1. Aug. 2003 AERI AL WORK PLATFORM BOOM HAVI NG GROUND AND PLATFORM CONTROLS
LI NKED BY A CONTROLLER AREA NETWORK FI ELD OF THE | NVENTI ON The i nvention
general ly relates to aerial work platfornms and, in particular, toaap. 2003
conput er based control systemfor an aeri al work pl atform haV| ng various
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sections and a boom control. The boom control controls the hydraulic system
in response to 15 operator input to nove boom sections in -accor dance wnth
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sequentially nove the boom from one operator requested novenent to the next
operator requested novenent or to simultaneously nove the boomin a second
direction in response to an operator requested novenent while thﬁ.hﬂ?@bh§
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an operator requested movement while the boom is moving in response to a previous operator
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L another form the invention compriscs un aerial work platform comprising a

plurality ofboom sections; a boom control for providing a motion output signal for



Figure 5B is a geonetric diagramof the zones of autorefraction of a

CAN- based boom control system according. to the present invention. Figure
6A is a graph illustrating the operation of a soft start subrouti r]e_A,ﬁJ_ZU%
circuit for use with a CAN-based boom control system according to the
present invention. 10 Figure 68 is a graph illustrating the operation of a
soil start subroutine or circuit for wuse wth a CAN based boom control
system according to the present inventionh wherein an operating function Fl
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_ control system according to the present invention.
30 Figure 3 is a top plun view of a plutform control paniel module suitable for use with a

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



descri bed boom configuration conprises an articul ated boomfor the aerial
work platform 10. 20 The boom control systemas illustrated in Figures 2A
and 2B has a configuration which neets requirenents for control ﬁyﬁﬁﬁghUS
flexibility, programmability, nultiplexing and quick design cycle ti

Ili general, the work platformcontrol systemconsists of two primary
conmponents, a ground control station (GCS) illustrated in the left portion

of Fig. 2B artdgacpliatfarpueonyala gfbaﬁd@dhnw@m hJo u&tsh@&tﬁgfdﬂxsé Qmrd ght

portlon 5 conponents are |inke I'11zed as
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based controller 2 b\l/x} a g%@@f& tfjgbrsog%ﬁ\{h%ggntw sted pair cables.
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and the pba&dQkM.SORELQ ves as a renote input device to the
mast er contro? (?1 és%?%é&a %ﬁ%&%ﬁ#% 'l er 206 may be | ocated on the

base with the I‘g&l@@:ﬁé ig a/gug:hzmsraﬁngdmmmlrdt&m of arsdft 202 subRRandbXcifeuit for
illustrat and fromthe stations., However,

nel
t hose ski 1?? wth i ?nd ‘?‘ﬁ%ﬁ‘“‘fb ES%TIE‘@"T%Q‘WFN@ PEGTER KON i s not a
nec¥ssary | i Mgt 6Bris @fgrztphel Iusﬂmang ueomadiohRak sbReL.AAbLRKhEE: 4RBiIMBY be

remotel y .| m bot h the round controller card 202 and the platform
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i n conbi natuatmg fvlnk:hmt ﬁe1@x|a&ipfb0ﬂmvﬁ@@50%| Wwile @@J\gf&gﬂon {sThi e 4}1 F@ﬁ? %@éﬁela a
vari ety Q rélgg 3}[0 out ut s. is conten% ated that contr er’ o
have an 6‘& b’é‘r“f ‘(’Ho’tre’saﬁﬁ'{m)ul’tﬂﬁpg tit«mf@m nterface with anot her
conput er such F‘@ﬂa7k€fm QR TOFBREAN | WG UL -BLLOWs &xb&o@é’&fﬁ%‘# of the
|nve§nt|on to,be c nfl‘gurable in that t he®system out puts an eir |ogical
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mai n Mt{xﬁ%&‘ @8n Inﬁ?ﬂ qgl?)?ﬁ@ﬁe%'{cd‘?ﬁ;%d 1%'1]1 & ﬁgs[s I OOH%SWF 8%1583 gae%ejlr’]na![ ZS

sel ected by the operatofr. escopi n oom
ab reque@lﬁtwe@fb%tsémaf@rsa&bétWé?cqutmh@rDetmstMaagclbuembiMJ%T'H?I&NZ&‘IO&&M}M ng
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force upward or retract copi ng
boom f unctdndin! pE9G; tn diwatoo theFpot Mltchmlﬁahésmaf@ﬂcji kep sivatiesthpd well Bomm

function the er at or nct on switch 324
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t he 3Pl at f oibnoutia6 ox Wﬁ@nt tbeitdrk BobhaeontsEeriisprRRvelskhe bR &bm the foot

switch 214, slop switch 212, and boom joystick 218 via platform controller card 204 and
CAN 208 1o (he controller 206,



position, its function wi | | raise and force inward or |lower and force
outward the position of the platform1136. A jib boom function LED
indicator 326 illum nates when this function is. 15 selected. A p Fﬁ{ L]
llevel function switch 328 generates a request to automatically | eve
platform 136. A platform|evel function LED indicator 330 illum nates when
~this function is selected. Aplatformrmate function switch 332 generates
a request to rotate the platform The platform 136 of the machine w |l
rotate 90 in eit hbhitiqﬁ,riteietcbmmpm@ thehtid sxammrag 4RO 1hd1d<ﬁ£ﬁp@derb=ﬁv@.’fﬂ:mA 150
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control sP&i% "e"“‘ 4y fptiosfaiotes ahpwedhis datie may by igpdameted by a

cor r espongtipagitd @Jﬁer@h#éf%u%ﬁﬁﬁé‘gr GiRyl122COUIA i 2% onl LY ﬂﬁ;ﬁlén oibh Ve
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control | ergpa Qs 1 g.t st eer
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system apdu@& St ng errors present
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30 combination with or programmed with the controlier 206 including a 10 second safety

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

220. The safety circuit 222 monitors motion output signals initiated by the operator by



control states. There iis one cabl e which connects the pl at f orm contr ol
station PCS to the 25 ground control station GCS. Between the two stations
there are el even signal and power supply wires. There is a term nlall'\\/\i'%hf
on the control card of the platformcontrol station termnal strip [
interfaces the control station to an external processor such as a | aptop
conputer. Atilt alarmis provided as pant of the platformcontrol station,
1. Aug. 2003 75 GROUND CONTROL STATION (GCS) The ground control station GCS
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i ncl udesJ%Ysb%ﬁ%ﬁbltqummnq@mccsmotadhc ﬂow 3flsed dintwobdphfige ROEER, thw egigeenal

movenent ji Sy ad 252 ernat i veI t he boot h ke pad 252
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speed. A 442 activates novenent of the
<ol oct ed oo’ar%]"“/sée%g‘%"“%}h“‘d ‘SWSTS‘P %Wléq qua%, Rgicste tagdbgbogm dpiphai gh
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section %I ockw se at a fast
etector subroutine. To slop motion of the active drive or steer function, the opcrator may

release the drive juystick 224 to its centered position, release the platform foot swilch
30 interlock 214 ot release the emergency stop swilch 212, As noted above, these switches
would be SPDT switches. For example, whon the boom is cradled, one side of the boom

swilch would provide a closed circuit and the other side would provide an open circuit,



punp notor speed. A clockw se | ow speed switch 450 activates novenent of
the selected boom section clockw se at slow punp notor speed. A

counter-cl ockwi se high speed switch 452 activates novenent of thq_&&l_g@ﬁ‘f,ed
boom section counter-clockw se at fast punp notor speed, A

counter-cl ockw se | ow speed switch 454 activates novenent of the sel ected
boom 10 section counter-clockw se at sl d® punp notor speed. In other words,
the GCP 400 provides two speed control of the novenment of the boomvia
keypad 257"thdrdasntihaopasigdohe prosiidesuldgroalt en speedratnhi Ghe Ohet e
novenent pduld RE Yolop VY ti 18. The. ground control station GCS
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A A e h o A B0 e BrereTieks ok eiadha st r of <
di gital outyeckssubontinaloy eiscui@hvaitibure $Rteen0 ks cg@golrt@gt@ﬁﬁ_s. The 1. Aug. 2003
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10 fromthe groun panel
r esonsi dicetvn el feedmeett hodicaaklest! conirtitdies, thahom jSkbick 33s ARacB?28,

332, 4124,416. .4 4 28 and 4 .and the boom notion i nput swtches

for cont r1 UOI#?’?% & %‘% gﬂheéﬁjyéﬁ? P%“Q%‘t’glﬁ% Y RPFR SRR o ArRaab Y . fungtignsLED

cont enpl atdéehterigo illomidutescaidnrbé bk sihyg RRCAGARY R T0R 1RaWSE: LGy dl.auki C
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b g’qe{?rl%t‘P F}Uttg
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the boom noti eirisehesi Bt bwiRhsebmad, CdUFERd BROYUD oi%?&t%% seflic {h%rlfspxt

from the pr b(%usl sel ect ed boom section. Further, the boom controller

ey’ be aggﬁpgé Ny @éﬁ%xgcnt. The riser boom [20 will raisc or lower the level of the platform
136. A riser boom function LED indicator 314 illuminates when the riser hoom function

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



the hydraulic systemto initiate boomnotion for the currently sel ected
boom section after 20 discontinuing novenent of the previously selected
boom secti on whereby only one boom section may be noved by an opey ﬂﬁ&rznﬁﬁ
a time and boomnotion for the previously selected boomsection is

di sconti nued before the currently sel ected boom section noves. Referring to
Figure 5, there are four limt sw tches phich nonitor the position of the
boom The limt switches provide inputs to the controller 206 and are
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neasur es gdiionmifMhdglemangle Mﬂrﬁﬂn B@&hziQrFLIn%h 18091 df’ca?o?ts'l ¥§ h%u%gﬁﬁ Whefl gbq
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Joyslick drive signal A corresponding (o & drive command to the controller 206; a joystick
drive signal B corresponding to a drive direction to the controller; a drive joystick steer right
signal corresponding to a steer righl command to the controller; a drive joystick steer lefl
signal corresponding 1o a steer left commund to the controller; the foot swilch interlock; the
emergency stop interlock; a jib low énglc interlock limit switch which is tripped when the jib

boom 138 is at a low angle; a jib low angle redundant interlock limit switch which is tripped



NO ZON RTW35L' to 75"0" to 33"D to 45' SW TCHES: PCsSI TI ON APGCSI TION B 1.
ANGLEO to 50"50 to 75 2. EXTENSI ONO" to 33"33" to 67" 3. PULL RETRACTO" to
<"6" to 67" 4. JIB-90" to--20"-20 to +45" An envel ope controller Sluit\ﬁg%g'ﬁ
for use with an aerial work platformhaving a boom conprising a plurality
of boom sections, a hydraulic systemfor noving the boom sections, a
1. Aug. 2003 19 work platform supported by the-boom a base supporting the
boom a boomcontroller for providing aldoomcontrol signal to the
hydraul i ¢ .s m., t he om control signal controlling the hydraulic system
to contr olﬁﬁ???ﬁb %‘?O%Egé)tf’f“(’tt Al lomuarals; mypoori jbysoink sesds i9pS.wiibeisanvel ope
contr ol | ePraunpriabamasy BpdiSo dd & ] Jovention includes a position
detector gubroutine. or{; c?_r cui t _?%#t)ﬁgeltkggﬁnﬁag g‘“ﬁ’é@?’tlf’bﬁwa*%@*%am and
sections or WONRYPLAYTEHSIPE diflyis amoporposil khaog ohut Benbaseeignd a
posi tion kim@aﬁli@mcﬁﬂmgwsiﬁgﬁ QkisGlot Gyt (inplenmented in hardware or in
software in thzT conftrol er 20%‘) % r |nﬁi biting a boom control signal being
provided to t he*hYFHaGn pentss) stagom Pﬂﬂmmhh@pﬁﬁﬁfyr&krh@'bm%@@hm%}) BE@J’W tion
det ect or oiotrdddd tho8is€alC8q: , det ect.ed posjtion 10 of the boom
sections pr.work pl atf,orbrjcﬁﬁ%ﬁé g%tlp\illg%f‘g%taﬁsénb'ogﬁf o ceiesllvnmadreniiesla 4ex deed
an envel o%& PR fOviRgiaing fhetimnvel Gpabaknhn Qlsh@bnkdiTlikSwlE {f@ﬂ%mi n of
the boom &e@ldr@BSTRS st (0L KR! %tjj‘scoi& H{ergl ative to the position S ORPUE o (o
within a pr q%gfi ned region. (A GG ROy Saiop e dt ooy hdesstan aut o
retract sUBFBUT (Peadixebrapdiare dent tortae pactoin goidthg sexbendibhe gF 0‘?&% g8hkror " hen
t he l6per aitaﬁozf@@%ielthggﬁ@gm%g%n@g or work platformoutside thé
predefined region to 15 nmaintain T e wor k platformw thin the predefined
regi on. The apﬁ&r%@%@lbﬁa@@@sx_acupOfsd’bﬂgl_chpp@aﬂﬁﬁﬂol%s?ﬁk»,_4%8] 44 3 baDE
rui'e dat abasidon, 16 OBHHAGLLON W Ih certain control I'er variables definEs the
operation of the aerial Wwork platfErie $0!rnbaroiflivsk) bEDarmy 346 inbekinGAN
i ncl udes "8° M7 S1eeAd it sy tyebanihi etbrup @K OB bNBaic20SRESLL G fungtion of
passi ng isyEemrMBMd PR DELNESH LE nades. of the boom control  Sysam Fhee

: ’ a ) Tic: : :
net wor k é[%ggglfssag%a%@%ohe Vg ﬁz’g‘ " EHING 198 prasaahiot the systamdl it plettbnes of
t he Soci n iivgudasgi m&ﬂﬁ,dis@ﬂlﬁmjd‘d ' J1939, The
mul ti pl exing, s¥stemaxi %zto?s within the SAE Jlg}%%h,ﬂég? h\Agr “égte‘éln'““ic’ﬁsd”éﬁendent
segnent . C@p 1?s{fggm?nt ;irZﬂ 'din ST WIS HEY IspraisienevitcbdndicapeinGht bedsisgial at
t he sane Indigue thi pb@x iy She kR # ef 0o boom el ectrical 25
control %egq{%rgooﬁwg-apetmr K,. a}ng nmay be %ﬁ%@ggggngtéggﬁ bWﬁW %‘%Iﬁé#ﬂs
segment s \‘?gy }?V'i Ces “ fihteele tincs qude WHentetradlcbboay est zandiep st efSe.
Col | ect i Yefy headxtentlbd seiegneiit (5e t2aehe AE J1939, vehi cl e-wi de
netwr K. sTRRIE 218, fi ve qgvi\ces whi chgg%tg%magw&%? © ﬁévaf?gﬁH?‘BWP%ﬁly-
el ectrical segnent — controf PPy Ue indisahlgthchuitvetereskatier eiemis aexyhalswaror
di scr et e lifHigdtor anidnoet gutatkadr ess space. 30 The devices arc the platform
i nput / out put Fmg?d thf tboom}{o stick input/output node, the ground out put
node, thg}ggr ound contt &T'P it °F Ry atfstieconanstithe NG ket seont FOkligl node
MCN. 1. Adgi2Q03! Bichlea BsberheR fMd Oke. :M.is.located inside of the
ground conhfQl..8 ay’d,on, encl osur2@%?%1?’gelg%?%é“ﬁﬁﬁfao%}ﬁlﬁrmmémzoe f or
the entire sysi &t ande it SoeblearSich conneots the platform control station PCS to the

ground control station GC'S. Between the two stations there are eloyen signal and power
supply wires. There is a torminal strip on the control card of the platform control station
terminal strip which interfaces the control station to an external processot such as a laptop

computer. A tilt alarm is provided as part of the platform control station.



function is to evaluate the systemrule database and arbitrate data to and
fromother devices on the network. Operation of the electrical systemis
dictated by a predefined database 5 (Appendix A), The database deschg‘&)m
-the rel ationshi ps between the devices in the electrical system The'
eval uates the database and arbitrates data to and from each specific
device in the system The MCM i npl enentsi4he class 1 nultipl exing database
engine to__eval uate the system dat abase residing in a non-volatile flash
menory of SRREINBGONTRGIeST satiys of the CANis a platform

i nput/ out put nede node 10 which, interfaces to a switch
panel matrix a‘?g grs-sﬂglri? gll’tis_(éﬁmg g{ﬁ‘ih%fstwé’d’r‘ﬁ%ﬁé@“b@aﬁlﬂﬁémﬁmswmhsnm%

al so al | oWstrii sndrfedre tithi djsdreds digiRUirpuant RS cARRLRES HRQ%nIr&ié% 2t&%om
j oystick Rdﬁx ual -access anal og joystic sucha

erfaces to

rrechfanl ca ] oyxs\?’cgtﬁd alpe ﬁ“‘ﬁ‘@t@ﬂ?‘?‘oﬁﬁ‘@ Ssaléﬁrd‘iﬁédmﬂcbm&yrncoﬁqmmoq m)asttql cks
W t h>i ndepeindenitoradzent: dufifluhsuts fH8ntHOUIL t he jqystick
posi ti onsb({gr%f) atnse{ﬁlkes of svmltﬁuches %ﬁd di rggﬁagﬁfg&a% T:’S hreéﬁésrepiort%g dat a
to the oYY 8% odul e. The ground control LED/ switch panel node |s
al so a generi cI{n@RuhdbRitdd QLRI s es to.a switch pan
matrix and as ert?ﬁ LED outﬁﬁlts ggﬁgg n%hld fgﬁ‘%bhztc el IR B & Ie
Thi s nodeYE® %Y (%@Mié Qf Ittm@udqraogxnwumnmromnmmmqaﬂcmoi%whe The

power outdddesshndy &4 nk ..of side output drivers which
CO”F(SCt to a%lgi conttr}%%?lhogﬁago ;a){agr@ C@sﬁgo %’rﬁ;‘%f(gm SPRFrel staftRe i 4 Plaseated 20

i nstde t HELGPokkE le@ﬁ@tpbﬂ%baﬂmnma@do#imunafomnharwhwg,@n fQectid@nple ﬁ; orm

control straidddy - OYf put d node and, additiona
serves tﬁ’é boom!’jh?)’gg??%&m%gnd& &V@ﬁ’ 3 Lﬁ’l 1?186\118 glgm(uﬁg CriEQldy IncRsAt Pobasﬁbdul e

serves t Wé‘“fﬁbﬁ\ié‘ﬁhdm pwaeh 608 gmmrmdﬁca&bw ﬂota@@th%%om%ﬁﬁ&% 168NA ke Mﬁ' e
ver, sees these nodes as

net wor kI f1Qat et wor Kk,
occupying | rf%ﬂr%ldgﬂﬁ g}at%fdfﬁI "%ﬁ‘é WW%B@@§Wﬁwﬁ%@1C§%?@t1@d bicgrt o
i ndependéntiva2l.har dwar e conponents wit hout any inpact on the overall
sysigm One a of the invention_includes a soil start or ranping
function in th?%%é Hpgro E'&h‘l‘%?vi”é’rh 418 A58paYs Baequest thoome Lheutardnos'eimcm
swi t ches riachdmo i DBT RRithios 0t 4 ANESnkSs wEBRITOhbAS, IXALAULT G System to
gr adual | Yo RDVE tthe sel ect.ed boom section in accordance Wt
direction S gnafors S SeRCTRIEG w1 BSt 1P héved Ot maiklielescopingdm obthE2 dwdiichul | C
system 3®equstnD\/x&h&JIl&1 {1Reti#diRo0 yel
accel erates at a. pr eset?el i néar mlr:gat Hﬁfnf%%qh{ fzag?%gnv é?‘f t?ly41¥np'$é‘§‘égf“"m%| mim
vel oci ty . °B0r %%éwpﬁ“étchl“ﬂﬂé%@mb a|r¢qn<;strtateasnaosrmueath@meswsgaﬂg bemoper at or
I S AequesthidIoLRBYS&IR N at X1 mum veI ocity. this 1

. Aug- 2003 21 ruequest ccggétbﬁhgﬁﬁ%ﬁgﬁgeﬂéﬁ)ﬁc?ﬂgi durtige L m@fcafq{é"zgoom
j oyst i ck “2HBEReM fynadisnsmiichg24 garerdes & hejubdtgh nepead iBbdehess ofnikihe ground

trol t t h t |l 206 d
i tal orgaar oen i RSB s Wb St Ebbtieni e up to

maxi mu {n \d/{el oci/t ylatioen levet fupc@conthpEsi gbdera(eﬁ't&lné%tfi‘bg?tllé«}cl %ie%ﬂétf[romﬂ%ﬁ
converte n a o-digital converter, not
shown, andﬁ %h%g%%ggsel?gle%ﬁbgﬁgmn‘s’%\j‘r‘%ﬁ pr"? mgufﬁﬁi BBMI@I LED ingigriaukd@. yst em
2267 | nphtforhevtasxianpicen swwcmenacgzmﬂateua&é@k@c&o%tﬁlet@@ga@mvs@gm tc{lﬁxcst
oper at ord@ LeQHESLIn 1rrgveme of a boom section at or % S mum
vel oci t flcated bY illupingiie A h OrmdPietn Wactn bRPindirateedIde chin omerg‘encﬁe boom
j oysti ckpm& mﬂdhymos@lae@ttdsug ©f it wi.tches, of the round
control neI 0l Tn this si ?%{aéfetl ont bm%érgﬂc?@’gg%ugo?@? B’é’ re%l\?l'g‘

di gi t al il P EETR enFesnsy vevet LED indidatet 4381 |y r arrps up to 50%
of maxi rmm verme tnd\Bhir &t {ARE & cont d that the
ramging . g%lg(}/ be. nonl |I5r?gar ?nd%qﬁgﬁlﬁ%ﬁgb?gaﬁ mmonb@’r‘ﬁg% a% wn in Fig.

6 28 twocl nr§1 direeting«l morersentongl apr bbemdegpad2 12, sﬂwﬂd@ew thore. In

addi t i onbodih ey A N BER RP1IEY 5 0 e fu ctjon. For
exanpl e, the rar’g)l ng £e‘sflbodgfdor 3y (?lyr?glglgpgng %@" |46H 8’1 spéed switch

activales movenient of the selected boom section upward at fast pump motor speed. Anup




15 he 0.5 seconds whereas the ranping period for |owering a boom section

could be longer and .set at 0.75 seconds to nore slowy begin the | owering

nmovenment. On the other hand, the ranping period for rotating a bqogy 3

section could he even Ionger and set at 1.5 seconds to effect rotatlonaP

novenent which is initialed even nore slowy than the | owering novenent.

As a result, the controller 206 constityges a boomranping controller,

responsive to the boom 20 section sel ect switches and boom noti on |nput

swi t ches, loWopessiomtitodl 44Riuntvatbembyshnan ol (i SyRERBLobLS FOYS: (1B sl @Elb@ﬂ' boom
gnal s gener at ed he

section i nce Wth boom di recti on si by t

boom ot |IJ(§LIrX1np|a’Irr\1i %ﬁ’g gélv\“/lEi { Chgvn #WE SBEShI LA Gict peT BPY@rerl o Heagieedihoonause
the hydrsaetdnoicsystedut Rstmivg LR $HERC LAY §&%H's®ﬂcﬂh4§aé’tﬁ)a9e%' ty which
accel er at, fromzero velocity to a preset velocity, as

t te
shown in ch“gﬁ%ﬂ%%g ’tteﬁig oo s¢plivariosmpiasd el b utipenciontiestll ér cla@6visay
be pf ogr aﬂ@‘mﬂ)eé@s@ﬂﬁﬁmg ﬂ%vat@yg{o@gﬂnbﬁt ﬁ%ﬁé EJQ&@ HiRsiant), ou%w{bnSE thy
di sconti nue novenent of the selected boom section In respons T8 B ‘EF at or
Cinput i nd"ERTRGT ERese- ﬁh‘éomlﬁ%h‘%ﬂ’eﬁﬁéwsdiéiﬁm‘fbtammosfeﬁmnmf thes hwdedtel be

XAl 6, -oh L he.oper oo SUTdLnry T LPORes. “OHFT BCE YR HAaH U Poned
it to ret’df A Eigsto vt af ﬂ@@elpotsdfopom settive cdllugtet-aluuﬁwm&t fapmmﬁlad;t@y t he
e at aF ot of e & BT BAEE NG A et iy BB e S RBY ] des

di ately term nate novenent
et y St@iggpuntencioplavise la‘eslo‘pqmatpcrnomsmrche IQRihed Rvdr&s, itNaB AP a8 ptovides

dlscontl u 003 22 tion movenent in the event of a
danger ougugfc’ p%?lrsp g%tééc*%‘n@f ﬁoﬁﬂne’ﬁrm%gh SRPER Y2 RyPHE2S Y Wiherts bnPESAPhe

i medi at @rmdamvmaalulempwd qonireiEthe BfovBmbAVNEEEIdPPia jSydickygkrated in Fig.
6 by line 000 p(p %P% %mn‘g&g\ speed to zero spéed at 2.5 seconds and
by line 602 % ‘6’3 FEm A dss dafod ity Gsapisdapuss tothe seconds.
5 As shomntm‘lleFquraelo@Baraltehelais@d}r%&uﬁé)ﬂbﬁtrmhﬁkégtﬁal? Wﬁxﬁeﬁtésg 1ed980
pernglt almgpo%pgnt of .the boomin a second direction oomi1s

dri

bei ig nove i ihrﬂs“fheehl?rf‘%‘ét%ﬁmme@%éﬂﬁﬁ 6l swichyinput trdicatreipdthed 34 of
the tel esmnmtng hied(1a2the i 1@@1 RE is 84hR A, on
Fl') and the v Et?r (woutl d | keL tésral 32(11;EI %1(1}@4'3%&{}10‘%& W&gg’n?&ﬁ!% wat%é

cal | funBtiHR ? J&smé%wlﬂ 4%%@@0@ einaimbogrimet dqwn hmuttudmutdélwhesx me
oper at i nghatrob®t engljdt | i Al

oper at or 1dr equest s i hlgf]l% %ﬁ?ﬁgﬁwﬁg‘ %ggg‘)(%%la{mﬁmwm 3“% #6“4 %%St‘i%ﬁl F1.
In respoH¥enaf feorcwghds high (c 208 veafpy); dowin bmnntuboﬁlxgﬁhngle lﬁﬁﬂ(m@cﬂﬁatbb

si mgl t aneees ki o that at oth f i ons Fl
and F2 are at 500 o§ Oﬁml@%ﬁlgglgthl ng spogg © t\‘l&fﬁ‘i gﬁnmg 1%§th%sdw cn CIRERL i on
speed), Pep d3f dsepxtended overs mekinerm amnpst (. funpw;@anﬁ bbork ranexERded input

| t t | ated that th
own. 1 at oot e RN B2 ' eh Fodh o e B0 Bt PRHAREICERBL ¢ he
ranp gpdi'vé}t@ﬂwnﬁﬂlp(bl\mml ]f.’ZG]lc’ls qu}Crtetr@dftecP&ndEQﬁdlﬁ?@Bmt%tLctfa‘éfl‘at rl}l’ﬁ(:&t@ﬁl d be
ranpe I unction F2 is ranped up to 30% an en the two
funct i ons cou OPZ%“{ P afp élﬁBots(%“ﬂ%I‘?t%é’@usl y or sequentially ther eafter,

ei tA¥er at t heASS*aﬁﬂhEQtzﬁfoﬂﬁ coalrpl D3O} ?,gm i ch
are pr opgf;“a?pﬂé ach ot her, IT%@S IS ;edgs]g&g)ﬁjt}‘tgr%[) 396 Hg:hl‘%gy%%rt\ al |

of the paramster Sdfbi warpie] ER#a8 “n%%P’ﬁ*&ﬁ? dppebd 460t r ansi ti on speed

speed when ot B¢ pFouwRE chbMAS e RnQES Bkd R s_hor.sepower
chal | engec{ll etc. é £1 el at i ncg to gper ation orf’ HS‘;‘?% mﬁgﬁ%ﬁ“% Lgb output

pr ogr ammBBFE B B htgheida Siver puipyhleank (a1agter Pmlrcékadpveaf caal)t ffhe dtilver qzﬂrvauq‘ orm
or base sdna:t:bteﬁnd\&@ldq Rave 8 K the,o

i nqlocate t he maxj rrum\s’ eedlfl(;r %adrgglrgt%ld Bse uncgl on °?¥Vh trﬁgﬁg%%bgré rate
or “the r&%"‘ﬂb“mﬁh@a&f@%cqwou@t liwéneelwsuarft F#Qlﬁibmdﬁik mnmcs&tmurmmm Ak

speed or fdebifacksh@BEb bR S BELG: arate.s paranet ers can be
programed or i npl ement ed |?§ odipR fofva FRAIANSS, 38fn Sl RANINEYS" T



the event that several functions are being executed sinultaneously and the
apparatus is horsepower chall enged. For exanple, reduced maxi num and
transition speeds could be executed when three or nore functions 16}5&,%&@9
si mul t aneously executed so that the 30 apparatus is not horsepower

chal  enged. Referring to Figs. 7A-7H, the operation of the m croprocessor

of the controller 206 according to the”' nvention is illustrated
particularly with regard to envel ope control, error 1.Aug.2003 23 .

det ect i ofta@H 9 BT EHTR 4t Gh, i A FLQ: e sta of the cradle
switch ig first eval %gi%hﬁéﬁggéﬁgbgﬁ?géﬁﬁ% PR ‘C”%T%%% SHATCHC S5 ot ed
above, sHEWF¢HEIosFIBEP! el Déwalsntietfadetvatd viher sede A ndikerker adl e
switch is hig I i el ) ptch. i.s low and vjce yersa. At step
200, Caide 1 o s, S ot leu Al ibd HlueRs M e e SR A e

ni cr opr obe8sBf o inwerfshe acrsd eprivpldtfonon donside thesireler Peodifrot peneCi@dl e

swi kch. {fi5kd %-. i ?} g{ij the indication i.s that. the boomis,not cradled
and. in state %2 1%%0 a 03%‘%“%1%%(1 éﬁgdm(ﬂé g‘e" ‘f“%mhd?lsga(ﬁ?eé‘aga%)-stepjoa | f
si de 2 oforreyporstingitothewi dspirts of theplaffand centasneustideol is also low) an error

is indicated $jnce both sides should.not he |ow and operation is

i nterrupted b?hés]’f’rg)ﬁngﬁ%mrm |me=§-i4g§ akod’F‘St“H’é 3@'&‘61‘36‘30@%’? derjosk kwvikh 26he

mi cr opr oweskepTRIoRdSHSuAEan tBUePpIZQ3m o8 sRRCH Mkl b4 S YAL Uak 84 L hG St at us
of side 2 o If side 2 is also high, an error is again

he. cr ad tch.
"ndi cat e 1Rk é‘%ﬁg‘% A0 gdé‘\é'mt%f\wha sHgecess th givvahordeé pandl ¢A0 pad s upt ed
by 16t ep -Jd)ﬁnud)-xfsgsdéjﬁcss&l by ileWerdddin obdpd 'tcp@itaﬁxtéig g%{c%%ﬁﬁgpgﬂh{e g%lﬁ [adled and

in state é&g and the m croprocessor can procee nex -routine
to consi & HE SRy e grundironisel ponelt0f 2. side 1 of the angle switch is

consi dered. |Ag Sir;ﬂa%lt;-thie%oﬁt‘?wicrg’bgﬁs 1%5;9:1(11 FRg, ik oﬁg-?gegﬂéy\%eﬁf?é\ivitfﬂ?eggzi er ed

by step%lA. If side 2 is hlgh,.tlsmlcaes ‘boom
is | ow (€4 7201384s33R3R2 500, 410, tRBL 4290 62D emin IR aha tiet tatoen fé)ioanbuoper at i on

of the AERALAIHSEANMIR Yo U O S ks low (and since: side 1 is also
I owé an error is indi cla% g{&qg%lda dhféﬁgértgrgit%ﬁ & PPRE lﬁf)‘b“éfjraﬁ EPscoPgen?lﬁ?tg? bt ed
by 'St ep theeontrqlles e b adfpitthen gt thesyidtanhic kgstdth ghdistMRinuBHESARROLRSIHOk

proceedsyky; "y st.ep . to_consider the status of side 2 of the
D0 ang! e up ERerdd Bkl 8GR if K00 i BONEH W h TR g e relsrind Grsading

t E'e apparaiities wipertht bow imot}dm‘ﬂef&bﬂ’ sﬁﬁtcg‘ohettyt_ssit@&d?b&m kdetish .@lﬁ‘fc%oxhsrr%rﬂw, 50
this in ab.he.angl e the boomijs equal to or greater than
and t hed%g?ﬁ%?og ts!}ﬁst% "get%g 9 %S.ec%ré; hfﬁllﬁr'o‘g; E&rg SBRIUSEA e P RdsRER 4P E4ISE he
next subhetydmelic system g initBie bdren MotibAF606E 8&:0EntHakREBINRS e hiekadrenber
134, has #)lgc%ﬂt.ex.tgnded 25 ff;om‘th.e t el ?sco%i@ng boom 124. At step /32, the
status o si de™ 1 SOVERENT ¥t irapievirliyieesd begm gatieuwhemby enlyonedromt he

stat us ofcoérdmap botndvae by @haetics W & Gfhel 5id =T 51 de 2
is high, this hgdic Cos That TeRe boom hae ﬁéﬁhﬁggﬁg}ﬁ}‘@@gwﬁéy@%gﬁﬁ in

state (6J°°BbSTHAR 's Fontnyk! Referedhauriantly sclgvisdbbe sbeticstrepve36. | f side 2
is low (and since géMgink b Tighs8, 1h@Ware farsis Lhdicated so that

operation. of the appar e}utjsus' iig‘h.ign’t érlr_uaﬁ?g%rtl)lgrhgsg{éi;t)éh%g’.hgﬁhfmgﬁ“g"erﬁ'%B‘fs%t‘% 30
retract YWt BervsThE §Rul syitrbeppovidenapytety e coswliec A0 andwalinatrpekatekifingi de

2 25 al sfe hilgRataBaLcCk s d .o L ndj. cat nd operation. af t par at us
i's interrupted by g?g%&f%n&g ﬁ’legg@!d%hég'zgkrg&ﬁ%\%,sgc»Pﬁrlpgsﬁsn%ﬁc é’f’é‘Lsﬁvﬁ&ﬁ‘%Hﬁ“e boom
has beenfcdidagl aatachptied toticctontrelm2 06h dfmttheritonans i sndimbsdratagkTmit

1. Aug. 20, . , & hoam.ext ensi gn switch is considered. In general,

Cht o s g st ROBMEH TR B fekhont SRSt Shettn B B0 o
amount Stche msi@Bonnthes. lovtorde iy Fd2setshdemlm @EL bhsoexXtnsiwicsMst.ch is
eval uat eg,. I Croprocessor, proceeds to step 744 to

ain! foogli &?e»:!i'c!nslirl LPW»’vitE:}ger . ures fhem. > o
eval uate side 2 © THe "6RY SRETRN ER T f frogngie bromseigngion 8118 3¢lhdi cat es
t ha? t hevlboerst thhamin telescoping boom is extended less than 4 preset amount such ag 33",
Limit switch 3 is a main boom retracled limit switeh which detects the main boom position

and Is aclive whenever the main telescoping boom is near {ully retracted, such as within 9",



5 been extended less than 33 inches and that the boomis in state (8). If
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) ZONES: ANGLE ' EXTENSION B
25 NOZONE ONE  0°to 35¢ 33" to 67" N/A
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SWITCIIES: P NA POSITION B
1. ANGLE 07 to 50 50°to 75°
2. EXTENSION 0" to 33" 33" {0 67"
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4.JIB -80% to-20° -20° to +45"

An cnvelope controller suitable for use with an aerial work platform having 4 boom

comprising a pluralily of boom sections, a hydraulic system for maoving the boom sections, a



operation of the apparatus. O herw se, the operator inputs are considered
acceptabl e at step 778. Thereafter, the microprocessor will execute one of
the sub-routines illustrated in Figs. 15 7E-7H, depending on the pogjd. 9513
of the platform If the platformis in envel ope zone 1 and the operat
indicated instructions to extend the boom which would cause the pl atform
to approach zone 3 (which is a non- operajing zone), as indicated in Fig.
5B, the microprocessor will execute the sub-routine of Fig. 7F.. At step
782, the wbadplstfein flppoR¥E BRI t €
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jib down d. O herwi se, the m croprocessor executes step 808 to aFI ow t he

