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1

HVA(.'YSTI:M I'OR A WORK VFIHI(.'I.E

11us d&visional appl&cat&on cia&ms pnonty under 35 US C.
&&120 f'rom U S patent application Ser No 11!006,147 filed
on Dcc. 7, 2004 now U.S Pat No. 7,6'.&&30 by Mark Klas-
sen et al. w&th the same t&tie. the full disclosure oi' hich &s

hereby incorporated by reference.

I'IELD OF THF INVL'NTION

The present u&venuon enerally relates to work velucles.
More particularly, it relates to HVA('ystems for work
veluclcs Fvan n&orc particulnrly, it relates to the cm&trol strat-
egies and modes of operation for such HVAC systems.

thc operntor compartment during initial cool-down of the
operator comp arm&ent or during extrmne cnnditions w hen the
velucle is exposed to h&gh heat loads.

Wlmt is needed, therefore, is m& HVA( system for &vork

s velncle that prevents the pressunzer bio&ver from bio&s u&gh&it

air into the operator cnmpa&tment during init&al cool-do&vn or
ixtlcn&c conditions Wluit is also needed is a sysiem Ifor rcduc-

u&g the output of the pressunzer blower when the operator
selects lug output from the air-conditionu&g system. What is

0& Ihrther needed is an FIVA('ystem that automatically senses
when the opemtor wants high output from the velucle a&r-

conditioning system and automatically reduces tlm output of
the pressurimr blower These mxl other objec&s ure sntisiied

by the invention descrfbixf below.

BACK(IROUNI7 OF THL'NVL'NTION SUMI&LARY Ol'HFI INVF'NTION

Operator compartments for modern ivork vehicles are
often enclosed w ith large glass or plastic panels that extend
substantially the cntirc way around thc operator Thc large zn

panels enclose the operator and protect the operator from the
elemm&ts. 11&e panels define operator compartments that are
sig&uficantly larger than the compartments of automobdes.

11&is large internal volume and expm&se of transparent pan-
els makes the operator compartment (or "cabin") function "

like a greenhouse. When a work vehicle &s turned off and left
u& lx&ght sunhght; even fol n short tine, the comps&tn&ent can
hait to over 50 degrees ('. Tlus solar heating is compounded
by engu&e and trm&anus sion heat, u luch can be substnnt&al as
well "o

The lira! thing most operators do on entering a v ork vehicle
on a hot summer's day &s to turn the air cond&tioner on full
blast until the operator co mpartmm&t t& mperaturc is bearable
G&veu the s&ze of the operator compartment u&d heat load&ng

from the sun, this can take a while
Work veh&cles may have a pressurizer blower. which cnn

make them even more dificult to cool. Velucles such as trac-
tors or combines hm i two blowers, oiw. blower for prcssur-
mm the operator compartment &&i&h outside air mM the otlmr
blower for recirculating air within the npemtor compartment. 4o

The purpose oHhe pressurizer b loner is to provide a slight
posit&ve pressure &n the operator comparunent. Tlus ensures
that no air is sucked into the opemtor compartment tluough
cmcks aro gapa in thc ceiling, walls, or tloor of the operator
compartment. This pos&tive pressure is about 6 to 2 5 nun of 4.

water. which is enough to prevent dirty, dusty air from infil-
trating into the co mparunent, d&rty&ng seats and p

oss 
&b1y foul-

ing operator controls.
Si&mi an older vehicle may hme many small mr leaks

located around the compartment. a pressunzer blower may o

blow a s&gn&ficant mnount of lait outs&de air into the operator
compartment to maintain a sliJ&t positive pressure ins&de thc
con&pt&rtn&ent.

There l'ore, wlmn tlm operator mounts tlm vehicle and turns
the mr condiuoneron. he &s not onlv cooing do&in the heateil s

interior of the opemter compartment, he is also cooling do&vn

all thc hot air introduced by tlm pressuririr blower This
delays the uutial cool-doivn ol'he vehicle.

