprising a base; a  platform; a boom having a plurality of boom sections
connecting the platform and the base; a  5 hydraulic system for moving the
boom sections; and a boom control for controlling the hydraulic system in
response to operator input to move the boom sections in accordance with
the operator input. The boom controller 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 10 desired
direction of boom motion for the selected boom section to he moved and
providing a  desired boot-ii speed; and a boors 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 boom direction signal, the boom ramping
controller adapted to cause the hydraulic system to move the selected boom
section at a 15 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 fonn the invention comprises an aerial
work apparatus comprising a base; a  platform; a boom having a plurality of
boom sections connecting the platform and the base; a  hydraulic system for
moving the boom sections; and a boom control for controlling the 20
hydraulic system in response to operator input to move the boom sections in
accordance with  the operator input. The boom control comprises a boom
section select switch response to  operator input for selecting only one of
the plurality of boom sections to be moved; a boom  notion input switch
response to operator input for providing a boom direction signal
indicative of a desired direction of boors motion; and a boom controller
responsive to the 25 boom section select switch and the boom motion input
switch for controlling the hydraulic  system to effect boom motion, the
boom controller adapted to cause the hydraulic system to  



sequentially move the boom 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  30 requested movement. in
another form the invention comprises an aerial work platform comprising a
plurality of boom sections; a boom control fur providing a motion output
signal for 1.Aug.2003 4 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 timer subroutine or  circuit
comprises a safety subroutine or circuit for monitoring operator input
requesting  boom movement and for preventing the boom control from
responding to operator input 5 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, the power savor subroutine or circuit
deactivating the boom control when the power saver subroutine or circuit
detects no operator input to the booni control for a second time period. 10
In another form the invention comprises an aerial work apparatus comprising
a base; a  platform; a boom connecting the platform and the base; a
hydraulic system for moving the  boom sections; and a. boom control for
controlling the hydraulic system in response to  operator input to move
boom sections in accordance with the operator input. The boom  control
comprises a microprocessor having inputs for receiving operator inputs and
having 15 outputs providing output signals which are a function of the
operator input provided to the  microprocessor input, the hydraulic system
being responsive to the output signals; a first  control module on the base
responsive to an operator for providing first boom motion  command signals
for causing the boom to move in a desired direction, the first boom motion
command signals being supplied to the inputs of the microprocessor; and a
second control 20 module on the: platform responsive to an operator for
providing second boom motion command signals for causing the boom to move
in a desired direction, the second boom  motion command signals being
supplied to the inputs of the microprocessor, BRIEF DESCRIPTION OF THE
DRA'ATNGS AND APPENDICES Figure I is a perspective illustration of an
aerial work platform having an elevated  25 articulated boom. Figure 2A is
a block diagram of a preferred embodiment of the control area network
according to the invention. Figure 21:3 is a block diagram of a preferred
embodiment of a CAN-based boom  control system according to the present
invention. 30 Figure 3 is a top plan view of a platform control panel
module suitable for use with a  CAN'-based boom control system according to
the present invention. 1.Aug.2003 5  Figure 4 is a top plan view of a
ground control panel module suitable for use with a CAN-based boom control
system according to the present invention. Figure 'SA is a geometric
diagram. of zones of operation which define a safe working  envelope within
which movement is restricted by an envelope control system of a CAN-based
5 boom control system according to the present invention. 



Figure 5B is a geometric diagram of the zones of autorefraction of a
CAN-based boom  control system according. to the present invention. Figure
6A is a graph illustrating the operation of a soft start subroutine or
circuit for  use with a CAN-based boom control system according to the
present invention. 10 Figure 68 is a graph illustrating the operation of a
soil start subroutine or circuit for  use with a CAN-based boom control
system according to the present invention wherein an  operating function Fl
is ramped down to 50% white a new function is simultaneously ramped  up to
50% and both functions are ramped up to 100% thereafter., Figure 7A-7H are
flow charts illustrating the interlocks and envelope control  15 according
to the invention. Appendix A is an example of a system database. Appendix H
is an example of the database features according to the invention.
Appendix C is a. summary of one preferred embodiment of the inputs and
outputs to  the; platform and ground controls. 20 DE'T'AILED DESCRIPTION OF
PREFERRED EMBODIMENTS Figure 1 is a diagram of an aerial work platform 10
suitable for use with the present  invention. The aerial work platform 10
comprises a base unit 100. The base unit 100 is  mounted on a plurality of
wheels 102, at least two of which are steerable, A drive 104  mounted
internal to the base unit 100 is adapted to drive one or more of the wheels
102. Thu 25 base unit 100 maybe further divided into a rotating boom
support 106 and a base chassis 108.  The support 106 includes a base
operator control panel 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 inside the base chassis 109. The; support 106
also includes a hydraulic  system 114 for powering the rotation drive 112
and for providing power to move the boom 30 sections. As is known in the
art, the hydraulic system may include electrically driven,  variable speed
motors which drive hydraulic pumps at variable speeds to move the boom
1.Aug.2003 6 sections at variable speeds. Alternatively, the hydraulic
system maybe driven by a fuel- burning engine and may include a constant
pressure system having proportional valves which  receive a pulse width
modulated signal to control boom section movement although it is  preferred
that the wheels are driven by variable speed electric motors, it is
contemplated that 5 the wheels may be powered by the hydraulic system 114,
A riser boom 120 in a parallelogram configuration is mounted to the base
unit 100 at a  pivot point 122. A main telescoping boom 124 is connected to
the riser boom 120 via a  connecting member 126 and pivot points 128 and
130. A hydraulic cylinder 131 expands and  contracts to control the
position of the main telescoping boom 124. Other hydraulics (not l t7
shown) control the position of the other boom sections. The telescoping
boom 124 further  comprises a nonextending member 132 and an extending
member 134. A work platform 136  is coimected to the extending member 134
via a jib boom 138. The jib boom further  comprises an upper jib boom arm
140 and a lower j it) boom arm 141 in a parallelogram  configuration and
interconnected by a cylinder 142 for rotating the jib boom 138. A 15
platform rotator 144 rotates the platform about the jib boom 138 while
maintaining it in a  substantially horizontal position. The platform 136 of
the machine will rotate 90 in either  direction in a level plane as
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
above- 



described boom configuration comprises an articulated boom for the aerial
work platform 10. 20 The boom control system as illustrated in Figures 2A
and 2B has a configuration  which meets requirements for control system
flexibility, programmability, multiplexing and  quick design cycle time.
Ili general, the work platform control system consists of two  primary
components, a ground control station (GCS) illustrated in the left portion
of Fig. 2B  and-a platform control station (PCS) illustrated in the right
portion of Fig. 28, The two 25 components are linked to be utilized as a
system which responds to instructions from an  operator. The components are
limited by a controller area network (CAN), which. may be any  network such
as a local area network having a microprocessor at each node or may be a
single  computer controlled network having a ground controller card 202 and
a platform controller  card 204 for providing information to a computer
based controller 206 via a bus 208 such as 30 twisted pair cables.
Preferably, 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  controller. Therefore, the controller 206 may be located on the
base with the ground 1.Aug.2003 7 controller card 202. Appendix C
illustrates the inputs and outputs to and from the stations.  However,
those skilled in the art will recognize 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
controller card 204, or, in some cases, the 5 controller 206 may be located
in combination with the platform controller card 204, in each case with a
variety of inputs and outputs. It is contemplated that controller 206 may
have an input/output port (not shown)  which would interface with another
computer such as a laptop computer which would allow  the systetu of the
invention to be configurable in that the system outputs and their logical
10 relationships with other system inputs and outputs 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 (Appendix 13) which controls the operation of the  aerial work
platform 10. As indicated below in detail, controller 206 may he programmed
with parameters which define boors operation by specifying one or more of
the following: is parameters which donne, an envelope within which the boom
is permitted to operate;  parameters which cause the boom to automatically
retract in certain positions in  response to certain operator requested
actions; parameters which define ramping up speeds or ramping down speeds
of boom  movement; 20 parameters which define sequential functions of the
boom;  parameters which define simultaneous functions of the boors; or
parameters which define time periods based on the status of various
switches during  which time periods the boom is permitted to operate.
CONTROLLER AREA NETWORK (CAN) 25 Figures 2A and 28 are block diagrams of a
preferred embodiment of a CAN-based  boors control system according to the
present invention. in general, the CAN would have at  least two nodes: (1)
a ground control station GCS (or module) which is the primary control  and
includes a grou rid controller card 202 and a ground control platform 400;
and (2) a platform control station PCS (or module) which is a secondary
control and includes a 30 platform controller card 204 and a platform
control platform 300. The controller 206 for  



controlling the operation of a hydraulic system 226 for driving the boom
and for controlling a 1.Aug.2003 8 drive control 227 for propelling the
base maybe part of either mode or a separate node. The  platform control
station PCS, the ground control station GCS and the controller 206 are
interconnected 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 connected to the CAN. 5 Alternatively, discrete wiring maybe used to
interconnect the drive control 227 and/or any  interlock switches to the
controller 206 to minimize tampering or unsafe operation. The PCS
interfaces with all of the platform inputs with the exception of a drive
control speed  potentiometer (not shown) located on the drive joystick 224
and is used to calibrate the  joystick. The drive control system
directional and speed inputs (forward, reverse and high 10 speed) and a
high speed request signal are connected 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. check 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 one closed circuit. 15 PLATFORM CONTROL STATTON (PCS) Referring to
Figure 2B, to operate any boom function from the platform control  station
PCS, the operator places a key on/off switch 210 located on the ground
panel in an  "ON" position, In addition, a second requirement in order to
operate any boom control  function is that a platform emergency stop switch
212 be set or pulled out by the operator. In 20 addition, it is also
required that a platform foot switch interlock 214 be set such as by being
depressed by the operator. After these three (3) interlocks are made, the
operator may select  and activate any boom function. Any or all of these
interlocks may be hardwired to the;  control 206 or may communicate to the
control 206 via the CAN. If hardwired, their status is  still monitored by
the. CAN to implement various safety features. 25 To select a boom function
the operator must press a button which corresponds to the  desired boom
section to be operated on a platform control panel 300 (or module) as shown
in  Figure 3. In particular, each boom section has a boom function button
associated therewith  which, when pressed, selects the particular boom
section for operation and indicates such a  selection by energizing an
alert buzzer 216 which will beep once- This indicates to the 30 operator
that the particular function has been selected. In addition, each section
has an  associated LED which will be illuminated to further indicate the
particular boom section 1.Aug.2003 9 which has been selected for operation
by the operator" The boom section select switches 262  (i.e., function
buttons) and the LED indicators 264 associated with each boom section will
be  described below with regard to Figures 3 .arid 4. Once a boom section
has been selected by the operator, the operator may then activate  5 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
direction. 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 boom joystick 218.' To stop any further motion of the
activated 10 function, the operator simply releases the boom joystick 218
to its centered position. 



The system includes interlocks and timers which may limit further movement
of the  boom. In cases where a boom section has been selected and moved and
the movement is  complete, so that the notion has stopped, the selected
function will remain active for a brief  period of time until one of the
following events occurs: (1) no further motion of the selected 15 boom
section is requested by the operator for more than a preset period of time
such as tell  seconds; (2) the platform foot switch interlock 214 is
released by the operator; or (3) the  emergency stop switch 212 is placed
in the stop position. If 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 beeps. In the 20 event that the foot switch interlock 214 is released
by the operator, the alert buzzer 216 will  indicate the release with two
short beeps. One skilled in the art will recognize that these safety
features for interlocking and  limiting operation maybe implemented in a
number of ways. For example, as illustrated in  Figure 2B, a separate
safety subroutine or circuit 222 (as required by ANSI or EN280 safety 25
standards for aerial-equipment utilizing computer controls) may be
associated with the  controller 206 to monitor the foot switch 214 and
emergency stop switch 212 as well as to  keep track of the time since the
operator has last moved the selected boom section.  Alternatively, the
safety subroutine or circuit 222 may be implemented by modular software;
within the controller 200 which provides the monitoring function. In
general, the safety 30 subroutine or circuit monitors boom controller input
signals such as provided from the foot  switch. 214, slop switch 212, and
boom joystick 218 via platform controller card 204 and  CAN 208 to the
controller 206. 1.Aug.2003 10 in addition, it is contemplated that the
system may also include a power saver feature.  If there is no activity at
the platform control station PCS for a preset period of time such as  three
minutes, the system will deselect all functions and will go into a power
saving (sleep)  mode. The alert buzzer 216 will beep two times to indicate
the change in system status. 5 Inactivity is defined as the absence. of any
boom or drive motion for the preset three minute  period. As with the
safety interlock noted above, this feature may be implemented by a
separate power saver subroutine or circuit 222 as shown in Figure 2 or may
be implemented  by software which is executed by the controller 206. In the
power saving mode, all panel  LEDs are commanded off by controller 206 and
any circuit ignition is disabled. In this power 10 saving mode, the
apparatus can appear to be "OFF." However, the control system and  network
are still functional 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 that switch
214 or the emergency stop switch 212. This  feature also functions as a
safety measure in that an operator cannot permanently engage the 15 foot
switch 214 with some foreign abject. For example, if an operator on
platform 136  wedges a foreign object such as a beverage container in the
foot switch 214 to hold the switch  in its closed or down position, this
feature would prevent operation of the system from the  platform after no
activity for the preset period. As a result, an operator could not defeat
the  purpose of the foot switch by permanently engaging it with a foreign
object, 20 Additional power saving features are contemplated and may also
be implemented.  For example, in cases whore the operator or person
responsible fur apparatus stowage forgets  to turn off the on/off key
switch 210 controlled by the operator, the batteries could run down  



after an extended period of idle time. To help prevent or minimize this
situation, the controller 206 may activate a ground motion alarm after a
preset period of extended inactivity  25 such as one-half hour. At that
point, the motion alarm wi I I remain active for a period of time  such as
one minute. After another preset period such as a half hour of inactivity,
the alert  cycle will start over again sounding the motion alarm. In-
effect, the machine is indicating a  signal to remind the operator to turn
the machine. off. In summary, the invention preferably includes a timer
subroutine and/or circuit in  30 combination with or programmed with the
controller 206 including a 10 second safety  subroutine and/or circuit 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 1.Aug.2003 activating the boom section select switches or boom joystick.
The safety circuit 222  prevents the boom controller 206 from responding to
the boom joystick if there has been no  boom movement or boom section
selection via a boom section select switch for a first time  period, such
as 10 seconds. This prevents inadvertent activation and/or movement of the
5 boom if an 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 it and
essentially kills the boom joystick so that it will not move  the boom if
the operator accidentally bumps. it which working.. The power safety
circuit 220  monitors the boom controller input signals and deactivates the
controller 206 when the power 10 saver circuit 220 detects no boom
controller 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 safety feature because it prevents an
operator from jamming a can or other foreign  object in the foot switch to
keep it permanently closed, 15 To power one or more of the wheels 102 to
operate the drive and steer functions of the  apparatus; there is also a
series of interlocks that must be in place. In particular, it is required
that the platform emergency stop switch 212 be set or pulled out and the
platform foot switch  interlock 214 must be set or depressed. When these
two interlocks are [Wade, the operator  May select and activate the drive
or steer functions of the apparatus. All drive motion is 20 controlled by a
drive control joystick 224 on the platform control panel 300. The control
joystick 224 proportionately controls the, drive speed in two separate
ranges, low range and  high range. The drive speed range 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 25
cradled position and an angle sensor indicates that the slope 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, tho
operator may  release the drive joystick 224 to its centered position,
release the platform foot switch 30 interlock 214 or release the emergency
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.
1.Aug.2003 12 When the boom is not cradled, the one side would provide an
open circuit and the other side  



would provide a closed circuit. If both sides arc simultaneously open or
closed, this would  indicate to the microprocessor of controller 206 that a
malfunction has occurred (see displays  346 and 460, below). If the
platform 100 is equipped with crab steering or four wheel 5 steering,
position sensors may be located on each wheel to indicate wheel position.
Preferably, the wheels would be parallel and straight before transitioning
for one type of  steering to another. In addition, the control 206 may be
programmed to automatically orient  all wheels to be parallel and straight
ahead when changing from one type of steering to  another. 10 The platform
control station PCS has two primary input banks: a switch input matrix  and
a discrete digital input terminal strip. The controller 206 which is
preferably located at  the platform scans a 4 x 5 switch matrix for
operator commands, and monitors discrete digital  inputs from the interlock
inputs such as the foot switches, jib limit switches and emergency  stop
switch. The interlocks are input into the control system so that they may
be included in 15 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 a
description of the elements as illustrated in Figure 3 which form  the
switch matrix inputs. A horn switch 302 operates the electrical horn
located at the base  unlit 100 to allow the operator to warn others around
the aerial work platform 10. A range 20 switch 304 selects the speed range
(high range or low range) for the drive system. As noted  above, the
operation of this function is governed by the position of the interlocks
and the  cradle switch. A range LED indicator 306 indicates the status of
the range switch 304, A  base swing function switch 308 generates a request
to rotate the boom support 1.06. The base  will rotate 180 in either
direction. in general, for all boom functions, their activation, 23
direction, and speed would be dictated and controlled by the boom joystick
inputs and each  function is governed by the position of the interlock
inputs. A base swing function LED  indicator 310 illuminates when the base
swing function switch 308 has been selected such as  by being depressed by
the operator. A. riser booth. function switch 312 may be activated by the
operator to select the riser  30 boom 120 for movement. The riser boom 120
will raise or lower the level of the platform  136. A riser boon function
LED indicator 314 illuminates when the riser boons function  switch 312 is
activated. A main boom function switch 316 generates a request to move the
1.Aug.2003 13 main telescoping boom 124, The main boom 124 operates about
pivot point 128 and will  raise and bring inward the position of the
platform 136, or lower and force outward the  position of the platform 136.
A main boom function LED indicator 318 illuminates when this  function is
selected by the operator. A telescoping boom function switch 320 generates
a 5 request to extend or retract the telescoping boom 124, The telescoping
boom 124, depending  on the angle of the riser boom 120, will extend and
force upward or retract 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
generates a request to move the jib boom 138. The jib boom 138 operates to
pivot about a 10 pivot point in response to the parallelogram configuration
142 of the jib boom and when  below the horizontal position, the function
will raise 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 wi I I raise 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.  15 selected. A platform
level function switch 328 generates a request to automatically level the
platform 136. A platform level function LED indicator 330 illuminates when
this function is  selected. A platform rotate function switch 332 generates
a request to rotate the platform.  The platform 136 of the machine will
rotate 90 in either direction in a level plan as 20 indicated by arrows 150
in Figure 1 and will move up and down with the jib boom as  indicated by
arrows 152. A platform rotate function LED indicator 334 will illuminate
when  this function is selected. An emergency power switch 336 generates a
request to actuate an  emergency hydraulic pump. The; emergency hydraulic
pump is driven by an electric motor  connected to the emergency 12 volt dc
battery. When this function is selected, an emergency  25 power LED
indicator 338 illuminates. The terminal strip inputs for the platform
control station PCS are as follows: a  joystick drive signal A
corresponding to a drive command to the controller 206; a joystick  drive
signal 'B corresponding to a drive direction to the controller; a drive
joystick steer right  signal corresponding to a steer right command to the
controller; a drive joystick steer left 30 signal corresponding to a steer
left command to the controller; the foot switch interlock; the;  emergency
stop interlock; a jib low angle interlock 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 1.Aug.2003 14  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 position; and  a boom joystick y=axis input which is a proportional
analog input to the controller  representing the boom joystick y-axis
position. 5 'laic platform control station PCS has two primary output
banks: the LED output  matrix and the discrete digital output terminal
strip, The platform controller refreshes a 4 x 4  LET) matrix for
indicating functions and feedback and also controls discrete digital
outputs  for alarms. The states of the LEDs at the platform station are
determined by the system  database (Appendix A) and are sent to the
platform control station from the ground control 10 station GCS via the
system CAN network. The platform LED matrix outputs for the apparatus are
LEDs 300-338 as noted above.  In addition, the LED matrix outputs include
a. battery hank (48 vdc) [..ED array 340 indicating  the state of the 48
volt battety bank, a status OK LET) 342 indicating no errors present in the
system, and a status warning LED 344 indicating errors present in the
system, The platform 15 control panel 300 also includes a numeric display
346 which reports the system errors and  status. For example, errors may
include inconsistent switch indications. The cradle switch  cannot indicate
that the boom is in the cradle at the same time that the angle switch
indicates  that the boom is at an angle since, by definition, a cradled
boom is at zero degrees angle.  Also, the extended switch and the retracted
switch cannot both be activated simultaneously. 70 Some error would cause
the control 206 to disable the unit whereas other errors may allow for
limited or unlimited operation. The terminal strip outputs for the platform
control station PCS are a single function  alert signal which is a buzzer
which indicates switch presses and various other function  