1 0 operator to retract the boom As various changes could be nmade in the
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sceing the signal at the same time, The multiplex system is rclirred to as a boom electrical
25 vontrol segment sub-notwork, and may be connected together with other segments by devices
which include repeaters, bridges, and routers. Collcetively, all the segments together furm
the SAE J1939 vehicle-wide network,
There are five devices which are part of the boom control clecirical segment
controlled by a message format. Fach device has a discrete input and outpul address space.
30 The devices arc the platform input/output node, the boom joystick input/output node, the

ground output node, the ground control switch input node, and the master controller node
MCN.
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inside the ground control station enctoqure lh&. hardware for the platform control station
serves the power output driver node and, additionally, serves the boom joystick node. The
hardware for the master control module serves the power driver output node as well as the
master control module nelwork /O data space. The netwark, however, sess these nodes as
occupying independent address space. The nodes may be separated into independent

hardware components without any impact on the overall system.

b
U

One aspect of the invention includes a soft sturt or ramping function in which the
controller responds to the boom section scloct switches und boom motion input switches to
control the hydraulic system to gradually move the selected boom section in accordance with
the boom direction signal. As shown in Figure 6, the controller causes the hydraulic system

30 to move the selected boom scction al a velocity which accelerates at a preset linear rate {rom
zero velocity to a preset maximum velocity. For example, lne 600 illustrates a situation

when the operator is requesting movement of 4 boom section at maxinmum velocity, This



#detine GND_PSW (7WNFjj OX120A 11 COS Function Down high Spccd Switch
I'defi ne GNU PSW DWNLO OXI ZOB GCS Funci i on Down Low Speed Switch #define
GND_P5W}' CCl. O OX 120C GCS Function CCW Low Sped Switch #detine 1.Aug.2003
GNU PSWv_(~CH 0X12QU OCS Functiurt CCW high Speed Switch #define

GNU_ i ' SWCOW.O OX 1210 // GCS Function C W-Low Speed Switch nd_tinc C, NO
PSIN CWLri 0X1211 // GCs Function CWHi gh Speed Switch #derinc GND_PSW
UPLO OX1212 // GCS Fuuctiun Up |.ow Speed Switch #define GNIl i'S W UPHI
OX 1213 1/ GCS Function lip Switch //BASE Ar) ORE$$ OU'FPt. 1TS: 0X3200

L A, 2008 TH RO, S S 008 KEL) IR, mmeped Ly, the system

with the foll ow ng addresses:
array #dent ﬂ%fflmm@@qmigchemdémcrgzom%&%%&&oo#%tm%@%L SW NG
LED C7~

ndcftttc #dctine OND LED LEVEL . *define GND- _LED_ defi ne
(: INn LEDgélll\/Pt? iy b@%&f ¥ gd(és s e 1 begites £91e vEIPNY REDSIRGIA T ep tne
GND. . LED Mmawimuny velpdisy bver 20N d-ERINGRNGL (TH afdifesi %iéﬁﬂv@%fa E}\Q arlibog
SNORKP?L Q&M@gﬁé&%ﬁg@% ED I ndicataor: Jih Boom 0X3203 T.F.'n

| ndi cator; “Ri sér Boont OX “PREFhdRE shosms 2EbEy oSy dtpdoxaRe Bignal isED

| ndi cat or Suppkidro tid by dBadin sy8Xm320%) i sddEls bkérﬁ%;l‘éﬂtiﬁéréofﬁlgét;a‘?fs@ &&éﬁhn 0X3209
/1 LED | n%&?&%f : gg%%pde Control Mxe OX320A 1r’ LED Ttidiculur; Emergeny
Power Mbde  OX38E 1P ERESPIVBISRE PohPrUR ARGtion anbrlEor T8 26 @ekiEmIm
| ndi cat or Yelptin fi3visreRotabeulOX8 20 4tEDhi B&tiﬁﬁ&&febtio%’éﬁt‘ﬂg‘bgé‘ﬁll'Eyst‘@é%g 5 }l,/
LED ht di caidséin §X§B§{He'}!% @aée S(")Vé(;% OF rléED | ndi cat or: Tel escoﬂn ng Boom ”’
DID; 8 // Dl DADDR "D =" <ticf T R SPGB R90101 pengldf07 Yo thit ptation, the
Avai lf ag: ec?@pﬂurs@* 6 I#dftérliiisme AENBL Sffdl “(maebe?giz@%l@v%@ig)( £t étéadﬁe}trpr'ﬂbé up to
Avai | abl esdabr HSg; #‘g}q ' t§' ¥« ND S| G/TPCPWA QX1015 C2-9) Quiptu.
I gnition-2 (Punp éO_n ,r‘ASP’r%‘e °i5%fv€e?f)e SCET RFEOENY togontym ohexaoming/ |
(((:2-10) ke Ay beyenliseas onreing tisi galngishelod Tehobv: inNs Qs RRVEMHsPoIBO%L //
(172-11) EbRithas & fe¥ o, 00BN SLa08l. 1, addition, the ramping period may vary
depending on the function. For example, 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 0.73 seconds to more slowly begin the lowering movement, On the other hand, the
sramping period for rotating a boom section could he even longer and set at 1.5 seconds to
effect rotational movement which is initialed even more slowly than the lowering movement.
As a result, the controller 206 constitutes a boom ramping controller, responsive to the boom
20 section select switc_:hes and boom motion input switches, for contro] ling the hydraulic system
to move the sclected boom section in accordance with the boorn direction signals generated
by the boom motion input switches. The boom ramping controller is adapted to cause the
hydraulic system to move the sclected boom section at a velocity which accelerates at a presel
rate from zero velocity to a preset velocity, as shown in Figure 6,
25 It is also contemplated that the controller 206 may be programmed to causc the
hydraulic system to substuntially instantly discontinue movement of the selected boom
section in response to operator input indicating that the motion of the selested boom section
should be terminated or indicating that another boom section should be moved. For example,
if the operator suddenly released boom joystick 218 and allowed it to return to its central
position, the digital signal provided by the controller 206 would be terminated causing the

hydraulic system to immecdiately terminate movement of the selected boom scction. This

30

provides a safety feature in that the operator has the optlion to immediately discontinue boom
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Mange S\Nit%lcg ) ¢ ramped down (o 75% while function F2 is ramped up to 30% and then -
€ two functions ¢ : - ‘
s could be ramped up simultaneously or sequentially thereafter, either at the

samne i '
rate of ramp up or at different rates ot atrates which are proportional to cach other it

20 i
is also contemplated that any and all of the parameters (e.g., ramp rates, maximum speed

transiti S i
on speed, speed when other functions are opcrating, speed when the unit is horsepower

challenged, etc.) relaling to operation of each function m

. ay be O abl
in the fiel Y ¢ programmable by an operator

d. For example, either the platform or base station would have a key pad which

w g ,
ould allow the operator 1o indicate the maximum speed for a particular function, the ramp

25 up rs : i '
P rate or the ramp down rate as illustrated in Figures 6A and 6B, the maximum speed or the
trunsitio i A
nspeed. Also, a separate sct of parameters can be programmed or implemented in
. R . .
the event that several functions are being execuled simultaneously and the apparatus is
horse G " exar
power challenged. For example, reduced maximum and transition speeds could be
executed when three or mare functi ing si
the i
N ons are being sumultaneously executed so that the

apparalus is not horsepower challenged.

Referr . . .
mng to Figs. 7A-7H, the operation of the microprocessor of the controller 206

according to the invention is ilustrated parti cularly with regard to envel ope control, error



#define PLT-INP DRVREQB OX 1113 il (Term #5) Drive Reverse /deftnc NOT_PLT,
[ NI' DRVREQB 0X5413 // (Term #5) Drive Reverse (negative pig Logic) Mell or
PLT | NP DRVREQA 0X1-4 12 // (Term #6) Drive Forward #define PIT_[N %@2

OX 1411 (Term #7) Steer Right #detine FLTINt'STLFT OX1410 (Terns 4 t eer
1l,eft #define PLT (NP FOTSW OX140F /1 (Term #9) Foot Switch #define

PLT | NP~ESTOP 0, 140E // (Term"™ 10) Energency Stop Switch (Platform
Signal) #define NOI' PLT_ INP ESTOP OxS40E // (Term #10) Emer gency Stop
Switch (Platform Signal) "define PLT. N (P 1'E:1 1 | | 0x1401) /1 (Terns
#1 1) Ava use #def ne PL RM 12 Ox 140C il (Term # 12)

Avai | abl e&%t&t?loﬁsmelgﬁaté'flf“}fé ”F‘E"FW’NPPHF‘I%E %ﬁétaI%letbic’(‘“F@r“ﬁ'i‘ teh igfirsg i t

. SWi t ch tevadankieThtidbadie ghvRcl BW thadafddiayiRbh, las nRBLLBANGE 004 Baxjc@oéljm (Term
# 1.1) Re%ﬁndun %{ PLT. I NP JIBANG [/ BASE

OUTPUTS; é‘ib‘bh’*‘ Wgﬁélgﬁﬁaotf??ﬁ?ﬁ STEAD BRI EM.5eEy ik e kridde sydphdd e t he
system /'l’lbW@rbd. t hestkpZinwidig atte efsiesswitdnng e@ﬁétbél( ISi® ISE%WQQL/ [ row -

col ugn arra "define PLTd E’ET‘)‘L %41 20 0X34Q00 EED | ndi cat or; atteré@O%
20115 (R %8%???%&@%? 1 ETFTBAT Y SoRd eflslﬁﬁz%)‘# Adiceatlopwilgnt i aidg 2o uh40%
(YEL) / /ﬂiehmcheltileTs s thEDhEBAEE0is QXB&Q(ZRG |an¢1— EQLJ]@QQFME@ thBaidhaBeed &% 80"

( YEL) #d(?fl ne, PL' BATS0o 03 LED, I ndicator: Battery 60% -

D
8004 GRN) Sapk 1 glR @ETTE%?&O ﬂm@a 3 siEFl 15 1qwi (and oree 9| Bodee keadfanne
PLTLCDRI SER:GX8@0:afd/sindERtH sldbLsHoQld ndRibs 86w BOQBherkA&] isNGtelm tbe%Rp%%NG

0X3406 1/,LED Ir}q%xcat %%: Bogy vah ng. #define PLT _LED LI FT 0X3407"/

| ndi cat or® iPI Y pregls Switeh g fie PO §FOP[ERRIoryEceeiIrorp 8Lep /7 OEE‘DWP 710

| ndi @at or (o cPhiatte-thosthnik cEeMel dtded iaeleRiniEnl ARIBA L 400 SAQ%&

| ndi cat or, 00% #detine PLT LED f:\ OX3 t A/l LED
| ndi cut or ndgrgreggfi geney ’Oéoi)\i‘is éﬂ‘&g N£b‘PE*F hy 3 oppPRR &m‘mpiefi hyEstyn TRE- dasise.

H gh Dri v2isRawgthis ihdidatcs et BLETHIJRDIsRE4 QI d A OXHAE( L))/anh diEmBrofieb&aditan
Platthrttt Rot.at. #defin PLY SFT 0X340D // LED Indicator:

System Faprloi““"d#’ﬁ?} s &) W@B%@%"é‘fqﬁﬁﬁ’l ndi cator: System Nor mal
#detl ne PLT LEA) stmmqm%i}tﬁe/aﬁglbwltbﬂiﬂ&&Eﬂ[lc.d-r@l ﬁs@p&q&&o&m@dﬁm@c

x34 put; Statics ert Buzzer
#de]ll ne %M“fc\f’ "T'Eﬁf\ﬁ'(g"éecb&%“ 931‘1/ ﬁ(sfgr‘rﬁoi‘”ilﬁ)th‘@&‘f‘biﬁ‘es B the apsle €L H6r use
i SNORKfbdon) GYSTI(EK., NGBEhdd I°Dso that BeDABRRs i@ skile Uhend eysiddkodeoder card
transmts //tothe master cantrol

state o tick u
nodul e, cﬁi Qﬁrﬁ‘ﬁuctag Py C"“ﬁieﬁl Jh'j;'“dZS ’:islmf"if”l"g%"" sige {15 #l5ploye 2 srophandiseedend
| nput ; Joystativk odithPgphitdlwes thér)tuﬁed Bdeteprmas) ¥ MLBQS‘@Q&%EQ»\MOWH high Uihe
Joystick on _Pasitive Jtl c/Dniu?(lOEOZ | nput : Joystl ck on

X
Moot i ve GLaBtdsua Sttt RBonlG HIR A T

Nega®i ve %C,Pe(smtchl /Idatib nds diSo SVg‘ﬁ_LE’hlehh x@h@ﬁ@‘lndiatwﬁm the ?M&E@(u@'& @zﬁtxM?/fsV
oystick on Very

MR AR s N T R
Negat i ve of ghiter than 50° and the boom is in state (3). The microprocessor can now proceed to the
next subroutine. -
In Fig. 7B, the microprocessor determines whether member 134 has been extended
25 from the {elescoping boom 124. At step 732, the status of side 1 of the retract switch is
evaluated. Ifit is low, the status of side 2 of the retract switch is evalualed by step 734. If
side 2 is high, this indicates that the boom hus not been fully retracted and in state (6) so that
the high speed drive is disabled by step 736, Ifside 2 is low (and since side 1 is also low), an
error is indicated so that operation of the apparatus is interrupted by step 738. If side 1 of the
30 retract switch is high, side 2 of the retract switch is cvaluated. If éide 2 is also high, an error
is again indicated and operation of the apparatus is interrupted by step 738. If side 2 is low,

this indicates that the hoom has been fully retracted which means that the boom is in state (5).



#detine JS_Sw, % NegH OxOEO7 Input: Joystick on Very Nagntive X Axis
9define JS UF State. OxCEU8 // input: Joystick Lane-cd #detine JS On_Staic
OXCEO9 //Input: Joystick On (off of ceritcr) % detine JS-O, XAXI1SA@(%&A\
[l Input: Joystick on X Axle #define JS On YA~xis OxCEOR // Input:

Joystick on Y Axis idefine JS Nottc3 OxCECC // Input: not defined #detine
JS None4 OxOECD | nput- not defined #define JS None5 OxOFOF_ // Input; not
defined 1. Aug. 2003 30 #dcfine JS None6 UEOF // Input_ nut defined #detnc
JS Spd_SwO OxOEI O // Input: bit 0 of th7e speed val ue (0-1004/5) #dcfine

15 shdsne U e e g RfiensRint sl hRIBRER Lo SRS, G sty indlfeeeien
| S_Spd g}vgbv\gﬂlgs bapugxterhiet nﬁnofthztnheprsmaﬁko\lﬁladeh QQ31QQ‘}@55 Adats ne, Jsﬁlesll nd

Sw4 OxOE, A In it 4 of eed val 100% #dcfine JSS

VE 15 Inp of %“*?*’1@“ 6‘?”‘3}1@%%& ﬁq%@: f g-lovp M%lfropmeaiqﬁ@r%s%fa 7D

t 0 I / I nmu:tva.lubletsmﬁ: Dbf thbexzns 6f switkil Crf(sRie 0@ ¢iof), :ﬁdﬂm&%&&ﬁ%mﬂh@w
speed val ue (0-10051. ) note: never set! #define

fﬁﬂﬂ& °6§%‘{’es°otbml % 3 ﬁi&hﬁuﬁﬂd h@bfd»etb@m@éﬁ i} Ftet B kL sHoatfiThc egpsses
|5t 1] W&FEM&TQM%M@ oM Sharaes aﬁpgyu@ém%ﬁﬁm%ﬁﬂr ggdevi ce

ids ||, addresscs.'t' hese variables are defined as require
i nt er st | FEETUDER bvowee740ar i sisicdsoLghe ?ﬁé%ﬂlmsbwuqblthlﬂhStHe/miDtdmorls - 15

| 1 dcfi ucy RN r i ne
SYS_ VAR F%%gé OXI FAL Gn Ml@& 8?:(‘/%/‘“ %’éénbgﬂ %&&}’3{ 5\%’}3‘ %%%lcyﬁ;r&g S}S\Q?@S\?#Alﬁg Fror
OXI FA2 Geitgeiniipdiraed azukomatamwma’ammmm iBYSuMAL By @MPONGOXT £4382iif lognd On

B T i Gl R e R R TS

SY5 VAR QinFigeredXo hEAGstFAet(HJp Past or Up Sluw /lclcfine SYS VA1C ' 1. TDN

OXI FA7 Pit On Fg SYS. VAR GULDLO OX 1 FA id Up

Sl ow or Down Q% &/ 76 tggfﬁéngYSWAkis ell) l@@‘d"@%"ﬁﬁ@"lﬁbﬁdt‘@@“g} ﬁ‘@“ﬂN Sl ow
#dcfine B¥S Aﬁﬁdﬁ:}ﬂi@hﬂlu mxﬂm; ik ln_@adw Wph RastlualedDOMR iSRS, thcrm«:d‘rbﬂoccssor

SYS VAR QOLR| CCW Fast

SYS_ VAR_'ﬁP”FEF%’%SPXFg‘i:%‘f‘ Juds T‘EtCJB opfhe B&%P&’%Ylf%sléﬁlée%ﬁgm%ﬂ ipgiceteg AD

Pi 5 Lef t ihar th&jig mnuyédeW(eSg/SeymaQ ol 4Rkt td 15°Qokve FoESnthipeo E@ﬁhe&}wowg
Pressed ., define SYSVYARGNDLO OXIl1-, AF Gid Slow Switch Presscd fdefinc SYS
VAR STEER S84 F8) Tféﬂ 1*&@6{&@%@ sidgdfs KevIsysenaRs odTREcORrRIamerFtionmf tBum
Request ghidit ens F
, defi neS%/ VAFQS lch toﬁﬁ%ﬁaﬁgv ol ﬁﬁlﬁ%{% %;2&%}@9&&6%38%% step
70010 cvaluale side 2 of the jib angle switch, Ifside 2 is also high, a switch error is indicated

and opcration of the apparatus is interrupted by step 758. If side 2 is low, this indicates that

20 the jib angle is greater than 15° above the horizontal and that the boom is in state ).
4 The following table summarizes the various haom states and the carresponding state
numbers,
Table of Boom State
Statc Switch atus of Boom
25 (1) cradle cradled
(2) cradle not cradled
(3) boom angle angle =50°
4) hoom angle angle <50°
('5) retract retracted
30 (6) retract extended
(7) exlension ~ extended »33"
(8) extension extended <33"
)] Jib angle angle >15° abovc horizontal

19 jibangle angle <157 above horizontal



#dcfine SYS VAR EXRE |' OXI FBS /1 Extend Or Retract TJeline SYS VAR SW NG
OXIFB6 Il Swing CC or Swint,. CW #deflnc SYS VAR ROTAT OX | FB7 Rutato
CC."or Rotate CCW % detiitt: SYS V,.\R LEVEL OXI FS3 Level Up or Ige(éeé beywn
,define SYS.. VAR ,IIBLT OXIF119 Jib Down or |.iFr Down #define SY \;
\R-SWRO OXIFBA If Swing or Rotate ddctine SYS VAR LEJLT OX | F 313 // Jib
Lift or Level Functions #detiiic SYS VAR JILUF OXIFBC i/ Jib Up or Lift Up
/dcfine SYS VAR GNDUD OxI FW // Any ground up or down #dcfine

SYS VAR GND[. K OxI FBE I/ Any ground | ebk1rizht (cc/Ow) //define SYSAUT O
RETR Gk | FBF // True when automatic retract function active #dcfine

SYS AlJTCl RET1RE1gOﬂDI EBGnickophhtiasomah ards oRadtate orfa{erca&yeﬁﬁmﬁgl@ﬂw@més LAgPed
to zero fln SYSEXT _INTT.,K 0, U FAQ // 'true when okay to extend

#dcfi ne § R X ERIMIENA retgget pyitigiest { R SIEFT plehpsscrompagiecnsiindestenibass

VAR- RE RErnuEé%G% A3 dré irlcBh I Jikiakach@kd § vl
Ox. 3TFA3 7/ cTr L(I:C ﬁhﬁen rgol[scpeﬁgé&tr‘?% g%t]ﬁ/}egllgjeﬁtﬁg T\fg%@g i\%ﬁg @ﬁwﬁ
OK7FA3 / [ ptisulghdfe erpd ibasp eoais aettrhes prempagdri sep TT50i 1 he ctatBt swiciSYS VAR

VALVE . Ox Y VAK VAL i/ t
LT o o G o A Y, MG UAERE Bl T R AR R s o s a1

fib fib Feds bmtbhrletmh@ttmgahdl ¢hopporm &f ratieSYE MﬂARngRRE;&l @)ﬁﬁ&%ﬁnﬁg that the
rotate r t | v efi ne. SYS OX3FAT7 [/
lift Ii b%F(%Jr’n‘?il%evﬂka]“3?g aﬁg@ (S]\{& RiTe ]94} $0 t%%éL %Tﬁhﬁﬂf’gﬁFéA%iﬂlé e‘iﬂf’g‘é?‘ vui ve
on #dcfi meeBYSed/ARsROITI4 O(Jtllr_a%ﬁus{cl tlmeiilﬂcftip@odcého@tdc@éﬁs\/ta@to@m?@ td d@flbﬂ@ the
NOT_SYS V@B L. Ox7FA9 i Bgt‘ veﬂ_g@l n notion vari abl evéuneg | ogi c

1. Aug. 2008" 3P CHPHE S YERG switch KO SEIRAS I absis %é’%‘?&‘é‘f’* @Ef i nc
SYSOVAR M@IEL Indlot@eBR: AGhlslhs N idduhslepEEsk e asahéro g8 ving iS¥Ii VAR NAITR Ni n
0x3 FAD gohrt” m s eed%&nsc B t)define SYS_RETR RLNK Ox3FAE /i toggles on

when aut &% RO tredied andibe erend st i moindicspmdhed EBaom inetiendpd e wan

Var i ahl ¢ 33 dedhicB endNeFtrao¥ed) AT dreYodd, BRVNi Qo t%BesTsoJ robldds A48 97 PeaWR g@“ abl e
(negative pin logic) #define SYS. VAR JIBRT (Jx3FR5 // Jib = 33 and Extend

< 33 UsedPYaiong @eﬁpbaf%\in Opleratvissethe; omsrw @tmsrmow@@r% agoepRblasatep
Request ed7xs #@atine., P IﬁtML&WV@E%EL&Zh ¢ o R %&M‘r&g&ﬁ@gl it

G\U) REQ JIBU'! C)(Si:BS/ Jib Up Requested dctne
Tr de whe Eb%rﬁb@ﬁrahmeqndmp%iqufthneephasfcm #define SYS VAR JI BEXT OX3FAF /1

Jib up and telpgg Pﬁfol?& m pﬁ) var | es . gJE) CE
options as irleor %or at e i n%%% %d‘l&“% ahastLhe oﬁ;cf“dl%ortlﬁél?gl?%c%ling%ﬁ%@n
restrict catsy tedmeacwbich vwedd mussb theplatfomn toepprerchizdge CEvhiRatis & abi-ons
#defi nc gg%g@ alg%h/&@)gg / %Jter 1§r neters %ﬁ}'@ %? #dcti ne, SY'.S VAR
DRVENBL CRJF 255‘% ECERabt g( P Bt PEE CIRREYTHOT SYE xR 6‘@? &°3FBC
|/ i nter$ig.t7AFal Avsded 289, ehdf mmdm the ckte@OIBNBRtich is considered. At step 784, the status
20 of the angle switch is considered. Reference character 780 indicates an AND gate. II' the
cxtension swilch indicates state 7 (boom extended greater than 33 inches) and the angle
swilch indicales state 4 (an angle less than 50°), two high inputs are provided to AND gate
780 so that the microprocessor proceeds to step 786 to disable any further extension of the
extendable member 136. For any other state combinations, when in zone 1 and approaching
25 zone 3, extension is permitted by step 788.
1f the platform is in envelope zone 4 and (he 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-
relract feature at step 792 to retract the extendable boom until it is in a safe operating zone.
30 Otherwise, the opurator is permilled 1o lower the boom at step 794.
The sub-routine fog Fig, 7G relates (o 4 siluation where the platform is in envelope

zones 1 or 2 and the operalor is atlempling to approach zone 3B (which is a non-operating

[N



/rdefne SYS VAR DRVREQ2 Ox.3FBD Il interstitial variable for drive 2
comand #definc SY-VAR PNI PR EQ Ox3FBE // interstitial variable forpunip
signal #detine SYS -VAR GCENBL Ox3FBF // gruund control okay (CE)1 Xﬁ‘% %@ge
tfdefinc SYS VAR LVi.ENBL Ox3FBu // platformlevcl cnahle (CE) #detin

VAR LVLREQD O:3FB i inturstittal. platformlevel #defirtc SYS. VAR LVLREQU
Ox3FB2 interstitial platformlevel #define SYS_ VAR MAI OXI 1=(:0 notion
ularm dh storage variable #definc SYS Vr1R YIA2 OXI FC | // notion alarm
db storage variablu #dctine SYS VAI?_ J)CWJ OXi FC2 ./," with any down
nmotion intention #ricflat SY'S VAR ALLIMOT OXI FC3 // inputs dictate oil
motion alarmdesired t/dcfine SYS VAR .30NLY Ox | FC4 // allows eettain

f unct i ons4dgt bBBivng (he jikd df ivg ity Qly RvikSHnGAMNeOYBRFEddlhT kashsiGuswilth

#def i nc op._.mar k S - these

Lo he useites BT SO ieh ol OB KRGS o PARE Ble B8 Loyt iR Gl oG 1Y
speci fi cab dmomns @fs)lw $yfstap 7981 hkerwisnd, theaNicrdiPdedshe affvak uptviathmowahdntf or

t hese two 'ﬁﬁ f| rtc YS INP T1(11f; OXBFFF Il Always Truc :'define
SYS fVP i RA% Fal se i*dcfnt AND TRUE OXBFFF // Alway.s True
#Jeffine OR F1\h@Eﬂ@XE&;EEutJmAtW?hE@Aweahu#defﬁmmr&t\iDuFéLéa@é&FﬁFo’ srator
Always false // SNORKEL VI RTUAL 1/0O , M CDU DI D, [ DiDADDIR. 0
These v uP&BFTR!BY b @pFoasy PRk (¥hish it Ser-arvitag rens) by roimclias dhalzesas Hay
be utili zedjibhut1enoticaehdichys fhe 9%Uqgé§ﬁer@g?§dq% @Xéat\é a(d & W SECO
i/ System G ound Mode _#dctine SY5 V Syst em orm

Mode #def {R @'Y NOMIEREREe 304 sortipt th¢ H@mp@emgr @twetes mgéoﬁm puytemptierdlyi ne
NOT SYS ViQ&(e fEaMin(a o 872 egative
logi o)  #aef na ovs %&ﬁ‘%REQ e B iFREAREG ?lfg%\ﬁ?eﬁﬁg%@%gﬁ GLiE D02t e
out ﬁUts f@?ﬁlﬁaln@lrcmnﬁéltqtmvmnputs - pend| ng requests and pastel requests
/] when a swt r t n IS I the
controller andg;] / %@obﬁggg%e(%gw&emg& i ud‘“ gb"‘%b 8 s”t" 18%5 ive m° 9%1 fipgu nel
request whenrlitgerdodm sppedf th/e/mvcsume,rtoxs(tnan@aﬁthumtbmasezarohednédmnje 4b'Hve

valid pangl e | ns_as t.he .,pendi n n not her
functi on gut: {@g&ﬁl %tdps?iég/geé?nnétagh ngW%%paﬁvﬁ?ﬁ?ﬁ%S{%%géﬁ g&ﬁﬂﬁﬁ%ﬁg&r%t
perrdi ne dndnot ioa lioteg tdwee.pri or functi on hax been retunctd ranped to zero,
#dctine SYS_ PRQ .SWf?+lt; OX 1E03 // Panel Request Active: Elody Sw ng
Function gdefitte SYS PRO RISER OX | EO4 // Panel Request Active: R ser
Functi on #dcfine.SYS PF?Q LIFT ON I F 05 // Punel Request Active: Lift
Function #define SYS PRQ EXTNI) OX I EO6 It Panel Request Active. Tel escope
Function /define SY.S PRQ JIB OX 1 EO7 // Panel Request Active: Jib
Function 1. Aug. 2003 32 Pdeffne SYS |I' RQ PLROT OX (EO8 // Pul a! Request
Active: Rotate Function



#define S 'S PRQLEVEt. OX I EO9 // Panel Request Actiyc: Level Function
U#defi ne SYSPRC? FMPWR OXI EGA Panel Reyucst Active: Enmergency Power
Function #define SYS PND SWNG OX | EOB Pendi ng Function Request :, El?gd)éous
Swi ng #define SYSPNDrf (I SE; R OXI EOC Pendi ng Function Request: Ri se

#define SYS f'ND LI FT OX1[ D Pending Function Request:l.iit !!ldefine SYS
PND EX-1-ND OX | ECE // Pending Function Request: Telcscope #deflne SYS
PNI)JIB OXI EOF // Pending Functi dBEREHest: Jib !!define SYS_PND PLR(.)T

OXI E 10 /1 Pending Function Request: Rotate #defne SYS L'ND -LEVEL OXI El
| Pendi ng Fuagtd 8RR ?q}q%st | evel #define SYS VOVI CHRP OxI E12 | n e
when syst emd:unet | on atus alert #define SYS_VOM TURNOFF Ox 1 E 13 1/

True when gE@pidngust i ndmabe_mEJ/}%%aohHe!k@dé}@d\gl%l P WRDN Ox | F 14 /1 True
when syst erfii: prodouwmrsMeapumda;z TEM POUF_, |10OLlYl E1' ER MODULE

b'L)ID: 15 #?erﬁc AT'ﬁBdﬁfCtl ne VO N1 POT CIVIDO Ox | E21) //
pot ent i ONMeLEdinGRITRE POT CGbMJ 1 OxI E21 // potentioneter
comand | #M&Jmnwﬂ q ,,, // potentfom:tcr command 2

#deriu, VO#inPQLECMI7 @xo //dJn.lenQat ch?:fé d¥ ex an mmand 3 #dctine
VON- (_PO F/E PR “@MMPEM potenti orncter co d°“4 #dctine VON- (- POT CMDS

Ox1E2S [/ 6%‘%@”“ ometer comand 3 #Jctine VOM PO c. M6 OxlE26

pot enti oni @b&r,@;@,m’@and 6 Ndeftnr VOrM POTCMD7 Ox f E27 potentioneter
comuand 7 //Bdsa‘ameuvqw;&’@g)l d<ohi® Ox | E28 potenti omstcr command $ de, Rne
VON. POT_Cipy @‘(’DUNEZQI [RET C NXo@imer @11 -sL QkkddRADH Rty & i ne

VO1lvi PO | d° “‘e 1 PULALEDIN l>$00|z¥bt/elita) Mﬂ%ﬁg{’ﬁl! E@,‘I: e \% }1
POT_TRINGOs£X 1,.0 ;E{ - 13;3 Cianlu:1 priofiistiah ﬂ:uc(»ﬁ@ﬁlteudccﬂ@f mey VON(

' (yl" TR(AED: @«552 h fi}gﬁéf ‘Bf W@xon lirgirvetyent-i veciogirc)sLrédef | ne
VOM ' ()] *pmnmmwr@mm ECP%O 54/, QfEL PIE oo (2is ' “define

V(M_POT_ONZPIRe 9.3 gm RAL ment/r(umt;&emmmg ii i GW&}[&% g&q ne VOM
POT OFFZERGY Bk, &?E@I poLERY dn@tlérmmwadtxaﬂ:beeo Bl (Dl Aer O et i ne

VON( _ POTPQEA{-N_NU( QLE(&%E’& édﬁ\(/ céqunmﬁu g[ttmtt‘@teleullﬂﬂen at Vail #dctine
VOM PO | B31 PoLRN y/% LeRseriseativepariozst Val 2 #def i ne

VOM_POT Pds\m GG womm pobemlTSI/D(ﬂ‘ElsﬁﬂQOm °’“’° f”%‘éﬁ‘m&t vat 3

Nder i ncNUMEEPCIﬁ A'#‘d:’efIMO(SVZE”-DB!I&% o npvlizQIes’al nunber of words in data
base arrayy gfqg{gbs' de™Gh <WNCMT§&BAEBshS|erEc<mLQHMc// a devi ce nust

exi st in #hewdaia @go be in 1e(j{ “tﬁé‘ﬂﬁe{omvk /1 udd a null in the
joystick #dfred®_bipanevt o haveNobO;l V} g °°‘f"*ﬁ iew' [/ of the nuster
b

trol | et ®iRGNQANCLTYBAYI A, NO BDV3 SY e WPr un
|Cﬁ|nPrOFA|e#§ WR%P%F%&E‘SE N@I@wéam Eﬁvﬁm in o@%ﬁ“‘! Eﬁmﬁf{ BERPEGR NODE

LI GHTS gr estnd ome@ec a’r n r*’gﬁ”wﬂdf“n@d set GNU
LFF) _GNI OPRiNONDDMr 3¢5 °‘j‘i‘t°(‘3HV‘SqunNP dilte. | aR. FALSS$, SYS
I NP FALSE# SOPI P GMODE 0Xout7 // Ground Cor\lru{ Interlock (Select) Switch

// NORKEI. HPOUND SWITCH \zoos

/DD 9

/7 DIDADDR: 0

;/ BASE ADDRESS INPUTS: 0X1200

/ I'ne ground switch node mateix is mappe

fF with the following addresscs. (the mafgxcfs)zlzaﬁcnzﬁmm

# row - column wrray

:3:52: SI;IS Fp’;‘vz EXTND OX1201 /7 GCs Telescoping Boom Switch

! 3 ° W __LIrT 0X1202 // GCS Main Lift Boorm Switeh

efine G} ~!D PSW RISER OX1207 /7 GCS Riser Boom Switeh
fdcf'ne GND_ _PSW_SWING 0X1204 // (iUS Body Swing Switch
Edefine GND FSW___JIB 0X1206 /1 GCS Jib Boom Swirch
::cpnn(tND PSW_EMPWR  0X1209 // (iCS Cmergency Pwr Switch
efine GND PSW _ROTAT 0X1207 # GCS Plutform Rotata Switch

:;l rﬁn. ((JND PSW__LEVE;I 0X1208 /7 GCS Plattarm Level Switch

”d:t::: 6?\\18 ig‘\;’_gmsé 0()?1)200,1\3 //I/ (cr;CS Functivn Down High Speed Switch
_DWI CS Function Down Low Speed Sw

ﬁgff’::: g:g gz\t E.CI.O OX120C // GLS Function CCW Lo Hpcif{ Sfx\t;;:h

#dofine OND” m{» CC“WHI OX1200 # GCS Function CCW Hizh Speed Switch

i (”\D P uv%o OX1210 /# GCS Function W Low Speed Switch

#defing G\fD PSW_ UPI..éI OI“((llfll"'l' f// ((jé'; ;“nc“o“ C;W g pmeed Switch

Adefine G\YL) PSW__UPHI OX1213 // GCs Fu(:fikt:::)rlnl?ppsl\:;tlspcod Switeh

// BASE ADDR_ESS QUTBUTS: X3200 ]




Pl atform node | ed set when system pfutform node set

GND_LE1) Pt VfODE. N()_f.ODV. SYS..VOM Pr1-fCDE. SYS | NP TRUE. SYS

| NP_FALSE, SYS W FAI, SG NO DDVl , FI'l, LER _ // SY$TE;vl VARI ABLES 1Fm 9003
MOTI ON COVBI NATI ON  These vari abl es are set on variaus conbinations

of swrches and valves and can be used % t he dul ubuse. // G ound C
nntrol Enable // set to enable ground control (CE) // ground control
operation okay when 1. Aug. 2003 33 // platformestop off and ground node or
not in CE node (in donestic node). SY5 VAR GC1 NBL, NO DDV, NCrl _PLT TNP

ESTOP, SYS ,OMVM GVCDI 3, GND | NP DOM SYS VOM GMOT) E, NO_ DDVI , PILLER, - -
G ound Down, /&t el ‘“‘{é't'"hBt“‘db\?\h‘:"drf“‘r'ébthfﬁﬁc%peed switch press ground down
0

vari abl e wh@ncéll,m,g‘rin ind Got "FEYE *EB¥EY switch and ground mode or  //ground

down hi spesd ®wi tah amd grownd MEORLSYH: ¥AR _GND[ . ) N, NO_DDV, GNDPSW -

DWKC. 0, SYgdﬂQﬁF@WQBI;»&SE}&'NDORSW_IDV\RFIHd;c&Y&_WﬁRQGCENBI ,,NO DDVI, F[LLER //

G ound Up%@?ﬁ%%%—?w G JFI0p /diFledifaon lspedls swi t ch press //ground up
awnd

. e LET Ll X3207 /7 21, Indi . h . A
vari abl e when eI P qxéflﬁ P %\%fgﬂ"f FodidPgPound node or 7/ ground up
hi speed swhi.chof mﬁc,:gb@yngoﬁé)sﬁ/ﬁ L Né{fﬁgf ?]g;,ﬁ W)V, GNL~_PSW UPLU, SYS

IBOHEMEL, NEhcedony Pibor RbleLER. //Ground Up or

VAR GCENI F"E?@’(EDBM@'MPHL, SYS20AR 1
G ound Doyfi Vi ;‘ﬁalt‘tgue”\i(lm%etowotswféﬁ Ingicourfthitunm @rroctawm function // ground
3 YegFlaghih @oget or ground dnvn vari abl e

efing ) AT (3200 U
up or dowg,¥AkRA E%&%% wheli: M)
set SYS VARGD N A"c}LDv%z % ,?/,,Z'\LE 3 Wgﬁi%i%iﬁwlfﬁTRt 11;, SYS- VAR
(' NDDN, SY8tefNOND[LERIAGNY0 DERMOF by LAtk dndicaler: Tizsecpink hilaf OF M Stati on Down
Vari abl e 4etCHHLDEIERNS®Edown direction switch press /! platform down

vari abl e %/%'%ﬁ YY) n down switch and pl atform node SYS
VAR "['t. TONANGLRDV; JS WY Neg, SYS VOM PMODE, SYS | NP- FALSE, SYS | NP FALSE, NO

DDV 1, Fl kkkivoBialch ar mShabi @iy W Yakiakl., .. |/ see on joystick up
di recti onfdine Sth_ Y €88  okloiplratforamuupavadi-abbe when // platformup swtch
and p| at f@c[ffﬁz Q%IB&GMPCPWR 0X3015 //(C2-9) Outptu: Ignition-2 (Pump Controlfer Power)
eliie GND_OUT_DRVCMD2 0x3014 / (¢:2-10) Output: Drive command signal

#define GND_QUT_DRYCMDI 0x3011 //(C2-11) Output: Drive command signal

#define GND_OUT_HIDRY 0X3010 // (C2-12) Ourpur: High Runge Command

Adefine GND_VLV_JIBDN 0X30IE # (C3-1) Valve: Jib Down

#define GND_VLV_RTRCT O0X30(F //(C3-2) Valve: Telescope Retrnct

Fleline GND_VLV_RISDN 0x3008 #(C3-3) Valve: Riser Down

#detine GND_VLY_RISUP 0¥3000 /# (C3-4) Valve: Riser Up

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

#detine GND_VLY _SWCW QX300C //(C3-6) Vulve: Body Swing CW

#define GND_VLYV_LVLDN 0X3018 # (C3-7) Valve: Platform Level Dawn

#deline GND_VLYV_LVLUP 0X3019 # (C3-8) Valve: Platform Leave| Up

#define GND_VLV_LFTDN 0X30{A /#{C3-9) Valve: Main Lift Down

Adefine GND_VLV_IIBUP 0X3UMT /7 (G:3-10) Valve: Jib Up

fdcf}nc GND_VLV_LFTUP 0X301C //(C3-11) Valve: Li& Up

Adeline GNID_VLV_EXTND 0OX301D # (C3-12) Valve; Telescope Bxrend

Rdetine GND_ALM__11L.T 0X300B /(C4-1) Output: Tilt Alarm (Audible)

#define GNU_ALM__HORN 0x300A # (C4-2) Output: Hum Relay

Adefine GND_VLY_STRRT 0x3009 //(C4-3) Valve: Steer Right

#def?nc GND_VLV_STLFT 0x3001 #/ (C4-1) Valve: Steer Left

#dctine GND_VLY _EMPWR 0OX300E 1 (C4-3) Valve: Emergency Pump Diverter Valve

#define GND_RLY_DRSIG 0x300F // ((:4-6) Output. Foot Switch.