Reviewing this problem, the applicants discovered tl&at

even v ith tbc prcssurii or bi&reer dfs«bled. a slight positive n&

pressure can be mainta&ned in the operator compartment by
running the cabin recirculation blower at its maximun& spain d

At this speed. the rec&rculation bio&ver drav;s suflicient
amount of fresh air into the cab to provide minimum cab
pressurization of 6 nm& of wamr needed to protect thc cab r
from dust ingress. Thus, &t was possible to turn the pressurizer
blower off, thereby reducing t1&e amount of hot air drawn u&to

In accordm&cc with a first mipect of the invenuon. m& IIVAC
system for work vehicle is provided, the vehicle having an
oporator compartn&ent I'or n vehicle operator, thc sysicm
including an afr-cond&tinning system: an opemtor compart-
ment pressurizer blower; and an elmtronic circuit couplcxf to
both the a&r-conditionu&g system and the pressunzer blower,
wherein the circuit &s contigured to reduce pressurizer blower
output &vhen thc operator scfccts high output from thc air-

condit&oning system.
The elecuonic circuit may be an electronic control umt

including a microprocessor. The system may further utclude
a mrna&ally operable temperature contml for selecting among
a plurality ol'air ten&pecaturcs. wlmrein tlm control is coupled
to the electronic c&rcuit. The lu h output may be selectable by
manual

op
erat &on

ofthe temperature control. 1 he system may
Ihrtlmr include a recirculatimi blower disposed to draw air
from the operator compartment. draw air through evaporator
coils, and expel air back into the operator compartment. 1 bc
electronic circuit may be configured to reduce prcssunzer
blower output when the operator both selects h&gh output
from the air-conditioning systcn& and sclivts high output from
tbc recirculation blower.

In accordance with a scicond aspect nf the invention, m&

HVA( system for a work vehicle having an operator com-
partment for an operator &s prov&ded, the system includ&ng

means for cooling air in the operator compartment: means for
pressurizing air in thc operator comparunent, and nwans
coupled to both the means for coolinvg air and the means for
pressurizing air for reducing output from the means for pres-
sunzu&g air u.hen the operator selects lugh output from the
means for cooling a&r.

Thc means liir reducing output may include a micropro-
cessor. The system may further include temperature control
means for selecting among a plurality of air temperatures,
~herein the means fi&r selecting is coupled to thc mmu&s lor
reduc&n . The high output may be selectable by manual
operation of the tcmpcrature contml means Tlm system mny
further inch&de means I'or recirculatu&g air through the opera-
tor compartment. The means for rixlucing output may be
configured to rcdfuce output ol'the means I'or pressurizing air
when. the operator both selects Ingh output from the me u&s fbr
cooling air and selects high output from the means for recir-
culatu&g a&r

In accoronnce v ith a third aspect of the invention, a method
for controlling excess host in m& operntor compartment of a
work velucle &s provided. the work velncle lmving an mr-

conditioning system and a pressurizer blower, the method
including thc steps of sclcctinv a high output from the air-
cond&tioning system; and m&tomat&cally reducing the output
of the pressurizer blower.
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'11m method n&ay further include thc step of selecting a high
output from a recirculation blnucr. I'he step of selecting a

lu h output from the a&r-condition&ng system may include the

step ol'anipulating the temperature c&mtrol io select its
lowest possible tcmpcrature ac&ting The recirculation blower
may be co&figured to dmiv a&r from the operator munpart-
ment, tlu(huvp an evaporator of the air-conditionu&g system
and back into thc operator compartment

In accordance v ith a fourth aspect of the u&venuon. an
HVA( system forconditi(mingairinaworkvehicleluivingan &o

operntor comparuuent lor a vehicle operator is prov&ded. the
system includ&ng an air-conditioning system: a heating sys-
tcnu an operator con&paluucnt rcc&lcnhltlon bio'&vcv; an clcc.
tronic circuit coupled to the air cond& tim&ing system, the heat-
ing system. and the recirculation bio&ver; and an opemtor "
console having a defi&8 switch and thc tcn&pere&urn control
coupled to the electroruc circ&ut; v;here&n the electronic c&r-

cuit is configured to provide defog operation to defog or
dehunudify the air u& both a "mam&al" mode of operat&on and
an "automatic" mode of opemtion.

llm system may fiirthcr include a mode switch coupled to
the electronic c&rcuit at&d configured to select between the
"aunmmtic" mode of operauon and the manual mode of
operation The electron&c c&rcui& may be configured to reset
the defog operation when the work velucle igniuon is turned"-'ff

The electronic circuit may be configured to maintain the
defog operation in effect when the operator switches rap&dly

betwmn the "automatic" mode of opemtion und the manual
01odc of opc&&it&on.

