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AERIAL WQRK PI .AT.fORM BOOM BAYING GROUND AND PLATFORM 
(!ONTROLS LIN1'.'"ED BY A CONTROLLER ARRA NETWORK 

FIELD OF IHE lNVHNTlON 

The invention gcne::rally relates to aerial work platfQrms and, in particular, to a 

S computer based control system for an aerial work platform having various satety and cunlrol 

features. 

DACKGROUND OF THE Tht"VENTION 

WiU1 regard to the control of aerial work platforms. it is known to use a cuntrol panel 

which operates lhe aerial work platform wllcncver a manually activated switch, such as a foot 

I 0 switch, is held in a depret:sed position. In lhe event that the switch is refoased, the control 

panel becomes inactive. Alternatively, the aerial work platfom1 may contain selectively 

placed switches which mUl:il be held in place by the operator. These switches interrupt power 

when au operator leaves the operating station and tiik.es a position remote :from tl1c t1witches 

such lhat the switches. are no longer held in place by the operator. 

15 There l!; a need for a computer based control system lbr an aerial work platform which 

allows operation of lhe platform by an operator at its. bwm or. on .. the.platfom1 and wblch. 

includes safety foalures and interlocks preventing inadvertent or unsafe operation ofthc aerial 

work plat!bnn. 

SUMMARY OF THE INVENTION 

20 lt is an CJbject of this invention to provide a microprocessor contrnller for an aerial 

work platfonn which has ground and platform controls lhiked by a contl'ollcr ar~a network for 

tnu1smilling input com1nands issued by l:1ll oper"tor at the platform control or at the ground 

control to a cont1'e>ller so that opcralion of the boom can efficic.lltly and safely occur from 

either control. 

25 Lt is also an object of this invention to provide a controller in cortjunction wilh sensors 

for an aerial work platfonn which restl'ict or niinimiie operation of the platform in certain 

positions beyond a predefined three-dimensional envelope to enhance safe operation uf the 

platfonn withfo a safe envelope. 

Jt is also an object of this invention to provide such a controller which provides 

30 alLlomatic retraction ofthc platfonn to ma.inta.in the pl:a.tfonn within the safe envelope and 
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which automatically retracts the boom in 1·csponse to certain opcralor cmruua.nds whicb 

attentpt l<J operate the boom outside the safe envelopl:.'. 

It is au object of this invention tu provide a computer based electronic control for an 

aerial work platfonn which ramps boum move1ncnt in any directio11 as applicable to provide 

S for smooth and safe operation of the boom and its movement. 

It is also an object of this invention to pro"lridc such a controller\vhicb executes 

mulliple boom moven1e11ts either sequentially and/or simulta.11eously in an efficient. safe and 

smooth manner. 

lt is another object of this inventkm to provide such an aerial work platfonn which has 

10 sensors and software for preventing inadvertent or unsafe operation of the hoom and for 

saving power. 

In one fonu, lhe invention is an ae1ial work a.pparatu~ comprising a base~ a platfonn, 

a boom con11ecti!lg the platform and the base, a hydraulic t>ystem for moving the buom 

sections and a boom control. The boom controJ controls the hydrat1lic system in response to 

15 operator inptit to move buom sections in accordance with the opera.tor input. The bonm 

control comprises a t1rsl control mouule on the bal$e responsive to an operator for providing 

bnom motion commands for causing the boom lo move in a desired direction; a second 

control module on the platform respcmsivc lo an operator for providing boon1 motiun 

commands for ca.using the boon1 to move in a desired direction; and a controller area network 

2() intercom1ccting the 11.rsl module co11trol module and the second contrnl module. 

In anothe1· form, the invention comprises an envelope controller suilabte for use with 

at1 aerial work platform having a boom comprising a pluralily of boom sections, a hydraulic 

syslem for moving the boom sections. a work platfonn supported by \he boom, a bcuse 

supporting the boom, a boom control for providing a boom control signal to th~ hydraulic 

25 system, lhe boom control signal cuntro11ing the hydraulic system to control motion of on~ of 

the phitality nfboum sectfons. The envelope controller comprises a position detector 

subroutine 01· circuit for detecting a position of the boom sectinns or work platfonn relative to 

a position of the base; and a positi~n limilation subroutine or circuit for inhibiting the bonm 

control signal being provided to the hydraulic system when the 11osition detector .subroutine 

30 or circuit indicat4?l$ that the detected position of the hoo.rn sections or work platform relative to 

the position of th~ base will exceed an e11vclope limit whereby the envelope controller limits 
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the position of the boom sections 01· work platform relative to the position of the base to 

within a. predefined region. 

In another fonn the invention compris~i:; an aerial work. apparatus comprising a base; a. 

plattbrm; a boom having a plurality of boom sections connecting the platform and the base; a 

5 hydntulio system .tbr moving the boom sections; and a boum control for controlling the 

hydr4ulic system in ret>ponse t() operator input to n'lovc the boom se<::tions in accordance with 

I.he operator input. The boom conlroller comprises a boom section. s~lect switch response to 

operator input for selecting une of the plurality of boom sections lo be moved; a boom motion 

input switch response tu operator input for providing a boom direction signal indicative of a 

10 desired direction of boom motion for the selected boom sec~on to be moved and providing a 

desired boom speed; and a hoom ramping controller, responsive to the boom section select 

switch nnd boom motioactin input switch, for contrulling the hydraulic system to move the 

selected boom section in accurtlance with the boom direction signal, the boom ramping 

controller adapted to cause the hydraulic sy~lem to move tlle:: selected boom seclion at a 

15 varying velocity which does not cx.ceed a preset maximum velocity so that the boom 

acceJerates at a preset rate from 4:ero velocity to the desired velocity . 

.In imother fom1 the invention comprises an aerial work apparatus C()mpris.i.ng a base; a 

platform; a boom having a plurality of boom sections connecting the platfonn and lhe base; a 

hydraulic system for moving the boom seclions; and a boom control for controlling the 

20 hydraulic system in response to operator input to movt1 the boom sectionis in accordance with 

the operator input. The boom control con1priscs a boom section select switch respousc to 

operator input for selecti11g unly one of the plurality ofbaom sections to be moved; a boom 

motion input switch response to operator inpLit for providing a boom direction signal 

iu(licalive of a desired direction of boom motion; and a boom controller responsive to the 

25 boum section select switch and the boom motion input lfWitch 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 

rcqu"sted movemcut or to simultaneously move the hoon:1 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. 

ln another form the invention comprises an aerial work platforn1 comprising a 

plurality of boom sections; a boom co11trol 1br providing a motion output l'lignal for 
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contro Hing a n1otion of one of the plurality of boom sections in rcl'Sponse to inp\lt from an 

operator to tho boom control; awl a timer subroutine or circuit. The limer suhrout.inc or 

circuit comprises a. safety s~1broutine or circuit for monitoring operator input .requesting 

boom movement and for preventing the boom control from responding to operdlor input 

5 ~questing boo1n movement i11 the 1;vent 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 saver subroutine or ciTCuit 

d_eactivating the hoom control when the power saver subroutine or circuit act~ts no operator 

input lo the boom control for a second time period. 

l O In another funn the invention comprises an aerial work apparatu~ comprisfog a ba~e; a 

p1atfonu; a boom connecting lhe platfonn and the base; a hydraulic system for moving the 

boom sections; and a boom control for controlling the hydraulic system in r~onse to 

operator input to move booni sections in accordance with the operator input. The boom 

control comprisctS a micropmcessor having inputs for receiving operator inputs and having 

J 5 outputs providing output signals which are a function of the ope1·ator input provided to the 

microprocessor input_, the hydraulic system bei11g responsive to the output signals; a firsl 

control module on the base respon~ive to an operator for providing first boom motion 

command signals fur causing the boom lo move in a desired direction, tho first boom motloi1 

command signals being supplied to the inputs of the microprocessor; and a second control 

20 module on the platf'onu respont1ive to an operator for providing second boom motion 

command isi,gnals for causing the boom to move in a desired d.i.rectiop., the seco1ld boom 

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

BRIEF DESCRIPTION OF THE ORA \.VTNGS AND APPENDICES 

Figure 1 is a pel'spcctive illustration of an aerial work platfonn having ru1 elevated 

25 articulated boom. 

Figure 2A is a bfock diagram ofa preferred embodiment of the control area network 

according to the invrultion. 

Figure 2.H i$ a block diagram of a preferred emhodiment of a CAN-based boom 

control Sy1$Lem accnrding 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 1System according to the present invention. 
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t'igurc 4 is a top plan view of a ground control pa11cl tn1Jdulc suitable for use with a. 

CAN-based boom control system according to the prcsenl invention. 

Figure SA is a geometric diagram of zones of operation which define a safe working 

envelope within which movement is restrlctod by an envelape coutrol system of a CAN-based 

5 boom control syst\!:m according to the prcsenl inventlon. 

10 

Figure SB is a geometric diagram of lhe zones of autorctr"cLion of a CAN-based boom 

control system according to tllc present invention. 

Figure 6A is a graph illustrating the operation of a soft: start subroutine or circuit far 

use with a. CAN-based boom control system according to the prcsenl invention. 

Figure 6B is a grat?h illustrating I.he operation of a soil start subroutine or cil'cuil for 

use with a CAN~based hoo1u coutrol system accarding to the present invention wh~rein an 

operating fLmction Fl is ramped down to 50% while a new function is simultaneously ramped 

up to 50% and both ftmctions are ramped up to 100% thereaft~ .. 

Figure 7 A-7H Hre flow charts illustrating the interlocks and envelope control 

15 according to the inveittion. 

Appendix A is an example of a system database. 

Appendix His an example of the database foalures according to the invention. 

Appendix C is a sununary of one prefen·ed embodiment of the inputs ;md outputs to 

the platfonn and grouud controls. 

20 DP.TAILED DES(;RTPTlON OF PREFERRED EMBODIMENTS 

Figure 1 is a diagran:1 of an aerial work pJatform 10 suitable for use with the present 

invention. The aerial work platfonn 10 comprises a base unit 100. The base unit 100 is 

mounted on a plurality of wheels 102, nt least two of which are steerable. A drive 104 

mounted internal lo lhe base unit 100 is adapled to drive one or more of the wheels 102. Th~ 

25 base unit l 00 may be further divided in Lo a rotating boom support 106 and a base chassis 108. 

The support 106 includes a bai:;~ operator control panel 110 which is adapted to rolate with 

support 106 about the basc.-s chassis 108 as indicated by arrow 109 in response to a rotatfon 

drive 112 moWlted inside:: the base chassis 108. Tiu.: support 106 nlso .iuclm.les a hydrauHc 

system 114 for powering the rotation drive 112 mld for providing power to .n1ove the boom 

30 sections. AB is known in the art, the hydraulic system .may include electrically clriven, 

variable speed motors which drive hyclraulic pumps at variable speeds tn move the boom 

=·~ 
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sectio11s at variable speeds. Alternatively, the hydraulic system may be driven by a fuel· 

burning engine a11d may include a constant prr:issure system having proportio.ual valves which 

Tecciv" a pulse width ruudulated ~ignftl to c-0ntrol boam section movement althuugh it is 

preferred that the wheels are dtive.i1 by variable speed clcclric motors, it is eontemplnted that 

5 the wheels may be powered by the hydraulic system 114. 

A riser boom 120 in a parallelogram cunfiguration is .tnutmted to the base unil 100 at a 

plvol point 122. A main telescoping boum 124 is co1mcctcd to the riser boom 120 via a 

co1u1~cting n1etnbcr 126 and pivot points 128 and 130. A hydraulic cylinder 131 expands and 

co.nlracts to control the position of the main telescoping boom J24. Other hydraulics (not 

I 0 shown) contl'ol the position of the other boom _sectiora;. The telescoping boom 124 further 

comprises a nonextending member 132 and an ex.lending member 134. A work platform 136 

is COlUlected to the extending membe1· 134 via a jib boom 138. The jib boom further 

comprises an upper jib boom a.nu 140 and a lower jib boum arm 141 in a parclllclogram 

configuration and interconnected by a cylinder 142 for rotating the jib boom 138 . A 

15 platform rotator 144 rotates the platfonn about the jib boom 138 while maintaining it in a 

substantially horizontal position. The p1atfonn 136 of the machine will rotate 90° in either 

direction in a level plane as indicated by arrows 150 a.nd will move up and dow.u with the jib 

buom 138 ns indicated by arrows 152. Those skilled ln the art will recognize lhat the o.hove­

described boom configuration comprises an articulated boom for tile aerial work plntform 10. 

20 The boom control system as illustrated in Figures 2A and 2B has a configuration 

which mc~ls requirements for control system .llcxibility, prograJ.nmability, multiplexing and 

quick design cycJe time. 1n general, the .\'\o·ork plalfonn control system consists of two 

primary componeuts7 a ground control station (GCS) illustrated in the left portiun of Fig. 2B 

and a platform control station (PCS) illustrated in the right portio1' of r"lg. 2B. The two 

25 component~ are linked to be utilized as a sysitem which responds to instructions from an 

operator. The con1pone11ts are limited by a conlruller area network (CAl\'), which may be any 

network such as a. local area network havi.ag a microprocessor at each node or may be a single 

computer controlled .network having a ground controller card 202 and a platform controller 

ca.rd 204 for providing information to a cotnputer based controller 206 via a bus 208 1mch as 

30 twisted pair cables. Prctcrably, the ground control station GSC serves as the master 

controller and the platform control statio.n PSC serves as a rt:mote input devic~ to the ma.c;ter 

controller. Therefore. the controller 206 may be l~cated on the base with the brround 
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controller card 202. Appendix C illustrates the iupuls and outputs to a.r.ul from the stations. 

However, those skilled in the art will recogn~u lhat this configuration is not a necessary 

limitation of the invention and that the cunlroller i06 may be remotely located from both the 

ground controller card 202 and the plalfonn controller card 204. or. in some cases, the 

5 controller 206 may be located in combination with the platform controller card 204. in each 

ca..~e with a variety of inputs and outputs. 

It is contemplatcc.1 that controller 206 may have an input/01.ltput port (not shown) 

which would interface with anothe1· coinp1.lter such as a la.plop computer which would allow 

the system oflhe invention to be configurable in that the system outputs and their logical 

10 relationships with other systmi inputs and outputs may be varied by th~ laptop. The set of 

instructions which describe the inputs, tmtputs1 and their relationships. constitutes the system 

database (Appendix A) having features (App011clix 13) which controls lhe operation of the 

aerial work platform 10. As indicated below in detail, controller 206 may he p.i·ogrammed 

with parameters which define boom oper.ition by specliying one or more of the following: 

15 

20 

25 

parameters which define an envelope within which the hoom is p~tted to operate; 

parameters which cause the boom to automatically retract hi certain positions in 

response to ·certain opcmtlor requested actions; 

parameters which define ramping up speeds or ramp.ir1g down speed$ of boom 

movenie1'1t; 

paraulelers which defi11c se4uential functions or the boom; 

parail'1eters which defme simultaneous functions of the boom; ur 

parameters wl1ich define time periods based on the statt1s of various switches during 

which time periods the boom is permillt.:d to operate. 

CONTROLLER AREA NETWORK CCAN) 

Figures 2A and 2B &'C block diagrams of a prt!ferred en1bodimCJl1 of a CAN-based 

boom control sy~tem according to the present invention. Tn gcucral, the CAN would have at 

least lwo nodes: (1) a ground control station GCS (or module) which is the primary control 

and includes a ground controller card 202 an<l a ground control platform 400; and (2) a 

plattbr.m control station PCS (or module) which is a secondary control and includes a 

·JO platform controller card 204 ~nd a platform control plo.tform 300. The controller 206 for 

controlling the operation ora hydraulic system 226 for driving the boom a,nd for controlling a 
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drive control 227 for prof'elling tllc barse may be part of either mode or a. separate node. The 

platfonn cuntrol station PCS, the ground control ir;tatlon GCS and the conkoller 206 are 

interconnected to each other via a shielded .• twisted wire pair 208 serving as tht) CAN~bus. 

Optionally, the drive control 227 may constitute a fourth node connected to the CAN. 

5 Altema.tively. discrele wiring may be used to interconnect the drive cuntrol 227 and/or any 

interlock switches to the controller 206 to minimize tampering or unsafe operation. The PCS 

inter18ct:s with all of the platform inputs with the exception of a drive control spcod 

potentiometer (not shown) localed on the drive joystick 224 an4 is used to calibrate lhe 

joystick. Th~ drive control 1:Sy:1lem directional and speed inputs (forward, reverse and high 

10 speed) and a high speed request signal are connected through a multiplex 2'ystem and are 

arbitrated by a system database (Appendix A}. In order to pro\lide 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 (SPOT) switch which when operating properly would provide 

one open circuit and one closed circuit. 

1 S PLA TFOKM CONTR.OL SIA TlON (PCS> 

Referring to Figure 2B~ to op~"tate any boom function from lhe platfom1 control 

station PCS, the operator places a key on/off switch 210 localed on the grou11d panel in an 

"ON" position. ln 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. Tn 

20 addition, it is also required that a platform fool switch interlock 214 be iset 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 intcrloch may be hardwired to the 

control 206 or may communicate to the contral 206 via lhe CAN. If hardwired, theiT e>tatus is 

still monitored by lh~ CAN to implement various safety features. 

25 To select a boom function, the operator must press n button which corresponds to the 

desired boom section to be operated on a platform control panel 300 (or module) rui i;hown in 

Figure 3. ln particular, each haom section has a boom functio11 bullon associated therewith 

which, whc11 pressed, selects the particular boom section tbr opt:rcdion and i11dicates sucl1 a 

selection hy energizing an alert buzzer 216 which win beep ru1cc. This indicates to the 

30 operator that the particular function has b1'~ selected. In addition, each section has an 

associated I .HD which will be illuminated lo fllrther indicate the particular boom section 
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which has been selected for opcraliQn by the operator. The boum section select switches 262 

(i.e., function butto.us) ancl the LED indicators 264 assuciated with each boom section will be 

described below wilh regard to Figures 3 and 4. 

Once a boom section has been selected by the operatorJ the operator may then activate 

5 a. hoom thnction 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, 

conlroller 206 will provide apprupriate signals to e. hydraulic system 226 which controls a 

pump motor aud/or valv4's 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 lh~ 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 hoom section has been selected and mo\lcd and the movement is 

complete, so that the motion has stopped, the selected function will remain active for a brief 

period of time until one of the follow;ng events occurs: (1) no further motion of the selected 

15 boom section is requested hy the operator for more than a preset period of time such as ten 

seconds; (2) the platfonn foot switch inlerlock 214 is released by lhe operator; or (3) the 

emergency stop switch 212 is placed in the stop pn$1ition. If any three of these events occurs, 

the previously selected boom section and activnted function become inactive and the alert 

buzzer 216 will i.ndical~ lhat the function has been inaclivated with two sho1t beeps. In lhe 

20 event that the ibol switch interlock 214 is released by the operator, the alert b~er 216 will 

indicate the release with two short bett'PS. 

One skilled i11 the art will recognize that these satbty ft:alures for interlocking and 

limiting opera.ti on may be 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 slandards for aerial equipment utilizing computer con~rols) may be associated with the 

controller 206 to monitor the foot !\Witch 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 subrouline or circuit 222 may be implemented by modular software 

wilhin the controller 206 which provides the n1cmitoril\g function. In general. the safety 

30 subroutine or circuit monitors boon1 controller input signals such as provided from the foot 

.switch 214, slop switch 212~ and boom joystick 218 via platform controller cnrd 204 and 

CAN 208 to the controller 206. 
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In addition, il is contemplated that the systcu11:nay also include a power saver feature. 

If there is no activity at the platform control statio.n PCS for a preset period of time such as 

three mi!lules, the system will deselect all functior1s and will go into a power saving (slct."P) 

.inode. The alert hu7.7.er 216 wUlbccp twu limes to indicate the change in system 1:1latus. 

S Inactivity is defined as the absence of any boom or drive motion for the preset three minute 

period. As with lh" 1$afety interlock noted ahove. this feature may be implemented hy a 

separate power saver subroutine or circuit 222 as shown in Figure 2 or ma.y 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 lhis 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 

platfonu control station PCS, the operator can recover from the power saving (inactivity) 

mode by activating or recycli.ng tl1c foot switch 214 or the emergency stop switch 212. This 

fcalure also functions a.c; a satcty mcasur~ in that an operator cannot permanently engage lhe 

15 foot switch 214 w;th some fb.rcign object. For example, if a1t operator on platform 136 

wedges a foreign object such as a beverage container in the foot switch 214 lo hold the switch 

in its closed or down position. this feature would prevent operation of the systen1 from the 

p]atfonn 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 feat1.Lres are conten1plated and may also be implemented. 

For example, in cases where Lhe operator or person responsible for appara~us stowage forgets 

to tum off the on/off key ~witch 210 controlled by the operator, the batteries could run down 

after an extended period of idle time. To help p1·evcnl or minimize this situation, the 

controller 206 may activate a ground .motior1 almn after a preset period. of extended inactivity 

25 such as one-half hour. At that poinl, the motion alarnt wi 11 remain active for a period of time 

such as one minute. Aller anolher preset period such as a halfl1our of inactivity, tho alert 

cycle will start over again sounding the motion alarm. Jn effect, the machine is indicating a 

signal to remind the operator to lurn the machine off. 

In summary, the invt-"Iltion preferably includes a timer subruuline and/or circuit in 

30 combination with or programmed with the controller 206includinga10 second safety 

subroutine and/or circuit 222, and a three (3) minute power saver subroutine and/nr circuit 

220. The safety circuit 222 monitors motion output signals initiated by the operator by 
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activating the boom section sclecl switches or boom joystick. The safety circuit 222 

prevents the boom controller 206 from responding to the boom joystick if lhere has been no 

boom mov~ent or boom section selection via a boom section select switch for a first time 

period, iUCh as 10 seconds. This prevents inadveJtcnt activation and/or movement of the 

5 boom if an operator accidentally touches the boomjoystick more than 10 seconds after the 

operator's last command. This safety circuit aBSWlles that the opera.tor is working ott the 

platform rather than moving it and essentially kills the boon'\ joystick so that it will not move 

the boom if the oper,dor accidentally bumps it which working.. The power safely circuit 220 

monitors the boom controller input signals a11d deactivates lhe controller 206 when the power 

10 saver circuit 220 detect.ci 110 boom controller input bignals for a second time pe1iod, such as 

three (3) minutes. This powers down lhe syslem 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 safoty foalure because it prevents an operator fi'om ja.nuning a can or other foreign 

object in the foot switch to keep it permanently closed. 

15 To power one or 11'\0re of tbe wheels 102 tu 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 .~lop iswit.ch 212 be set or pulled out and the p1atlbrm foot switch 

interlock 214 must be set or depressed. When these two interlocks are made, the operator 

may select ai1d aclivate the drive or steer functio11s of the apparatus. All drive motion is 

20 conlcolled by a drive control joystick 224 on the platfunn control panel 300. The control 

joystick 224 proportionately controls U1c: drive speed in two separate ranges, low range and 

high nnge. The drive speed rmg~ is selected by pressing a drive range switch 304 on the 

platfonn control panel 300. The high range speed can only be activated when lhe boom is 

cradled and a boom cradle interlock switch is closed to indicate that the boom is in lhe 

25 cradled posilion and an angle sensor indicates that the slope angle on which the platfonn 

rests is less than five degrees. The boom c1-adle interlock switch and/or the angle sensor 

constitute a. position detector circuit or, ifimplemented in software) constitute a position 

detector subroutine. To stop molion of the active drive or steer fimctio11, tbc operator may 

release the dl'ivc juystfok 224 to its centered position, release the platform foot switch 

30 interlock 214 or releo.~e tl~e emergency stop swilch 212. As noted above, these switches. 

would be SPOT switches. For exa111plc, whcI1 the boom is cradled, one side of the boom 

swilch would provide a. closed circuit and the oth~ side would provide a.n open circuit. 
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When the boom it> nol crcidled1 the one side woulll provide an open circuit and the other side 

would provide a closed circuit. If both sides arc simultaneously open OT closed, this would 

indicate to lbi; microprocessor of co11trollor 206 that a malfunction has occurred (aee displays 

346 and 460, below). lf.the platfonn 100 is equipped with crab stccrh1g or four wheel 

5 steering, position sensors may be located on each wheel to indicate wheel position. 

Preferahly, the w~el~ would be parallel a.nd straight before transitioning for one type of 

steering to another. In addition, the control 206 mtty be programn'led to automatically orient 

all wheels to be parallel and straight ahead whi;n changing from one type of steering to 

anothet". 

1 0 The platfonn control statiun PCS has two prin1ary input banks: a switch input matrix 

and a discrete digital input terminal strip. The controller 206 which is preferably 1ocated at 

the platform scans a 4 x 5 switch matrix for operator commands, and monitors discrete digital 

inputs from lhe interlock inputs such as the foot switches. jib limit switches and emergency 

stop switch. The interlocks are input lo.to the control system so that they may be included in 

15 the dalabase description of the maehin". Certain interlocks aTe 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 ope;,rales the electrical hom located at the base 

unit 100 to allow the operator to warn uthers 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 tllis function is governed hy the position of lhe interlocks and the 

cradle switch. A rauge LED indicator 306 indicates the status of the range switch 304. A 

base swing function switch 308 generates a request to rolale the boom support l 06. The ba1:1e 

will rotate 1800 in either direction. ln general, !Or all boom functions, their activation, 

2S direction, and speed would be dict.atcd and controlled by the boom joystick inputs and each 

function is governed hy the position of the interlock inputs. A base swing function LED 

indicator 310 Hluminates wh.cn the base swing function switch 308 has been selected such as 

by being depressed by the opi;r4lor. 

A riser boom 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 lQwer the level of the platform 

136. A riser boom ftmction LED indicator 314 illuminates when the riser boom function 

swilch 312 is activated. A main boom function 11wltch 316 generates a request to move the 
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main telescoping boom 124. The main boom 124 operates about pi vul point 128 and will 

ndse and bring inward the position of tbe platfor.a1 136, or lower and force outward the 

position o! the platfonn 136. A main hooni Jisnction LED indicator 318 illu.atinates when this 

function is selected by the opera.tor. A tclC1$coping hooni function switch 320 generates a 

5 requcsl to exte1'ld or retract the telescoping boom ·124. The telescoping boom 124, depending 

on the angle of tllc riser boom 120, will extend and fore~ upward or rctracl and force inward 

the platform 136. A te1escopi.ng boom function LED indicator 322 illuminates when the 

telescopiug boom function is selected by the operator. Ajib bcJom function switch 324 

gene.rates 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 tilnction will raise and force outward ur lower and force 

inward the position of the platform 136. When the jib boom 138 ls above the horizontal 

position, its function wi 11 raise and force inward or lower and tbrct1 outward the position of 

the platform 136. A jib boom function LED indicator 326 illuminates wheu this function is 

1 S selected. 

A platform fovel function switch 328 generates a request to automatically level the 

plalfonn 136. A platform level function LED indicator 330 illunil.uatt'S when this function is 

scl~ted. A pJat!'bnn rotate function switch 332 generates a request to rotate the platfonn.. 