control states. There is one cable which connects the platform control
station PCS to the 25 ground control station GCS. Between the two stations
there are eleven signal and power  supply wires. There is a 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 part of the platform control station,
1.Aug.2003 75 GROUND CONTROL STATION (GCS) The ground control station GCS
has two primary input banks from the switch input  matrix and from the
discrete digital inputs of the interface connectors, The controller 206
which is located at the ground control statism scans a 4 x 5 switch matrix
of operator inputs 5 and monitors discrete digital inputs for interlocks
and warnings such as the tilt sensor and  boom limit switches, The ground
switch panel matrix inputs are as follows. Figure 4 illustrates the ground
control panel 400 (or module), It includes a ground control interlock
switch 402 which  corresponds to the platform foot switch 214 at the
platform control station. A platform 10 control LED indicator 404 is
illuminated when platform control has been selected whereas a  ground
control LED illuminator 406 is illuminated when ground control is in use. A
base  swing function switch 408 generates a request to rotate the boom
support 106. A base swing  function LED indicator 410 illuminates when the
base swing function switch has been  activated. 15 A riser boom function
switch 41.2 generates 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 switch 416 generates a, request to pivot the main
telescoping boom 124, which  request is indicated by illuminating a main
boom function LED indicator 418. A. telescoping  boom function switch 420
generates a request to extend or retract the telescoping boom, 20 which
function 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 ajib boom
function LED indicator 426. A platform level function switch 428 generates
a request to level the platform 136  which request is indicated by
illuminating a platform Ievel function LED indicator 430.. A  25 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 generates a request for the
emergency hydraulic pump, which request. is  indicated by illuminating an
emergency power LED indicator 438. The ground control panel 4()() also
includes a boom motion input switch for 30 controlling boom directional
movement, such as a boom keypad 252, Alternatively, the  booth keypad 252
maybe 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 1.Aug.2003 16 low speed switch 442 activates movement of the
selected boom, section upward at a slow  Pump motor speed. 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  movement
of the selected boom section downward at a. Slow pump motor speed, A
clockwise 5 high speed switch 448 activates movement of the selected boom
section clockwise at a fast  



pump motor speed. A clockwise low speed switch 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 10 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 whereas 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 pressure input indicates that the hydraulic pressure is too  15 low
to release the wheel brakes for drive operations; a tilt switch input
indicates 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 Dull 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 indicates 20 when the main boom angle is not high; a main boom
extended input indicates when the main  boom 124 is extended over a maximum
amount (e.g., 33"), a main boom not extended input  indicates 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 maul boom 124 is not fully retracted. 25 As with the
platform control panel 300, the ground control panel 400 includes a status
ok LEI) 456, a status warning LED 458 and a numeric display 460. The ground
control Station GCS has two primary output banks to the LED output  matrix
and the high side driver output bank (master controller driver card). The
driver card is  connected to the devices on the apparatus through several
connectors located on the GCS 30 enclosure. The ground controller refreshes
a 4 x 4 LED matrix for indicating functions and  feedback and also controls
digital outputs for valves, alarms, solenoids, and relays. The 1.Aug.2003
17 states of the LEDs at the ground station arc; determined by the Systeni
database and are sent to  the ground station control LED/switch interface
card via the system CAN network. In addition, the ground control panel 400
includes an hour meter 462 indicating the  hours of operation of the aerial
work platform 10. Also, the wound control panel 400 5 includes an emergency
stop switch 256 and an on/off key switch 258 (see Fig. 2).  corresponding
to those aspects of the platform control panel 300. The ground control
panel. 400 also includes a ground control interlock switch 260  which
corresponds in function, to the platform foot switch interlock 214. The
ground control  interlock switch 2(-.;(:) is located on the surface of the
ground control panel 400 and must be 10 continuously depressed by the
operator in order to maintain active control of the aerial work  platform
10 from the ground control panel 400. As a result, the controller 206 is
responsive to 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 controlling the hydraulic system to effect boom notion. It is
contemplated that 15 the controller may be adapted to cause the hydraulic
system to discontinue boom motion for a  previously selected boom section
if its boom motion input switch is in the selected (second)  position when
the boom motion select switch selects a current boom section -different
from  the previously selected boom section. Further, the boom controller
may be adapted to cause  



the hydraulic system to initiate boom motion for the currently selected
boom section after 20 discontinuing movement of the previously selected
boom section whereby only one boom  section may be moved by an operator at
a time and boom motion for the previously selected  boom section is
discontinued before the currently selected boom section moves. Referring to
Figure 5, there are four limit switches which monitor the position  of the
boom. The limit switches provide inputs to the controller 206 and are
incorporated into  25 the rule database describing the apparatus. For
diagnostic purposes, each limit switch has a redundant contact wired to the
controller 206. Limit switch 1 is a main boom angle limit  switch which
measures the main boom angle with horizontal and is active whenever an
angle  of the main boom 124 is low or below a preset maximum such as 50.
Limit switch 2 is a  main boom extension limit switch which measures the
main boom extension and is active; 30 whenever the main telescoping boom is
extended legs than a preset amount such as 33".  Limit switch 3 is a main
boom retracted limit switch which detects the main boom position  and is
active whenever the main telescoping boom is near fully retracted, such as
within 9". 1.Aug.2003 18 Limit switch 4 is a jib boom. angle limit switch
which measures the jib boom angle with  horizontal and is active whenever
the jib boom angle is below a preset amount such as 301  above horizontal.
Optionally, a fifth limit switch not illustrated in Figure 5 may be
employed  in the form of a main boom cradle limit switch which monitors the
main boom position and is 5 active when the main boom and riser boom are in
the most down position. Two conditions can exist which may limit 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 10 function is allowed; however, the jib boom will
automatically be activated if a down boom  retract command is issued while
position A exists. A second condition is referred to as  position 8 and
includes positions when the angle of the main boom 124 relative to
horizontal  is low and the main boom 124 is extended more than 33". In
position B, requests to extend  the main boom 124 are ignored whereas the
retract function is always allowed; however, the 15 retract function will
be automatically activated if the main boom down command. is issued  while
position .B exists, As illustrated in Figure 5, this defines shaded area NO
ZONE ONE  which identifies an area in which the platform is not permitted
to operate. In addition, this  defines a shadod area NO ZONE TWO 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 than 20 50", the
controller 206 initiates an auto-retract mode to retract the main boom so
that the  platform is maintained within the acceptable operating zones. The
following table summarizes the zone of "no" operation and the position of
the  boom as detected by switches for positions A and 8: 25 30 ZONES
:ANGLEEXTENSIONTM NO ZONE ONE 0  t o , 35  33" to 67" N/A 



NO Z0N'RTW035L' to 75"0" to 33"D' to 45' SWITCHES:POSITION APOSITION B 1.
ANGLE0 to 50"50 to 75 2. EXTENSION0" to 33"33" to 67" 3. PULL RETRACT0" to
<"6" to 67" 4. JIB-90' to--20"-20 to +45" An envelope controller suitable
for use with an aerial work platform having a boom  comprising a plurality
of boom sections, a hydraulic system for moving the boom sections, a
1.Aug.2003 19 work platform supported by the boom, a base supporting the
boom, a boom controller for  providing a boom control signal to the
hydraulic system, the boom control signal controlling  the hydraulic system
to control motion of one of the plurality of boom sections, the envelope
controller comprising: 5 As a result, the invention includes 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 (implemented in hardware or in
software in the  controller 206) for inhibiting a boom control signal being
provided to the hydraulic system  from the controller 206 when the position
detector circuit indicates that the detected position 10 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 to
within a predefined region. In addition,  the invention includes an auto
retract subroutine or circuit for retracting the extendible section  when
the operator moves the boom sections or work platform outside the
predefined region to 15 maintain the work platform within the predefined
region. The apparatus operates according to a defined set of rules. The
rule database in  conjunction with certain controller variables defines the
operation of the aerial work platform 10. The controller area network CAN
includes a multiplexing system which performs the  20 specific function of
passing information between the nodes of the boom control system. The
network is designed to he utilized within the parameters and guidelines 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  seeing the signal at
the same time. The multiplex system is referred to as a boom electrical 25
control segment sub-network, and may be connected together with other
segments by devices  which include repeaters, bridges, and routers.
Collectively, all the segments together form  the SAE J1939 vehicle-wide
network. There are five devices which are., part of the boom control
electrical segment  controlled by a message format. Each device has a
discrete input and output address space.  30 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 controller node
MCN. 1.Aug.2003 20 The master control module M{,:M is located inside of the
ground control station  enclosure. The MCM is the main controller 206 for
the entire system and its primary  



function is to evaluate the system rule database and arbitrate data to and
from other devices  on the network. Operation of the electrical system is
dictated by a predefined database 5 (Appendix A), The database describes
-the relationships between the devices in the electrical  system. The MCM
evaluates the database and arbitrates data to and from each specific
device in the system. The MCM implements the class 1 multiplexing database
engine to  evaluate the system database residing in a non-volatile flash
memory of the device. One of the nodes of the CAN is a platform
input/output node. This is a generic node  10 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 series of switches and directions and 13 reports 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 control module.
This node is located inside of the  ground control station enclosure. The
power output driver node contains a bank of high side  output drivers which
connect to and control the apparatus components. This node is located 20
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 module
serves the power driver output node as well as the  master control module
network I/O data space. The network, however, sees these nodes as
occupying independent address space. The nodes may be separated into
independent 25 hardware components without any impact on the overall
system. One aspect of the invention includes a soil start or ramping
function in which the  controller responds to the boom. section select
switches and boom motion input switches to  control the hydraulic system to
gradually move the selected boom section in accordance with  the boom
direction signal, As shown in Figure 6, the controller causes the hydraulic
system 30 to move the selected booms section at a velocity which
accelerates at a preset linear rate from  zero velocity to a preset maximum
velocity. For example, line 6(X) illustrates a situation  when the operator
is requesting movement of a boom section at maximum velocity. This 1
.Aug-2003 21 request could ho indicated by maximum deflection of the boom
joystick 218 or by selecting  one of the high speed switches of the ground
control panel 40Q, 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 5 signal by an analog-to-digital converter, not
shown, and the converted analog signal is  suppled to the hydraulic system
226.) In another example, line 602 illustrates a situation  when the
operator is requesting movement of a boom section at half or 50% of maximum
velocity. This request could he 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 l C) 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  rates may be nonlinear and that the ramping period (shown in Fig.
6 as two seconds) could be  0.5 seconds or less or 2.0 seconds or more. In
addition, the ramping period may vary  depending on the function. For
example, the ramping period for lifting a boom section could 



15 he 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 he 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 20 section select switches and boom motion input
switches, for control ling the hydraulic system  to move the selected boom
section iii accordance with the boom direction signals generated  by the
boom motion input switches. The boom ramping controller is adapted to cause
the  hydraulic system to move the selected boom section at a velocity which
accelerates at a preset  rate from zero velocity to a preset velocity, as
shown in Figure 6, 25 It is also contemplated that the controller 206 may
be programmed to cause the  hydraulic system to substantially 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 Mother boom section should be moved. For
example,  if the operator suddenly released. boom joystick 218 and allowed
it to return to its central 30 position, the digital signal provided by the
controller 206 would be terminated causing the  hydraulic system to
immediately terminate movement of the selected boom section. This  provides
a safety feature in that the operator has the option to immediately
discontinue boom 1.Aug.2003 22  section movement in the event of a
dangerous or unsafe condition. This aspect of the  invention and the
immediate termination of movement of a boom section is illustrated in Fig.
6 by line 000 dropping from maximum speed to zero speed at 2.5 seconds and
by Iine 602  dropping from 50% maximum speed to zero speed at 2.0 seconds.
5 As shown in Figure 6B, it is also contemplated that the control 206
permit a  movement of the boom in a second direction while the boom 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
Fl) and the operator would like to raise the jib boom  138 (which we will
call function F2), As shown in Figure 6b, at time t,, function Fl is 10
operating to extend the telescoping boom at maximum speed. At time t, the
operator  requests that function F2 be executed in addition to function F1.
In response, the controller  206 ramps down function F1 to 50% and
simultaneously ramps up function F2 so that at time  t, both functions Fl
and F2 are at 50% of maximum operating speed (which is called a  transition
speed), Thereafter, the controller ramps up functions F 1 and F2
simultaneously to 15 maximum at time t3. It is contemplated that the ramp
down rate and ramp down point for  function F1 could be different that the
ramp up rate and point for function P2. For example,  function F1 could be
ramped down to 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 to each other. It 20 is also contemplated that any and all
of the parameters (e.g., ramp rates, maximum speed,  transition speed,
speed when other Functions are operating, speed when the unit is horsepower
challenged, etc.) relating to operation of each function may be
programmable 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 25 up rate
or the ramp down rate as illustrated in Figures 6A and 6B, the maximum
speed or the  transition speed. Also, a separate set 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
simultaneously executed so that the 30 apparatus 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 1.Aug.2003 23 .
detection and automatic retraction. In Fig. 7A, the status of the cradle
switch is first  evaluated. The cradle 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 cradle switch is low and  vice versa. At step
702, side 1 of the cradle switch is evaluated. If side 1 is low, the
microprocessor proceeds to step 704 to consider side 2 of the cradle
switch. If side 2 is high,  the indication is that. the boom is,not cradled
and. 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  error
is indicated since both sides should not he low and operation is
interrupted by step 708.  If side 1 of the cradle switch is high, the
microprocessor proceeds from step 702 to step 710 10 to evaluate the status
of side 2 of the cradle switch. If side 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 low, this indicate that the bourn is cradled and
in state (1) and the microprocessor can  proceed with the next sub-routine
to consider the angle switch. At step T12, side 1 of the angle switch is
considered. If side 1 is low, Side 2 of the  15 angle switch is considered
by step 714. If side 2 is high, this indicates that the angle of the  boom
is low (e.g., less than 50) so that the boom is in state (4) and operation
of the  apparatus can proceed. if side 2 is low (and since: side 1 is also
low) an error is indicated and  operation of the apparatus 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
20 angle switch. If side 2 is also high, an error is again indicated and
the apparatus operation is  interrupted by step 71 6. If side 2 is tow,
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 been extended  25 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 step 734. If  side 2
is high, this indicates that the boom has not been fully retracted and in
state (6) so that  the high speed drive is disabled by step 736. If side 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 30
retract switch is high, side 2 of the retract switch is evaluated. If side
2 is also high, an error  is again indicated and operation of the apparatus
is interrupted by step 738. If side 2 is low,  this indicates that the boom
has been sully retracted which means that the boom is in state (5).
1.Aug.2003 24 Next, the boom extension switch is considered. In general,
this switch indicates when  the boom has been extended more than a preset
amount Such as 33 inches. At step 742, side 1  of the extension switch is
evaluated. If side 1 is low, the microprocessor proceeds to step 744  to
evaluate side 2 of the extension switch. If side 2 is high, this indicates
that the boon-i has 



5 been extended less than 33 inches and that the boom is in state (8). If
side 2 of the extension  switch is low (and side I is low), an en-or is
indicated and operation of the apparatus is  interrupted by step 746, If
side 1 of the extension switch is high, the microprocessor  proceeds to
evaluate side 2 of the extension switch at step 748. If side 2 is also
high, an error  is again indicated and operation of the apparatus is
interrupted by step 746. If side 2 is low, 10 this indicates that the boon
has been extended by 33 inches or more and the boom is  considered to he in
state (7). In Fig. 7C, the jib angle switch is evaluated to determine the
angle of the jib boom  138. At step 752, side 1 of the jib angle switch is
evaluated. If it is low, the microprocessor  proceeds to step 754 to
evaluate side 2 of the jib angle switch. If side 2 is high, this indicates
15 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. If side 1 is high, the microprocessor proceeds to
step  760 to evaluate side' 2 of the jib angle switch. If side 2 is also
high, a switch error is indicated  and operation of the apparatus is
interrupted by step 758, If side 2 is low, this indicates that 20 the jib
angle is greater than 15  above the horizontal and that the boom is in
state (9). The following table summarizes the various boom states and the
corresponding state  numbers, 25 30 Table; of Boom State State Switch
Status of Boom  (1) cradle cradled  (2) cradle not cradled (3) boom angle
angle --,50   (4) boom angle angle <50  (5) retract retracted  (6) retract
extended  (7) extension extended >33"  (8) extension extended =33" (9) jib
angle angle >15  above horizontal  (1 ()) jib angle angle 13 " above
horizontal 1.Aug.2003 25 In Fig. 7D, the microprocessor 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 ace inconsistent with each other, operation of the apparatus is
interrupted.  In particular, the cradle and angle switches are compared at
stop 772. If the cradle switch 5 indicates state I and the angle switch
indicates state 3, this is an inconsistency because the  cradle switch 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 compare the  status of the retract
and extend switches. If the retract switch indicates state 5 and the extend
10 switch indicates state 7, this is an inconsistency because the retract
switch is indicating that  the boom is retracted and the extend switch is
indicating that the boom is extended more than  3.3 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 execute one of
the sub-routines illustrated in Figs. 15 7E-7H, depending on the position
of the platform. If the platform is in envelope zone 1 and the operator is
indicated instructions to  extend 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. 7F.. At step
782, the status of the extension switch is considered. At step 784, the
status 20 of the angle switch is considered. Reference character 780
indicates an AND gate. If the  extension switch indicates state 7 (boom
extended greater than 33 inches) and the angle  switch indicates 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 25 Tone 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. 30 Otherwise, the operator is permitted to lower the boom
at step 794. 'I1 Q sub-routine fog Fig, 7G relates to a situation where the
platform is in envelope  zones 1 or 2 and the operator is attempting to
approach zone 3B (which is a non-operating 1.Aug.2003 26 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 by step 798. Otherwise, the
microprocessor allows upward movement  of the jib boom by step 802. 5 Fig.
7H is the sub-routine applicable when the platform is in zone 4B and the
operator  is attempting to approach zone 2B (which is a non-operating zone)
by retracting the boom, If  the jib angle switch indicates state 9 and the
extension switch 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
1 0 operator to retract the boom. As various changes could be made in the
above constructions and methods wit out  departing from the 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. 1.Aug.2003 27  E PF.NDLX A
II Snorkel DB Version 1.2  1/ 02-27.48 This database will operate all 33/33
machine.g as described in the  manual and supports all features of
controller rCv 1.2 i{ifndef DEFAULT DATABASE  #define DEFAULT DATABAST3
Pdcfine NO DDV 0,X0000 Mom i)DVO 



#define NO I)r)VI OXODUO OX0000 DDVI (sccondnry DDV)  #define FILLER 0X0000
available for database dodo expansion  // SNORKEL, IMCM rNpUTS // DID: 0
DlDAnn2: 0 BASE ADDIU,SS (INPUTS): O (JQOO #define C'-i1 1D_INP FLJI,I,R.ET
OX000B // (C:iS) telescoping boom fiiily retracted #define GNfl_R rD
FIJLLRET OX000F // (C 1-6) redundanr full retract - not GNDrNP_Ft11.LRET
I/defne c.;ND INP LSL r33 0X0003 // (C 1-7) limit switch true when extended
less thin 33 #detine GNU_R.FD LSLT33 UX000E // (C1-8) redundant extension
limit switch -t not GND_lNP_LSZ,.T33  ildctine GND_tNP LSANG 0X0002
//(CI-9) limit switch true when main boom angle LOW "define GND_RF.T) LSANG
0x(MO0 // (C I-10) redunant boom angle = not GNDINP LSANG t'dcfine
C:iND_R,ED BMC:RA OXOOLB // ('C1-I I) redundant boom switch crudlcd not
GND_INP_ BMCICA  '"define GNU_Ii4F_Bti1CRA ()X000C (C1-12) main boom and
riser boom bill down (cradled) #define GN.D INP LEVEL OXOOIA (C2-1) Level
(tilt) Sensor tnre wheel tilted  #detine NO f_(JND_INP_LEVEL, OX-101A //
(C-21-t) Level (tilt) Sensor (negative pin logic)  #define GND_I; IP_BRKPSI
0100019 // (C:2-2) Trite when brake release p(essurc low  #define
GN1)_INtP_ALIvMI O.,<(.)(.) 19 /1 (C2-3) alarmI type input drive) #detine
GND !Nr' Ai..M2 0x0001 1/ (C:2--1) alarrn2 type input (desc) #define GNL)
INP_,DOM 0x001 1 (C6-$) Truc (pin grounded) when domestic triuchine
rdctine GND tNP C6 r 0x0006 // (C6-T) Available for use ^define ONDNPCGU
0x0012 /,(C6-U) Availab(c for use  /Fdcflnc (iND INPC6 _ V 0x0007 1/ (C6-V)
Available for use #define GND (Nl'_TYPE33 0x0013 (C6-W) True (pin
grourtded) when machine type 33 (DDVO-4)  #dcfinc CC)NN C6_W DDV 0x0013 If
(C6-W) Evaluated into DDVO hit I - do Out delete. #detine GND riNp 11 L6 X
0x000,9 // (CG-X) Available for use ~defctte CONN_C~-X DDV 0x0008 (C6-X)
Evaluated into DDVI bit 5 - do not delete.  /define (ihD_INF DI EpR 0X0016
// Driver Hank Error #detine GND PSW GMODE 0X0017 // Ground Control
Interlock (Select) Switch  SNORKEL GROUND SWrfc'ii NODE /i  1 DID: 9
D(L)ADpR: 0 //BASE ADDRESS INPUTS: OX1200 t/ the ground switch node matrix
is mapped into the system  // with the following addresses. (the matrix i5
a scanned /./ row - column array #define GNU_PS W EXTND ON1201 // GCS
Tclcscapin2 Boom Switch  !#detine GND_PS W- (,11'7 0X1202 /1 GCS Main Lift
Bourn Switch  #define GND_PSW_R.ISER OX 1201 GCS Riser Boom Switch #define
GND_PSW SWING OX 1204 ll (;CS Body Swing Switch  #dcftctc GNU_PSW`JIB OX
1206 /1 GCS Jib Boom Switch 4dctine <iND pSW E&1PWR 0X1209 (CS Emcrgettcv
Pwr Switch  #define GND PSW ROTr\T 0X1207 GCS Plutfurm, ltotare Switch
#ddc11nc C rNi) PSW LEVEL, OX1203 // GCS Platform Level Switch 