#define GND_OUT_Cd4_7  0X3002 //(C4-7) Output: Available for use

f#define GND_OUT_C4_8  0XI0U3 /1 (C4-8) Cutput: Avuiluble tor use

#dcfine GND_ALM_MOTIO 0X3004 /7 (C4-9) Qutput: Motion Alerm

#deﬁr:c GND_OUT_C4_10 0x3005 # (C4-10) Qutput: Availublc for use

#detine GND_VLV_ROTCC 0X3006 /# (C4-11) Valve: Plattarm Rotate COW

¥dcf}ne GND VLV_ROTCW 0X3007 # (C4-12) Valve: Platforn Rocate CW

kdcl‘mc GND_RLY_PMPS(} Ox3013 /7 (C6-A) Oulput: Hydraulie Pump Cuntactor

Adefine GND_RLY_AXPMP 0x3012 / (T6-C) Qutpnt- Emergency Power/Steer Pump Contactor

// SNORKEL FLATFORM SWHTICH NODE

,I' ey fat
DD 1y
/A DINADDR;
f/ BASE ADDRESS NPUTS:  9XI1400
If The platform switeh node mateix is mapped into th= svstem
/1 with the following addresses. (the wmatrix is a scanned
/1 tow ~ calumn array
#define PLT_PSW _RISER  0X1400 # PCS Riser Boom Switch
Adetine PLT PSW_SWING 0X1401 /7 PCS Bady Swing Switch
Bdeline PLT_PSW_EMPWR 0X1402 // PCS Emergency Pwr Switch




SYS_, VAR PLI ' 11 P, NO_ DOV, JS_SwYPos. SY$-VOM Pitt(.)I)E, SYS I NI' FALSE, SYS
(NI'" 1"ALSE,NO DDVI, t'Il,(.EP- I/ Platformlip or PlatformDown Variable -

set with any pl at f or m up or down function It platformup or down 1Vﬂ{|d ahh$

set when If plattnrmup variable set or platformdown variable set = °°

SYS VAR, |I' I, TUD. NO DDV, SVS VAR PLTUP, SYS I NP_, TRUE, SYti VAR PLTI JN, SYS | NP
TRUE, No-1)1)VI,FIL LER - - - - [/ Up2[90vvn Variable 11 set wth any up or

down Function systemup or down variable set when // ground tip/down
vari abl e set or platformup/down variable set SY? VAR UP_DN, Oxg004, SY5 VAP,

| OUD, SYS t#MPnﬂPRUEEssxmoavARlakWDﬁ&ﬁaJRuﬁmN) D)VI,FILL ER - - - - - INP
C7round Coﬁﬁﬁm ] PotkwilBe VarPabbes sitsicbm emcent i nt er - cl ockwi se direction
speed swit GEaRr SW b F@Fo 18t etfomdokwissienvar i abl e when // ground
fitre' P l{ 7t L
%19 gFE Jffﬁd@‘%’?“ﬁh round c-cl ockwi se hi speed

c-cl ockw sey: t&p@‘@‘@
swi tch and #gﬁmwntﬂ’waﬁvwc " ,L]?/p P5w CCl . (), SYS VAR GC

BL, GND PSW@@#TLSYSVVA% - TOEMBL 0D VL i Ld R - 211 Gound
d ockwi se "iﬁﬁr {“*Péﬁ?ﬂcl‘é"dkwﬂsé&m#ﬁeonﬂeamspeed switch press ground

cl ockwi se y@rfﬁ: E{L VBW’E? Wlﬂﬁt:"'fl brivs Beedk (sasitvefin lagidd  gr ound node or

//gr ound ck@ﬁdemwsewﬁﬁﬁﬁee‘dxﬁm F/ PQaatdde SYS V,\. R
) CW NO BRNA: PLT_ND_PSYY C\MJ@AS)Y/S . G\D PSW CWHI , SYS VAR GCENBL, NO

DDV LFI 1. ine PL'T_INP_EOTSf n\ﬂ@ﬂWd(Tb_r@I#P)Rogt)S-whih (CC-cw Variable I/ set with
any gr ound %E%WE? Aﬁf{_:? "cb[ ’f ok NiEgeefrarfetiseirt (Fidtogramad | ef t ri ght
" 1 !

variabl e safs /@rc H%P’%‘”’Q g Swigd (RlagbinSimall  or gr ound
counter cl mcﬁwp&elwurambtvesmmc , ) DDV, SYS- VAR_GNDCW SYS

| NP_TRUE, s%f! mvm_@wcsvsﬂwp, (fEmHli)lEm NQ:@E} i sl FRy - - - Plattnrm
Countcr. df Ag Vil %Pﬁ%l e /'dfﬁcrmeum&emwmmzawfwsm ale sminiceh press

EAD S\:( X
/'l platformgoun L y@ &V i ab when // platformec-cl ockwi se switch
and pl at f or MRSy I () Qb’]&@, %*‘gt vX Pos, SYS VONI _PNI ODF. , SYS

| NP_FALS: ,/'8Y&- c‘_izNPn HaiLSE DDVI , Pl at form CI ockwi se Vari abl e - 1/
set an cl d'é’ }ﬁﬁ §H~ék0>§v\ﬁ0t/chr mewr Bp(lcaztffoorzfm@d:mkw se variabl e when /1.
‘ %%ﬁgjd’ p tnﬁ @FWBmdéOSYﬁ/\Oﬁ\R)PLTC W NO DDV, | S

pl at f or s ,,q i
SWX Neg SM&“'MQM % Jcatm- mefvo /0F$ %é%@o DDV, Fi LLER 1/
foc:TibBodnT

Pl atf or m t#llcheq !vaRIEg:ﬁt uéOﬁG\Aﬁ “Makh
#define PLT_LED_RISER 0X3405 /#/ LED Indicator: Riser Boom
fidefine 1 T LED_: _SWING 0X3406 # LED Indicator: Buody Swing
#dehine PLT LED__LIFT 0X3407 # LED Indicatr: Main Lift Boom
#'dcﬁne PLY LED_LEVEL 0X3-08 // LED Indicator: Plarform Level
#d:f_xnc PLT_LED_BATIO0 0X3409 /#/ LED Indicator Baltery 809% - 100% (URN)
Adeting PLT__.Lf:,l) FMPWR OX340A /7 LED indicutor: Emergency Power
#define PLT_LED_HIDRY 0x340B / LED Indicaroc: High Drive Range
Kdefine PLT ) _LED_ROTAT 0X340C / 1,ED Indicatur: Flatibrrn Rotate
#define PLY_LED_SYSFT 0X340D / LED Indicator System Fuult
#define PLT LED SYSNO 0X340E // LED Indicator: System Namal
#datine PLT LED_EXTND 0X340F /# LED Indicator: Tefescope Buom
#deline BLT OUT ALERT 0x3416 #/ (Verm #13) Qutput; Statis Alert Buzzer
#deline PLT_OUT_TERM. 16 03417 # (Term #16) Ourput: Available for use
/1 SNORKEL )OYSTI(.I\ NODE
" o
/DID: 7
/I MDADDR: 0
/ the joystick decoder card transmits the state of the joysticks inpurs
/fta the master control module. the inputs are defined as tollows,
#delinc JS_Sw¥_Pos  0x0E00 // Input: Joystick on Positive Y Axis
#detine I -SwX_Pos  Qx0EQI / Input: Jovstick on Positive X Axis
fdefine JS_SwY_Ncg 0xQE02 / [nput Joystick on Negwtive Y Axis
#define IS _SwX_Neg  Ox0EDI / lnput: Joystick on Neéan‘va X Axis
ﬁ'dz:l-mc IS_SwY_PusHi  (x0E04 // Input: Joystick on Very Positive Y Axis
Rdefine J$_Sw,‘<_Post’ 0<0E03 // Input: Joystick on Very Positive X Axis
#def'-mc IS_SwY_NegHi  UxDEQ6 / tnput: Jaystick on ‘verv Negarive Y Axis
#define JS_Swx_NegHi  Ox0E07 // Input: Jovstick on Very Nezative X Axis
#dcr_‘ch.S“OtT._Smtc OxOEU8 // Inpur: Jovstick Ceatared
#deline JS_On_State  OXOKEN® # [nput; Joystick On (off of ceriter)
Adetine IS_On XAxis  OxOEQA // [npue: joystick un X Axic
#define JS_On_YAxis  OxOEOBR # Input: Joystick on ¥ Axis
#define JS_Noue3 OX0EOC // lnput: not defined
#define JS_Noned OxQEUD # nput- not defined
#define JS_Nones OXOEOE // lnput; not detined




f/ set wwth any platformclockw se or counterctockw sc function platform
| eft right variable sat when platformcl ockw se variable set or platform
counter clockw se variable set SYS VAR-I't; TLR, NO DDV, SYS VAI L PLTC)MQS\5§03
INP.. , TRt1F.,SYS VAR-,PLt'C c:,SYS rNP TRUE NO DDVI, FIL LER -

/1 O ockw se Count er-d ockvvi se vari able N 3et with any cl.ockw sc or
crntntcr-clockwi se or Icft/right function systern

et ockwi se./counter-ctockw sc vari able set when ground lc'/ri ght vari abl e
sat /i or platforml eft/rl ght vari abl e set SYS Ve-kR Cc;

_CW NO_DDv, @‘?@U%Ra " OREIFLRNYSuR:MR_ TRUE, SYS VM It _PLI't. R SYS I NP

TRUE, NO DD dcg:c iE*R Qx0EL0 /7 1ffur: BooemhSardurale (Magonabl e //set with any boom

S
control fung[.d,, oR- f]:f S%)} %ﬁk’(‘éc}/ﬂff}‘b it \fphatyked veet(0-liBn syst em up/ down vari abl e

set or S5t BT KWE] %&J “e\ﬁ%tifqo‘ébl e set. SYS VAR
_CNTRL. NO UPYin S SipW AR URJ;cmsl SY uLI .;_g CWSYS IN, TRt.fr, NO

DDVI, FI LU Fé,ne IS_Spd_Sws  _0x0E13 JifinpSYSTaokle MARLAB BOOM MOTI ON' SPEED FROM
GROUND El U ieNSHE 3p§ =Sy G“Q)‘Uﬁdf“lpeff *vﬁ ht spi gahu«. i Variable // set when any
gr ound | ef ta Lh Rt G CEW. ! 0’@}‘10 ?°#é&ﬁt=|(%wo%uto¢eouavcp¢essed /1 ground

left/righr /ngTPWEITO@L&o%@LEV\Ihen F%ﬂﬁif”(‘?’(*&‘é‘ A dse=emligh swit ch and
ground nodé)=or—{=tetne—eeehiesr- Cl ockwn se high switch and ground node) SYS
V,\R_ G.RI I//Sg DDVFGW ot AUAHEvicEMS VOM GMO 7E. GND_PSW t : CHL, SYS
VOM_GVIODE, T r:m;l PfERe dafined us required ™ Ground Left, Rl ght Low Spccd
Variabl e //isst when any-grotist re®eri ght or CW CC W1 ow speed direction
button pregsgehDoRr/ ugnound | eft/right | ow variuble set when /1(ground
cl ockwi se ﬁ@&v@vmvm Qiviel Vg rount Madedw 0ks: o Cor@4no count er - cl ockwi se | ow
switch and gt &&%}D@@Wm GURICE, ORI END_PSW CWL.O, SYS VOM

A

GVODE, CNn - P PREDVR SPYLLER © - - - - - Ground

Up/ On Hi Speed s\/aarw\abpreL \segm\mg {S‘ “{gi,m‘f{‘ iﬁig/ down hi gh speed sel ected
gr ound tap/f@w\;\nﬁ‘fhlvrkspmedcmw I RS J- EeasaMnd down hi gh switch and

ground nod _r?jn}:,s " u ‘lég/hPES\M taglar @rabwgr ound mode SYS VAR GUIDII' 1. NO
DDV, G\D, , P U L\éﬁz FENDPRBW Ul 111, SYS VOM Ot t v1ODE, NO U])
V1, FI LLEI tf‘d-:['m\,‘fg "WAR. cmmcé’xq Sl'm‘g)g& d“'Varl abl e set when any

gr ound up/ﬂ’efwns‘fﬁnw«sg&exﬂn a6t £ ndgsmmﬁom/s vvn | ow speed variabl e when

/'l gr ound STl <7ah’d.eg/r ot mBdecaw ook | ground up | ow switch and
ground rm S@S\Q&g &P PSWOMLO SYS VG vt GMODE, CND

) 2 ()\I " PhLeftar Right
dz:fnc SYS_VAR_GNDHI OYIFAE // Cind Fost Switch Pragsed
#define SYS_VAR_GNDLO OXIFAF / Gud Slow Switch Pressed
#define SYS_VAR_STEER 0XIFB! // Sceer Request
#detine SYS VAR_CNTRL 0X1FR2 // Any Buum Request
ﬁdcitnc E‘»Yf\ VAR _UPF DN 0XIFB3 // Any Up/Dn Boom Reguest
#detine SYS_VaAR_CC CW OXIFB4 /7 f‘mv CC/CW Boom Request
#define SYS VAR | _EXRET 0XIFBS // Extend Or Retract
Fdeline SYS_VAR_SWING 0XIFB6 /7 Swing CC ur Swing CW
fdcﬂnc qYS VAR _ROTAT OXIFB7 // Rutate CC or Rotate CCw
“defline SY§ ‘v/\R LEVEL OXIFBS // Lavel Up or Level Down
#detine S‘fS VAR _JIBLT OX1FU9 /# Jib Down or Lift Down
#deflne 8YS_V AR _SWROT OXIFBA // Swing or Rotate
#dcline SYS YAR_LEJLT OXIFB8 # Tib Lift or Leval Functious
Hdeflue SYS_ ‘/AR JILUP OXIFBC / Jib Up or Lift Up
Kdefine SYS _VAR_GNDUD OxIFBD # Any ground up or down
Hdefine SYS_VAR_GNDLR Ox1FBE // Any ground left/right (celew)
:«fchnc SY S_AU1 O_RETR QxIFBF /' True when automatic retract function aclive
d‘ cfine §Y S_AUTCI RETRZ 0x1FBO / Truc when automatic retract function and ramped o zera
detine SYS_EXT_INTLK OxIFAQ / ‘True when ukay to extend
#deline SYS VAR_RETR! 0x3FA! #/ Interstitial retract true
Adefine §¥S VAR REIR2 Ox3FA2 // (nterstitial retruct true
:S;‘:mc i‘:’)ST \gf}g ‘\\/JOTRIM OX3ITFAS /I Truc when nn speed rim aczwe
ine A Al \IOTR \- " ] 5 i i i
eLnn:: or. _SY'S V-\K YAl VF r)~<7F Ad 7/ notany valv
/'dc.f"!\. NY'S V-&R LILRI 0X3FAS // lib jib level or rc!raf:tuftalvvee(;:guwc pin legic)
:dcﬂnc SYS_ _YAR SR.REX UXIFAS / swing rocate retract or extend valve on
define SYS_ v AR_LIBL OX3FAT7 /it jib or level valve an
fdetine SYS _VYAR_RISER QX3FAN #riser vulve on
chﬁnﬁ SYS_VAR_ROLL x3FAS // vehicle in motion variahle
define NOT_SYS VAR_ROLL  O0x7FA9 // aot vehicle in motion vuriable (reg logic)



-P$\V_ UPLU, SYS VOM G vt ODE,NO U W, FI LLER - - - - - - /1 Ground High
Speed Variable 1. Aug. 2003 3i // sct when ary high speed request nade from
the ground //ground high speed variable when //ground up/down high §§?§93
or ground left/right high speed SYSVAR GNDHI, NO DL)V, SYS-VAR-G 1 ﬁ -
NI' TRUE, SYS LER VAR (.ILRH , SYS | Nor TRUE, N() Dbyl ,FIL , - // Gound Low
Speed Vari abl e set when any | ow speed reque made from the ground

/1 ground | ow speed vari able when // ground up/down | ow speed or ground
lett/right | ow speed SYS VAR GNDLC), NO DDV, SYS VAR GUDLC), SYS | NP

'1' RUE. SYS VARf@sk ZIva), 15YSNR . I ' v, Fl LILER I/ fv(AIN BOOM

SECTI ON DEVI gﬁﬁcm_tMEM?&Eé E’}%@%géf‘m%e AEXt ensi on Nu-Zone Detection
aut o retract#éﬁggﬁﬁﬁwﬂmQﬁb‘(ﬁDWan@Is&e&dath switch | ow and not

retracted |i g, . FOERETRICO 08 (ale GNR NE | . SANG, GND (trip
LSLT' 31. SYS. ﬂa:m&ﬁﬁ%ﬁ%ﬁgx M?%Sﬁ’t DOVERRE L ER - - - - [/
toggles wt h#déyssmmambmaf'ekm@t// SE T, W, ﬁigjgggg gbs deEstive pin logic)

SYS- t cr TR_BUNET: OX004Q, FSYRAURD S Rekrhe; GYios NP ROE S TR "FALS>T, SYS-NP_F'
Al . SE, NO oL -IEOBi AOBObIN Rk rdciuk note that Sys auto rctr2 s
out put f rom @eByStEv), ék#%‘?ﬁfgﬁ#p”&%&%u ng 11 and boom speed has been
ramped down #@ZErOVAEHEBEL g ééﬁp P?ﬁﬁi%ﬁﬁi’% wdddliest for extend and
(ground dowd e eattlcore umlza:trtdm-:rasbctoinpasﬁwfgggsh p;ucf’é)'rn “§efe //auto retract

enabl ed and%@ﬁdh‘i Boraliafe fingle QDwarictirds, cigtewonl y when not a 33 machi ne
SYS_VARR. ETR) .08 G008 XTNIEIS¥S VAR GNDUN, SYS_YRQEXTN SYS

. ARZ ‘REMOXIFEA 1/ U S

VAR . PL' | | #kdodNOODM R bk BF o 1/ Ueslped uppegs Cor CE)

FLT : TR2. OXi 80Tl SYSBRL by & ﬁ&&ibﬁ@yﬁ%ﬁ | LFT, SYS VAR PLTDN, NO

DF, VI, FI LLF’"dclttR.“ SYS_VAR_DIONEQ2 4x3FBR /GNIIRidr itk orkflreb « 4, SYS VAR

RBI' Rl , SYS ﬁﬁ{’m U QPSS NIRBY, R HBE| # Re)tjiS Y isyidNok fuld iR TR2, NC) DDVI, FIL LE R
AV

3 XE 6&? 3 JREC RIRGHNCTISYBIAUTO _, 11RDWK, SYS
ks ELLRERclemabie(Coymi n Boom Ext end // extend
a

S

- - - _ _ ChlaM K
NPFALSE,  S¥&tidRysFAkStul  platfor level :
the boom whElTpaNElVAFEGuesI bOFsEXnaRdeiburikal,gund up swi tch or platform up
switchy /.% RIS R ilven P FEIY orot@tuach sen@bqed.
#dct‘m: SY'.S__V:\J:._NM‘.“ OX1 FL.[‘ /" morlion alarm db sworage variable
#.dcﬁuc SYR_V:\\;_POWN OX1e¢2 wluth uny down motion intention
o 'F (S_VAR_ALLMOT OX}_FCJ / inputs dictate ull motion alarm desired
efine SY§_VAI{_38CJNLY OxIFCH /7 allows ceruin funetions for 38 anly
#define SYS_TRASH_CAN 0OX3IFFE // Trash COutput ’
#deftne SYS_DB_STOI' OXSFFF // Stap marker
/l special case - these are DDCW'S to be used
/ 1n the system for the TRUF and FALSE casc. gea
/1 the specification un LBNRCW's fur further info on
// how the evaluations work far these tWo cases,
fdef:mc‘ SYS_INP_ TRUE OXBFFF // Ajways True
#define SYS_IND_FALSE OXITET // Always False
#define AND_TRUE YXBFFF 4/ Always True
#define QR_FALSE OXFFEF /1 Always Fulse
#define AND_FALSE  UXFFFF // Always False
){; SNORKEL VIRTUAL 170 MODULE
V~IISTRT '
/1 DIDADDR: 0
// These vadables are ser by the custom progrwn modules - the
/ addrcsgs may be ulilized (hut not set) by the database
Zi::’::c ;\‘;’S_VOM_UMOD-E OX3EN0 // Systein Ground Mode
v ¢S S.m_v,(‘)M__PMODE. 0X3EO0! 7/ System Platfornr Mode
#(:Jz{'mc EIY.SJ:U(\:I EMODE  0x3E0Z #/ Emergency Power Mode Active
#def'::; ;YO;L' ,sggr\ggii_EMODE OX7E,92 (/ NoE Emergency Power Mode Active {negative logic)
e ;; . LQ 0.}3 E0'3 ,/. High drive runge mode
A ; VO outpuits for punct function inputs - pending requests and page] rocquests,
. bcm:nu:\vx.rch‘xs pressed an the panel, the request is recognized by the controller and
s e 'S pcnd;ng A pending request becomes a valid panel request when the boom speed
W et (rampc‘ to or started Frr::m).~ The valid panel request alza remains as the
e c:jr:irequ.cal .unm. n.nn.thcr function buttan is pressed, then the nevw function becomes
i sYnst ;.;:r;dlng h.m\:tlon vace the prior function has been returmed ramped to zero,
#deﬁ”é soe l’.;':}__.S\‘\iR.\Jb OXTEO3 / Pancl Request Active: Body Swing Function
#dé}‘m: S\’:S“PZ? 2_RISER 03t< ] gm /! Panel Request Active: Riser Funetion
#dcﬁnc‘sYs_ghgﬂl’d‘IFT OX1IF03 {/ Punel Request Active: Lift Function
r"d' =SYS_ RQ_EXIND OXIE06 // Panel Request Active: Teleseupe Function
rdefine SYS_PRQ__IIB OX1EU7 # Panel Request Active: Jib Function




/i but only when main bourn angle switch error not active and extension
swtch error not active /I but only when nut a 33 machi ne

GND_VL. V- EXI TI D. Ox1204, SYS_PRQ_EXTND. SYS- VAR GNDUI ' , SYS_PRQ_EXT ND,@X&{%@@_
FLI"I)N, Ox8 OO, FILf, 1': R // Main Room Extension LEE) // |ight

hoorn extend function LED on the ground and pl atform box when panel
request for extend or (auro retract enabled and up/ down switch pressed)
hut only when not a 33 machi ne GN\O LEn EXTND. Ox1 000, St's PND

EXI NI ), SYS- TN?- TRUE. SYS _P. 1~TR CSI, VAR UP DN, NO Dnvt.F(L LER - -
- - f LTLEDEXTND. 0x1000, SYS t' Nt) EXTND SYSN?. .' . ODDM.FILL ER
/1 Main. Boofffler $15. Bownrbf oH&iom//bQchqlu&zAtcmg%g L.ahen /i pnl request for lift

and (ground,,# " y@gg‘ ‘gf g'or? ony frorImdeum, s Wi e e, / / DUt nut if //auto
retract enabbmes TRg 6%”?39@@4!“CSYSIVPR@M@FP'BM%M&“MARG\'UDN SYS

PRQLI I "t SIYQHWR.PMDTMRW Wh = q;,; BgoprmeLift Up - - // main
boom i ft uf W@‘ AU 2003103/hpc Pk FheSHRS L TP |ift and (ground up switch
or platfor %“FLSS’WF gth gw” mmenonrmqmz hoeagp angl e switch error not
active and “esit-eNSiren_Fs Psmﬁe %ﬁ,d( ““&6 F‘\’ie’*"G\ID VLV

LFTUP, Ox00( msﬁ SIORQLEVALFF 1ISMQ Mg @M Bl oo ERQ | . . | FT, SYS VA12

PLTUP, Ox96G&ak sl F ol NS Q‘f})éi’t” "Bu‘(bmsyl_thrﬁ tuncllcEIE}nusle.-ght mai n boors lift

funct.i on LEDFmemvonm@pel “FE 8y ’\E”’f“dWPI“M"t'h@P\ID LEDLI FT, NO UDV, SYSPND

LIF 1", SYSERETRUECTNDIONEDS: A5l HOEY O DO opyictfERie  PLT

LED- LI F[ D;I(,Zl_@ SYS T NOST, SYS-INP TRUE , SYS | NF FALSE, SYS TNp FALSE, NO
DF) Vi, FI LI'_ERADUM JI B BOOM SECTION - - - - Ji b Boom Down (i Determ ne
when Auto ? D@‘Wri‘(? ah@hemé%,/, paa{,t,mgcgﬁmd\y b <33) //jib boom down when 1/

pal requesfiddiolt g@ & ‘@ ( @urfrdotd@amerswmtaxcah or platfonn-down sw tch) or
when // ordcmhe(m,upbb‘ g PATitbmextemded | ess than 33 inches

SYSAt . 1TO- Fwaqugao (RLJ: asbla B rNP | . SLT33. SYS | NP
FALSE, SYS- LR FAf- 8 D3 DRVA2S de_mtm@rd%%ﬁg JI'BDN. O

<tltifJt. SHSRRE, ”P°f°°“°mmmmmands

G\DI ) N, SYSu@ NBP@Y&AMARUEM EQS : MF LLER

GNDVLV_J| Bﬁj})% oke zwmamn T' | tt.1E SY5

AU- 1" C) _J 1 4BeMN:

y?"f“*WFrcﬁlmand[le - //Jib!.loomUp //jib

boom up V\ﬁeqﬁnc/z‘{k)T,deM rmqua 0 31 mj,,nﬁ "ﬁtm g tind up switch or platformup

switch) //} jﬁi:géjo Cyr‘-wmn B BC DOQBAAG P § ) ‘i,‘ fsevleso not active and
ext ensi on ,&mevg -5 P‘%%?t’irv@rl@\dE)oRbur@cMcﬁﬁHP X000 - (, SYS

PRQ. _. Jl]!@ﬁzSYEM\,{;@R' Bovsy DI BUSYSyARILEGP, NO_DDVI , F | LLER

(i No-VLV JE[3 Lo, POroDpv: Qs T&Ljﬁ i ey VAL ITO JT BDWK, SYS
e S AT om0t

#dcfine RIZE DB 944 // tatal
cndc long DL)DF DATABASE [SI;!;(EH;}“ Pf words in dara bage WY Hode®)

I

14
adevice must exist {n the dataoasc to be included in the network «

wdd a null in the
jaystick address spacs 10 have it
/ af the muster controfler., i W included and M vy

IS_NULL__DATA,NO _DDV,SYS_INP_FALSE.SYS _INP_FALSE,SYS I\IP FALSE,SYS_INP
.'/ GROUND MOD(—-/PLATFORM MODE LIGHTS

] ==

_FALSE,NO_DDV | FILLER

#/ ground mode Jed set when
/G vstem ground mode yet

MND LED _GMODEN |
N A NO_DDV.SYS_vVOM _OMODE,SYS ~INP__TRUK,SYS mNp _FALSE,SYS_ INP_FALSENMNO_DDVI1,IT
7 p!ul!’om mode led set when
givgrem platform mode et

_LED_PMODE. NO_DDV 4

o DV.SYS, YOM_PMODE,SYS NP__TRUE.SYS__INP_FALSE.SYS INP_FALSENO DDV FII

" ‘"‘rRT N
" \ EM VARIABLES H.)R MOTION COwnID INATION
i hm: variables are set on vuriqus camhmntwm of switches

/7 and valves and can be uscd hy the database.
7 Geuund Cantrol: Enable

7 set 10 enable ground control (CE)
# ground coatrol nperativn ok ay when




FILLER, - - - /1 Jib Led //jib LED when // pnl request fur jib (ND

LEDJI B. NO DDV, SYSPNDJI B. SYSI NP_TRUE, G\f) _| NP_C6_V, SYS_| Al PTRUE, NO r abV
(,FILLER, PLT.LRD JIB,.10 DDV, SYS PND JI D, SYS [ NP TRUE. SYS_| NP EATAﬂE,ng(?
INP F" Al.SE,NO DDVI,FIl.I1.GR // I'larfonZ Lcvcl Enable (CP "' - - -"""se
when okay to platformlevel |evel enable when boomfully cradled or when
not a,= mach' ant tiYS %:\R .LVr, CNBL, NO UD)V, SYS VAR BMCRA, SYS | NP
"I'"'RI.IE.GND INI' DOM $YS INI" 1 RUE3NODDVI,H LLER - - - - - - Platform
Level Down platform|evel down when // psi request for |evel down and
(ground down switch or pl atform down svvi tch) SYS VAR- LVLREQD, 0;

0004, SYSy e ebdo Yk p R P D LEVEI ., SYS VAR PLTDN, NO DDV1,
F'IL. LER b‘fs VAR ""(—F;.{UHNDND §¥§med r tmL. ozﬁ Mm ey,

VAR- I . VLR ?ﬂ? SYER VAR LVL ety SYS— I NP- FAr ~SE O T RP O RY E MRS
LLER, Pl a};£Q% b ?}ég]o lmhpl atfonit levcl down when /7 peal rcqucst for
| evel downgrandiod rg,raraun own SWi tch or platformdown switch)

SYS VAR L{AcuodRens. ’@)(5@@041“8\"8 gRQ@Qmbd=MEL , SYS VAR

GNDUI ' , SYSEHRQ b Wﬁgp TUP, NO DDV1,F ILL ER - - GN\U

VLV- LVLL! Bvr008. SYS-VAR w&?ﬁ’?s"’\#{??ﬁt'%w—é‘tw BYHHISKP VAR RICBEBISYS, [ NP
F' AL, SE, O}(‘Sé)@{)utﬂmhthER - /1l PlatformLevel LED /i platformlevel LED
when // 2‘“’ du;gg*w BFf*'fegef orm | evel // but only when nor a 13 machine

round

ci ND_L[ [Er VeSS PN LEVEL. SYS MP TRUE, GND I NP (:h X, SYS
| NP. [' RY/ §findNO BE sy feh ful protnd mddb - | ' ~ LED_LEVEI . , NO DDV, SYS PND LEVEL, SYS

| NP TRUE. SYSALNP AN S S0 [P _IALGRS_MB_BBVpL. 6, b (R svs-van_acdhbL Rb SB7

Room DU ViGiduha UploS@EuLME DardoWn when 1. Aug. 2003 37 /1 pni request for riser
and (gr OundwdmffSWUb ehoarunphat f orm down switch)

GNDVLV_ RI UKD q‘”@Sﬂ"SV@PR@RlSFR SYS- VAR

GNI) DN, S¥&s mgﬁ%%?v@” ﬂegﬁ\kwgopmw ¥ R zer, Boom e [
riser boumwp when pni fequest fur rrser ang f—é’f“%ﬁﬁﬁ”‘ﬁg\ﬁnﬁp“%wrt‘@ﬁ’oe?w”

pl atform;f Vigegite onl y when main boom angl e switch error not active

and ext en@?;g%ﬂﬁz”““ ’1{‘” ‘?ﬁff ’dY‘“'WB‘E“ active
G\D_VI . V /RlSuRjoUx 00 445 HPR&: Rl SER. SYS VAR (3NDVP, SYS PRQ_RI SER, SYS VAR
Pl TL)P, %%p’@r@ P ONINOLPIRY.I5_SwY_Neg.SYS_VOM_PMODE.SYS_INF_FALSESYS_{INP_FALSE.NO_DDVYI,FILLER,

orm Station Up Variable
/! set on joystick up direction switch press
/7 platfurm up variable when
/:‘?lsatg)rm up swiich and platform mode
AR_PLIUPNO_DDV,JS_SwY_Pos g g g LLE:
/1 Platform Up or Platform Dawn Varmbleo SYR-VOM.IMODESYS. NI S ALSESYS. NI TALSENO DDVLFILLER
/ set with any platfarm up or duwn function
! platform up or down vuriable sar when
/I plattorm up vuriable ser or platform dawn variable set

Taps ARPLTUD.NO_DDV,SYS_VAR_PLTUP,SYS_INP_TRUE.SYS_VAR_PLTUN,SYS_INP_TRUE,NG_DDV1FIL

# Up Down Variable

{l sev with any up ur dawn tunction

!l system up or down variable set when

// yround upidown variable set or platform up/down variable set

E;‘b VAR UP_DN,0%0004,8YS _YAR_GNDUD,SYS_(NP TRUE,SYS_VAR__PLTUU,SYS‘_WP__TRUE,NO_DDVl.F{LL

 Ground Counter-Clocksvise Variabla

!/ seLon counter-clockwise direction speed switch press

It graund gounter clockwise variahle when

I/ ground c-glockivise lo speed switch and ground mode or

/Sf\g:)und c-clockwise hi speed switch and ground mode

o rtz/{\é{a GMDCC.NO_DDV.GND_PSW__CCLOLSYS _VAR_GCENBL,GND PSW__CCHI,SYS_VAR_GCENBL,NO_DD
/7 Ground Clockwise Vuriable