Numerous other I'eatures md advantages of the present "'"

invention will become readily apparent from the folio&sing

dctailcd description, thc accompanying drauings, and thc
appended claims

BRIEI'ESCRIPTION OF TIIE DR.AWINGS

FK&' is a schemntic left side view of'the cabin ol'a uork
vehicle in accordance with the present inventinn.

I'Ki 2 is a detniled view of an opcmting console for oper-
at&ng the I IVAC system of the work velucle. sn

FKi. 3 is a schematic diag&an& of an electronic circuit for
c&h&itr&hfling tlm HVAC systen& of tlm work vehicle

FIG. 4 &s a schematic diagram of the electron&c control
units of electronic circuit of FKi. 3.

DkTAH.I)D DES('RIP I'K)N OF 1 HI'REFI)RRkD
EMBODIMENTS

While the present invemion is susceptible el'being made in
any of sevemsl d&flbrent forms. the drawu&gs show a part&cu- o

larly preferred f(hrm of the u&vention. One should undersin&d,
lxiwmnr, that this is lust one of many u ays the invention cnn
be made. Nor should m&y part&cular feature of the &llustmted
mnbodiment be considered a part ol'tlm invention, unless that
feature &s explicitly ment&oned in the claims. In the draw&ngs, I
like reference mnnerals refer to like parts tlunughout the
ac&eral vices

Refernng now to the FIGURIIS, there is Illustrated a uork
vehicle 100 including an operator companment 102 having
W&ills 104 &liat Cnclosc 'it& operator St'it&cn 106 Opera&Or Stn- Sn

tion 106 mcludes opemting console 108, seat 110, and dash-
board (or front console) 112. Ventilating air conduits 114 nre
&n flu&d conunu&ucut&on with the bottom ol operator conIp'lrt-
ment 1U2 to conduct outside air into the upper compartment
102 m&d to recirculate air within operator compartment 102.

A&r is dnven through condu&ts 114 by n recirculation
blower 116 and a pressurizer blower 118. Recirculation

bio&ver 116 luw an inlet 120 tlmt is disposed inside operator
compartment 102 to receive air from ins&de the operutor com-
partment. Recirculation blower 116 recmves this air at its inlet
120, pressuri/xs it, and transmits it to its outlet 122. From
outlet 122. blower (16 blows the air thmugh condu&t 124. 1he
air travels throu Jvh conduit I Z4 along the floor of the operator
compartment up the I'ront wall, and is d&rected by a mode door
126 into one of two paths. The first path 128 directs the nir
up&sard along the I'ront windshield 130 ol'hc operator com-
partment 102. The second path 132 d&recta the a&r tlu ough the
dashboard 112 and toward the operator's face.

Prcssunzer blower 118 has an inlet 134 &md an outlet 136
Pressunzer blower 118 &s confikn&red to receive ur from u&let

air conduit 138 which itself has an inlet 140 in fluid conunu-
nication with the outside auuosphcre Air condu&t 138 alii&

has a fresh air filter 142 disposed therein, which filters incom-
ing atmo splmric air 'fhe Cutie& of pressurizer blower 118 is in
flui d commumcat&on u ith nn outlet conduit 144. &&hie h in u &rn

conducts air from the blower into operator compartment 1UZ.

Recirculation blower 116 draws air through hmitcr nnd
evaporator coils 146, wluch are d&sposed in inlet a&r condu&t

148 of recirculation bio&ver 116. By cnntrolling the mininmm
evapomstor tempemhture and/or hot coolam tloiv rate con-
ducted tlu ough heater coils 146. and by control l&ng the speed
of recirculation fan 116 and pressurizer fan 118, the operator
u& "manual" mode or the system u& "auto" mode is able to
tailor the temperature ofoperator compartment 102 tn suit the
operator. The healer and evaporator co&ls 146 mny be d&s-

posed ad)scent to each other as shown u& FK 1 1. In an alter-
native embodinwni, however, they may bc spaced apart They
mav also be d&sposed u& d&fl'erent nr ducts.