#detine GND_PSW_(7WNFjj OX12OA 11 COS Function Down high Spccd Switch
!define GNU PSW DWNLO OXIZOB GCS Funciion Down Low Speed Switch  #define
GND_P5W4' CCI.O OX 120C GCS Function CCW Low Sped Switch  #detine
GNU_PSW,v_(~CHI 0X12OU OCS Functiurt CCW high Speed Switch  #define
GNU_i'SW_CWLO OX 1210 // GCS Function C:W Low Speed Switch  md_tinc C;NO
PS1N CW1ri 0X1211 // GCs Function CW High Speed Switch  #derinc GND_PSW-
UPLO OX1212 // GCS Fuuctiun Up l.ow Speed Switch  #define GNll i'S W UPHI
OX 1213 1/ GCS Function lip Switch //BASE Ar)ORE$$ OU"FPt.1TS: 0X3200
1.Aug.2003 28 The ground switch node LEI) matrix is mapped inty the system
with the following addresses. (the matrix is a scanned // row - column
array  #delinc GND LED 1113  Ndetinc GNDLED RJSER  #dctine GND_LEDSWING
ndcftttc GNULEnLIFT  #dctine OND LED LEVEL  *define GND-_LED_C7~MODE define
(:JNn LED EMPWR  #define GND LED PMMODE  /Idefinc C7Nn LED ROTAT  #define
GND..LED FAUI..T  #define CNn_LED_NORNIL  #define GND LED EX-i-ND  I/
SNORKP?L DRIVER NODE 0X3204 LED Indicator: Jih Boom  0X3203 I.F:n
Indicator; Riser Boom  0X3206 LED Indicator: Body Swing 0X3207 // LED
Indicator: Main Lift Boom  0X.320$ i/ LED Ittdicutor: Platform Level 0X3209
// LED Indicator: Ground Control MOde  OX320A Ir LED Itidiculur; Emergeny
Power Mode  OX320B LED Indicator; Platfonn Control Mode  OX320C LED
Indicator; Platform Rotate OX320D LED indicator; System Fault  OX3201: I/
LED htdicutur: System Normal  OX320F LED Indicator: Telescoping Boom //
DID: 8 // DIDADDR: 0 >'<dcfine GND SIG C2 7 0X3017 //(C2.7) Output:
Available for use  #define GND_S[(i (-:2 8 0X3016 //,((22.i) Output:
Available for use #dcfine (-*,ND SIG7PCPWA 0X1015 // (C2-9) Outptu:
Ignition-2 (Pump Controller Power)  define GNU_O1.1T_DRVCh(D2 0x3014 /I
((:2-10) Output: Drive command signal #dcfine (.',ND-OUT DRVCMn1 0.%3011 //
(172-11) Output: Drive command signal  



#define GNU OIJT HIDRV OX3010 (C2-12) Ourpttr: High Runge Command  #dcfine
CND-VLV--JIBDN OX30113 (C3-1) Valve; Jib Down #define GND VL V RTRCT 0X30 I
F (C3-2) Valve: Telescope Retract  lydeline G.ND VLV_RISDN 0x300$ // (03-,)
Valve: Riser Down  #detine GN 1D_VLVICtSUP 0,3000 // (CJ-4) Valve: Kiser Up
tidefne GNU_VLV SWCC OX300D it (C-3-5) Valve: Body Swing (:(.:W  #detine
GND_VLVrSWCW OX-3,00C // (C3 6) Valve: Body Swing CW  #define GNDV[.V LVLDN
0X3013 II (C:3-7) Valve: Platform Level Down  #delinc (iND_VLV_LVLUP
0X'3019 (C3-8) Valve: Platform [..evil Up  #define GND_ 'VLV I.PTDN OX30IA
(C3-9) Valve: Main Lift Down  i:defnc GND_VLV_JIBUP OX30IT1 // (C3-10)
Valve: Jib Up #detine GNU_VLV L.F"i'IUP OX30IC // (0-i 1) Valve: i.ift Up
fdetinc GND VLV EXTND OX301D n (r3-12) Valve; Telescope F.xrend  #detine
GND_ALM_'1'Ii.T OX300B (C4-1) Output:'fiit Alarm (Audible)  #define GND ALM
HORN 0;<300A I/ (C''1-2) Output: Hum Relay  +Udeline GND_VLV SCRRT 0x3009
(C4-3) Valve: Steer Right #define GND VLV STLFT 0x3001 fl (:4-4) Valve:
Steer Left #dctine GNDVLV-EMPWR OX300E // (C4-5) Valve: Emergency Pump
Diverter Valve  /define GNU RL Y DRSiG 013001 // ((.:4-6) Output. Foot
Switch #dctine GND OUT_C:4_7 0X3002 // (C4-7) Output: Available for use
/Jdefitte GND OIJT C4 8 0X3003 II ((:4-8) Output: Available for use  #defne
GND_ALtM[ MUr1() 0X3004 If (C4-9) Output: Motion Alarm  Hdefine
GNU_OIJT_C4_10 0x3005 // (C4-10) Output: Available for use  Tdcfine ONE,
VLV ROTC:: 0X3006 // (C4-11) Valve: Platform Rotate CCW #dr.fine GND V[.V
R.OTCW 0X3007 /i (C4-12) Valve: Platform Rotate CW  mdcti.nc GNB_RLY'PMPSO
0x3011, (C6-A) Output; Hydraulic Pump Cuntactor #delinc GND_RLY AXPMP
0x3012 // (C6-C) Char-tit- Emergency Power/Ste*r Pump Contactor  //SNORKEL
PLATFORM SWI'1'ClI NODE // DID: 10 // nin.~DUR; 0 SASE .-\DDIRI S.S INPUTS:
OX 1400 The platform switch nude matrix is mapped into the system  /1 with
the following addresses. (the matrix is a scanned If row - column array
#detine PLT_PSW-.RISER 0XIa00 // PCS Riser Boom Switch  #delinc PLT
i'S\V_5\k'ING 0X1401 // PC:S Rndy Swing Switch  ltdelinu i'LT'-PSW_ENIPWR
OX 1402 // PCS Eruergcney 1'wr Switch 1.Aug.2003 29 #detine PLT PS W_HORN
OX 1404 // PCS Hvrn Switch  #define PL UPSW J113 0X 1405 // PCS Jib Boom
Switch  #define PLTPSW PLROT OX (406 // PCS Platform Rotate Switch #dcftnr
PLT PSW LIFT OX 11108 // PCS Main lift Bootlt Switch  #define PLT_PSWE:XTND
0X1409 PCS Telescupirt (loom Switch  #define PL1'_(1SW_LEVEL OX 1,10A li
PCS Platform Level Switch  #define PLT PSW F(i1.)RV OX1408 PC" High Drivc
Mange Switch  



#define PLT-INP DRVREQB OX 1113 iI (Term #5) Drive Reverse /deftnc NOT_PLT,
[NI'DRVREQB 0X5413 // (Term #5) Drive Reverse (negative pig Logic)  Mellor
PLT INP DRVREQA 0X1-4 12 // (Term #6) Drive Forward #define PIT_[NIP_STRR'f
OX 1411 (Term #7) Steer Right  #detine FLTINt'STLFT OX1410 (Terns 4$) Steer
1,eft  #define PLT (NP FOTSW OX14OF /I (Term #9) Foot Switch #define
PLT_INP~ESTOP 0, 140E // (Term " 10) Emergency Stop Switch (Platform
Signal)  #define NO'I'_PLT_lNP ESTOP OxS40E // (Term #10) Emergency Stop
Switch (Platform: Signal)  "define PLT_TlN (P 1'E:1 l l I 0x1401) /1 (Terns
#1 I) Available for use #defne PL l iNP^TERM 12 Ox I40C iI (Term # 12)
Available for use #define PLT_INPrJIl3ANG Ox 1414 /1 (Term 4 13) Limit
.switch true when Jib angle low *define PL I'_RLDJIBAN(; 0,r 141$ /1 (Term
# 1.1) Redundunt.jib angle low * not PLT INP JIBANG  // BASE ADDRESS
OUTPUTS; OX3400  // The plattnrm switch nude LCD matrix is mapped into the
system  // with the following addresses. (the matrix is a scanned // row -
column array "define PLT LED [3A'1'20 0X3400 1.EED Indicator; Battery 0%.
20116 (RED)  #dcflne PLY I,ED BAT4O 0X3(01 LED Indicator: Battery 20%- 40%
(YEL)  //detine PLT_LED_13AT60 0X3402 /I LED Tndicacur; Batten .lO%- 60'',4
(YEL)  #define PL'1'_I.,ED_BATSo UX,103 LED Indicator: Battery 60% -
80%(GRN)  .#dcfin.e PLT_LED_JIB 0X3404 LEI) Indicator: Jib Boom #define
PLTLCDRISER 0X340.5 /t LED Indicator: Riser Boom  idefinc I'I.T_LED_SWING
0X3406 1/ LED Indicator: Body Swing  #define PLT_LED LIFT 0X3407 // 1.ED
Indicator: Main Lift Boom  #define PL'1'_LED_LEVEL 0X3.108 // LED
Indicator; Plat--lortrt Level #define Pi.T_L>D_BA'1'100 OX3409 // LLD
Indicator: Buttery 80%- 100% (URN)  #detine PLT__LED_f:\(PWR OX3 t0A // LED
lndicutor: Emergency Power #define PLT LED HIDRV Ox-WOB // LED Indicator.
High Drive Range  JJdctine PLTTLED_R(.)TAT OX340C // I,EE.D Indicatur:
Platthrttt Rotate  #define PLY 1.i.r.)_SYSFT 0X340D // LED Indicator:
System Fault  #dcfinc PITT LED SYSNO OX34OE /1 LED Indicator: System Normal
#detine PLT LEt)_EXTND 0X34(}F // LED Indicator: Telescope Boom Ude inc
t'l: l _OUT_.AL;vIt'T' 0x34I6 (term # 15) Output; Statics Alert Buzzer
#define PLT GI IT TERM 16 0x3.1 7 1/ (Term # 16) Output: Avtulub.lc for use
/i SNORKfiL JOYSTICK NODE U DID: 7  DtDADDR: 0 II the joystick decoder card
transmits the state of the joysticks inputs  //to the master control
module, the inputs are defined as follows.  /:define JS_SwY_Pos O%OEOO
Input; Joystick on Positive Y Axis  #detine JS_SwX_Pos OcOEO I // Input:
Joystick on Positive X Axis  #define Jti Swy_Ncg OxOE02 Input: Joystick on
Negative Y Axis  #define JS_.SW,vX Neg OxOE03 /.r Input: Joystick on
Negative X Axis  I/detinc JS SwY_PusHi OxOE04 I/ Input; Joystick on Very
Positive Y Axis  #detine, JS_SwX_Po.SHi O.OE03 // input: Joystick on Very
Positive X Axis  #define JS_SwY NcgHi UxOEOG // Input: Joystick on Very
Negative Y Axis  



#detine JS_Sw,% NegHi Ox0E07 Input: Joystick on Very Nagntive X Axis
9define JS UIF State. OxOEU8 // input: Joystick Lane-cd #detine JS_On_Staic
OxOE09 //Input: Joystick On (off of ceritcr)  %/detine JS-Or, XAxis OxOEOA
// Input: Joystick on X Axle  #define JS On YA~xis OxOEOR // Input:
Joystick on Y Axis  idefine JS Nottc3 OxOEOC // Input: not defined #detine
JS None4 0x0EOD Input- not defined  #define JS_None5 OxOFOF_ // Input; not
defined 1.Aug.2003 30 #dcfine JS None6 OxUEOF // Input_ nut defined #detnc
JS_Spd_Sw0 Ox0El0 // Input: bit 0 of the speed value (0-1004/5)  #dcfine
JS_Spd_sw I 0x0E t l Input: bit I of the speed value (0-100%)  #defnc
JS_SpdSw2 Uxult,12 ITtput; bit 2 of the speed value (0-(00%)  #dcfine
IS_Spd Sw3 WE 13 Input: hit 3 of the speed value (0-100%)  ,define JS Sind
Sw4 Ox0E 14 // Input: bit 4 of the speed value (0-100%)  #dcfine .JSSpd Sw5
WE 15 Input: hit 5 of the speed value (0- 10(Jx6)  #dtaine JS_Spd Sw6 OxOF
to I/ Input: bit 6 of the speed vuluc (0-100("x) #dcfine JS_Spd..Sw7 OxOE
17 // Input: hit 7 of the speed value (0-10051.) note: never set!  #define
IS_NU1.L DATA 0x21.:00 // Output: used to get joystick in valid deyiees
list fl SYSTEM STORAGE MODULE System storage modules occupy three device
id's  ll addresscs.'t'hese variables are defined as required  to hold
interstitial database variables or results.  DID: IS // DIUADDR; 13 - 15
lldcfiuc SYSVARGNDC.:W OXI F:\0 // Grid C W Fast yr CW Slow  #dcfine
SYS_VAR (1NDCC OXIFA1 Gnd CCW Fast or CCW Slow  #dcturt SYS_VAR GNDUI
OXIFA2 Grid lip Fast or Up Slow  T'dcfinr. SYS VAIC GNDDN OXIFA3 if Gnd On
Fast or On Slow  #definc SYS_VA\R_PLTCW OXIFA4 // fit CW Fast or CW Slow
,dcfine SYS VAR_PLTCC OX I FA5 // Pit CCW Fast or CCW Slow  4defitic
SY5_VAR PLTUP OX IFA6 Pit Up Past or Up Sluw /Iclcfine SYS VA1C I'1.TDN
OXIFA7 Pit On Fa;t urDn Slow  define SYS_VAR_GULDLO OX 1 FAS i/ Grid Up
Slow or Down Slow  r deLnc SYS_VAR_ GLICE.Q OXIFA9 Lind CC Slow urC'CW Slow
#dcfine SYS_VAR CiUDH1 OXIFAA /1 Gad Up Fast or Down Fast  mdcfin.
SYS_VAR_OLRI.11 0 X I FA.S Gnd CC: Past or, CCW Fast  I'c1ef3ne
SYS_VAR_PI.TLID OX I FAC // Pit Up or Down iMefine SYS_VAR_PLTLR OX I FAD
Pit Left or Right #deCne SYS VAR 0,14D1-.{I OX I FAE C.lnd Fast Switch
Pressed  define SYSVARGNDLO 0XII-, AF Grid Slow Switch Presscd  fdefinc SYS
VAR STEER OXIFB I Steer Request ,define SYS VAR CNTRL OXIFI32 I/ Any Bum
Request  #defirte SYS VAR UP DNl OX1 FB3 Any t Ip/Dn Bourn Request
,defineSYS_VAR CC_ CW OXIFE34 AnvCC/CW Boom Request  



#dcfine SYS VAR EXRE l' 0XI FBS /1 Extend Or Retract TJeline SYS VAR SWING
OXIFB6 II Swing CC or Swint,. CW  #deflnc SYS VAR_ROTAT OX I FB7 Rutato
CC.'or Rotate CCW  %fdetiitt: SYS V,.\R LEVEL OXIFS3 Level Up or Level Down
,define SYS.. VAR ,IIBLT OXIF119 Jib Down or l.iFr Down  #define SYS..V;
\R-SWRO OXIFBA If Swing or Rotate ddctine SYS_VAR_LEJLT OX I F f313 // Jib
Lift or Level Functions  #detiiic SYS_VAR_JILUf OXIFBC i/ Jib Up or Lift Up
/dcfine SYS_VAR_GNDUD OxIFW) // Any ground up or down  #dcfine
SYS_VAR_GND[.K Oxl FBE I/ Any ground lef}1rizht (cc/Ow) //define SYSAUT'O
RETR Ok I FBF // True when automatic retract function active #dcfine
SYS_A1JTCi_RETR2 Ox IFBO // True when automatic retract function and ramped
to zero  #dcfine SYSEXT_INTT.,K 0,U FAO // 'true when okay to extend
#dcfine SYS' VARTRI 001--Al 1/ Interstitial retract true  iidtfinc SYS
VAR-RE RE i'R2 Ox3FA? // interstitial retract true #define SYS VAR_NOTRIIvI
Ox.3TFA3 // Truc when no speed trim active /define NOT_SYS VAR_NOTRIM
Ox7FA3 // TrLz when trim speed active (pin negative logic)  #detine SYS VAR
VALVE Ox31'A'l // any valve active define NUT_SYS^VAK VALVE Ox7F:\.t i/ not
anti %ulvc active (negative pin logic)  /'dcfine SYS V,AR LJI.RI OX3FAS I/
fib fib level or retract valve on ,dcfine SYS_V.AR SRREX OX3FA6 //;wing
rotate retract ur extend valve on  /fdefine SYS_ VAR-.LJIEII, OX3FA7 //
lift lib or level valve on ,dcfine .SYS_VAR_R,ISER OXJFAS // riser vui ve
on #dcfine SYS VAR ROLL Ox;FA9 // vehicle in motion variahle ldefinc
NOT_SYS VAR-ROLL Ox7FA9 ii not vehicle in motion variable (neg logic)
1.Aug.2003 31 #ricfine SYSVAJZ _ HIDRV Ox3FAA // high drive active  ,definc
SYS VAR NOTRJIvfA Ox3F'AC /1 No trim speed case A  #def ne SYS_VAR_NOTRiNin
0x3 FAD No trim speed cnsc B t)define SYS_RETR RLNK 0x3FAE /i toggles on
when auto retract true  #deflne SYS AUTO JIBDWN Ox3FB4 //Auto Jib-Down
Variahlc ,define NOT_SYS Al1TO JIBDWN 0 7FB,t // NOt Auto Jib-Down Variable
(negative pin logic)  #define SYS. VAR JIBRT (Jx3FR5 // Jib = 33 and Extend
< 33 Used for Auto Jib-Down #define (;ND_R. Q RTRCT 0x3FB6 // Retract
Requested  #dctine GND K.EQ_JIBDN Ox3F[37 i/ Jib Du,vn Rcquesied  #dcfiitr
GNU) REQ_JIBUI' Ox3FBS //Jib Up Requested l dcfne SYSVARBMCRA Ox3FI39 //
True when boom cradled and tl,rll retract  #define SYS VAR JIBEXT OX3FAF //
Jib up and telescope boom extended  these variables are utilized Cur CE
options as irleorporated into the dutahast. note that to disable CE
restrictions, connector  2-3 must be true to override CE restrictions
#definc SYS_VAR_UNDERSM OX3FBA // Under 3 meters (for CE)  #dctine SY'S VAR
DRVENBL OxJFBB i/ Dri,,c enable (for CE) #definc SYS~'VAR_DRVR.6Q1 Ox3FBC
I/ interstitial variable for drive I command  