/I set on clockawvise direction speed switch press

/1 ground clockwise variuble whan

// gruund clockwise 1o speed switch and ground mode ar

# ground clochswise hi speed switeh und ground mode

BT) s\ Ivkﬁz] (E';DCW NO_DDV,GND_PSW__CWLO SYS_VAR_GCENHL.GND_PSW_ CWHL,SYS_VAR_GCENBL,NO
/ Graund LeltRight (CC-CW) Variahle
I/ set with any ground clockwise or counterclockwise function
/ ground left right variable set when




|l Riser Buorn LED - - platformlevel LED when pnl request for platform

| evel GND_LED RI SER, NO DDV, SYS END RISER. SYS_ INP_IRUE,GND_INP C6 T, SYS

| NP- TRUE, N(. ) _DDVI, FI1.1,ER PLT_LED_RI SER, NO DI')V, SYS_PNDRI SER  y a0 2003
SY' S-NP_| ' RUE, SYSI NPFAI - SE, SYSNP, FALSI ; , NO DDV1, FI LLER |/ Platform lII-'go't a? e
Counter Clockwise // platfortrt rotate CCWwhen pril request for rotate and
(ground cow switch or platfum ccw swif,ch) i/ but only when not a 33
machine /1 but only when nut a 33 machine G\f)VLV_ ,RO t' C. C, Oxl @04, 5YS

PRQ PLROT, SYS VAR GNDCC, SYS, . PRQPLROT, SYS VARPLTCC, 0x8000, FILLE R_

Pl at f or nm Rot at &, i599u;|§u l'c;{sc\iemg@rg‘)ilmzct f orcglpfkggt ate C{\Nwhen fé/pgi req:Jesthf or
rotate ands{gvaun@@WossMd &B Ak Bk Eﬁ%@?ﬂé G ut_onl en not a
33 machi nel&ND VLV_ROTOW 5005508 BRQW : Q‘%ﬁ&ﬁ”@qﬁéﬁéﬁ%&”mwf
PRQI I . RGF,,SM@EE“‘E:%T%@@%OO, FILL ER - - - PlatformRotate LED /f

pl at f or M 1 Ofiab® e audd WL ARl P Tequest for platfurmrotate // but only
when not a B&Uprackbf@se@NkY aad plutform mode

LED . RUTAT,S,@;;L*{QJ%?T%PND!_SPWWF.SXSS)\OSLNma_ﬁﬂwk_mp%s_g,wis;nifm%@éﬁmeiER.
FALSE, NU_ DRl a1l iiﬁ?mﬁ% JLEDROTA' F, 0x1000. SYS_PND PLROT, SYS_r'L4F- TRUE, SYS
r NP FAI . SE;MSY&NR«EA&:S&:I\IQUDO\/I , FILLER, // Body Swi ng Counter C ockW 5e
body sw ngs’ ’éﬁm i ‘t{i‘“%ﬂch redesredeor body swing and (ground ccw switch or

pl atform O,Mfm.tfﬁéﬁ} cﬁﬂgjﬂ‘}ﬁg-m—d{%ﬁ@PSSZSPR@WSNGS_SYSAMIRQ_DDV1,FU_LER,
GNDCC: , SYSPREEW NG5 ¥aiWAR. (s Taue30Q0, FI LLE // Budy Swing O ockwi se
body swi ngﬁﬁg\%ﬂﬁé'ﬁpﬁléb"ﬁe@@st for body swi ng and (ground ew switch or
pl at f or m cobssilkl &k \GRRLIEY", SUBIEIIO0M: SYer PRO SWI:  SYS VAR GNDOW SYS
PRQ SWK(1},8¥S VAR P{.T" (. W Ox8000, Ht: ~LERSYS-VARFLICCSYS NP o dRVESRH-PRY EED

/ | body swi;WC&FHJWeﬁwwﬂsmhm equest for body swing GND-LEO SW NG NO
DDV, SYS PNGLS -Nﬁ?ﬁﬁ?ﬁfﬁﬁ"tm&fﬁgﬂwupﬁsEﬁ SYS (NP FALSE, NO UDVI , FI LL
ER - - - forpiactom letuidibybabiely S NG R DBV™ ‘€& BB S NG. SYS | NP_TRUE, SYR | NP

FAl ., SE, Sﬁérffrxmciﬁ‘M@EPN@SDEA/?_{.;WrlﬁEkhm?_ERRUégws_ml.ﬁthQﬂis U R U e Wvim
(Punp' Contiiegdy| @FoPAWEL) // ignition-2 relay (punp controller pw relay)

al ways an /GnMNB a&(v@f GadMRMJ DOV. SYS 1INP TRUE. SYS | NP_TRUE, SYS' | NP

FALSC, SYS “J"INE" N BB ivhen s ufdosRyarisble secor - // CONTROL SIGN,\LS 1' 0 DRI VE

I 55y i E\ Jevuntter-glockayt tab) ) | CONT
AND BOOM ?g\_imi% o_xé. V‘Wvﬁ_é;fm,s ST _ﬁ%@_ Agé ?é‘_%wi%? 'r\ﬂ'xl_'rm.mﬁlcg:lﬁgﬁ),ﬂ

7 SYSTEM VARIABLES FOR BOOM MOTION SPEED FROM GROUND BUTTONS

VIR0

/! Ground LeftRight High Speed Variahle

/ set when any ground lef/cight or CW/CCW high speed direction buttun pressed
/! ground lefright high varinble set when B

/7 (yround clackwise liigh switch and graund mode) or

/7 (ground couplersclockwise high switch und ground mode)

SYS_VAR_GLRII, "G W MG ; ”
LFICLER,” NO_DDV.GND_psiw_ CWHLSYS_VOM _GMODE.GND_PSW__CGHLSYS_VOM_GMODENO_ DDV

# Ground LefyRight Low Speed Variable

/ set whien any ground letvright or CW/CCW lov speed direction button pressed
/1 ground feftright low variuble set when
{7 (ground clockwise low switch and ground modc) or

I‘S/‘Sgsro\tlxlnd counter-clockwise low switch and ground mode) .

K T "y AL )
DWTFIL\SE%RLO,xJU_DDV,GND_PSW___CWLU,bY.5_'VOM._GMODE,GND._PSW___CCLO,SYS_V(.)M_GMODE.NO,.D
# Ground Up/Din Hi Speed Variable
I set when any graund up/duwn high speed selected
/ ground up/down hi speed variable when
1 ground down high switel) und ground mode or
g\%m{/nd up high switch and grannd mods

N2 SUISE NCS ¢ j N e T
s ,F—fLL\gf.bL DHILNG_DDV.GND_PSW _DWNI (LSYS_VOM_GMODE.GND_PSW _UBLILSYS_VOM_GMODE,NO_DI
# Ciraund Up/Din Low Spead Variable
Il set when any ground up/down low speed selected
1 gruund up/dawn low speed variable when
! graund down luw switeh and ground mude ar
/1 ground up low switch and ground mode

SYS VAR_GUDLO.N N v i ‘
LS ARG LONO_DDV.GND_PSW_DWNLO.SYS_VOM_GMODE,GND_PSW__UPLO,SYS_VOM_GMODE,NO_

/l Giound High Speed Varjublc




/1 1l Under 8 Meters Variable for CE opliuns when platformunder 8 neters F-:
(CE) N5V. ten variable under 8 neters when // tcle~;t:vpinZ boomfully '
rerrncted and boom angl e high or boomangle | ow 1. Aug. 2003 38 9003
SY5_VAP. . UNDEPSNI . N() DDV, GND | N1' FULLRET, GND RED LSANG GND | NP_ LSA SYS

I NP-1RUE, NOD DV I,FILt.F.R, // Drive Bauble for CE Mbde //set to enable
drive finctious (CE) // drive enable when under S neters and no val ves
rununing or if not u cc machi ne SYS 35

VAR _DRVENL3L., NO DDV, SY' S_VAR- UNDERt M’'NOTSYS VAR' VALVE, GNU-r NP DOM SYS _CNP
_ TLUE, N DDVI FI LLER /1 drive signal when foot swltch pressed and
pluforrn ﬂ L’gg@séi ?‘SIII‘B‘_RRLW BRStue NO L) DV, PLT_| NP_FUTSW SYS VO vt

P1lv( CDt ShéSueruP/d e%igmhm%nﬁAkﬁﬁme DDVI, FIL LER - - /'l Drive
Contr ol D%Ygé‘k\FMDSi?gnaDVWSI‘dm venHiBYd i ﬁﬁfﬁtd\r@ﬂn\ﬁl(ggﬁilsyy\mnTf{{,d%v.lgg%cbkl
drive requ,;egﬁ;;\ln VHP@ mqt drive request "B" switch™ // but ©on /-

f oot sw to}nctanei'npmb,@mgtgsemgyﬁﬁg,q;é)%{?mqode // and if drive enabl ed (CE)
SYS_VAR- D[”[EVREQ'V S8 whBL T NP - PLT | NP_ORVREB SYS_| NP

FALSE, SYS JLYWAF’@@E% dormd liﬁ/thcLERcd G\ )
DRVCY4 D1, QX280 —%%\VWMENBE SEYS\LRPFAS SENEYSRUENP_FALSE, NO

DMVl , F11. 1”ER1N BOdtv)SEthNIDEVMeonHMrE)Qﬂ*EN By RbfARhs dri ve unit "go" signal
when 1/ ] oy /ST CK CITZ!m\eIEf request—*A—swteh—er—dsi-ve request "B" switch //
but only WagM.bek LohstisWtch and not energency power node // and if drive

enabl ed (%c%gm BUSMARiDRVI 2300 X290t edfl T LNEDRVR! - QA, SYS. [NPTRUE, I " 1, Tf NP

URVREQB, SY&I-NEPRUERINCUDOND VAE_ F‘HUIQIEED kD UGND DT ING_FALSE.S¥5 NP FALSENO R

DRVCN L2 0inSYS, YAR. D _VAR_DRVENL3L, SYS_| N FALSE, S
a ma% §*%&Dﬁv 8% Ve moti on vari abl e when

FALSE, NO Bxs_ vk G L,
/1 drive c,;g[rrmand |_or drs]ﬁve comndgzwbSY%%\}sAﬁ‘%gﬁsﬁlgﬁ-TWéﬁﬁ D\YTF‘BFNGVI)

|, SYS- r NP, "{® RO i) UL, DLLYGMDR, SvS LD TROE N) DD W1 FILLER - -
11 00Nt Fub bad 6@ g mk Bbrbal SR k7 DUORT MIT 14ecFatiteed i nt erl ock when :

/1 retract the haom whcn

/f pancl reques 3 ? swi i

/; gr :‘fhmquest for extend und (ground down switch or platfurm up switch)

// auto retract enubled and main boom fifting down

{/ but only when nat a 33 machine

SYS_VAR_RET =X 'S >

e R1,OX1000,SYS_PRQ_EXTND,SY b_VAR_GNDDN,SYS,,}‘RQ__EKTNL),SYS_VAR_:PL‘I'(.IP.NO_DDVLF!L
SYS VAR RETR2.0x1000,SYS _PRQ__ l.H'T.SYS_VAR_G'NDDN,SYS_PRQ_LIFT,SYS_VAR PLTDN,NO_DDV],FILLE

GND _REQ _RTRC ' =T
R “T.0x0004,5YS_VAR _RETR1,SYS_[NP_ TRUE,SYS _VAR_RETR2.SYS_AUTO R.ETR.’.’_,NO_DDVI.FIL
GND VL.V_RTRCYT ,0x 1000,(iNN_REQ_RTRC: T.NOT_SY

S_AUTO_hirD
SYS INP FA! SE.0x8000,FTLLER, FTLSYNP_FALSE,
I Main Boom Extend
N extend the boam when
# panel request for extend and (ground up switch or platform up switch)
/! but not when
/1 auto retract enabled
/7 but anly when main boum angle switch crror not active and ext

e 2

/1 but only when nut a 33 machine Frasnion it emor notauive

GND_VLV_EX1 ¥ {
o ND.0x1204,5Y5_PRQ_EXTND.SYS_VAR_GNDUI SYS’_PRQ_EXTND,SYS_VAR_‘PLI'I)N.OxSGOO.FILL

/! Main Room Extension LED
/; thtlmmn hoom extend function LED on the ground and platform box when
puncl request tor extend or (auro retravt cnabled and up/d
/l hut only when not 4 33 machine selon sulich pressed) ‘
GOND LED_EXTN
Cen XTND.0x1000,SYS_PND_EXTNNI.SYS _INP TRUE.SYS_RE'{R_BI,NK.SYS_VAR__UP__DN,NO_DDVLFU-
PLT_LED_EXTN J 'S
i D% 1000,SYS_PND_EXTND,SYS NP, TRUE.SY 3_RETR_BLNK,SYS_VAR_UP_DN,NO DOV1.FILL
/ Main Boom Lift Down
17 main hoom 1ift down when
# pnl request far 16 and (ground down switeh or platform down switch)
/I butagt if
/ auto rerract enabled
GND_VLV_LETDN,0x8004,§ g T
PV it U X YS, PRQ__LIFT,SYS_VAR _GNDDM.SYS _PRQ__LIFI,SYS_VAR_PLTDN,0x8600,FILLER,
/I main boomn lift up when



/'l boomcradled switch and fully retracted switch L LLELE
VAI't _RIv1GR4, Ut 0000. GNL) _[NP 91 vICRA C ND I NP FU . LRBT, SYS | hl p FAI,, SE, SYS

[Nt FALSE,NG I)DVI,FI It, 11 High Drive Range Signal // high driyeg %%ggz,
once active stays active until the rout switch is rel eased system'sf| rage
hi drive signal when I/ system high range request and platfurm node or god
signal hi drive but only when crudle switch error not active and full
retract switch error not active, SYS \{JAR_HI U LV , &x6000, SYS

VGM _, HSREQ, SYS VOM Pi ti t ODE, Ci ND QU'? HI DRV, SYS [ NP_FALSE, NU DDV1, FI

SYS. VAR-RI, mlgc\q/y‘%(?fl(_l)ng([‘) ‘igié?d—“}’/f@%&[)wt)- I NI -OI . EVEL, SYS | NP_FALSE, SYS

| NP_FALSE, /NGev | -y i 8 e © (U PRKBRY, OX0001. 5YSVAR HI DRV, SYS VAl t

BI V[ CR. ASYSO[WP_FALSE0) EJph@jﬁmmﬁ’@mﬁ‘gﬁgmg%ﬁﬂfged Hgh Drive - - _-
It hish rdiGBeradingsBn If high drive range fequested” P’ O-FT FRIEPTLER,

RV, NO- DDV, ANl o ERPTLEARWE ACTI VATI ON VARI ABLES // the t' ol | owi n2

set of equabjensLFING b8 sEelol QR r-avenlst itk i Z8 ly //..to result in one
equat i on hi- Ji—véé*;f"§0a03ﬂaiﬁ'ﬁabd7_éimvsﬁm_§rﬁu&%gs§% %‘%ﬁéﬁ%"‘?%ﬁ?ﬂ% ooy dEERve:
SYS VAR V,\. FYAION valve 1. Aug. 2003 39 sét Wi th any valve functigh®
SYS. . VAR VALAM DNGannV, SYS VAR LILRI, SYS- 1 NPTTRUE, SYS VA R SRREX, SYS- 1NP_

TRUE, NO . // gggnwm 4ib DefwlRungle SYHSe VA3, Vi M, NO_ DI UV, SYS_VAR _VALVE, NOT' SYS

VAR ROLL, 5¥&° 'yﬁ VE,.GND | N? NODD VI,PILLER ' /1 Hydraulic Ponp
Si gnal ! ///hyd}aw,;,rgh@%&fgﬁe%:ﬁﬁé‘ﬁfm%kﬁgﬁﬁﬁ“"‘é’ﬁ%}"g@ﬁty power and any valid

syst em boBf-tERLESVNaloweL aRED neind @ld_ia _g.sﬁlg?s%_i(\:\é_mgfss,g@%nﬁ 'ﬁi%ﬁ%g%’mﬁf}gﬁ;

and any valj Q:cS Yish .m0 ontrol valve and not ace nachine
rel ease pressure %uﬂ"@ '%Ieg]tfﬁ st oan 0 R PAYS Ve BitRe s 18, SHSY AMARRDN,NO_DDV 1 FILLER

PNI PREQ, NEYIDPV NS @8 GNIOMOENI Bl s oS YRUY Ak 2a MALYE R YR ! Moy SYS [ NP

FALti E, NQ/ s, /M), F(LLER, - - SYS VAR ZadOLMEWRGR ! Mo EREDR BYPHh

P, ' vIVPREQ NGV, S¥SVARPE V11 ' | ?F(), NOT_SYS VAR ROLL, SYS- VAR PMPR. EQ GND, .

NP DOM NG erDBA#: A1 bt (erkind wp swicet GVl Rk PSG, NO_DDV, SYS_VAR

PUYLT T U gl 5 Jgpeom o «gitch @RIDoUNRLd 27RIGRSbn, «S¥Ser AR ®COLL, NO DDVI, F | LLER.
VO OR LB, SYS_PRQ__TI.STS_VAR_GNDUF,SYS_PRQ___JIB,SYSVAR_PLTUP,NO_DDVI,FILLER,

GND_VLV_JIBUPNO_DDVY,(GND RE JBNOT
(D VLY ~PUYUND_REQ_JIBUPNOI_SYS_AUTO_IIRDWN,SYS_INP_FALSE,SYS_INP_FALSE,0x | 600

/7 1ib Led
/7 jiv LED when
/{ pal request for jib
GN ; ; : ‘
P D_LED___JIB.NO_DDV,.&YS_PND___JIB.SYb_lNP__TRUE,(J‘ND__I‘NP__C&_VkSYS_INP_TRUE,N()__DDV [.LFILLER

PLT LED___IB,NO DDV.SYS PND__JIn,S P F
/ PMatform Level Enable (CE) ND_ __JI8,S YS_IN«P_TRUE.SYS_YNP,_EAI.SE.SYS__INP_FAI.SEJ*"O_DDVI.FII-l.El‘\

# set when akay to platform level
// level enable when boom fully cradled or when not o ¢= machine

SYS_VAR LVLENBLNO DDV : g T
FYS VAR, -DOV.SYS_VAR BMCRA.SYS_INF__TRUE.GND INP_DOM,SYS_INP_TRUENO_DDVI ¢

I Flatform Level Down
 plutform lavel down when
1! pnirequest for lave] down and ( wi

ground down switch or platform down switch’
SY$ VAR_LVLREQD,0%0004 ; SYS & .
PiLea = Q SYS PRQ_LEVEL,SYS VAR_GNDDN,S Y.\__PRCLLEVEI.,SYS_V/LR_PLTDN,N(.)_DDVl,

GND _VLV_LVLDN,0x0004 \ ] 3
OND. VLV 1004,SYS_VAR_I.VLREQD,SY S_VAR_LVLENBL,SYS_INP_FALSE,SYS_INP_FALSE, (0x8000,FI

 Plutform Level Up
/i platform level dawn when
/' pul request for level down and (8round down switch or plattarm down switch)

SYS_VAR_LVLREQU.0x0004 S Y8 SYS :
ST v QU.0x0004,5YS_PRQ_LEVEL,S YS_VAR_GNDUPSYS_PRQ_LEVEL.SYS_VAR_PLTUP.NO DDVI,F

GND_VLV_LVLUP0<0004.5YS VA
LLER, -

/ Plattorm Level LED

/i platformn level LED when

/! pal request for plattorm level

/lbut anly when nota 33 muchine

GND_LED_LEVEL.NO DDV.S LS -
¢ ) 2 Dv,ws_PND_LEvu_..sYs_rNP_TRut,GND_xNP_cs_x,svs_rNP__'nu.n?..No_DovI,FILLF:

PLI_LED_LEVEL.NO DDV.SYS PN Ys ;
p FODDY,3YS_PND_LEVEL,SYS_INP__TRUE.SYS_INP_FALSE.SYS_INP_FALSE.NO_DDVI(FILLE

R.LVLREQU,SYS_VAR_LVLENRBL.SYS INI'_FALSE,SYS_IN®_FALSE,0x8000.E]

// Riser Room Doswn
{/ ¢isec bourn down when



Platform Rotate Variable set when platformrotate cc-ccw if platform
rotate variable when // rotate function clockw se or rotate fct

canni er - cl ockwi see SYS VAR _ROTAT. NODDV, GNDVLV RD 1CW SYS [ NP TRU 'ys ﬁ\@%[?éLV
ROt'"CC.SYS INP TRUF: ,NO DDVI,F |l LER - - - - - 1/ Body Sw ng \'/gr ‘abl'e
1! set when body swing ccccw !! bully swing variable when !! sw ng
function clockwi se. or swing function counterclockw scc

SYS, _VAR _SVWG, NO_. DDV, GND_VLV_SWCC, SY%§_I NP_TRUE, (; ND VLV- SWCW SYS

| NP_TRUE, NO-DDVI,F ILL[r,R // Swing-' Rotate Variable // set with any

SW ng or vof aguet hldkkeinl @dund dolun SMNDLERLALE YiRL] abl e whet, // platformrotate
vari abl e @‘fs’{{ ¢ I@WOWQ)"-\?‘éﬁ;fMQERSYSXMRNdeN@ ) RV s 2 Y o VAR NG, }Sf\,_/@&l NP

"t R UE, SY5% VAR AT, SYS [NI' _TR UE, NO.DDVI,'[ - _ LLER " /! B

Recr act | EXptrétquek @ikt AbEGund dowS@tich W ;,nfmg)gg‘g@‘p[mgr retract function //,:,(tend
retract vé%@gwgns@t bogtheele stilel: frat @t anatki@ondGilch 346: i i8Xt end val ve active
SYS_VAR 15 ¥R, ok Nl DUV ORISR P ERTRCTA RS QU TRP RRRRIBER( S5 NBR WL M) pERoch ML 3n, SYS

| NP TRUE, M¢idrorDMdl L8EtwhenLLER, - - 11 Swing Rotate Retract or Extend Variable
Il set w @é’%‘gg“ ;gP‘P‘@tnatve extend or retruct function /! swing/rulatc

vari abl e when pl OtF oA FStAP SR £ T abF e THIE. DRdYP_Suir hgs_war frakhe_SYSr VAR

Sl UL X NOUBDWSBY. S0 AR sEXRET « S Nl ¢ Y, SVWRO. T, SYS (NP TRUE, NO
UDV1 FI {LER - // Jih Downt, Li[‘f’&t %{Lopmlx%sggﬁgﬁlgﬁhEsewp'\}fﬁléﬁ'ﬁof%vbf”“’quft
moti on doWihear i BBkt down set when //jib down (linctioti or lift
down f UNCH inDRuS e AR ol b suildQ: BV GND, M, V- . J1 BDN, SYS-NP " 1' Rl . | E, GND
VLV LETDI\jig‘%\’E%f%EQ;EJE;};N@DDVI ,FIT,L - - - - ER 1/ Level Variable // set
with any &heval, SUBEET B oL 1/l evel variable when I/ level up function
or |evel tdoﬁ\% Vf‘unc”t"i "éﬁ“%@@%{aﬁi YRR RB B RENBRYLAY S MASLPL DF2, 0GR, FILLE

NPT[ t UE. o/ HaymyRogae| gk wiN, SYS | NP " YRI J1; , NU DOV 1, Fi LLER, - - - [/Jib

. # platfoom rotat, W wh .. . . .
Up/ Litt ul:inl el %b'ﬁ:%é a:'?(%gunmesaimln Lrlglar.ggn c-l.vls»]:itg:h) motion tip

/ but only when not a 33 machine

SR‘D_W V_ROTCW,0x1004,S YS_PRQ_PLROT.SYS_VAR_GNDCW,SYS_PRQ_PI ROT,SYS VAR_PLTCW,0x8000,FILL
/f Platform Rotate LED

/f platform rutate LED whep

# prl request far platform rotare

/{ buw only when neta 33 machine

L;ND__LEQROTAT.O.xl000,SYS_PND_PLRO’l‘,SYS_l’NP_TRUI’,.SYS_INP FALSE,SYS_INP_FALSE,NO DDV, FILLER

PLT_LLED_ROTAT,0x1000.5YS PND PLROT,SYS_NP S F

1183 Swing Counies o . B _NP___ TRUE,S YS_H*IP_!-AI.SE.SYS‘_TNI _FALSE,NQO_DDV1,FILLER,
/l bedy swing cuw when

/1 pal requcst for budy swing and {ground cow switch or pladorm cow switch)

GND_VLV_ sW(CC,m 3 3 TS * I
h _ ) <0004,SY5_FRQ_SWING,SYh_VAR_GNDLC-,SYS_PRQ_3WING,SYS_VAR_pLch,Oxsuou.FILLE

/l Budy Swing Clock Wise
/ body swing cw when
s
4 pnl request For budy swing and (ground cw switch or plattorm cw switch)

GND_VLV_ SWCW,0x0004.8 : ' - v ,
LER, — ,0&0004.SYS_PR.Q_SWIN(-.SYS_\« AR_GNDCW,SY S_PRQ_SWINGLSYS_VAR_PL IT:W,0x8000,F1L.

/t Body Swing l.Eb

/7 body swing LEL when

/! prlrequest for body swing

GND_LED_SWING.NO D] S ; 5 NP_F

o - NQ_DDV,SYS_I'N D_SWI’NG,SYS_INP_TRUE,?»YS_!‘NP_PALSE.SYS_(NI'_FALSE‘NO\_DD\fl.FILL
PLT_LED_SWING,NO v 5

o _SWhR _DDV,SYS 'PND_SWING,SYS_INP__TR.UE,SYS_[NP‘,,FAL,SE.SY S_INP_FALSENO_DDV1,FILL
4 ‘(gn.il.iun-?. Relay (Pump Controller Pawer)

/(/ ;zgmsn(réz eeluy (pump controtler piwr relay} always an

IND_SIG_PCPWR.NC TRUE. S ]

o - NU_DDV.SYs_rNP_mUE.sYsmlM’__TRUE,sYa_n\:p_mz_.sr:.svs_mp__FAL.SE.NO_DDV1,F ILLE

" (.’.ON’TE{OL SIGNALS TO DRIVE AND BOOM CONTROLLERS
/' DRIVE IMIT EQU POWER (CABLE FORM CONTROLLER)

1} ————e .. = 0 -.

1 Under 8 Meters Vuriable for CE options
// whea platform under 8 meters (CE)y

{7 system vyriable under § meters when

/ telescoping hoom [ully rerracted and hoam angle high or boom angle fow

—==



jib tip/lift up set when //jib up function or tip down function 1.Aug. 2003
40 SYS., VAR JILUP,NO ()'DV,GND VLV JIBUr',SYS INP TRUE;GN _ D VLY | ER,
1" 1Up, SYS [ NP' - TRUE>NO DUVI, FELL // Jib-down/i,ift-down Level upy (Aﬁ'g 2003
Variably //sct withjibilift down or either level motion flcnct[on =~ 7
[1jib/tifllcvel variable sct when // level variable set or jib rtown/lift
down varirihle set SYS V,1R LrJ[,T,N R O_DDV, SY9- VAR LEVEL,

SYS-[ NP- TRUE, SY- VAR-JI F3r,-r', SYS FNP3d' R I | E,NO DDVI, FILLS. // Lift Jib_
or Leval /'set with.any jih lift or |evel notion function

[Tjibl i, fEfLeaebNnvashablvasb MR Lk 4V jd Lift variabl e set

SYS. . - VAR PII# R0 UDV, SYS_VARR JI LUP, svs“i@ﬁpih?E?‘%‘E%’#é"%‘AﬁSJBPJ RUENO_D
/'l Riser set with tither

LEILT, SYS_p Mo hiblUbraher o OVE, FILLF. R - - _ _
riser up Of’d’?vi&ercwﬁi@\macrvairysemdnlbawlésin%ﬁlin we/down variabl e when 1i riser up
vul va or r %@fﬁ BL%,%?NV'&WQL@D$YS=VWE§E§{N5@SE§)_&QMV ) oMb YiRhorlPb s J“%\(IE
TRUE,  GNDMV. Ehl Sk P, 5YS fhiP ' 1 RUE,NO DDVI, FILLER. /7 R ser LitT t Tb Or
Level set Med vic@idyssidiadd plalofdmoid s§€6Ls Or Trod notion function 11 riser jib
lift or | eff@l-~aPiebie bimerr_mi sorswansivaisl e sk bir/ da e Manisbl 6 8oy, ¢
SYSVAI t _L, 1 dhRlonR e ) Vo, SYS- VAR Ft JSFR, SYS INP 7' RI. I £, SYS VAR LJI B 'svs
FI' N TRUE, NGrife ubdl¥ciidrkibohiwhen R // B OOM SPEED CONTRC>r. LER SPEED TRI M
| NPUTS (al{%"’S‘Fﬂ’i’%;IﬂifjfﬁicstI"Smn@:rzodﬁ&s&ueA"d"/s\mah trimoutput vollegc when // riser
up, e.'ctonid ofaktatsact valves. SYS VAR N(]TPI",tA N(.)_DDV, G\D.. VLV
Rl SUP, SYS /aMiit e Rk« VAR ERR(: T,.SYS LNP_ ' . MJE, NODDVI, FILLER - _ //
Ful | SpeeOSYS‘V%@%-%VM%@XitﬂmiPnTM_qzxumwfoﬂw@gﬁ_mhemw(gﬁp,g\agéﬁp FRl8RSE R BSSUI £

YS VAR T '

request affanf&-r‘\/ﬁk’é@@” 1@9@%%}%@%‘%“ fyotawi teh S
NOTRI , N B,S0xBOGE, CUNI )" T P~ BRKPSE T RIE ) SSY SVARGN A A MEYR LINIF AWSEALSSVE. A NP
FALSC, NOOU7 Vi T LEERns: _ Ful | Speed Command // no trim output vol tage
when o rive ul::; 'B0" signal when
: rJoystek drive request "A" switch or dij "B" swi

ooty aries or diive request "B” switch

# fwot switch und nae emeryency power mode

//and if drive enabled (CF) -

SYS_VAR_DRVREQ2.0X2801 F ’ ‘ VRE

VIFIL LA 22.0X2801,F l,T_I‘NP_DRVRL.QA.SYSA_INP____TRUE,I’L.T_II\IPA_DR QB,SYS_INP__TRUE,NOQO_DD

GND_OUT_DRYCMD2,0X2 ] :

VL i 0X220 t,SY5__VA.R_DRVRbQZ.SYS_VAR_DRVENBL..SYS_[Nl'__FALSE.SYS_INP_FALSE,NO_D

Il Vehicte Motiag

/7 vc_hicie mation variahle when

/ drive command 1 or drive command 2

SYS_VAR_ROLLNO DDV 3 »

VUFILLER _ GND_OUT_DRVCMDI,SYS_INP —'RUE,GND_OUT_DRVCMD2,5YS_| NP_TRUE,NO_DD

// Boom Fuf} Cradle Interiock e

f'/’ boom tull cradied interlock when ) T

/\{320$ cradled switch and fully retracted switch

SY3_VAR_BMCRA.Dx000 j 3

R *0000,GND_INP_BMCRA,GND_TNE FULLRET,SYS_INP_FALSE,SYS INP_TALSE.NO_DDVLEL

n Higll Drive Range Signat

/7 high drive range, once active stays dctive until the foot swirch is releasad

1/ system Starage hi drive signal when

i sysu.:m.lugh range request and platform made or gud signal hj drive’

g/\l‘:»gt UV(:!I\VR w;?g lc{r:d(;c switch crror not active und full retract switch error not active

. . /,0x0000,5YS SRE i : 3YS
e X S__VOM__HSR{.Q.SYS_VOM_PMODE,C,:ND_OU’( _HIDRY,SYS_(NP_FALSE,NO_DDVI,FI

SYS_VAR_HIDRV,0x0000,% , .
K, - X ,000'5YS_.V’\R~H1DRV‘GND_TNI_l.EVEL.SY.S_[NP_FALSE‘SYS_INF‘_FALSE,NO_DDVI,FILLE

GND OUT_HIDRY,0X0001.SYS V : ]

e High_ijn’\,'c SSYS_ AR_HIDE{V.SYS_VAJ(_BMCR.A,:YS_I’NP_FALSE.SYS_!NP_FALSE,OXO900.FILLEI<.
T high range ted when

/l high drive range requested

PLT_LED_HIDRV.NO DDV.G .SYS, T '

P NO_ ,uNu_,our_mmv,svs_mp_rRUE,SYs_mp_FAJ_sE,SYS_{NP._FALSE.NO_DUVx,HLL
Z VALVE ACTIVATION VARIABLES

/{ the fO”O\.Ving set of equations in this scction are utilized anly

/i to result In one equation which scts a variable which is true when
#any valve is ucuve: SYS VAR VALVE

# Any Valve -




/'l riser up, cxtend or retract valves SYS V,\R N(ri'.R

1,NO[)I)V, SY$S_VAR "NOTRI MAA, SYS | NP- TRUF: , SYS VARNOTRI ~I B, SYS[ NPTRUE, N( >D
DVI,FIl.LER, - _ // Half Speed Allowed // trimoutput voltage by ﬁoz(ﬁg\lg@a
[1jib lip or main up valves VJvVv[PO ['_TRI N (50, NO DDV, G\D V[ .V JI BUp;"

| NP_TRUE. CJND VLV_[. FTUP, SYSI NPTRUE.'NO D[.)VI.FI LLER, - Quarter Speed

Al l owed trimoutput voltage to 250, 1% when when riot sys vac_nutrimand not
vom pot-rrirn50 in other cvords when3any other valve is operating other
than those lisrnd in the above two equarions. VOtvl. POT-TRIivM'_5, NNO
DDV, NO i " NOt, P! TIt1b(501[OT SYS VAR N(.)TRI 1~f, SYS | NP_FALSE, SYS | NP

FALSE N@YS]_,DVR_|v¢\#\i§mi“m.svs_v§ﬁﬁﬁfﬁsw HNSvs vk %ﬁﬁfxllsg%_thpg?%%r@é;g%\é(niﬁt eer

| eft when B/ platformfoot swi fch and joystick steer

G\D_VLV_STLET "0 DI 7S¢ (ARPLEETROAS PLY{R_RIUNPY STMETAISESN NIR_PUSE, 1BYS

[ NP FALSE,/mrmSVImpElgLﬂLE R - - .// Steer Right Function // steer right
whnrn . [/ /tfBRgicpoprstieah sw tch and joystick steer right

GND- VLV- S'fjo Olﬁ@ﬁt‘ﬁﬂv,’\g\‘_“f‘dﬁ“' I?"’F@'F‘?BWPE"I' vgviRd |TRIMRICE) SYS MP FALSE, SYS NP
FALSE, NO- o,gfljem;,,.cg;m ;g’qf[';f;‘ PHAIURE EIIRRY PONER St eer Vari abl e
|1 set whelS_StrRerrrREApUInTaNOTISEvosviMobh sYsStaeranalsiablre:aastisviene .4 @y st i ck

gtcer rig VJ%‘% ' teer left // hurt only when 7/foot swtch

SYS VAR S ? . 'L_%%B’E%L"%'Sﬁgﬁﬁi—*’§“r‘ﬁﬁ'ﬁ“’§§§sﬁ"w1‘°¥h-%i‘@é,ﬂ”rﬂ’W’@T‘E’F—?PW@

| NP_TRt J EGNQRDDVMpIEINCLERR, svs| farAuerkd {xarmyr PP oie hadyamcrsibds AR kbdLiNg! dov i ¢

hydr aul i CW&%&M m@gt'i ve when if system steer function or energency node and
boom cont ik wival e, GAD..RLY AXPM P, NO DDV, SYS- VAR _STEER, SYS_[ NP_TRUE, ti YS
VOA[ - ENC) I SYSudARIMAEVF. ', NO DDVI |, FIl.l,ER - - - - Emergency Power