The platform 136 of the machine will rotate 90° in either direction in a level plane 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 whtm 

this function is selected. An emergency power switch 336 generates a request to actuate an 

emergency hydraulic pump. n1~ emergency hydraulic pun'lll js driven by an electric motor 

connected to the emergency 12 volt de battery. When this function is selected, an emergency 

25 power LED indicator 338 llluminates. 

The terminal strip inputs for the platform control station PCS are as follows: a 

joystick drive signal A oorres1londi11g lo a drive co1nmand to the controll\ .• 'T 206; ajoystick 

drive sign.al a cor.responding to a drive direction to the controller; a drive joystick steer right 

signal corresponding to a steer right c;ommmtd to the controller; a drive joystick steer left 

30 signal corresponding to a steer left co.mmand 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 a.ta. low angle; ajih low angle redundant interlock limit switch which is tripped 
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when the jib boom 138 is not at a low angle; a boon1 joystick x-axis i11put which is a 

proportional analog input to the controller 1·cpresenting the boom joystick. x-axis position; and 

a boom joystick y-axis input which is a proportional analog input to the controller 

n.-,,resenting the boom joystick y-axis po.silion. 

5 Thtl platform control station PCS has two· primary output banks: the LED output 
matrix and the discrete digital output terminal strip. The platform C()ntrolltir refreshes a 4 x. 4 

LED nialrix for indicating functions and feedback and also controls discrete digital outputs 

for alarms. The stales of the LEDs at the platform station are determined by the system 

database (Appendix A) and arc sent to the plalfonn control station from the ground control 

10 station GCS via the system CAN network.. 

nu: platfom1 LED matrix oulputs for the apparatus arc LEDs 306-338 as noted above. 

In addition, the T .ED matrix outputs include a battery hank ( 48 vdc) LED array 340 indicating 

the stale of the 48 volt battery bank, a status OK LED 342 indicating no errors prescnl in the 

system, and a status warning LED 344 indicating errors present in the system. The platfom1 

1 S co11trol panel 300 also includes a numeric display 346 which reports the system errors and 

status. For example, errors may include inconsi~tent ~witch indications. The cradle switch 

cannot in.clicate that the boom is in the cradle at the same time that the angle switch indicates 

that the boon'\ is at an angle sine~ by definition, a cradled boom is at .zero degrees angle. 

Also, the extended switch and lhe retracted !twitch cannot both be aclivated simultmeously. 

20 S~tn~ errot· would cause the control 206 to disable the unit whereas other errors may allow foi· 

limited or unlimiled operation. 

The tcmtlnal strip outputs for the platform control station PCS are a single function 

alert ~ignal which is a buzzer which indicates switch presses and various other function 

control states. 'l11~e is one cable which coru1"'cts the platfonn contt·ol station PCS to the 

25 ground control station C":rCS. Between the two statinns there are eleven signal and power 

supply wires. There is n terminal strip 0111.he control card· of the plalfonn control station 

terminal strip which interfaces the control station to an external processor such as a laptop 

computer. A tilt alann is provided as part of the platfonn control station. 
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GROUND CQNTROL STATION (QCS) 

the ¥Jl)und control station GCS has two primary hipul banks ftom the switch input 

matrix and from the discrete digital inputs of the interface connectnrs. The cont.roller 206 

which is located a.t the ground control station scans a 4 x S 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 pa11el inatrix. inputs are as follows. Figure 4 i11ustrates the ground 

control panel 400 (or module). IL includes a grou11d CQnt.rol interlock switch 402 which 

corresponds to the platform foot switch 214 at the platform control station. A platfom'I 

10 conlml LED indicator 404 is illuminated when platform control has been selected whereas a 

ground control LED illuminator 406 is iHuni.inaled when ground control is in use. A base 

swing function switch 408 generates a request to rotate the boom t1upport 106. A hase swing 

function LED indicator 4 t 0 illumioaleli when the hase swing function switch has been 

activated. 

15 A riser boom 1Wiclion switch 412 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 swilch 416 generates a rcq uest to pivot ·the main lelescoping hof,)m 124, which 

request is indicated by illuminating a main boom function LED indicator 418. A telescoping 

boom ftmction switch 420 geneiatos a request to extend or relract the telescoping bou~ 

20 which !Unction is indicated by illuminating a. telescoping boom function LED indicator 422. 

A jib boom functlou swi\ch 424 generates a rcquesl to move the jib boom 138, which 

function is indicated by illuminatfr1g a jib bOQm function J ,HD indicator 426. 

A platform level .function switch 428 generates a request to level the platform 136 

which request is indicated by illuminating a platfonn level 1\mction LED indicator 430. A 

25 platfonn rotate function switch 432 generates a request to rotate the p1atfom1> which request 

is indicated by illuminating a plalfonn rotate function LED indicator 434. An emergency 

power switch 436 gcru..T~les a request for tho emergency hydraulic pump, which request is 

indicated by illuminating an emergency power LED indicator 438. 

The grour1d control panel 400 also Includes a boom motion input switch for 

30 colltrolling boom dh·ectional movement, such as a boom keypad 252. Alternatively, the 

boom keypad 252 may be replaced by ajnystick, In the keypad 440, an up high speed switch 

activates movement of the i:;elected boom section upward at fast pump motor speed. An up 
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low speed switch 442 aclivates movement oflbc selected boom section upward at a slow 

pump mntor spcod. A down high speed switc;h 444 activates movc.m.cnl of the selected hoom 

section downward at fast pump motor speed. A down low speed switch 446 activates 

movement of the selected boom seclion downward at a slow pump motor speed. A clockwise 

s high bl>eed switch 448 activales movement of the selected boom section clockwis~ at a fast 

pump motor speed. A clockwise low .speed switch 450 activates movcm~nt of the se1ected 

boom section clockwise at slow pump motor speed. A counter-clockwise high speed switch 

452 activates movement of the selected boom section counter-cluck wise at fast pump motor 

speed. A counter-clockwise low speed 5Witch 454 actjvfJ.tcs movement of the selected boom 

10 sectiou counter-clockwise at slow pump motor speed. In olher words, the GCP 400 provides 

two speed eo1'1trol of the;: movement of the boom via keypad 252 whereas the PCS 300 

provides variable 1>Jleed control of the movement of the hoom via joystick 2 l 8. 

The ground control station GCS includes the follow.iug discrete inputs tn the 

controller 206, a low brake release pressure input indicates that lhe hydraulic pressure is too 

15 Jow to release the wheel brakes tbr drive operations; a tilt switch input indicates that the 

apparalu1S is tilted (i.e., the tilt swilch is active); a main boom down input indicates that the 

mai.n boom 124 is in the foll down position; a main boom not dow11 input .indicates when the 

main boom 124 is not in lhe full down posit.ion, a main boom high angle input indicates wheu 

the niain boom mgle is high (e.g., over 50 °); a mwn 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 exte.llded input 

indicates when the main boom 124 is not extended; a main boom retracted illput indicates 

when the main boom 124 is fully retracted; and a main boom not retracted input indicates 

when the main boom 124 is not fully rctracled. 

25 As with lhe platfomi control panel 300, the ground control panel 400 includes a status 

ok LED 456, a status warning LED 458 and a numeric display 460. 

'111c ground control station GCS has two primary oulput banks to the LED output 

matrix and the high side driver output bank (ma.qter controller driver card). TI1e c.lriver card is 

connected lo the devices on thl: apparatus through 11evcr.:tl connectors Jocated on lhc GCS 

30 enclosure. The ground controller refreshes a 4 x 4 LED matrix for indicating functions and 

feedback and also controls digital oulputs for valves, almns, solenoids, and :relays. The 
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states of the LEDs at the ground station arc c.lel..,nnined by the s;ystem databa!f~ and are sent to 

the gr1.mncl station control l .liD/switoh inl~.f4ce card via the system CAN network. 

In addition~ the ground conlrol panel 400 includes au bour meter 462 indicatit'tg the 

huursof operation nfthe aerial work platfonn 10. Also, the gro~1nd control panel 400 

5 includes an emergency stop switch 256 and an on/off key switch 258 (see Fig. 2) 

corresponding to thos..: aspects of the platform ·control panel 300. 

The ground control panel 400 also includci:s a ground control interlock switch 260 

which corresponds in function to the platform foot switch interlock 214. The ground control 

imerlock switch 260 is located un the surface of the ground control panel 400 and must be 

10 continuously depressed by the operator in order to m.a.intain active control of the aerial work 

platfonn 10 from the givund control panel 400. 

As a result, the controller 206 is responsive tu 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 i:;yslem to effect boom niotfon. Il is contemplated that 

15 the controller n1ay be adaptcu lo cause the hydraulic system lo discontinue hnom motion for a 

previously seJected boom sootion if its boom motion inpul switch is in the selected (second) 

position when the boom motion select switch selects a CUlTent boom section different from 

the previously selected boom section. Further, the boom ~ntroller niay be adapted lo 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 

scclion may be moved by an op..,rcllor at a time and boom motion for the previously selected 

boom section is discontinued before the cun-ently selected boom section moves. 

Referring to Figure 5, there are tbur limit switches which monitor thti position 

of the boom. The limil switches provide inputs to the controller 206 and arc incorporclted into 

25 the rule database describing the apparatus. For diagnostic purposes, each limit switch has a 

redu11danl contact wired to the controller 206. Limit switch I 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°. lJmit switch 2 is a 

main boom extension limit switch which measure~ the main boom extension and is active 

30 whenever the main tele~coping boom is extended. less tban a preset amount such as. 33". 

Limit switch 3 is a mafo boom r~EracLed limit switch which delects the main boom position 

and is ac\ive whenever the main telescoping boom is near folly retracted, such as witlliJJ. 9". 
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Limit switch 4 iis a jib boom angle limit switch which measures the jib boom angle with 

horizontal and is active whenever the jib boom angl~ is below a preset amount such as 30° 

above humontal. Optionally, a fifth limit switch not illustrated in f<'igure 5 may be employed 

in lhe form of a main boom cradle limit switch which nlonitors the main buum position and is 

S active when the main boom and riser boom are in the most down position. 

Two condiliuns can exist which ma.y 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 lo horizontal is not low and the malI1 boom 124 is extended less than 33". In 

posiliun A, requests to raise the jib boom 138 are ignored. Tn position A, the jib down 

10 1i.tnction is allowed; however, the jib boom will automatically be activated if a down boom 

retract command is issued while position A exist~. A second condition is referred to a.~ 

position a and includes positions when the angle of the main boom 124 relative to horizontal 

is low a11d 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 

l 5 retract fonction will be automatically activated if the main boon1 down cou:unai1d i1:1 issu.ed 

while position B exists. As illustrated in Figure S, 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 shaded area NO ZONE TWO in which the jib is not pennitted to operate. It should 

also be noted that when the boom moves from an angle of above 50° to an angle ofleis!J lhan 

20 SO", the conlroller 206 initiates an auto-retract mode to retract the main boon1 so that the 

platlbnn is maintained within the acccplable operating zones. 

The followil'lg table summari~es the zone of 1111011 operation and the position of the 

boom as detected by switches for positions A and B: 

ZONES: ANGLE EXTENSION JTR 
25 NO ZONE ONE 0° to 35° . 33 11 to 67" NIA 

30 

NOZONR TWO 35u tu 75° 0" to 33" 0° to 45° 

SWITCHES: POSITION A POSITlONB 

1.ANGLE 0° to 50"' 50° to 75° 
2. EXTENSION 0'' to 33'' 33" tu 67" 
3. FULL RETRACT 011 to <i" 611 to 67" 
4.JIB -90" to -20n -20° to +45"' 

An envelope controller suitable for use whh an aerial work platform llllving a boom 

comprising a plurdlity of boom sections~ a hydraulic system for moving the boom 1ections. a 
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work platform suppoile;:d by the boom, a base supporting the boom, a boom controller for 

providing a boom conlrol signal to the hydraulic sytttem, the boom control signal coutrolling 

the hydraulic sy&tem to control motion of one of the plurality of boom sections, the envelope 

controller comprising: 

.Ais a result, the invention includes a position detector subroutine or circuit for 

detecting a position of th.e boom sections or work platform relative to a position of the base 

and a. position Umltatioll subroutine or circuit (frnple1ncnted 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 buom sections or work plattbrm 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 prcdcfinecl region. In addition, 

the invention.includes an auto rett:act subroutine or circuit for retracting the extendible section 

when the oper~lor moves the boom sections or work platform outside the predefined region to 

l 5 maintain lhe work platform within the prcd~fined region. 

The apparatus opet·ates according tu a defined set of rules. lllc rule database in 

conj\mclion with certai11 controller variables defines the operation oflhe aerial work platform 

10. 

The controllct area network CAN includes a .multiplexing systen1 which pe1forms the 

20 specific function of passing information between the nodes of the hooni control system. The 

network is designed to be utilized within the parameters nnd guidelines of the Society of 

Automotive Engineers, Specification No. 11939. The multiplexing asyslem exists within the 

SAE 11939 network as a11 independent segment. /\.segment .is dislinguished by all devices 

seeing the signal a.t 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 dcvic~s 

which include rcpealers, bridges, o.n.d routers. Collectively, all the segments together funn 

the SAE JI 939 vehicle-wide network. 

There are five devices which are part of the boom control electrical segment 

controlled by a message fom1at. F.acli ucvice has a discrete input and output address space. 

30 The devices arc the platform. input/output node, the boomjoystick input/output node, the 

ground output node, the ground control switch input node, and the master controller node 

MCN. 
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The master control module MCM is located inside ofthc grouml control station 

enclosure. The MCM is the main controller 206 for the entire system and its primary 

function is to evaluate the system n1lc database and arbilrale data to and from other devices 

on the network. Operctlion of the electrical system is dictated by a predefined database 

5 (Appendix A). The database describes the relationships between the devices in the elcct.rical 

system. The MCM evaluates the database and arbitrates data to and fi'om each specific 

device in the system. The MCM in'lplements the class l lllultiplcx.ing database engine;: lo 

evaluate the system databa.c;e re.cdding in a non-volatile ilash memory of the devi< .. -e. 

One of the nodes of the CAN is a plat1bnn inpul/output node. This is a generic node 

l 0 which interfaces to a switch panel malrix and asserts LED outputs as commanded by the 

MCM. This nude also allows discrete digital inputs and outputs. Another mode is a boom 

joystick node which interfaces to dual-4Ccess analog joysticks such as nlcchaaical 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 

15 reports the data. to the master control module. The ground control LED/switch panel node is 

also a generic (no11-i.atclligonl) 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 contain~ a bank of high side 

uulput drivers which connect to and control the apparatus components. This node is located 

20 ill5'ide the ground control station enclosure. The hardware for the platfonn control .statjon 

serves the power output dliver node and> additionally> serves the boom joystick node. The 

hardware for the master control module st.."I'Ves lhe power driver output node a~ we11 as the 

master control module nelwork IJO data space. The network, however, sees these nodes as 

occupying independent address space. The nodes may be separated into independent 

25 hardware componentc; without any impact on the overdll system. 

One aspect of the invention incl~dcs a sofl starl or rdUlping function in which the 

controller responds to the boom section select switches and boom motion input switches to 

control the hydraulic system to gi·adually move the selected boom section in accordance with 

the boon1 direction sign.al. As shown in Figure 6, the controller cnu.qes the hydraulic system 

30 to move the selected boom scctiun at a velocity which accelera.te.f; at a preset linear rate 1ronl 

zero velocity to a preset maximum velocity. For example, line 600 illustrates a situation 

when the operator is requesting movcmcnl uf a boom section at maxinium velocity. This 
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request could be inilical~d by ma.xinmm dcllecl.ion of the boomjoyistick 218 or by selecting 

one of the bigh speed switches of the ground control panel 400. ·In this situation. the 
controller 206 provides a digital signal which begins a zero velocity and steadily ramps up to 

maximum velocity over a two second period. (This digital signal is converted to an analog 

5 signal by an analog-to-digital converter, not shown, and the converted analog signal is 

suppled to the hydraulic system 226.) In another exanlple, line 602 illustrates a situation 

when the operatoT is r~questing movement of a boom section at half or 50% of maximum 

velocity. This request could be indicated by partial deflection of the boom joystick 218 or by 

selecting one of the low speed switches of the ground control panel 400. Tu this situation, the 

l 0 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 

O.S seconds or less or 2.0 seconds or more. Tn addition, the ramping period may vary 

depending on the function. For examp1e, the ramping period for lifting a boom section could 

15 be -0.5 seconds Whereas the ramping period for lowering a boom section could be longer and 

set at 0. 75 seconds to more slowly begin the lowering movement. On. the other hand, the 

ramping period for rotating a boom sectio11 could be even longer and set at 1.5 seconds to 

effect rotational movement which is initialed even more slowly than the lowering movement. 

As a result» the controller 206 constitutes a boom ramping controller, responsive to the boom 

20 section select switches and boom motion inp1:1t switches, for controlling 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 veloc;ty to a preset velocity, as shown in Figure 6. 

25 It is also contemp1ated that the controller 206 may be programmed to cause the 

hydraulic system to substuntially instantly discontinue movement of the selected boom 

section in response to operator input indicating that the motion of the selected boom section 

shouJd be terminated or indicating that another boom section should be moved. For example, 

if the operator suddenly released boom joystick 218 and allowed it to return to its central 

30 position. the digital signal provided by the controller 206 would be tcnninated causing the 

hydraulic system to immediately terminate movement of the selected boom section. Tbis 

provides a safety feature in that the operator has the option to immediately discontinue boom 

,• 
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section move01ent in the event of a dangerous or unsafe condition. This nspccl of the: 

invention and the immediate tennination of movemcnL of a boom scclion is illustrated in Fig. 

6 by line 600 dropping from maxinltlIIl speed to 7.et'o speed at 2.5 sccond.q and by line 602 

dropping from 500.4 maxi.mum speed to zero speed at 2.0 seconds. 

As shown in FigLLre 6B. il is also contemplated that the control 206 pem1it a 

movelmmt of the boou1 in a second dircclion while the boom is being moved in a first 

directfon. For example, assume that member 134 of the telescoping boom I 32 is befog 

extended (which we will ca.11 function F 1) and the opcnttor would like lo raise the jib boom 

138 (which we wlll call function F2). As shown in Figure 6b, at time it, function Fl is 

10 operating to extend the tcl"scopi.ng boom al maximum specu. At time t, the operator 

requests that functkm F2 be executed in addition \o function Ft. In response, the controltcr 

206 ramps doy,.n funclion Fl to SO% and sin1ultaneot1S1y ramps up function F2 so thnt at time 

ti both functions Fl and F2 are at 50% of maximum operating speed (which is called a 

tTansition speed). Thereafter, the controller ramps up functions Fl and F2 simultaneously to 

15 maximum at time t3• It is contemplated that the ramp down rate and ramp down point for 

f\lllction Fl could be different tllat the ramp up rate and point for :ftmction F2. For example, 

function Fl could be ran1pcd 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. lt 

20 is also contemplated that any and all ofthe 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 Lo 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. Fo1· example, reduced ma.Jeimum and transition speeds could be 

executed when three or more functions are being simultaneously executed so that the 

30 apparalus is not horsepower challenged. 

Referring to Figs. 7 A-7H. the operation of the microprocessor of the controller 206 

according to the invention is illustrated particularly with regard to envelope control, error 
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detection and autoznalic retraction. In Fig. 7A, the status of the cradle switch is first 

evaluated. The cradle switch has two sides which, as nQted above. should have opposite 

status so Lhat when side l of the cradle switch is high. side 2 orthc cradle i:switch is low and 

vice vcn;a. Al step 702, side 1 of the cradle switch is evaluated. If side 1 is low, lhc 

S micropr~cessor proceeds to step 704 to consider side 2 orthc cradl~ swiLch. If side 2 is high, 

the indication is tbat t11e boom is.11ot cradlt.:cl and in stale (2) so that the high speed drive is 

disabled al tSte;:p 706. If side 2 of the cradle switch is low (and since side l is aJso low) au 

error i~ indicated since both sides should not be low a.nd operation is interrupted by step 708. 

If side 1 of the cradle switch is hjgh, the microprocessor pJ'occcds from step 702 tu slc.."P 710 

10 lo evaluate the status of side 2 of the cradle switch. Ii' side 2 is al.isu high, an error is again 

indicated since both sides should not be high and opt.'nttion is interrupted by step 708. If side 

2 is low, this indicate~ that the boom iis cradled and in state (1) and the microprocessor can 

proceed with the next sub-routine to consider the angle switch. 

At step 712, side 1 of the angle switch is considered. If side 1 is low, !$id~ 2 of(he 

15 angle switch is considered by step 714. H'sidc 2 is high. this indicates that the angle of the 

boom is low (e.g., Jess tha.11 50.:.) so that the boom is in islale (4) and operation of the 

apparatus can proceed. lfsidc 2 is low (a.t1c.l isince side 1 is also low) an eITOr is indicated and 

operation o.t'thc apparatus is interrupted by step 716. If side 1 of the angle switoh is high, the 

rnicroprocessor 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 apparalus operation is 

interrupted by step 7H>. If side 2 is low, this in.dicatcis lhat the angle of the boom is equal to 

or greater than 50° and the boom ls in state (3). The mi<-wprocessor can now proceed to the 

next subroutine. 

111 Fig. 7B, th~ mi(.T<.lprocessor determines whether member 134 has heen extended 

25 from lhe telescoping boom 124. At step 732, the status of side l of the 1·etract switch is 

evaluated. If it is low, the status of side 2 of the retract switch is evaluated by slep 734. If 

side 2 is high, this indicates t1iat the boom ha~ not been fully retr'.lcted and in state (6) so that 

the high speed drive is disablccl by tit<..-p 736. If side 2 is low (and since side J is also low)~ a11 

error is indicated so that operation of the Hppctnttus is interrupted by step 738. If side 1 of the 

30 Te\ract switch is high .• side 2 of the retract switch is cvaluatecl. If side 2 is also high, an error 

is again indicated and operation of the apparatus is inlt.Uu.pted by step 738. If side 2 is low, 

this indicates that the boom has been iltlly retracted which means that the boon1 is in state (5). 
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Next. the boom extension switch is considered. ln gcncral1 th.is switch in<licale~ when 

the boom has been extended more than a. preset amount such 1:11S 33 inches. Al step 742,' side 1 

oft11c extension 1:1wi~ch is evaluated. If side 1 is low, the microprocessor proceeds to step 744 

lo evaluate side 2 of the extension switch. If side 2 is high, this 1ndica.te.c; tha.t the b(')orn has 

S been extended less than :33 inches and that the boom is in state (8). If side 2 of the extension 

switch is low (and $1ide 1 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, lhe microprocessor 

proceeds to evaluate side 2 of the extension switch at step 748. If side 2 is also high, an e1T0r 

i~ again indicated and operation of the apparatus is interrupted by step 746. Tf side 2 is low, 

10 this indicates that the boom ha.~ been extended hy 33 inches or more alld the boom is 

considered to be in state (7). 

In fig. 7C, the jib angle switch is evaluated to dctcnnim: the angle oflhejib boom 

138. At step 752, side 1 of the jib angle switch is evaluated. Ifit is low, the microprocessor 

proceeds to stc..-p 754 lo ~valuate i:side 2 of the jib angle switch. If side 2 is high. this indicates 

15 lhat 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 i~ lnw (and side 1 is l(')W), a.1"1 error is indicated that so operation of the 

apparatus is intcm1ptcd by step 758. Ir side 1 is high, the microprocessor proceeds lo step 

760 to evaluate sidt1 2 c.>f lht1 jib angle swilch. If side 2 is also high. a switch error is indicated 

and operation of lhe appar.:dus is interrupted by step 758. If side 2 is low, this indicates that 

20 the jib angle is greater lhan ls n above the horizontal and that the boom is in state (9). 

25 

30 

The following table summarizes the various boom Rtates and the corresponding state 

numbers. 

Stale 
(1) 
(2) 
(3) 
(4) 
(S) 
(6) 
(7) 
(8) 
(9) 
(10) 

Table of Boom Stale 

Switch Slat us of Boom 
cradle ctadled 
cradle not cradled 
boom angle angle ~50° 
boom iu'\gle angle <50° 
r~lracl retracted 
retract extended 
ex.lcnsion extended >33" 
extension extended <33 11 

jih nngle a.11gle >1S 0 above horizontal 
jib angle angle ~isn above horizontal 
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In Fig. ?D, the microprocessor con1pares the state of the cradle and angle switches and 

the state of the extend and rettact switches, If either of these compariso11s indicates that the 

switches compared at·e inconsistent with each other. ope1·atio11 orthc appa.l'a.tus is interrupted. 

In particular~ the c1·adle and angle switches at'e compared at step 772. lfthe cradle switch 

5 indicates state l and the angle switch indicates state 3. tllis is an incon~islcncy because the 

cradle swilch is indicating lhat the boom is cradled and the angle switch is indicating that the 

booni is at a high nngle (not era.died) so th.at a. switch error is detected a.nd aperation is 

interrupted by step 774. Otherwise. the microilrocessor proceeds to step 776 to compare the 

status of the retract and extend switches. Iflhc retract iswilch inc.licaleis islale 5 and the ex.lem.l 

10 switch indicates state 7, this ii:s an inconsisttmcy bt:cau.se lhe relracl switch is indicating lhal 

the boom is retracted and Uie ex.lend switch is indicating that the boom is extended more than 

33 inches (not retracted). Therefore, the n1icroprocessor proceed.~ to step 774 to intemipt 

operation of the apparatus. OtJ1erwise, the operator inputs a.re considered acceptable at step 

778. Tbcrca!tcr, the 1I1icroproccssor will execute o.uc ufth<.i i:;ub-roulint'1:1 illuslrdltru in Fig1:1. 

15 7E-7H, <li;:pending on lhe posilion oflhe plalform. 

If the platform is in envelope zone 1 and the operdtor is indicated instructions to 

ex.lend the boom which would cause the platform to approach zone 3 (which is a non­

operdting zone), as indicated in Fig. SB, the microprocessor will execute the sub-routine of 

Fig. 7R. At step 782. the status of the extension switch is considered. At step 784, the status 

20 of the angle switch is considered. Rclbrcncc character 780 indicales an AND gate. I!"the 

cxl~nsion swilch indicates state 7 (boom extended greater than 33 inches) and the angle 

switch indicales state 4 (an angle less than 50°), two high inputs are provided to AND gate 

780 so that the microprocessor proceeds to step 786 to disable any further extension of the 

extendable member 136. For any other state combinations, when in T.One 1 and approaching 

25 zone 3, extension is permitted by step 788. 