The operator controls the temperature of the compartment
by mnnipulati ng individual op& ra i or controls 150 disposed in

openiting console 108. These controls are shown &n more
detail in FKi 2

Referring nou &o FKi 2, thc opcI&itnIg consollc 108
u&eludes a fmut panel 152 on v,hich contmfs 150 are
n&ounted ('ontrols 150 include a blower speed control 154
that is m unmlly operable to selcc& a plurality of diffcreni
blower speeds. In the preferred embodiment. the blower
speed control 154 is a potentiornerer having 30 detcntcd posi-
nons pennitnng the opemtor to select as many as 30 different
fan speeds

Controls 150 also include a defog switch 156 and a detiig
ind&cator l&ght 158. Defog sv;itch 156 is a un&mentary contact
switch, contigured to tiun defog falso known as "dehu-
nudhfy") funcuon on or off. The defog u&d&cator l&ght 158 is
configured to indicate when the I IMA('ystem has responded
to operator mmupulation of'efog sivitch 156 and is deliig-
gu&g/dehumid&fyin the a&r

Controls 150 also include an auto/off/manual switch 16U

which is a three posit&on de&en&cd toggle sivitch The tinea
posiuons correspond to tluee modes of operat&on of the
HVA('ystem "auto", "manual". nnd a central "oft'* position
tlmiu huh&chthesivitchnnist travelwhensi&itchedbetiieen
'auto" and 'hnanual'. 1he mito/otf/manual sv,itch 160
includes suitable visunl indici~ to indicate to Uw. operator the
modes of operauon that can be selected by m mipulauog
switch 160.

C&mtrols 150 also i&&eh&de n tcmpcraturc control 162 thm
permits the operator to select cabin temperature. Temperature
control 162 is preferably a potentionwter having 30 detentcd
posit&ons, thereby penmtt&n the operator to select as many as
30 different relative temperatures or heating/cooling posi-
tions. In "manual" mode temperature control 162 has two
mnges, a lower or "cooling" range ofpos&t&ons that cm&ses the
HVAC system to cool the operator compartment usu&g the air
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5
conditimwr, and an uppm or "heating'* mngc cmiscs the
HVAC system to heat the operator compartment us&ng hot
water from the engine passing tluough heat&ng coils in the
opera&ore(ill&patt&tie&lb I&I;i&&to n«&dc,an(ipi'ra&oleo&&select

30 d&fferent cab set tempemtures at ii luck the cab is main-
ta&ned.

The iinal control ofcontrols 150 &s mode door contml 164.
Using tliis control. the operator controls the pos&t«&n ofmode
door 126 to direct air toward tlm operator's fixt, t»uard thc
operator' face„or toward the un&dslueid 130 of the veh&cle.

Iiie contmls shown ui operating console 108 are coupled to
a contml circuit 165 to conirnl thc opcrntion of blowers 116,
118. heater and evaporator co&ls 146. and mode door 126.
( ontrol circuit 165 is shown in derail in Fl(r 3

Refi:rung now tn FIG 3. a contmi mrcuit 165 includes
several micmprocessor-based elect&onic control units (k CU)
166, 168, 170 that mn coupled together over a digital com-
munimauons bus 172 While the preferred emboduneut illus-
trated herein uses tluee interconnected k(iJ's. the functions
porfi&rmcdl by these. thrcc FC1 J's may be distributixl bctwecn
one or more ECU's. 11&us. one or more ECU's may be sub-
stituted for the tluee interconnected k('U shovvn herein.

FIG. 4 dlustmies the uiternal const«&ction of each ECU
166. 168, 170. As shown in Fl(&1 4, each L'CU has a d&gital

central processing unit (('PU) 174, a read-only nmmory

CROM) 176. a mandom access memory CICAM) 178. an input/
output fl/0) circuit ISU, and a senal commiufications circuit
(SC'C) 182. All of these components are coupled together
over a control/data/address bus 184.

ROM 176 stores digitnl instructions that control thc opera-
tion of the L'CU. ROM 176 can be any of the class of non-
volatile memory circuits. It may be an L&L'PROM. flash
men«&D& or fiash ROM for cxmiiplc C'PU 174 rctricvcs these.

uistructions from ROM 176 and executes them. As pa&t of its
execution, CPIJ 174 stores temponiry digital working values
u& RAM 178. thereby providing a uorLspace Iior C'PIJ 174. To
coninuinicate w&th other ECUs, CPU 174 trmisnuts a d&gital

data over bus 184 to serial communications circuit 182. Serial
con&municutions circu&t 182 &s conf&gare«I io transmit this
digital data in packetized form over digital communications
bus 172. Digital cim&municatinns bus 172 is preferably a

controller area network /CAN) bus operable ui accorchnce
with the SAk J1939 atm&dard.