LED' s 11 g{Blfieriretcy « {fremetdockeiyer gency nude variabl e set and ground
, R . oy g~ J o NG ol = )
rode or ol or it GHLPURNE) pNel | EQ GRB L 0. S R i G-
VOM_EMODE;” 8M&s3 (e VNI GVODt ' , PLT LED EM ' Wt , SVS VONt PMOUI S, NO D DV
— /i set wheq body swing cc-cow
| . FILLER ¢ L g :
udy swing variable when
# swing function clockwise or swing function ¢counter-clockwisce
jSL‘rIS[,.}:/AR_S WING,NQ_DDV,GND_VLV_SWCC,S YS_INP__TRUE,GND_VLV__SWCW,SYS_IMP__ TRUE,NU_DDVI,F
/I Swing/MRatare Variable
/f set with any swing or rotare function
/1 swing/rotule variable wheg
// platform rarate variable or hody swing varibule
i E ;EVAR_S WROT,NQ_DDV,SYS_VAR_SWING,SYS_INFE__TRU E.SYS VAR_ROTAT,SYS_INI' _TRUENO_DDVI,FI
/! Retract/Extend Variahia
/i set with extend or retract function
/I extend retract viriable set when
{f retract valve active ar extend valve active
i Z'ZI_{VAR_W( RET,NO_DDV,GND_VLV_RTRCT,SYS_MP__TRUE,GND_VLV_EXIND, SYS_INP_ TRUE,NQ_NDVIFI
// Swing Rotate Retract ur Extend Variable
/1 set with swing rotate extend or retruét function
Xl swing/rotate variable when
// plutform. rotate vuriable or body swing variable :
i ES-R'VAR"SRR LX.NO_DDV,SYS_VAR_EXRET,SYS_INt__TRUE,SYS_VAR_SWROT,S YS_WNP__TRUE,NO_DDVIFI
/1 Iih DownLitt Dawn Variable
/ se when jib or it motion down
/1 jih dowlift down set when
/! jib down finction ur lift dawn function
E ;S_VAR__JIB LT,NO_DDV,OND_VLV_JIBDN,SYS_INP__TRUE,GND VLV_LFTDN,SYS_INF__TRUE,NO_DDV1,FILL
/I Level Variable
/I set with eny tevel functivn mation
/! level variable when
{!level up function or level down function
EZ:ERVAR"“EVEL'NO‘ LLV.GND_VLY LVLUPSYS_INP__TRUE.GND_VLV_LVLDNSYS_INF _TRUTL.NO_DDVI,FI
/7 )b UgiLift Up Vartable.
! sev whan jib oc lift motion up
/7 jib up/lift up sct when
4 jib up (unction ar up doswn function



/[l platformled e-pw when // energency nude variable set and pl utform node
or ground energency power |led PLT LED f MIPWARNQ _DDV, SYS
VO, V[ - Ei NI ODE, SYS-VOM Pl v[ CDE, G "I D LED EM I VR, SYS VOM GMY ) F-', NQ Q%Qyos

| .FILLER, - - // Ernncrgency Power Diverting Valve if ground vaI ve C

when // aux punp on and sys vur val ve on

G\ ) _VLV_EM | ' WR. NO- DDV, GNDRLY- AXCI NT4B. SYS- VAR VAl . VE, SYS_NP

| - Al , SE, SYS_NP. FALSF NO DbVl , F ILLER - - - MACHI NE WARNI NGS AND ALARMS
r/ 1 Inrn ks, h,untmm.%nmp,l r Xt h. or rid horn switch

GND_ALM_ S %ﬁx%@@éﬁ PRSP R TRUSED SYSLALP
FALSE, NO, vy d"“ “"‘R“‘“Y”mb*f— Tilt Alarmtilt alarmwhen not |evel

switch andﬂmw’I ‘“’Qr‘%g"g’é CAHEY SR FFIBND Al M TILT, NO DDV, N() T G\D | Np
LEVEL, CI N { I>REDBMERAISYSR loMPvandl SE: , SYS | NP FALSE, NO | JD VI F[LLER - - -
s T SR Y A TAICHRRY YA B LG FL, $1s AN TN Tue B otk Y@ 10 wm@l%ogml'ﬂgyt 2)
or (down rmmmramd god inputt) or // when (gnd inputl and -and |nput and
any noti orQ“;/;S‘hcfS*M DGR NQoDEM;4ND VLV JI BDN, SYSENP TRUE, GN. D VLV RTRCT, SYS
NP ' T-R1. Lherzr  “irga) LEEC_ SYS VAR _|) OMNi

- NO- DDV, svs%”’ARR;@dMJ,fS%ys NJ; o s Q@DJ}{LE FISOUSYS [ NP TR(JE NO

DDVI | FI L BEI(. - S5 MR- RNRMI Sy | FILLE
NP- - i TLI b, JGND: VLV FTDN $Y5 NP- - TR111' NO DDVI FIL L ER

SYS VAR DOV ol LA \,{E‘SYS_\/M BOW, SYS- | NP_ TRUE OND VLV LVLDN, 5YS NP
TRUE, NO_ ""‘F’|"L“-OFJE‘<CFRWH vatve SYS VAR | ,NQ DDV, C; ND TNP ALM 2, 3YS
VARROLL. rfiﬁg\b??‘ LDO%VNSI\(BID[BVHREE& LLF:R  S1'S-VAR ALL. MDT, Nn)
nDV. 5ND INR:;ZAL:NIL (U NERY IEYBER- NP FALSE YS NP FALSE, NC) UDVI . FI LL
1. Aug. 200 49ith a8 YSHAMer orfvel mIQr dudelih V, SYS- VAR- UbwDN, SYS. V FILLER, AR
ALLNOT, SY% /AR B TEnSvS R ALLMOT NG ODVI, -

GND_ALM MSTY_Qx b YR NAR M o %@IPRyP TRUE, SYS VA R N A2, 5YS_MP

_' TRUE, NORDDV! (FILLER I PI atform £ TN S A1 ASE B SRS FF o FRUSNOL D Vb leiper
when /1 W GAFNIBI 2R BREED Tt NI T (w@sHcohbEiiinNg DDV, SYS_VO M CHI RP, SYS

MP- TRUE ¢ ruSY;S;dld}L: AER,  PFALSE, SYSTNP |—/-\L§%‘N6=BBVI—=F4 =l .

/1 no tHm ourput vollage when
. Ml niser up, extend or retract valves

SYS_VAR NOTP.J‘VIA NO_DDV !
FiLCEa .GND_VLV_RISUP, ,SYS _INI'__TRUE, SYS VAR_EXHETSYS_ INP__TRUENO_DDVI,

/T Full Speed Case B

/ ne trim ourput voltage 'when

// [(brake releusc pressure reyuest and no valves)]
- M but onlly when foolswitch

SYS_VAR_NOTRIMR,0x000
VIR ) X0001,GND_INP_BRKPSI,NOT _SYS_YAR_VALVE,SYS _INP_FALSE,SYS_TNP_ FALSENO_DD

/1 Full $peed Cumnmand
A nQ teim outpur valtage when
// viser up, extend ar rerract valves

SYS_VAR NOTRIM,NQ DDV.SYS VAR » 3 S
S AR N S_VAR_; J(DTRJM'\,SYS_INP_TRUh,.SYS_VAR_NOTRIMB.SYS_INE‘___TRUE.N()_D '

/1 Half Speed Allowed
 teim output wl(ugc by 50% when
/ jib up or main up valves

VOM_POT_TRIMS0,NG ! 5 3 :
i } _DDV,GND_v l.V_IIBUP,SYb_lNP__TRUE,(;ND_VLV_!,FTUP.SYS_INP___TRUE,NO“DDV 1.F1

i Qun: cr Speed Allowed
N trim ourput voltage to 25% when
;;‘ when not 5ys_var_notrim and not vom_pot_rrim50
in other words when any other valve §
15 operaling othe se i {
1 3have g ahen p ¢ than these tisred in the

VoM roOT _TRIM235, N0 _DDV,N
2 OT_vOn_ { { 3
~o bovier g M_POT_TIIMSONOT SYS_VAR _N(.)TRIM.SYS_INP_FALSE,SYS_INP,_FALSE
/! STEER UNCTIONS

o= R e

/] Sweer Left Funcrion

i steer [eft when

1 plattorm font switch and joystick stecr left



| S NULL- DATA, NQ DDV, SYS | NP FALSE, SYS. .INP_FALSE, SYS | NP PALS E, SYSI NP
FALSB, NO DWV1 . FILLER is #endif 1. Aug. 2003 43 Appendi x - 8 Database
Features as of 02-23-98 (software revision 1.2/1.3) Switch Errors apgd 2003
Error Handling Featuxes Limit Switch Errors. The control system nonit

the limt switch inputs and w |l detect errors if the inputs are not
consistent with predeterm ned states. An advantage ofel ectronically
controll ed systens over mechanically controlled systens is that decisions
can be based on a given set of switchhistates to disallow certain operations
and functions. There are two types of [imt switch errors, those that are

associ at edJVdL\rLefc{err ol v, it enpedtes.pOf Nk ReLFSWL Y /B AN svd m%m&ﬁoﬂr ﬁ_h
determ ne piY] L€l ative conparison to the statés of other Timt swtches.
€C N?’

Type-1 Swirty wlﬁcr“c’s Incorrect Switch Pole states The linit swi tches

utilized “owrfotryes qmarrdatymuarreghm ngl e pol e double throw type swi tches. Each
limit swit€R-"W AT YR EMNITas BY P HT_PEISES 1ivE 8¢ _Tantasvslie_pantrabbersiLEor
each stateemfadahey/;lmmt,\gs%‘p@ah there is a discrete input into the control
system TWI“"WWI res and utilizes nore systeminputs, but it

St er
al so gr eat,,seywmﬁfj’ﬁ@,gg%mgtg safety of the apparatus because inproper
combi nat i onerwfbitfRendi Mt switch can be nonitored. For exanple, in a

traditi ong °>b§ steriteirectsaiechani cal control), a limt switch may be

configuredg f(’ﬁlv,gc di cate that the boomangle is |ow. The switch needs Only a

si ngl e poke_aidsweridxdoo Adi_eatserdrRes el havd g 1t sl 8ssys BEOMRBOSH TLEN L 8 | NPUT
LS (REDUN;ﬁ ‘QTT LOW ANGLE ON NONE HI GH ANGLE OFF NONE Wth this type

of limt smnir%rrﬁ:f?ﬁé:??mméinc“g@c%m ¢ha0QL HE. GAPabl e of deternining if the |ow

angl e | i nFYD_sf_AshMARO BO RGBSR 48 AN ITROPDEREEhy AROISHISE &RQrVA@M@DDW
potenti al Wmfﬁp,,@,;ﬁ Le 1he machine while conditions are not stable. Wth t

el ectroni :zgr@amdrggl,wrs,y@t em and redundant Iimt switch state nonitoring,

t he sw t chsmuwcroalt vatitict md tout mdt 8 cERhensiay gs«ag fol |l ows: BOOM PCSI TION LS
| NPUT LS fREEKINDARIYNA- RPUT - SO MRIE S CIRMORNIO G " GHL NS 'O MOM_PMERRGR_ISTATE
OFF OFF ERRGRESIATEWQ\I ON Based on these states, a short - O broken wire
can be degrgq%’g \}?f&{ Sce‘ﬁvlrt@dmm°s=§s&rcemwn#_zzcm§omrncons. There are certain
linitati opsraSEOCH At RERGY TV YRR F B P EEHENE SR RO BH MR G Y SV OML @I EHSI D] e
that A cab&mmgw%mmhe@md: or that a switch can be crushed resulting in
one of th)ég"l"i'drff‘t”@Wt”tfh wires shorted to positive voltage (ON) and the

on atd syy vu:é alve,on

ot her swi ;t;-LER Et@p\,&hﬂf @ﬂoﬂp@‘xﬂ{ Q@EFP)SYS VAR_VALVESY$S_INF_FFALSE,SYS_NP_ FALSENQ_DDVLF

/I MACHINE WAI{NINGS AMND ALARMS

V

i tam

!/ hom when .

A plattarm huen switch or gnd horn switch '

E;\ RD_AL M__HORN,NO, DDV,PLT_PSW__HORN,SYS_INP__TRUE.SYS_INP_FALSE,SYS_INT_FALSENO_DDVI FIL
/ Tilt Alarm |
/1 ikt alanm when

/ nat [evel swilch and not boom cradled switch

:T(?[L?.‘LEM —TILT.NO, DDV ,NOT_GND_INP_LEVELND RED _BMCRA,SYS_INP FALbZ— SYS_INP_FALSE,NO_DD
R.

7 Mution Alarm

£/ mation wlarm when (drive motion and gad input2) or (duwn motion and god inputl) or

// when (gnd fnputl and gnd input2 and any motion)

E‘éi VAR_DOWNNO_DDV,GND_VLV_JIBDN,SYS JINP__TRUE.GND _VLV_RTRCT.SYS INF__TRUILNO_DDVLFIL

Lgls VAR _LXOWN.NO_DDV,SYS_VAR_DOWN, SYS_INF__TRUE.GND_YLV_RISDN,SYS lNP TRUENQ_DDVI,FIL
i,

ﬁgi VAR DOWNNQ_DDV,SYS_VAR_DOWN.SYS INP__TRUE CND VLV_LFTDN,SYS_INP__TRUENOQ_DDVIL.FIL
ls;; YAR_DOWN.NO_DDV SYS _VAR_ DOWN,SYS_MNP__TRUE.GND_VLV_LVLDN,SYS_INP__TRUENO_DDV1,FIL
SYS_VAR_MALNO_DDV,GND _INP_ALM?2 SYS YAR_| ROLL. GND_INP_ALMI1,8YS. VAR DOWN NO_DDV] FILLER,

[b_;\ VAR _ ALLMOT, NO_DDV, G\JD NP JALMIL, (“\ID NP _ALM2, SYs INP FALSE, SYS I'NP F!\LSE NO_DDVUFILL




H
Another linmitation of single redundancy checking is that it cannot protect
agaijnst or detect a situation when a limt switch is wred backwards (the
main and redundant poles are switched). In this case, to the systegﬂ L&
switch would (if not in error states) appear to the controller to e
functioning Correctly. 1,Aug.2003 44 e-11 Switch Errors: Inconsistent Lim
t Switch States. A secondary swtch error nonitoring nethod is in place
that will mnimze (not elimnate) thz potential of necessarily certain
limit switch states the linmitations détail ed ;. bout. The method conpares ex
with expe&‘tse‘dkﬂsmatmu@rsﬁtwuﬂrb nple, if the fully
retract edg, Steh is or, | tmrsgS ?#eﬁ*&%géﬁ Gé-t"ﬁ'étSYﬁi’feR-Pékftffehme_dDVess
than 33 ihc es *i |Orﬁ°fN°sW‘f%‘1§—Y"§Jr’h€ﬁ’rSM4masr&l | e4remha, Sl el 39 OV, Lf this
FI
i S not trvePlarfaeeqnc:loxme,e noted that the inc state exists and an error
| ogged i rf ;ﬁ’é’" %r@twhconsr stent switch error is only active if there are no
ot her svm;ﬂ:fzgue’r' PNt If there are other switch errors present, then
t he Typ%.lb;lﬁbl Tmt sw? %’ S YPELHER Sapp— Be/Edes errriangsh vwintr @BYNAGEUT AGY -
Furt her TBAF@NDLDOVISYS s Wiis € Bieseivh ilized by the database -
so the dgjstence of this particul af e%lbs?@lgsatr?ﬁb%iﬁﬁﬁﬁi”@aﬂé%s%oHP‘é'cFrUeIEe
case. hype-I1 errors are recognized as follows: Detect: If the fully
refracted limt switch'is O\, then the extension under 33 limt swtch
shoul d al so be ON Detect: If the boomcradled limt switch is ON, then
the train boomangle low |limt switch should also be ON. Wth the above
two conparisons, the systemcan potentially detect wir{ _n in the foll ow ng
switches: g errors Fully Retracted Limt Switch Extension Limt Switch
Boom Cradled Limit Switch Min BoomAngle Limit Switch Limitations, There
exist limtations in the overall switch error detection nethodology. It is
feasible that the fully retracted limt switch is wired in re-verse and
that the extension linmt switch is also wired in reverse - thereby giving
false indication that limt switches are hot inconsistent. | ORTAC T NOTES
Xt js iaporta22t that the limt ffeltoh arLactes aSSd all o “r:tdon o_ the
‘a aratus includjag the Zjm{t sv'tch mad a[tyel oye operat ion be vo=1fid
L-Ar bvamht ~dt L1 all 1it switchis wired - either at time of
nasutactura, Cr at the tiara a a:xttcTh is seryfced or repaired or at a.=.y
times tls apparatus !rsng Is nodified regardless at' whethe the virjaQ
changes are do-de at the snitch or- at a:7 other o.iAt Sa tl:e svat~y, St
is sny wiring or xjrjng aervl ce is done to the slanjft at crt"nt that
after the limt svitelz states and all of the a apps atus is any way, ghat
envel ope o er tion be varjfjad b 2-paratu 3cla ng the Z. jait evitcls and
by a qual _.tjed te chMiaicjar. _ 1.Aug.2003



45 Limt Switch Error States and. th. Database Limt switch Error Mnager
DDV (DDVI). The database can utilize the results of the LM DDV by maki ng
certain database output expressions dependent on the state of thel.';\hﬁ'(izhus
switch errors- The |l evel of function exclusion can vary frombasic t0
conpl ex, depending on the systemreqyisites and the adeptness of the

dat abase _designer. The initial. release of-the database for the ATE-38E
incorporates (entirely through the " dat abase by the use-bf—thetv—bBbW

the fol |l ovtargndlesnctdion linitations. Note: If inconsistent switch data or
mul tiple ( Lhan.one) switch error is detected (V1.3), all notion is
st opped. mea ALt AN LA Sl BiR T BsaAm At rACt - %11 angl e _high whil e

ext ensi on dwigdd =SizkClha Df-oPBtRaPOQMRA0RlE 1Mt switch errors are active
Tel escope Boom Extend Main Boom nown Main Boom Up Jib Boom'Up ' jib
angl e hi g%ﬁ@mm Fep Xl dysher epnitaks thoQRNaNgh B chi fibicsSWid ch
errors are, ' é/f?gee?é&% i BeE I fﬁy“@ol‘g@l‘o%e “Eshetenacticy eredemimiad omr tdani t
switch errQecact iy@nad b @RGLL Bk G WAL eone?fgéﬁ'g-Qﬁﬂcfgfﬁﬁ‘g%gﬂ“tﬁlmi n
boom angl eiikiiol @4 iThoih ol maak-e faGtide . HELERSE Qb |l ofsl%itctﬁwfﬁfcgor
active i) ?@;:ISBWWZF AT SferEfedrdiorctaetiive thiidelas cogihe hiigh whil e

ext ensi on Jok tifea SWi £ th * BF™hihPh GoH ARy Ise=Pamiten Snitkherterasors care lawti ve
extension limt switch error active main boomlowlimt switch error
active  jirhedn@hicch Eyrbini Incowk§Chs@EEDPoAL sk M s . B3k ENSE OR ot dbl SWt,ch
error act ii\z’r;egl‘: g@:rj; aghgel:em;rerm?emm CRYQWOYYPRCEWivehes . | iEBcanghie Lawch
imit switghs SLLOima uﬁ’iiiifd%ﬁ@gitiig“iiafiﬁifaﬁ“?iﬁﬁéeg R S Bootn DA

Ri ser BoOMetipscofody antghesd1ogh eli-6s GXELRFEAI Lipacd! Lol LAY, gégiagi n boom

angl e | i mieh&sges creerafors cdrdie amtrives JecBuanghe ohigBoahihd B cexXbengeonpki Mt
switch switch can bae monitored. .

For. example: in a t:a@ik%onal system (elactromechanical control), a limit =switch
may be configured te indicate that the boom angle is low. The switch neads enly
& single pole and would indicata the folloewing states.

BOOM POSITION LS _InNRUT LS (REDUNDANT) INPUT
LOW ANMGLE oN NONE
HIGH ANGLE ) . OFF . NOWE

With this type of limit switch, = system would not be capable of determining 1iE
the lcv angle limit switch wira bacame shorted or opened. An operator could
potantially operate the machine while conditions mre not stable.

With t@a elactronic control systen, and redundant limibt switch state monitering,
the switch now can attain four discreta statms as follows:

BOOM ¥OSITION LS IN®TT LS (REDUNDANT) INPTT
LOW ANGLE oN OFF

HIGH ANGLE QFF OoN

ERROR STATE QFF ' QFF -
ERROR STATE oN ON

Based on these states, a short or broken wire can be detected bf the contrel
system, : e ’

Limitations. There are certain limitations asxociated with single radundancy
monitoring. It is feasible that a cable can be sxhasred or that s mwitch can ba
crushed resulting in ode of the limit switch wires shorted to positive voltage
(0N} and the other switch wire shorted open (OFF) .

Ano;hcr limitation of single redundancy checking is that it cannot protect
against or detect a situation when a limit swikch is wired backwards {(tha main
and redundant poles are switched). 1In this case, to the systam, the switch

would (if not in error states) appaar to the cantroller to be functioning
corractly. ) K




or Hain boomangle limt swtch errors are active 1. Aug.2003 Platform
Level Down PlatformLevel Up PlatformRotate Body Swing jib angle high
while extension limt switch or nmain boomangle limt switch anmor,e ,ar 6,44
active $ jib angle high while extension limt switch or main boom'a'r%‘l e
limt switch errors are active jib angle high while extension limt
swtch or main booth angle Iimt switch errors are active |jib angle high
while extension limt switch or main boomangle limt switch errors are
active 1. Aug. 2003 47 Mdtion Al arm Sel ecti on The database has been desi gned
to allow 4.different states of the nption alarm The tabl e describes
t hese' st ates. ,?:\LARM | NPUT. 1 Al'J - E OFF ON
CEN=ARP S Ex Qb Y In€MsOtan DRl VE I ALARM ONLY.  ON ON ANY
MOTI ON ALAR 1{J - BonTes] gg‘;‘:QP?é?lé’é jioreifhe tdat --_i o SIGETHi Fapriésn certain
oper at i onssewhen 1ie: AONRS 1. APIRLALUS Hionpuinciiscachiue, THaend-Abd QWING, .
f eat uras ay@ dentifotteethientriaEedcy-bY: i esfég?ﬁ@;aﬁogf sthen Life domesdsi.C as on
operati on $§:’§FfliC€£ ERATU @3 incANFeTLmOp ekt dnn O alsb)og@‘f I@ﬁj;b@?eﬂii?ﬂ\/ehat the
functions mars M Sanhel e i ZenSUperatsrrgae: dr ioveod UNaLLAR, 1 HOQINLT LFTEEI ons
axe di sablogtks sdhen oi-hashoQblics” HOT (Gt 8T Btror plsaefloranchevek dunactiong are
di sabl ed. TYP4REripitespcomeang! e aoiniéhe@@qfiﬁ SYeresespe busmi stnat cfaul |y
retract ed,exar:ﬁ’(jq{zié}réﬁﬁ Srisaea=eli sabbedicilfzab he ploaliQEIi-COMLr dI*=Steat i on
energency stop switch i B 0T PR TRY coSPOPanginsi 45 On:ise0RLdke] FOM t he
ground st &tieoRT iesradis’ @abletrr - 8ATREL G8NLY, power node overrides this feature.
TKIOG 33 AF’BQ{E%LPs;fq&%rg{lilgna;rggédg;&lzﬁse di sgbl es certain functions wBen )
the Type 33 i nputs,i LVEZ-THTees Fotowing: funet iwas AL econtrolled by the
dat abase when the i npgf i sééﬂétsi“\?éjtdealm(’@? Blinded): Platform r%tg%lé&\'dr

functi ons GxecHi Jabihedboom cradied limit swic i i
limit switeh should also be Obfh 7% O cthen che main boom smaie Low

W;ch the abave two Comparisons, tha 1 ;
in the following swirchaas . T29 EYStem can potential ly detact wiring errors

Fully Retracted Limit Switch
Extension Limit Switeh

Eo9m Cradled Limit Switch
Main EBoom Angla Limit Switech

Limications. There exigt limicacions in
methodology. It is feasible that t. £
rev?rse and that the extension limi
giving false indication that limit

I the overall switch error datacktion
nha E$lly Tetracted limit switch is wizad in
T switch is also wired in reverse - theraby
switches are not ‘inconsistant.

Mz

s g;:ﬁiT fg:i: I; iz i?partant ?ha; the 1imtt switch sixtag and all opa=xtion

by a quaigfjadu: Z;jud;zg S2e limit switch aad anvelope cparation be vezifiad

ma:ufacture_ oz e: ch?ian 2ffer any 1izit switch is wired - aither at time of

| 2ppacates w;—in ai ) ?ima a svitch i3 sarviced o= Tepaired, or &t auy time tha

AC Le swit;; & i modified regardless o whethor the wiring changas ace dona

2ay wiring o= ai 7= 287 other point in the system. It i impostant that after

The 11nis S wiring gervice 1x done to tha maniife appazratusy in any way, that
switch states and all oz tlhe apparatus iccluding the limit gwi;¢b and

ezv-lqpe operation be varifiaed by a qualifiseg tecknioian




- Tel escopi ng boomfuncti‘}ons are disabl ed. 1. Aug.2003 Appendix C 48
PLATFORM | NPUTS AND OTrr 'S platform Control Station Inputs The platform
control station has two primary input batiks: the switch input mafni 2;3951
the discrete digital input termnal strip. The platformcontroller ~stans a
4x5 switch matrix for operator commands, and nonitors discrete digital
inputs for interlock inputs (foot swigeh, jib limt switches and energency
stop switch). The interlocks are input into the control systemso that they
-may be included in the database description of the nmachine. Certarm

i nt er | ock&%F S aFSo EFTR Stptes aHetmpPuaates i nterl ock circuits which are

external {he.cOntLok, SYSEeM . Su-tch - Matrix Inputs (ATB 33 System) The

swit ch paFiel LHaby 5% ARG Sl ol '._- EB.33, hﬁji%‘éﬁ”e“%* P OESELIBUFTON
HORN RANGEE BASEiSW NG tRUNGEbEN RESER-BOGM kL, melﬁrééﬁ%@\l Ko\l
DESCRI PTI ElNSEfdfat 8P TRENBPRCES Bt =hormisotet eu abe tHepHase of Oheldi@abase
machi ne, Selects speed range (high range or low range) for the drive
system THe opetiel -ere-08 dsthtse huaohkORor i S d@¥eIded Dy the positian of

i nterl ot k%{;‘g%@gthﬂj&%vl?as«e Efeser hpt kOEhe BonEnates falﬁpmgesincg%ﬁ'tﬁé’ base
swi ng functi i °"fhe base of the machine will rotate 100 degrees in either
di rect i OnorBIORE, 1FQhs 1k oROM S MNGLL ONS myy Jih€. aGLivat{o. n, _direction and
soecd wi | d=thetedi GtiatdaEngot GONLE GkbR@aDY Pheeqﬁorémg?%‘y%'t P K FRpEFE™ 4hd

each fungfion is governed b the position of the interlock inputs - refer
to the da‘l‘a‘lc:rasg discrfntion for eadhHHEER-B8ul ar function. GCenerates a

request faneidgsrdoseizeboem function. ;;The niser, hoomwill raise and |ower
the | evel of the platform Generat esizamaégg@%% ﬁéé@%ﬁ’éﬁﬂéﬁjbﬁr&}jﬁbﬁl on.
The mai n boom operates about a pivot peivd and wll raise and bring i nward

the positjion of the gi atform or lower and force outward the position of
elescopa Boom Extend * jib angle high while exteasion limit switeh
the platform - oo
’ or main boom angle limit switch errors are
active .
* extension limit switch error active

* main boom limit switch erxor activae

Main Boom Down o jib gngle high while extension limit switch
or main boem angle limit =swiktch errors are
active . '

* extension limit switch error mctive
* main boom low limit switeh arror active

Yain Boom Up * Jib angle high while extension limit switch
or main boom angle limit swikteh aerzors are
active

* extension limit switch erreor active
* main boom low limit =mwitch error active
v jib angle low limit switch erzor active

Jib Boem Up . ' * extension limit switch error active
' * main boom low limit switch error active
* Jib angle low limit switch erxor active

Jib Boom Up ’ » always allowed

Riser Boom Down * jib mngle high while extension limit switch

or main boom angle limit switch errors are
active

Riser Boom Up * Jjib angle high while extension limit switch
or main boom angle limit switch acrozrs aza
active '




TELESCOPI NG BOOM FUNCTI ON Generat es a request for the tel escopi ng boom
function. The tel escoping boom wi |l (depending on the angle of the main
boon) extend and force wupward or |lower and force inward the posit |g[||g oho3
the platform 1. Aug.2003 JI B BOOM FUNCTI ON PLATFORM LEVEL FUNCTI O\] ’
PLATFORM ROTATE FUNCTI ON EMERGENCY POWNER 49 Cenerates a request for the
jib boom function. The jib boom operates about a pivot point and when

bel ow t he horizontal position the function wll raise and bring inward, or
| ower and force outward the positiamg of the platform and when bel ow the
hori zontal position the function will raise and force outward, or Tower

and f or céatfaawanetrel wposi tion of thgiplatiOhyn GRNAY akvs s ford eOaStyifer the
platformlevel function. Generates arrredquesinfoinls Nenpd atfommeeai-atdzan
function. The platformw | rotate 186t’d'égr ees Generates a request for

the emergency. . hyeq,ggtgﬁ;c punp. The ene ]C§ dr;g}lqlc %%? iﬁﬂg{%ﬁg by

an electric notor co nectedtothee q v L€l
Strip Innuts ATH 33 Systen). The term:a!% strlp |nputs *The "at¥Srm

control station are as f.ollows: I N2u-r JOYSTICK DRI VE SI GNAL A JOYSTI CK
DRI VE SIFGhpormaRORFY/E JOYSTH CK STEERITRT 28bTNALgh bR MEed€¥SId-CiKi SREER cek T
SI GNAL FOOT SW TCH | NTERLOCK EMERGEREY:2STFCRoRNFERE QSR IsBL OV ANEE Bre

| NTERLOCK JI B LOW ANGLE REDUNDANT | NTEXY“BOOM JOYSTI CK X- AXI'S | NPUT  BOOM

JOYSTI Cheo¥; A Sy | NPUT DESCRI PTI ON - Drive compmpd i nput. Lo 1 he,¢Q tr-?itch
sy$teat. Drive direction input to tla,e ORISR SWSL 8k oGt b sIdIQUt to
the control system Steer |eft input ateiveshe control system Foct swn tch

interlock input tmthe control




system NOTE: this interlock is also connected by a discrete wire to the
inter7ockcircuits located tt__the base of the machine. Enmergency stop
switch and interlock input to the control system NOTE! this int qrél&)c-?—ﬁss
al so connected by a discrete wire to the interlock circuits |ocate g P

t he base of the machine. Limt switch Input to the control system when the
jib boomis at lower angle, Limt swtch input to the control system when
the jib Boomisnor—attower—angte—Propertd } ting
t he boom xdrQ¥x Qirgk: ¥si@%kSoPOSition. Proportional analclg input
reorescrtting the boom joystick y-axis position. 1.Aug.2003 50 x7rive

. 70Yst i ckTIBi gaFapasenbyq hats dATpiamndd itvea it [4i 2adetamccommandstha fanvard..and
reverse dF1ve&™FAntrEroires hep St85%tick utilized for the drive function is
common to ot her machines and has the following truth table for drive
directi onufsegratse driavencamtrob| er aaput s gnal s section): STI CK PUSHED
TO SWD 3FI - \CFIDRI VE S| GNAEF" A" ON ON'NRI VE SI GNAL "s" OFF ON Platform
Control ‘St atigﬁf Qut puts THE pl at f or m CREFPG ¥ewzak i2earhagit wo primary out put
banks: the LE} output maggix and the @igﬁ%" REQYSut put tern nal
strip. The platform controller refreshes a matrix for indicating
functions and feedback, and also controls discrete digital outputs for

al arms. T&gngegggcsogjmépe LZDs at the platformstation are determ ned by

t he system dat abase™ an are sent to the platformcontrol station fromthe

ground corierditasisat ¢an1yd and kR seyst &tk o LiCANe - DMUMD Ken LED MALLIX QUL PULS
( ATA 33 %{:@t“éﬁ‘f eVl atifeof yaloEhamidartiixesouteptb s rb Dlledt R i r ALBE33ndRGPINAG Al €
as fol | ove™" L'ED “BANGE 195" BASE SAF NCECE BPR=)RI SER BOOM LED MAI N BOOM LEO

TELESCCPI NG, 8GR ohER-d b FOMLER.PLATECRM LEVEL LED, PLATFORM ROTATE

¢ When operating a drive function, boom functions are disablad.
* When the boom 1s not cradled, platform level functions ara disabled.

* When the boom angle is high 2nd the talascope boom is not fully
retracted, drive functions are disablaed. '

= TIf the pla?ﬁ?rm cantrol station emergency stop =witch is not in the
"STOP® positioen, contrel froem the ground station ix dixablaed -
emergancy power mode overridas this feature.

Typea 33 Appazratusz Opexation

The database disables cartain functions when the Typs 33 input is mctiva. The

following functions mre contrcllad by the database when tha input is activated
{groundad) : .

* Platform roktatae functionx are disabled,

= Telescoping boom functions are disabled.




EMEP, GENNCY PONER BATTERY BANK (48VUC) LEDs STATUS OKAY LED STATUS WARNI NG
LED -NUMERI C DI SPLA.Y DESCRI PTION I ndicates high range speed acti ve,

I ndi cat es base swing function selected. Indicatee, riser boom f unché)r}[m3
sel ected. Indicates main boom function selected, Indicates telescopin
boom furzction selected, auto appér€ix npde active. Indicates jib boom
function selected. Indicates platfopmTevel function selected. Indicates
platformrotate function selected. or Indicates energertcy power nade

sel ected, Indicates the state of the 48 volt battery bank. Indicates no
errors present T system—indicates—errors—present—kn_ay3dtcm Reports the

syst em erFORE R ENEUES B OUTPURS . 2003 5' 1. Tcrnsinal Strip Qutputs (P TB 33
Svst el0-. E:EE?oré eﬁ'rrn' E%I ?t ri E out EUt s for the platformcontrol station are
as foll ows: | ON ALERT gr GzAr, A buzzer which

i ndi cat esrraw e ol €82001 aRde1MALIOYS, QLher function contr O'MStat es. PLJ

| TFORM CONEROL 26T AT Ghs GRNNECTEH: ONS/ TERVENAEL NS - P8t T BT GORE T 0l "&kat i on
Cabl o CotImMEE Egfts Thrh $airtormeonbbe o ot aor o] eqrena@@@if ol

st ation t P‘c“h’ef? HFﬁfle@ﬁtiPB‘FtssﬂmqtowitBet deen itnhe sbammstaaml Qzﬂﬁ'gezt

a.re el eV gﬁ(y iﬂiﬁ»@ a@ugﬁﬂ the@E( rafterl tsgstayche ki c;helwg
#102785) .15 a@g ‘i 5\ g ZIHE Y @F CENN=PTSIST| (NFEHRCUI T

DESCRI PTld@bdnatan: coﬁftu,lcg AN BB 4 E5HE S "By BFSW PONER
6 DRIV$ SPEED 1 7 DRI VE SPEED 2 8 GROUND

Switch Matr%x Inputs (ATB 33 System). The switch panel matrix inputs for the
ATB 33 machine are as follows:

BUTTONM DBSCRIPTION

HORN . -Op2rates the electrical horn located at the basge
of the machine,

RANGE Seleacts spasd range (high range ar low ranga) for

the drive systum, The operation of this function

is gavarnad by the poaitian of interlaocka (see

database description),

BASE SWING FUNCTION Generates a request for the.bases swing function,
The base of ths machine will rotata 1380 degrees
in either direcrioen. :

NOTE: For 21l boom funcrlons, the actiwvati{an,
direction and =d_ wi icta aod
controlled by tha boam joyscick irputs, and each
function is governed by the position of the

inteslogk ipputs - refer veo the databasge

dascrivtion for each particular functicn.

RISER BOOM FUNCTION Genarates a raquest for thea risar hoom function.
The riser boom will raise and lower the level of
tha platform.

MAIN BOOM FUNCTION Genearatss a requast for the main boom function.

: The main boom vperates about a pivet point and
will raise and bring inward the position of the
platform, or lower and force outward the position
of the platform.