/rdefne SYS VAR_DRVREQ2 Ox.3FBD ll interstitial variable for drive 2
command  #definc SY-VAR PNIPR.EQ Ox3FBE // interstitial variable forpunip
signal  #detine SYS -VAR_GCENBL Ox3FBF // gruund control okay (CE) variable
tfdefinc SYS_VAR LVi.ENBL Ox3FBu // platform Ievcl cnahle (CE) #detine SYS
VAR LVLREQD Ot3FB i inturstittal.platform level  #defirtc SYS.VAR_LVLREQU
Ox3FB2 interstitial platform level  #define SYS_ VAR MAI OXI 1=(:0 motion
ularm dh storage variable  #definc SYS Vr1R YIA2 OXI FC l // motion alarm
db storage variablu  #dctine SYS_VA!?_ )C>W J OXi F C2 ./,' with any down
motion intention  #ricflat SY'S_VAR_ALLiMOT OXI FC3 // inputs dictate oil
motion alarm desired  t/dcfine SYS_VAR_.3ONLY Ox I FC4 // allows eettain
functions fur 38 only  #define SYS rR.ASH CAN OY3FFE /1 Trash Output
#definc SYS D6 STOP OX3FFF /i Stop marker  special cast - these are DDC W's
to he used in the system for the TRUE. and FALSE case. set  the
specification on Df)CW's fur further info on  how the evaluations work for
these two cases, #defirtc SYS INP T1(11f; OXBFFF II Always Truc  :'define
SYS fVP i'ALSE OtFFTT Always False  i*dcfnt AND TRUE OXBFFF // AIway.s True
#Jefine OR_F1\LSE OXFFFF // Always False  #define AND FALSE OXFFFF //
Always false  // SNORKEL VIRTUAL I/O ,MIODUI,i; // DID; l i lI DiDADDIR: 0
These v uiablts are set by the custom program modules - the  addresses may
be utilized (hut not set) by the database %,definc SYS VOM (i14MODE OX3EOO
i/ System Ground Mode  #dctine SY5 VOtvf PIMIODE OX3EOI System Platform
Mode #define SYS VOMrEMODE 0,-3EO2 i/ Emergency Power Mode Active /:define
NOT SYS VO&(_Eivl(,)I)E Ox7EO2 // Not Emergency Power Mode Active (negative
logic)  #defnc SYS_VONI HSREQ Ox3E03 // Hiah drive rungc mode there are two
outputs for panel Function inputs - pending requests and pastel requests,
// when a switch is pressed on the panel, the request is recognizM by the
controller and // becomes pending. A pending request becomes a valid panel
request when the boom speed  // is zero (ramped to or started from). The
valid panel request also remains as the pending request until another
function button is pressed. then the new function becomes  // the current
perrdine function once the prior function hax been retumcd ramped to zero,
#dctine SYS_ PRQ .SW'f?+lt; OX 1E03 // Panel Request Active: Elody Swing
Function  gdefitte SYS PRO_RJSER OX I E04 // Panel Request Active: Riser
Function #dcfine.SYS_Pf?Q_LIFT ON IF'05 // Punel Request Active: Lift
Function #define SYS_PRQ_EXTNi) OX IE06 It Panel Request Active. Telescope
Function  /define SY.S_PRQ._JIB OX 1 E07 // Panel Request Active: Jib
Function 1.Aug.2003 32 Pdeffne SYS I'RQ PLROT OX (E08 // Pula! Request
Active: Rotate Function  



#define S 'S_PRQLEVEt. OX IE09 // Panel Request Actiyc: Level Function
U#define SYSPRC?_FMPWR OXIEGA Panel Reyucst Active: Emergency Power
Function  #define SYS_PND SWING OX I EOB Pending Function Request: Body
Swing #define SYSPNDrf(ISE;R OXIEOC Pending Function Request: Riser
#define SYS_f'ND LIFT OX1[OD Pending Function Request:I.iit  !!define SYS
PND_EX-1-ND OX I EOE // Pending Function Request: Te1cscope  #deflne SYS
PNI)JIB OXI EOf // Pending Function Request: Jib !!define SYS_PND PLR(.)T
OXI E 10 /1 Pending Function Request: Rotate  #defne SYS_L'ND -LEVEL 0XIEI
I Pending Function Request: level  #define SYS_VOtVI CHIRP OxI E 12 I n e
when system function/status alert  #define SYS_VOM TURNOFF Ox 1 E 13 1/
True when seeping for I hour 9d,-fine SYS VOM P W RDN Ox I F 14 /1 True
when system in power do.wn/slcep mode  /1 SYSTEM POUF_, IO1YIE1'ER MODULE
b'L)ID: 15  /' DIDADUR: I #dctine VO,N1 POT CIVIDO Ox I E21) //
potentiometer command 0  #dcftno VOiMq POT_CibMU I OxI E21 // potentiometer
command I  4delne VOI`q PO"f' C.MD2 Ox 1 E22 // potentfomctcr command 2
#deriu, VOr,(_POT_CMU7 OxIE23 d/ potentiometer command 3  #dctine
VON-(_PO'F C,iMD4 Or 1 E24 potentiorncter command 4  #dctine VON-(-POT CMDS
Ox1E2S // potentiometer command 3  #Jctine VOM_POi c.MD6 OxIE26
potentionictercommand 6  Ndeftnr VOrM_POTCMD7 Ox f E27 potentiometer
command 7  /define VOM PO.1'(:MD$ Ox I E28 potentiometcr command $  de,Rne
VON. POT_CMDY Ox I E29 putcntiomerer cortunand 9  .'-!define
V01viPO'l_(:i'vID10 Ox 1E2A // potentiorncter command A  4detine VOM
POT_TRJM50 Ox. IE2B // potentiomer profile 1 (5051 ':define NOT `VON(
I'(yl' TR(M50 Ox5E2R //not potentiomer profile I (negative logic)  #define
VOMt'(.)[ TRIt4f25 ().x I E2C // potentiomer profile 2 (25V,) ''define
V(M_POT ONZI-,RO Ox3E20 /1 potentiometer output true when zero  dctine VOM
POT OFFZERO Ox-317.21 // potentiometer output true when riot zero  define
VON(_POTPOEVAL l Ox3E22 // potentiometer output tote when at Vail  #dctine
VOM_PO'I_POS VAL2 Ox3E23 potentiorncter output true when at Val2  #define
VOM_POT POSVAI.3 0,0E24 potentiometer output true when at Vat3
NderincNUM_DODES 118 #define SIZE DB 944 // total number of words in data
base array (dodcs'8)  cede long DUDE _DATABASE (SIZE_DB1 w // a device must
exist in the database to be included in the network /1 udd a null in the
joystick address space to have it included and "in view"  // of the muster
controller. !S_NVI,L`DA'IA,NO_DDV,SYS_INP FALSE. SYS_INP_Fe\I.SE,SYS
IhIP_.FAI.SE,SYS_INP_FALSE,NO_DDVI,FfI,LER  // GROUND NfOC)FiPLATFORM MODE
LIGHTS ground mode led sct when  vsteni ground mod, set GNU
LFF)_GNIODF.NO-DDV.SYS_VOM_OMODE,SYS rNP T1t(JI SYS iNP Ll.IaR. FALS$,SYS
INP FALSE,NO DUVI,rI  



Platform mode led set when system pfutform mode set
GND_LE1)_PtVfODE.N()_f.ODV.SYS..VOM_Pr1-fODE.SYS INP`TRUE.SYS
INP_FALSE,SYS_W_FAI,SG,NO DDVI,FII,  LER. _ // SY$TE;vI VARIABLES FOR
MOTION COMBINATION  These variables are set on variaus combinations
ofswirches  and valves and can be used by the dulubuse. // Ground C;
nntrolEnable // set to enable ground control (CE) // ground control
operation okay when 1.Aug.2003 33 // platform estop off and ground mode or
not in CE mode (in domestic mode). SY5 VAR_GC1 NBL,NO_DDV,NCrI_PLT TNP
ESTOP,SYS VOMMM-GMODI3,GND INP DOM,SYS VOM GMOT)E,NO_  DDVI,PILLER, - -
Ground Down Variable set on down direction speed switch press  ground down
variable when // ground down lo%v speed switch and ground mode or  //ground
down hi speed switch and ground mode  SYS VAR _GND[.)N,NO_DDV,GNDPSW -
DWNC.0,SYS VAR GCENBL,CIND-PSW_DWNFII,SYS_VAR_GCENBI,,NO  DDVI,F[LLER.  //
Ground Up Variable // sit on up direction speed switch press  //ground up
variable when //ground up low speed switch and ground mode or  // ground up
hi speed switch turd ground mode  SYS VAI? GNDLIpNO UI)V,GNL~_PSW UPLU,SYS
VAR GCENIIL,GND PSW (1PHI,SYS VAR_GCENBL,NO_CD  VI,PILLER. // Ground Up or
Ground Down Variable 1/ set with any ground up or down function  // ground
up or down variable set whep ground up variahle set or ground dmvn variable
set SYS VAR GNDUD,NC)_I7DV.SYS_VAR,GNDIJP,SYS_INP_TRt11;,SYS-VAR
('NDDN,SYS_INP 'I'RI1G,N0 DDVI,F  ILl. P.. - - Platform Station Down
Variable sct on jo.stick down direction switch press  /! platform down
variable when // plattnnn down switch and platform mode SYS
VAR,"['t.TDN.NO_DDV;JS`wY Neg,SYS_VOM PMODE,SYS INP-FALSE,SYS INP FALSE,NO
DDV 1, FILLER,  Platform Station Up Variable -  I/see on joystick up
direction switch press  /1 platform up variable when // platform up switch
and platform ntodc 



SYS_,VAR_PLI'IIP,NO_DOV,JS_SwYPos.SY$-VOM Pitt(.)I)E,SYS_INI' FALSE,SYS
(NI' I'ALSE,NO DDVI,t'II,(.EP- I/ Platform lip or Platform Down Variable -
set with any platform up or down function  It platform up or down variable
set when If plattnrm up variable set or platform down variable set
SYS_VAR.,I'I,TUD.NO_DDV,SVS VAR PLTUP,SYS INP_,TRUE,SYti VAR PLTIJN,SYS INP
TRUE,No-I)I)VI,FIL  LER. - - - -  // Up Down Variable 11 set with any up or
down Function  system up or down variable set when // ground tip/down
variable set or platform up/down variable set SY? VAR UP_DN,Oxg004,SY5 VAP,
I OUD,SYS tNP TRUE,SYti VARPLTUD,SYS TRUE,Nt) D[)VI,FILL  ER, - - - - - INP
C7round Counter-Clockwise Variable, sit on cntinter-clockwise direction
speed switch press  /I ground counter clockwise variable when // ground
c-clockwise to speed switch and ground mode or  ground c-clockwise hi speed
switch and ground mode SYc VAlt_r"IDCC.NO DDV.GND P5w CCI.(),SYS VAR GC
BL,GND PSW CCH1,SYS VAR (.-TCENBL,N0UU  VI.FILLER. - - - -  l1 Ground
Clockwise Variable set on clockwise direction speed switch press  ground
clockwise variable when ground clockwisc to speed switch and ground mode or
//ground clockwise hi speed switch and ground mode SYS V,\.R
GNI)CW,NO_DDV,(.;ND PSW-CWLO,SYS VAR GCENEJL.GND PSW CWHI,SYS VAR GCENBL,NO
DDV LFII.LER. - - - -  If (;round LeitRig)-it (CC-CW) Variable I/ set with
any ground clockwise or couitttretockwise function  // ground left right
variable set when 1.Aug.2003 34 //ground clockwise vuriublc sat or ground
counter clockwise vuriabteset  SYS_V,4R_GNDLR,NO_DDV,SYS-VAR_GNDCW,SYS
INP_TRUE,SYS VAR G-1DCC,SYS INP 'T'It1JE,NO-DDVI,F  ILLER, - - -  Plattnrm
Countcr.Clock viAe Variable set on counterclockwise joystick switch press
// platform counter cluckwise variable when // platform c-clockwise switch
and platform mode SYS-VAR. PLTCC.NO,DDV.JS StvX Pos,SYS VONI_PNIODF.,SYS
INP_FALS:,SYS 1NP F/1LSE,NO DDVI,FILLER,  Platform Clockwise Variable -  //
set an clockwise joystick switch press  platform clockwise variable when /I
platforms clockwise switch and platform mode SYS-VAR_PLTC W,NO_DDV,IS
SwX_,Neg,SYS_V0M PM0C)E,SYS iNP FALSE,SYS lNP FALSE,NO DDV1,FILLER,  1/
Platform t: e.fvRight (CCCW) Variable - - --  



f/ set with any platform clockwise or counterctockwisc function  platform
left right variable sat when platform clockwise variable set or platform
counter clockwise variable set SYS_VAR-I't;TLR,NO_DDV,SYS VAIL PLTCW,SYS
INP.._,_TRt1F.,SYS VAR-,PLt'C;c:,SYS rNP TRUE,NO DDVI,FIL  LER. - - - - -
// Clockwise Counter-Clockwise variable N set with any cl.ockwisc or
crntntcr-clockwise or lcft/right function systern
etockwise./counter-ctockwisc variable set when ground lc'/right variable
sat  /i or platform left/right variable set SYS_Ve-kR Cc;
_CW,NO_DDV.SYS..VAR-(.',Nt)LR.SYS P,VP_ TRUE, SYS_VM,It_PLI't.R,SYS INP
TRUE,NO DDV t,FI  LLER, - ..  // Boom Control Variable //set with any boom
control function 11 system control vaiable set when system up/down variable
set or  /l system clockwisdcounterclocktvise variable set. SYS VAR
_CNTRL.NO_UPV,SYS VAR_UP;DN,SYS INP_TRUE.SYS VAR CC_CW,SYS INi,TRt.fr,NO
DDVI,FI  LLER, - - - - - -  // SYSTFNI VARIABLES FOR BOOM MOTION SPEED FROM
GROUND EIUI7ONS  tt // Ground LefvRight High Speed Variable // set when any
ground left/right or CW/Ccw high speed direction button pressed  /I ground
left/righr high variable set when (ground cloc.kwvise high switch and
ground mode) or  (.round counter-clockwise high switch and ground mode) SYS
V,\R_ GLRIII,NO_DDV,GND i'SW CWHL.SYS_VOM GMOl7E.GND_PSW t:CHL,SYS
VOM_GMODE,NO DDV  t,F[LLER, - - - _  /' Ground Left,R[ght Low Spccd
Variable // set when any ground lcFVright or CW/CC W low speed direction
button pressed  // ground left/right low variuble set when /1(ground
clockwise tow switch and ground mode) or  (grouno counter-clockwise low
switch and around mode) SYS_V.AR_GLRLO,NO_DDV,GND_PSW_CWLO,SYS VOM
GMODE,CNn PSW CCLO,SYS VC)M GMODE,NO D  DVI,FILLER, ` - - - - - Ground
Up/On Hi Speed Variable set when any ground up/down high speed selected
ground tap/down hi speed variable whets It ground down high switch and
ground mode or  //ground up high switch and ground mode SYS VAR GUIDII'I.NO
DDV,GND,,PSW_-UWNIIl.SY$ VOM GtVMODC,GND PSW Ul'111,SYS VOM-Ottv1ODE,NO U[)
V1,FILLEIt - - - - - - - Ground Up/Dn Low Speed Variable set when any
ground up/down low speed selected  ground up/down low speed variable when
// ground down low sw[cch and ground mode or  /I ground up low switch and
ground mode SYS VAR GUDLO.NOUDV,GND PSW DWNLO.SYS VOtvt GMODE,CND 



-P$\V_ UPLU,SYS VOM GtvtODE,NO U  UVI,FILLER. - - - - - -   /I Ground High
Speed Variable 1.Aug.2003 3i // sct when ary high speed request made from
the ground  //ground high speed variable when //ground up/down high speed
or ground left/right high speed  SYSVAR-GNDHI,NO DL)V,SYS-VAR-Gl1DHI,SYS-
NI' TRUE,SYS LER _VAR (.ILRHI,SYS INprTRUE,N()_DDyl,FIL  , -  // Ground Low
Speed Variable set when any low speed request made from the ground
//ground low speed variable when // ground up/down low speed or ground
lett/right low speed SYS VAR_GNDLC),NO_DDV,SYS_VAR GUDLC),SYS INP
'1'RUE.SYS VAR GLIZI,O,SYSNP TRUE,NU nDV1,FI  LI.ER,  l/ fv(AIN BOOM
SECTION DEVICE; OUTPUT DEPENDENCY EXPESSIONS  Extension Nu-Zone Detection
auto retract enabled when main boom angle limit switch low and not
retracted limit switch SY5 AUTO_RETR.Ox100(I.GND NF' I.SANG,GND (trip
LSLT'31.SYS....NI' FALSE,SYS'INP_FALSE,NO DDVt,FILL  ER, - - - -  //
toggles with system auto retract (used with extend led)
SYS-tcrTR_BLNEC,0x0040,SYRAUTO.,RETIi,SYS-MP_'ERUE,SY5_(NP_FALS>r,SYS-NP_F'
AI.SE,NO: DDVI,FILLEIk  Main Boom Retract // note that sys auto rctr2 is
output from a system vote when auto retracting  11 and boom speed has been
ramped down to zero retract the boom when panel request for extend and
(ground down switch or platfurm tip switch)  or where //auto retract
enabled and main boom lifting down  // but only when not a 33 machine
SYS_VARR.ETRI,OrIOOO.SYSPRQEXTND,SYS VAR GNDUN,SYS_YRQEXTNlSYS
VAR..PL'I'I.IP,NODDVI,FIL  LER. _ - SYS VAR
FLf:TR2.Oxi001l,SYS_PRQLIFT,SYS_VAIZ DDN.SYS PRQ_I.IFT,SYS VAR PLTDN,NO
DF,VI,FILLF  R. .-.._ -GN - - - - GNDR.EQ_.RT'RC"r,Ox0004,SYS VAR
RBI'RI,SYS NY TRUE,SYS VAP%_R.E'I'R ),SYS_,AU'rO RP-TR2,NC) DDVI,FIL  LE:R,
- - - _ _ GND V RTRC(-,OXI000,GND_REQ.RTRCr,NOTSYS AUTO_,11RDWN,SYS
NPFALSE,  SYS_NP-.FALSE,Ox800(E,.FILLER, -  I/ Main Boom Extend // extend
the boom when panel request for extend and (ground up switch or platform up
switch)  /.' but not when // auto retract enabled 



/i but only when main bourn angle switch error not active and extension
switch error not active  /I but only when nut a 33 machine
GND_VL.V-EXITID.Ox1204,SYS_PRQ_EXTND.SYS-VAR GNDUI',SYS_PRQ_EXTND,SYS VAR_
FLI'I)N,Ox8 OO,FILf,  1': R. // Main Room Extension LEE) // light main
hoorn extend function LED on the ground and platform box when  panel
request for extend or (auro retract enabled and up/down switch pressed)
hut only when not a 33 machine GN0 LEn_EXTND.OxI000,St's PND
EXlNI),SYS-TN?-TRUE. SYS_P.1~TR CSI,NK,SYS VAR UP DN,NO Dnvt.F(L  LER, - -
- -  f LTLEDEXTND.ox1000,SYS t'Nt) EXTND,SYS N ? . . ' . O DDVI.FILL  ER.
// Main.Boom Lift Down If main hnom Iift down when /i pnl request for lift
and (ground down switch or platform down switch)  // but nut if //auto
retract enabled GND VLV_I.FTDN,Ox9OO4,SYS_PRQ LIFT,SYS VARGNUDN,SYS
PRQLII't',SYS VAR YLTD4,Ox86OU,FILLER,  // in Boom Lift Up - -  // main
boom lift up when 1.Aug.2003 3h pnl request for lift and (ground up switch
or platform up switch) // but only when main boom angle switch error not
active and extension switch error not active GND_VLV
LFTUP,Ox0004,SYS_PRQ_1.IFF,SYC VAR-QND[1P,SYS_PRQ-I..iFT,SYS VA12
PLTUP,Ox9600,F"IT,LER,  i~fait, Buom Lift LED  light main boors lift
function LED when  // panel request for lift GND LEDLIFT,NO UDV,SYSPND
LIF'1',SYS1NPTRUE,CNDINPC6 U,SYS1NP_-rRUE,NO_DDVI,PILLER,  PLT
LED-LIF[',N(7_DDV,SYS_1'NOLIFT,SYS-INP TRUE ,SYS INF FALSE,SYS TNp FALSE,NO
DF) V1,FILLER,  // JIB BOOM SECTION - - - _ - _ Jib Boom Down (i Determine
when Auto Jib Down (angle> 35, extend 33, Jib <33)  //jib boom down when 1/
pal request for jib and (ground down switch or platfonn down switch) or
when  // or when jib boom high and extended less than 33 inches
SYSAt.1TO-JIBDW,d,OxI000.PLT_RED JIBANG.GND rNP I.SLT33.SYS INP
FALSE,SYS-1NP FALSE,NO.-DDVI.FIL  GiJDltlin_JIBDN.O;
<tltifJt.SYSPRQ_JIf3,SY5 VAR
GNDI)N,SYS_PRQJIB,SYS_VAR_rr_TDN,NO_DDV[,r[LLER
GNDVLV_JIBDN,Ox0004.GND_REQ_Jllif)N,SYS fNP 'T'Itt.1E.SY5
AU-I'C)_JIBOWN,GND_REQ-RTRCT,NO_I]OVI,FI  [.I.ER. -  //Jib !.loom Up  //jib
boom up when // pnl rcqucst for jib and (ground up switch or platform up
switch) // hue only when mein boom angle switch error not active and
extension switch error not active GND RI:Q JIf3UP,OxOOO--(,SYS
PRQ._._J113,SY5 VAR_GNDIJP,SYS PRQ,JIB,SYS VARrLTUP,NO_DDVI,F'ILLER
(iN0-VLV JIIJLJP, 1O_DDV,QND REQ_JIBUP,NO1' SYS AUTO JIBDWN,SYS
1NPPFAL.SE,SYS_INP_FALSE,Ox1600,  