If the plalfonn is in envelope zone 4 and lhe 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

rctracl feature at step 792 to retract the extendable boom until it is in a safe opera.tins zone. 

30 Otherwise, the opur(ltur is permitted to low~ the boom at step 794. 

The sub-routine fog Fig. 7G relates lo a situation where the platform is in envelope 

?.ones 1 or 2 and the uperalor is attempting to approach zone 3B (which is a non-operating 
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~one) by raising the jib. If lhe jib angle switch indicales slale 9 and lhe extension switch 

indicates state 7 so that high inputs are provided to AND gate 796, upward movemenl of Lhe 

jib boom is disabled by step 798. Otherwise, the microprocessor a11ows upward movement 

of the jib boom by step 802. 

5 Fig. 7H is lhe 1:1ub-rouline applicable whc11 the platform is in :£One 4B and the operator 

i~ attt-"Illpling lQ approach ~one 2B (which i1:1 a non-up~aling "'one) by retn:tcling lhe boom. If 

the jib angle switch indicates state 9 and the extension switch indicates slate 8, high signals 

are provided to AND gate 804 so that the microprocessor executes step 806 to automatically 

move the jib do\\o"nward. Otherwise> the microprocessor executes rrtep 808 to allow the 

1 0 operator to retract the boom. 

A1:1 various change1:1 could be mac.le in th<:: abOVC;} conislructfons and nicthodis without 

dl.-parling frum Lhe scope of Lhe invenlion, il is inlended lhal all matter contained in Lhe above 

description and shown in the accompanying drawings shall be interpreted as illustrative only, 

and not in a limiting sense. 
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APPENDIX A 

II TllUI datab11Sc will aptrate a.ti 33138 machit1es ~ described in the 
II manual and ~upports all features (If controller rc:v l .2 
#ifnder DEFAULT DATABASE 
#define DEFAULT-DATABASE 

#define NO ODV - OXOOOO II OXOOCJO l>DVO 
#denne NO -m>V l OXOOOO II OXOOOO ODVJ (:1c:c:ond~ry DOV) 
#define FILLER DXOOOO II available tor dA.1abase dodc cxpan$ion 
II SNORKEi. MCM rNPUTS 
II ···=··=----
JI DID: 0 
II DJOAIJOR.: 0 
/I BASE ADDIWSS (rNPtlTS): oxmmo 
#dc:Iine <JND_INP .FlJl.l.RET OXOOOB IJ (Cl·S) telescopi1111 boom Mly teuuc:tcd 
#dctille ON D _ R EO _FULLRET C>XOOOF JI (C l-6) rcdundanr full rettact • nae GND _l'NP _f'Ut .LRET 
#define C".iND _rNP J.s·1.:r33 OXOOOJ II (C 1·7} llmir switdt true when el:te11dcd less cban 33" 
llldt"fine OND_R.Cm_LSLT33 OXOOOE II (Cl-8) ri:dundanr extension limit switch,. not 0Nl>_INP_LSLT3J 
ol!dctine GND INP LSANQ OX0002 II (CJ-9) limit switch lrUc when main boom angle LOW 
#define GND=Rf'.O~LSANG Ox.0000 // (Cl-10) rc:clunant boom angle= not GND_tNP .. ,LSANCi 
#llcCinc <JND _R.ED •. BMCRA OXOOlB II (Cl· 11) redundant boom switch cfQC!lc:d •nor GND_INP •. BMCltA 
#define GND_!Nf' _BMCRA oxonoc II (Cl-12) main banm and riser boom tull down (cni.dled} 
#define GND_rNP .LEVEL OXOOlA II (C2·1) Level (tilt) Scnsortn1e when tilted 
#detinr:NOl'_GND_CNP_LEVEL. OX·IOIA /l(C2-l) Level (rllt) Se11sur(negativcpiu lugic) 
#define GND_INP _BRKPSl Ox0019 II (C2·2) True when brake release pressure low 
#defini= GNl>_INP _t\LMI 0:<0018 II (C'!-'J) ulannl cy~ input drive) 
#define GND .. rNP _Al...M2 0.~000 I II {C2-I) alarm2 type input (desc) 
Ndefim: GNO _INP _DOM OxOO I J // (C6·S) True (pln gmunded) when dnnu:stic tr1llchinc 
#dctine GND lNP C6 T O:t0006 If (C6-T) Avoilablc: for use 
Ndetine OND=INP ~C(U 0~0012 II (C6-U) Available foe 1111C 

#de: fine CiND INP C6 V Ox0007 II (C6-V) A vailoblc for u.11t: 
#define OND-lNr-TYP.E33 flx00\3 fl {C6·W) True (pin grounded) when macbim: lypc 33 (DDVo-4) 
#dc:finc CONN_c{w. DOV O:-t0013 //(CfrW) Evaluarcd into ODVO hit4 ·do uutdclcte. 
#detineONO INP C.:6 X OxDOOll /l(CG·X) Avuilable roruse 
#define CONN_c~x:ot>V Ox0008 II (C6·X) Ev11lua1cd !ntetDDVl bit :5 ·dC'I not delete. 
11-ddinc CiND INP DP.ERR OX0016 I/ Driver Uank Error 
#define GND-PSW GMOOE OXOOl7 II Ground Control Intcrlnck (Selecc) Switch 
II SNORKEi. GROUND SWITCH NODE 
II .···... ·······...-== 
I! 0[0: 9 
II DIIJADDR: 0 
II BASE ADDRcSS INPUTS: OX1200 
II l"he grouL1u :1witch node matti~ is mapped intc> ihc ~stem 
II with the: follo\11ing addrasc:s. (the. matrix i$ a sc:11nnc:d 
II row - column WTl1Y · 

#define GNU PSW EXTND OXl20l II GCS Telescoping Boont Switch 
lld..:tine GND-PSW- l.IFT 0Xl202 II OCS Main Lift Boum Switch 
#!fr.tine OND-PSW.RISER t>X 1201 I/ OCS P.isc:r Boom Switch 
#define GND - PSW-SWtNG OX 1204 II C.lCS Body Swing Switch 
IMefinc:GND-PSW- JIB OX1206 // GCSJibBuomSwiti::h 
i.lth:finc GND-PSW EMPWR OX J 209 II m;s Emcrge11c,y Pwr Switch 
#define OND-l'SW.-ROTAT UX1207 II CiCS Plu\form llot:ire Switch 
#u::Cin~ (iNO-PSW-LEV~J. 0Xl208 II GCS Pl:ltfom. Level Switch 
#define GNO - PSW-DWNHI OX I lOA II CJCS Function Down Uigh Spc:t:c.I Switch 
ldefim: GNU-rsw-DWNLO OX 120B II OCS Funciian Down Low Speed Swltcb 
l!Jdc:fin.s GND-PSW- CCI .O OX 120C // (.iCS r:m1ctio1l CCW !..ow !ipced Switch 
l#d.:!ine GND-PSW .. _CCHI OXl20LJ II C:iCS Funcciu11 CC,11t llJgh Spec:cJ Switch 
#define: OND-rSW-CWLO 1>:'<1210 II OCS Function G\V Low Sp"d Switch 
#1.h:lin.: C:iNO - PSW-CWI n OX 1211 // QCS 11unctlon CW High ~peed Swhch 
#ddini: ONO-PSW-··UPLO OXl:?l? !I OCS Functiun Up I.aw Speed S\Vitch 
#define: Ql'•Jl>-l'SW-TJPHl OXl213 II OCS Func:tlon tip Swirch 
II BASI::: AOORESSOUTl'lJTS: OX3200 
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II The: ground swit1:ll no"c U·:U ma1ri:< Is mapped i11111 the syJtcm 
II wirh the fgllowing addresses. (the matrix is 11 scanned 
II row • column array 
ldeline GNO LED JllJ 
lldeCini: OND:LED_RlSER. 
#dcline GND_lED .. SWlNCi 
#dcficte OND_LJm_UFT 
#<.lc:tinc CiND LEO LEVEL. 
#define ONO-LEl.>-GMODE 
#11.:Iim: GNO -LED-EMPWR 
#define QNt>:LEL>:rMOOE 
lh.Minc:GND_LED_ROTAT 
#define GND .. LED_fAUl .. T 
1#<.lc:finc ONn LED NOR.i'lllL 
#define ONO~LED)·:XTNO 
II SNORKl"!L DRIVER. NODE: 
//--·-·...,,..===--=== 
If DCD: K 
II DIDAOOR: 0 

OXJ204 II LED [ndic:ator: Jib Boom 
OX320:5 II um lndic:a.tor: Riser Boom 
OXS206 II LEO lndic:ntor: Uody Swing. 

OX3207 II um lndic:uor: Ma.in Lift Bonm 
OX:l208 II LED l11<.li1:u\or: l'la.tform Level 
OX3209 II LED lndic:uor: 0fou.nd. ContrOI MOde 
OX320A II LED lndi~u.\ur; Emergeny Power Mode· 
OX'20B II LED Indicator: Plo.tfonn Conb'OI Mode 
OXJ20C II LED Indicator: Platform Rotate 
OX320D II LED lndic:iror: System Faull 
OXJWE II LED hidiculur: Sy:.rem Notmll1 
OX320F II LED Indicator: Tele$c1.1ping Unom 

#c.lcfine GND _SJO_C2. 1 OXJOl 7 II (C2· 7) Output: Available for use 
flldC'fine GND_Sm_cz_s OX30l6 /l,(C2-K) Omput: Available: fur use 
#define OND _StG .,_PCPWR OXlOI S II (C2-9) OuLptu: l~nition-2 {Pump Contmllet Power) 
#dcfi11c: GNO_Ol.IT_DRVCMD2 0~3014 fl (C:2-10) Ot1tput: Orivc: comma.11d signal 
#define GND_OUT _DRVCMJ'>l O:oclOl I II (C2-l I) Output: Urive commo.ud si~nal 
#dctirn: GND_utrr_HtDRV OXJOIO II (C2-t2) Ourpur: High Runge Command 
;!luctincC.iND_VLV_JIBDN UXJOlt! //(C3-1) V;ilve: Jib Down 
#dc:tine OND __ VL V _RTRCT O:X30 IF II (C:J-2) Valve: Tclc:scop~ Rt:trnct 
t:uc:tim: (iNT>_ VLV _RJSDN OxJOOK II tC3·3) Valve: Ri:;er Down 
#define ONO_ Vt V _IUSlJP Ox'.3000 /J (CJ-4) Valve: Hi$er lip 
tldefino: GNO_ VLV _SWCC OXJOOD /1 (C:1·5) Valve: Body Swin~ cc.:w 
#dctine GND_ VLV ___ SWCW OXJOOC II (CJ-6) Vulvc: llody S\ving CW 
#defim: GND Vl.V LVLDN OXJOJS II (CJ·7) Valve: Platform Level Dnwn 
#dc:fini: <:Nn:vtv:LVI.U!• CIX'.1019 //(CJ-8) V11lvi:: Platform r. • .evel Up 
#detlnc ONO_ VL v _1.f"ITIJN OX30Ii\ II (CJ-9) Valve: Main Lift Down 
#dc:!inc OND_ VL V _JIBUP OXJUI H II (CJ- I 0) Valve: lib Up 
#detinc GNO_ VLV _l.l·TUP OXJOIC II (CJ-l l) Valve: 1.ift Up 
fldetine GNl>_ VLV _EXTND OXJUI L> II (Cl-12) Valve; Tch:scopc r~xrend 
#detine GNO_ALM_..:rn.T OX300B //(C-'·l) Output: Ti11 Al3Itn (AurJiblc} 
tldeCim: GNU_ALM_HORN 0:<300A II (C4-2) Output: Hum Relay 
lldctinc GND_ VLV _S rn.RT Ox3009 I/ (C4-3) Valve: Steer Right 
Ndetini: GND_ VLV _STLFT Ox300J II (<.:~-1) Valve: SU::cr Lett 
#de tine ONO_ VL V __ EM11WR OXJOOE I/ (C4-S) Valve: l!mcrgency Pump Divencr Vo.Ive. 
#define GNIJ_RL Y _DR.SIO O:dOOF II (<.:4-6) Output, Fuul Switch 
#dctine GND_OUT _t.:4_7 OX3002 II (C4-i) Output: Available for ui;c 
#define GNU_01JT_C4_8 OXJOOJ II (C4·8) Output: l\v11ilublc for use 
#dctine GND_ALM_M<>TIO OX3004 II (C~·9) Output: Motion 1\lonn 
#defino: GNU _OUT _C4_10 Ox300S II (C4· IO) Output: Avai111blc: for 11~e 
;!ldi:tin~ GND _ VL Y •. ROT<:C OX300c:i II (C4-l I) Valve: l'latf6rm Rot~le CCW 
'lc!C":fine ONO Vl. V ROTC\V OX3007 II (C.J-12) V;'![ve: Plat(urm Rotate CW 
lli.l¢finc <iNO~Rl. Y =PMPSO ll:<JOT 3 II (C6·A) Ou1pu1: Hydraulic Pump Cuncaccor 
#detinc GND_RL Y _AXPMP OxJOl2 II (C6·C) Outpnr· Emergerl!:Y Power/Steer Pump Contactor 
II SNORKEi. PLATFOR!vl SWITCfl NC>n!! 
II .- ·.• --=-""'·"'" 
II O!D: IU 
// l>ln•\DDR.: 0 
II B,\SE Al>DIU~SS l'NPt.rrs. Q.'{l.JOO 
II Th..: platfonn switch nude matri:< i~ m:'lppcd into tho: ~::stem 
II with 1he following addrc$Sc:s. (the 11111lri:\ is 11 sc:inntd 
II ruw • column nrray 
#deline PLT_PSW •. IU~cli 
#dctin~ PL T PSW SWING 
ltlli:lim: l'LT_PSW=EMPWR 

OX1JOO II PCS Riser Uo~m Switch 
OXJ.JOI II t>t:S Andy Swi11g Swiech 
OX 1402 II PCS Emr:rgi:m:y Pwr Switch 
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#detinc PLT •. f'~W_HORN OXl40oi II PCS Hum Swiech 
#de.finePLI" PSW JIB OXl405 l/PCSJibBnomS\llii1:h 
#define PLT-PSW PtROT OXl406 II PCS Platfonn Racatt Switch 
#define Pl. l"-PSW- LlFT OX 1408 If PCS Main l.ift Boorn Switch 
#define rLT=PSW _~XTND OX 141>9 II PCS Telescupin!t llt'IClm Switch 
#define Pl. T_rSW _LEVEL DX 140A II PCS Platform Level Switch 
#define PLT_PSW _Hfl.>RV OX1408 II l'C.:S High Drive ltange Switch 
#Ide fine PLT _ lNP _DRVREQB UX I.JI l II (Tr:rm ¥3) Drive R.i:vc:rse 
If define NOT_PL T )Nl'_ORVR£QB OXS413 II (Tenn #S) Drive Revetlic (negaelve pin lugic) 
#define Pl. T_lNP _DRV~QA ux1.i12 II (Tenn #6) Drive Forwurd 
#delim: Pl.T_fNP_STRR.T OX141l II (Tenn #i) Steer Right 
lfdetine PLT_JNl1_5TLFT OX14IO II (Tenn !.18) Steer f,cf'c 
#definr: PLT fNP FOTSW OX 140f' II (Tenn #9) Foot Swit.ch 
l#dcflne PL T )NP )~STOP Ox 1.ioE If (Term # 10) Emergency St0p Switch (Platform Signal) 
#define NOT_ PL T _ll-IP .EST<.>P Ox:.S40E II (Tenn # 10) Emergency Srop Switch (Platform Signal) 
/SclcfinePLT tNP TERM ll 0."1401) II (Tcm1llllJA~·aHableforu:11: 
#define Pl.. l.-INP-TERJ'\l( 12 Ox 140C // (Term# 12) Av11ilablc: fornse 
#cJctine PLT)NP )mANO O,,; 1414 II (Term fl 13) Limit swirch tr\lc: when jib angle low 
#defim: Pt..r_RED_JtBANG Ox141S II (Tt:im .1#1~) R~u11d11r1t.iib ans,le low •nMPLT_INP,JIBANG 
IJ BASE A!>DRESS OUTPUTS: OX3400 
II The plattbnn switch nude r .r.m mat~ix is muppcd inro the system 
II wirh rhe following addresses. (lbc matrix is a scanm:d 
II row - column array 
fl!dc:fine PLT_L.ED_GATlO OX3-'00 II um Indic:itor: Battery 0% • 20%(Rlm) 
#define PL"r_trm_BAT40 llXJ-101 II LED lndic3tnr: Banery 20% • 40% (YEL) 
#define PL T _LED _UAT60 OXJoi02 II I .EO lndicacor: Battery ·10% • 60% (YEL) 
'ldefini: PL'J'_l .• ED _BA TSO OXJ·I03 II LED lndic:unr: Battecy 60% • 80% (ORN) 
llrlctine Pl. T C.ED JIB OX3404 II Ll::D Indicator: Jib Boom 
#detine PL T-l.ED. RISER OX34<>~ II LED Indicator: Riser Boom 
Hucfinc 1•1.T:LEo:swtNG OX3406 /J LEIJ lndic:1tor: Burly Swing 
#dctine PLT LEU LIFT OXJ407 II !.ED lndko.tor: Main l.i.ft 800111 
#d~flnc PLT-1.EDLEVEL OX:l-108 II LED Indicator: Plar!orm Level 
#c.li:finc Pf .T:LEm:BATlOO OX3409 II L~D (ndkator: Su.ttccy KO%- 100% (URN) 
#ldetinc Pl T_.L.!:::l)_l::MPWR OX340A If L£D lmlici.nor: f~mergency Power 
#definl:' PLT_l.ED _HIDRV l>irJ•lOB II LED lndicamr. High Drive lbnge 
/Jtlcfine PLT LED ROTAT OXJ.JOC II I.ED lndlc11t1.1r: Platthrm Rotate 
#ncfine PL T-1.f::O-SYSFT o:'<.1•100 // LED Indic:unr: System Fault 
lldt"fim: rtT:LED ~SYSNO OX340E II LED Indicator: System Nflnna.I 
#detlne Pt. T .u.-:n_EXTND OX34<lF' II LEO lmlicator: Telescope Boom 
Hdl:'linc 1•1.T_OUT_.ALl::lff 0:<3416 fl l ri:rm #IS) Outpu\: Status Alert Buzzer 
#deline PLT _our_TERM . .16 Oxl.tJ7 II (Tenn #16) ourput: .-\vailablc roru~ 
II SNO.RKEt. JOYSTICK NODE 
II-=='. ···~,===---== 

lfD!D: 7 
II D!DAt>OR: ll 
II the joysrick decoder card transmitii the swe nr lhc joyslil:ks inpurs 
/ltn rhc: mll$tc:r cnnrrol mo~ulc:. the lnpurs are defined as tollows. 
#dc:Cinc: JS_SwY _Pos O~OEOO II Input: Joysriek on Po:sitivc Y Ax:is 
#dctlne JS_SwX_Pos O:\OEOI II Jnput: Joys\h:k on l'nsitlve X A.'tis 
#Jcfim: JS_SwY _Ncg OxOE02 II Input: Jnysciek on NeJriativc Y A.xis 
#define JS_.SwX_Ncg O~OEOJ //Input: Joy:orkk on Neg.arh·e X A:~is 
fldcfinc J.S_SwY _Pu::;Hi OltOE04 I/ Input: Joysrick on Very Positive Y A.'is 
#deline JS_SwX_rasHi O:\OEOS JI Input: Jo!'Stii:k on Very PositE'le X Axis 
#define JS_SwY _Nc,gffi OxfJEOG I/ Input: Joystick on Ve('/ !iegative Y /\.'(is 
l>t!ctinc JS_$wx_NegHi OxOE07 I/ lnpm: Joystick un Very Ni!gt1tive X A."is 
#dctim: JS .. Otr_St:ite OxOE:OH //Input: Joyi;tick t:.::Hi!~cd 
#dcrinc JS_On_Su11c: O:<Of.09 II [nput: Juysrick On (offo(1::m1cr) 
#dc:llne IS_ On XAxi~ Ox0£0A. /I ln1mc: Joysti..:l.; un X Axi' 
#tlc:fine JS._c>n_ YA.xis O:<Or.OR /1 lnput: Joystick on Y A:\iio 
#d<:fine JS_Nom:3 OxOEOC /I Input: not dc:fincd 
#derine JS_Non~4 0;,.0EOD // lnpur nor 1Mim:d 
lldel'in<: Js_None.S OxOf.OF. II Input: nol detiMd 
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#dcfinl! 1S_Nonc6 OxUt::OF II Jnput: rivt d~finc:d 
· #detlnc: JS_Spd_SwO &.<OElO //Input: bi& 0 orthe spec:I.! value (0·100%} 

olldc:tlne ~S_Spd_~wl O:cOEIJ II Input: bit l ofd1c spc:cd value(0-!00%) 
#define: JS_~pd._Sw2 UxOIH:Z JI Input: bit 2 ol'the speed value (0·100%) 
#tJc:tine IS_Spd .SwJ Ox0El3 //Input: bit l o(thc: speed value (0.Ul0%) 
#defi11eJS._Srd_Sw4 O:<OEl4 II Input: bit 4 of the speed 'IUluc: (0·100%) 
#!kfine JS_Spd_ SwS OxOE IS II Input: bit S oC the spcc:d value (0-100%) · 
#defineJS_Spd_Sw6 OxOl-:16 //Input; bit 6 of lhe speed 11uluc (O·l00%'} 
#\kfine JS_Sl)l.l_.Sw7 OxOE 17 II lnput: hit 7 of th~ spc:c:d value (0-100%) note: never Jeri 
#define JS .. NUJ.t_DATA Ox:?l.:00 II Output: used to ge1joyi1tic:k in valid devices fist 
II SYSl'f.M STORAGE MODULE· 
11-==-. -·«-==---== 
/J System storage modules occupy three device id's 
II addrcssc:~. The,!c variublcs are defined WI required 
II to hold inl~rstitial d.n.ibase vuriubles or results. 
II DID: 15 
// DIDADDR: JJ - r$ 
#define SYS VAR GNOCW OXIF~\O II GndCW f':tSturCW Slnw 
#dc:flne SYS-YAR-<iNDCC OXIFAI II Gnd CCW Fast or CCW Sluw 
#define SY~( VAR:GND\JI' OXIFA2 II Gnd lip Fast or Up Slow 
f.ldctine SYS V AH. GNDON OX l 1-'AJ II Gnd On Fast ar On SIQw 
#defim:SYS. V1\R-PLTCW OXIFA4 // l'hCW Fast or CW Slow 
I/define SYS-VAR-PLTCC OXlfA5 II Pit C'CW FastarCCW Slow 
tdefinc SY:(vAR:PLTUP OXlF.-\6 II Pit Up l'a.~t or Up Sluw 
#1.lcfine SYS VA!t Pl.TON OX1FA7 II Pit Dn fll$t ur On Slow 
lldefineo SYS-VAR-OUDLO !JX I rAS II One.I Up Slow or Dc:Mn SJow 
#define SYS - VAR-GLIU.O OX I FA9 II lind \.C Slow ur CCW Slow 
#dcfi11c SY(VA!(GUDlil OXlFAA II Gnd Up Fast nr Down fw;& 
#detini: SYS_ VA.R._OLRHI <>XIFAB II Gnd CC F:ist 01 CCW t'n.'1 
1111cfincSYS_ VAR_PI.TUO OXlFAC II Pit Up or Duwn 
#define SYS_ VAR_PLTLR OX 1 f AD II Pit Left or Right 
#cJr:£inc SYS VAR GNOHI OX I FAE II CJrtd Fast Swi1.c:b Pressed 
#define SYS - VAR. -GNOLO t>X 1 F AF IJ OmJ Slow Swireh Pr~cd 
Ndcfinc:SY!(VAi:sn:ER OX1FBI //Steer Request 
#define SYS .. VAR_CNTRL 0Xl.f"ll2 II Any Boom Rcque.sr 
#define SYS_ VAR._UP .. _DN OX1FB3 fl Any lip/On 91)4)m Request 
/hlc:fine SYS_ VAM_cc_cw OX1f'H4 II An:- CCiCW nnnm Reoqui:st 
#detillc SYS VAR EXRET OXIFBS II Extend Or Retract 
#iJcfinc SYS=VAR)WTNG OXIFB6 fl Swing CC ur Sw1ns CW 
#define SYS . ..VAR_ROT,.\T OXI FB7 IJ Rututc CC: or Rotate- CCW 
f.dr:finc SYS_ VAR .LEVHL. OX lFB8 II l.evel l!p or Li:v1:I Unwn 
#define SYS VAR JJBl T OX U:l!9 II Jib Oown or l.ifr Down 
#detim: sv~( VAR:swROT OXIFBA II Swing or ROtlLLC 
l#dctine SYS_ VAR_LEJL T OX I FDR II Jib Lift or Level Functions 
#define SVS_ VAR_JILUP OX1FBC II Jib Up or Lift Up 
J.ldc:tine SYS_ VAR_GNDUD OxJFl:JD JI Any ground up (Ir down 
#define SYS_ VAR_GNDLlt Oxl FB£ II Any grnund lct'tlright (cc/ew) 
l'd.cfine SYS AUTO R.ETR O:tl FBI' II True whcm automacic retract function o.clivc: 
#rlcfine SYS=A tJTO )lETR2 Ox I F'BO II True when automatic retract fu11ction and ramped lo zcm 
#define SYS EXT INTl.K O:dFAO II ·rrue wbe11 uka.v to c!<rend 
#define SYS - VAR-R.ETR I OxJFA 1· // Interstitial rerr~ettruc: 
HdcCinc SYS: VAR~ Rf.rR? Ox3FAl II rnrer.1titial rcmv.:t true 
l#define SYS._ VAR_NOTFUM ()icJPA3 //True when no speed rrim active 
HdeCinc NOT_SYS VAR_NOTRIM Ox7FA3 II Trur: when trim speed l.\Ctive (pin Qegalive logic) 
#detine SYS _v AR_ V~\tVE O:cJFA•I /I our v11Jve acrive 
-lldelini: NOT_SYS_ V.-\R _VAi.VF. Ox7FA-' II not :m~ valvcnctive (negative pin loglc) 
li<.lc!inc S't'S_ V AA ... l.Jl.RI OXJf'Aj //lib jib level or r1:tracr \·nlve un 
#dciine SYS . .VAR_SRREX OX3FA6 //swing rorare retract ur c:ictend val'ic on 
i'ldr:finc SYS_ V,\R_.Lllut. OX3F,\ 7 II liti:jih or le ... cl valve on 
l#d..:tine SYS VAR RISER OXJfA8 II riser vuh·c on 
#define SYS-V ..\R-ROLL O~)Fr\9 II vchicl" in motion vuriahlc 
#di:linc: NOT:_SYS-VAR_ROLL Ox 7fA9 II nor 1ri:hi1:lc: In motion variable (nea logic) 
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#dctim: SYS_ VAR_HUJRV OdFAi\ II high drive actlvi:: 
Ndi:linc SYS VAJ't NOTRlMA OxlFAC II No trim speed case A 
#define SYS= VAR)•lOTRJMn OxlFAD II No trim speed case B 
llddinc SYS_RETU._RLNK Oir.JFAr: If toggles on when auto reiract true 