TELESCOPING BOOM FUNCTION Generates a request for the telescoping boom
function. The telescoping boom will (depending on
the angle of tha main boom) extend and force
upward aor laower and force inward the pogition of
the platform,




9 PT.. ATFCePM SIGNAL 10 KEY IGNITION 7..1 FOOT SWTCH 1 12 spare 13
FOOT SWTCH 2 14 spAr.r. is TILT ALARM 16 sparé 17 JIB MOLE NOT LOW 18
spare 19 J'111 LOWMCLE shield wire Chr CR i bus CAN signal CAN1shg£%03
Pow?r to jib angle limt. switch drive speed-signal drive speed signa
battery ground pl atform energency stop interlock plat(nrm+14vdc power
supply platformfoot switch supply pf‘%cfo rn foot swtch return (signal)
activeV tilt alarmjilb angle not low linmt switch )ib angle low limt
swtch Platform Control Station Terminal Stria There is a term nal strlp on
t he Controlaxﬁad’cdﬁ\éﬁtc@fbul tlterfaces t‘;ggugpeqtl g{k@gj I£°f j%@fq the Eutsl de
b

world - it is defined as foll ows: TERM;NA |6 Ny
unused analog 3 JOYSTICK X-AXIS 4 J@Y@TP@@‘fthhérﬁiSonSalDR&s\{&oSdeNu,uanS
ARIVZ SIGNAL A 7 STEER RIGHT 8 STRFER.& E 92 BEOT ISWICEF 19uer] ©IPIoATEORM
STCSNAL- 11 unused input 13. unused Bt - DS EEL O, B LZAL F8FH g{\m;&l

power supply boom joystick X-axi, postid«omd hHeondyreist loelﬂoyfraé(rldS£c{96£| I on
drive joystick direction input (on - ‘F&Fért§gpesition af the platform.

PLATFORM LEVEL FUNCTION Generates a request for the platform level
function.
PLATFORM ROTATE FUNCTIONM Ganarates a request for the platform rotation

fuaction. The platform will rotate 180 degrees,

EMERGENCY POWER . Censrates a request for the emevgency hydrauliec
pump. The emergency hydraulic pump is driven by
an electric motor connected to the emergency 12
vDC bhattexy.

Isrmipnal Str{p Tnours(ATH 33 System). Tha terminal strip inputs for the
platform control station are as follows:

INFUT DESCRIPTION
JOYSTICK DRIVE SIGNAL A Drive command input to the coatrol system.
JOYETICK DRIVE SIGNAL B Drive direscticn input to the control aystam.

DRIVE JOYSTICK STEER RT SIGNAL Staer right input te the contral system.

DRIVE JOYSTICX STEER LFT SIGNAL Steer lafrt input te the control system.

FOOT SWITCH INTERLOCK Foct switch interleck input to the contral
system.
NOTE: this interlock iz also cannactad bv a
discrete wire to the interlock circuj weated
at the base of the machine.

EMERGENCY STOPR INTERLOCK Emergency stop awitch and interlock 4input ta the
control system,
NOTE : ig inter is alzo connacted b

discrete wira to the interlock circuits located

at the bage of the machina.

JIB LOW ANGLE INTERLOCK Limit switch input to the control system when the
jib beeom i= at lowar angle.

J1B8 LOW ANGLE REDUNDANT INTLXK Limic switch input to the cantrol system when tha
. jib boom ig not at lower angle,

BOOM JOYSTICK X-AXIS INPUT Proportional analeg input representing the boom
joystick x-axis position,

BOOM JOYSTICK Y-BRXIS INPUT Proporzional analeg input representing the boom
joystick y-axis position.




1
drive joystick drive command input (on . drive) drive joystick steel right
i nput drive joystick steer right inpict. Eoot switch signal input platform
energency Stop interlock. 1.Aug.2003 TERM NAI,CIRCU T 11 JIB Low A'uﬂr%izna3
ANOT LOW nNCLe” 15ALERT QUT2t Tr 16 unused output 17 18no connpCti on no
connection 14CAN SH2Ri o, 20, CAN LOW 21CAN M C F- 22 +5 VDC QUT 21
24GL100-ND 52 DESCRIPTION jib law angle limt switch input rcdu:tdant
limt switch - not low lIngle Eu:tcti58n al ert buzzer output zhield wire
for G 11 bus CAN signal t_ "T signalF”5 volt supply for boomjoystick
battery ground battery ground to boomjoviti ck denotes Circuit connects

to boom L€ sLonnegt.ar ND CONTROE—STATHON-GRERAH-N-QVERV. ¢ fP__ X' -ye
and st eernthCiQRAS = c QiR 6 veARC e riattoreccasnabp ki sk Or
0 C C orward and re s
steer thetappasadddSthe drive function is com;::s: dr;;e frmcbions. The joystick
; , © other machi
f?llowlng Eruth table for drive direction (see also d:iizes aid has the
gignals cection) : controller input

STICK PUSHED TO: FWD . REV
DRIVE SIGNAL "A" ON oN
DRIVE SIGNAL "gv . OFF ON

Platform Control Station Qutputs

::irfiatfgr:hcogtrol station has two primary output banks: the LED output
x an e discrete digital output termi i .
> nal strip. Th 1

i : yol e platform
con :iiiezoiiir§5h§: a 4X4 LED matrix for indicating functions and feadback

; ! olsg screte digital outputs for al :

» . _Qxms. Thea states of the L.

at the platform station are determined by the System database and are sent igs

the platform contral station £
oni oo € rom the ground contyrol gtation via the systam

LED Matrix Outbputrs (ATB 33 Svystem) The
- . e platform i 3
ATB 33 machine are as follows: ‘ P UED matrix outpuss for the

LED DE?CRIPIION

RANGE LED Indicates high range speed active,

BASE SWING LED Indicates base swing Funcrien eslected.

RISER ROOM LED . Indicatee riser boom function salacted.

MAIN BOOM LED Indicates main boom function selected.

TELESCOPING BOOM LED Indicates telescaping boam fumctioa selected, or
BULO retract mode active,

JIB BCGM LED Indicates jib boom function selected.

PLATFORM LEVEL LED Indicates platform level function selactad.

PLATFORM ROTATE LED Indicaceg'placform zotate function selactad.

EMEPGENCY POWER Indicactes emergency power mada salactad.

BATTERY BANK (48VDC) LEDs Indicates the state of the 48 velt battary bank.

STATUS OXAY LED Indicatas no exrors presant in system.

STATUS WARNING LED Ind%ca:es £Xrors present in systecm.

NUMZ y
RIC DISPLAY Reports the systaa errars and status.




station. Room Functions" To operate any boom function fromthe ground
control station, it is a requirenent that the key be turned to the "on
position, the ground p switch be set (pulled out) and the be set 4 a . 9003
(depressed). After these two interlocks are nade node interl ock aw'ﬁc?f
select and * interlocks are made, the gperator ma activate any boom
function. Y To select a boom function, the operator nust press the desired
boom sectian__button. when a function button is pressed gn indicate that
the funct r@8:Has: DELH, p,.al Zer_ W 1 _Dbeep ornce—to— wH—tHumrrete- en
sel ect ed, pando &gmécigﬁ%ﬁ%%cﬁeaﬁ 3t%e s&Hoentfulactarorhe t he
user must select and hold an appropriate boom direction and speed button.
The punp not®yfvBpeed will ranp to theeseleetfd boom speed (sl ow or fast)
Noce: Ital. Crptnctions r de er nt on he States he sta of the Imt swtch
To stop notion. Of “Eht SERPt ve functi dreuztdrevrdperation-aay: i@l fasR.the boom
direction button. Although notion ha¥*Bé¢h°Sepppeion kentsel eeted function

Wil | rrnekbArraRt coerruntarhr e Bk P4 G LT €€ Situations occur; 1.
No motion is re uegted by yhe_ operator for no han 10 seconds, Z The
gr ound L i : a8€thr . Ofhede iHNBnENRLALNEY S LOR W tCh

P%EF sﬁf@ﬁ#ﬂ;ﬁtts V\Eifou'tl@ cohb1e8tddi8n COREFQlanSHRL 811 -
tf’@é ;@e§§€1"F6n‘)lliL.sA§i§a.12@93 F58ey fsubbiey @it Ne=metidity at

DA T~ eentxh

i's rel easgd,
see int eri&gg_ <and

t he ground controcl‘l station for nore three minutes, ,the systemw || than
savi ng desskmubraldeuf4HaCh0BS; ARG Wil;! go into z! powersleep node. The
alert buzzer will beep once to indicate the change in sY-Stem status.

I nact i vi t™ FERTTIY groramdTi s describedsasrig activity on the ground node
interlock swtch. whenn_otper ating fromthe ground control station, the
operator can recover ELobL -power savi*mgﬁg‘f‘rlf-attf?w‘@y) node by activation of
the ground rfode interFockst switch. @RI .iSTATI ON CONTROL, INpt.rrS AND
pUTPUPS Groisui d Cont r 85" St.atd, on Snou;tﬁ”'l'tk;eigr ound control input banks:
station hasftwo primaeve tdh@y: swat ch:t&m&ulidméﬁﬁi Xrantittie di screte digital
inputs fromsthe inteffgc¥*Cohnect orisiv=Frerdground control | er scans a 4xS
switch matrex for operabersmaputs, péﬁ(xgnﬁﬁﬁf Lssdlserete digital inputs
for interlotks and WEEEHESY (tilt gengor -ane Boomdbppi t Sw tches). G ound
Contro Panebz Switch Maksi X 1 nputs " CATE 3338058 =*s%Fhe witch panel matrix
inputs for the ATB 33°Hn&fifdte are asifceihows:s«geouied, SULTON DESCRI PTI 02S

GRO(| At O CONTROL S' r 14:3CXAGr ound contyol, it grl ock switch. The switch is
16

apare

17 JIB ANGLE NOT LQW jib angle not low limie pwitch
ls sgare -
19 JTR LOW ANGLE 3ib angla low limit swiecch

Platform Control Statiop Terminal Strin. There ig a tarminal strip on the

control card which interfaces the ¢ i
X - * control station to t: -g 1 - 3 1
£ . the outside world it 1s

TEgﬂINAL_ CIRCUIT DESCRIPTION
1 .
1 KEY IGNITION* platform +l4vdc
latfors ower

2 vnused analog - F Supply
2 JOYSTICK X-AXIS boom joystick x-axis position

JOYSTICK Y-AXIS boom jayatick y-axix posiéicn
5 . . . . .
; g:r:f ELGNAL B drive juystick dirsctien input (oo = revcrse)
: IVE SIGNAL A dr..ch joystick drive command input (on = drive)
J STEER RIGKT drive joysatick steax right inpuc

STRFA RIGHT drive jsystick stesr wighe inpat
] FOOT SWITCH 2+ fooct swicch =i

=ignal inpuc

19 PLATFORM STGNAL~ platfazm emargency stop intarlock
i1 unusad input -

12 unuzed input




equi valent to the foot interlock switch at the platformcontrol station.
E32\ SF SW NG FUNCTI ON RI SER BOOM FUNCTI ON MAI N BOOM FUNCTI ON Generates a
request for the base swing function. The base of the machine wll R‘ﬁ]%&
180 degrees in either direction, NOI3; \Wen operating fromthe G&Q i€
boom fu~ctiat> actvatiott direction and saved will by dictated and c

ol I ncl by boomeneed rd direction incuta and each function is nove ned by
the ooai _tfon of the inter ck innlitss2 refer to th6 database description
for each oa ticular function. Qenerates a request for the riser bonm
function. ;l'%np Ser_boomw-H—aise_and |ower the level of the platform
Generates a requést for ¥REPIFai N boom fdkagtdQg, TNE TAI Mboom-operates.

about a pivot POi nt and gl L.@i se and bring inward the position of the
platfo=m or |dw, --r and:force: autaar i §NE 1Yo tionwzof mphe platform
f

TELESCOPI NG 1380M FUNCTL@N Gengrates a request f 8t het &k aseopi ng boom

function. The el escopi pgsboomwni | | ( dePFelitirkrg: Bnze-thguangl e of the main
°the or -l ower and force inward the position

boom) extend amd force JLfEFY
of the platform 1.Aug.2003 JI B BOOM riNl CTI ON PLATFORM LEVEL FUNCTI ON

PLATFORM ROT' ATE'  FUNCTEIDSE SEWVERGENCY snPGMER LP [l GH SPEED UP LOW SPEED

DOM Fi | GH SPEED DOWN BOWSPEED CW @:}%PSPEED CW LOW SPEED CCW HI GH

SPED CCW LOWMSPEED 54 Ceperates a requesf’";f or the jib boom function, The
: supphern: bel.gw.Lhe hori zontal

j 1 b ‘boom oper &t es aboutse@npl Vot poi ntbagﬁgy A
position the function S rai seanctsbrniiifvard, jor. lover and force

*denozes o iz
V88 €ilrcuic connsctx to baom cable connectqr

GROUND CONTROL 8TATION

OPERATION OVERVzy

Drive and Stear Punctions. An o
£rom tha ground control astatian,

Dexr
)s ator cannot drive or steer the apparatus

Boom Functions

PN .. To oparate any b '

it is a reguirenm Y eom function fram the gr ;

emergency stop s:?icih;t'the key be turnad to the wop~ gﬁ:ng Conzrol atatien,

ba get {dapresged) Af:e:e:h(Rulled out} and the ground modeo?;tegicggoun?
. D ese twa : “ 8witeh

select and activate any boom functiOnintCrlccks are made, tha operator may

To =saelec
botens cw:esoomffunction, the operator MUSC prass ché d
. ‘& function butbton ig .
pressed, an alert h i
Uzzer will beep onece to

t hat the = 53 =
T
lxldice. e t fu.!).C on has been Sﬂ'lectﬂd, and th& asso-lated pa£161 LED

esired boom gectien

To aCtiVate a b 118 Qrl th.e -
oo . .
Tuncti 1 usar mus £ Select and thd &n ap ixat b om
-propr e o

dl eCclOn Ild Spe . S p RS2
bl aj med b”tth 2 umn motor 8 eed w » H se[ect [
P i l -allp to the -

NO\.E.' Cellazg bo :E ..___é%
Al 2 2 Qom rction g da er ot on e _& m

To stop motion. of
: the active fun
direction butre lction, the oparater ma rel
will ramain n. Alt?ough motion has been stopped tg S-sase the boom
&8@Cive until one of khe following th—ee' ice i:lecch functien
=©€ Situxations occux:

. No metion ig r S < a Ar mora ciel sacC
. eqU.EQted by tb ox ] aconds
) ‘ - ¢ operatoxy f th o} d
2 The ground ode ::.ut:erlock o"ﬂitch is Z"P.leased or ) ‘
3. The emerganc sStop switch 3 a : a r to
) - Y - 13 released {note thisg disconnectg powsa
tha €nlire control system - gaae incerlcck and pswer Se‘t{ )
ction).




outward the position of the platform and when below the horizontal
position the function will 'raise and force outward, or |ower and force
inward the position of the platform Generates a request for the p| QH%&
| evel function. Generates a request for the platformrotation function,
The platformw |l rotate | ea degrees, GCenerates a request for the
energency hydraulic punp. The energency hydraulic punp is driven by an

el ectric notor connected to the energehcy 12 VDC battery. Initiates an
appropriate requested function upward at fart. punp notor succd. Initiates
an approprate—~requested._functjon upward at sl ow punp notor speed.

I nitiates Hntigppriaphs ak-eiFiRGUASELE (o) 0. T_nwar d—atTast—pturp—Het or
‘ene. ad. | AiB}uEEeschonsappn opgi aieesgeé!éggg gd%@g@tf‘@#?“. Wt @Rt tateew pu
mot or  speddy: ITRIRiTRtey T woat Cpukat el EGUES Lad. TUNGLEOIT . B DERTY se at
f ast purrpgﬁgﬁﬁfr:;s;éé?g.mi‘f%r’fﬂatfem &he appepLs atecfBQuest & af:ymtty% 1.

cl ockwi se at sl ow punp nbtof*<FBed. Initiates an appropriate requesteéd

functi on weeUBp&far GOk 6. Al o851 punp notor speed. Initiates an
i %é speed.

appr opr i apevereguiess 6dndanol 0N &OUNLEL T 61 0N SE atrBRrow gem eroteor £
O ot nd Cofit¥*sk- Station Discrete tnogt s(tATé:Q P35Sy SR )" Fh - EPPLRCAL US

inputs a gnr%gct ed to the controller via the Deutsch connectors | ocated
on the G@@Tﬁn@%&—’ CONFRAL {I¥PURRAAND ouppimss are defined; |1 TPUr LOW BRAKE
RELEASE PRESSUKE TILT SWTCH MJI\I N BOOM DO | Pt PUT MAI N DOOM NOT DOAN

| NPUT MAI ¢¢ \AbHH ANGLE, LNPUT DESCRI PTI ON | ndi cat es oressure toe law to
rel ease theunheeks: bna'@exstﬁzp&n;_qrg‘l ME: QRELAL [0S, T I ndiaareaapyar stindry s
Lilted (tiTerBwetchneacikbverne Acldd/@onign i O elol il STE LI Eehh STomcERve
when mai rfTBODTHT §0146t. Bof Imcdowrs Actdrve: whena il booR: B0gLE he. NiL.gfF (over

warylngs Lilt sensor and boom limit 2witches) .

33 degrees) .

2&2222 Control Panael Switgh Matrix Inputs (ATB_33/38 Svstem). Tha ground
panel matrix inputs for the ATB 32 machine are ag follows-.

B
UTTON DESCRIPTION

GROUND Qo ¥ A
WD CONTROL SWITCH Grognd conerol iaterlock switch., The switch is
Equivalent to the foot interlock switch at che
placform contrel station.

BASE SWING FUNG -
LINCTION Ganerates a request for the bage swing function.

?he base of the machines will rotate 180 degreas
in aithar direction,

NDTE:'Whan cvegating from the GC3,the boom
fynctxon agtivation, direction agd spaad will bz
ﬁzctated and controlled by the boom epeed gnd

_ direction  fnpura, and each function is governed
by the posicion of tha interlock inputs - refer
;o th? databaze desexription for each particular
unctign.

RLSER BoaM
: FUNCTION Generates a request for the riser boom Ffunction.

The risar boom will raise and lawex the level af
the platform. :

fa)

MAIN BQQM FUNCTION Genera?es & request for the main boom functioca,
T?e main boom wperatas about a pivat point and
will raige and bring fnward the position of che
platfomm, er lowsxr and force outward the pogition
of the platfarm.

TELESCQS
SCOPING BOOM PUNCTION Ccne:ft&s 2 request for the taleacoping boom
funccion. Tha telescoping beom will {dapending on
the angle of che main boom) extend and force
upward the or lower and forcs inward the position
of the platform.




1. Aug. 2a03 | NPUT MAI N BOOM NOT HI GH ANGLE I NPUT ML\ | N BOOM EXTENDED | NPUT
MAI N BOOM NOT EXTENDED | NPUT MAI N BOOM RETRACTED | NPUT MAI N BOOM NOT
RETRACTED | NPUT 55. D$SCRIBTION Active when main boom anglo is nqgt Am %hg3
Active when main bocmis extcaded over 33~, Active when main boom'is 'no?
extended over 331. Active when main boomis fully retracted. Active when
main boomis not fully retracted. Gcgn!ft control sta~ion outputs. The
ground.control station has two prinmary output banks; the LED output nmatrix
and the hi i i (master controller driver card). The
driver card '8 3¢ghf@eted to the devi cesraan at hguaPRAL aLYUS:f BrQuah.Several
Deut sch connectors | ocated on the GCSre é¢¥rchos tpeateBheogt @UundoCpstnt Qhd er
refreshes a 4x4 LED matri:c for indi £3Gi g Finttt sl and: fleedbaciks:: and

al so controls digital outputs for vabM@ss: @ldl,0ho. §b‘1§§j19$;’@$2”éﬁq:§j‘§g%fys.
The states of the LEDs at the groundtsbatthORoak®icaidpd2E 1%k Nad gs&cct £, 5yst em
dat abase and are sent to the ground $tat 'a?}‘gf%ﬁtmmard-LEDIWtaoh tbrreer f ace
-card via the system (CAN) -networKk. ‘]_Eﬁ‘ R euet Gfe PR EF"Syst eml . The
ground LED FHI TR GWpEFSTISr t he AT&ne33=9TRGALNE: 36L -AS {0k QWs,..LED BASE
ROTATE LED RI SER BOOM LED MAI N BOOMREERR- TELESCOPI NG BOOM LED JI B BOOM
LED Pt. 1\ TFORMbBEYELsLERT B YTFOR £..RQTATE LED. . &{N@GE 1Y, POVER PLATFORM
CONTROL MODE LED GROUND CONTROL MODEakfibh. AU KA L L, STALOS MR N : 3
LED NUMERI € LSRLEVWDESCRI PTION | ndi cates base rotate function selected.
Ir.dicates riser boom function sel eci@i* "z hdFEat esmpin-ovnrs ariceilon

sel ected. Tndicates tel escopi ng boo é14B6kE QB Selethed oo fi:@i:?ﬁg;gﬁyl b
boom functign,sel g¢ted. Indicates pivgtdaersmyd evel function selected.

Initiates an appropriate raquastad function
upward at fass pump motor spesd.

u EPE ciacx i
P LOW SPEED Iniciates an appropriate requested function
upward at slow pump motor spaed.

DOWN #IGH SPEZD Tnicilates an appropriats requested funchion
downwazd a%t fast pump mator sneed.

~ . 2 -

DOWY LOW SPEED Initiates an appropriate raquastad funccion
downward at z2low pump metor speed.

CW HIGH SPEED Iniriates an appropriate requested functien
: c¢lockwise at fast pump mator spead,

CW LOW SPEED Initiakes an apprepriate racuested funceclan
clockwise at slow pump motor spesd.

CCW HIGK spssp Initiates an apprapriate requegted function
caunter-clockwisc at fast pump motor speed.

e ED 1E4

CCW LOW SPEED Tnitiartes an appropriate requasted function
counter-clockwise at alow pump motor speed.

Ground Conktrol Statian Digcrete Inputs(ATB 33/38 Systam). The apparatus inputs
are connected to the controller via the Deutsch connactors located on the GCS
esnclosure. The following inputs are definad:

INPUT DESCRIPTION

LOW BRAKE RELEASE PRESSURE Indicates przssure koc low ta raleass tha wheal
brakas for drive operations.

TILT SWITCk Indlcates apparatua i{s tilted (rilt switch
accivs),

MAIN BOOt! DOWN IMPUT . Active when main baem is full down.

MAIN DQOM NOT DOWN INPUT Active when main boom is noz full cown.

MAIN BOOM HIGH ANGLE INPUT Active when main boom angle is high (over 33

dagraes=) .




Indicates platformrotate function selected. Indicates energency power
node sel ected, Indicates systemin plat_o -mcontrol node, |Indicates
systemin ground control node. Indicates no errors present in syst1erl,‘rh!1,| 9003

| ndi cates errors present in system Reports active. systemerrors. ——~
1. Aug. 2003 56 Ground Control Sear,ion Qutputs ( T 33/38 Sys,tem) The

conxl actor outputs for the graund control station are as foll oWs: QOUTPUT
VALVE: PLATFORM RO PATE CW VALVE: PLATFORM ROTATE CCW VALVE: TELESCODI NG
SOON EXTEND VALVE: TELESCOPtzzG 800M RETRACT VALVE, MAIN BOOMtI P VALVE, -
MAI N HOOM DOMWN  VALVE: JIB 1300M UP VALVE: JI B 800M DOMN. VALVE: PLATFORM
LEVEL UP V. }él%w PLATFORMtEVE—BOAN—VARVE. APPARATUS- BASE ROTATE CW
VALVE: APPARA™T™t s SASE ROTATE CCW ngAkx#Erziéd SER SOON UP VALVE: RI SER BOOM
DOMN VALVE: StEREBok Bhl wioVALVE oL EER F; GH t' VALVE: EMERGENCY POAER |1YD
El GNL: DRI VE:§COVIVIAQNEWZE SIGN, : DRI VE m3in mPENEsleDRI ME HEGH RANGE

SI G\L: PUMP REEIEP AMARM  ROP. MeRELAYeq ALARM.. | Q\, RELAY:
48 VOLT RELAY%DE%WB"TFWDR&IFWt es pratkotm potaien g‘é %ﬁ%&ﬁfé&?@l@iw.
Activates pllaty openrareiate 1ehtr - Cl ockwige yal ve.  Activates tel escoping
boom ext end 'P&T §&o" vomcrATvarEs ek escoptng JBoomLaliacl NHEVES Rt i vates

. . . eLractagd,
mai n boomg alye..Actlvates main b%om down valve. ~“Activatés Jib boom up
val ve. Actixales, ] i VE'® SRR vareslpbattior mek evelpupanal ve.
k kbl Ry €t matrix and tha high sige drivar output ganga

m.
énaigzraggzirzllerhdrivgr card). The driver card is connected to the devices
atus through sevaral Deutsch conn '
on s s ectors located on the GCS
func:igre. The ground contraller refreshas a 4x4 LED matri far ind;cating
SOlen°igz z:j i:::tack,rznd also controls digital cutputs for valves, alarms
g. e states of the LED3 at th i ’
o ’ e ground station are
LFD?rm?ned ?y the system database and are sant to the ground =station control
“D/switch interface card via the system (CAN)} network )

1) 1 v ]

§3Dm:§§f;: :E:D:zsf;izgwi? Svstem) . The ground LED matrix outputs for tha ATB
LED DIZSCRIPTIQN
BASE POTATE LED ’ Indicatas bass rotate funetion salected,
RISER BOOM LED Indicates rissr boow function selecced;
MAIN BQOM LED Indicates main boom function sslectad.
TELESCOPING BOOM LED Tndicates telescoping boom funchion selectad.
JEB BOOM LED . ) Indicares jib boom function selected.
PLATFORM LEVEL LED Indicates platform lavel function selected.
PLATEFORM ROTBTE LED Indicates platform rotate function selected.
EMERGENCY POWER ' Indicates emargency power mada salected,
FLATFORM CONTROL MODE LED Indicates system in platform concrol mode.
GROUND CONTROL MODE LED Indicates systam in ground control moda.
STATUS OKAY LED Indicates no errars pPresant in system. |
STATUS WARNING LED Indicares errors prassnt in system,

HUMERIC DISPLAY Reports activzs gystem srrors.




Activates platformlevel down valve. Activates base rotate cl ockw se

val ve, Activates base rotate counter-clockw se valve. Activates riser
boom up valve, Activates riser boom down valve. Activates steer |gf Kuﬂ’%f{f?'
Activates steer right valve, Activates emergency hydraulics val ve. )
Activates drive command input to drive system Activates drive comuand
input ho drive system Activates high range input to drive system Motor
speed control signal to punp controll ePf. Activates horn rel ay. Activates
notion alerting device. Activates punp controller relay (lgnition-2). Drive
controller_Directign QutnuC9. Two dri ve outputs fromthe boom control

syst em (agyihecd arg connect ed o TNpuTs on thedrive-control—system
These out gustifa GERTMRN: 4 nah% RerEee odfruset fagnthe

(forward and reverse). The drlve commnd outputs (or drive controller

i nputs) ar 8T ned as foll ows: FWhReN:dREYE QLTI PLFT CO | ,Uug ? 1 ON
OCFg DRI VE QJTPUT CO\/NAND 2 ON ON 1. Aug. 2003 57 OROD CONTROL STATZO 7

CONNECT| ONS|AHE Rgn\g? EENECTOR ‘“ﬂft("fama@@\dNE@_aﬁR)clodBeiﬁeS@xth/ N
DT13- 122A Pvmefpmbaéain, ke :EeK TIPRLY cotf-FAIFRBAT TERY.
GROUND | NPUPfirs ext=¢analsogp 4ENRET NS 8d: {opii gi)o"j RECT ERICLC. RTRACT x
w-rrNOT Fui g g"?FNPUTEXTENDEDCEESSesTMN 334 WO NRUTEXT7' . M M OVER 33"
91 NPUTMAI N 86X\ T 101 NPUTMAIDSE @E&M 'ﬁme_becrN@PnLelll NPUTMAI N BOOM

NOT DOAN 1 24ANPITMAI Bdok G DONN DESCRSE: ’J{ijz,‘;"@x) SEatnl y erom
i nterl ock/ Vi agE+Emr ”ggf;d{rnd supplagtivats ﬁl@ﬂioli—@ esY Skehve.

PLATFORM LZ DOWN Activataes
platform level down walve.
;2tg§. APPARATUYS BASE ROTATE CW Activates base rotate clackwise valve,
] i APPARATUS BASE ROTATE CCW Activatas base rotate countar-clockwise valva.

ZALgE: RISER BOOM Up Activates risar boom up valve,
ALVE: RISER BOOM DONN Activates riser boem down valva.
VALVE: STEER LEFT ) Activatas stezer left valve.
VALVE: STEER RIGHT Activates staar right valve,
VALVE: EMERGENCY POWER HYD Activares emergency hydraulics valva.
z;ngi DRIVE COMMAND 1 Activates drive command inpuc to drive syatem.
srrnﬁ: DRIYE COMMAND 2 Activates drive command input ko drive systeam.
FHL: DRIVE HIGH RANGE Activates high range input to drive system.
< . .
SIGNL: PUMP SPEED ANALOG Motor speed control signal te pump canctroller.
iLARM: HORN RELAY ) Activates hora relay,
LARM: MACHINE MOTION Activates mation alerting desvice.
RELAY: 48 VOIT RELAY Activatzs pump controller relay (Ignition-2).

Drive Controller Directimn Qutouts. Two drive outputs from the boom control
system (at the GCS) are connected to inputs on the drive control system.

These outputs command the drive function (go) and the drive direction
(forward and reverse). The drive command outputs (or drive contrxoller inputs)
arz defined as follows:

EWD REV
DRIVE QUTPUT COMMAND 1 oN OFF

DRIVE QUTEUT COMMAND 2 o) oN




{
full retracted limt ewitch not fully ratracte.ciilimt switch telescoping
boom ext ended | ess than 33" tel escopi ng boom extéended nore than 33- main
boom angle is | ow nain boomangle is hot |ow main boomis not d0\/vaq§“§|got2[m3
crciclled) main boomis down (cradled) CONNECTOR 2 (1/0O CONN . CT i
Deut sch P/ N DT13-12PA P=NTYPECIRC U T' 1INZ' L-TTILT S4ANSOR ~- 1 NPUT BP, %XE
P. ?LE. | SE PRE, $VRS LOW . 3l NPUTunused 41 NPUTunused 50UTPUTANALOG BOOM SPEED
| NPUT DEFAULT 6QUTPUT unused OUTPUTunused 9OQUTPUTI GNI TI ON-2 100QUTPUTDR_ E
SIGNAL 1 11QUTPUTURrvE SI CNAI, 2 120UTRUTL1(| GH KANGR CONNECTOR 3 (QUTPU T
CONNECTOR) ; DESCRI PTI ON i nput when apparacuc tilted active when | ow rel ease
pressure analog—outpul to boom speed power on this pin at poe | oads
dr_:ault senm@et i pakFor0 o o £k Yk QW CUTT ent 48vdc)  drive
direction signal drive O.gnal high range ou to drive control system
beut sch P/ TR 12 PRYOF NFYPECIARC) PST:dBUTRUF7I:Z: DWW VALVE
20UTPUTTELES El#ETRACT VALVE 3COUTPUTRI SER BOOM DOWN VALVE 40UTPUTRI SE
BOOM UP VALVE 5 PUTBASE"SWW NG CCR VAL VEESBRORTRETBATE SW NG cw VAI N,
7OUTPUTPLATFOTLA 1kdor VEtonBOMBL VALME:. 8 OUT P@P&A}E%MZL_CGEMEI?_ochBw\(élayliﬁ

I
QQJTPUTN]N N émrm yinusr} VEE;:;I:T;) E;round supply to cantral system
; INPUT unuszad (pulsc) - ) )
: i::g’;‘ Soﬁbnfﬁc'r tull razractaed limiz switch
: et s*crmmt:p L.gws:‘; T ) not fully raetracted limit gwitch
: o g::\-rgkmén oSS T?L‘AN. a3 telescoping boom axtended lesa than 33
: T KTES I3 telescoping boom exzandad more than 233~
T MAIN BOOM ANGLE LOW main hoem angle ia Low
:i i:;;‘; MAIN BCOM ANGLE NOT LOW main boom angle {s not low
1 it mm BCOM NQT DOwWN main boam 12 not down {not cradled)
IN BCCM DO . main boam ias down (cradled)

CONNECTOR 2 (I/O CONNECTOR) : Deutsch P/N DT13-12pa

PIN TYPE  CIRCUIT' DESCRIPTION
1 INoUT TILT SEMNSOR
I S input when apparacus tilts

2 INPUT BRAKE PRELEASE PRESSURE Tou st
3 e rAKE s Low :.\ctivc when low ralaase pregsurs
4 weuT unusad -
: ?S';'P.rl.rr .E?iiggravocn SPEED analog output to boom spead

[y v - v X
S ey | LEFAUL ;-:amx oa this pin at poc loads dwfault datahasc
-4 QUTPUT unused -
9 oUT? .
i T IGA_IITION' 2 activatss pump cerl riy (Low current 48vdc)

QUTPUT DRIVE SIGNMAL 1 drive directlon sismal
11 OUTPUT DRIVE SIGNAL 2 drive signal &
12 QuTPU I i o

T HIGH RANGE hish range output ts drivec conersl system

CONNECTQOR 3 (OUTPRUT CONNECTOR) : Deutsch P/N DTL3-12PA

PIN TYPE CIRCUIT DESCRIPTION
1 QUTPUT I8 DOWN VALVE valve a
2 OQUTPUT  TELESCOPEZ RETRACT VALVE valva azziz::i::g ZSZPEE
3 OUTPUT RISER BOCM COWN VALVE valve activation outiu;
- 4 QUTFUT RISE BOCH UP VALVE valve activacion outpuc
5 OUTPUT BASE SWING CCW VALVE valve activation output
3 QUTBUT BASE SWING CW VALVE valve activatioa output
Z OUTPUT  PLATFORM LEVEL DOWN VALVE  valve activacion cutput
QUTPUT  PLATFORM LEVEL UP VALVE valve actlvation output
g OUTPUT MAIN BOCM DOWN VALVE valve activatlon guzput
10 OUTPUT JIB BOOM UP VALVE valve activation ou:pu-
11 QUTPUT MAIN BOCM UPR VALVE valve activation ou;pu;
12 OUT?UT TELESCOPES EXTEND VALVE valve activation ouspuc




10QUTPUTJI S BOOM UP VALVE 11QUTPUTMAIN LCcn UP VALVE 120UT?!, TTELESCOPE
EXTEND VALV% DESCRI PTI ON val veacti vati onout put Val veacti vati onout put

val veacti vati onout put val vdacti vati onout put val veacti vati onout put 1.Aug. 2003
val veacti vati onout put val veacti vati onout put val veactivati onoutput =~ °°
val veacti vati onout put Val veacti vati onout put val veacti vati onout put
val veacti vati onout put 1. Aug. 2003 58 CONNECTCR 4 (QUTPUT CONNECTOR): Deutsch
P/ N DT13-22PA PINTYPECI RCU T 10UTPUT4iused 20UTPUTHOP. P. ELAY 3QUT?UTSTEER
Rl GHT VALVE 4QUTPUTSTEER LEFT VALVE 50QUTPUT EMERGENCY POWER VALVE
OUTPUTFQOT SW TCH DRI VE SI GNAL 70GTPVTunused 9QUTPUT unused OOTPVTMOTI ON

FEDLILDIL AT

ALARDI 1001 T r T1O0TPUTPCATFOPFROTATE CCW-H2C0FPUFPEATFORM-ROTATE
C64 DESCRI PT{%Q aqgl&\elpg?ecswf‘ﬁcér%ﬁ)f PeubaivB/ R EFrakton out put  val ve

acti vati orezeut ppizzenerganey hydraulic fluid diyerting valve foot switch
signal from dat abase (redundont?) active wth any apparatuo notion val ve
activation jout PIFEETT vg%uvﬂe' activation out-put CONNECTOR 5 ( PLATFORM

CONNECTCR) 3 Deudsich EJebi ¥RECHBRU T 1CAL AN, SHMECD
4

: QUTPUT STEER LEFT VALVE valve activation ouspus
: gg:m' E‘MERGE.NCY POWER VALVE emexgdnay hydraulic fluid diverting wvalve

UT FOOT SWITCH DRIVE SIGMAL foot gwitch signal frem database (radundant?)
7 OUTPUT  unused -
2 OUTPUT  unused .
9 QUTPUT MOTION ALARM ac

tive with any apparatu i

10 OUTPUT unused v eER ¢ moten
11 OUEPUT PLATFORM ROTATE CCW valvs activation autput
12 OUTPUT FLATFORM ROTATE CW valve activation oucput

COMNECTOR 5 (PLATFORM COmTECTOR)‘: Deut=ch P/N HD24-24-19PN

PIN TYPE CIRCUIT DESCRIPTION

1 caN CAM SHIELD shield wire for CAM bus

2 CAN Cant Low CAM signal

kS CAN CAN HIGH CAN signal

4 - spare -

g N . -

3 ANALOG  DRIVE SPEED 2 drive spced signal

7 AMALCG DRLIVE SPEZD 2 drive speed signal

g SUPELY CROUND ’ bacrery gwound .