FILLER, - - - _ // Jib Led //jib LED when // pnl request fur jib (ND
LEDJIB.NO DDV,SYSPNDJIB.SYSINP_TRUE,GNf)_INP_C6_V,SYS_IAIPTRUE,NO raDV
(,FILLER,  PLT.LRD JIB,.1O DDV,SYS_PND JID,SYS [NP TRUE.SYS_INP EAT,SE,SYS
INP F'AI.SE,NO DDVI,FII.I.GR  // I'larfomZ Lcvcl Enable (CP' "' - - -  set
when okay to platform level level enable when boom fully cradled or when
not a,= mach'  a nt  tiYS %':\R..LVr,CNBL,NO UD)V,SYS VAR BMCRA,SYS INP
'I'RI.IE.GND INI' DOM,$YS INI' 1'RUE,NO DDVI,H  LLER. - - - - - - Platform
Level Down platform level down when // psi request for level down and
(ground down switch or platform down switch) SYS VAR-LVLREQD,0;
t0004,SYS,.PRQ_LI:VEL,SYS VAIt GNDDN,SYS PRQ_LEVEI.,SYS VAR_PLTDN,NO DDV1,
F'IL.LER. - _ _  GND VLV-L VLDN,fJ:t0004,SYS
VAR-I.VLREQD,SYS_VAR-LVLENL31.,SYS- INP-FAr.SE,SYS_INP_,FALSf:,0s8000,FI
LLER, Platform Level Up // platfonit Ievcl down when // peal rcqucst for
level down and (ground down switch or platform down switch)
SYS_VAR_LVLI2RQU.Ox0004,SYS PRQ_LEVEL,SYS VAR
GNDUI',SYS_PRQ_I.,rVEL,SYS.,VAlt_Pr,TUP,NO DDV1,F  ILL ER. - - _  GNU
VLV-LVLL!P,Ox0004.SYS_VAR LVLR.E:QU.SYS_VAR LVLENf3L,SY5 INI' FALSE,SYS,[NP
F'AL,SE,Ox8000,FI  LLER. - _ _  // Platform Level LED /i platform level LED
when // pnl request for platform level // but only when nor a 13 machine
ciND_L[;D..LEVEL.NODDV,SYS PND LEVEL.SYS MP TRUE,GND INP (:h X,SYS
INP._['R1.iF.NO_DDVI,FIf.[.r  PI. I'-LED_LEVEI.,NO DDV,SYS PND LEVEL,SYS
INP TRUE.SYS-rNP FALSE.SYS_[NP FALSP..NO DDV[,FILLF  R. - - - _ // Riscr
Room Du vn II riser bourn down when 1.Aug.2003 37 // pni request for riser
and (ground down switch or platform down switch)
GNDVLV_RlSDN,Ux0(i0s,SYSPRQR1SFR,SYS-VAR
GNI)DN,SYS-PRQ_RISERSYS_VAR-PL'I'UN,OxS000,FILI..ER,  Riser Boom Up //
riser bourn Up when pni request fur riser and (ground down switch or
platform down switch) but only when main boom angle switch error not active
and extension switch error not active
GND_VI.V_RISUP,Ux0004,SYS-PRQ_RISER.SYS VAR (3NDVP,SYS PRQ_RISER,SYS VAR
PI:rL)P,Ox$000,1-'1LLER  



ll Riser Buorn LED - -  platform level LED when  pnl request for platform
level GND_LED_RISER,NO_DDV,SYS_END_ RISER. SYS_ INP_IRUE,GND_INP C6 T,SYS
INP-TRUE,N(.)_DDVI,FII.I,ER  PLT_LED_RISER,NO_DI)V,SYS_PNDRISER
SY'S-NP_I'RUE,SYSINPFAI-SE,SYSNP,FALSI;,NO DDV1,FlLLER  I/ Platform Rotate
Counter Clockwise // platfortrt rotate CCW when pril request for rotate and
(ground cow switch or platfumn ccw switch)  i/ but only when not a 33
machine /I but only when nut a 33 machine GNf)VLV_,RO't'C:C,OxIO04,5YS
PRQ_PLROT,SYS VAR GNDCC,SYS,.PRQPLROT,SYS VARPLTCC,0x8000,FILLE  R_
Platformm Rotate Clockwise  platform rotate CW when f/ pni request for
rotate and (ground ew switch or platform ew switch)  f/ but only when not a
33 machine GND_VLV_ROTCW,Ox1004,SYS PRQ_PLROT,SYS VAR GNDCW,SYS
PRQ_II.ROT,SYS VAR PLTCW,0x8000,FILL  ER, - - -  Platform Rotate LED /f
platform rotate I.F..D when pni request for platfurm rotate  // but only
when nota 33 machine GNI)
LED_.RUTAT,Ox1000,SYS_PND_PLRU'i',SYSINP_TRUl-,SYS_INi'_FALSE,SYS_1NP
FALSE,NU_DD.VI,FILLER  PLT LEDROTA'F,Ox1000.SYS_PND PLROT,SYS_rL4F-TRUE,SYS
rNP FAI.SE,SYS NP-FALS$,NO-DOVI,FILLER,  // Body Swing Counter ClockWl5e
body swing caw when pnl request for body swing and (ground ccw switch or
platform 00w switch)  GND_VLV-SwCC,Ox0004,SYSPRQSWING, SYS VAR.
GNDCC:,SYSPRQ_SwING,SYS VAR.PLTCC,0x30O0,FILLE  // Budy Swing Clockwise
body swing cw when pnl request for body swing and (ground ew switch or
platform cw switch) GND_VLV_ SWCW,Ox0004,SYS PRQ_SWIN(;,SYS VAR GNDCW,SYS
PRQ_SWN(},SYS_VAR P[.]'(.:W,Ox8000,Flt.  LER, - - - _ // Ifndy Swing LED
//body swing LED when // pnl request for body swing GND-LEO_SWrNG,NO
DDV,SYS PNO SWING,SYS INP TRUE,SYS rNP PALSE,SYS (NP FALSE,N0 UDVI,FILL
ER. - - - - - _ _  PLT-LED-SWING,NO_DDV, SYS PND SWING.SYS INP_TRUE,SYR INP
FAI.,SE,SYS. rNP i'ALSE,NO-DDV I, FILL  ER. _ - _ It Ignitiun2 Relay
(Pump'Contrgller Power) // ignition-2 relay (pump controller pwr relay)
always an OrND_S(G_fc:PWR.NU_DOV.SYS_1NP TRUE.SYS INP_TRUE,SYS'INP
FALSC,SYS INP N O D DDVI.r1I.LE  R, - _ _ -  // CONTROL SIGN,\LS 1'0 DRIVE
AND BOOM CONTROLLERS  // DRIVE IfNIT ECU POWER (CABLE FORM CONTROLLER) 



// ll Under 8 Meters Variable for CE opliuns  when platform under 8 meters
(CE) N 5V. ten variable under 8 meters when // tcle~;t:vpinZ. boom fully
rerrncted and boom angle high or boom angle low 1.Aug.2003 38
SY5_VAP..UNDEPSNI.N()_DDV,GND IN1' FULLRET,GND RED LSANG,GND INP_LSANG,SYS
INP-1RUE,NOD  DV I,FILt.F.R, // Drive Bauble for CE Mode //set to enable
drive finctious (CE) // drive enable when under S meters and no valves
rununing or if not u cc machine SYS
VAR_DRVENL3L.,NO_DDV,SY'S_VAR-UNDERtM,NOTSYS VAR"VALVE,GNU-rNP DOM,SYS _CNP
_ TLUE,N  O DDVI,FILLER, // drive signal when foot switch pressed and
pluforrn mode selected C)ND_RLY-DRSIG,NO_L)DV,PLT_INP_FUTSW,SYS VO'vt
P1v(ODt ,SYS-NI' FALSE,SYti lNP FALSE,NU DDVI,FIL  LER, - - - _ _ // Drive
Control Direction Signal  //drive unit direction signal when //joystick
drive request "A" and not drive request "B" switch  // but only when //
foot switch and not emergency power mode  // and if drive enabled (CE)
SYS_VAR-D[tVREQI,OX2St)I,PLT NP DRVREQA,NOt'-PLT INP_ORVREQB SYS_INP
FALSE,SYS_INP-FALSE,NO  _DDV 1,FILLER,  GN!)_OUT
DRVC%1D1,0X280I,SYSVA12DRVREQI,SYSVARDR.VENBL,SYS_INPFALSE,SYS_1NP FALSE,NO
DVl,F11.1,ER _ _I)  // Drive Control "Go" Signal drive unit "go" signal
when 1/joystick drive request "A" switch or drive request "B" switch  //
but only when U foist switch and not emergency power mode  // and if drive
enabled (CH) SYSVAR DRVIFQ2:0X2S0t,PLTINFDRVRI-QA,SYS. [NPTRUE,I'I,TfNP
URVREQB,SYSINPTRUE,NO DD  VI,FILLEEI _  GND DUT
DRVCNlU2,0X230t,SYS_VAR_DRVREQ2.SYS_VAR_DRVENL3L,SYS_INt' FALSE,SYS_IN?
FALSE,NO D  DVI,FILLER, - // Vehicle Motion // vehicle motion variable when
// drive command I or drive command 2 SYS_VAR_ROLL,NO-I)DV,GND O(JT DRVCMI)
I,SYS-rNP "I'RUE.GNU OUT- DILVCMD2,SYS INP_TRUE,N() DD  VI.FILLER. - - _ _
Iloont Full Cradle Interlock 1/boom full cradled interlock when 



// boom cradled switch and fully retracted switch  L LLELE
VAIt_RIv1GR4,Ut0000.GNL)_[NP 9Iv1CRA,C;ND INP FUI.LRBT,SYS Ihlp FAI,,SE,SYS
[Nt' FALSE,NG I)DVI,FI  It, 11 High Drive Range Signal // high drive range,
once active stays active until the rout switch is released  system storage
hi drive signal when I/ system. high range request and platfurm mode or god
signal hi drive but only when crudle switch error not active and full
retract switch error not active, SYS VAR_HIUILV',Ox6000,SYS
VGMf_,HSREQ,SYS_VOM PititODE,CiND QU"t' HIDRV,SYS [NP_FALSE,NU DDV1,Fl
SYS.VAR-RID kV,Ox0000,SY5-VAR_HIDRV,GND-INI'-I.EVEL,SYS_INP_FALSE,SYS
INP_FALSE,NG-I)DVI,FILLE  It, GNU OUT_HIDRV,OX0001.5YSVAR HIDRV,SYS VAIt
BIv[CR.ASYS [NP_FALSE.SYS INP_FALSE,Ox0900,FILLER  // Led High Drive - - _-
It hish range led when If high drive range requested  P D LT_LED-HI
RV,NO-DDV,GNU OUT  ER. // VALVE ACTIVATION VARIABLES  // the t'ollowvin2
set of equations in tins section are utilized only // to result in one
equation which sets a variable which is true when  /1 tow valve is active:
SYS VAR V,\LVE /!An', Valve  1.Aug.2003 39 set with any valve function
SYS..VAR VALVE,NO_nnV,SYS VAR_LJLRI,SYS-INPTTRUE,SYS VA.R SRREX,SYS-1NP_
TRUE,NO_.,DDV[,FILL  -  ER,  SYS_VAt?_VALVE,NO_ DIUV,SYS_VAR_VALVE,NOT SYS
VAR_ROLL,SYS VAR_VALVE,GND IN? DOM,NO DD  VI,PILLER, '  /1 Hydraulic Pomp
Signal !/ hydraulic pump signal when not emergency power and any valid
system boom control valve and not rolling (CF.) // or not emergency power
and any valid system boom, control valve and not ace machine  1/ or brake
release pressure build request and driving request SYS_VA.R
PNIPREQ,NO_DDV,NOT SYS_ VOM-ENIOI) :,SYS_vAt? VALVE,SYS INI'FALSE.SYS_[NP
FALtiE,NO_D  DVI,F(LLER, - -  SYS VAR
P,'vMPREQ,NODDV.SYSVARPtv1I'I?F(),NOT_SYS VAR. ROLL,SYS-VAR PMPR.EQ,GND,.
NP DOM,NO  DDVI,F1LLt R, - - GNU_RLY_PtvtPSG,NO_DDV,SYS_VAR
PtYll'IU-'(1,SYS INP_, TR(JE,GND_NP-L7RKPSI,SYS_VAR--ROLL,NO DDVI,F  ILLER.



Platform Rotate Variable set when platform rotate cc-ccw  if platform
rotate variable when // rotate function clockwise or rotate fct
cannier-clockwisee SYS VAR_ROTAT.NODDV,GNDVLV RD'1CW,SYS [NP TRUl's,GND VLV
RO't'CC.SYS INP TRUF:,NO DDVI,F  lI LER, - - - - -  I/ Body Swing Variable
1! set when body swing ccccw  !! bully swing variable when !! swing
function clockwise. or swing function counterclockwiscc
SYS,_VAR_SWNG,NO_.DDV,GND_VLV_SWCC,SYS_INP_TRUE,(;ND VLV-SWCW,SYS
INP_TRUE,NO-DDVI,F  ILL[r,R. // Swing-'Rotate Variable // set with any
swing or rotate function  // swing/rotate variable whet, // platform rotate
variable or body swing varibule SYS_VAR SWROT,NO_DDV,SYS_VAR_SWNG,SY$_INP
'tR.UE,SYS VAR ROTAT,SYS [NI'_TR.UE,NO_DDVI,'[  - _ LLER.  /!
RecractIExtet,d Variable // set with extend or retract function  //,:,(tend
retract variable set when 11 retract valve active or extend valve active
SYS_VAR_1tXR.ET,NO_DUV,GND VLV_RTRCT,SYS-It1P TRUE,(',ND VLV EX.1.NI),SYS
INP TRUE,N(J DDVI,Ft  LLER, - -  11 Swing Rotate Retract or Extend Variable
// set with swing rotate extend or retruct function  /! swing/rulatc
variable when plutforrn.rotate variable or body swing variable SYS VAR
SIUt[::X.NO_DDV,SYS VAR EXRET,SYS INl' TRUE,SYSVAR SWRO'T,SYS (NP TRUE,NO
UDV1 FI  LLER, - // Jih Downt,Lift Down Variable // set when jib or lift
motion down  //jib down/lift down set when //jib down (linctioti or lift
down function SYS-VAR_JIBL'1',NO-DDV,GND VL,V-.JIBDN,SYS-NP '1'RI.IE,GND
VLV LETDN,SYS [Nt-TRUE,NO DDVI,FII,L  - - - - ER, 1/ Level Variable // set
with any level Function motion  1/ level variable when I/ level up function
or level down function SYS_VAIR_I;EVEL.NO, uuv,GND_VLV.-LVLIJP,SYS
NPT[tUE.c ID VLV LV1.,DN,SYS_INP `YRIJ1;,NU DOV 1,Fi  LLER, - - - //Jib
Up/Litt Up Variable. set when jib or lift motion tip  



jib tip/lift up set when //jib up function or tip down function 1.Aug.2003
40 SYS.,VAR_JILUP,NO_()'DV,GND_VLV_JIBUr',SYS_INP TRUE;GN _  D_VLY I ER,
.I'IUp,SYS_[NP'-TRUE>NO_DUVI,FELL  // Jib-down/i,ift-down Level up-dn
Variably //sct withjibilift down or either level motion flcnct[on
//jib/tifllcvel variable sct when // level variable set or jib rtown/lift
down varirihle set  SYS_V,1R_LrJ[,T,N R. O_DDV,SY9-VAR LEVEL,
SYS-[NP-TRUE,SY-VAR-JIF3r,-r',SYS_FNP" ['R IIE,NO_DDVI,FILLS  // Lift Jib
or Leval /'set with any jih lift or level motion function
//jib/li.ft/fcvei variable set when // level jib or lift variable set
SYS..-VAR_L]IBL,NO_UDV,SYS_VARR JILUP,SYS INP TR(.IE,SYS VAR
LEJLT,SYS_[NP-TRUE,NC> DDVI,FILLF. R, - - _ _  // Riser set with tither
riser up or riser down valve  1/ riser up/down variable when Ii riser up
vulva or riser down valve SYS_VAR RISER,NO ()O7V,GND_VLV RISDN.SYS INP
TRUE,  GNDVLV FIISiIP,5YS fh1P 'I'RUE,NO DDVI,FILLER. // Riser Lit[ f ib Or
Level set with any jib lift riser or Trod motion function  11 riser jib
lift or level variable when riser variable or lift/jib variublc set
SYSVAIt_L,.fLRI.NO.,DI)V,SYS-VAR FtJSFR,SYS INP 7'RI.IF_,SYS VAR LJIBL,SYS
FIN TRUE,NC.]_DDVI.FILI,I,  R.  // B OOM SPEED CONTRC>r.LER SPEED TRIM
INPUTS (aka S //Fiji ISprc:dCase A //no trim output vollegc when // riser
up, e.'ctcnd or retract valves. SYS VAR_N(]TPI",tA,N(.)_DDV,GND..VLV
RISUP,SYS INI, TRUE,SYS VAR EkR(:T,.SYS LNP_ '.MUE,NODDVI,  FILLER, - _  //
Full Speed Case a //no trim output voltage when ((brake release pressure
request and no valves)]  but onlly when fuotawitch SYS VAR
NOTRI,NrB,Ox000I,CUNI) [NP BRKPSI,NC.)T SYSVARVl4LVE,SYS 1NPFALS(i,SYS INP
FALSC,NOOD  Vi,FILLER. - _  Full Speed Command // no trim output voltage
when 



// riser up, cxtend or retract valves SYS V,\R N(ri'.R
1,NO_[)I)V,SY$_VAR_`NOTRIMAA,SYS INP-TRUF:,SYS VARNOTRI~IB,SYS[NPTRUE,N(>D
DVl,FlI.LER, - _ // Half Speed Allowed // trim output voltage by 50% when
//jib lip or main up valves VO[v[PO'['_TRIN-(50,NO_DDV,GND V[.V JIBUp,SYS
INP_TRUE.CJND VLV_[.FTUP,SYSINPTRUE.NO_D[.)VI.FI  LLER, -  Quarter Speed
Allowed trim output voltage to 250,1% when when riot sys_vac_nutrim and not
vom_pot-rrirn50 in other cvords when any other valve is operating other
than those lisrnd in the  above two equarions. V0tv1. POT-TRIivM^_5,NNO
DDV,NO'i' VOht POT,_Tltlb(50I[OT SYS_VAR N(.)TRI1~f,SYS_INP_FALSE,SYS_INP
FALSE  ,NO nDV I,FIL[_RR, -  STEER FUNCTIONS - Stccr Left Function // steer
left when // platform foot switch and joystick steer left 1.Aug.2003 41
GND_VLV_STLFT,tIO_.DDV,1'[;r-NP-FOTS%V,PL'[' INP-STLFT,SYS rNP-FALSE,SYS
[NP FALSE,NO DDVI,FILLE  R. - -  .// Steer Right Function  // steer right
whnrn . /,'Platform foot switch and joystick steer right
GND-VLV-STRRT.NO,DDV.PLT_INP FOTSW,PLT_[NP-STRIRl-,SYS_MP FALSE,SYS NP
FALSE,NO-.DUVI.FILLE  R, - //.EMERGENCY / AluXILLIARY POWER Steer Variable
ll set when steer input and foot switch  steer variable act when //joystick
gtccr right or joystick steer left  // hurt only when //foot switch
SYS_VAR_STEF;R.0X0Q01,PL1'_INF_ STRRT,SYS"INY-'I'RUE,PLT (NP STLFT,SYS
INP_TRtJE,NO DDVI,FILLER,  If Auxill(ary Pump Relay -  /1 auxilliury
hydraulic purttp active when if system steer function or emergency mode and
boom control valve GND RLY_AXPMtP,NO DDV,SYS-VAR_STEER,SYS_[NP_TRUE,tiYS
VO4[-EMC)I)E,SYS VAR VALVF.',NO DDVII,  Fll.l,ER, - - - - Emergency Power
LED's 1! ground led em pwr when // emergency nude variable set and ground
mode or platform emergency power led GND_LED I:-~v[PWVR,NO-DDV,SYS
VOM_EMODE,SYS-V(.)M_GMODt',PLT LED EMI'WIt,SVS VONt PMOUIS,NO D  DV
I.FILLER. - - - 