#deflne SYS AUTO llBDWN Ox3fB4 II Auto Jib-Down Variable 

tld-:finc NOT:_ sys .~AtlTO_JIBDWN 0:<7FB•I JI NOt Auto Jlt:>-Down Variable (negative pia logic:) 

#defln~ SYS VAR JIBRT OxJFF.!5 II Jib> 33 and F.iuend < 33 UJed for Auto Jib-Down 

#de!inc: CiNO~REQ:R:fRCT Ox3FB6 II Retr:tct Requeslc:d 
.l#dctine GNO ... REQ_JIBDN Ox.lfU7 JI Jib Oo\Yn Requested 
#define GNI>_REQ_JIBUP Ol<JFBS //Jib Up Re'l11.csted 
ISdcfine SYS VAR RMCRA Oit.3FU9 II True whi:n boom cradled und t\111 retract 

#define svs: VAR)JBEXT Ox.3FAF //Sib up and tclescopi: boom extended 

II thcxe variabtc:s are utiliied Cur CE options a.s incorporated into 
II the r.lutaha<;c. noti: chat rn (fi:$able CE restrictions. connector 
112·:1 must be uue to override CE resnictious 
#defini: SYS_ VAR._ UNDERSM OX3FBA I/ Under S n1eLcrs (fnr CE) 
.#define SYS_ VAR_ORVENBL Ox3f'BB II Dri'<c enable (for CE) 
#define SYS_ V AA_DRVREQI Ox3FBC II irucrstitial vuriuble tor drive I command 

#dctinc SYS VAR DR.VREQ2 Ox:tFBD II interstitial variable fur drive 2 c:ummand 

#define SYS~VAR - PMPREQ OxJFBE II inrcrstltial "ariable rnr pump .signal 
#de tine SYS_ VAR_ GCENBL OxJFBF II ground control okay (CE) variable 
#define SYS_ VAR LVI .ENBL 0.-UFBt> II platform level cnahle (CE) 

#detine SYS.~ VAR_LVLREQD (J:cJFB I II in\c:rstiual pl11tform level 
#defi111: SYS_ V M_LVLREQU Ox3FB2 II inicrstitial pllltfonn lcvtl 
#tJefine SYS_ VAR_MAl · OX I f"Cll II motion ularm db storage vwiahle 
#defini: SYS VAR MA:? OXlFCl II motion alarm db s'uraae varlabh: 
111.lcflne SYS -VAR-DOWN OX I fC2 ii with i.111V do\vn mori~n intention 
#t'lc:tini: SV ~( V Al(ALLMOT OX I FC3 /I inputs· dittare 1111 morion alarm de!lired 

#define SYS_ VAR_ll!ONL Y Ox I PC-I // allows 1:eruain l\Jnetio11$ fur 3S nnly 
#define SYS_ rRASH_CAN OX3fF£ II Trash <1u1p11t 
-#define SYS_DB_STOP OX3fFF II St('lp mru-ker 
II speciAI cnsi: ·these are ODCW's robe used 
II In the $ystcm For the TRUf~ and FALSE ca.sc. see 
II the spcciflcatiu11 an UDCW':i fur funher info on 
II how the i:valuations work for rhese two ca:;cs. 
#define SYS INP Tmm OXBFFF II Alwavs True 
lldc:ftne SYS)Nl1=FALSE OXJ-'fff II t\lwuys l'al11e 
#define AND_ TRUE l!XBFFF II Always True 
#iJcfinc OR_F,\LSf. OXFrff /I Always F1d:ii: 
#define AND _fALSS OXl'FFF II Always 1'.:ilse 
II SNOMKEL VlRTUA!J IiO MODUU:. 
Jl-=o<·,. . .. · ·.. ··-··= 
II DID: l~ 
II DrDl\DDR: O 
II These \•arlablcs :IJ'e ~cf by Uu: custom program module!! • rhc 

II *<ldres~cli may be utilized (hut not set} by the darttbase 
Hdelinc SYS VOM liMOD6 OX3cf!O II Svste'm Ground Mode 
##define SYs:vrnv(PMODE OX:JEOl II System Phuform Mode 
#de!im: SYS.., VOM . EMOOE O.dE02 II Emeriem.-y Power Modi: Acdvt 

#<Jc tine NOT .. S vs_ VOM_EMODE Ox7E02 II Not Ernergenc:y Power Mudc Acdvc; (negative IC'lgic:) 

#detim: SY s_ VOM .. HSREQ 0~.3E03 II Hi sh dri'V¢ nmge mode 
II there are two outru1s for pune! t"uncrion l.npulS • pending requests and panel rcque!llS, 

II when u switch is pressed an the panel. the request is rccogni7.ed by the controller and 

II becomes pending. A pending request becomes D valid J)Anel request when the boom spe¢U 

// Is zeru (ramped to or ::marted from). The v:ilid panel request :il.!ln rema.inll as the 
II pending rcques\ umtl another (unction buttnn is pte~~ed, then tbe new fLlftctlon ~i:omc:s 

11 tht: current pemJin¥. tiJnction unc:o: the prior fum:tion ha.ii been retumc:d tamped to zem. 

l#dctinc SYS_ PRQ_SWfNG l>X IE03 JI P:incl llequest Active: l:.1ody Swing Function 

#define SYS_PRQ_RJScR OX 1 EO.i II r:inel Request Active: R.i5er Function 

JS!.lctine SYS PIW LIFT OX l EOS JI P1111c:I fe.cque&r Active: Lift Pnnction 
#define S Y~(PRQ_EX1ND OX I E06 JI rnnel Rt'quc~l Active: Telescope Functiun 
fhlcfinc SVS_PRQ __ JTB OX I E07 II Panel Rcq\lcst Acti'1e: lib Func:tion 
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"denne SYS._l'RQ_Pl.ROT OXI E08 II Pane:! Kcques1 Active: Rotate Function 
#define SYS_PRQ_LEVEl. OX I £09 II .Panel Request Ac:tivc: Level Funcclon 
//#dr:flne SYS_PR.Q_F.MPWR. OXlEOA II Panel R.r:qur:st Accfvc: Emergency Power Funi=tlon 
lldefine SYS_rND_SWlNG OX I EOB // Pr:nding fo'unctlon Rcqu91: Body Swing 
#define SYS_PND _RISE'R OXlEOC II Pending Fu11c:tion Req\lest: Riser 
l#define SYS PNO LIFT OXIUOD II Pc:mJing f'unc1ion Request: l.ilt 
#define 8YS:PNo:SxTND OX I EOE 11 Pending Fum:lion Request: Telescope 
#define SYS _.E•Nr>_JIS OXJ HO(I II Pending Functtan RequesL: Jib 
#define SYS_PND _.PLJt<.>T OX IE I 0 JI Pending Func:tion Request: R.utate 
#define SYS_C•ND_LEVEL OXlEI I II Pending Funcrion Request: l..cvel 
#1Minc SYS_ VOM_ CHIRP Ox 1.E 12 II True when syskm funcrlon/status alert 
#detineSYS_VoM_TUR.NOFFOxlEl3 JI Truewhculeepingtur I hour 
#di:fini: SYS_ VOM_PWRDN Ox IE 14 II Tl'\lr: when system in pmver down/sleep mode 
II SYSTEM POTENTIOMETER MODUl.E 
11.~ .. -,~··= 
//DID: 15 
II OIDADDR: l 
.¥de tine VOM P< rr CMDO Ox I l::20 II pole11Ciumctcr commamJ 0 
#defincVOM •• POT-CMUI Ox1E21 //pou:miometercommand I 
II define VO~CPOT-CM02 Oxl £22 II pote1ltium1:tcr camm:md 2 
.tderimi VOM ··POT-CMDJ Oxt.E23 II patenriomcrer command 3 
lldctine VOM-POT-CM04 Ox I E24 II potentiometer command -' 
#define VOl\l(POT :cMD5 OX1E2S If potcntiomerer command :5 
1.1\Ji:tine VOM POT CMD6 Ox I £26 JI porentionictcr command 6 
IMefinc: VOl\l(POT: CMD7 Ox lE27 II potcntiomotcr command 7 
#\lcfine VOM P01' CMDS Ox 1 E::Zfl It porenriomclcr command S 
#define VO~(POT = CMD9 Ox I E:?9 // potr:ntlameter co1nmund 9 
#\lc:finc VOM_POT_ t:MD J 0 Ox I EJA II porcntlomi:Lcr command A 
#detine VOM_POT_ TRJMSO Ox 1£28 II potcntiomer profile I (50%) 
#define NOT_ VOM_P<>T _ TR.IMSO Ox5E2B II not pulcntlomer profile: I (negative: lugic:) 
#define VOM_POT _ TIUM2S llicJE2C II putcntiomer profile 2 (25%) 
#define VOM_POl' .ONZl!R.O Ox3E2tl II parentiometcr output true whc:n zero 
#define VOM._POT_OFFZERO OxJF.21 II potentiometer output lruc when not zc:ro 
#define: VOM_POT _POSV AL l Ox3E22 II potentiometer output tn1e when at Val\ 
llucfine VOM_POT_rosv l\l.2 Ox3E2.1 II poterlliumctcr ou1put true: when ac Vall 
#detlne VOM_PC)T _POSVAl.3 Ox3E24 // po1cntiometer oulput true when 11t Vall 
llderim: NUM OOOES 118 
#define s1ze:oa 944 II total number"' wurds in data ba.se array (doJcll*S) 
code lon!J Dc.>m::_OA T ABASE {SlZE_DB] • 
{ 
Ii a device must exist 111 the database to be included in the 11clwork • 
II 111.ld a null in the joy.~tick addn:ll! space 10 have it included and "in view" 
11 .,r 1he mmter controller. 
JS_NUl,L_DATA,NO_DOV,SVS_INP _FALSE.SYS_INP _F,\l.SE,SYS_rNP •• FAl.SE,SYS_[NP_l'"Al.SE,NO_DDVl,Fll,LEll 

II GROUND MODt'JPLATFOR.\t MOOE LIGHTS 
.II=---·· ·===-
fl ~ruund mode led sci when 
II qy51l'm ground moJo: llC:t 
GND LF.r> GMODt::.NO DOV.SYS VOM OMODE.,SYS lNP TIUIH,SYS INP FALSE.SYS INP FALS£.NO_DDVl,F1 Lf.ER: - - - - - - - - - -
II pluifonn mode led sci when 
II sys1em phuform mode sr:l 
G'.\ID LE.D PMODE.NO DOV.SYS VOM PMOOE.SYS INP TRUE.SYS INP FALSE.SYS fNP FAl-~6.NO OOVl,Pll. LE.It- - - .. - - - - - - - -
/I .S'r'STEM VARf.-\.BLES rOR MOTION COMlllNATtON 
II····. •·- '".,,. ... 
11 Thc~e variablr:s are set Oil 'Vurious combinntiun3 of swi1ches 
II :wl valves and can be used h\• rhe dalubusc. 
II vruund Cnntrol Enuble • 
II ~cc ro en:ible ground conttol (CE) 
If J!;tt111nd ccmtrol nperatiun okay when 
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II phscfonn estop uffand ground mode or not in CE mode (In domeatic: mode). 
SYS_ VAR •. GCENBL.NO _DDV,NO"l:_PL T _INP _.ESTOP,SYS_ VOM_GMOD6,GNO_INP _OOM,SYS_ VOM_GMOOE,NO_ 
ODY J ,FILLER, 
II Ground Down Variable 
II Rt on dawn dir~lion speed switch press 
// grl'l\lncl oJuwn variahle wben 
II gruumi down low spe1:d switch and ground modi: w 
II ground do\"'' bi speed switch and gru11nd moda 
svs_ V/\R .. GNDDN,NO_OOV,GND_rsw _DWNLO.SYS. VAR_GCENBL,OND_PSW _OWNtll,SYS_ VAA_OCENBl.,No_ 
ODYl,flU.ER. 
It Ground Up Variable 
II :set on up direction :;p=cl switch press 
II ground up variable when 
II ground up low speed switch And srouiv.I mudc or 
II ground up hi speed switch aud ground mode 
SYS. VAR_GNDUP,NO_l.>l>V,GND_PSW_UPLO,SYS_VAR._GCENtlL.OND_PSW_UPHl,SYS_VAR_OCr.NDL,NO_DO 
Vl,FILLER. 
II Oruund lip or Otuund Dnwn Variable 
// 11r!lr with any ,.round up or uuwn function 
II ground up or down variable set whe11 
II ground up variahlc set or gruund dnwn variable set 
SYS .• VAR_GNDVD,NO_oov.svs_ v AR .. ONDUT',SYS_l'NP _.TRUltSYS_ v AR,_tlNDDN,SYS_INP ~l"RtlF.,NO_ODV l,f 
IL.I.ER. 
II Plo.l!unn Siation Down Variable 
II scr nr'I joystick down dircctiim swilch press 
II platrunn down variob[!: when 
II plattnrm down switch and phu(urm mode 
SYS_ VAR )'1.TON.NO_DDV,JS_SwY_Neg,SYS_VOM_PMODE.SYS_JNP_FALSE.S'l'S_INP_FALSE,NO_DDVl,rlLLER, 
It Platfonn Station Up Varfable 
II ~e1 on joysLick uri din:ctlon :;witeh prei;~ 
ll pla.tfonn up variable when 
II platform \IP swi~h and platform lllOtlc 
svs_VAR_PLrt!P,NO_OOV,JS_SwV_Pos.SYS_VOM .. PMODE.SYS_INP_PALS~.SYS)NP_F'ALSE,NO_DDVl,1"11.1..ER. 
JI Ph11furm Up or PIPlfonn Dnwn Variable 
II Jct Wflh any platform up or duwn tunctinn 
II platform ur or down vuriable ser when 
//platform up vuriable !r!il or phn!unn down variable set 
SYS_VAR .. Pl.TUD.NO_DDV,SYS_VAR_PLTUP,SYS_INP_TR.TJE,SYS_VAR_PLTL>N,SYS_!NP_TRUE,NO_llOYl,F!L 
LER. 
II Up Down Variable 
II SC\ with any up ur down tunction 
IJ system up or down vatiablc set when 
II 11ruund upidown variable se1 or platfonn up/down vario.bh: set 
SYS_ V t\R .. Ul'_DN.Ox0004,SYS_ VAR_GNDUD,SYS_lNP _TR.UE,SYs_ V AR_PL TUIJ,SYS_INP _TRUE,NO_DDVI .FILL 
ER. 
II Ci round Cuunter-CJockwi11c Variable 
II si:t on cnunter-i:l11<:kwlse dlrectlo11 sp.:c:d swirch pn:ss 
II gro1.1nd counter clockwise variable when 
If ground c-r.lock\vi:sc lo sreed switch end ground mode or 
II ground 1:-c:lackwise hi speed swirch and ground 111udc 
SYS VAR GNOCC.NO mW.ONO PSW CCJ.O,SYS VAR OC.:HNBL,OND PSW CCHJ,SYS VAR GCENBL,l'lO_OD 
v1.frttr:i. - - - - ·· · - - -
II Ground <.:lnd:wise V11riabli! 
II sci on clock.wise dirccrion spc1:r.1 switch press 
// 1rou111l clocl:wisc va.riubli: when 
II Jr1.11md clnc:li;wisc lu :speed 1wl!ch and 1round made nr 
11 around clod.wise hi iipecd swilch lllld w<>und mode 
svs_ v .\R __ QNOCW,NO_ODV ,<.;NO_PS ... W-=.:.CW_:.LO..:..·:...s_Y..:.:S-:.V.:..''.::.Jt..:-:.::G.:.C:.EN_l...:JL::..G.:.N:...D:.:-:.:P..::s_w:..:-::.C:..W:.:...M:..:l:::·S;..:Y:..:S;:.-V~A:...:.R;..:-::.;G:;..;.C;.;;EN~B.;;.L..N;,;.._O __ 
ODVU'll.lER. . ...... . ... 
II Cin:nind Left/I~ lghr (CC-CW} Varfahlc 
// se1 \~ich any grouml clockwise or cou11lcrc:Joc:kwise f\lnction 
II grounrl lctl right v:itl:lblr!i sec when 
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//ground clnckwise vuri11blc set or ground counter clockwise variable set 
'!>Y'S_ VAR_ CNDLR,NO_DDV,SYS_ VAR_ONOCW,SYS_INP _n.UE.SVS_ VAR_GNDCC,SYS_INP _ 1'RUB.NO_DOV 1,F 
1LL£R, 
/I Pl11tfn1T11 Counti:r·Clockwise Variable 
II set on counter-clnckwisejoystick switch pres." 
II platform counter cluckwlse variable when 
II platfon111:-c:loc:kwl11e switch anJ plulfonn mode 
SYS_ VAR_PL TCC.NO. DDV,JS_SwX.._Pos.SYS_ VOM_PMODH,SYS_rNP_FALS£,SYS_JNP _FALSE,NO ~DDVJ ,FILLER, 
II Platform Clock\YiBe Variable 
//ace on clockwise joy slick switch press 
II platform clockwise variable \11hen 
II platfo"" clocltwisc switch and ptatfonn mode 
svs_ v 1\R._PL"l'CW ,NO_DDV,JS_SwX_Ncg,S't'S_ VOM_PMOOE.SYS_INP_FALS:E.SYS_INP_FAl.S6,NO_DDVl ,FILLER, 
II Pl11tfonn tef'VR.ight (CC-CW) Variable 
II 11et with any platform clnekwise ot countc:n:lockwisc tbnccion 
II plnt{onn lefr: right v:uiaf.llc: si::t when 
II plart'Clnn duck wise variahle sci or pla.1fonn 1:<>unc.er c:loclcwise varlnble sc:t 
SYS_VAR_l'l.TLR.NO_OOV,SYS_VAlt_Pl.TCW,SYS_INP._TRUR,SYS_VAR_PLTc;C.:,SYS_INP_TRUE,NO_DDVl,FIL 
LER, 
II Clockwise Gaunrer-Clockwisc: variable 
II set wi1f1 any cluck wise ar canntcr·clocltwise uc lc:lVright funcdon 
It systc:m c:lockwlsc/counter·<:lw.:kwise variahle !Ct when ground lc:ftlrlght va.rlable ai:t 
Ii or placfonn left/right vui&hlc set 
SYS VAR Ct: CW.NO DOV.SYS VAil C.iNDl.R.SYS INP TRUl::,SYS VM PLl"l.R,SYS tNP TRUE.NO DOVl,FI 
LLER, - - . - .. - - -· - - - - . 

II Boom Cuntrol Yarf:\ble 
Ii sci with any boom cun&rol tilncrion 
II ttystcm cumrol vaia.hle set wheu Sytil.c:m up/down variable set or 
If s;-:.u:m cloclcwise!couuli:r·clockwise "4ari;'\blc set. 
SYS_ VA.R_Cl'JTJU •• NO_IJOV.SYS_ VAR_\JP .. DN,SYS_INP _TRUE.SYS_ VAR_cc_cW,SYS_fNP_TRlll:~No_DDVl.f'I 
LLER. 
II SYSTl~M VARJABLES r'c.>R BOOM MOTlON SPEED l'ROM G.R.OtlND BlflTONS 
II="'""-... ==----=• 
II Oru1:nd l.eft/Rlgltt High Speed Variable 
II set when "all)' ground letllright or CW/CCW high speed dlrec:tlon butlun pressed 
II grou11d h:ftlrlt:tht high variQblc: sct when 
II (ground cl(lc;kwi:;i: high .1witch :i.,d ground n11)(ie) ur 
II (,!!rnund c1>unt1:r·c:loclcwii;e high swit1:b und ground mode) 
!WS_VAR ... OLRIU.NO_DOV,OND_PSW_CWHI.SYS_VOM_G.MODE.GNO_PSW_C:C.:Hl,SYS_VOM_OMODE.NO_ODY 
l.FlLLf.R, 
II Ground Lcftlltighr Low Spc:c:d Variable 
II :ic:t when llll)' gruund lcl'r/rfght or CW ICCW low speed direction buttun prc.'-Sed 
If j!OU1ld left/right low vnrillhlc set when 
II (~round clockwise: low switch and groum.1 mode:) or 
II (ground c:ounter-clockwisc: low switch aad ground mode) 
SYS_ VAR_Gl..R.LO,NO_OOV.GND_PSW _CWLO,SYS_ VOM_GMODE,OND_PSW _CCLO,SYS_ VOM_GMODE.NO_D 
DV I ,FILLER, 
II Ground Up/On Hi Speed Variable 
11 set whe:n lll1Y grnund uplduwn high speed selected 
II ground up/down hi speed vacicible when 
II ground duwn hie;h switch Wld ground mnde or 
II gr1>und up hish $wi1c:h and ground modfl 
SYS_VAR_GUIJllJ.NO_DDV.GND •. PSW_DWNlll.SYS_VOM_OMODE,OND_PSW __ ur•1n,svs_VOM_OMODE,NO_D() 
VI.FILI.ER. 
II Gmuncl Up/On I.ow Spi.!ed Vllriabh: 
II set \~hen llllY ground uplduwn low speed ~elected 
/I 3r1111nd up/down low :ipci::d Y¥iahlc when 
II ~rnund down low :swllch ruid JrOuml mode or 
II grou111.I up low ~wit~h and 11:round mode 
SYS . VAR_GUDl.O.NO _lJDV.GND_PSW _DWNLO,Svs_ VOM_CiMOD~,CiND_PSW_UPLO,.SYs_ voM_OMOOE,NOJ> 
UV l.F"ILLER. 
If G1ou11d High Speed Vari"blc: 
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If ~cl when ai1y high speed Rq11cst made rrom the ground 
II around high Speed variable when 
II ground up/down hlgll speed or ground lefVrigbl high llpeed . 
SYS_ VAR_GNOHl.NO_DUV,SYS_ VAR_OUDHt.SVS_JNP_TRIJE,SYS_ VAR._Cll.RHl.SYS_INP _TR.l.'E,NO_Dt>Vl,FIL 
LER, 
II Oround Luw .Speed Variable 
II set whc:n any low lJPCed request made from the ground 
JI ground low s~cd variable when 
II ground up/dnwn low apeed or ground lctt/right low speed 
SYS_ VAR_GNDl.O,NO_OOV,SYs_ v AR_OUOLO,SYS_(NP _:rRUE.SYS_ v AR,_OU.1.0,SVS_INP _TRUE,NO_ODVl,Fl 
LI.ER. 
II 1\-CAIN BOOM SECTION DEVIC6 OUTPUT Of.PEND.ENCY EXPESSIONS 
11- "· ......... =---==--= ... 
II Eittcn~lon No-Zone Oetei:tion 
II auro retract enabled when 
II ml&in hoom unglc lirnit swil4;h law and nul retracted limit switch 
~~5_AUTO_RETR.O:t 1000.GND_INP _1.SANO.OND_ltED _LSL 1'33.SYS_INP_FALSE,SYS_INP _FALSE.NO_DOV l,FILL 

II rn~gles wiEh system 1ucn rcmu:t (used. with exte11J lc:d) 
SYS _ltf.TR_BLNK,Oll0040,SYS_AUTO .. R.ETR,SYS_lNP ~rR.UE,SYS_INP _FALSE,SYS_lNP _FALSE.NO .. DDVI ,FILLEll 

II Main aoom Retract 
/I n(lte thut sys_autu •• rctr2 is outpuL from a system vom when 11.uLo retracting 
II and baC'lm speed ha$ bei:n ramped dowu to zero 
II rerract lhc bn<>m when 
II panel request for eictend wu.l (ttmund down switch or platform up switch} 
II or \vheo 
II autu rciraet enublcd and main boom lifti11g tlown 
II but anly when not a 33 machine 
SYS_ V AR_R.ETR \,O:dOOO,SVS_PRQ_r:.xnJt>,SYS_ VAR_ONDUN,SYS.,.PRQ_EXTNL>,SYS_ V AR •. PLTUP.NO_ODV l,FlL 
L£R. 
SYS_VAR. ru-:TR2.0~lOO!l,SYS,;.PRQ •. _l.IFT.SYS_VA1t_CiNDON,SYS_PRQ_l.1FT,SYS_VAR_PLTDN,NO_oov1.FILl.f\ 
R. 
OND _REQ_RTRGT,Ox0004,SYS_ V A.R_RETR I ,SYS_INP _TRUE.SYS_ V A.R_R£"1'R.2.SYS~AlJTC>_RETR2,NO_DDVl,FIL 
LC:R, 
GND. Vl.V _RTRC7r,ox 1000,0NO_REQ_,RTIC.CT,NOT _SYS_AUTO_J!SOWN,SYS_INP _FALSE, 
SYS_INP .. F'At.SE.Ox800l>.FJLLER. 
II MAin Baoni E-ticnd 
II eic:tend the: bonin when 
II pani:I request for extend aml (ground up switc:h or platf'onn u11 switch) 
II but not when 
II auto ri:tmc1 enabled 
11 bu1 only when main bo.lom angle swi11:h error not 4Clj vc: and cxtem;ion switcb c:tror not ac:ti vc 
II but only when 11ut a 33 m11cbinc 
GND_ VLV _EXTND.0>.1204,SYS_PP.Q _EiXTND.SYS~ VAR_G'NDUP,SYS_PR<..>_EXTND,SYS_ YP.k_PL l'DN,Ox8600,FILL 
.t::R, 
II Main Boom E.<ctension LEO 
II light nt11in boom extend f\&nction Um on the: ground and platform bo.-< when 
II puncl rtq\lesL for extend or (auro retrar:t enabled and up/down switch pressed) 
II bu1 only when 110111 JJ machim: 
ONO L.tm EXTNO.Oic:tOOO.SY.S PND EX'l'ND.SYS INP TRUE.SYS RETR lil.NK.SYS VAR UP ON.NO l>OVt.FIL 
LElt,.. - . - - - - - - ~ - - -

rt.. T _LED _nXTND.O" 1000.SYS_PNO_EXTND,SYS_JNP .... TRUE.SYS_RETR._BLNK,SYS_ VAR_UP _DN,NO _DllVt.FILL 
E~ . 
II Main Boont Lift Down 
/I 1m1in bl')o01 lift down when 
Ii pnl reque~L tbr Ii~ cu1d (ground down switch or platform down switch) 
II b11t 11\X if 
II auLo rerract enabled 
ar-;n_ VL v _l.F'TON,Oic:B004.SYS .• PRQ_LIFT.SYS_ VA.R_GNOON.SYS_l,RQ_Ll.1-T,SYS_ VAR_Pl.TDN.Oic860U,FILLER, 
II Main !loam l.in l!p 
II m:iin boom lifl up '~hi:n 
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II pnl n:tJUe~t for lift •nd (&round up switch or platform up switch} 
II but 011ly when main boom angle swfrch error nol active and extension swiich error not acrlvo 
ONO_ Vl. v _1.FTUP,Ox0004.SYS_PRQ_1.11•·r,sv.s_ v M_GNDUP,SYS_PRQ_l .• TFT,SYS_ VAR_PL TUP,Ox9600,f"'U .. LER, 
II M:irn Suum l.lft LEO 
// light main boom lift t\lnciion LEO wltcn 
11111nel reqw:st rnr lift 
ONO L~r> LIFT.NO DOV.SYS PNO LU·"r,svs JNP TRU.E,GND fNP C6 U.SYS INP 'TRUE.NO ODVl,FJLLER. 
P1.T_iso_.L1Fr.No_oov,svsj•No_un.sysjNP 'TRUE,SYs_iNr _i ALSE,sv(INP _FALSE,No.:oov 1,FILLER, 
II JJB BOOM SECTION 