Refi.rring Nock to FICJ 3, F(1Js 166, 168. 170 are coupled
together over a bus 172 to transmit status and control infor-
mation from one l&CLJ to another I',CU. I'ractor main E('U
166 &s coupled to a display 184, to cabin pressunzer blower
I IS as well as to an i yet&on circuit 186. I'C U 166 controls the
speed o I'pressurizer blower 118 by transmitting control sig-
nals over control lines 188, ivluch are coupled to I/O c&rcu&t

180 of ECU 166. E('U 166 selects what is displayed on
d&splay 184 by trnnsmitting contml signnls over control lines
190. wluch are coupled to I/O circuit 180 of L&CU 166, LCU
166 receives conm&l signals from ignition circuit 186 Tlm
signals go«crate«I by ignit&on circu&t 186 indicate that the
operator has turns«i the vehicle "on'* or "off 'ith the ignition
key

IIVA( EC:U 168 &s primanly respons&ble for commun&cat-

ing with the heating componm&ts, air-conditioning compo-
nents, and HVA( cm&irols components nf thc systmn FC'U

168 &s coupled to cabin IIVAC module 19Z, wlfich respon-
sively cimtrnls recirculation blower 116. and heater valve
196. IIVAC module 192 monitors tempemnture sensors 198
and coolant low-pressure sivitch 200, and provides FC'U 168
with an ind&cation of their status

HVAC L'CU 168 is also coupled to the chess&s air cond&-

tioner 202. Air conditioner ZUZ funher includes compressor

204, condenser 206, high-pressure switch 208. and receiver/
dryer 210. LJCU 168 is configured to turn the compressor on
and oN ui response to cooling system requ&rements, lugh and
lou pressure switch actuation. and emiporator frceze pro«x-
tmn as well as monitor bigh-pressure switch actuation and
reset delay t&me respectively. High-pressure switch 2US is
coupled to the condenser and is tluoun whenever the con-

denser pressure exceeds an upper lugh-pressure luuit
HVAC: ECU 168 is coupled to controls 150. F('U 168 is

i(1
configured to monitor the blower speed control 154 to deter-
nune the operator's desired bio&ver speed. L'CU 168 &s con-

ligurcd to monitor deli&g switch 156 to determine thc opera-
tor's desired defog setting. E('U 168 is configured to turn

„defog indicator light 158 on and off in response to operator
ma&upulat&on of defo sw&tch 156. ECU 168 &s also contig-
ured to monitor auto/otT/manual switch 160 and cluinge the
n&ode of operation of tlm HVA(.'ystem between 'ofi'1
"manual', and "automat&c" in response to operator manipu-

n lauon ol'that sw&tch I'&CU 168 &s conf&gore«I to co&itrol the air
condi&inner 202 and the HVAC module 192 to change the
temperature of the recirculated air passing tluough heater and
evaporator co&ls 146 in respotise to operator mmupulation of
temperature control 162.

The particular configuration of tractor main E('ll 166 and
IIVAC LCU 168 to prov&de the vanous opemnt&ng modes of
the HVAC system is described in huther detail below.
Pressurizer Blower Oi crride

When an operator &nitmlly enters the cnbm of the work
sn vehicle after&be work vehicle has been sin&t down, the cabin

mav be extremely lmt. In tins case. the operator typ&cally
enters the opemtor's cab. starts the vehicle, and turns the
air-conditiomug "on" to request maximum cooling ln thc
present system. maxunum cooling is requested by placing the

"» auto/off/mam&al switch 160 in the "auto*'osition, mid rotat-
ing thc tcmpcraturc control 162 ti& its extreme cnuntcrclock-
u &se pos&t&on. uluch ind&cates max&noun coo1u@. 11&e opera-
tor can also request maximum cooling by placing the mite/
olT'manual sw&tch in "mmmnl" position, rotating the bleu er

sn speed control 154 all the way clockwise to its maximum
rccirculatiollbloverspecdposition, and rotating thctempem-
n&re control 162 to &ts extreme counterclockw&se pos&tion,

which indicates maxinuun cooling. L'ither of the above
described control sclcvtions represent a lit«xi&it&lit& co(ililig
request, to v;hieh the system responds by providing the maxi-
nnun cooling available and by reducing or eliminating the
output of the pressurizer blower. This &s called a IvLAX