9 QUTPUT  PLATFORM SIGNAL platform enmmrgeacy stop intarlock
10 SUPPLY KEY IGNITION platform ¢livde power supply

1L QUTPUT FOQT SWITCH 1 plazform foot switch supply

12 - spare - ' .

13 INpPUT FOOT SWITCH 2 platfoem fooz switch return (algnal)
14 - spare - .

15 QUTEUT TILT ALARM actives tile alacm at platfoem

lé - eparn -

17 - - -

18 - upace -

19 - - -

CONMNECTOR € (POWER SUPPLY/INTERLOCK) : Dwutsch P/N HD34-24-21PN

PIN TYPE CIRCUIT DESCRIPTION

A QUTRUT PUM¥P SIGNAL sctivates the main hydraulic pump contackor

B SUPPLY BATTERY GROUND powar 3upply ground to centrol system

[of QUTPUT AUX PUMP SIGNAL activates the awifliary hyd-aulic pump gontactar

D SusPLY  CONV-1l4vDC 14 VDC from the dc step down converter {48 to 1l4)

B SUPPLY AUX-12VDC 12 voOC from the auxiliary {emergency) battery

F SUPPLY DRIVE-CONTROLLER PWR 14 VDC to drive controller when platform signal preaent
G SUPPLY SYSTEM POWSR miin coatroller powvar supply from intlk/volzage card ’
H OUT?UT FOOT $WITCH 2 fact switch dntlk signal to the drive contyol systen

J INPUT 48 VDC SENSE 43 volt batlLery bank manitoring input

lr,(, QUTPUT  IGMITICN circuit protacted supply with kay en

X ANALOC  DRIVE SPEED 1 drive 3peed cirzule fram plagform drive joystick pot

§ ANALOYG  DRIVE SPESD 2 drive spgrmed clrcoult from plattfarm dzive joystick pet

R - -

s - - -

T - .

u - - .

v - - -

w - . .

X - - N




2CANCAN LCi v 3CANCAN HI GH 4-span.. s ANALOGQA. | VE SPEED 3. 7n51ALCCDRLVE
SPEED 2 sSUPPLYCROUND 9QUTPUTPL* TFnRM SI GNAL 10SUPPLYKEY | GNI TI ON

| LOUTPUTFOOT SW TCH 1 12spare 131 NPUTFOOT SW TCH 2 14-spare 15C1JTF{(L%@ L Bo3
ALARM 16snnr 17-- 19 P/ N NM 4-24- 19PN DESCRI PTI ON shield wire for ‘bus
CA- 11 signal CAN ,ignal drive Cpced signal drive speed signal battery
ground. platformenergency stop interlock platEo rn +14vdc power supply

pl atform foot switch Supply platformfaés stitch return (mignal) activc3
tilt alarmat platform CON1~r EC1' OR 6 (PONER SUPPLY/ | NTEr RLOCK) ; DAUt sch
P/ N HD34-24- 21PN Pl : NTYPECI RCUI T ACUTPUTPUL4P SI GNAL BSUPPLYP. A-| TLRY

GROUND COUERWTALIX. RUMP SI GNAL  DSUPPr . YCONVIZ ™ VGC ESUPPLYAUR-T 2VDC
FSUPPLYDRtv=—€aN—+REEEER-PAR-OSUPPLYSYSTEM-POMY- R HOUTPUTECOT SW TCH 2

JI NPUT48 MCq SENSE KOSHPLIH: G TLONNANA, £, OR RRLVE SREER 1 NANAZG. . PRI VE
SPESU 2 R&the safsty switches, and apparatug davices. The intexlock system is

located on a separate card in the control box and also ceontains the auxiliary
battery charging circuit and main system pawar circuit breakerx.

There arce two primary control interlock switches - the platform foot switch
interlock and the ground control switch interlock, There is a single primary
contxol intexlock - the gontrol interlock sigmal (refer to interlock card
Schematic DWG #102784), The cantrol intarleck signal activates interlock aad
charge isclation relays on the interlock card.

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

The two ilnterloeck relays which are dependant on the control interlock signal
are Master Interlock Relay 1 (MIR1l), and Master Interlock Relay 2 (MIR2).

Magbayr Interlogk Relav 2. MIR1 is utilized to interlock the hydraulic pump
motor contactor signal. The signal enters the relay from a high gide driver
on the master controller card through the yibbon cable connector to the
interlock cazd. The interlocked pump request signal is output to connactor £6-
A. If the contrel interlock signal is nok prasent, there camnokt ba any
hydraulic pump operations.

Master Tntexlogk Relay 2. MIR2 is utilized to interlock the auxiliary
(emergency) hydraulic pump motor contactor signal. The signal enters the
relay from a high side driver on the mastar controllazr card through the ribbon
cable comnector to the intarlock card. The interlocked pump request aignal is
output to connector #§-C. If the control interlock signal is not presenc,
there cannot be any emargency hydraulic pump operations. .

Auxiliary Pattery Charging Ralay. The control interlock signal also activaces
the auxiliary battery charging circuit to isolate tha auxiliary battery from
the coaverter whem a function iy active (see charging/power supply circuit).

Focot Switch TInterlosk. The foot switch interlock signal is passed through the
ground controller box from the platform connector #5 teo tha powar
supply/interlock connector #6. The circuit can be used as reguired by the 0OZM
to interlock devices which may or may not be connected to the control system.
It 1s the OFM's responsibility to determine the appropriataness of the
external wiring and its suitability for any givan application. '

Platform Emergency Stop Switch. The platform emnergency stop swibtch signal
provides powar to tha platform foot switch and alse ra an interlack relay
which provides the electrical system with an ignition circuit attached to the
14 VDC converter. This interlock - called platform sigmal interlock is active
whenever the apparanns is in platform modzs and. the platform emergency sSLop
button is ser (pulled out).




T UV Wx DESCRIPTION '"titivates the main hydraulic punp contactor power.
supply ground to control system activates the Auxiliacy hydraulic punp
contactor 14 vCC fromthe do step down converter (48 to 14) 12 \ u%“ﬂlﬁ
the auxiliary (emergency) battery 14 VDC to drive controller when pla ‘fzorm
signal pre3ent main controller power supply fromintlk/voltage card foot
switch intlk signal to the drive control system 48 volt battery bank
monitoring input circuit protected sé@Pply with key on drive speed circuit
fromplatformdrier- joystick pot drive opted circuit fromplatformdrive
joyntick pot—i—Aug—2003—-59NTERLQCK SYSTEM The ground station control box
contai ns antériber [Inck: fick Cikisho Vel Crniaad RKEACES L0 LRE.salatY: Sl LeDeS,. and
appar at us fdév’i“éé’éfa% tl'nntmplao%mssWneintlaslocko)cabedmo&nar&ep%@he eard in
the contr g HOX: 478 ba i Wéﬁ%ss%ﬂﬁeamxfdnvm s Datepersynichargicagedir cui t
and main s_,)g§ine e‘ 385{3% edl %%ié’éf’"“T e‘rje‘g?j‘“eﬁtf&ge':%emm mmt‘re@g

i nterl ock ss¥dd=che S(q f Reafd*i4He gréund
control switch interl O#EEZ 'I‘ﬁere s A Si ngl elﬁ?ﬁlﬁrﬁ?}c YRt F riFt“!‘ﬁ‘t’erl ock -
t he contr EATEeR@rdTeEi gpgmalrrm:efer to interlock card . schematic L)WG
#102784) . The control interl ock signal activates interlock and

charge. i sol ati dif g%IEzX Ee‘;br}s {4sebiadt er | ock card. In platformnode, the foot
switch will actjyv e s Epgtr*‘&ocikn?%ﬁ“sl’%’@x signal and in ground control

node, the cont ch,thLcnt lenp% et

13 rmge- by I8 ground control made switch. .The
two interlock relays which are dependent on the control interlock signal
are Mast eFCITE@IICECcRITRBLGAK drqud Riojr, a@ndzMast er Interlock P.elay 2 (MR2).
Ni aster Interlock F. eI av 1 M Rl is utilized to interlock the hydraulic
punp notor conf ’c‘( pglr 5 q ls? gﬁéﬂ’ fenthers funetioekay from a high side
.driver on the Jyas te&l;,lg"&nt“gbé liﬁl*’gﬁngﬁc’fkﬁ?"?‘l%bé?f—‘eéafb‘l“etmﬁhect or to
the interloek mantheribia uéltgar Qgéeisguvrﬁivg eQUes 3 si leap S Qutput to
connector " - 6- vA nddwoth@&o60Nuiodn umeenb&)&ls;gs{agna I's not présent, there
can-not be any c°hyxhlatfdrccpunpipévations. ter Interlock Relay 2. MR2 is

utilized tq |nterI ck_the aUXI liary (energency) hydraulic punp notor
Contactop_SnggfL_ % Af%bnters the relay froma hi gh side driver on

t he mast efrCon0l | 8L g@rﬁ he (UQ cabl e connector to the
interl ockeeo;aad STTha coint pi gi%gyé)cer eofug?} ““gﬁ@gﬁzgig:ga;mti B Ehrinect or
#0' - C. | fvdlhescontyiaks idtbeed ekt ai gNahaimubOlcu i8S M ariock card Ehrough

connector 6-D (L4 VDC from the 48 volt to 14 volt convertar) and connector 6-E
{auxiliary 12 volt battery).

The auxiliary battary is charged through the auxiliary battary charging relay
whenever the contrel interlock: signal is not present. wWhen the apparatus is
idle, the auxiliary {emergency) 12 volt battery is connacted directly to the
converter cutput voltage, thareby receiving charge,

The circuit system power is connected to the battery igolator circuit and is
protected by a 15 amp fusae, Th= syetem power circuit is routed directly to
connector 6-G. Thig circuit is utilized as the wmain =upply circuit to the
contraller and controller driver banks. The syscem power circuit is connectad
to the controller through connector #1-1.

MNate: In the 33/38 application, this circuit is routed through a disconnect
relay which is activated whensvey the 48 volk chargar is pluaagagd ince.an AC
Rowar source for charging the 48 volr bgctery bank. Note also thae thg

gonvexter supply (48 volts) ig disconpsctad from the convergar during
charaeing.




t here cannot be any energency hydraulic punp operations.. AL-ciliary
Battery Charging Relay. The control interlock signal also activates the
atxiliary battery charging circuit to isolate the auxiliary batteryAnﬁ%]m
the converter when a function is active (see chargi ng/ power supply =~
circuit). Fcot Switch Interlock The foot switch interlock signal is passed
t hrough the ground controller box fromthe platformconnector #5 to the
power supply/interlock connector #G 6f{'he circuit can be used as required
by. the CEM to interlock devic,.s which may or may not be connected to the
control system It is the OEMs responsibility to determ ne the

appropri at enes > o 1 e——external—w-r+ner—and—its suitability for any given
appl i cati oL PtatF Sinr BISHSTayRn SbapiSu tihre BReshbatdal MienREJeNeY: SLOP
swi tch si gl po,E QuhLGES ; PO © ;ga’?‘f‘i’éagsaf‘faéﬁmsf 00tths Widnetblangk tak SOwk O «an
i nterlock wetay asablsh.provides JHEE LG ¢yidt &rhinkd hermnekgrisl or
circuit atdfachedodiochdi@ol sV CORVENLEL o olll S r@f‘?’l ERe_soqpsl tedephapt or m
si anal . i ntxProcktdssvactikae: WIenEAAr bddi cihe AIREL ALL to.Seds 110t atf or m mode
and-t he plj@?’f’iﬁj MTEAEIYent yodt Dreduts orqbisasaly (pubke ooauatc)sﬁ; 5.%9 20043 60
Snt er | ock dlﬁteer:fﬁ‘(‘;él%g i gg‘?‘:ﬂ‘h’ér‘éf &R% sthgeyer@bertsf cmehe u@bimtﬁdiumggods
for-interfgetdg git}guiaﬂbg,[di@;m:ggg‘tﬁgﬁrégI""(S‘E Ptapethecnbmiials) syst emweathe
attached appamatuisitber{acensChanali s serY S §§‘e‘ésla’r.é‘r5?76’§éﬁ’t°étﬁlé“%i rcuit
whi ch has BeEmstrestethlaghst idm : PrOWE L AS .S NEWD, . T Ne "apparatts IHEerfdce
schematic | 785) coupled with the interlock interface circuit card
schemat i ¢ LUV AR LD ARG RES 4 Re feticavdngoimterdwacds anadatd-RE i ki £ vo1t
PLATFORM Sk (NAL NOT ACTI VE: SRIEE VS sy Sterfir 8L idFg sl ek enoatfcont iswi t ch

i nterl ock spossi bl e no net wor atf orm PnfetPatkestynalf coptastr gin triom GCS
still functional FOOT SW TCH I NTERLOCK SI GNAL NOT ACTIVE: no MRL (no main

hydr aul i CW 2 fChpr Dbohons) re1an0 MER ehhQpaLxi| i a (grayl i nmp
for boom é ::%t %@:T?{ﬁé% iT6R%Y) dipgenpertter tiecke tvol ek irswém}cja){5 e@atc%giﬁégﬁf?lgiaaﬁogy

i nterl ock;L.Qi.Pr ake croégéz{%;"\éég%ﬁm( frsk e or gvai srrappl Bed)en. noniekworik 00t
Swi t Ch i ntetheck ssianalc.aon kO] ;L1 HCEES sl EF [ Faneer orrar=2OMER ANDe the
CHARGI NG S¥S$EM The. control systemis ‘connect&d i H A daa~ bareeayins 2
confi gur ajg/i on through a T'?ig[ of diodes configured as a battery isolator
(refer toﬁ\ﬁég%;f@%?%@—? vylrgagensuppt idesparee @Gt 84,10 thhaponer
suppl y/ i nterl ock-card THFBuGh SeofiTset grs 6vp ‘(mer\/@@niqn@mst.hep% volt to 14
vol t convesdeerdo and.connegtor  6-F . (auxiliary. 12 volt battery) The

auxi | i ar ysshattedycd shehakged-4 W00 T8 alXLL 1.3 ~ufs" Y i_,la[.el ay
whenever #2#éesbierolisiaherddoeklsbgnak dcavaRoe: PILSEN bearBETLLLE Appar at us i s

idle, thep‘ﬁ\%X'JnLer){, energency) 12 volt battery is connected directly to
t he COﬂV@_«!’_E_@f;Q P.g&]‘_t.ﬁg%_w Y hBYeBsmner BTErvileg mivar gelay connscts the 48
1 up the "hydriulic pump contraller aad to ha o1
line of the boam control s ﬂt; h y i ’c Ced by b battery e
o O ‘ T yYstem. This relay is activated by the Ignition-2
i it (which is activated at powar up). This relay scenario is primarily to
prevent 48 volts from heing applied to the boom control system without proper
g;ound Or power being supplied to the controller (or improper cannectox
pinning). Additionally, this relay will ba shut off to~redu;e owe; )
consumption during system sleap/power raduction made, ¥ )

% i g
hd :igfllg Pump Congactor. The hydraulic pump motor and pump contraller supply
cables are connected only whan requirad for operation.
contactor is acgtivared by-the control systam when recuiixy
database section for rules). A

The hydraulic pump
ed (sae opemrating

Auxiliarv/Emergency Hydraulic pump Contactor. The auxiliary hydraulic pump
mon?r‘supply cable is cannectad only when required for operation. fhe
auxiliary hydraulic pump contactor is activated by the

S ‘ control system whan
required (ses opearating database section for rules) Ys :




The circuit system power is connected to the battery icolator circuit and
is protected by a 15 anp fuse. The system power circuit is routed directly
to connector 6-G This circuit is utilized as the main supply ci r1ck|l'!gt &
the controller and controller driver banks. The syrcem power circult-i1s
connected to the controller through connector #1-1. llnte: Int2 e 33 38
aoolicat?on, this circuit is routed th=ough a disconnecC relay which is
activated whenever the 48 volt chargé2 .is pluovad into an AC Power source
for charging the 48 volt batters bank. Note also that the converter Eu ol 4
vol es) =s disconnected fromthe converter durira charrrinv. 1.Aug.2003 61
Power / ry_char, | St em Bxanmi )T e. Thereexrst—sSeveral—+f—het+—
unl i m té\%&%%t ?‘.%Eétf%gt%fé%eﬁﬁ’ﬁ@ the apparatus charging to the control
system MAitL a4 Be,PouR tions to the contral , systemare well
461 1 nod, tehes SxtRnlas. i Bro ot EA LI cIPORE 5L OY of fre* dtar dbes ar e

’ GATP ho the
beyond t hielscepeaandieaontss of r;hefa;tplaeamomo&?o&kta&{a?-istw%ké RS ]‘?ﬁmit
schemat i §"HiAwWatg s #EQRTSEL| Sordacy P €S ATk MR EEIINEH] &héaﬁ&hea@&cb@@@rgi e
prover. SAUFEEst%edeilotAls circuit may be nodified, or redesigned, as

requi redyby, Mto.satisfy the power requirenr.nts and conditions of
t he ot heghgg%rggnrmg ng,eigmi% :"Qéb‘ rsgi‘gﬁgg AT 2891 AEVE eOifERdis aydtem  punp
contactors, and punp speed controllers “fhe SSWFS)‘systems circuit, and

i s suitibin begn EarenaigarthpukarAPPlihGai0hobs dxBErsiLESRANSLDIJ Lty of the
CEM Fol PostivAgicaeerbrreadesetspbb 0y Bfodt DE cROMREG AREs GaP 13k NGiches

met hodol pgi eg utilized on the test nodel. Master Disconnect Switch. The
mast er df s Lt sed s THpdraidB bpep tretipmre@ryinitankitchom t he
apparat us. . The auxi|iary 12 volt DAt &1 1% futi%Edtetdded from the control
syst em bgis acgepasiat £i&et sofk60RHACHS 8oL N i AC,intTj, ne an

i nt er nal “rekay: dhsdonnechsarighe %Blgbl(nssg‘ E%%&%&%S’éﬁ:@t ,hgacf ital, ‘

di sconnegts the circuit System Power. fromthe control system This

condi ti off; TEHIEr St e grEdr divd efadlebpomiat esitbunct Foaswhen the

non- operational. “White t Ae™ Ehargdioots CBmMfcted-to a |ine source, the 4R
vol t battmer yehafgeandDgaks iaS21LECEH U I nyerter. The voltage
convert en dh@rfslIﬁné&%\f@iotpesﬁ%ﬁg%%ég%@&?&&fﬁéﬁe]@ﬁﬁﬁEE/:@E:tr§§é1 ¥ the
control | gRre&¥Rssyst em conponents. Note: To all-wte auxiliary bane y to

receive a mairoge‘wl Ji directly rnected tv the auxiliary battery when the
appar at M{:@%@lﬂcraéo;h@n?;};sbﬁ’-%‘h‘é‘ﬁnombeﬁ@le 14 noy Bev axénol e
circuit. Puumm Controf o P r - Relay™“™¥e punp control I er power relay
connect s ¢iveud8 rey@st= AHRPIghokea the hydraukic Hum, control ler and to the 48
volt battery sense |ine of the boomcontrol system This relay is

acti vat ed”3yPetie TignPevohAution rigustvapehilchvdds mekivat etk gty pOWEr up) .
This rel a3, SERIAPTY P8, 3t rErFI PRol* prievrereta8oy obtrand rismissekngnappl i ed to
t he boom control sysfém w t hout proper ground or power being suppliedto

t he contﬁwwrbgg%@cagog RLONLD Additionally, this relay
Wil be lshitndokie toid & ucespamadedca&ﬁ@ﬁleﬁggﬁmﬁgﬂ“Sf?‘%f’é%ﬁ"és/”f 53%fbb%r
reducti on node. .

Extend: requests are ignored whila condition “B¢ exists,

Retra?t: The retract function is aIWa93 allowed, however, the retract
gunctlon will be automatically activated if a main room down command is
issued while condition "B” exists. : '




Rvdraulirr Punp Contactor. The hydraulic punp notor and punp controller
supply cables are connected only when required for operation. The
hydraulic punp contactor is activated by. the control system When1 rAgéq%bgd
(stte operating database section for rules) Fuxi7.larv/EneraencV |
Ftydrnltlie Pum Contactor The auxiliary hydraulis punp nor.or supply
cable is connected only when required,{or operation. The auxiliary

hydraul i c punp contactor is activated by the control system when required
(see operstin, database section for rules) 1.Aug.2003 62 Envel ope Limt

Swi tchealOperation There are four limt switches which nonitor the position
of the begmealR@icthddl bnsWiLhes are connected to the controller, and are

i ncor por ated T nto the—TUute database—describing—the—apparatus—For

di agnost iToe ppbPoses cpeatdes| tdThtde8bd GB: Rasra kedyndant - GRALEGE, Wred to

t he cont FGN“E‘FCiO'ﬁhelﬂhl R cewtisithestaner dekiaods asefol kowaraddrui sd3eom)
Ancrle Li ﬁf;t“S ‘FCH‘SELTh@“nﬁ?q‘TaW% Pe“IOPFFIﬂt SWi tehimpsragére \rbat \whérver
the mai n JO0AL AIGLE £, 18w THErFqu °€é§ E Lo ’n’“’Bdo?ﬁ EXPEYRSFOn Li m t

l.:,

Swi t ch TRE.JIBLIL Qoamleaaaéluggeigt% % £eh. ach%aé’fwﬁi ?ﬁe""é’ﬁ e

t el escopirhg heQeibs ext:anded chess tha {ENCRESer 10 'tﬂa QoM LIACE ﬁ

Li mit Swistads. off e maisarLeowadledd aetaediohwnpta Stihel Shroald ENE dwhanaever the
mai n tel escopl ng boomis fully retracted, Jib Boom Angle Limt Switch The

jib boomc_gﬁ Fh’i“ienﬂt“é%ct EFRSERCTHC BFY €U YtTe RERsEEn tmhé jssheipgddacafticeths | ow
(1 ess thgp:, E ﬁ%@ﬁ?{é§“‘ﬁﬁ6° Rl f§ﬁ"t‘é‘l g“tl‘v&? [y 285 ddorist t> it ch,

The cradbgdy ggndtevesl\% Echil saies GHEd THE “Hafac Si‘)ﬁlvéﬁbablliaieﬁp BBt % e in

nmost down position. The stabili ty anal ysi's eval uated and determ ned by
Snor kel . TEn@Breerungbaestktscidda bheol nJuz0W Ng envel ope requi renents and
limtati ons on certain boom funlctions: Cori dition Defined as the
conditio e‘%Fﬁ;F = ot low and the boomis extended |ess than 33
i nches. |h U, M%'e‘i tem gred while condition A exists. Jib Down:
Jib Down function is always a oweH owever:““tHe jib will automatically
be activated gdowaidtfonn h@mmt ract conmand is issued while condition "A"

exi sts. Uovdi dvtont "BUiqaEXTEND) Defined as the condition when thr main boom
angl e i s*ifovednthwhersrar Pt vodext endetanore than 33 inches. Extend:

requests are ign g%d V\/Q) Iie gondl tion "B" exists. Retract: The retract
functionpdss. a&@%&ﬂg@?‘ﬁomver the retract function wll he
aut omat i ealel YseaChidrak Qfnk facan RN RAAM.AQWN . 6AMMAL: Sa. isgsued while

condi tion "B'wikexistosnd HoAugi28034 63 Syistaam Suaed eas and Rul es The
appar at us_oper at es to a defined set of rules. The rule database, in
conj unctf)'ifﬂ = #2n controller variables (refer to database

SC: data riab
sect i On)Rula: ase variable

set when ground up low speed switch and ground mode or
when ground up hi speed switch and ground mode

Ttem: Ground Up or Ground Down Variable
Desc: database variable
Rule: set when ground up variable set or ground down variable set

Item: Blatform Station Do Variable
Desc: database wvariable
Rule: sat when boom joystick down switch and platform meda

Item: Blatform Statjon Up VYariable
Desc: database wvariable
Rule: when boom joystick uvp switch and platform mode

ltem: Plabform Uo gr Platform Down Variable
Desc: database variable
Rule: set when Platform Up variable cet or Platformn Down variable set




defines piecisely the operation of the machine. It is inperative that
before machine design is inplenented, that the operational rules be
explicitly defined by the CEM that is, the rule base nust be devgel Qg%opy
a person who possesses a full, exact under standi ng of the nmachi ne ‘an

it must function. The exceptron to this is the machine specific functions
that are beyond the scope of the discrgte Boolean relationships available
through the database. The machine specific functions are custom program
nodul es enbedded |nto the control system and are called system vi rtual

out put Modu M 3 . ‘
set dat abésé”w&m%mmg_eha: the dat abase devel oper has access to the
VOM The :ﬁ%{?ﬁdf‘iﬁb ‘béfsé“ibsedefl ned as !'allows: Item GCS G ound Mbde LED
Desc: output- i fdi CatdrR%eve/dar™ \Aﬁe’nabsﬁsieérﬁg?btﬁffd“hd’déd% tTH=2P% et ve.

ltem GCS RLat EPJLHHM&&BC;%C;;%&CWIQ%QE i ndi cator Rule;, set when system
pl atf orm megle bscad6td Vveridohem oun wn variable Desc: database

vari abl e Rule: ssethwherogiiound ceioune 16w spee .St cha aRduwgr psndpade or
when ground do@FPHiE TFéetkvsad thehspand gr-bundndedenrddt eme G ound Uo Vari abl e

Desc: dat qpaseG;/nqurdatil e RuI e: t when groundup | ow speed switch and ground
node or ; 1 itch and ground node Item G ound Vi) or
G ound DowgydagdA i-éh cdqttgg@spoﬂvg iable Rule, set when ground up

vari abl e set ogr chmwlgcrdawe Mak bRl 8iset dnbiefio Rl abiorm tation Dow

Vari abl e Desc; dat abase vari abl e Pul e: set when boomjoystick down swtch
and pl atfc‘iF‘h‘\ nd Riphtatoram Sfaatipipie Up Vari abl e Desc: dat abase
variabl e Ej%: 3066 TAEbYstick up switch and platform made Item
~lat.form Un 'o RT3 onol ck%[’gje all7é; Pest" °Bat abase variable Pul e: set

bl
when Pl atform p varrabTe set or Platform.

orm Down variabl e set 1.Aug.2003 64
ltem Up orenDoma:Y¥ea- abl @Q;[aesew;dgt‘aba&ﬁevarl abl e Rule: set when ground
Up/ Down vaticabfasakets m*:-pbaet form up/down variable set Item G ound

Count er - CROkWISE Riarfem 6-Dest isdardhal 268 nlarfabledRul e: set when ground

c-cl ockw sg | ow.speed Vglt”Ch n ound node or ground c-cl ockwi se hi
e e 2l WL SPERA AL EN 804 01,

Fule: set whan pla form clockwise switeh and platform mode

Item: Platform Left/Right (CC-CW) Variable

Desc: database variable

Rule: set when platform clockwigs variable set or
rlacform countar clockwise variable sat

Item: Clockwige Counter-Clockwise vVariable
Dese: database variable
Rule: when ground left/right variable sct or platform left/right variabls sat

Item: Ground Legft/Right High Spesd Variable

Desc: database variable

Rule: set when ground clockwise high switch and ground mode or
ground counter-clockwise high gwitch and ground mode

Icewm: Ground Laft/Bight Tow Speed Variable

Desc: database variable
Rule: set when ground clockwise low switch and ground mode Ox
ground counter-clockwise low switch and ground mode

Item: Ground Wo/Dy Hi Spead Variabls

Desc: database variable

Rule: set when ground down high switch and ground mode or
ground up high switch and grzund mode

Item: Ground Un/DPn Low Sread Variable

Desc: dacabase variable

Rule: whzn ground down low switch and ground mode or
ground up low switch and ground mode




Item G ound C ockw se Variable Desc: database variable Rule: set when
ground cl ockwi se | ow speed switch and ground node or ground cl ockw se hi
speed switch and ground node Item Gound Left/R ght (CC-Ow) Variaphe 2003
Desc: dat abase variable Rule: set when ground cl ockw se vari abl e sefo‘
ground counter clockw se variable set Item Platform Counter-C ockw se
vari abl e Desc: database variable Pule: when platformc-clockw se switch
and pjatforn node Item Platform ckwi se Vari able Desc: database

vari abl e Rul e: set when platformclFockwi se switch and platformnode Item
platformLeft./Rrrht (CC-Crt) Variable Desc: database variable Rule: set

when platformc se var) abl eset or platformcounter clockw se

vari abl %eggt "ﬁﬂbg i fatd ol % e r-Cl ockwi se Variable Desc: database
vari abl euPul gac \Maean 586 QNG At 4 /hngxgbbeycaroraj}benscefuamgﬁcatufgmr moedeeft/right
vari able set. Item, G—ound Left/Ri ght Hi gh Sneed Variabl e Desc: database
vari abl g;RuM hér .4 AXA S ockwi se high switch-and ground node or
ground ARt PEE aﬁ%k switch an n Ground

Lef t/ R gtit® LBW‘Sﬁé%‘H‘d\/é‘f/fia‘B}é DEgEs 8§t5a‘r?gr§dglfvgtrl a A %?r@e set when ground
cl ockw sg L Qw.sw.t &h.and ground made or ground count er-cl ockw se | ow
switch and ground node Item G ound Uo/Dn H Speed Variable Desc: database
vari abl etRul eucsatcssherrgreind down hi gh switch and ground node or ground
up hi gh bswft ehiswrdvapiesrd node | temy G ound Up/Dr C% %r}:%" Var.i ahl e,

Desc: aFt“ébaé’ée‘ilé‘ﬂ’hBP%f“ RAY €7 9hhei™gr Bt dEwn™T off §round  rode

or gr OuﬂgmURuLOWe@MctcCéhﬂ@q/aQE&‘iQd mode 1. Aug. 2003 65 Item G ound Hi gh
Soced Vagelsgbml able . Rule: set when ground up/down

hi gh spete Orhgt Gusckal efdo/ righte hhghospesd (dyemem Graundeliow vSpeed=Nari abl e
Desc: dat abase varia}~le Rule: when ground up/down | ow speed or ground

,Ieft/n@ﬂ‘““i dpis Sae RREEW-Sect i on Rul es

outpubt

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

Item: Main Bocm Extend

Desc; output

Rule: when pansl request for extend and (ground up switch or platform up
switch) but not whan auto retract enabled.

Item: GCS Main Boom Extensicn LED

Dasc: output

Pule: when panel request for extend or {(auto retract enabled and up/down
switch pressed)

Item: Main Boom Lift Down

Desc: outputbt

Rule: when panel reguest for 1lift and (ground down switch or platform down
gswitch) but not if auto retract enabled

Item: Main Boom Lift Up

Desc: output

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

Icem: GCS Main BPoom Lift LED
Desc: output
Rule: when panel reguest for lift

Item: PCS Main Boom Lift LED
Desc: output
Rule: when panel request for 1lift

Item: Auto Jib Boom Down
Dasc: database variable
Rule: when jib boom angle is high and exctended less than 33 inches.




Item Auto Retract Request Desc: systemvariable Rule: when nmain boom | ow
angle limt switch and not retracted 33" |limt swtch Item Auto Retract
Blink Variable Desc: database variable Rule: when systemauto rety ﬂﬁ%eznos
vari abl e and (systemoutput blink variable) Item Min Boom Retract ScC:
out put Rul e: when panel request for extend and (ground down swi tch or

pl atformdown switch) or (when auto retract enabled and main boomlifting
down) but not when automatically lowering jib into safety zone. Item Min

Boom Extend Desc: output Rule: when Bénel request for extend and (ground
up switch 1 en auto retract enabled.. Item

GCCS Mai n Boem ExbeRsinopoydnED Desc: out put Rul e: when panel request for
extend or (°F6t ccwertract switch pressed) enabl ed and up/down Item Main
Boom Li ft DOyr ;"hBé§tf‘.ne’o \ gmsm@%:ﬂmmn‘memd Heguesitdhorod i filawmmeen (@weund
down swit ch of 'pfatfsP MG P 8vitchytobikt Berm Pewmrboiabdtract enabl ed |tem
Mai N Boom 1slafit y%’_)_&pe%c out put Pul e: when panel request for lift and
(ground upreswt tamBp@y platformup switch) Item GCS Main Boom Lift LED
Desc; out gte Rwhen pahen rpanele reqyestanholgbifd (Lt P i Lifc LED
DeOc: cutout Rdee:nashérrnpawe jtlecpuestdof«ﬁ)riak—ia‘bte §frﬁr K%M%}“E“%%gm Down
Desc: dat allgagec\égr},abl e Rule: when jib boomangle is high and extended | ess
than 33 inghes . i Afg=2003 66 Item Jib Boom Down Desc: output Rule: when
panel request. f;QJ&ezj Lb,and £groynd down switch or platformdown Switch) or
when retracting and auto ji boom down variable set Item Jib. Bpom Up

Desc out putedulees sshermdpanel request for jib and (ground up sw or platform

up SVW Desc: ocutput
Rule: when panel request for jib

Item: platform Level Down
Dasc: output

48 and round i
Rule wliiern anal bl Or Vel QW (g ocun dowﬂ Sﬂltch or plaCECT-HI

Item: Platform Level Uo

Resc: outpub

Rule: when pansl requast fox level up and (ground up switeh oz platform
up switch)

Item;: GCS Platform Lavel LED

Desc: output
Rule: when panel request for platform level

Item: PCS Platform Level LED
Dasc: output
Rule: when panel request for platform level

Item: Riser Boom Dowi
Dasc: output
Rule: when panel request for riser and (ground down sw or platform down sw)

Item: Riger Boom Up

Desc: output
Rule: when panel request for risar and (ground down sw or platform down sw)

Item: GCS Riser Boom LED

Desc¢: output
Rule: when panel request for platform lavel

Item: PCS Riser Boom LED
Desc: output
Rule: when panal request for. platform lavel

Itew: Plakform Rotate Countar clockwisae

Desc: output
D N
Pule: when panel request for rotate and (ground ccw sw or platform ccw sw)




but not when auto jib boom down variable set Item GCS Jib Led Desc
out put Rule: panel request for jib Item RCS Jib Led Desc: output Rule:
when panel request for jib Item PlatformLevel Down Desc: output, 3' 03
when panhel request for level dowx and (ground down switch) down sw or
platformltem PlatformLevel U o Desc: output Rule: when panel request
for level up and (ground up switch &7 platform up switch) Item GCS
Platform Level LED Desc : output T Rule: when panel request for platform
level Item PCS PlatformLlevel -LET) Desc: output Rule: when panel request
for pl até E‘mélgzg %t?g @'Oggg. Boam p_gwzl Desc: output Rule: when panel
request gk, rd.egke an groun own sw or platformdown sw) Item Ri ser Boom
Up DescCiul@utyped fRuke rewhan panebtiwquestiofanardser angi(goourd down |tem
GCS Ri ser Boom LED Desc out put Rul e: when panel request for platform

| evel [¥em E23RlaRiemy RGOS v"’l DeSC' out put Rule : when panel request

for. pl a‘iefsér rﬂ“r’é“éfel Ite': ; form Rotate Counter clockwise Desc:

out put W&@éﬁa “@i’ﬁ'gﬁ:e:ciléé Empflﬁ?fc’lr%tré’tc% %nd (ground sw or platform down
SwW) ccw \@,/co Aug. 2003 67 Item Platform Rotate

Cl ockwi s;axleDe,&en &nguteq&utefoymtmﬂeéogeaquest for rotate and (ground cw
sw or platformcw svv) Item GCS Platform Rotate LE Desc: out put

Item: Bod wina jo wi

begc: oukput

Rule: when panel resquest for body swing and (ground cew sw or platform ccw sw)

Item: Body Swing Clockwise
Dasc: output .
Rule: whan panel request for body swing and (ground cw sw or platform cw sw)

Item: GGS Bodvy Swing LED
Dege¢: output
Pule: when panel request for body swing

Itém: PCS Body Swing LED
Desc: output
Rula: when panel regqueat for body swing

Ivem: Icqpition-2 Outpubt
Desc: gutput
Rule: set when the controller is powered up

Drive Cogtrol Rules

Item: Drive Command Signal 1

Desc: output

Rule: joystick drive switeh A and not joystzck drive switch B
but only when
.the foot swiktch is active and not in emergency power mode

Ttem: Drive Command Signal 2
Desc: output
Fule: joystick driwve switch A or joy”tlck drive sw;tch B
but only when
the foot switch is active and not in emergency power mode

Item: Vehicle Motion
Desc: database variable
Rule: when any drive =ignal active

Item: High Drive Rangs

Desc: output

Rula: when (panel request high drive and platform mode) and (boom is cradled
and fully retracted)
but only when tha foot switch is active.