II Jib Buum lJnwn 
II Dcicrmine when Aurn Jib Down (ungJc > 3$, eictend ·~ JJ, Jib < 33) 
II jib boom down wlten 
It pal request for jib and (ground down switch or platform l!own swi~h) ur when 
II <1r when jib baom high a.nil i:xtcndcd less thlln 33 inches 
SYS _AUTO_JIBDWN,UxlOOO.PL T _RED_JIBANO.GNO _rNP _l.5LT33,SYS_INP _FALSE,SYS_INP _FALSE,NO .• Dl>VI .FJL 
l.l~R. 
vND_1rnQ_JIBI>N,OxlllHl<l,SYS_PRQ __ JJU.,SYS_VJ\R_GNDl>N,SYS_PRQ_1lB.SYS •. VAR_rr..TDN,NO_DDVl,FILL.ER 
' ONO_ VL V _Jl8DN,Ox0004.0NO_REQ_JIUON,SYS_INP ,_ TIUJE.SYS_AUTO_JJBDWN,ONll_REQ_RTR.CT.NO_llOVl,FI 
I.I.ER. 
II Jib Hnnm Up 
If jib boum up wl\en 
II pnl request for jib and (ground up switch or plarform up :1witch) 
II hut only when main boom angle JWitch error not active and extensiun swirch error nor active 
OND _Rl~Cl_JIBUP,Ox0004,SYS_PRQ, •. _Jm,svs_ v AA_ ONDIJ'P,SYS_PRQ_nB,SYS .• YAR_PL TUP,NO_DDVl,fo'fLLER. 
<iND _ VL V.)UJtJP.NO_ODY,Ol'IO_REQ_ltSUP,NO r_SYS_AUTO _llBOWN,SYS_INP _FALSE,SYS_INl'_FALSS,OxJ 6UU, 
FlLLEI<, 
II Jib Led 
II jib LEU w'1en 
II pnl request for .iib 
GNO _LED_ItB.NO _DOV,SYS_PND_JlB.SVS_INP _TR.tsE.mm_tNP _c6_ V,SYS_lNP _TRUE,NO_ODVl.FILLER, 
PL T .. um_nB.NO _DIJV,SYS_PND .... _Jlfi.5YS_INP _TRUE.SYS_fNP J'Al.';E,SYS_INP _f Al.SE.NO_oov 1.F1l.1.£R. 
// l'tarfom1 L1:vcl l'.nable (CE) 
II set when nlclly to plalform level 
// level enable when hoom fl.illy cradled or when not ll er: machiM 
SYS \'AR LVT,ENBL,NO 1mV.SYS VAR BMCRA,SYS INP TRUE.ONO INP DOM.SYS JN!' 1'RUE.NO DDVJ,PI LLEi .. - - . - - ~ - .• - -
JI Plarform Li:vel Down 
II ph1tform level down when 
JI pnl requc:1t for level do,~n :ind (grC)11nd dow!l li\'Yitch nr platfonn down switch) 
SYS.VAR_l..VLREQD,!b<0004,SYS .. PRQ_LlWEL,SYS .. VAl(_GNDDN,SVS_PRQ_tEVEl.,SYS_VM_PLTON,NO_DDVI, 
t'll .. LER. 
CiND _ _v1.V _L VLDN,Dx0004,SYS_ V AR_I. VLREQO.SYS_ VAR_LVLENlJl.,SYS_INP _FAl.SE,SYS_[NP__FA1.Sl~.Ox8000,FI 
1.1.ER.. 
II Phufonn Level Up 
II pla1fon11 level down whc11 
II pnl r1:quesf for li:vc:J down and (&wuncJ down switch or platform down switch) 
SYS_V,'\R_LVLlt~QU.Ox0004,S'r'S_PRQ_LEVEL,SVS_VAR_ONDU11,SYS_PRQ_t.~VEL.SYS,.VAlt_r1,TUP.NO_OOVJ,I-' 
ILLER. 
ONO_ VL V _L VLl!P,O:t0004.SYS_ VAR_t VLR.£Q\J,SYS_ VA.R._L VLENBL.SVS. lNl'_f' ALSE,SYS.JNP_f Al.5E,Ox8000.Fl 
LLER. 
II Plnttbnn Level Lim 
JI plarform level tED wl11:n 
I/ pnl request fiJr plucfonn level 
It bu1 Mlv when not :i ;; 11101.:hinc 
crNo_uio ... Ll:.V~L.NO_DDV,SYS_PNO_L.EV£L.SYS_INP_TRUE,GNO_lNP _ci;_x.sYS_lNP _J'RUE.NO_DOVl.f'lt.I.~ 
R. 
Pl. 1'_1.ED_lEVf.1 .. NO _oov ,SY8_PND_LEVEL,S YS_INP _ TRUE.SYS_INP _FALSE.SYS_JNP _f ALS~.NO_DDV ,,F[LLE 
R. 
II Ris.:r Room Ouwn 
II ri~cr boum down wh.,11 
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II pnl requr:sl for riser lllld (ground down $wild! or plarform down switch) 
GNO _ VL V _RISON,OxOOf>J,SYS_PRQ_RJSfiR,SYS_ V AR_ONDON,SYS_PRQ_IUSER,SYS_ VAR_PL'rDN,OxBOOO,FILl.ER. 
II Riser Boom Up 
II riser boum Up when 
JI pnl request fur riser and (iruund down switch or platform down swir.ch) 
//bur only when main boom angle switch error nor acdve a11d cxlcn.<ilon switch cm)r not uclivc 
GND _VI. V _RISUP,tl:c0004,SYS_PRQ_RJSER.SYS_ V AR_c;NDUP;SYS_PRQ...IUSER,SYS_ V AR .• PLTUP,Ox8000,f"ILLER. 
II Riser Buum LJm 
II plalfonn revel LED when 
II pnl reque$1 for platt~nn lr:v11:I 
CiND_LED_RISER,NO _DOV,SYS_PND _IUSER.SYS_fNP _TRUE,GND_INP _C6_T,SVS_tNP _ TRU8,NO_ODVl,Pll.1.ER. . 
PLT_LED_RISER.NO_Dl>V,SYS_PND_RISER.SYS_INP__:rRUE.SYS_ll'oiP_f'ALSE,SVS_tNP .• fALS6,NO_DDVl,FU...LER. 

• 
II Pb1tfann Rotalr: Counter CloclcWisc 
II platform rotate CCW when 
/} pnl n:qullSt for ru1111c and (ground c:c:w switch or plattunn ccw swllcb) 
II but only when nn1 a 33 machine 
/I but unly when 1101 a JJ machine 
GND_ VL V _ ROTGC,Od004.SYS_PRQ_PLROT,SYS_ V AR._GNDCC.SYS~.PRQ_PLROT .SYS_ V AR_PC. TCC,Ox8000.FlLL£ 
R. 
II Platfomi Ru1a1e ClockWisc 
II plo.tCunn rorate CW when 
II pnl requesc fur rnr.:11e and (ground cw switch ur platfnnn cw switch) 
II b11t only when not a JJ machine 
ONO_ Vt, V _ROTCW,tlxt004,SYS_PRQ_PLR.OT.SYS_ VAR_GNDCW,SYS_PRQ_l'I .ROT.SYS . VAlt_PLTCW,OxSUU<J,FlLL 
.E::lt, 
II .Plulfonn Roum: LEl> 
II platf'onn rutatc 1.EO whe:n 
II pn I re:qucsl for platfunn rnrare 
/I b111 only when nct·a Jl machine: 
CiNn_LEO _.Rl>TAT.0:<.1000,SYS_PND_PLRO'l',SYS_mP _ TRUf~SYS_J:Nl•_FALS£.SYS_fNP _FALSE,NO_DOV1,flLLER 

PL T _1.ED_ROTAT,OxlOOO.SVS_PND_PLROT,SYS_JNP _TRUE,SYS_INP _PAf .sE.SYS.)Nl•_FALSS.NO_DDVl,FILLER, 
II Body Swing Counter Clock Wise 
II body $Wing c:c:w when 
II pnl ~ucn for body swing and (ground ccw .switch ur platform ccw switch} .. 
GND _ VLV _swcc,Ox0004,SYS_PRQ_SW(NG,S\'S_ v AR_ ONDCC,SYS_PRQ_SWINO.SYS_ VAR_PL TCC,OltSOOO.FILLE 
1(, 
II .Bixly Swing CluckWise 
II body swing cw whoen 
11 pnl rcqu1'st for budy swing aml (ground cw switch or p!atfonn cw :iwicch) 
GND_ VL v __ SWCW,0Jt0004,SYS_PRQ_SWJN<l,SYS_ V AR_ONOCW,SYS_PRQ_SWINc;.svs_ v AR_Pl. n.:W.Ox8000,FH. 
LER. 
II Hndy Swin!! l.eD 
JI bolly swing LED when 
II pnl rc:quo::it for body swing 
GNO. LED_SWING,NO_DDV,SYS_PNO_SWING,SYS_JNP _!RUE,SYS_INP _FALSE,SYSJNl'_FALSE.NO~DDVl,FILL 
ER. 
PL T _LElJ_SWl'NG,NU_ODV,SYS .PNl>_SWING,SYS_INP _ TP.tJE,SYS_INP _FAl..SE.SYS .. INP _FALSE.NO_DOVl,FlLL 
ER. 
// lgniliun-2 Relay (Pump Conrrollcr Power} 
II igniciM·2 rclay (J111mp conlroller p\Vr relay) alway• nn 
C.iND_SIG_l'CPWR.NO_Or.>V,SYS_INP __:rRUE.5'YS_INl'_TRUE,SYS_I?-lP _FALSr..SYS_INP •. FAl.SE.NO_DOVJ,Fll,LE 
R. 
II CONTROL. SIGN,\LS f<> DRJVE AND BOOM CONTROLl.IrRS 
II DRIVE. UNIT ECU l'OWER (CABLE! FORM CONTIU>LLEFt.) 
//-=:.. ~··· ···-= 
II Under 8 Meiers Vuriable ror CE upliuns 
II whc:n fllotfonn under 8 mc:tm (CE) 
/I ~yvem variable \ind.:r 8 meters when 
11 rele:.i:opini boorn fully retractr:d and boom angle hi1h or boom a11glc: low 
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SYS_VAR •. UNDER8M,NO_ODV,GNP.)Nl'_FULLRET,CiNO_RBD_LSANO.OND_INP_LSAN<l,SYS_INP __ 1'R.UE,NO_D 
t>Vl,f1Lt.6R. 
II Drive Enublc for CE Mode 
II set lo enable drive tunctlot\S (CE} 
II drive enable when under S merc:rs aml no valves run11ning or if not ia cc mac:hinc 
SYS_VAR_DRVENDl.,NO_ODY,"SYS_ VAR._UNDERKM.NOT_SYS_ V M .. VAt. VE,ONIUNP _DOM.SYS_INP _ TIUJE,N 
0 UOVl.FILLER, 
II drive signal when 
If foot switch pn:sHd and plafonn mode ~u:lmcd 
C.iNO_RL Y _J>RSlO.NO_llOV.PI.. T_INP _FOTSW,SYS_ vm .. 1_PMODE,SYS_INP _r:· ALSE,SVS_INP _FALSE,N()_OI>Vl,Fll, 
LER. 
II Drive Contrtil Dim:liun Signal 
II driYc unit dlre1:iion ~ignal when 
II joystick drive request "A· and not drive ri:quest "B" switch 
II bu& only whe11 
II foor swi11:h and not emergency power mode 
II and if drive enoblcd (CE) 
svs_VAR_DllVREQl,OX2801,PLT_INP_DRVREQA,NOT_PL.T_lNP_l>RVR.£QB,SYS_lNP .• PALSE.SYS_INP_F'ALSE,NO 
_DOV l,Frr.LER. 
GND_OUT,_DKVCM.O 1,0X21101.SYS .. VAR_DRVR.EQ l,SYS_ V l\R_DRVENBL,SYS_INP ~.FALSE,SYS_lNP _FALSE,NO_n 
DVl.Fll.l .. ER. 
II Dri\'e Control "Oo" Signal 
II drive unit "go" signal when 
II joystick drive: request "A" switch or drive request "B" :switch 
II but only when 
JI fuut switch and nnt emergency JIOWer m.udc 
II and iC drive enabled (CH) 
SYS_VAR_DRVRf:Q2.0X2801,Pl.T_INP_DR.VRl!.QA.SYS._INP_TR.UE,Pl.T_INP .. .URVR.£QB.SYS_l'NP_TRUE,NO_oo 
Vl,FILLER. 
GND_OU'T~DRVCML>2,0X280l,SYS_VAR_ORVRk:Q2,SYS_VAR_DllVEN131,,SYS_lNl'_FALSE,SYS_INP_FALSE,NO_D 
DVl.FlLLER. 
II Vehicle MociM 
II vehit:lc moriori variahle when 
II drive command 1 or drive ~ommand Z 
SYS VAR ROLL.NO l>OV,OND OUT DR.VCMIJl,SYS [NP 1'RUE,GND OUT DR.VCMD2,SYS INP TR.UE,NO DO 
VJ.FILJ.Ei. - - - - -- - - - - -
II lloom full Cmdle Interlock 
II boum 1\111 crlll.lled incerlol!k when 
II boom cradled switch ond fully re1ra1:Lcd switch 
~YS_ VAR_F.UvlCR.o\,OxOOOO,GND_INP _BMCRA,c.iND_l'NP .. FUI .l.R.5T,SYS_INP _FAI,SE.SYS )NP _FALSE.NO_Dl:lVl.Fl 
LL En. 
II High Drive Rm1gr: Slgnal 
II high drive range. once ui:tive stays l\ctivc until the rwt switch is rclca."ed 
II system srorase hi drtvc signal when 
I/ system l1igh range r~ucst and plad'urm mode or &11d signal hJ drive' 
II but only w'1en cn&dh: switch error not acrlve wid full Rttll(:l switch error not aetive. 
SYS_ V A.R_HfDll. V .Ox.0000,SYS_ VOM •• HSREQ,SYS_ VOM_PMODE,tiND_OUT_HIDkV,SYS_!NP _FALSE,NO_DOVl,f'l 
1.1.F.R. 
SYS_ VAR_HlDIW.o~oooo,svs_ VM_HIORV,ONO_INP _r .EVEL.SYS_INP _FAl.SE.SYS_JNP _FALSE,NO_llDVl.FILLE 
R, 
GND OUT HlDll.V,OXOOOl.SYS VAR. HIDRV,SYS VAR 8MCM,SYS INP FALSE.SYS INP FALSE,OxU900,FILLER. 
II Led ·High Drive · - - - - - - - -
II high range led when 
II high drive rangi: requested . 
PL T _LEO_J..flDR.V.NO_oov,o~m_ouT_HIDRV ,svs_tNP _l"RUE,SYS_rNP _f ALl'iE.SYS_INP .. FALSE.NO_DUVI .FILL 
EL . 
II VALVE ACl'IVATION VARIABLES 
II=- ··--=-
I/ the ti>llowing ser of equations In this scctinn are utilized only 
II co ~>ult in nnc cquatlon which sets a 'tarlabl1: which is INC when 
//wry valve is 11cuve: SYS VAR VALVE 
II Any Vuh·c - -
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II set wilh any valve tuni:.1ion 
SYS _,VAR_ V t\LVE,NO_DDV,SYS_ VAR_lJLRl.SYS_INP _TRUE,SYS_ VAR..,SR.R:eX,SYS_INP _TR1JE.NO .• DDV1 .FILL 
ER. 
SYS_VAR_VALVE.NO~DDY,SYS_VAR_VALVE.NOT __ svs_vAR_ROLL,SYS_VAR_VALV£,CiNO_INP_OOM,NO_DD 
Vl,FILLER. 
II Hydruulic Pump Signal 
II hydra1ilic pump signal when 
II not cmcrgc:ncy power 1111d any valid sy~tem boom control valve and not rolling (CE) 
II ot no1 cmergcm:y power and any vafal &)'Stem boom cnntrol val.,,c 1IDd noi a ce machine 
II or bru.kc rcl.:a.se pressure build rcques1 ~nd driving request 
SYS_ VAR_PMPREQ,NO_ODV,NOT_SYS_ VOM_EMOOl?,SYS_ VAR_ VAL VE,SYS_INl'_PAl,SE.SYS_INP _FAL.SE,N0_.0 
DVl,FILLER. . 
SYS_ VAR_PMPREQ,N<>_oov.svs_ VAR_PMPR~Q.N'OT _SYS_ VAR._ROLL.SYS_ VAR_PMPREQ,OND _INP _OOM.NO _ 
DOV l,FILL£1~. 
GNL>_R.L Y_PMPSO,NO_DDV .SYS_ V AR_PMl'IIBQ.SYS_JNP _, __ TROE,OND_INP _l:lRKPSI,SYS_ V AR_ROLL,NO_DDV 1,F 
ILLER. 
// l'lalforrn R.ot11lc: Variahle 
II set whc:n pla1tl.'tnn rotate 1.:c:·cc:w 
II plaitbrm rotate: v11riable when 
11 rocate func:tion clockwise or rotate fee C:Ollnter-clockwisc:1: 
SYS_VAR_ROTAT.NO_rmv,GND_VLV .. ROTCW,SYS_JNP_TRlJl~.OND_vtV_ROTCC.SYS_INP_TRUE,NO_DDVI,F 
II LER. . 
I/ Bud~- Swing ViVillblc 
JI seT when body !!Wing CC•CCW 

//body swing variabl1: whc:n 
II swing ru111:tion clockwise or 1wing function counler•clockwi:scc 
SYS,_ VAl(_SWINO.NO .• DDV,GND_ VLV _SWCC.SYS_INP _TRUE,<iND_ VL v _swcw,svs_INP _TRUE;NO_ODVl,F 
ILl.r:.R. 
II Swinlf/Rotme Variable: 
I/ 1c:1 wirh any swing or rowe ti.mction 
II 11wing/rc>l11tc variable when 
II pla.tfonn mrare vari11blc or body swing vorib11lc: 
SY~_VAR_SWRt>T,NO_Dt>V,SYS __ VAR_SWrNO,SYS_INP_TRUE.SYS. VAR_ROTAT,SYS.JNl'_TRUE,NO_OOVl,l"I 
LLER. 
II Rccr:icr/Extem.1 V ariablc 
II set wilb !:Xtcnd or rc:traet function 
II e:\tc:nd retract ~lll'iubk se1 when 
II rerract valve active or extend Yalvc aclive 
SYS_VAR_F.XRET,NO_OOY,GND_VLV_RTRCT,SYS_rNP_TRUE,<iND_VLV_EXTND,SYS_INP_TRUE,NO_llOVJ,FI 
LLlm, 
II Swing Rut:ue Retract llr E."ttc:nd Variable 
II :ic:c wlrh swiog rotate extend or rctn&el function 
II swinglrul11lc vari:'lble wh.m 
II plucform rotate vuriable nr body swing variable 
svs_YAR.,SJUU~X.NO_OOV,SYS_vAR_EX.R.ET,SYS_INP_TRUE.SYS_VAR_SWROT,~WS_rNP_TR.UE,NO_DOVl.Fl 
llER. 
II Jih Dowu/Lifl Dawn Varlabli; 
JI sec whc:njib or lilt motion down 
II jih down/lin down !et when 
II jib liown rhnctiun ur lift down fu1\ctiun 
SYS_VAR JIBLT,NO DDV,OND VL.V J!BDN,SYS J:NP TRUE,GNO VLV l,FTDN,SYS INP TRUE.NO ODVl,l"II,L ER. - - -· - - - . - - - -
II Level Variable 
II set wich uny le'lrel runctiun mntinn 
//level vari:lble "nc:n 
I/ level \IP Cunctinn or level clown function 
SYS_ VAR_l.£VEL.NO, UL>V.GND_ VLY _L VLUP,SYS_INP _TI~UtWND_ VLY __ LYLDN,SYS_INP _1·1rnn.No_oov1,F1 
LLl-:R. 
II Jib t)p11.it\ Up Variable 
11 liicl wnen jib of life motion up 
II jih up/lift up ~cc \Vho!n 
II jib up function or up dc>wn functiati 
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SYS .• VAK_JILUP.NO_DOV,GND_VLV_JIBUP,SYS_INP_TRUE.GND_VLV_l.FTUP,SYS_rNP_TRUE,NO_DDVl,FlLL 
ER, 
II Jib-d11wn1I.ift-down Level ur-dn Variabli:: 
II set with Jibilm down or either level motlan n1nctiol'I 
II jibtlilVlcvcl variable =ict when 
II level variable 1c:t or jib down/lift down variable set 
svs_ VAR_.L.1m.T.NO_DDV,SYS_ VAR._LEVEL,SYS_lNP _TRUB,SY:.._ v M_JlBl.T.SYS_INP _TRl IE,NO_DOVl,FILLE 
R. 
II Litt Jib ot Level 
JI sc:t \~ich any jib lift or kvcl moiion f\Jnctiun 
II jib/lilt/level variable ser when 
I/ levc:I jib ur lit't variable sci 
SYS._VAR_LJIBL.NO_DDV.SYS_VAR_JILIJP,SYS_INP _TRIJE,SYS_VAR_LEJLT,SYS_lNP_TRUE,NC>_OOVl,flLLE 
R, 
II R.iscr 
JI .se1 with either riser- up or ri:sc:r down \'alve 
II riser up/down variable when 
Ii n21er up vulvc or ri$Cr down valve 
SYS_ VAR_RISER.NO_DllV.GNO_ VL V _RISDN.SYS_JNP ... JRUE, 
ONl>_ VLV._RlSllP,SYS_INP _lRUE.NO ... OOV 1,Fll.l.ER. 
II Riser Litt .lib or Lc:vcl 
/I sec \Vith any jab lift riser ur level motion t'uno:tiun 
II riser jib lil'r or level variable when 
II nser- variable or lil't/jib variublc ser 
SYS_ V AR_t .. Jl.Rl.NO .. .Dl>V,SYS_ V AR .. RJSr.R.SYS_tNP,_ l'RIJ£.SYS. YAR_t.1IBL,SYS_INP _ TRUE.NCJ_DDV!.FCLl.F. 
R. 
II BOOM Sl'F.ED CONTRC>I.tER SPEED TIUM INPUTS {aka Sevcon profile inputs) 
I/ ::r. .. ~ ....... _. .~";"oo .. _. • ... 