COOLIN(i operation.
In response to the opera«&r's request for maximum cooing

n by settin the controls to their MAX COOLING sett&ngs,
HVAC L'CU 168 is configured to conmiand JIVA('odule
192 to tun& rem ircui at&on blower 116 on to its max innun speed.
I IVAC L&CU 168 &s fi&«her coating&red to turn on compressor
204 by clcctrically signaling the clutch of tlm air conditioning

s compressor to engage In the preferred embodiment. com-
pressor 204 is driven by a belt coupled to the engine of the
work vchicic HVA( F('IJ 168 is further conligurcd to regu-
late the tern pe«i ture o I'the evaporator at i ts lou est penn isa&hie
opemting tmnpcrature by monitoring evaporator temperanire

a& sensor 198. F vapor«ter tmupcrature sensor 198 is coupled io
evaporator coils 146.

T(1 el&sill&'. tilt&t thc operatnr receives the mnximun& cooling
efiect, HVAC ECU 168 is also contigured to disable the
pressurizer bloiver 118. 1he pressunzer blower 118 in the
vcificlc is intended to maintain a slight positive air pressure
inside the operator compartment to ensure that dust and dirt
from the outside enviromnent is not drawn into the operator
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cab and deposited on tlm vnrious controls and surl'aces The
pressunzer blower llS helps keep the cab clean nnd the
controls operating properly.

The pressurizer bloivcr 118 is configured to niaintain a

slight mnbientalrpressureof6nunto 25 mmofwater witlun s

the operator compartment. The larger the gapa that open up.
the more urflow lt takes from the pressunzer blower 118 to
maintain that pressure inside the operaalr compartment.
Since thc pressurizir blower 118 draws i() air I'rom tlm out-
side environment. m untanung this sh lit operator compart- ni

ment air pressure can require a sub stmitial tlov; ofhot outside
air into the operator compmtmeni

The hot outside air iniected uito the operator compartment
by pressurizer blov er 118 works directly against the efforts of
tile I IMAC: system to cool the operator compartment a) rapidly
as possible. For this reason, HMAC I')CU 168 is

configured

t
turn thc pressurizer blower 118 "oft" when the operator
requests MAX COOUNCJ HCII 168 docs tins by transnnt-
ting a blower command in a packet of digital data over ('AN
bus 172 Io tractor main F( IJ 166 Trncnir main FC1J 166 is a

configured to sigttal pressurizer blower 118 over control lines
188, conmlanding it to turn off. With pressurizir bio)ver 118
turned off„ the air tiow rate forced into the operator compart-
ment is mininuzed 102 to improve cab cooling. Since in
maximum cooling setting the recirculation blower is com- "

manded to opemste at maxunmn speed, sufiicient amolait of
fresh air enters the cab to provide minimum cab pressuriza-
tion of 6 mm of water, uhicli pmvides protection from dust
inness into the cab

Typically, nl'tcr this initial rnpid cooling ol llm operator l(l

comp utment, the temperature u ill reach a poi lit at uluch the
operator is more comfortable. 11ie opemtor's common reac-
tion to this is to turn tmnpcmturi: cmitrol 162 up to a lughcr
temperature, i.e. wanner, setting. The operator does this by
rotating the tmupemture control 162 inn clockwise dirivtion. "»

HMAC'CU 168 )mnses this change in temperature contml
from its lowest (or near loivest) settuig or position and turns
the pressurizer blower 118 back "on" again by transmitting a

blow er command ma packet ofdigital dnia over C'N bus 172
to tmctor main HCU 166. Tractor main H('U 166, in turn, is sn

nmiigurixI to signal pressurizer blower 118 over control lines

188, conunanding it to turn on.
In the preferred embodiment. HMA(' X'U 168 periodically

nnmitors the voltage provided by Icmpcranire control 162 and
only mrna the pressurizer blower oif )vhen the tempemture ss
control is tumed to its ultimate mininnim position. In an
alternative embodiment. several of the lowest poslnons of the
tempensture control 162 can be used by i%AC HCLJ 168 to
disable pressurizer blower 118. Furihermore, if'he re:ircu-
latlon fmi blower control ls ad)usted such that the recircula- c