// platform led e-pwr when // emergency nude variable set and plutform mode
or ground emergency power led PLT LED f MdPWWRNQ._DDV,SYS
VO,V[-EiNIODE,SYS-VOM-Plv[ODE,G,`ID LED EMIIWR,SYS VOM_GMO[)F-',NO D  DV
I.FILLER, - - // Ernncrgency Power Diverting Valve if ground valve cmpwr
when // aux pump on and sys vur valve on
GN[)_VLV_EM(I'WR.NO-DDV,GNDRLY-AXCINT.P.SYS-VAR VAI.VE,SYS_NP
I-AI,SE,SYS_NP.FALSF,NO DDVI,F  ILLER. - - - II MACHINE WARNINGS AND ALARMS
r/ I Inrn II hunt when platform horn switch or grid horn switch
GND_ALM_HORN,NO..DOV,I'I..T-PSW-HORN,SYS INP TRUE,SYS INP Fl1LSE,SYS_INP
FALSE,NO,.DDVI,rIL  LI-:R, - - -  Tilt Alarm tilt alarm when not level
switch and not boom cradled switch GND Al.M TILT, NO DDV,N()T GND INp
LEVEL,CIN[) RED BMC:RA,SYS INP FALSE:,SYS INP FALSE,NO IJD  VIF[LLER^ - - -
- - - - // Nlution Alamm I/ motion alarm when (drive motion and gnd input2)
or (down motion and god inputt) or  // when (gnd inputI and'-and input2 and
any motion) SYSVAR_DOWN,NO DDV,GND VLV JIBDN,SYSENP TRUE,GN.D VLV RTRCT,SYS
NP 'T-R1.11.-,,N0 DDVI,FIL  _  LEEC_ SYS_VAR._l)OWNi
,NO-DDV,SYS-VA.R-DOWN,SYS..NI'-IRUE.GND VI,V R1SON,SYS_INP TR(JE,NO
DDVI,FIL  LEI(. ` - .;YS_V(\R..L)(Y ~V d,NO -DDV,SYS-V. R-DOWN.SYS
NP--'i'TLI.1F.,GND-VLV-I.,FTDN,$Y5-NP--'TR111',N0 DDVI.FIL  L E R
SYS_VAR_DOWN.,N0_DDV.SYS_VAR_DOWN,SYS-INP_,TRUE,OND VLV LVLDN,5YS NP
TRUE,NO DDV1 FIL  1.FR - - _ _ SYS VAR_i,MAI,NQ_DDV,C;ND TNP ALMI2,3YS
VARROLL.GNU INP ALMI,SYS VAR D0%VN,N0DDVI,FILLF:R,  S1'S-VAR_ALL.M0T,Nn)
nDV.5ND INP ALN[I,GND li`(P ALN12,SY5 INP FALSE YS NP FALSE,NC) UDVI.FILL
1.Aug.2003 42  SYS-VA -R- ,NQ-I}L)V,SYS-VAR-UbwDN,SYS. V FILLER,  AR
ALLMOT,SYS_VAR-RCjLL,SYSVA,R ALLMOT,NC- ODVI,
GND_ALM_MOTIO,NO,DOV,SYS-VAR-MA !,SYS-RYP_TRUE,SYS VA.R_N A2,5YS_MP
_'TRUE,NO DDV!,FILLER  II Platform I`uncti0n Alcrt function alert bceper
when  /1 System variable chirp sct PLT OUT ALERT,NO DDV,SYS_VOIMf CHIRP,SYS
MP- TRUE , SYS IN  ER,  PFALSE,SYSINP FALSE NO DDVI,FILI.  



IS_NULL-DATA,NQ DDV,SYS_INP FALSE,SYS. .INP_FALSE,SYS INP PALS E,SYSINP
FALSB,NO DUV1 .FILLER  is #endif  1.Aug.2003 43 Appendix - 8 Database
Features as of 02-23-98 (software revision 1.2/1.3)  Switch Errors And
Error Handling Featuxes Limit Switch Errors. The control system monitors
the limit switch inputs and  will detect errors if the inputs are not
consistent with predetermined states.  An advantage ofelectronically
controlled systems over mechanically controlled  systems is that decisions
can be based on a given set of switch states to disallow certain operations
and functions. There 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  switches.
Type-I Switch Errors: Incorrect Switch Pole states The limit switches
utilized  on the apparatus are single pole double throw type switches. Each
limit switch  in the system has both poles wired into the controller. For
each state of the  limit switch, there is a discrete input into the control
system. This methodology requires and utilizes more system inputs, but it
also greatly  enhances the safety of the apparatus because improper
combinations of the limit  switch can be monitored. For example, in a
traditional system (electromechanical control), a limit switch  may be
configured to indicate that the boom angle is low. The switch needs Only  a
single pole and would indicate the following states. BOOM POSITION LS INPUT
LS (REDUNDANT) INPUT  LOW ANGLE ON NONE HIGH ANGLE OFF NONE With this type
of limit switch, a system would not be capable of determining if  the low
angle limit switch wire became shorted or opened. An operator could
potentially operate the machine while conditions are not stable. With the
electronic control system, and redundant limit switch state monitoring,
the switch now can attain four discrete states as follows: BOOM POSITION LS
INPUT LS (REDUNDANT) INPUT  LOW ANGLE ON OFF HIGH ANGLE OFF ON  ERROR STATE
OFF OFF  ERROR STATE ON ON Based on these states, a short Or broken wire
can be detected by the control  system. Limitations. There are certain
limitations associated with single redundancy  monitoring. It is feasible
that A cable can be sheared or that a switch can be  crushed resulting in
one of the limit switch wires shorted to positive voltage  (ON) and the
other switch wire shorted open (OFF). 



Another limitation of single redundancy checking is that it cannot protect
against or detect a situation when a limit switch is wired backwards (the
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
functioning  Correctly. 1,Aug.2003 44 e-II Switch Errors: Inconsistent Limi
t Switch States. A secondary switch  error monitoring method is in place
that will minimize (not eliminate) the potential of necessarily certain
limit switch states the limitations detailed ;.bout. The method compares ex
with expected states of other limit switches, per, an  ample, if the fully
retracted limit switch is or, it is then expected that the  extended less
than 33 inches limit switch is then an inconsistent switch also ON, If this
is not the case, It is noted that the inc state exists and an error is
logged in the system, onsistent switch error is only active if there are no
other switch errors present. If there are other switch errors present, then
the  Type-II limit switch error can not be determined with any accuracy.
Further,  the Type-II limit switch error can be utilized by the database -
so the  existence of this particular error can be handled as a discrete
case. hype-II errors are recognized as follows:  Detect: If the fully
refracted limit switch is ON, then the extension under  33 limit switch
should also be ON.   Detect: If the boom cradled limit switch is ON, then
the train boom angle low  limit switch should also be ON. With the above
two comparisons, the system can potentially detect wir{_n in the following
switches: g errors  Fully Retracted Limit Switch Extension Limit Switch
Boom Cradled Limit Switch  Main Boom Angle Limit Switch Limitations, There
exist limitations in the overall switch error detection  methodology. It is
feasible that the fully retracted limit switch is wired in  re-verse and
that the extension limit switch is also wired in reverse - thereby  giving
false indication that limit switches are not inconsistent. I ORTACiT NOTES
Xt js iaporta22t that the limit ffeltoh arLactes aSSd all o ^r:tdon  o_ the
a aratus includjag the Zjm_{t sv'tch mad a[tyeloye operat ion be vo=1fid
L-Ar bV a maht ~ d t L 1 aII 1 it switch is wired - either at time of
nasutactura, Cr at the tiara a a:xttcTh is seryfced or repaired or at a.=.y
times tls  apparatus !rsng Is modified regardless at' whethe the virjaQ
changes are do-de  at the snitch or- at a:7 other o.iAt Sa t1:e svat~y, St
is sny wiring or xjrjng aervl ce is dome to the s1anjft at crt"nt that
after the limit svitelz states and all of the a apps atus is any way, ghat
envelope o er tion be varjfjad b 2-paratu 3cla ng the Z.jait evitcls and
by a qual_.tjed te chM-iaicjar. _ 1.Aug.2003 



45 Limit Switch Error States and. th. Database Limit switch Error Manager
DDV (DDVI). The database can utilize the results of  the LM DDV by making
certain database output expressions dependent on the state  of the limit
switch errors- The level of function exclusion can vary from basic  to
complex, depending on the system requisites and the adeptness of the
database  designer. The initial. release of-the database for the ATE-38E
incorporates (entirely  through the 'database by the use bf the LM. DDV)
the following function  limitations. Note: If inconsistent switch data or
multiple (more than one) switch error is  detected (V1.3), all motion is
stopped. FUNCTION XmSTRICT HY Telescope Boom Retract jib angle high while
extension limit switch  or main boom angle limit switch errors are  active
Telescope Boom Extend  Main Boom nown Main Boom Up  Jib Boom 'Up ' jib
angle high while extension limit switch  or main boom angle limit switch
errors are  active  extension limit switch error active   main boom limit
switch error active  jib angle high while extension limit switch  or main
boom angle limit switch errors are  active  extension limit. switch error
active  main boom low limit switch error active  jib a_-ogle high while
extension limit switch  or main boom angle limit switch errors are  active
extension limit switch error active  main boom low limit switch error
active   jib angle low limit switch error active  extension limit switch
error actives  main boom low limit switch error active   jib angle low
limit switch error active Jib Boom rip  always allowed Riser Boom Dawn
Riser Boom up  jib angle high while extension li.;1it switch  or main boom
angle limit switch errors are  active  jib angle high while extension limit
switch  



or Hain boom angle limit switch errors are  active 1.Aug.2003 Platform
Level Down  Platform Level Up  Platform Rotate  Body Swing  jib angle high
while extension limit switch  or main boom angle limit switch amore are
active $ jib angle high while extension limit switch  or main boom angle
limit switch errors are  active  jib angle high while extension limit
switch  or main booth angle limit switch errors are  active  jib angle high
while extension limit switch  or main boom angle limit switch errors are
active 1.Aug.2003 47 Motion Alarm Selection The database has been designed
to allow 4 different states of the motion alarm.  The table describes
these'states. ALARM INPUT. 1 AIJLRM INPIIT 2 ALARM Ty  OFF OFF NONE OFF ON
DESCENT MOTION AL).R 1 ONLY  ON OFF DRIVE MOTION ALARM ONLY.  ON ON ANY
MOTION ALAF O /nomestic Operation The database enables and disables certain
operations when the domestic apparatus  input is active, The following
featuras are controlled entirely by the database  when the domestic
operation is off (CE Mode);  When operating a boom function, drive
functions are disabled.   Wizen operating a drive function, boom functions
axe disabled.  When the boom is not cradled, platform level functions are
disabled.   When the boom angle is high and the telescope boom is not fully
retracted, drive functions axe disabled. If the platform control station
emergency stop switch is not in the  'STOP" position, control from the
ground station is di'aabled - emergency power mode overrides this feature.
Type 33 Apparatus Operation The database disables certain functions when
the Type 33 input is active. The  following functions are controlled by the
database when the input is activated  (grounded):  Platform rotate
functions axe disabled, 



- Telescoping boom functions are disabled. 1.Aug.2003 Appendix C  48
PLATFORM INPUTS AND OTrr S  platform Control Station Inputs The platform
control station has two primary input batiks: the switch input  matrix and
the discrete digital input terminal strip. The platform controller  scans a
4x5 switch matrix for operator commands, and monitors discrete digital
inputs for interlock inputs (foot switch, jib limit switches and emergency
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 interlock circuits which are
external the control system. Switch Matrix Inputs (ATB 33 System) The
switch panel matrix inputs for the  ATB 33 machine are as follows: BUTTON
HORN RANGE BASE SWING FUNCTION RISER BOOM FUNCTION MAIN SOOM FUNCTION
DESCRIPTION Operates the electrical horn located at the base  of the
machine, Selects speed range (high range or low range) for  the drive
system, The operation of this function  is governed by the position of
interlotka (see  database description), Generates a request for the base
swing function,  The base of the machine will rotate 100 degrees  in either
direction, NOTE,-For al boom functions., the activat{o.n,  direction and
soecd will be dictated and  controlled by the boom joystick inputs, and
each  function is governed b the position of the  interlock inputs - refer
to the database  d!scrfntion_for each oart.i.cular function.  Generates a
request for the riser boom function.  The riser boom will raise and lower
the level of  the platform. Generates a request for the main boom function.
The main boom operates about a pivot point and  will raise and bring inward
the position of the  platform, or lower and force outward the position  of
the platform, 



TELESCOPING BOOM FUNCTION Generates a request for the telescoping boom
function. The telescoping boom will (depending on  the angle of the main
boom) extend and force  upward or lower and force inward the position of
the platform. 1.Aug.2003 JIB BOOM FUNCTION PLATFORM LEVEL FUNCTION
PLATFORM ROTATE FUNCTION  EMERGENCY POWER 49 Generates a request for the
jib boom function.  The jib boom operates about a pivot point and  when
below the horizontal position the function  will raise and bring inward, or
lower and force  outward the position of the platform; and when  below the
horizontal position the function will  raise and force outward, or lower
and force  inward the position of the platform. Generates a request for the
platform level  function. Generates a request for the platform rotation
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  VDC battery. Terminal
Strip Innuts ATH 33 System). The terminal strip inputs for the  platform
control station are as follows: IN2u-r  JOYSTICK DRIVE SIGNAL A  JOYSTICK
DRIVE SIGNAI, a DRIVE JOYSTICK STEER RT SIGNAL  DRIVE JOYSTICK STEER LFT
SIGNAL  FOOT SWITCH INTERLOCK EMERGENCY STOP INTERLOCK JIB LOW ANGLE
INTERLOCK JIB LOW ANGLE REDUNDANT INTLX  BOOM JOYSTICK X-AXIS INPUT  BOOM
JOYSTICK Y-AXIS INPUT DESCRIPTION  Drive command input to the control
sy$teat.  Drive direction input to the control system. Steer right input to
the control system, Steer left input to the control system. Foct switch
interlock input tm the control  



system. NOTE: this interlock is also connected by a  discrete wire to the
inter7ockcircuits located  tt__the base of the machine. Emergency stop
switch and interlock input to the  control system. NOTE! this interlock is
also connected by a  discrete wire to the interlock circuits located  at
the base of the machine. Limit switch Input to the control system when the
jib boom is at lower angle, Limit switch input to the control system when
the  jib boom is not at lower angle. Proportional analog input representing
the boom  joy,cick x-axis position. Proportional analclg input
reorescrtting the boom  joystick y-axis position. 1.Aug.2003 50 x7rive
.7oYstick Dize r; n rnputs Two drive utilized to command the forward and
reverse drive functions. Thep joystick  utilized for the drive function is
common to other machines and has the  following truth table for drive
direction (see also drive controller input  Signals section): STICK PUSHED
TO: SWD 3FI-V  DRIVE SIGNAL "A" ON ON  DRIVE SIGNAL "s" OFF ON  Platform
Control Station Outputs The platform control station has two primary output
banks: the LED output  matrix and the discrete digital output terminal
strip. The platform  controller refreshes a 414 LED matrix for indicating
functions and feedback,  and also controls discrete digital outputs for
alarms. The states of the LZDs  at the platform station are determined by
the system database and are sent to  the platform control station from the
ground control station via the system  (CAN) network. LED Matrix Outputs
(ATA 33 System) The platform LED matrix outputs for the  ATB 33 machine are
as follows: LED  RANGE LED BASE SWING LED  RISER BOOM LED  MAIN BOOM LEO
TELESCOPING 8OOt4 LED JIII BOOM LED  PLATFORM LEVEL LED  PLATFORM ROTATE
LED  



EMEP,GcNNCY POWER BATTERY BANK (48VUC) LEDs  STATUS OKAY LED STATUS WARNING
LED  -NUMERIC DISPLA.Y DESCRIPTION  Indicates high range speed active,
Indicates base swing function selected.  Indicatee, riser boom function
selected.  Indicates main boom function selected,  Indicates telescoping
boom furzction selected,  auto retract mode active. Indicates jib boom
function selected.  Indicates platform level function selected.  Indicates
platform rotate function selected. or Indicates emergertcy power made
selected,  Indicates the state of the 48 volt battery bank.  Indicates no
errors present in system. Indicates errors present in ay3tcm. Reports the
system errors and status.  1.Aug.2003 5'1. Tcrnsinal Strip Outputs (P TB 33
Svste10-_ The terminal strip outputs for the  platform control station are
as follows: INPUT DESCRIPTION FUNCTION ALERT grGzAr, A buzzer which
indicates switch preeeeo and  various other function control states. PLJ
ITFORM CONTROL STATION CONNECTIONS/TERMINATIONS  Platform Control Station
Cable Cotlnector. There jr, one cable which connects  the platform Control
station to the ground control station. Between the two  stations, there
a.re eleven (11) signal and power supply wires (refer to  schematic dwg
#102785). CONNECTOR: Deutsch P/N HB34-24-19PN CONN POSITION CIRCUIT
DESCRIPTION I Ca,`: SflICLD  2 CAN LOW 3 CAN HIGH  4 spnrc  5 JIB SW POWER
6 DRIV$ SPEED 1  7 DRIVE SPEED 2  8 GROUND  



9 PT..ATFOePM SIGNAL  10 KEY IGNITION  7..1 FOOT SWITCH 1  12 spare  13
FOOT SWITCH 2  14 spAr.r.  is TILT ALARM 16 spare  17 JIB MOLE NOT LOW  18
spare  19 J'111 LOW MCLE shield wire Cnr CR:i bus  CAN signal CAN signal
Pow?r to jib angle limit. switch  drive speed signal drive speed signal
battery ground platform emergency stop interlock  plat(nrm +14vdc power
supply  platform foot switch supply placfo rn foot switch return (signal)
activcV tilt alarm jilb angle not low limit switch )ib angle low limit
switch Platform Control Station Terminal Stria There is a terminal strip on
the  control card which itlterfaces the Control station to the outside
world - it is  defined as follows: TERMINAL CIRCUIT 1 KEY IGNITION'  2
unused analog 3 JOYSTICK X-AXIS  4 JOYSTICK Y-A.Yis S DRIV3 SLUNu, B  S
^RIVZ SIGNAL A  7 STEER RIGHT 8 STRFR RICtiI 9 FOOT SWITCEI 2- IQ PLATFORM
STCSNAL- 11 unused input 13. unused input DESCRIPTION p.latforn +14vdc
power supply boom joystick X-axi, position  boom joystick y-axis position
drive joystick direction input (on - reverse)  



drive joystick drive command input (on . drive)  drive joystick steel right
input drive joystick steer right inpict.  Eoot switch signal input platform
emergency Stop interlock. 1.Aug.2003 TERMINAI,CIRCUIT 11 JIB Low AucLfi 1
4NOT LOW nNCLe^ 15ALERT OUT2tTr 16 unused output 17 18no connpCtion no
connection 14CAN SH2Ri o, 20, CAN LOW- 21CAN MIC;F- 22 +5 VDC OUT 21
24G1100-ND 52 DESCRIPTION jib law angle limit switch input  rcdu:tdant
limit switch - not low Ingle  Eu:tction alert buzzer output  zhield wire
for G,11 bus  CAN signal t_ "T signal 5 volt supply for boom joystick
battery ground battery ground to boom joviti ck .  denotes Circuit connects
to boom cable Connector GROUND CONTROL STATION OPERATIN OVERV c fP  Dr'-ye
and steer ncions.  from the ground control An operator cannot drive or
steer the apparatus  