II Full Spcc:d C:a.~~ A 
II no trim nutput vull11,1tc when 
If riser up. e:,. Lend or retract vul ves 
svs_VAR_NOTRl~tA,NU_OOV.OND .. VLV_RISUP,SYS .• lNJ'_TRUE.SYS_VAR_EXR!IT,SYS_lNP __ TRUE.NO_DDVl, 
FILLER. 
II full Speed Case B 
II no trim nntput vulcage wlten 
II f(brak:e releuc pressure rcquc:st and no vlllvc:J)J 
II but onJly when roo1:1witch 
SYS_ VAR_'NOTlllMB.OxOOOl ,(JNl>_lNP _BRKPSl,NC>T_SYS_.VAR_ V/\J.. VE,SYS_INP _FALSl:,SYS_INP _FALSE.NO ... DD 
Vl,FILJ.ER. 
JI Full Speed C1,1mmand 
II no trim uutput voltage when 
II ri:scr up, cxrend or rerract valves 
svs_VAR._N<>TRJM,N0_1>nv.svs_vAR ... NOTRJ.MJ\,SYS_INP_TRUH,SYS_VAR_NOTRIMB.5'VS_INP_TRUE,NO_O 
DVl,FILl.ER, 
II Halt' Spr:cd AlloweJ 
// trim output \'Oltagc hy 50% when 
// jih up or main up vnlvi:i; 
VOM_POT_TRIMSO.NO_ODV,GND_v1.v_nBUP,SYS_INP_TRUE,CjNO_VLV_t.FTUP,SYS_lNP_ntUE.NO_DOVJ.FI 
LLER. 
II Qull.f~er srieed Alluwcd 
// Lrim ouipuL voltage ro 25% when 
II wh~n nut sys_v:u_nulrim and not vum_pot ... rrimSO 
II in 01her words when any other valve is operulin,g other rhan U1usc llsrt.d in the 
II ahcwe twu cqu:1tions. 
VOM POT _TR.lM:.?.i,NO ... DOV,NOT_ VOM ... POT .. TIUM$0,NOT .svs_VAR .NOTRIM,SYS ... INP _FALSE,SYS_INP _FALSE 
.No_nov1.FILLF.R, 
If STF.ER FUNCTIONS 
l/L·--=· 
II Su:cr Left func:rinn 
II SICCf left when 
II pl:urnm. fo!Jt liWicch andjuystick Kteer let\ 
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GND_ VL V _STL.FT,NO .. ,DDV,l'l,T_rNP_FOTSW,PL'l'._INP _S11.FT,SYS_INP _FA.LSE,SYS_INP _FALSE,NO_ODVl.flLLE 
R. 
II Steer Ri1ht l'u"ction 
II 11ccr rish1 whcn 
II pfo.tfunn foot switch and joystic:Jc neer right 
GNl> VLV STRRT,NO DDV.PLT INP FOTSW,PLT INP_STN.RT,SYS rNP FALSE,SYS INP FALSE.NO DDVl.FILLE R.- - - - .. - - - -· - -· 
II EMERGENCY I AlJXflLIARY POWER "'""'=·-=----........ ===---=== 
/J Sreet Variabh: 
II set when steer input aJld foot switch 
II .11eer variable: sci when 
II juystick $Teer rigbc or joystick sreer left 
II but only when 
//foot !!Witch 
SYS_ v AR_STEl!R.OXOOO I ,PL 1'_1NP _STRRT,SYS )NP __:rRUE,PL T_fNP _sTLf'T,SYS_INP _ TRUE,NO _DUVl.FILLER. 
If Auxilllary Pump Relay 
II au:o..ilJiu.ry hydraulic pump active when 
If system steer function nr cmergem.-y mode and l!Oom control valve 
GNO _RL Y _AXPMP,NO _DOV,SYS_ VAR._STEER.SVS_INP _TRUE.SYS_ VOM_EMODE.SYS_ VAR_ VAL VE.NO_ODV 1, 
Fll.l..ER. . 
II Emergency Power LED's 
II groumJ led em pwr when 
II cmer~ency 111ullc variable set and gruund mode or plarfom1 emergency power led 
GND_LED_EMPWR.NO_DDV,SYS_ VOM_EMOOE,SYS_ VOM_OMOOf.,PLT_LEI:>_EMPWH.,SYS_ VOM_PMOl>H,NO_D 
DV 1.1:1LL.ER. 
II platfonn led e-pwr when 
fl emergency mode variable set 1111d ph11fonn mode or ground .:mergcncy power Jc:d 
PLT_lED_El\olPWR.,NO •• DDV,SYS_ VOM_EMODE,SYS_ voM_PMOD~GND_LED,_EMPWR,SYS_ VOM_QMOl)f!:,NO_D 
IJVl.FILLSR, 
II Emncrgency Power Diverting Valve 
II gl'(lund valve: cmpwr when · 
II au.'!. pump on and sys v11r valve nn 
GNn VLV EMl'Wlt.NO DDV,OND RLY AXPMP.SYS VAR VAi.VE.SYS INP PATJSE,SYS INP FALSF.,NO_DDVl,f ILLEi - - ... - - - - - . - --
II MACHINE WARNINGS ANO ALAR.JYIS 
II . .,,,. ==---===-
// llnm 
//hum when 
II pl:utonn bum swi1ch or gnd hom switch 
GND _ALM_HORN,NO .. DDV,rt.T_PSW _HORN,SYS_INP_ TRTJE,SYS_INP _FALSE,SYS_1Nr _FALSE,NO_,DDVI ,F'IL 
LF.R, 
II Tilt Alarm 
11 tilt alarm when 
II nor level S\vitc:h and not boom cnldled switch 
QND .. ALM_TILT.NO •. DDV,NOT_GND_INP_LEVEL,OND_REO_BMCRA,SYS_INP FALS!:!,SYS_INP_FA.LSE,NO_IJD 
VIJ'CLLER. 
II Motion Alam1 
II motion alunn when (drive motion and gnd inputl) or (~uwn motion and ,g11d inputl) or 
II when (gnd inpuLI and ,gnd input2 and 1111y mulion) 
SYS_ VAR_UOWN,NO_ODV,GNl>_ VLV_IIBDN,SYS_INP _TRUE.GND .. .VLV _RTRCT.SYS.,INP _l"Rtm,NO_DDVl,FIL 
LER. 
SVS_VAR_l>OWN.NO_ODY,SYS_VAR_DOWN,SYS.~IN•·_TRUE.OND_v1.v_RlSON.SYSJN.P_TRU6.NO_oov1,FIL 
LE It. 
SYS VAR OOWN,NO OOV,SYS VAR DOWN.SYS "!NP 1'RIJl:.,GND VLV T..FTDN,SYS INP TltlJl~NO DDVl.FIL L£R7° . . - - - - -- - - - -- -
SYS_VAR_DOWN.NO_onV.SYS_VAR._DOWN,SY~';_INP_TR.UE.ONn_VLV_LVLl>N,SYS_rNP_TR.UE.NO_DIJVt,FiL 
l.r:'.R. 
SYS_VAlt_MAt,NO_DOV,GND_lNP_ALM2,SYS_VAll~ROlL.OND_INP_ALM1,SYS .• VAR_tJOWN.NO_DOV1.FILLRR, 
SYS_ VAR._AtLMOT,NO_OOV,OND_INP _ALMI ,GNO_JNP _ALM2,SYS_INP _FALSF.,SYS_INP _.Fl\l.SE,NO_ODVI .FILL 
foR. 
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SYS_VAR_MAl,NO_l>OV,SYS_VAR_UP_DN,SYS_VAR_ALLMOT,SYS_VAR_R.OLL,SYS_VAR_ALLMOT,NO_DDVl, 
FILLER. 
OND_ALM_MO't:10,NO_oov,svs_ v AR_MA l,SYS_INP _TRUE.SYS_ VAR._MA2,SYS_rNP _ TR.t.16.NO_DOV 1,FILLSR . 
II Platfonn Function Alen 
II function alf:l'l beeper when 
II system variable chirp set 
PLT_OU'r_ALER.T,NO_oov,svs_ VOM_ClitRP,SYS_INP _TRUE.SYS_lNP _PALSE.SYS_INP _FALSE,NO_DOVl.PlLI. 
ER, 
JS.)«JLl._DATA,N<>_DDV,SYS _INP _FALSE,S):S_.INP _FALSE,S'VS_INP _PALSE,SYS_INP _FALSE,NO •. DDV I.FILL.ER 
); 
#endiC 

\ 
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Appendix - 8 

Limit Switch Errors. The control system monitors the limit swicch inputs and 
will detect errors if the input• are not consistent with predete.i::mined stat••· 
An advantage ot electronically controlled aysteJGS over ~echanicall~ controlled 
sys t.ems is· that decisions can l:::ie ·based· on. • given ° set of switch states to · 
disallow certain operations and functions. 'l'here are two types of limit switch 
errors, those that are associated directly with the pole• of the switch and 
those which are determined by relative cc.lllparison to the •tates of ether 11.luit 
switches. 

Type-~ Switch Errors1 Incor~act Switch Pola states. ~ha limit switches utilized 
on the apparatus are single pole double throw type swi~ches. 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 systam. This 
methodology requires and utilizes ~ore system inputs, but it also greatly 
enhances the s11.fety o.f the ~pparatu.sr .because i.mproper combinations of the limit 
switch can be monitored. 

For exa."Uple, in a t:aditional systetil (elactromechanical control), a limit switch 
may he configured to indicate that the boom angle is low. The switch needs only 
a single pole and would indicate t:he following states. 

DOOM l>OS:t'l':tON 
LOW ANGLE 
HIGH ANGLE 

LS :t'.N'liltrr 
ON 
OFF 

t.S (lU?DONDAN'r) :CHl'tl'r 
NONE 
~ONE 

With this type of limit switch, a system would not be capable of determining if 
the 1ow angle limit switch wire be~ame shorted o~ opened. An oper~tor could 
potantially operate the machine while conditions are not stable. 

With tha electronic contx-ol systeta., and redundant limit switch state monitoring, 
the switch now ca..~ attain four discrete states as follows: 

l\OOM :!OS:t'l'l:ON' LS :t~ntO'l' LS (:RED~} Dnni'l' 
LOW ANGI.rE ON OFF 
HIGH ANGLE OFF ON 
ERROR S'l'ATE OFF OFF 
EMOR S'rA'l'E ON ON 

Basel.'! on these states, a "she.rt:. or broken wi:r'!I can be detected by the control 
sysc·em. 

I.rimitations. The~e aze certain lilllitations aasoci~ted with single redundancy 
monitox-ing. It is feasible that a cable can be sheared or that a switch can be 
crushed resulting in one of tha limit switch wires shorted to pcsitiva voltage 
(ON)and the other swi~ch wire shorted open (OFF). 

Anoehcr limit~tion of single re~undancy checking is that it cannot protect 
against or detect a situAtion when • limit switch is wired backwards (the main 
end redundant poles are switched). ~n ebis case, to the system, the switch 
would (if not in error states) appear to Che controlle~ to be functionin~ 
cor;z:oectly. 
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'l'YJ>e-II switch Errors: Incorurietent Limit Switch States. A secondary switch 
error monitoring method is in place that -111 m.inimiza (not Aecessarily 
eliminate) the potential of th• limitations dataile4 above. The method compares 
cert:ain limit: switcib atates wit:haxpectec! states of ot:he:r: limit switches • .11..s a.n 
exa.~ple, if the rully retracted limit switch is ON, it is t:hen expected that the 
excended lesa than 33 .inc::hes limit switch is also ON. If thiis is not the caae, 
then an inconsistent switch state exists and an error is loggad in the system. 
It is noted that the inconsistent switch er:r:cr is only active if there are no 
ocher switch errors present. If there are other switch errors p:r:e•ent, then the 
TYP•-tI 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 parcicular error can be hanclled es a discrete ease. 

Type-Ir errors a=a recognized as follows: 

De:ect: If the fully recrac:t.ed limit switc.h is ON, the."'l the extension under 
JJ# limit. switch should also be ON. 

Detect: tf the boom cradled limit swi~ch is ON, then the :rcain boom a.~gle low 
limit sw.i.tch should also be OH. 

With the above two comparisons, th• system can potentially detect wiring errors 
in the following swicches: 

Fully Retracted Limit Switch 
Extension Limit Switch 
Saom Cradled ~imit Switch 
Main Boom Angle Limit Switch 

Limitations. There exist lim!tacior.a in the overall switch error detection 
methodology. rt is feasible that the fully retracted limit swiceh is wired in 
reverse and that the excension limit switch is also wired in reverse - therabr 
giving false indication that limit swi~ches are not inconsistent. 

l:MPOil.'1'At1'1' NO'l'E a Xt: is ;tmJ:>ortant tAat: t:.&e 1ildt: switch •~ates and all o~•=•t:l.oii 
0£ the .s,e,e•ratus J.cclud.i.c!l tl!I• li.m.:te .sw.:U:ab .uzci' a:ivelo,e• c:iz•rae.:!oii be .,..::J.44.•4 
bz: a !!!a.l.!:fied eec.hn:[c:.!a: •~t::•r anl: l"'="t: .swit:c,b :l.s wired - •.:l.t:11er at: t.!:d• 0£ 
ma.:za.t'&ct:ure. or 11t: t:ho time • •rita.h J.s ••.nr.faed 1:1z: repal.r•d. or at: any c:.iJ:le t.&• 
a22a.ratus wir:l.ZJ.g is modi£ied regardless o~ whether ~" wJ.ri~~ cbAZ:if•• •re do:• 
at e:be s~itcb c:ir at: a.az ot.her ,ec.!iit: .t:i ~. Szt't:em • .:rt .ts ~o:t:a.nt: t:llae •£t:er 
ac,r: w:l.:r:J.ng or w:l.r:!.ng 1111rvi.ae J.s done t:o t:.&• m.an.li~t: a2paratus l.n a:iy wy, t:bat: 
t.b• .1.:tm.!e aw:l.t:c:b •t:at•:1 IUld al.1 a~ t:l:e &£!parat:us J..z:u:rlucliRfl cb• J.i:!t #Witc:.& .md 
e::~•lop• OEerat:l.o.c be verified by a qua!J.~4.ed tecl:.=Lo!a.a.. -
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Limit:. switch Error Me.nag•~ DIN (DDV1l. The database can. utilize th• results of: 
the LM DDV blriNlJC!ng certain c!atal:Jase output expressions depenaent on the state 
of the limit switch eX'l:'ors. Th• level of function exclusion can vary from basic 
to complex, depending on the system ret;[Uisites and the adeptness of the datahe.se 
designer. 

'l'he initia~ release of 'the database for the ATB-38£ incorporates (entirely 
through the-a.tabase by the use of the LM.DDV) the. following function 
limitations:- · 

Note: ~f inconsistent switch data or muleiple (more thAn oneJ switch e~~or is 
detect.eel (Vl.3), all J110ti.on is stopped. 

Telescope Soom Retract 

Telescope Boom Extend 

Main Boom.Down 

Main Boom Up 

Jib Boom. Up 

Jib Boom t1p 

Riser Beem Down 

Riser Boom Up 

US'l'lUC'l'm:> BY 

• jib angle high while extension limit switch 
or main bocm anqle limit switch erro~s are 
active 

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

• extension limit switch arror active 
• main boom limit switch error active 

• :lib angle high while exte1U1ion limit swit:c:h 
or main boom angle limit switch errors are 
active . · 

• extension limit switch error active 
• main boom low limit switch error active 

•jib anqle high while· extension limit switch 
or main boom angle liznit switch •rrors are 
active · 

• extension limit •witch error active 
• main bcom low limit switch error ac~ive 
• jib angle low limit &witch error active 

• extension limit switch error activ• 
• main boo~ low limit switch error active 
• )ib angle low limit switch error activa 

• always allowed 

• jib an~le high while extension li.~it switch 
or main boom angle limit switch errors a:e 
active 

• :iib angle high while exteruiion limit. •witch 
or r.uain boom a..~qle limit switch arrcrs ar• 
ac:tive 



Plat~orin Level T1p 

Body Swing 

• jib angle high while extension liulit switch 
or saain boom an~le lilllit swiech errcr• are 
active 

• jib angl• high while extension limit •witch 
or main bcc:m angle limit •witch errors are 
active 

• jib angle high while extension limit switch 
or main bccm angle lilnit switch errors a~e 
activa 

• ~ib angle high while ex~ension limit switch 
or main boom angle limic switch errors ara 
active 

... 
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Motion Alarm Selection 

'the O.taba•• has been designed to allow 4 differen~ scat•• Qf the motion al~. 
'rhe t:.able d••c:ribes these states. 

At.AltH %ml'1:J'l' 1. 
OFF 
OFF 
ON 
ON 

~ l:mtl'l' ;I 

OFF 
ON 
OF.F 
ON 

Al:aA1Uf 'l'TP:&I 
NONE 
DESCENT MO'l'ION ALARM ONI.Y 
DRIVE MO'l':tON JU.ARM ONti~· 
AN'l MOTION ALARM 

The database enables and disables certain operations when t:he do.mesti~ apparat~s 
input is active. The following features are controlled enti~•ly by the database 
when the domestic operation is off (CE Mode): 

• When operating a boo.m function, drive functions are disabled. 

• When operating a dl=ive fu.~etion, boom functions a::a disabl•d. 

• When the boom is not cradled, platfot"m level functions are disabled. 

• When the boom angle is high and the telescope boo~ is not fully 
retracted, drive functions az-e disabled. 

• Xf the platform control station emergency stop switch is not in the 
•srrop• position, control from the gro~d st.aticn is disabled -
eme:gency power mode over:r:ides this feature. 

!l.';ype 33 l'ppa:r:at:us Operat:io=. 

'rh• dat:abe.se disables certain functions when t.he Type 33 input. is active. 'l'he 
following fW'1ctions are con~rolled by the database when the input ia activated 
(grounded): 

• Platfo:rn\ rotat:e functian:a: are disabled, 

• Telescoping.boo=. functions are disabled. 
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Platfom Control Station Inputs 

The platform control station has two primary input ba..nks: the switch input 
matrix and the discrete digital input terminal strip. The platfonn controller 
scans a 4x5 switch matrix for operator commands, and monitors discrete digital 
inputs for interlock inpute (fQot 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 
exte~nal the control system. 

§w!tsh J:fatrix Inputs fAtB 33 System> . The switch panel matrix inputs for the 
ATS 33 machine are as follows: 

BUTTON 

HORN 

RANGE 

BASE SWZNC fVNCTiON 

RIS!R BOOM PUNCTION 

MAIN BOOM FUNCTION 

TE~ESCOPING DOOM FUNCTION 

DBSCR:IPT:ION' 

Operatea the electrical horn located ac the base 
of the machin". 

Selec:s speed range (high ranga o~ low range) for 
the drive syst~m. The ope~ation of this f~ncticm 
ia governed by the poaition of inte~lockA (Ree 
database description) • 

Generates a rcqu~st for the base •wing function. 
The base of the machine will rotate 180 degrees 
in either direction. 

NOTE: For ~11 boom f~nctions. the activation, 
dig'ectio.i:i and speed vill he distal:ed and 
controlled by the boom 1oyatick incuta. and each 
function i§ governed by the position of ~he 
int1;l2ck inputs - refer to the dacabasn 
~A.cr!,p~ioq for each particular function. 

Generates a request for th~ riaar boom function. 
The riser boom will r•ise and lower the level of 
the platform. 

Generates a request tor the main boom function. 
t'he m~in boom operates about a pivot point and 
will :-a:l.se and bring inward the position of the 
plaefonn, o~ lower and force oucward the position 
of the platform. 

Generates a request for the telescoping boom 
function. The teleccoping boom will (depanding on 
the angle of the main boom) extend and force 
upward or 1.owar and force inward the poaf.tion of 
t:hc plat.form. 



~IB BOOM FUNCTION 

J;ILA.'l'PORM t.F.VEt. FUNCTION 

PLATFORM ROTATE J'UNCTION 

EMERGSNCY POWER 
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Generates a r•qu••t for the jib boQm £unction. 
'the jib boom operates about a pivot point. and 
when belo~ the horizontal position the !wiction 
will raise and brin5J inwa_:-d. or lo-r and force 
outward the po•it1on of the platfo~; •nd when 
below the horizontal position the £wiction will 
ra!sft and force outward, or lower and force 
inward the position of the platform. 

Gener«tes a request for the platform level 
funetion. 

Generates a request for the platform :-otation 
furv:tion. Tbe platform will rotate 180 degrees. 

Generates a request for the emeT:gency hydraulic 
pump. The emergency hydraulic pump ls driven by 
an electric mot.or connected to the emergency 12 
vnc baetexy. 

Terminal Strip ln~uhs(ATB 33 System). The terminal strip inputs for the 
platform control station are as followsr 

IN~UT DBS~%PT%0N 

JOYSTICK DRIVE StGNAL A Drive command input eo the contt:ol systeat. 

JOYSTICK D~Ivg SIGNAL B Drive di~ection in~uc to ehe control ayatem. 

DRIVE JOYSTICK STEER RT SIGNA?. Steer right input to the control cystem. 

DRIVE JO?STICK STEER I.FT SIGNAL Steer laft input to ehe control syatem. 

FOOT SWITCH INTERLOCK Foat. .switch interlock input to t:htoi cont:rol 
system, 
NQTE: this interlock is a.l.!sl_£9JYl•ated ~ ! 
disc~ete wire to the incerlgc;k circuits located 
at the base of t~e machine. 

EM~RGSNCr STOP INTERLOCK Emergency stop switch and interlock input to the 
control syatem. 
NOTE• this interlock is also connected_py a 
discrete wire to the interlock circ~its located 
et the base of the machine. 

JIB LOW ANGLE INTERLOCK Limit switch input to the control aystem when the 
'ib boom is at lower angle. 

JlB LOH ANGLE REDUNDANT INTLK Limit switch input to the control syscem when Che 
jib bccm is not at lower angle. 

BOOM JOYSTICK X-AXIS INPUT Proportional analog input representing the boom 
joy~tick x-~xis position. 

BOOM JOYSTICK Y·AXIS INPUT Proporc!onal anat0g input n:p~cscnting the boom 
joystick y•&xis po&ition. 



so 
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Drive Joystick Direction Inputs 1 Two drive joystick direction inputs are 
utilized ~o command the forward and reverse drive functions. The jaystiak 
utilized for the drive function is common to other machines and has the 
following truth table tor drive direction (see also drive controller input 
signals section) : 

STICK PUSHED TO: 

DRIVE SIGNAI.t "A" 
DR.IVE SIGNAL "B" 

Platform Control Station outputs 

O.N 

OF!' 
ON' 

ON 

The platform control station has two primary output. banks: tha LEn output 
matrix and the ~iscret.e digital output terminal strip. The platform 
controller refreshes a 4x4 LED matrix for indicating functions and feedback, 
and also controls discrete digit.al outputs for ala:;ms. Tne states of the LEDs 
at the platform station are determined by the system data~ase and are sent to 
the platfor1n control station from the ground control station via the system 
(CAN) network. 

LED Mat.rix outputs CATB 33 system) . l'be platform LED matrix out.puts for the 
ATS JJ machine are a~ follows; 

I.ED 

JU\NGE LEO 

BAS& SWING LED 

R.tSER BOOM LED 

MAIN BOOM LEO 

TEt.~SCOPING llOOM Li;:D 

JID BOOM Ll=:P 

PLAT70RM ~EVEL LEO 

PLATFORM ROTATS LEO 

EMZRGZNCY POWER 

BATTERY BANK (48VDC) L~Ds 

STATUS Oi<AY LED 

STAT'JS NARNiNG I.lm 

·NUMERIC DISPLAY 

DESCRXPTJ:ON 

Indicates hi9h range speed active. 

Indicates base awing function selected. 

Indicates riser boom function selected. 

In~icatea main boom function selected. 

Indicates telescoping boom fw1ctlon selected, or 
auto retrace mode active. 

Indicates jib boom !\lnction selected. 

IndicatAa platform level function selected. 

Indicates.platform rotate function selected. 

Indicate& emet"9ency power 11\Cde aelected. 

Indicates the state of the 48 volt battery bank. 

Indicate& no error9 p~esent ~n system. 

Indi~atea errore preoent in syatcm. 

Reports the system eT~oro and status. 
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Terminal Strip outputs(AIB 33 System) 1 The termin«l strip outputs for the 
platfo::m c~ntrol station are as follcws: 

· :CNPUT 

l'UNCTION ALERT SIGNA~ 

l>BSC1\XP'1'%0N 

~ bvzzer which indicates switch preeseo and 
va:ioua othe~ funccion ccnerol states. 

Pl.oATFQBM CONTROL STATION CONNECTIONS/TERMINATION& 

Platform Control Station Cable Conneq~~ There is one cable which connects 
the platform control stat~on to the ground control station. Between the two 
stations, there are eleven (11) signal and power supply wires (refer to 
sehematic dwg- #102785). 

CONNECTOR: Deutsch P/N HD34-24-l9PN 

CONN i'OSXTXON 

l 
2 
l 
4 
s 
' 7 
8 
g 

l.0 
11 
l.2 
u 
14 

u 
16 
17 
18 
u 

CJ:R.c:trl:T 

~ SH?BUI 
CAN LOW 
CAN U:EGH 
spArc: 
JIB SW POWER. 
DRIVE SHED 1 
!JRIV!' SPEE.O 2 
GROUND 
Pt.ATFORM UQNAL 
JCEl! J:GMXTtOH 
FOOT SH:tTCH 1 
apare 
P'OOT SWITCH 2 
ap11re 
TILT Al.J\RM 
spu:e 
JIB ANG7.S NOT LOW 
Bf&l:'e 
,n:a LOW ANGt.E 

J>!ISCRIPTIOH 

shleld wire r.or CAN bus 
C1\N oignal 
ON aigna\ 

pow~r to ;1~ angle limlc switch 
drive ape~d signal 
drive speed signal 
batt.e.t"y grounc! 
platforr.l emergency •~op interlo~k 
plat(or:n +14vda powor •upp1y 
flactorm foot awit=h supply 

plac~onn (oot switch .r$tu.rn f sis;nal> 

acciv~o tilt alarm 

jib ~ngle not low limit •wit.ch 

jib angle low limit switch 

Platfo-rm Control Station Terminal Strip, There is a terminal st:rip on the 
cont~ol card which interfaces the control station to the outside world - it is 
defined as follows: 

TBJUf'INAL 

l 
2 

3 
4 

s 
Ii 
7 
I 

, 
10 

u. 
12 

C"IRCtrIT 

.KEY IGNITION,. 
unused anal09 

.::rOll'STICK X·AX!S 
JOY.ST:tCX Y•AXJ:S 

ORIV.2 SlGN.,'\L 8 
DRIVE StQNJU. A 
S'l'EU RIGHT 
STF.P:l'l lltC:llT 

FOOT SW?TCU :Z• 
Pt.ATEOR.K STG~AL· 

unused input: 
unu111ed input 

DESCR.:tPTXON 

platfor.n •14vdc power sup~ly 

boom joy3ti~k x-axic position 
boom joyatic~ y-axi• poaition 

drive joystick direcclon inp~t: (on • reverse) 
drive ~oyst:ic:k drive command 1uput (on • drive) 
drivn joysttc:k aceer ri9bt 1npuc 
drive j:y.s::ic:k llte•J:" right input 

foot •~it.ch ai9nal inpuc 
plat.Co~m emergerley step interlock 



'l'BRMXNAI. CtRetn:'l' 

ll JIB LOfol AN<:LI 
14 JI& NOT LOW ANC~E 

1S M.l'!ft:l' OU'l"PUT 
1' \11\used 01.n:puc 
17 no connect.ion 
ll no c:onnaction 

u ~ SHlEU>• 
20 tll..'f LOW• 
21 c:AH KIGR• 

22 +'5 W<: OUT 
2l GP.CIUllD• 
Z4 GROCJND 
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........ 
DBS~UTl:ON 

~£b law an9l• 11mit •~iteh inpuc 
rc:dundanc limLt switch • not lov angle 

funccian ale~t buzzer output 

ahield wire tor <:"11' bu& 
. CAN signal 

CNJ d~a1 

5 volt supply ~or boom ~oyat:ii;.k 

bacc.o:ry ;round 
bacteJ:Y ground t:o bOom :joyot:ic1' 

•denote• circuit: co11nectJ to boom ca.b1e conr.eccor 

GROUND CONTROL STAT%0~ 

Qf..ERATION OVBRVIE~ 

Drive and Steer functinns. .An oper~tor cannot drive or steer the apparatus 
from tho ground cantro1 station. 

Boom Func:t:i9n1 . .:. To operate any boom function .from the ground contr.-ol station, 
it is a requirement that the key be turned to the "on# position, the ground 
emergency stop switch be set (pulled out) and the ground mode interlcck switch 
be set (depre$sed). Afcer these two interlocks a~a made, the operator may 
select and activate any boom function. 

To select a boom function, the operator must press the deaired boom section 
button. Khen a function button is pressed, an alert buzzer will beep once to 
indic~te that the function has been selected, and the associated panel LED 
will illuminate. 

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

Note; certain boom fync~iong are d~pendent on the seace o~ the llmi~ switch 
interlock st1t.~s. 