Rul e: when panel request for platformrotate Item PCS Platform Rotate LED
Desc: output Rul e: when panel request for platformrotate item Body Sw ng
counter clockw se Desc: output Rule: when panel request for body 4 SY\"bd;
(ground ccw sw or platformccw sw) Item Body swing C ockwi se Desc ut put
Rul e: when panel request for body swing and (ground cw aw or platozm cw
sw) Item GCS Body Swing LED Desc: output Rule: when panel request for
body swing Item PCS Body Swi ne LED6®esc: output Rul e: when panel request
for body swing Item lcrnition-2 Qutput Desc: output Rule; set when the
controller is powered up Drive Control Rules Item Drive Comand Si gnal 1
Desc: outrguf Rul'e. [ OQystTcKk_drive switcir A andnot—joystitkdriveswtch 8
but onIyD@gn‘iﬁg#%fE?vﬁg{*ch is active and not in enmergency power node
[tem DrigVi€e Cgmgdg§|agn§g ndiveDeoc: output Rule: joystick drive switch A or
joystick drive switch B but only when the foot switch is active and not in
ener gencyspauaecivadin vemapMehi cl e Motion Desc: database variable Rule
when any drlve signal active Item H gh Drive Range Desc: output Rule:
when (paf8f Tetfiesy %“ ‘hf di}are 28 ¢t pHerefor i nley s\dndiq boomd:st ioradtied  and
fully retsggjptvggj ROLS SMTS” WRETUE HESF ft7 SWiFCir PSEdet i Ve, VLA 200368
Item PCS H gh Range LED Desc: output Rule: Wien H gh Range Drive Val ve
Acti vati arenvapisebey khead-0bi0ubng set of rules are utilized only to result
in one e@eat: oscabhicharsals a variable which i3 true when any valve is
active, FhE:vHrirablartpsn xApgte clockwise or platform rotate counter-clockwise

Item: Bady Swing Variable
D2sc: database wvariabla
Rule: when swing clockwise or swing counter-clockwise

Item: Swing/Rotate Variable

Dasc: database variable
Rule: when platform rotate variable or body swing wvariabla

Icem: Retract/Extend Variable
Pesc: database wvariable
Rule: when retract valve active or extend valve active

Item: Swing/Rotate/Retract/Extend Variable -
Dasc: database variable
Rule: when retract or extend variable or
platform rotatse variable or body swing variable

Item: Jib Down/Lift Down Variable
Desc: database variable
Rule: when jib down function or lift down Ffunction

Item: Jib Up/Lift Up Variable
Desc: database variable
Rule: jib up function or main lift up Ffunction

Item: Level Variable
Desc: database variable
Rule: when level up function or level down function

Item: Jib-down/Lift-Down/Level Variable
Desgc: database variable
Rule: when level variable set or jib down/lift down variable set

Item: Lift/Jib/Level Variable
Dg3c: database variable
Rule: when level variable or jibvariable or lift wvariable set

Item: Riser Variable
Desc: database variable
Rule: sekt with either rissr up or riser down valve




Boom Val ve Active Item Platform Rotate Va'iablp Desc: database variable
Rul e: when platformrotate clockw se or platformrotate counter-clockw se
Item Flody Swing Variable Desc: database variable Rule: when swiyng,  sgp3
cl ockwi se o.r swing counter-clockw se |Lem Sww, ng/Rotates Variable bésc
dat abase variable Rule: when platform rot ate variabl,p. or body sw ng
variable Item Retract/Extend Varialf% Desc: dat abase vari abl e Pul e: when
retract valve active or extend valve active Item

Swi ng/ RotatelRetract/Extend Variable Desc. database variable Pule, when
retract areextens:Aattanbeeiplatformrotate variable or body sw ng

vari abl e peptemnedhalge DowmAbid t Down Vari abl e Desc: dat abase variable Rul e:
when j i b F8d%n sPEGER oYl 11 (MEEE dower founttiedbmdtiemEudéddetp/ Li ft Up Vari abl e
Desc: dat abase variable Pule: jib up function or main lift up function

Item Level V %E | akl, g Vang gg% abase variable Rule: when level up function
or |evel pdown gL LGE b-down/ Li ft-Down /revel Variable Desc:

dat abase ruai ahbe sRuhe o WAAT ck eyek o vaki Al exsBh OF 1k D OB/ o) ifie AN
vari abl e set heesm chhddibdidy heyvele Vari abl e Dear: dat abase vari abl e Rul e:
when | evel var| able or ji bvar| abI e or I ift variable.set Item Riser

Vari abl e Begaggd swith either riser up or riser

down val ve. 1. AugI %003 69_ltem Rlser/Ll le b/L,r veI Desc: dat abase
vari abl e %ewﬁgﬁ%ﬁﬁww motion function Item
Any BoomgVal Vehdcti Ve ueSti Halabass var.ahles., Rik ek When. SWNg. 0L, 5o at e

or retract or aextend &ickhft or jib or riser or evel functi'on 1s active

Boom and Speed Controller Speed TrimlInputs Item Full Sneed Al owed (no
boom speédet v Hahiggyed Allowed (hoom soeed trimmed to 50%)

Desc: system command

Rule: when jib up or main up valve

Item: Quarter Sveed Allowed
Desc: system.command
Rule: when not £ull spesad allowed and not half spead allowad

Item: Hydraulic Pumo Siapnal

Desc: output (interlocked)

Rule: when any boom function valve and not em=rgency pump mode or
brake releasae pressure low and foot swibch is active

Emgzrgency / Auxiliarv Uowezr Control

Item: Stesy vVariabls

Desc: databasae variable

Rule: when drive joystick steer right or drive joystick stear left
but only when foot switch active

Item:; Auxiliary Hydraulic Pump Relav

Deac: output
Pule: when steer variable or (amergency mode and any boom valve wvariable)

Item: Etee; Left Function
Desc: output
Rule: when platform foot switch and drive joystick stesr lefc

Item: Steer Right Function
Dasc: oukput

Pule: when platform foot switch and drive joystick steer right

Ttem: GS Emergency Power LED
Casc: output
Rulzs: when emargency mode varlable szet and ground mede or platform g-pwr LED

Item: PCS Emexrgency Pgwer LED
Desc: outpucg
Rule: when emergancy mode variable set and platform mode or ground e-pwr LED




Desc: system conmand Rul e: when riser up, extend or retract val ves or
(brake rel ease pressure low and foot switch) Item Half Speed Al |l owed
(boom speed trimed to So% Desc: system conmand Rule: when jib \L,ﬁ/_\%_zmn
up valve Item Quarter Sneed Allowed Desc: system conmand Rul e: en” not
full speed allowed and not half speed allowed Item F}ciraulic Puma Signal
Desc: output (interlocked) Rule: when agy boom function valve and not
energency punp node or brake rel ease pressure |ow and foot switch is
active Energency / Au xiliarv Power control Item Steer Variable Desc:
dat abase varjahl e RUIe Wienm drivejoystiek—steerright or drive joystick
steer | ef tnesbuts QOIS = veEpknigcHaiet i ve Item Auxiliary Hydraulic Punp
Sel ay Deswila: GubpuiuRul g teer _variable or (energency node and any
boom val ve vari abl e) Itenm \é\ét;l‘g!g?gfé’ t¥'FEnBE i%6A *BeSee™ wiitvput Rul e: when
pl at f or m £B6kinpniis rinandhadr AMeni oysti ck steer left Item Steer Right
Functi on é@é‘gbfﬁ@%ﬁ%{ﬂ Rul e: when platformfoot switch and drive joystick
st eer riglﬁglilgg;ﬁ@‘l nergency Power LED pesc: output Rule: when
emer gency node vari agTexg‘e “&qnd“grbund node or platforme-pw LED Item PCS
Enerce: cytPowetrd BDy-Desc: out put Rul e: when energency node vari abl e set
and pl at f Bf¥A:nmpdewsr ground e-pw LED 1. Aug. 2003 70 |Item Eneraenc~powpi
Diverti| v8*De8% deutlpowi R and wWoersauxili ALy (emergency) punp Machi ne
Warnings And Alarns Item Horn Relav Desc’ - outpbf Rul e; when platform horn
switch | &R Ho3ien Desc: output Rule: on and

H utput .

. Rule: any boom wvalve or driva function

Item: Chirp Alere

Desc: ourput
Rule: '
when system control system requests function chirp

Y¥ode Error =
a—— ig:;;ii Ezc?'nOdE has the ability to report its error status to
cyotom eon © statusm: u z. The mas:er‘control module will also report the
ground fo pogsatus Cz E'e netwofk devices. The platform i/o node and tﬁe
Status an rocas fronhlgured with displays which will display the error

X m the MCM.,

Node EerLS. Ih_ -
Q fOllOWlllg Cl‘a.’t ists tb.e STrXo Q ha tl Suppor ted b
A2 A0 l r r c des curren y )'a

ERROR _ DESCRIPTION

9601 MCM - PLATFORM NOT PRESENT (NG COM

888§ mgm - BOOM JOYSTICK NOT PRESENT (NO)COM)

2003 M - GROUND SWITCHES NOT PRESENT (NG GO
MCM - BOOM CRADLED SWiTCH ERROR '

0005 MCM - BOOM ANGLE SWITCH ERROR

0003 MCM - EXTENSION SWITCH ERROR

0007 MCM - RETRACTED SWITCH ERROR

0008 MCM - JIB ANGLE SWITCH ERROR

0603 MCM - DRIVER ERROR —

882? MCM - TILT ALARM WARNING

] MCM — INCONSISTENT S ~

2308 GROUND 1/O - SWiTeH A%ng STATES

;ggg ggggm /O - LLEGAL SWITCH COMBINATION

2307 ND I/0 - COMMUNICATIONS ERRGR
BOOM JOYSTICK - NOT CENTERED AT BOT

1784 BOOM JOYSTICK - OUT OF RANGE

:gga BOOM JOYSTICK - MULTI AXIS DETEGTED

25517 gg\onﬁ JOYSTICK - COMMUNICATIONS ERRGR

L P TFORM /0 - SWITCH AT BOS

2557 ; E:I;:ORM IO - TLLEGAL SWITCH COMBINATION

2563 ORM I/O - DRIVE JOYSTICK AGTIVE ATFO0

5 PLATFORM /O - COMMUNICATIONS ERROR




Any boom valve n?5 19Yel 5 KiLCh and I1OL t cradled switch Item Mtion
Alarm Desc: output Rule: any boomvalve or drive function Item Chi r

Al ert Desc: output Rule: when systemcontrol systemrequests fu.- 4)%03
chirp Node Error Status, Each node has the ability to report its erro
status to the master control nodule. The master control nodule will also

report the systemerror status to the twork devices. The platformi/o
node and the ground i/o node are configured with displays which wll

di spl ay tiheaenseragkabys: as reported fromthe MG M Node Errors. The
follow ng chart lists the error codes currently supported by the system
ERROR DESCRI PTI ON 0001 |V-VI -PLATFORM NOT PRESENT ( On NO EOM) 17 7

RR/' RA rr-a. ]ogggsamg,mogkvg)ggdna%s Yo ARV HHE HHESENT(NO) MCM . GROUND SW TCHES
NOT PRE SENT (NO E 04" M MCM - BOOM AN W/uo MM -
EXTENS| O UUU[“NEBM RETRACT 0006 DU MEM - 31 B AN e oL =) SW TCH ERRCR
GLE SW TCH ERRQR AW TCFi ERROR ED SW TCH ERROR LE SWTCH MM - DRI VER
ERROR ERROR uul U MOM TI LTALA 2306 UULL MM, | NCONSI STENT SW TCH STATES
2305 GROUND | #EP0mM SRRTRSHN A Th AOG GROUND e /A@SaCOVMVUL * | | CATI ONS ERROR 1793

BOOy JOYSTI CKy hydraulic system for moving the boom sections; and
a boom control for controlling the hydraulic gystem in response to operator input to
mave boom scctions in accordance with the operator input, said boom control comprising:
a first control module on the buse responsive to an operator for providing
boom motion commands for cansing tha boom to move in a desired direction;

10 a second control module on the platform responsive to an operator for
providing boom motion commands for causing the boom to move in a desired ‘
direclion; and

a controller area network interconnecting the first module control module and

the second control module.

2. The apparatus of claim 1 wherein the boom control includes @ microprocessar

programmable with parameters which control operation of the apparatus.

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

paramcters which define an cnvelope within which the boom is permitted to aperate;

oo o __.__parameters which cause the boom to aulomatically retract in certain positions in

5 response to certain operator requested actions;
parameters which define ramping up speeds or ramping down speeds of boom
movement,
parameters which define sequential functions of the boom;
parameters which define gsimultaneous tunctions of the hoam; or
10 - parameters which define time periods based on the status of various switches during

which time periods the boom is permitted to operate.



RM WARNI NG GROU. N D 1/ O COVB | NATI OP! 307 1794 BOOM JOYSTICK - OQUT OF 1795
BOOM JOYSTI CK 1807 BOOM NS ERROR 2562 PLATFORM | /O - | LLEGAL SW TCH

COVBI NATI ON 2563 LTFORfvl I/0O - DRI VE JOYSTI CK ACTI VE AT PCC 25715Aug 9003
PLATFORM O - COMMUNI CATI ONS ERROR JOYSTI CK COMMUN 2561 PLATFORM |/ O -%°
SWTCH AT POC.- NOT' CENTERED AT POC - MJULTI AXI'S DETECTED | LLEGAL SW TCH
RANGE EOM 1. Aug. 2003 71 WHAT IS CLAI MED7ES: 1.. An aerial work apparatus
conpri si ng: %..?gse; a platégrnl a boom connecting the platformand the
base; 5 a hydradii®@PRatis mt pisin dovhsignthebosse A cransscsandnaclopor s
control ftestrdatsaplising: t he hydraulic systemin response to operator input
to renove boom sections in accordance W th the operator input, said boors
control conpr PEPRGOR d5ISFIOF SYPIEUERS ) Ciiryl dPTeleirting & Prsigen pé thsdwsmasctiensan
oper at or of ebripplarith Rga NP1 FeHEBRESlzor causing the boomto nove in
a degsired direct”gn' .l%%.a second control npdule on the platform _
responsi ve t o *EFEFRR dimitdtion spProutes PrliBvEfPHBRiNIn b AarISonEe! Benm briget he:

boom t 0 powédddnoahdigEir@it sytiehBehéiOfhe p3Eid o dEQBLF Altr&lt RIS 2108 WREdbtes
the first nodul e control nodul e and the second control

i nt erconpect.in

modul e. i %‘Wé%am%w&@naf U Bpam $o3kied 81 Workal«ooractuiviete Bie Hosdtlondésha

M CT Opr Ob%SAil] exPEQUIAETRIIDE 1it WhBdb A FRl & 810B0 LG SRPIIERL 1RSI A drofy il the
apparatus. 3. The apgaratus‘of claim?2 wherein the paraneters 1 nclude one
or nore BPOFRIjEctions or work platform relative to the position of the base to within a predefined

10 region.

5. The apparatus of claim 1 wherein said boom control compriscs:
a4 boom section select swilch response to operator input for selecting one of the
plurality of boom sections to be moved;
a boom motion input switch response to operator input for providing a hoom
5 direction signal indicative of a desired diraction of boom motion for the selected
boom scction to be moved and providing a desired boom speed; and
4 boom ramping controller, responsive Lo the boom section select switch wnd
boom motion input switch, for controlling the hydraulic system to move the selected
boom section in accordance with the hoom direction signal, said boom ramping
10 controller adapted to causc the hydraulic system to move the sclected boom section at
a varying velocily which does not exceed ¢ presel maximum velocily so that the boom

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

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

S ILsponse Lo a previous aperalor requesied movement.



foll owi ng: paraneters which dclino an envel ope within which the boomis
permtted to operate; paraneters which cause the boomto automatically
retract in certain positions in 5 response to certain operator req'uciﬁﬁ %03
actions; paraneters which define ranping up speeds or ranping down —°°
speeds. of boom novenent; paraneters which define sequential functions of
t.he boons; paraneters whicli deli to irzrrultaneous tiinctions of'the 1)oom
or 1 b paraneters which de fide tine péefiods based on the status of various
swi t ches dur kng..'Whi ti-ae..nerj.ods. i Lmtted to operate.

1. Aug. 2003 72' %.“e?}%@é“ggété’?a ﬁg%o 19%13‘&%?3&%@%?%%?%@“8'00m control

conpri ses anaeafest ppeocutoont cotdieforconproriag ngoratdrposit ripnstitat Betor

subrout i or circuit for.detecting a position of. the boom sections .or
vork pl SRinlalah b Pl b EhomanRsR i HiReBink 5 B, B e

l'i m t at boomstdwrenent frethe evetnigditieré bis barhinbi dpefigortifiputhe@restinnbsah si gnal
being R ovi ded toﬁ_t_he_ h%dr aul i c system when the position detector

subr out MRYEOFLRF AT HaPTi%d ™ that the detected position of -the boom
sections or wWiok/epbalel i i@icdricheus SolfieniRRfiotd Rt inpiieo thRASRMebhtraxceed
an envelope |limt whereby the_envel ope controller limts the position of

. y ) :
the booriP§@eYHIY CHFURHKICHraitrel Arcelvaing depyorengebvhsphedbweRstase to
Wi thin guiRbGe! 6Meui ML &H QA eraor (FHR BRRAE Y S Fhal BodndhiffeGlefiogai d
boom control conprises: a boom section select swtch response to operator
i nput for selecting one of the plurality of boomsections to be noved; a
boom noti on ighput ..SWwh tGC ( oy o] gl f =V di boom 5
directi on si oot eI b ESRR 1R Ruhe RE Shitter A bR B BB, 7T
sel ect edroolnoompsisitg aoplutaditipef tavwe sectinds, pripdidilingystcid st medingababspeed; and

a boomr i.n ptrol.ler. re si,ve to the boom sectjon select swtch and
boom Mot O DN R, SHREPREORY 1551 190 “e® RORRPRG (B B9QT el PPinove t he
sel ect edonbaldbr seetdigna booraceatrslangal v tha Hyswlioemtehy Bebbon cdngdhtigndai d
boam r anpi ng,.10 cantjol] cr adapted to cause.the hydrauljc systemto nove
the sel GETBRIBE I Beke s SYaEm B <oy mEHvePLRIFTF P FALEboRE SESteRRd o
preset MEXédVdIBp¥RbACHIY cSApHBRAE: t he boom accelerates at a preset rate from
zero velocity to the desired velocity. 6. The apparatus of claim | wherein

sai d boom corthositiopgetrgigssubropbng g utiar deigeiga Rasitioprfdhs Ports SerHaNei al | y

move t hey RIAEHTat B 908 APE! Al tid GRS LAY, fmvenent to the next operator
request ed novenent or to simnultaneously nove tht: boomin a second

di rection i n #nosiivndimitationsmbraygies ar eircyiefpn idteitingthedrasm caiidl elgnhebdiom i s
Cmoyg ng i [ | Jopa LAl I r P ATy . 2003
7300 o R ARkl P R BT LA BN Rl o SRR TP PR oS

saf ety shiirtibudétemedpostiorcof the boommoetidraror vgrio platiatorelaipute th@pusison ofitieboom

novenent,, for preventing th oom control fromrespondi t 0..oper-at or
Mput 1 CalE g BlecBf BN AOR IR PR RGBT b Rond L RNERRL B9 sl Rk
oper at orboonpasttisequressrk pdathesnchtive vertiefosftion od td Yasé (d wiBinpepiedefinaind

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 cxtendible
section when the operator provides an input which requests movement of the boom sections
or work platform outside the predefined region thereby maintaining the work platform within

the predefined region.



a power saver subroutine or circuit for nonitaiing operator input to the
boom control, said power savct subroutine or circuit deactivating the boom
control when the power saver subroutine or Circuit detects no opgr ﬂﬁ&)rzom
input to the boomcontrol for a second tine period. 8. An envelope
controller suitable For use with an aerial work platformhaving a boom
conprising a plurality of boom secti on? a hydraulic systemfor noving the
boom sections, a work platform suppor %d by the boom a base supporting

t he boom a Om.. .. rol for. peovi ding. oom.control _signal to the
hydrau 16 syagere FRRhgesl Bl oVbe: Bl LORTL AR Eonp Ry ar aul o
systemto control arebiosctdn ssdect ofvittheespbnse ad bparatof inpaofor selettimnse oftthe
envel ope cont E&L"erof%?)”ﬁ” Stiq[}ﬁ: g osi tion detector subroutine or circuit
for detectind B oS EPEH sGFHAC BEBIEScti ons or work platformrel ative to
a position oFthe himem antoRipassvitdirekionss & opfatstippoifior pvidingh bebit f or
i nhi biting the boom.contrQl .siggal hei n 10 provided to_the h draAJI iCc

syst em when _Fféotﬂﬁ‘ssi*g’i‘%ﬁ‘dd@tﬂé(é' Fdsﬂlﬁdcﬁ(g‘ief’%@"é bogn} pigiien if‘?fcﬁ’?:_élé"ée that the
det ect ed posibbb@Mscltiod BeNANBISBAtONEingls MBIE: Rhdt ERIH 4R ative to the
position of the base will exceed_an envelope |imt whereby the envel ope
control ler |inmts abpenpasrinheenioliehaesppanng wake beers sestionorelech’ vatdhome

rel ative to 36 NB5HLdAR ihut SHED AT oMdth B nFaRl RIS IACH mbeot@n. 9. The
controll'er of claima él?%ll n tﬁe’qgo%m.gectl ons%c.u es_ an er>?t engill bl e
section and stlgetefdrowoagiidnsinrgeardarmetvathy tae baom drebtigusignd, sriddiopui t f or
refgacting the.e: Lol e {0 . provide [

whh request S obeaant  SadiEh |EOEER R ABRLALE L REpL SR ERd I |1
predefined r egitom dtharghyg nelbeitawhichgiobhrotwardeda @edod nmxuntihivelocitheo that
predefined region. 1.Aug.2003 74 10. The apparatus of claim 8 whd4roln said
boom cont r ol %%%ﬁ%‘f"? §‘é‘s“,&lgﬁl"f)6‘0%?%%%1‘-?%1‘0&&%&’ “}%\#3{ E‘]n&’f” éﬁﬁ%’ svém\[,g(;tybper at or

i nput for selecting one of the plurality of boom sections to be noved;, a
boom notion inp switch response to operator input,for providing a boom 5
i rection i drial hemPEES L SO & R SaIIPBLETER 5roBRBA P O for t he

sel ect ediydkROBseLEhIO Beduen BRIy RYRIHA Mol Bh GhB 8p@alde siduesebpRrmpred, and
a boomranping controller, responsive to the boom section select switch and

boom notPFOAEH PACHRHE BISHH S Versht QALY TanagshBORg HihAontind e t o nove
the selgehech RARPRSSL AMopcBn8oe hGaRCRo Wk dht WAB1 RO [86bYviaR isi gnal ,
said boom | O ranping controller adapted to cause the hydraulic systemto
novE t hEesenETIOSPTIIBoHS OBBePT mauestelmpa¢emimg vel oci ty whi ch does not exceed
a. preset maximumvelocity so that the boom accelerates at a preset rate
fromzero velocity to the desired velocity. 11. The apparatus of claimg
wher ei n sai d Bodhhecapptradis afslandpebeetnahe bose cohieo! thylddesul i ¢ systemto

sequentially npve the boom from qone operator requested novenent to the
next operator® ?&g‘gﬁég}?ré’ﬁg%gre‘r@?ﬁt 8?@5@%?&”5%@*0‘6}&?&}%?? mnﬁg&goom in a
second mbyvesdd and Ut gresndng ed@oancQp®l &oor resRqidest tebpomvaiemit reduickeng he
boom i s novi ng in 5.response.to.a '%\éi‘gus oper at or requgez,t ed noverment. 12.
The appat S SFHERtR B KRR HEreiE PEFbM° LREPDIPHhEHHERNES P08t et y

subf out | mevafiertifsiCdfitst figle pyEIBEL@di Ng operator input requesting boom
-nmovenent and for preventing the boom control fromrespondi n@ %’o oper atf)r

i nput request  RGVELEHH 9 ROT FiRCY hieT BraHeTiRg QPereiRe i uh it SepmReTtToL

Ooper at or gali N Pdk e BAUESHIRG D 8P B Qi RUEHER g HIRY bfork b mtol R tREpIWEL sanard

subrouline or circuit delects no operator input to the boom control for a sccond time period.

13. Ap acrial work apparalus comprising:
a base;
a platiorm;

a boam having « plurality of boom scetivns connecting the platform and the basc;



a power saver subroutine or circuit for nonitoring 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 opqrﬂﬁ£@003
input to the boomcontrol for a second tine period. 13. An aerial

apparatus conprising; a base; a platform a boomhaving a plurality of
boom sucti ons connecting t he platforn1aﬁﬁ t he base; 1.Aug.2003 75 5 a
hydEauIic systg L nDV|n t he boom sections; and a boom control for
control ling th&” nhﬁa hﬁW#%n §P%W¥$H“ﬁ§§ﬁbﬂ§@°@b38%erator input to nove the

boom sect i onsa bBoACLAIERMIE CoMtdiing 1R HIREIURE QY siLARK tospSedo B Wo? il
conpr|S|n% a boom section sel ect switch response to_opera |nput f or

sel ect i nGOSREGIOORhECBYACFETFaRge Bido FeRETH ISP 0SBk bR EER Tl GORPBIS I
notion input switChLLESPRASE §cdect Q@QE!@%@{}O)‘::@I@NE;}&Q@F Ln‘QJ’hPYerEI'@&u% BB the
direction signal indicative of a desired direction of boomnotion for the
sel ect ed booﬁ%%@EYPSHUWH85@“%%@%5“Hﬁﬂ”%rOV|d|ng a desired boom speed; and

a. 1boom ranpi ng coatyold Bbtiod npmnahen&&nwﬁj Mmﬁﬁﬁaﬂ @Ppﬁ)@bﬁg&, 2 S¥bLCh
and boom notipactin %bgut SW for controlling t hydraul 1 ¢ systemto

ch
move ‘the 15 sSITECIBFIEHOMUiGEYE 8h* Pesirdcbiodder ef W%nnoﬁen Bahe ehleded i on
signal, said beesedtiibng rﬁ&f&ﬁra%lilp%»1%§@t&§ré@b&ﬁy§fccah§1dhydr aulic system
to nove the selected bourn section at a vary oﬁg vel ocity whi ch does not
exceed a preset naRiOFEM GFBIPHYS Tptel et FFPONT et 6h?%ﬁ@éqt@|“a‘*?@§t Htid Prleset

rate from zer guyglOGidakiih @hﬁtxh@wgﬁ 5 ehnv8hiAG! thy }1)/&1.41111J§}§tcﬁp%§1§‘561§1e0| fclaim
13 wherein the boomcontrol includes a m croprocessor nd wherein the

na%Pnun1preseﬁ°9%P%EP@?SP@KWﬂBQP%ﬁﬁﬁbFé“BymF éo@waﬁ@@?Nﬁﬂﬁ g boom
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controller is adapted to, cause the hydraulic systemto substantially

instant|y di sEERPRREE Vﬁﬁ’\?‘é‘h’eﬂf’mﬁ‘f“’m}% deey eiteEaecdioB AT es B TBrm  vVElacRY SO to
operat or i Nputhd BHn€ addeNgatbata drhe: DL Kol Afo VBB cSRlast aelmmomoc&?ct ion
shoul d be term nated or indicating that another boom section should be
noved, 16. The, apparatus of claim 13 wherein the boom ranping controller

transitions fnemrhouybigiuk8ecRENNS wWikrén kid Sdondbs Rl LM o AP debrboOm
si mul t aneo st in the first direction, and in a_second directigon by ranping

down t he 2Rh¥ETer Eempasimuigesat velocldy isswpegmmablaby eqperdartialy val ue and
by ranplngmggckggonnvenent in the second direction to a second certain 5
val ue and ereafter, ranping up the novenents in the first and second
direction sinultaneously. 1.Aug.2003 76 17, The apparatus of claim 13

wherein said b@oml@%’lbﬁrﬁhs|o$c@dﬁptﬁ,@‘teﬁ&n@@@&ﬁ‘nﬁ REnpiRY A6 126 1536 @mt&o
sequential ly ane t he boom from one operator requested novenent tao

next opeFAtHrhy byfladiesy shgyEnihitapiallyolngtenily fispaspar ymarsyent ?féi‘ﬁé?ﬁﬁﬁt% a

second  GobRCeb@h m&csﬁ@%s(?pemoﬁnp@nﬁa@wﬁg HRIVSSEEHIMPVEIBMctbddnt he
boomis Mwjng. in response to a previous operator requested novenent. 18.

The apparf&tifs %Pulém tRmMigaige oF B1diciRg thd GRP BT ssoHen shedd by meyret y
subroutine or circuit for nonitoring operator input requesting boom

novenent and for preventing the boomcontrol fromrespondi ng to operator
i nput request i ﬁ’g ‘The apparatus of claim 13 wherein the boom ramping controtler transitions from

moving the boom in a first dn.u.txon to moving the boom simultaneously in the first direction
and in a sccond dircction by ramping down the movement in the first direction to a first
certain value and by ramping up the movement in the second direction lo a second certain

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

simultaneously.



boom novenent in the event that there has been no operator input requesting
boon 5 novenent for a first time period; and a power saver subroutine or
circuit for nonitoring operator input to the boomcontrol, said powg§ 2003
saver subroutine or circuit deactivating the boom control when the power
saver subroutine or circuit detects no operator input to the boom control
for a second time period. 19. An aeriaks;work appatratus conprising: a
base:; a platform a boom having a plurality of boom sections connecting
the platformiandnt g BASE of c1Rink | B HeAL Hz‘ld %)5&“1‘%@1%9{ is gﬁ%[ﬂt@zgtot desbgam
sections; ,and a boom control for controlling the ydrau IC systemin

r espons &YE3ubparsianpio saqpentially mowsvthe bhem foummsecpdrans rdqnedet ondancet twi t h

the operd Qs hHRLL, ' trol .conprising. —a.boom section select
switch r.esppnsggt orgp ?g‘t"%ﬁ’mﬁ‘ﬁg‘? OfrgJF mécne eg??uﬁd'g‘gmlg/ﬂ%%gomolatsﬁ‘gmb urality
of boomdgegiiangngesponiretonn vpdratdFequasedmanaticanwhiptite ewht Ghndesponse to
oper at ot Jd,nput. for. oviding a boom direction signal indicative of a
desired d )?g%ttf)ggm60\185%80(3)&11aq%’b‘teﬂ%?‘??eddﬂﬁveémd 'om control | er responsive to the
boom section select switch and the boom notion input switch for

controlling the draulic sfemtq effect, boomnotion, said boom

control | er ac}gpflgg @Bﬁrﬁgﬁgiglr’ﬁ‘éq]ﬂﬁ}cé‘m‘ the hapst enttob nsdiisenti al Iy nove the
boom 15 fromaGaftpadk@itHe dr SRHGS FH G IANEEINE e laf rififit RE e PREL R
rec{lueStcd rxiovcr ncrit O to sinultaneously nove the boomin a. second
di r ect i SVERERBAKIRS Broventing thp bpemsentrolfiom 2epending te gprstos o vesiesiinanhi | e
the boomubs MGt LHE SSAARER thlc RaPEN RS ARG IRE R kol movenent,
20. The appar at Ss oj1 cl! aim19 t'ecr:el n Ct?' en%b S%R%on l?orfqll{b%fcﬂ%g%@ a safety
subr out MHYCBLCHOF @ it tire perisl &t | ng operat or i nput requesting boom

ni ovemmeen. t . 1. [ i Ng.:.t. . trol _framresponding to

oper ator 1 np e t8ler PR A 08 RO R e b (P BT cblrol o,
no oper atidmoimepeaver sduedtieny chooimniSachivednetht bhom @nfrbr hert thepoper saxkr and a

power s r brout | r..circuit f.or itorin per.at or i nput to the boom
Bont r ol orgaarorhen ltdetiais HolgRPistv iHRTP S DR EORELAES A Py MBS Em
control when the power saver subroutine or circuit detects no operator
input to the.po m,,c_o,rjEro.I for a second.time period. 21. An aerial work

pl at f or m conpr| 3‘}1‘6’.‘1“ Y OBt $RPATAYSCOBPId sections; a boom control for
provi di ng a mofsk@n out put signal for controlling a notion of one of the
plurality of 'b?pp sections in response to input froman operator to the
boom control #P'¥IURY a tinmer subroutine or circuit comprisin.,g: a safety
subroutine on HibhChivind Pp1uPRIN, HPRANE s%%@%ﬁﬁn&ﬂpn?fherﬁ& AOmRAQLE:
novenent and for preventing the boomcontrol fro regpon Ing to operator
i nput  r equesthiyatpubls skstamfermavingithe boemecativnstdndt t here has been no

poner saver Uy our® Bl - BRA HPE D Bkl TosB b 2844 12 boom
cont r ol MEHtHC bowe sed e in siwbrdnté wihdne eparaut inpdg agitlibvat cug:toh eotoposny;
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of the plurality of boom sections to be moved;
10 a boom motion input switch response to operator input for providing a hoom
dircetion signal indicative ol a desired ditection of boom motion; and
4 boom coniroller responsive o the boom section select switch and the boom
molion input switch for controlling the hydraulic system to effect boom motion, said
boom conlroller adapted to cause the hydraulic system to sequentially move the boom
15 from one operator requested movement to the nexl operator requested movement or (o

simultaneously move the boom in a sceond direction in response (o an operator



second time period. 22. The platformof claim2-1 wherein the second tine
period of the power saver subroutine or circuit is greater than the first
tinme period of the safct.y subroutine or circuit. 1.Aug.2003 78 23, pfi12003
aerial work apparatus conprising: a base; a. platform a boom connecting
the platformand the base; a hydraulic systemfor noving the boom sections;
and a boom control for controlling th(—},»y\ydr aulic systemin rcbhpon.se to
operator input to nove boorn sections in accordance wth the operator

i nput, said %QQQ‘L&PE‘)B‘/Q%@:%%H Sk Bom L@m'@zﬁl&q}? &%@&QQB d%’\h(ﬂ% Sp“peh'&s for

receiving operator inputs and having outputs providing output signals which
are a functltﬂquéﬂefthl@v@p@ﬁat or input provided 10 to the m croprocessor

i nput, said hydraulic system being responsive to the output signals; a
first control rnodulc vn the base responsive to an operator for provi di ng
first boom 2@t Theapmmtandf dhignad s/hkein habebmgonbel inoedo nove in a
desired di rectifopy said first g@ tt .on_conmmand g%na S e| ng supplied
to the input & YFY WEIOHSMROE PIRFHE0E Ssy Dn%ﬂp?iafé’éb[ﬁ’ﬂ *BYFt“rnél °RBdul e on the
pl at f or movesparsiiver @x@v@ﬂm@m& BédH: chtfol TRIIOYdsgbRUnS RCOghtBOaph MG Bing
command, si gnal s for c% the boomto nove in a desired direction, said

second BYYMMHBEREHT BORFEUT Siag i shdcRE DS GRS PR TEWESUBERIGES of the
m gr OPT Gfe@emOdt for a first timoe period; and

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

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

21, An uerial work platform comprising;
a plurality of boom sections;
a boom control for providing a motion output signal for controlling a motion of one
of the plurality of boomn sections in response to input from an operator to the boom control;
5 and
4 timer subroutine or circuil comprising:

a safety subroutine or circuit for monitoring operator input requesting boom
movement and for preventing the boom control from responding to operator input
requesting hoom movemeﬁt in the event that there has been no operator input

10 requesting boom movement for a first time period; and

a power saver subrouting or circuit for monitqdng operator input to the boom
control, said power saver subroutine or circuil deactivaling the boom control when the
power saver subroutine or circuit detects no operator input to the boom control for 4

second time period.

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

subroutine or circuit is greater than the lirst time period of the salely subroutine or circuit.
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23. An acrial work apparaus comprising;
a base;
a platlorm;

& boum connecting the platform and the base;
4 hydraulic system for moving the boom sections; and

2 hoom control for cantrolling the hydraulic system in response {0 operator input Lo

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

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

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

a second control module on the platform responsive to an operator for
p‘rovi.dihg second boom motion command signals for causing the boom to move in 4
desired dircetion, said sccond boom motion command signals being supplied to the

inputs of the microprocessor.