station. Room Functions" To operate any boom function from the ground
control station,  it is a requirement that the key be turned to the "on"
position, the ground p switch be set (pulled out) and the be set
(depressed). After these two interlocks are made mode interlock awitch
select and ` interlocks are made, the operator ma  activate any boom
function. Y To select a boom function, the operator must press the desired
boom section  button, when a function button is pressed an indicate that
the function has been , alert buzzer will beep once to  will illuminate. en
selected, and the associated panel LED 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  boom speed (slow or fast)
Noce: Ital. 00m nctions r de er nt on he States he sta of the lmit switch
To stop motion. of the active function, the operator may release the boom
direction button. Although motion has been stopped, the selected function
will rrmaixi active until one'of the following three situations occur; 1.
No motion is re uegted by the operator for more than 10 seconds,  Z The
ground mode interlock switch is released, or 3. The emergency stop switch
is released (note this disconnects power to  the entire control system -
see interlock and power section) 1.Aug.2003 53 If there is no activity at
the ground control station for more three  minutes, ,the system will than
saving deselect all functions and will go into z! powersleep mode. The
alert buzzer will beep once to indicate the change in  sY-Stem status.
Inactivity from the ground is described as no activity on the  ground mode
interlock switch. when operating from the ground control station, the
operator can recover from  power saving (inlactivity) mode by activation of
the ground mode interlock  switch. GROUND STATION CONTROL, INpt.rrS AND
pUTpUPS Groiuid Control Station Snouts The ground control input banks:
station has two primary  they swatch input matrix and the discrete digital
inputs from the  interface connectors. The ground controller scans a 4xS
switch matrix for  operator inputs, and monitors discrete digital inputs
for interlocks and  warnings (tilt sensor and boom limit switches). Ground
Contro Panel Switch Matrix Inputs "(ATS 33/38 Gvs  sThe  witch panel matrix
inputs for the ATB 33 machine are as follows: grouted SUTTON DESCRIPTI02S
GRO(IAtO CONTROL S'r1ITCY Ground control interlock switch. The switch is  



equivalent to the foot interlock switch at the  platform control station.
E32\SF SWING FUNCTION RISER BOOM FUNCTION MAIN BOOM FUNCTION Generates a
request for the base swing function.  The base of the machine will rotate
180 degrees  in either direction, NOT3; When operating from the GC9 the
boom  fu~ctiat> actvatiott direction and saved will by  dictated and c
ollncl by boom eneed rd  direction incuta and each function is move ned  by
the ooai_tfon of the inter Qck innlits - refer  to th6 database description
for each oa ticular  function. Qenerates a request for the riser bonm
function.  The riser boom will raise and lower the level of  the platform.
Generates a request for the main boom functioa,  The main boom operates
about a pivot point and  will raise and bring inward the position of the
platfo=m, or low,--r and force outward the position  of the platform.
TELESCOPING 1300M FUNCTION Ccnerates a request for the telescoping boom
function. The telescoping boom will (depending on  the angle of the main
boom) extend and force  upward the or lower and force inward the position
of the platform. 1.Aug.2003 JIB BOOM nNI CTION PLATFORM LEVEL FUNCTION
PLATFORM ROT'ATE' FUNCTION  EMERGENCY. POWER UP HIGH SPEED  UP LOW SPEED
DOWN FiIGH SPEED  DOWN LOW SPEED  CW HIGH SPEED  CW LOW SPEED  CCW HIGH
SPED  CCW LOW SPEED 54 Generates a request for the jib boom function,  The
jib boom operates about a pivot point and  when below the horizontal
position the function  will raiseanct bring inward, or lower and force  



outward the position of the platform; and when  below the horizontal
position the function will  raise and force outward, or lower and force
inward the position of the platform. Generates a request for the platform
level  function. Generates a request for the platform rotation  function,
The platform will rotate lea degrees,  Generates a request for the
emergency hydraulic  pump. The emergency hydraulic pump is driven by  an
electric motor connected to the emergency 12  VDC battery. Initiates an
appropriate requested function  upward at fart. pump motor succd. Initiates
an appropriate requested function  upward at slow pump motor speed.
Initiates an appropriate requested function  do:r nward at fast pump motor
ene.ad. Initiates on appropriate requested function  downward at slow pump
motor speed.  Tnir,iatev an aoorcp:iate requested function  clock-wise at
fast pump motor speed.  Initiates an appropriate requested function
clockwise at slow pump motor speed.  Initiates an appropriate requested
function  counter-clockwise at fast pump motor speed.  Initiates an
appropriate requested function  counter-clockwise at Blow pump motor speed.
O otnd Control Station Discrete tnouts(ATB 33/39 SvsCern) The apparatus
inputs  are connected to the controller via the Deutsch connectors located
on the GCS  enclosure, The following inputs are defined; IITPUr LOW BRAKE
RELEASE PRESSUKE  TILT SWITCH MJ\IN BOOM DOWN IPtPUT  MAIN DOOM NOT DOWN
INPUT MAIN 500W HIGH ANGLE INPUT DESCRIPTION Indicates oressure toe law to
release the wheel  brakes for drive operations. Indicates apparatu8 is
Lilted (tilt switch  active) . Active when min boom is full down.  Active
when main boom is not full down. Active when main boom angle is high (over
33  degrees) . 



1.Aug.2a03 INPUT MAIN BOOM NOT HIGH ANGLE INPUT  M1\IN BOOM EXTENDED INPUT
MAIN BOOM NOT EXTENDED INPUT  MAIN BOOM RETRACTED INPUT  MAIN BOOM NOT
RETRACTED INPUT 55. D$SCRIBTION  Active when main boom anglo is not high.
Active when main bocm is extcaded over 33~,  Active when main boom is not
extended over 331.  Active when main boom is fully retracted.  Active when
main boom is not fully retracted. Grcun!ft control sta~ion outputs. The
ground control station has two primary  output banks; the LED output matrix
and the high side driver output bank  (master controller driver card). The
driver card is connected to the devices  on the apparatus through several
Deutsch connectors located on the GCS  enclosure. The ground controller
refreshes a 4x4 LED matri:c for indicating  functions and feedback, and
also controls digital outputs for valves, alarms,  solenoids 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 Out ute R' 3 Svsteml. The
ground LED matrix outputs for the ATS  33 machine are as follows: LED  BASE
ROTATE LED  RISER BOOM LED  MAIN BOOM LED  TELESCOPING BOOM LED  JIB BOOM
LED  Pt.1\TFORM LEVEL LED  PL;%TFOR`7 ROTATE LED  EMERGEN4y POWER PLATFORM
CONTROL MODE LED  GROUND CONTROL MODE LED  STATUS OKAY LED STATUS WARNINt:3
LED  NUMERIC DISPLF\y DESCRIPTION  Indicates base rotate function selected.
Ir.dicates riser boom function selected.  Indicates main boom function
selected.  Tndicates telescoping boom function selected.  Ir.dicar.es jib
boom function selected.  Indicates platform level function selected.  



Indicates platform rotate function selected.  Indicates emergency power
node selected,  Indicates system in plat_o_-m control mode,  Indicates
system in ground control mode. Indicates no errors present in system.
Indicates errors present in system,  Reports active system errors.
1.Aug.2003 56 Ground Control Sear,ion Outputs ( T 33/38 Sys,tem) The
conxlactor outputs for the  graund control station are as folloWS: OUTPUT
VALVE: PLATFORM RO'PATE CW  VALVE: PLATFORM ROTATE CCW  VALVE: TELESCODING
SOON EXTEND  VALVE: TELESCOPtzzG 800M RETRACT  VALVE; MAIN BOOM tIP VALVE,
MAIN HOOM DOWN  VALVE: JIB 1300M UP  VALVE: JIB 800M DOWN  VALVE: PLATFORM
LEVEL UP  VALVE: PLATFORM LEVEL DOWN  VALVE; APPARATUS BASE ROTATE CW
VALVE: APPARA'I't s SASE ROTATE CCW  VALVE: RISER SOON UP VALVE: RISER BOOM
DOWN VALVE: STEER LEFT  VALVE: STEER P.IGH't' VALVE: EMERGENCY POWER IIYD
EIGNL: DRIVE COMMAND 1  SIGNI,: DRIVE COMMAND 2  STGNL: DRIVE HIGH RANGE
SIGNL: PUMP SPEED ANALOG ALARM: ROP.N RELAY  ALARM: MACHINE MOTION RELAY:
48 VOLT RELAY DESCRIPTION Activates platform rotate clockwise valve.
Activates platlorrn rotate cntr-clockwise valve.  Activates telescoping
boom extend valve.  Activates telescoping boom retract valve.  Activates
main boom up valve. Activates main boom down valve.  Activates jib boom up
valve.  Activates jtb boom down valve.  Activates platform level up valve.



Activates platform level down valve.  Activates base rotate clockwise
valve,  Activates base rotate counter-clockwise valve.  Activates riser
boom up valve, Activates riser boom down valve. Activates steer left valve.
Activates steer right valve, Activates emergency hydraulics valve.
Activates drive command input to drive system.  Activates drive command
input ho drive system.  Activates high range input to drive system. Motor
speed control signal to pump controller.  Activates horn relay. Activates
motion alerting device. Activates pump controller relay (Ignition-2). Drive
controller Direction OutnuC9. Two drive outputs from the boom control
system (at the GCS) are connected to inputs on the drive control system-
These outputs command the drive function (go) and the drive direction
(forward and reverse). The drive command outputs (or drive controller
inputs)  are defined as follows: FWD REV DRIVE QLTI'PLFT COI l ,Uuq ? 1 ON
OFg  DRIVE OUTPUT COMMAND 2 ON ON 1.Aug.2003 57 OROD CONTROL STATZOi7
CONNECTIONS/TE~+INATIONS  CONNECTOR 1 (INPUT CONNECTOR): Deutsch P/N
DT13-122A PINTYPECIRCaIT 1INatrTCONTROLI.FR PWP SUPPLY 2IfPUT BATTERY
GROUND INPUTunused (analog) 4INPUTunused (pulse) INPUT FULL RITRACT x
w-rrNOT Fui,L RETRACT 7INPUTEXTENDED LESS THAN 33' 9INPUTEXT7',M M OVER 33'
9INPUTMAIN BOOM ANGLE LOW 10INPUTMAIN BOOM ANGLE NOT LOW 11INPUTMAIN BOOM
NOT DOWN 12INPUTMAIN LOOM DONN DESCRIPTION +12 VD.C supply erom
interlock/voltage card  ground supply _ to control system  



full retracted limit ewitch not fully ratracte.ci limit switch  telescoping
boom extended less than 33"  telescoping boom extended more than 33- main
boom angle is low main boom angle is hot low main boom is not down (not
crciclled)  main boom is down (cradled) CONNECTOR 2 (I/O CONN'.CTOR):
Deutsch P/N DT13-12PA P=NTYPECIRC'UIT' 1INZ'L-TTILT S4NSOR ^-INPUT BP,%XE
P.?LE.ISE PRE,$VRS LOW .3INPUTunused 4INPUTunused 5OUTPUTANALOG BOOM SPEED
INPUT DEFAULT 6OUTPUT unused OUTPUTunused 9OUTPUTIGNITION-2 10OUTPUTDR_ E
SIGNAL 1 11OUTPUTuRrvE SICNAI, 2 12OUTPUT1(IGH kANGR CONNECTOR 3 (OUTPU'T
CONNECTOR); DESCRIPTION input when apparacuc tilted active when low release
pressure analog output to boom speed power on this pin at poe loads
dr_:ault database aetivatr_o pump ctrl rly (Low current 48vdc)  drive
direction signal drive OLgnal high range output to drive control system
beutsch P/N DT13-12PA PINTYPECIRC)7ST IOUTPUT7IZ DOWN VALVE
2OUTPUTTELESCOPE RETRACT VALVE 3OUTPUTRISER BOOM DOWN VALVE 4OUTPUTRISE
BOOM UP VALVE 5OUTPUTBASE SWING CCR VALVE: 5OUTPUTBATE SWING cw VAIN-,
7OUTPUTPLATFOTL4 LIiVEL DOWN VALVE 8OUTPUTPLATFORM LEVEL UP VALVE
9OUTPUTMAIN BOOM Dowry VALVE 



10OUTPUTJIS BOOM UP VALVE 11OUTPUTMAIN LOcn UP VALVE 12OUT?!,TTELESCOPE
EXTEND VALV%, DESCRIPTION valveactivationoutput Valveactivationoutput
valveactivationoutput valvdactivationoutput valveactivationoutput
valveactivationoutput valveactivationoutput valveactivationoutput
valveactivationoutput Valveactivationoutput valveactivationoutput
valveactivationoutput 1.Aug.2003 58 CONNECTOR 4 (OUTPUT CONNECTOR): Deutsch
P/N DT13-22PA PINTYPECIRCUIT 1OUTPUTunused 2OUTPUTHOP. P.ELAY 3OUT?UTSTEER
RIGHT VALVE 4OUTPUTSTEER LEFT VALVE 5OUTPUT EMERGENCY POWER VALVE
OUTPUTFOOT SWITCH DRIVE SIGNAL 7OGTPVTunused 9OUTPUT unused OOTPVTMOTION
ALARDI 10OLTPU'runused 11OUTPUTPLATFOP+f ROTATE CCW 12OUTPUTPLATFORM ROTATE
C64 DESCRIPTION activates the horn  valve activation output  valve
activation output emergency hydraulic fluid diverting valve  foot switch
signal from database (redundont?) active with any apparatuo motion valve
activation output  valve activation output CONNECTOR 5 (PLATFORM
CONNECTOR): Deutsch PINTYPECIRCUIT 1CA..'CAN SHIELD 



2CANCAN LCiv 3CANCAN HIGH 4-span.. s ANALOGOA.IVE SPEED 3. 7n51ALCCDRLVE
SPEED 2 sSUPPLYCROUND 9OUTPUTPL*TFnRM SIGNAL 10SUPPLYKEY IGNITION
ILOUTPUTFOOT SWITCH 1 12spare 13INPUTFOOT SWITCH 2 14-spare 15OUTPUTTILT
ALARM 16snnr 17-- 19 P/N NMI4-24-19PN DESCRIPTION shield wire for CAN bus
CA-11 signal CAN ,ignal drive Cpced signal  drive speed signal  battery
ground. platform emergency stop interlock  platEo_rn +14vdc power supply
platform foot switch Supply platform faot stitch return (m.ignal)  activc3
tilt alarm at platform CON1~rEC1'OR 6 (POWER SUPPLY/INTErRLOCK) ; DAUtsch
P/N HD34-24-21PN PI:NTYPECIRCUIT AOUTPUTPU14P SIGNAL BSUPPLYP.A-ITLRY
GROUND COUTPUTAUX PUMP SIGNAL DSUPPr.YCONV14 VGC ESUPPLYAUK-1. 2VDC
FSUPPLYDR1v-CON'rROLLER PWR 0SUPPLYSYSTEM POWY-R HOUTPUTFOOT SWITCH 2
JINPUT48 VOC SENSE KOUTPUTIGNITION NAMA.t.OcDRIVE SPEED 1 NANA?C.;DRIVE
SPESU 2 R S 



T U V W x DESCRIPTION 'titivates the main hydraulic pump contactor  power
supply ground to control system activates the Auxiliacy hydraulic pump
contactor  14 vCC from the do step down converter (48 to 14)  12 VDC from
the auxiliary (emergency) battery 14 VDC to drive controller when platform
signal pre3ent  main controller power supply from intlk/voltage card  foot
switch intlk signal to the drive control system 48 volt battery bank
monitoring input  circuit protected supply with key on drive speed circuit
from platform drier- joystick pot  drive opted circuit from platform drive
joyntick pot 1.Aug.2003 59 INTERLOCK SYSTEM The ground station control box
contains an interlock circuit which interfaces  to the safety switches, and
apparatus devices. The interlock system is  located on a separate card in
the control box and also contains the auxiliary  battery charging circuit
and main system power circuit breaker. There are two primary control
interlock switches - the platform foot switch  interlock and the ground
control switch interlock. There is a single primary  control interlock -
the control interlock signal (refer to interlock card  schematic L)WG
#102784) . The control interlock signal activates interlock and
charge.isolation.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 switch. The
two interlock relays which are dependent on the control interlock signal
are Master Interlock Relay 1 (MIRl), and Master Interlock P.elay 2 (MIR2).
Niaster Interlock F.elav 1. MIR1 is utilized to interlock the hydraulic
pump  motor contactor signal. The signal enters the relay from a high side
driver  on the master controller card through the ribbon cable connector to
the  interlock ca=d. The interlocked pump request signal is output to
connector`-`6- A. If the control interlock signal is not present, there
can-not be any  hydraulic pump operations. ter Interlock Relay 2. MIR2 is
utilized to interlock the auxiliary  (emergency) hydraulic pump motor
contactor signal. The signal enters the  relay from a high side driver on
the master controller card through the ribbon  cable connector to the
interlock card. The interlocked pump request signal is  output to connector
#o'-C. If the control interlock signal is not present,  



there cannot be any emergency hydraulic pump operations.. AL-ciliary
Battery Charging Relay. The control interlock signal also activates  the
atxiliary 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/interlock connector #G. The circuit can be used as required
by. the OEM  to interlock devic,.s which may or may not be connected to the
control system.  It is the OEM's responsibility to determine the
appropriateness of the  external wirincr and its suitability for any given
application. Platform EmersTencV StoQ Switch. The platform emergency stop
switch signal  provides power to the platform foot switch and also to an
interlock relay  :which provides the electrical system with an ignitior
circuit attached to the  14 VDC converter. This interlock - called platform
sianal.interlock is active  whenever tti_c_ apparartt.s is in platform mode
and-the platform emergency stop  button is set (pulled out) 1.Aug.2003 60
Snterlock Interface xampes. There exist several (if not unlimited) methods
for-interfacing the apparatus (and interlocks) to the control system, the
attached apparatus interface schematic serves as a representative circuit
which has been tested and time proven. As shown, the apparatus interface
schematic (dwg 9102785) coupled with the interlock interface circuit card
schematic (dwg ##102784) has the following interlock characteristics:
PLATFORM SIGNAL NOT ACTIVE: drive system is disabled no foot switch'
interlock possible no network platform interlock signal  control from GCS
still functional FOOT SWITCH INTERLOCK SIGNAL NOT ACTIVE: no MIR1 (no main
hydraulic pump for boom functions) - no MIR2 (no auxiliary hydraulic pump
for boom or steer functions)  no interlock to drive control system no
interlock to brake release valve (brakes remain applied)  no network foot
switch interlock signal control from GCS still functional 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 converter) and connector 6-E  (auxiliary 12 volt battery) The
auxiliary battery is charged through the auxiliary battery charging relay
whenever the control interlock signal is not present. When the apparatus is
idle, the auxiliary (emergency) 12 volt battery is connected directly to
the  converter output voltage, thereby receiving charge. 



The circuit system power is connected to the battery icolator circuit and
is  protected by a 15 amp fuse. The system power circuit is routed directly
to  connector 6-G, This circuit is utilized as the main supply circuit to
the  controller and controller driver banks. The syrcem power circuit is
connected  to the controller through connector #1-1. llnte: In t2 e 33 38
aoolicat?on, this circuit is routed th=ough a disconnecC  relay which is
activated whenever the 48 volt charger .is pluovad into an AC  Power source
for charging the 48 volt batters bank. Note also that the converter Eu o1 4
voles) =s disconnected from the converter durira  charrrinv. 1.Aug.2003 61
Power_/Aatterv char in4 System Bxaml)le. There exist several (if not
unlimited)  methods for interfacing the apparatus charging to the control
system. While  the power connections to the control system are well
defined, the external  battery and cabling circuits of the apparatus are
beyond the scope and control  of the boom control system. Shown in
schematic drawing #102785 is a  representative circuit which has been time
prover. and tested - this circuit  may be modified, or redesigned, as
required by the OEM to satisfy the power  requiremr.nts 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  responsibility of the
OEM. Following is a brief description of the power and  cabling
methodologies utilized on the test model. Master Disconnect Switch. The
master disconnect switch disconnects the 48 volt  battery hank from the
apparatus. .The auxiliary 12 volt battery is  disconnected from the control
system by 'a separate set of contacts an this  switch. AC intTi, ne an
internal relay disconnects the 4B volts from the converter, and
disconnects the circuit System Power from the control system. This
condition  renders the controller and all apparatus functions
non-operational. While the  charger is Connected to a line source, the 4R
volt battery charge. bank is receiving a voltage Converter. The voltage
converter drops the 48 volt supply to the 14  volt operating voltage of the
controller and system components. Note: To a11-w te auxiliary bane y to
receive a charge, is is directly  rnected tv the auxiliary battery when the
apparatus battery bank is charcred only by the ronverCer .in the exsmole
circuit. Puumn Control Qr P r_ Relay. The pump controller power relay
connects the 48  volt supply to the hydraulic Hump controller and to the 48
volt battery sense  line of the boom control system, This relay is
activated by the Ignition-2  circuit (which is activated at power up) .
This relay scenario is primarily to  prevent 48 volts from being applied to
the boom control system without proper  ground or power being suppliedto
the controller (or improper connector  pinning). Additionally, this relay
will be shut off to reduce power  consumption during system sleep/bower
reduction mode. 