To stop motion of the active function, the op•rator may release the boom 
direct.ion but.ton. Alt.hough motion has been stopped., the selected function 
will rftmain active until one of the following three situations occur: 

i. No motion is requested by the ope~ator fo~ mora than 10 s6conds, 
2. The ground mode iu.terlock Gwitch 1.s released, or 
3. The emergency stop switch is r&leased (noce this disconnects power to 

the entire contro1 syscem - see in~erlock and power section). 
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Xf there is no activity at the g~ound control station fer more than three 
minutes, the system will deselect all functions and will go into • power 
saving sleep mode. 'l'he alert bu2~ar will beep once to indicate the change in 
system status. Inactivity from the ground is described as no activity on the 
growid mode interlock switch. 

When operating from the ground control station, the operator can reccvar trom 
power saving (inactivity) mode by activation of the ground mode interlock 
switch. 

GROUNP §TATIQN CONTROL INPYTS AND OQTPUTS 

Growid Control Station Inauts. Tho grou..'"1.d con~rol station has two prima~y 
input banks: the switch input matrix and the discrete digital inputs from the 
interface connectors. The ground controller scans a 4xS switch matrix for 
operator inputs, and monitor• discrete digital inputs for inte>:loek.s and 
warnings (tilt sensor and boom limit switches). 

Qroupd Control PaDel Switch Matrix Inputs {ATB 33/38 System!. The 9rov.nd 
switch panel mat:r:-ix inputs for the ATB 33 ma<:!hine are as follows: 

GROUND CON'rROt. SWITCH 

BASE SWING FUNCTION 

RlSER BOOM ~CTION 

MA.I~ BOOM FUNCTION 

TE!.ESCO~lNG BOOM FUNCTION 

DESCRil'T:tO!it 

Ground ~ontral interloc~ switch. The owitch is 
equivalent to the toot interlock switch at the 
plaefor1n control station. 

Generates a reque8t fer th• b~se •wing function. 
The ba8e of the machine will rot~te 180 dc~rees 
in either direction. 

NOTi; ffhen opgratinq frgm the GCS.ehe bggm 
.f!mction astivaeion. d;Lreecion arid 1peed will be 
dictated and controlled by the boom §PSSd and 
~cti2p inputs. and each function is governed 
by the positlon 0: the interlock incuts • rs;fe[ 
to th~ database description for easb partieul!r 
func;ion. 

Oener~te• a reque•t for ~he riser ~com function. 
The riser boom will raie~ and lower the level cf 
ch• platfom. 

Gene~aces • request for the main boom function. 
The main boom operates about a pivot point and 
will raise and br·ing inward the position of t:he 
platfo:-m, or lower and force outward ehe position 
of the platfarm. 

C~nerates a request tor the telescoping boom 
funccion. The teleccoping boom will (depenrltns on 
the an~le of the MQin boom) e~tend and force 
upward the or lower and for~• inward the posicton 
of the plattorm. 



JID BOOM rtJNCTION 

PLA~FORM LEVEL FUNCTION 

PLATFORM ROTAT£ FUNCTION 

.EMERGENCY POWER 

UP HIGH SPEED 

UP LOW SI'E20 

DOWN llIGR SP.EEO 

DOl'<11 LOW SPEED 

CW HIGH SO'i:ED 

CW LOW SPEED 

CCW HTGK SP!:!:D 

CCW LOW SHED 
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Gencraceo a ~oqu.est !or the jib boom function. 
The 'ib boom operates about a pivot point and 
when below the horizontal position the function 
will raise and bring inwa;d, or lower and force 
oucward the posi~ion of the platform; and when 
below the horizontal po-ition the fyn~tion will 
ra1$~ and for~c outward, or lower and force 
.il'iwa.rd the position of che platform. 

Generates a request !or the ptatform level 
funci::ion. 

Ger.erai:es a request for the plat£o~ rcitation 
function. The platform will rocaca 180 degrees. 

Generate~ a request for the emergency hydraulic 
pump. The emergency hydraulic pump is drlven gy 
an electric motor connected to the emergency 12 
we batce.ry. 
Initiates an appropriate requesc.ed function 
upward at fa11t. p\tmp motoJ: speed. 

Iniciates an appropriate requ~sted function 
upward at slow pump motor •peed. 

Tnttia~es an App~opriate requ.eated funceion 
dow::.ward at fast pump motor 8peed. 

Ini t i.:\tea <lll appropriate reqo.Jestad func:i::ion 
downward at slow pump motor speed. 

Tni~i~teo an ~pprop;iate rcqi.iested £uncc.ior. 
~lockwise at fast pump mocor apeed. 

In.itiate=i an appropriate requested fur.cc.ion 
clockwise at alow pump motor speed. 

lnitiac.es an appropriate requested function 
councer-clock~ise at fast pump moc.or speed. 

Tnic.!ateo an appropriate requested function 
coYnte~-clockwise at Rlow pump motor opeed. 

G•gund Control Statino Discrete Znputs(A.TB.33/38 System). The apparatus inputs 
are connected to the controller via the Deutsch connectors located on the GCS 
enclosure. The following inpu~s are defined: 

LOW BRAKE ~F.t.Ei\SE PRESSURE 

TILT SWITCH 

MJ\Hl BOOM DO'N?J lNPU'T 
MJ\.IN DOOM NO'l' tJOWN INPUT 

Mll.lN BOOM HIGH 1'NGLE INPUT 

PESCR:IPTI.ON 

Zmlic:ates pre:=isure too low to releaae c:he wheel 
b~akes for drive operations. 

Xndicaces apparac:uR is tilted (tilt switch 
acc.ive}. 

Active when mAfn bnom is full down. 
~ctive when 111.lLn boom is n~c full ~own. 

Acc.1ve when ma\n boom an51l11 is high (over 33 
dftgr1uu1). 

.. 



J:NPtlT 

l<U\IN BOOM NOT HlQH 1'NGLE INfOT 

MJ\IN BOOM EXTEND£D tN~UT 
MAIN SOOM NOT EXTENt>E~ INPUT 

MAIN BOOM UTAACTEO ZNi>OT 
MAIN l\OOti NOT UTRACTtit> INPUT 
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DSSCll.?P~lON 

Active when main boom anslo is not high. 

Active when inain boe~ is extended over 3l", 
~etive when main boom is not extended ovc~ 33~. 

~ctive when t\Ain boom is fully retracted. 
Jl.ctive when m~in boom ia not fully retracted. 

Ground eontrol Station Outpu~s. The ground control sta~ian has two primary 
output banks: the LED output matrix and the high side driver output bank 
(~.aster concraller driver card) . The driver card is connecced to the deviees 
on ~ho apparatus through several Deutsch connectors located on the GCS 
enclosure. The ground controller refreshes a 4X4 LEO matrix foi:- indicating 
funetions and feedback, and also controls digital outputs for valves, alarms, 
eolenoids and relays. ~he states of the LEDs at the ground station are 
determined by the system database and are sent to the ground station control 
LEO/switch interface card via the sy.stttm (CAN) network. 

LED Matrix Outputs (ATB 33 System.L. The ground LEO matrix outputs for the ATB 
33 machine are as follows: 

IiED PSSCRIPTION 

'SASE ROTATE LEO tndicacea b~se ~ot:ate function eelected. 

RISER BOOM I.ED Ir.dicates rise~ boom function selecced. 

MAIN BOOM LSD Indicates ma.in boom func:t:i.on •elected. 

T~LESCOPING BOOM LED Indicates telescoping boom £unction selected. 

JlS SOOM LED Ir.diear.es jib boom function Delected. 

PtJ\'l'f'ORM LEVEL LED Indicates plat!o~m level func:ion oelectcd. 

PL.l\TFOR.~ ROTATE LED Indicates platform rotate function selected. 

EMERGENC¥ E'OWl!!R Indicates emet'ge11oy power mode selected. 

PLATFORM COtITROL MODE LEO Indicates system in plat:.~ol:':ft cQntrol mode. 

GRO'U'ND CONTROL MODE LED Indicates system in ground cont:::ol mode. 

STATUS OAAY LED Indicates no errors present: in system. 

STAWS WARMING LEO ?nd\caces er::ors present i1\ $yet.em. 

tlUMERIC DISPLAY Reports activ• systeM errors. 
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Ground Cgntr<!l si:ation OU!:puc;s (AIB ll/38 Sy:site.m}. The conuectar output.s for the 
ground control staeion are as follows: 

00".t'POT 

VALV'li:: PLATFORM ROTATI!: CW 
VAt.VS': PLA'l'FORM ROTATE CCW 
VAZ.Vii:: TB LESCO PING .BOOM EXTEND 
VALVTilr TELESCOPING SOOM RETRACT 
VALVE: MAIN BOOM UP 
VALVR: MAIN BOOM DOWN 
VALV!:: JIS BOOM UP 
VALVBr JIB BOOM DOWN 
VALVE: PLATFORM L~VEL UP 
VALVB: PLATFORM L!!:VEL DOWN 
VAt.VE: J\E'!i'ARATUS BASS ROTJ\T2 CW 
VALVE; APP~RA'rlJS BASE ROTATE C:Of 
VALVE: RlSER BOOM UP 
VALVE: RISER BOOM DOWN 

Vll.LVE: ST£~R LEFT 
VALVE: STEER .RIGH'r 

VALVE: BM.ERGE'.NC:Y POWEa HYD 

SIGNL: DRIVE CO~.MANO l 
SIGNI.r DRIVE COMMAND 2 
STGNL: DRIVE HIGH RA.'lfGg 

SIGNL: PUMP SPE~O ~ 

AI.ARM: HOP...'11' R.EIJ\ '! 
ALNtM: MACHINE MOTION 

RC:LJ\'t: 48 VOT.'l' RELiAY 

DllSCR:IJn::tON 

Acttvatev placform rotate ~lockwiae valve, 
~ctivates platform. rotate cni:r-clockwise valve. 
Activate~ telescoping boom ex~end valve. 
Activates Celcscoping boom retract valve. 
Activates main boom up valve. 
Activates main boom do11111 valve. 
Activacea jib boom up valve. 
Act:ivates :I lb boacn down valve. 
Activates platform level up valve. 
Act:ivates platfoJ:'Cll level down valve. 
Activates base rotate clockwise valve. 
~ctivates baso rotate counter-clockwise valve. 
Activates ~iser boom up valve. 
Activates riser bocm down valve. 

Activates steer le!t valve. 
Activates steer ri9ht valve. 

Activaees emergency hydraulics valve. 

Ac:tivates dr.tve c:crnmand input to drive .system. 
Activ~tes d~ive comma.nd input to drive system. 
Activates high ~ange input to drive syetem. 

Motor speed cantro1 signal to pu.mp cont:roller. 

Activates horn relay. 
Activates motiun aler~ins device. 

Activat.e:i pump controlleor r~1ay (Ignition-:U. 

Drive Controller Direction QUtpues. Two drive outputs from ~he boom control 
sys~em (at ~he OCS) are connected to inputs on the drive con~rol system. 
These ouc;puts command the drive. 'function (go) aud the drive direction 
(forward and reveree). The drive command outputs (or drive cont~oller inputs) 
are defined as follows: 

DRIVE OUTPUT COMMAND l 
DRIVE OUT~UT COMMAND 2 

ON 
ON 

OFF 
ON 
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GROUNp CQNTROL STATIQN CONXECIIONS/T§PJ::!INATIOUS 

CONNECTOR l (INPUT CONNECTOR}: Deutsch P/N DT13-12PA 

PIN TYPE C:CRC'O:t'r PBSatPTlON 

1 lNi'ITT CONTROt.l.P:R PWfl SUPPLY ~ll ~c supply from interlock/vo\t~ge cf.rd 
2 t?n>vr BAT'l'SJ.'t OROIJNll ground aupply to control ayatem 

' Ul~UT unuae-d fanalogl 

" INPUT unus•d Cpulecl 
5 :Ettt'U'T rut.L R!'tP.ll.c:J: full ret~&c:ted limit switch 

' %NPWL' tro·r FUt.t. ttETl!.AC:T not fully rttract~d lim!e switch 
7 ?NPltr BXTENDE.D LESS THAN :I J - teleacepiog boom extended leas than ll" 
8 ?NPU'l' EXrinmeo ovn n• t&lcacoping boom extanded 110rc than u-
' lNPUI' MAIN BOOK ANOt.lil LOW main boom anil• ia low 
1D ?NPt.'T MAIN BCOM ANGt.l!: NOT J.OW main boom angle is not 1~ 
l.1 INPUT MAI~ BOON NOT CONN main boom i• not down !not cr~dled) 
12 INPtrr MAIN 8COM DOHN main boom is 4own (cradled) 

CONNECTOR 2 {I/0 CONNi!CTOR): Deutseh ~/N DTl3-12PA 

l':CN TIPS 

l l'Nl't.'T 
2 INPUT 
l XN;:UT 

' INt'tr.' 
5 OUTPUT 
6 INP~ 
'J OUT\'u"T 
B OUT II' UT 
9 OUTPUT 
1.D OUTPUT 
u. OUTPfJT 
12 OIJTPL'T 

CIRCU:tT' 

TILT SF.NSOR 
BR.ilJC£ R.!!LE.'\SS l'JU:SSWUil LOW 
um.1:1ed 
unused 
1.N>.l.00 BOOM S;>l!l!J) 

'CEl'11.ULT 
~-.used 

unused 
lGHITIO-.'l• 2 
DRtVE SIGNN. 1 
CRtVS StGtlJIL 2 
JtJ:GH .kA.'l:IGZ 

input when •pparacu$ tilced 
active when low rtl•ase pressure 

analog output to boom spe~d 
power on thia pin nt poc 1oada default databa~c 

activateB pump ccrl rly (low current 48v~cl 
drive directlon sign&l 
drive olgnal 
high :ar.qe output to drlvc ccr.trol ayst:e1• 

CONNECTOR 3 (OUTPUT CONNECTOR): Oe~tsch P/N DTi3-~2PA 

PIN 'l'YPE CJ:RC!t7IT DBSO.:CPTION 

1 Otrri'UT .rxa DOWN VALVZ valvP. accivaeion output 
2 OUTPUT 'l'il.ESCOPI!! RETRACT lfALVE valve activation output 
3 OUTPUT RISER BOCl"I COHN VAt.Vli: valve ac:ivacion output 

' 01.r"TFUT RIS8 BOCM UP VAJ.VE valve activation output 
5 ODTPOT a;.ss: $Wit:G CC"lt VALVE valve acttvat1on output 

' OtJTPUT .BllS&: 5W I.NG C'" VALYle valve activation output: 
7 OUT:;> UT .PLATFORM LEVEL DOWN ~VE valve acclvacion output 
a OtrrPOT l't.A'l'FORM LINEX. 11P VAJ..VE v•lv• ac~lvat!on output 
9 OUTPUT MAlN BOCH DOWN V1'LVS, v~lve activation output 
l.O Ol.1rPOT Jl:B !IOOH Ui' VlU.VE valve activation outp~t 
11 OU'ri>l1T HAIN aOCM UP 'n.1.'IB valve acti~ation output 
l.2 Ol'JT~\.'T TZL!SCOi~ £XTENO V1J.~ val~c aetivation output 
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CONm:CTOR 4 (OtlTPt:IT CONNBCTO~)t t>eutsch P/N DT13•12PA 

UN 'l'YPZ CXRCUJ:T I>!iSCtt:IPTJ:ON 

1 OUTPUT unu.ae.I 
2 OOTPIJT tlOP..'11 ASLJ\ Y •ctivates che horn 
.l Olt?PUT BTl!'ER RIGHT VALVE v~lve accivation output .. OUTl'll'T ST~2R L81"T VJIJ.VE valv~ «ct1vacion output 
s OUTPUT EM!tl.GICNC'l l'OW!lll VALVE eme~ency hyd:auLic fluid diVilrtlrtg valve 

' OUTPUT VCCIT SWITCH DR.IVS S?GNAL foot 8Witch signal trcm d4t~~11e (redund.tnt?I 
'1 OUTPtrr unuaed 
a O!JTPU'l' unu8ed 
9 OOTP!JT MOTIO!f llo.U..IU1 active 'Wit:h aoy apparatus 11\0tion 
10 OtrrPVT unused 
11 OUTPUT PLATFORM 11.0TATB CCW valve activation output 
12 Ot."TPUT .PLATFORM ROTA'J:B C',f valve activation output 

CONNECTOR 5 (PLATFORM CONNECTOR}: Deutsch P/N Hn3~-24·l9PN 

PIN TYP2 

1 a.~ 

2 Cll.N 
3 ow 
4 
'5 

' ~.C.00 
7 11.'IALCG 
B SUPPLY 

' OUTPU't' 
10 5U1'PLV 
11 Ot7l'Pt.'T 
12 
13 INPUT 
14 
1'> OUTPUT 
u 
1'1 
18 
u 

CJ:RC:tr:C'I' 

CAM SH!ltt.D 
CAii LON 

CAN IU:GH 
ap;ue 

OR?VS: SPEED 1 
DRLVE SP!ED 2 
Cl\OUND 
Pt.ATFORM StGNAI. 
JCE:Y IGNITtON 
FOOT SWITCH l. 
spare 
rot.>T $Wt'tCff. 2 
spar• 
TILT ALJIJtM 
ap•trc 

t.•0•Are 

shield wire tor CAtl bus 
CA.'l si-;rnal 
CA.'l nignel 

drive opced signal 
drive speed oign&l 
ba CCII!' ry 9':'0\lnd 
platform eicic:gen<:y stop interlock 
platform •l4vdc powe: supply 
pl&~form foot swicch Gupply 

platf~na foot swit~n ret~i:n (algnall 

CONNEC1'0R 6 (POWER SUPPLY/I~TERLOCK) : Deutsch P/~ HD34-24-2iPN 

JI. OtrrPl1T 
B S!1PPL'i 
c OlTI'Pu"l' 
0 SUPPl.Y 
E SUPPLY 
F $UHt.Y 
c; SUPPLY 
H O!JTPtrr 
J INPUT 
k OU'l'Pll"T 
t. 
M ANAt.OC 
N A.N;u.oo 
p 

a 
B 

T 
u 
v ., 
x 

C:IRCUJ:'l' 

PUMP StGNlU. 
l'IA.TTJW!.Y GROUND 
AUX PUMP UGNAL 
CONV·UVOC 
11.UX • l.2VIX: 
DkLVS•CON'tll.0LL£R ~WR 
SYSTEM POW"SR 
Jl'OOT SWITCH 2 
4IJ VDC SENSE 
IGHITtCN 

DRtVK Si'EE:D 1 
DRIVE SHS:IJ 2 

DBSCR:CPT:ION 

1u;tivat•• thtt ma:!.n bydrauUc pump c:o1\tactot' 
power :supply ground to control •rst•lll 
a~civatea the aw-tiliary hydraulic pump ~o4tac:tnr 
14 VDC trom the de •tep down conv6rter (49 to 14) 
12 'ltlC .frC1111· the auxJ.U.az:y (emergency) battery 
14 1ll)C ta di:ive cancrolle: vh•n platfor111 signal pre3en~ 
main cQntrolle~ power aupply from intlk/volcage card 
toot swltch i~tlk oigr.al to the: d:'ive cont¥ol system 
48 volt bactP.T:)' bank monitoring input 
circui~ protected supply with key o~ 

d:tve s~••d circuLt trcm platfo:m drive jof•tick po~ 
d::-ive opced c1.rcu l t fro111 platfcu:m d::'.!.v• joy11t lc:Jt pot 
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The ground station cant:rol box contains an interlock circ:uit: which int:erf~ces 
~o the safety switches, and apparatus devices. The interlock system is 
located on a separate card in the control box and also contain~ the auxilia3'y 
battery charging circuit and main system power circuit breaker. 

There aro two primary control interlock switches - the platfo:m foot switch 
interlock and the ground control switch interlock. There is a single primary 
control interlock - the control interlock aiqpal (refer to interlock card 
schematic DWG #102784). The control interlock signal activates interlock and 
char~e isolation relays on the interlock card • 

.tn platform mode, the foot switch will activate the control interlock sigua1 
and in ground control mode, the control interlock is made by the growid 
control mode cwitch. 

The two iuterloek relays which are dependent on. the control interlock signal 
11re Master Inc::erlack RP.lay l (fo!IP.1), and Master Interlock Relay 2 (MlR2). 

tlsl~t:er lnterloc:k Rel;i,v l.. MIR.l io utilized to interlock the hydraulic pump 
motor cuntactor signal. The si~na1 enters the relay frOll\ a high side d.civer 
on the master controller card through the ribbon cable conneceor to the 
interlock card. The interlocked pump request signal is output to connector #S­
A. It the cont:rol interlock 11ignal is not:. present., there cannot be a.ny 
hydraulic pump operations. 

Master Interlock Relay 2. MIR2 is utilized to interlock the awciliary 
{emergency) hydraulic punlp motor contactor signal. The signal enters the 
.relay from a high side driver on the master controller card thro~gh the ribbon 
cable connector to the interlock card. The interlocked pump request: signal is 
output tc connector #5-C. If the control intc~lock signal is r.ot present, 
the:::e cannot be any emf'lrgency hydraulic pump operations. 

Auxi1iary Batt~ry c;harginq Relav. The control interlock signal also activates 
the a\txiliary battery charging circ~it to isolate the auxiliary battery frcm 
the converter when a function is active (:;;ee charging/power supply circuit) . 

Fcot Swi~ch Interlock. The foot switch interlock signal is passed through the 
ground controller box from the platform connector #5 to the power 
supply/interlock co~.nector #5. The circuit can be used as ~equired by the 0~ 
to interlock d~vices which may or may not be connectP.d to ~he control system. 
l't is the OF.M's responsibility to deter.nine t:he appropriateness of the 
external wiring and itfl suitability for a..'ly given application . 

.f.l...atform Emergency Stop switch. The platfot'm emergency st:op switch signal 
provides power to the plaeform foot switch and also to an interlock relay 
which provides the elect~ical system with an ignition ~ircuit aecached to the 
14 VDC converter. Thts interlock - called .2!11-~~orm sigpal interlock is active 
:.thenever thC! apparar.i1.e: i!l in platform moc!e and the plcitfor:n er::~r!Jency st(')p 
bu~ton is set (pulled ou~l . 
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Interlock tnterface Examples. There exist several (if nat unlimited) methods 
for interfacing the.apparatus (and interlocks) to the cont:rol system. The 
attached apparatus interface schematic ser~es as a representative circuit 
which has been tested and time proven. As shown, the apparatus interface 
sc:hema~ic (dwg #102785) coupled with the interlock interface circuit card 
schematic (dwg #102784) has the following interlock characteristics: 

PLATFORM SIGNAL NOT ACTI.VE: 

drive system is ~isabled 
no foot switch interlock possible 
no network platform interlock signal 
con.t:::ol fram GCS st.ill functional 

FOOT SWITCH INTE~LOC~ SIGNAL NOT ACTIVE: 

no MIRl. (no main hydraulic pump for boom fwic:tious) 
no MIR2 (no au..~iliAry 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 i11terlock signal 
control f~om GCS still functional 

The control system is connected in a "du11l battet'y" configuration through a 
set of diodes configured as a battery isolate: (re!er to dwg #102784), The 
voltage supplies are connected to the power s11ppl.y/interlock c:ard through 
connector 6-D (14 VDC from the 48 volt t.o 14 volt converte:) and con.~ect.or 6~E 
(auxiliary 12 volt battery). 

~he auxiliary battery iG charged through the &\lXilia~y battery charging relay 
whenever the control i11terl.ock signal is not prosene:. When the apparatus is 
id!e. the auxiliary (emergency) 12 volt battery is con..~ected directly to the 
conve~ter output voltage, thereby receiving charge. 

The cir.cuit system power is connected to the battery iaolator circuit and is 
protected by a is amp fuse. The system power circ:\\it is rout.ed directly t:o 
connector 6-G. This circuit. is utilized as ~he ma.in supply circuit to the 
controller and controller driver banks. The syocem power circuit iK connect.ad 
to the controller throuyh con.~ector #1-1. 

lTnr:s; In che 33/38 apclicadon, t:hifi ~it"CUiC is route.td ch.rouqh a disconnecc 
.g-day which .is activaced whenevei· the 18 val t: ch111:ver is pluaaqd ,!nto an AC 
power source for charging the 48 vole battery bank. Note a1so that the 
converter supply (48 volts} !s di~connecced frqm the cqn?errec during 
s=h,<trgim:r. 
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pqwet/Bittery Charging Syst.Jlm Example. There exist several (if not unlimited) 
methods for interfacing the apparatus chargin~ to the control system. While 
tha power connections to Che control system are well defined, the external 
battery and cabling eireults of the apparatus are beyond the scope and control 
of the boom cant:.rol system. Shown in schematic dr~winq #102785 is a 
representative circuit which has been time proven and tested - this circuit 
may be modi.fied, er red~signed, as requirecl by t.he OEM to satisfy tbe power 
requiremftnts anQ conditions of the o~her components on the appaxatus (such as 
drive control system, pump contaetors, and pump speed controllers), The power 
systems circuit, and its suitability for a particular application is the 
rasponsibility of the OE!-!, Following is a hriof description of the power and 
cabling methodologies ucilized on the test medal. 

Master pisconncct Switch. The master dhconne:ct switch disccnnl!!tcts the 4B volt 
battery bank from the apparatus. ·The auxiliary 12 volt battery is 
disconnected from the control system by a separate set of contacts on this 
RWitch. 

AC l,ine Chat"ger and pi.seon.'le<::t Rel;:av. When the charger iG plugged into a.n A.C 
line, an internal ~elay disconnects the 4B volts from the converter, and 
disconnects the circuit syseem Po"ler from the control system. '111.is condition 
renders the controller and all appar.iitus functions non-operational. '!olhile thA 
charger is connected to a line source, the 49 volt. battery bank is receiving a 
eha.t·ge. 

Voltage Conv~~ The voltage converter drops the 48 volt supp1y to the 14 
volt operating voltage of the controller and ayctem components. 

flgte: To allo"' the auxiliary bateery to reqe.ive a charge. J.r: 1s d1rect;.lv 
£Ongec:r.~d t'Q the au.xjlla~ baesery when the apparatus !s idle. fhe aux1l1a;·v 
ba:tt~ry ba.rik is cba.r<red only by the cqnverter .in the examole c!rc:uit:. 

Purno Controller Power Relay. The pump controller power .r:elay connects the 48 
volt supply to the hydraulic pump controller and to the 49 volt battery sense 
line of tlle boom control sy.stem. This relay ia activated by the Ign1tion•2 
circ.uit; (which is ac:t:ivated a.t power up). Thia relay scenario is primarily to 
prevent 48 volts from being applied to the boom control system without proper 
ground or powP.r being supplied to the controller (or improper canneccor 
pinning). ~dditionally, this relay will be shut off to reduce power 
consumption QQring system sleep/power reduction mode. 

Hydraulic Pump Contaqtor. The hydraulic pump motor and pump controller supply 
cables are connected only when required for opez:..,tion. The hydraulic pump 
c:ont~ctor is ac~ivated by the c~nerol system when required (see operatin9 
da~abase section for rules). 

~"<iliary/E"!.ftrnency Hydr.t!lttlic Pump Cont:actor;, The awc:iliary hydraulic pump 
mar.or supply cable is connected only when required for operation. The 
auxiliary hyd.J::aulic pump c:cmtactor is activated by the control sy.Gtem when 
r~quired (see operAtin9 databaA~ ccc~ion fo~ rules) . 
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Envelope Limit Switches/Operation 

There are four limit switches which monitor the position of the boam. The 
limit awitehes are conneeted to the controller, and a~e incorporated into the 
~ule database describing the apparatus. Por diagnostic purposes, each limit 
owitch has a redundant contact wired to the controller. The limit switches are 
defined as followG: 

Main Boom Angle Limit switch. The main booin ang"le limit switch is actiye 
whenever the main boom angle is low (below 33 degrees). 

Main Boom Extensinn Limit switch. The mAin boom extension limit switch is 
active whenever the main telescoping boom is extended less than 3J inches. 

Main Boom 'Retracted t.i.mit 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 accive 
wbenever the ji.b boom ansrle is low (less than JJ degrees above hor.i.2ontalJ • 

MAin Bogm Cradled Limit: Swiccb. The crotdled limit switch ia tru.e when the 
main boom and riser boom are in most down powition. 

The scability analysis evaiuated and determined by Snorkel Engir.earing results 
in the fellowing envelope requirementG and limita~icns on certain boom 
flmct ions; 

~tion "A" C.:rts>. Cefined as the condition when ~ib angle is not low and 
the boom is extended lass than 3J inches. 

Jib t7p: requests are ignored while c:ondition A exists. 

Jib tlown: Jib Down function is always allowed, howeve:, the jib will 
automatically be activated down if a boom retract ccmmand is issued ~hile 
condit.i.oµ .. A" exists. 

eondition •s" (EXT.ENp). Defined as the condition when the main bocm angle is 
low and the main boom is extended more than 33 inches, 

Extend: requests are ignored while condition "B" exists. 

Retract: The ~etract f\.Ulcticn is always allowed, howeve~, the retract 
function will be au~omatically ac~ivated if a main 1:-oom down command is 
issued while condition •a" exists. 

~- .. . .. :·.:· 
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system runc~ions and Rules 

The apparatus operates to a defined set of rules. The rule database, in 
conjunction with the certain cont:cller variables {refer to database section) 
defines precisely the operation of the machine. It: is imperative that: before 
machine design is :l.mplemented, th.at the operational ::rul&.11 be axpli·cit:ly 
defined by the O~M, that is, the ~ule base muse be developed by a person who 
possesses a full, exact understanding of the machine and bow 1~ ~ust function. 
The exception to this is the machine specific funct:ions that ara beyond the 
scope of the discrete Boolean retaticnships available through the database. 

The machine specific functions are custom prcg~am modules embedded into the 
control Gystem and are called system Virtual output Modules (VOM's). A VOM 
utili~es database variables, and may also set database variables so that the 
database developer has access co the VOM. 

~he 33/38 rul• base is defined as follows: 

Ite1r1: ~rouncl Mode LED 
Desc: output indicator 
Rule: set when system ground mode switch is active. 

Item: GCS Platform Mode LF.O 
Desc: out.put indicator 
Rule; set when system plat!erm mode is active. 

I~em: Ground Down Variablft 
Desc: database variable 
Rula: set when groUlld down low speed switch and ground mode er 

when ground clown hi speed switch and ground mode 

!tem: Grow1d t1'o Variable 
ne~c: database variable 
Rule: set. when ground up low speed switch and ground mode er 

~hen ground up hi speed switch and ground mode 

Item: Ground Up er Ground pown Variable 
Desc; database variable 
Rule: set wben ground up variable set or ground do\!in vax:iable set 

Item: Plat:forni station Down Variable 
Desc: database variable 
Rule: set when boom joystick down swiech and platform mode 

Item: Platform Station Up yari~ble 
Oesc: database variable 
Rule: when boom joystick up switch ~nd plat£orm mode 

Item: f!A_tfo;m ~c or ~latform nown yari~ble 
Vesc: database variable 
Rul": set: when Platform Up variable cet er Plat!o:i:.·in C0"''11 vario.ble set 



Item1 ~ Down Varialli 
Dase: database variable 
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~ule: set when ground Up/Down variable set or platform up/down Yariable set 

Item: Ground Counter-Clockwise Variable 
cesc: databa~e variable 
Rule: sec when ground c-clockwise low ~peed switch and gro\2..~d mode or 

ground c-cloekwise hi speed switch and ground mode 

Item: Grnund Clock:wiqe variable 
Oesc: daeab~se variable 
Rule: set w~en ground clockwise low speed switch and growid rnode or 

ground clockwise hi speed switch and groune mode 

Item: Ground Lefc/Right (CC•CW} VAriable 
cese: database variable . 
Rule: set when ground clockwise variable set or 

grouud count.er clockwise variable set 

Item: Pl<H:form s=ounter-Clocl(wi!Jo Variable 
Desc: databasft va~iable 
Rule: when platform c-clockwise switch and plat..fo::m mode 

Iten1: PlAt:forn Clockwise Variable 
Desc: dat~base variable 
Rule: set when platform clockwise switch and platform mode 

Item: L!Atform Left/Riqht CCC-CW) Variable 
Oesc: datab~se variable 
Rule: set when platform clockwise variable set or 

platform counter clockwise variable set 

Item: Cloclcwise Connter-clockwi.se variable 
Desc: database variable 
Rule: when ground left/right variable $0~ or plat!orm left/righc variable set 

Item: CFound Left/Ri.ght High S~eed Variable 
Cesc: dat3base variable 
Rule: $et whe~ grou.~d clockwise high cwitch and ground mode or 

ground counter-clockwise high switch and ground mode 

Itecn: c:lround Left/Bight '[,ow Speed Variable 
Desc: database variable 
Rule: set when g:::ound clockwise low switch and ground mode or 

ground c:ounter-clockwise low switch aud ground mode 

lt:.em: Ground t~/Dn Hi Speed Variable 
Oese: dAtab~se variable 
Rule·: =iet when ground down high swit.ch and ground rnoC.e ot" 

grot~~d up high switch and grcund mode 

Itoain: Ground Qn/Dn Low sr;eed Variab1~ 
Desc: dac~basft Y3riable 
Rule: when ground ccwn low switc:h and g:::ound mode or 

ground up low swicch and ground mQde 



Item: Ground High Speed Variable 
Desc: database variable . 

65 

Rule: set when growid up/doi.m. high speed er ground left/right high speed 

Item: Ground Low Speed variable 
Desc: database variable 
Rule: when ground up/down low speed or ground left/right low speed 

Boom Section Rules 

Item: Auto Retract Reauest 
nesc: system variable 
Rule: when main' boom low angle limit switch and not retracted 33u 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, 
Oesc: output 
Rule: ~hen 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 
Oesc: 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 enabled and up/down 

switch pressed) 

Item: Main Boom Lift Down 
Desc: output 
Rule: when panel request for lift and (ground down ewitch or platform down 

switchJ but not if auto retract enabled 

Item: Main Boom Lift yp 
Desc: output 
Rule: when panel request for lift and (ground up switch or platform up 
switch) 

Item: GCS Main Boom ~i'~ 
Desc; output 
Rule: when panel request 

Item: PCS Main Boom Lift 
Deac: output 
Rule: when panel request 

Item: Auto Jib Boom. Down 
Desc: database variable 

LEO 

for lift 

LEO 

~or lift 

Rule: when jib boom angle is high and ex~ended less than 33 inches. 



X~em: Jib Boom Down 
Desc1 out.put 
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Rule: when panel request £or jib and (ground down •witch or platform down 
swicch) or when retracting and auto jib boom down variable set 

Item: Jib Boom Uc 
Desc: output 
Rule: when panel request. for ;jib and (ground up sw or platform up sw) 

but not ~hen auto jib boom down variable $et 

Item: GCS JiQ Led 
Oesc: output 
Rule: panel ;r:equese for jib 

Item: fCS Jib Led 
Oesc: output 
Rule: when panel request for jib 

Item: Platform Level Down 
Dase:: output: 
Rule: when panel request for level down and (ground down switch or platform 
down switch) 

Item: Platform Level UR 
Dese: output 
Rule: when panel request for level up and (ground up swic~h or platform 

up switch) 

Item: GCS Platform Leve~ 
nesc: our:;put 
Rule: when panel request for platform level 

Item: PCS Platform Level LJll? 
Dese: output; 
Rule: when panel request for platform level 

It;em: Riser Boom Down 
Desc:: output 
Rule: when pan~l request for riser and (ground down sw or platform down sw} 

Item: Riser Boom Up 
oesc: output 
R~le: when panel ~equeat for riser and (ground down sw or platform down sw) 

Item: GCS Riser Boom LEO 
Oesc: output 
Rule: when panel request for platform level 

Item; PCS Riser Boom LED 
Desc:: output 
Rule: when panel request for platform ievel 

ltem: Platform Rotate coµnter c;lpckwise 
Deac:: outpuc 
Rule: when p;mel request fol." rotate and (growid cc:w sv or platform ccw sw) 



Item: Platform Rotate Clockwise 
Desc: cut.put 
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Rule: when panel request for rotate and (ground cw sw or platform cw sw) 

Item: GCS Platfgrm Rotate LIQ 
Oesc: cut.put 
Rule: when panel request for platfot"m rotate 
Item: PC§ Platform Rotate LED 
Deso: output 
Rule: when panel request for platform rotate 

Item: Body Swing Counter Clockwise 
Desc:: ou.t:put 
Rule: when panel request for body swing and (groWld ccw sw or platform ccw sw) 

Item: Body Swina Clockwise 
Desc: output 
Rule: when panel request for body ~wing and (ground cw sw er platform cw sw) 

Item: ocs eody Swing LED 
Desc: o::>utput 
Rule: when panel request tor body swing 

Item: PCS Body Swinq LED 
Desc: output 
Rul~: when panel request for body swing 

Item: Igni,ion-2 Output 
Desc: CJutput 
Rule; set when the controller is powered up 

Drive Control Rules. 

Item: Drive Command Signal 1 
Dese: output 
Rule: joystick drive swit~h A and not joystick drive switch B 

but only when 
the foot switch is active and not in emergenay power mode 

Item: Drive C9mmand Sianal 2 
Desc: output 
Rule: joystick drive switch A or joystick drive switch B 

but only when 
the foct switch is active and not in emergency power mode 

Item: Vehicle Motion 
Oesc: 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 f~lly retracted) 
bu.t only when the foot switch is active. 



Item: PCS Hiah Range LEp 
Desc: output 
Rules ~hen High Range Drive 

Valve ~ctivation Variable 
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The following DOC cf ruleG are utilized only t:o result in one equation which 
sets a variable which is true when any valve is aetive, the variable is1 Any 
Boom Valve Active 

Item: Platform R9tate VariablA 
Oesc: database variable 
Rule: when platform rotate clockwi~e or platform rotate counter-clockwise 

Item: ~dy Swinq variable 
Oesc: dat~base variable 
Rule: when swing clockwise or swing cou.~ter-clockwise 

I~em: Swing/Rotate Variable 
Desc: datab~se variahle 
Rule: when platform rotate varia~~e o~ ~ody owing variablQ 

Item: Retract/Extend Variable 
Desc; database va~iable 
Rule: when retract valve active or ~xtend valve active 

Item: ~/Rotate/Retract/Extend variable 
Desc: database variable 
~ule: when r.etract 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 
Rule: jib up function or main lift up ~unction 

Item: Level Variable 
Desc: database variable 
Rule: when level up function or level down funecion 

Item: Jib-down/Lift~Down/Level Variabls 
Desc: database variable 
Rule: when level variable set or jib down/lift down variab1e set 

~tern: Lift/Jib/Level Variable 
Desc: database variable 
Rule: when level variable or jibvariable or lift variable set 

Item: Riser Variable 
Deac: database variable 
Rule: set with either riser up or riaer down valve 



Item: B_ise:i;:LMift/Jib/Level 
Desc1 database variable 
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Rule: set with any jib lif~ riser or level motion function 

Xtem: Any Boom Valve Aceive 
Desc: database variables 
Rule: wheu awing or rotate or retract or extend er lift or jib or riser or 

level function is active 

Boom and Speed Controllftr Speed Trim Inputs 

Item: Full Speed Allowed Cno bgom sp~ed trimming\ 
Cesc: system command 
Rule: when riser up, extend or retract valves or (brake release pressure low 

and foot switch) 

Item: Half Speeg Allowed (boom soeed trimmed to SOt! 
cesc: system command 
Rule: when jib up or main up valve 

Item: Quarter Sneed Allowed 
Desc: Rystem command 
Rule1 when not full speed allowed and not half speed allowed 

!tem: ~draulie Pumo Sianal 
Desc: output (interlocked) 
Ruie: when any boom function valve and not emergency pum~ mode or 

brake release pressure low and foot switch is active 

Eme:z:.·qency I Amciliarv Power Control 

Item: Stee; yariable 
Dese: database vari~ble 
Rule: when drive joystick steer right or drive joystick steer 1eft 

but only when foot switch active 

Item: Auxiliary Hydraulic Pump Relay 
Oesc: out.put 
Rule: when steer variable or (&mergency mode and any boom valve variable) 

Item: Stee~ Left Pune~ion 
Oesc:: output 
Rule: when platform foot switch and drive joystick steer left 

Item: 5,.1;.,!tir R i.qh!: Functign 
Desc: : out:put 
Rule: when pl<ltform foot switch and drive joystick steer right 

Ttem: GCs Emerqenc:v ppwer LEQ 
Ct'!!Se: out;.put 
R\tle: when emergeney mode vaz·.i.able set and grow1d mode or platform e-pw:; LE:P 

Item: PCS Emergency Power Lia 
Desc: output 
Rule: ~hen emergency mode vari~ble set and plae~orm mode er ground e•pwr LED 
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?cem: Emergency Power Diver.ting yalx~ 
nesc:: out.put. 
Rule: when awd.lia:i.·y (emergency) pump on and any :boom valve 

Machine Warnings Azld Alarms 
Item: Horn Relay 
Desc: outp\.Lt 
Ru..le: when platform horn switc:h 

%tem: Tilt Alarm 
Desc:: O\ltput. 

Rule: 1wr. ilYCl GWitch 1nd not h~!r! cradled sw!tch 

?cem: Hotion Alarm 
Des<:: output. 
Roule: any :boo1n valve or drive function 

ztem: Chirp Alert 
Oeac:: output 
Rule: when 5ystem control system requests fu.~ction chirp 

Node Errgr Status. Each node has Che abili.ty to report its error status to 
the master control module. The mascer control modulo will also report the 
system error status to the network devices. The platform i/o node and the 
grou.~d i/o node are configured with displays which will display the error 
status as reported from Che MCM. 

Node Errors. The following chart lists the error ~o4es currently supported by 
the system. 

ERROR DESCRIPTION 

0001 MCM - PLATFORM NOT PRESENT {NO COM) 
0002 MCM • BOOM JOYSTICK NOT PRESENT CNO COM) 
0003 MCM • GROUND SWITCHES NOT PRESENT (NO COM} 
0004 MCM • BOOM CRADLED SWITCH ERROR 
0005 MCM - BOOM ANGLE SWITCH ERROR 
0006 MCM - EXTENSION SWITCH ERROR 
0007 MCM - RETRACTED SW1TCH ERROR 
0008 MCM - JIB ANGLE SWITCH ERROR 
0009 MCM ·DRIVER ERROR 
0010 MCM • TlL T ALARM WARNING 
0011 MCM - INCONSISTENT SWITCH STATES 
2305 GROUND 1/0 - SWITCH ~ T POC 
2306 GROUND 1/0 ·ILLEGAL SWITCH COMBINATION 
2307 GROUND 110·- COMMUNICATIONS ERROR 
1793 eooM JOYSTICK- NOT CENTERED AT POC 
1794 BOOM JOYSTICK - OUT OF RANGE 
1795 BOOM JOYSTICK· MUL Tl AXIS DETECTED 
1807 BOOM JOYSTICK· COMMUNICATIONS ERROR 
2561 PLATFORM 1/0 ·SWITCH AT POC 
2562 PLATFORM J/O - ILLEGAL SWITCH COMBINATION 
2563 PLATFORM 1/0 - ORIVe JOYSTICK ACTIVE AT POC 
2575 PLATFORM 1/0 ·COMMUNICATIONS ERROR 

' . 
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WHAT IS CLAIMED IS: 

1. A.11 aerial work apparatus comprising: 

a base; 

a. platfonn; 

a boom connecting the platform a11d the base; 

a. hydraulic system for moving the boom i;ections; and 

a boom control for controlling the hydraulic system in respot1se to OJlerator input·to 

move boom sections i11 accordance with the operator input, said boom control comprishlg: 

a first control module on the base responsive to an operator for providing 

honm motion commands for cau!iing the bonm to move in a desired direction; 

a second control module on the platfonn responsive to an operator for 

providing boom motion co11unands for causing the boou1 tu move hi a desired 

direction; and 

a controller area network interconnecting the first module control module and 

the second control n1odule. 

2. TI1e appw:atus of claim 1 wherein the boo.n1 coutrol iuclucfol$ a microprocessor 

programmable with parameters which control operation of the apparatus. 

3. The apparatus of claim 2 wherein the parameters include one or more ofthe 

following: 

parameters which dc11nc an envelope within which the boom is pcmtlttcd to operate; 

parameters which cause the boom to aulomalically retract in certain positions in 

S response to certain operator requested actions; 

parameters which define ran1ping up speeds or ramping dowi1 speeds of boom 

ninvement; 

parameters which define sequential functions of the boom; 

pa.ramete1·s which define simulta.ne,">us functions of the bo(uu; or 

10 parameters which define time periods based on the status of val'ious switches during 

which time periods the boom is permitted to operate. 
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4. The apparatus of clai.n1 1 wherein the boom control comprises an envelope 

controller comprh;ing: 

a position detector subro1.ltine or circuit for detecting a position of the boom sections 

ur wurk plalform relative to a posilion of the base; and 

5 a position limitation subroutine or circuit for inhibiting the· booni control signal being 

provided to the hydraulic system when the position detector subroutine or cil'cuit indicates 

that the detected position ofthc boom sections or work plaifonn relative tu the p<>sition ofUle 

base will exceed an envelope limit whereby the envelope controller limits the position of the 

boom sections or work platfonn relative to the position of the base to within a predefined 

10 region. 

5 

10 

5. The apparatus of claim 1 wherein said boom comrol comprises: 

a boom section select switch response to operdtor input for selecting one oflhe 

plurality of boom sections to be moved; 

a. boom motion in}lut switch response to operator input for providing a boom 

direction ~ignal indicative of a desired direction of boom motio11 for the selected 

boom section to be moved and providiug a desired boom b-pccd; and 

a boom ramping contrullt:r, re=>pun~ive lo the bQum secliQn isel~L l:iwitch and 

boom motion input switch, for controlling the hydraulic system to move the selected 

boom section in accordance with the boom direction signe.I, said boom ramping 

controller adapted to cause the hydraulic system to move the selected boom scctiou at 

a varying velocity which docs nul exceed a presel maximum velocity so lhal the boom 

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

6. The a.pparatuS 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 nc.x.l operator re,1ueslec.l m< . .wemenl or to simultaneously move lhe boom in a second 

direction in response lo an operctlor requested movt.ment while the boom is moving in 

5 rc~ponse lo a previous operator requested movement. 
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7. The apparatus of claim I where.in the boom control i11cludcs: 

a safety subroutine: 01· circuit for mo.tutoring operator input rcqucstW.g boom 

a1ovemenl and fur preventing the boom control from responding to operoitor input requesling 

boom movement in the event that there has been no opera.tor input requesting boom 

5 moventent for a. first time perind; and 

a power saver subroutine or circuit for monitoring operator input to the boom co11tmJ, 

said power saver subroutine or circuit deactivating the boum cc.>nlrol when the power saver 

subroutine or circuit c.lelecls no operator inp11l lu the boom conlTnl foT a ReCOnd time period. 

8. An envelope controlleT 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 platfonn supported by the boom, a base supporting the boom, a boom 

control for providing a boom control signal to the hydraulic system, the boom c:ontml signal 

5 controlling the hydraulic system to control motion of one of the plurality of boom sections, 

the envelope controJler comprising: 

a position detector subroutine or circuit for detecting a position of the boom sections 

or work platform relative to a position of the base; and 

a position limitation subroutine or circuit for inhibiting the boom control signal being 

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 platfonn relative to the position of the base lo wiU1in 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 platfonn within 

the predefined region. 
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10. The apparahls ui"claim 8 wherein said boom control compris~: 

a boom section select switch response to operator input for selecting one of lhe 

plurality of boom sections to be moved; 

a boom motion input switch response to operator input for providing a. boom 

direction signal indicative of a desired direction of boom motion for the selected 

boom section to be moved and providing a desired boom speed; and 

a boom &dIIlpiJig 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 

ramping controller adapted to cause the hydraulic system to move the ~elected boom 

section at a varyiug velocity which does not exceed a. preset maximum velocity so that 

the boom accelerate~ ai a preset rate from zero velocity to the desired velocity. 

t 1. The apparatus of claim 8 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 bonm in a. second 

direction in tesponse to an operator requested movement while the boom is moving in 

S response to a previous operator requested. movement. 

12. The apparatus of claim 8 wherein the hnom control includes: 

a safoty subroutine or circuit tor monitoring operator i11put requesting boom 

movtmitmt and fur preventing I.he 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 sa-ver submutine 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 amial work apparatus comprising: 

a base; 

a platlbrm; 
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a hydraulic system for moving the boom sections; aud 

a boom control for controlling the hyclraulic sy~tem in response lu operalur input lo 

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 ofboon:1 scctions.to be moved; 

a boom motion input switch ri::spomsc to op~.:tlor input for providing a boom 

direction 5ignal 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 motioacti.11 input switch, for controlling the hydral.llic system to inove the 

selected boom section in accordance wilh the boom direclion signal, said boon1 

ramping controller adapted to cause lhe hydraulic system to move the seleclt:d boum 

section at a varying velocity which does not exceed a preset maximum velocity so that 

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

14. The apparatus of claim 13 whcrci11 the boom control includes a microprocessor 

and wherein the maximum preset velocity is programmabJe by the operd.~or via lhe 

n'licroprocesSOT. 

15. The apparatus of claim 13 wherein the boom ramping controller is adapted to 

cause the hydraulic system to substantially instantly disco.llti.tme movement of the selected 

boom section in response to operator input indicating that the motion orthc selected boom 

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

16. The apparatus of claim 13 wherein the boom ramping controller transitions front 

moving the boom in a first direction to moving the boom simultaneously in the first direction 

and in a second direction by ramping down the movement in the first direction to a first 
certain value and by ramping up the movement in the second direction to a second certain 

5 value and, thereafter. ramping up the movements in the first and second direction 

simultaneously. 
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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 operatnr reque1ted movement while the boom is moving iu 

5 response to a previous operator requested movement. 

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

a ~n.fety subroutine or circuit for monitoring operator in})Ut requesting boom 

movement and for preventing the boom control from responding to operator input requesting 

boom move1nent in the event that there has been no operator input requesting boom 

5 movemcn.t for a 1kst time period; and 

5 

10 

15 

a power saver subroutine or circuit for moniloring operator input to the boom control, 

said power saver submutine or circuit deactivating the boom control when the power saver 

subroutine or circuit detects no operator input to the boom control for a seco11d time period. 

19. An aerial work appiU"atus comprising: 

a batcc; 

aplatfonn; 

a boom having a plurality of boom sections connecting the pla.tfonn and the base; 

a hydraulic system for moving the boom sections; and 

a boom control fur controlling th~ hydraulic syslem in response to operalor input lo 

move the boom seclions in accordance wilh the operalor inpul, said boom CQiltrol CO?npri&ing: 

a boom seclion select swilch response to operator input for selecting only one 

of the plurality of boom sections to be moved; 

a boom motion input switch response to operator input for providing a boom 

dlrcctio.u signal indicative of a desired direction of boon:l n1otio.n; and 

a boom controller reo'Ponsive to the boom section select switch and the boom 

molion input swilch for conlrolling lhe hydraulic system to effect boom motion, said 

boom conlrollcr adapted to cause the hydraulic system to sequentially move the boom 

from one operator requested movement to the .uc.x.t operator rcc.i ucstcd movctt1c.nt or lo 

simultaJleously move tile boom i.r1 a second diroction in re1>-pume to an opt1tator 
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requested movement while the boom is moving .U1 response to a prcviou~ operator 

requested movement. 

20. The apparatus of clain1 19 wherein the boom control includes: 

a safety subroutine or circuit for monitoring operator input requesting boom 

n1oveme11t and for preventing the boom control from rcspouding to operator input requesting 

boom movement in the event that there has been no operator input rcxwcsting boom 

5 movement for a first t.Unc period; and 

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

said power saver subroutine or circuit deactivating the hoon~ control when the power saver 

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

21. An aerial work plalfonn 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 

10 

a timer subroutine or circuit compri~ng: 

a safety subroutine or circuit for monitoring operator input requesting boom 

movement and for preventing the boom control from responding to operator input 

requesting boom movement in the event that there has been no operator input 

requesting boom movement for a first time period; and 

a power saver subroutine or circuit for monitoring operator input to the boom 

contr<Jl, said power tsaver subivutine or circuit dea<;livating 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 platfo11n of claim 21 wherejn the second time pedod of the power saver 

subroutine or circuit is greater than the lirst time: period of the safety subroutine or circuit. 
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23. An aerial work appmat~us CQI11prit1ing: 

a base; 

aplaifonn; 

a boom connecting the pla.tfonn and the base; 

a hydraulic system for moving the boom sections; and 

a h()om control for controlling t11e hydraulic system in rcb'Pumi; lu operator input to 

move boom sections in acCQrdance with the operator input, said boom contro1 comprising; 

a microprocessor having inputs for receiving operator inputs and having 

outputs providing output signa.Js which are a. function of the operator input provided 

to the microprocessor iliput, said hydraulic system being responsive to tlle output 

signals; 

a 1in;t coulrol motlulc on the;: base;: re;:sponsive lo an operator for providing first 

boom motion command signals for causing the boom to move in a desired direction. 

said first boom motion command signals being supplied to the inputs of the 

microprocessor; and 

a second control module on the platform rcspo11sivc to an opera.tor fo1· 

providing second boo1n niotiou conuuand signals for causing the boom lo muv~ in a 

desired direction, said second boom motion command signals beins supplied to the 

inputs of the microprocessor. 
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