Rvdraulirr Pump Contactor. The hydraulic pump motor and pump controller
supply  cables are connected only when required for operation. The
hydraulic pump  contactor is activated by. the control system when required
(stte operating  database section for rules) Fuxi7.larv/EmeraencV
Ftydrnltlie Pumn Contactor The auxiliary hydraulis pump  mor.or supply
cable is connected only when required for operation. The  auxiliary
hydraulic pump contactor is activated by the control system when  required
(see operstin, database section for rules) 1.Aug.2003 62 Envelope Limit
Switchea/Operation There are four limit switches which monitor the position
of the boom. The  limit switches are connected to the controller, and are
incorporated into the  rule database describing the apparatus. For
diagnostic purposes, each limit  switch has a redundant contact wired to
the controller. The limit switches are  defined as follows: Maui Boom
Ancrle Limit Switch. The main boom angle limit switch is active  whenever
the main boom angle is low (below 33 degrees). Main Boom Extension Limit
Switch The main boom extension limit switch is  active whenever the main
telescoping boom is extended less than 33 inches.  Main Boom Retracted
Limit Switch. The main boom retracted limit switch is  active whenever the
main telescoping boom is fully retracted, Jib Boom Angle Limit Switch The
jib boom angle limit switch is active  whenever the jib boom angle is low
(less than 33 degrees above horizontal)  Main Boom Cradled Limit Switch,
The cradled limit switch is true when the  main boom and riser boom are in
most down position. The stability analysis evaluated and determined by
Snorkel. Engineering results  in the following envelope requirements and
limitations on certain boom  funlctions: Cori dition Defined as the
condition when jib angle is not low 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 boom retract command is issued while  condition "A"
exists. Condition "B" (EXTEND) Defined as the condition when thr main boom
angle is  low and the main boom is extended more than 33 inches. Extend:
requests are ignored while condition "B" exists. Retract: The retract
function is always allowed, however, the retract  function will he
automatically activated if a main boom down.command is  issued while
condition "B" exists. 1.Aug.2003 63 System Functions and Rules The
apparatus operates to a defined set of rules. The rule database, in
conjunction with the certain controller variables (refer to database
section)  



defines piecisely the operation of the machine. It is imperative that
before  machine design is implemented, that the operational rules be
explicitly  defined by the OEM, that is, the rule base must be developed by
a person who  possesses a full, exact understanding of the machine and how
it must function.  The exception to this is the machine specific functions
that are beyond the  scope of the discrete Boolean relationships available
through the database.  The machine specific functions are custom program
modules embedded into the  control system and are called system virtual
output Modules (VOM's). P, VOM  utilizes database variables, and may also
set database variables so that the  database developer has access to the
VOM. The 33/38 rule base is defined as !allows: Item: GCS Ground Mode LED
Desc: output indicator Rule: set when system ground mode switch is active.
Item: GCS Platform Mode LB.D  Desc: output indicator Rule; set when system
platform mode is active, Item: Ground Down variable  Desc: database
variable Rule: set when ground down low speed switch and ground made or
when ground down hi speed switch and ground mode Item: Ground Uo Variable
Desc: database variable Rule: set when groundup low speed switch and ground
mode or  when ground up hi speed switch and ground mode Item: Ground Vi) or
Ground Down Variable  Desc: database variable Rule: set when ground up
variable set or ground down variable set Item: Platform Station Dow
Variable  Desc; database variable Pule: set when boom joystick down switch
and platform mode  Item: Platform Station Up Variable Desc: database
variable Rule: when boom joystick up switch and platform made Item;
~lat.form Un or Platform now; Variable  Desc: database variable Pule: set
when Platform Up variable set or Platform Down variable set 1.Aug.2003 64
Item: Up or Down Variable  Desc: database variable Rule: set when ground
Up/Down variable set or platform up/down variable set  Item: Ground
Counter-Clockwise Variable Desc: dataha;,e: variable Rule: set when ground
c-clockwise low speed switch and ground mode or  ground c-clockwise hi
speed switch and ground mode 



Item: Ground Clockwise Variable  Desc: database variable Rule: set when
ground clockwise low speed switch and ground mode or  ground clockwise hi
speed switch and ground mode Item: Ground Left/Right (CC-Cw) Variable
Desc: database variable Rule: set when ground clockwise variable set or
ground counter clockwise variable set Item: Platform Counter-Clockwise
variable  Desc: database variable Pule: when platform c-clockwise switch
and pjatforn mode Item: Platform Clockwise Variable  Desc: database
variable Rule: set when platform clockwise switch and platform mode  Item:
platform Left./Rirrht (CC-C'rt) Variable Desc: database variable Rule: set
when platform clockwise variable set or  platform counter clockwise
variable set Item: Clockwise Co::r e r-Clockwise Variable  Desc: database
variable Pule: when ground left/right variable scc or platform left/right
variable set.  Item:,G=ound Left/Right High Sneed Variable Desc: database
variable Rule: set when ground clockwise high switch and ground mode or
ground counter-clockwise high switch and ground mode  Item: Ground
Left/Right Low Speed Variable Desc: database variable Rule: set when ground
clockwise low switch and ground made or  ground counter-clockwise low
switch and ground mode  Item: Ground Uo/Dn Hi Speed Variable Desc: database
variable Rule: set when ground down high switch and ground mode or  ground
up high switch and ground mode Item; Ground Up/Dr- Low Sneed Variable
Desc: database variable Rule: when ground dawn low switch and ground mode
or  ground up low switch and ground mode 1.Aug.2003 65 Item: Ground High
Soced Variable  Desc: database variable . Rule: set when ground up/down
high speed or ground left/right high speed Item: Ground Low Speed Variable
Desc: database varia}~le Rule: when ground up/down low speed or ground
left/right low speed Boom Section Rules 



Item: Auto Retract Request  Desc: system variable Rule: when main boom low
angle limit switch and not retracted 33" limit switch Item: Auto Retract
Blink Variable  Desc: database variable Rule: when system auto retract
variable and (system output blink variable) Item: Main Boom Retract  Desc:
output Rule: when panel request for extend and (ground down switch or
platform down  switch) or (when auto retract enabled and main boom lifting
down) but not when automatically lowering jib into safety zone. Item: Main
Boom Extend  Desc: output Rule: when panel request for extend and (ground
up switch or platform up  switch) but not when auto retract enabled. Item;
GCS Main Boom Extension LED  Desc: output Rule: when panel request for
extend or (auto retract  switch pressed) enabled and up/down Item: Main
Boom Lift Down  Desc: output Rule: when panel request for lift and (ground
down switch or platform down  switch) but not if auto retract enabled Item:
Main Boom Lift UT)  Desc: output Pule: when panel request for lift and
(ground up switch or platform up  switch) Item: GCS Main Boom Lift LED
Desc; output Rule: when panel request for lift Item: PCS Main Boom Lifc LED
De0c: cutout Rule: when panel request for lift Item: Auto Jib Boom Down
Desc: database variable Rule: when jib boom angle is high and extended less
than 33 inches. 1.Aug.2003 66 Item; Jib Boom Down  Desc: output Rule: when
panel request for jib and (ground down switch or platform down  Switch) or
when retracting and auto jib boom down variable set Item: Jib. Bpom Up
Desc output Rule: when panel request for jib and (ground up sw or platform
up sw)  



but not when auto jib boom down variable set Item; GCS Jib Led  Desc:
output Rule: panel request for jib Item: RCS Jib Led  Desc: output Rule:
when panel request for jib  Item: Platform Level Down Desc: output Rule:
when panel request for level dowrx and (ground  down switch) down switch or
platform Item: Platform Level U-o  Desc: output Rule: when panel request
for level up and (ground up switch or platform  up switch) Item; GCS
Platform Level LED  Desc : output T Rule: when panel request for platform
level  Item: PCS Platform Level -LET) Desc: output Rule: when panel request
for platform level  Item: Riser Boam p_qwzl Desc: output Rule: when panel
request for riser and (ground down sw or platform down sw) Item: Riser Boom
Up  Desc: output Rule: when panel request for riser and (ground down Item:
GCS Riser Boom LED  Desc: output Rule: when panel request for platform
level  Item: E23 -Riser Boom LED Desc: output Rule : when panel request
for. platform level  Ite;:\; Platform Rotate Counter clockwise  Desc:
output Rule: when panel request for rotate and (ground sw or platform down
sw) ccw 8w or platform ccw sw) 1.Aug.2003 67 Item: Platform Rotate
Clockwise  Desc: output Rule: when panel request for rotate and (ground cw
sw or platform cw sw) Item: GCS Platform Rotate LE  Desc: output 



Rule: when panel request for platform rotate  Item: PCS Platform Rotate LED
Desc: output Rule: when panel request for platform rotate item; Body Swing
counter clockwise  Desc: output Rule: when panel request for body swing and
(ground ccw sw or platform ccw sw) Item: Body swing Clockwise  Desc: output
Rule: when panel request for body swing and (ground cw aw or platozmn cw
sw) Item: GCS Body Swing LED  Desc: output Rule: when panel request for
body swing Item: PCS Body Swine LED  Desc: output Rule: when panel request
for body swing Item: Icrnition-2 Output  Desc: output Rule; set when the
controller is powered up Drive Control Rules Item: Drive Command Signal 1
Desc: output Rule: joystick drive switch A and not joystick drive switch 8
but only when .the foot switch is active and not in emergency power mode
Item: Drive Command Signal 2  Deoc: 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 request high drive and platform mode) and (boom is cradled  and
fully retracted) but only when the foot switch is active. 1.Aug.2003 68
Item: PCS High Range LED  Desc: output Rule: When High Range Drive Valve
Activation variable The following set of rules are utilized only to result
in one equation which  sets a variable which i3 true when any valve is
active, the variable is: Any  



Boom Valve Active Item: Platform Rotate Va'iablp  Desc: database variable
Rule: when platform rotate clockwise or platform rotate counter-clockwise
Item: Flody Swing Variable  Desc: database variable Rule: when swing
clockwise o.r swing counter-clockwise ILem: Sww,ng/Rotates Variable  Desc:
database variable Rule: when platform rotate variabl,p. or body swing
variable  Item: Retract/Extend Variable Desc: database variable Pule: when
retract valve active or extend valve active Item:
Swing/Rotate/Retract/Extend Variable  Desc: database variable Pule: when
retract or extend variable or platform rotate variable or body swing
variable  item: Jib Down/Lift Down Variable Desc: database variable Rule:
when jib down function or lift down function Item: Jib Up/Lift Up Variable
Desc: database variable Pule: jib up function or main lift up function
Item: Level Variable  Desc: database variable Rule: when level up function
or level down function Item: 6Tib-down/Lift-Down /revel Variable  Desc:
database variable Rule: when level variable set or jib down/.lift down
variable set Item: Lift/Jib/Level Variable  Dear: database variable Rule:
when level variable or jibvariable or lift variable.set Item: Riser
Variable  Desc: database variable Rule: set with either riser up or riser
down valve 1.Aug.2003 69 Item: Riser/Lift/Jib/L,r_vel  Desc: database
variable Rule: yet with any jib lift riser or level motion function Item:
Any Boom Valve Active  Desc: database variables Rule: when swing or rotate
or retract or extend or lift or jib or riser or  level function is active
Boom and Speed Controller Speed Trim Inputs  Item: Full Sneed Allowed (no
boom speed trimming)  



Desc: system command Rule: when riser up, extend or retract valves or
(brake release pressure low  and foot switch) Item: Half Speed Allowed
(boom speed trimmed to So%)  Desc: system command Rule: when jib up or main
up valve Item: Quarter Sneed Allowed  Desc: system.command Rule: when not
full speed allowed and not half speed allowed Item: F}ciraulic Puma Signal
Desc: output (interlocked) Rule: when any boom function valve and not
emergency pump mode or  brake release pressure low and foot switch is
active Emergency / Au xiliarv Power control Item: Steer Variable  Desc:
database variable Rule: when drive joystick steer right or drive joystick
steer left  but only when foot switch active Item: Auxiliary Hydraulic Pump
Selay  Desc:: output Pule: when steer variable or (emergency mode and any
boom valve variable) Item: steer Left Function  Desc: output Rule: when
platform foot switch and drive joystick steer left Item; Steer Right
Function  Desc; output Rule: when platform foot switch and drive joystick
steer right Item: G`g Emergency Power LED  pesc: output Rule: when
emergency mode variable set and ground mode or platform e-pwr LED Item: PCS
Emerce: cy Power LED  Desc: output Rule: when emergency mode variable set
and platform mode or ground e-pwr LED 1.Aug.2003 70 Item: Emeraenc~powpi
Divertilve  Desc: output Rule: when auxiliary (emergency) pump  Machine
Warnings And Alarms Item: Horn Relav  Desc: output Rule; when platform horn
switch  Item: Tilt Alarm Desc: output Rule: on and 



Any boom valve n?5 19Yel 5`KiLCh and IIOL t cradled switch Item: Motion
Alarm  Desc: output Rule: any boom valve or drive function  Item: Chir
Alert Desc: output Rule: when system control system requests fu.-nation
chirp Node Error Status, Each node has the ability to report its error
status to  the master control module. The master control module will also
report the  system error status to the network devices. The platform i/o
node and the  ground i/o node are configured with displays which will
display the error  status as reported from the MCiM. Node Errors. The
following chart lists the error codes currently supported by  the system.
ERROR DESCRIPTION 0001 IV-VI -PLATFORM NOT PRESENT ( Qn NO EOM)  17 7
RR/'RA rr~~a. 0003 -1- .+vro11%,.r11VUI HHESENT(NO )  MCM . GROUND SWITCHES
NOT PRE SENT (NO EOM)  0004 M CM -BOOM C U=) MCM - BOOM AN Uvuo MCM -
EXTENSI O UUU[ MCM - RETRACT 0009 UUU MCM - JIB AN G --L-=L) SWITCH ERROR
GLE SWITCH ERROR N SWITCFi ERROR ED SWITCH ERROR LE SWITCH MCM - DRIVER
ERROR ERROR uulu MCM-TILTALA 2306 UU11 MCM , INCONSISTENT SWITCH STATES
2305 GROUND I/O - SWITCH AT POC GROUND I/O COMMUI`lICATlONS ERROR  1793
BOOM JOYSTICK 



RM WARNING GROU.N D 1/O COMB INATIOP!  307 1794 BOOM JOYSTICK - OUT OF 1795
BOOM JOYSTICK 1807 BOOM NS ERROR 2562 PLATFORM I/O - ILLEGAL SWITCH
COMBINATION  2563 LTFORfv1 I/O - DRIVE JOYSTICK ACTIVE AT POC  2575
PLATFORM O - COMMUNICATIONS ERROR JOYSTICK COMMUN 2561 PLATFORM I/O -
SWITCH AT POC - NOT CENTERED AT POC - MULTI AXIS DETECTED ILLEGAL SWI TCH
RANGE EOM 1.Aug.2003 71 WHAT IS CLAIMED IS: 1.. An aerial work apparatus
comprising:  a. base; a platform; a boom connecting the platform and the
base; 5 a hydraulic system for moving the boom sections; and a boors
control for controlling the hydraulic system in response to operator input
to  remove boom sections in accordance with the operator input, said boors
control comprising:  a first control module on the base responsive to an
operator for providing hoom motion commands for causing the boom to move in
a desired direction;  1() a second control module on the platform
responsive to operator for  providing boom motion commands for causing the;
boom to move in a dcsircd  direction; and a controller area network
interconnecting the first module control module and  the second control
module. 2. The apparatus of claim 1 wherein the boom cuiitrol includes a
microprocessor  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: parameters which dclino an envelope within which the boom is
permitted to operate;  parameters which cause the boom to automatically
retract in certain positions in 5 response to certain operator requested
actions; parameters which define ramping up speeds or ramping down
speeds.of boom  movement; parameters which define sequential functions of
the boons;  parameters wbicli deli to simultaneous tiinctions of'the 1)oom;
or 1 b parameters which de fide time periods based on the status of various
switches during  'which time periods the boom is permitted to operate.
1.Aug.2003 72 4. The apparatus of claim 1 wherein the boom control
comprises an 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 5 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 to
within a predefined  10 region. 5. The apparatus of claim 1 wherein 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  5
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
boom motion input switch, for controlling the hydraulic system to move the
selected  boom section in accordance with the boom direction signal, said
boom ramping 10 contiollcr adapted to cause the hydraulic system to move
the selected boom 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. 6. The apparatus of claim I wherein
said boom control is adapted to cause the  hydraulic system to sequentially
move the boom from one operator requested movement to  the next operator
requested movement or to simultaneously move tht: boom in a second
direction in response ttr an .operator requested movement while the boom is
moving in S response to a previous operator requested movement. 1.Aug.2003
73 7. The apparatus of claim I wherein. the boom control includes: a.
safety subroutine or circuit for monitoring operator input rQqucsti.ng 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 5 movement for a first time period; and 



a power saver subroutine or circuit for monitaiing operator input to the
boom control,  said power savct 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. 8. An envelope
controller suitable For use with an aerial 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 supporting
the boom, a boom  control for providing a boom control signal to the
hydraulic system, the boom control signal 5 controlling the hydraulic
system to control 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 oFthe base; and a position limitation subroutine or circuit for
inhibiting the boom control signal being  10 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 to within a predefined  region. 9. The
controller of claim 8 wherein the boom sections include an extendible
section  and further comprising an auto retract subroutine or circuit for
retracting the extendible  section when the operator provides an input
which requests movement of the boom sections  or work platform outside the
predefined region thereby maintaining the work platform within  the
predefined region. 1.Aug.2003 74 10. The apparatus of claim 8 wh4roln 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  5
direction signal indicative of a desired direction of boons 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
boom motioactin input switch, for controlling the hydraulic system to move
the  selected boom section in accordance with the boom direction signal,
said boom I 0 ramping controller adapted to cause the hydraulic system to
move the selected boom  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. 11. The apparatus of claim g
wherein said boom control is adapted to cause the  hydraulic system to
sequentially move the boom from one operator requested novement 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 5 response to a previous operator requested movement. 12.
The apparatus of claim 8 wherein. the boon control includes: 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 5 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
input to the boom control for a second time period. 13. An aerial work
apparatus comprising;  a base; a platform; a boom having a plurality of
boom suctions connecting the platform and the base; 1.Aug.2003 75 5 a
hydraulic system for moving the boom sections; and a boom control for
controlling the hydraulic system in response to operator input 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 suctions to be moved; 10 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 section 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 15 selected boom section in accordance with the boom direction
signal, said boom  ramping controller adapted to cause the hydraulic system
to move the selected bourn  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 olfclaim
13 wherein the boom control includes a microprocessor  and wherein the
maximum preset velocity is programmable by the operator via the
microprocessor. 15. The apparatus of claim 13 wherein the boom ramping
controller is adapted to  cause the hydraulic system to substantially
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, 16. The, apparatus of claim 13 wherein the boom ramping controller
transitions from  moving the boons in a first direction to moving the boom
simultaneously in the first direction  and in a second direction by ramping
down the inoveilicllt in the first direction to a first .certain value and
by ramping up the movement in the second direction to a second certain  5
value and, thereafter, ramping up the movements in the first and second
direction  simultaneously. 1.Aug.2003 76 17, The apparatus of claim 13
wherein said boom control is adapted to cause the  hydraulic system to
sequentially move the boom 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 5 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 operator
input requesting  



boom movement in the event that there has been no operator input requesting
boon 5 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 input to the boom control
for a second time period. 19. An aerial work appatratus comprising:  a
base:; a platform; a boom having a plurality of boom sections connecting
the platform and the base;  5 a hydraulic system for moving the boom
sections; and a boom control for controlling the hydraulic system in
response to operator input 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 only one  of the plurality
of boom sections to be moved; 10 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 boom controller responsive to the
boom section select switch and the boom  motion 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 15 from one operator requested movement to the next operator
rec{lueStcd rxiovcr ncrit Or to  simultaneously move the boom in a. second
direction in response to an operator 1.Aug.2003 77 requested movement while
the boom is moving in response to a previous operator  requested movement,
20. The apparatus of claim 19 wherein the boom control includes: a safety
subroutine or circuit for monitoring operator input requesting boom
niovemmzen.t 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 5 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
input to the boom control for a second time period. 21. An aerial work
platform comprising:  a 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;  5 and a timer subroutine or circuit comprisin.,g: 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 10 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
input to the boom control for a  



second time period. 22. The platform of claim 2-1 wherein the second time
period of the power saver  subroutine or circuit is greater than the first
time period of the safct.y subroutine or circuit. 1.Aug.2003 78 23, An
aerial work apparatus comprising:  a base; a. platform; a boom connecting
the platform and the base; a hydraulic system for moving the boom sections;
and a boom control for controlling the hydraulic system in rcbpon.se to
operator input to  move boorn sections in accordance with the operator
input, said boom control comprising:  a microprocessor having inputs for
receiving operator inputs and having outputs providing output signals which
are a function of the operator input provided  10 to the microprocessor
input, said hydraulic system being responsive to the output  signals; a
first control rnodulc vn the base responsive to 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 15 microprocessor; and a second control module on the
platform responsive to an operator for  providing second boom motion
command signals for causing the boom to move in a  desired direction, said
second boom motion command signals being supplied to the  inputs of the
microprocessor. 