tion blower speed ls less than maxinuun, the pressurizer
blou er is commanded to be tumed on to assure adequate cab
pressunzsanon. I'or exmnple, HMAC LCU 168 cmi be config-
ured to respond to tcmpcraturc control 162 being nloved to
Ihe lowest &%. 10%. or 20'Av of the range by disabhng the s

pressurizer blower. In addition, if the auto/off/manual svv itch
is cycled rapidly I'rom "auto" to "olp'ode while tfm recir-
culatlmi blower speed uas other thmi maximum, the default
maximum cooling operation is regained in which pressurizer
blouir is disengaged and recirculation bkruer speed returns ai
to inaxnnuln.

In yet another alternative embodiment. H U 168 u ill only
turn the pressunzer blower off when the temperature comnll
162 is ln the lou est (i.e. coolest) portion of its range and the
blower speed contm 1 154 is rotated clockwisc to its maximum r
blower speed position. In tlus embodiment. LiCU 168 pen-
odically monitors tile position ofblower speed control 154 as

well as tcmpenture control 162. Whenever temperature con-
trol 162 is moved away from the lou est portion of its range or
bio)ver speed control 154 is set to less than maxunum fan
speed, HMAC: FCU 168 toms Ilm pressurizer fan 118 back
"on" again ln the nimuier descnbed above.

There is one exception to the operation of the pressurizer
fan v,hen the operator selects MAX COOI.INCJ. When the
opemtor has placed the controls in the MAX COOLINCr
settings, the system will still pcnnit prcssure pressunzer
bio)ver to oper ite (l.e. v'ill prevent the disabluig of the pres-
surizer blower) if the operator selects defogging by pressing
the defi)8 switch 156 A supply o I'resh air provided by the
pressunzer blower is necessmy for proper defogging and air
dehunlidification. Hence, even wlmn tlm operator requests
maximum em)ling, and ouk)ide supply ol'resli air must be
provided, and thus the pressurimr blower must run.

In the event ilm operator selects Ihc defog nlodc of opera-
tion i)bile the pressurizer blower is disabled in the MAX-

(.'OOLINCJ mode. V('IJ 168 immixliately enables the pres-
surizir blower
Manual Mode

The system has a true "manual*'ode of operation in
which the posiuon of Uie temperature control 162 ls directly

proportional to (I ) the evaporator core temperature (uidica ted

by sensor 198) when tmnpcrature control162 is in its lowxm or
"coohn "range of positions. and (2) water fiowin to the
heater valve when the temperature control 162 is in its upper
or "heating'* range of positions. The sr stem d if li rs I'rom other
HMAC systems that have both "automatic" and "manual"
mode) of operation In those syswms, when tlm operator
selects the '*manual*'ode, the mmtrol circuitry uses a tem-
perature sensor ui the cab to control n position of the heater
valve (when a heating range of temperatures is sctccicxI bv a

temperature control) or the evaporator core temperature
(when a cooling or air-conditioninv range of temperatures is
selivicd bv a Iclrlpclaiill'I: collil'ill)

In the present system, to select the "manual*'ode of
opention, the operator first toggles mito/off/manual switch
160 io the "manual" position. HMAC'(.IJ 168 senses thc
change in mode switch position, since it is proyanuned in all
nlodes ofoperatiim to periodically scan or read tlm settings of
controls 150. In the "manual" mode. I I MAC L'CU 168 mom-
tors temperature control 16Z to determine tile amount of
heating or cooling the operator wishes to maintain in the
velficle. If the temperature control 162 is ln the lover or
"cooling*'ortion of its range, FCU 168 monitors evaporator
temperature sensor 198. wluch is disposed adiacent to the
evaporator coils 146.

As ihe evaporanlr coils change temperature, FC:IJ 168
senses the chmiged tempenstnre mid turns the mr-condition-
ing compressor 2U4 on and off accordingly. If the evaporator
coils fall below tile tmnperaiurc selimted by the operator u iih
the tempemture control 162 set by the operator. LiCU 168
turns elf compressor 204 by disconn ecting or disengagi ng t1m

compressor clutch WTlen the compressor is turne)I olfi air
conditioner 2UZ stops cooling. I'ivcntually, the evaporator
tempmature i)ill increa)c This increase)I temperature is
sensed by evnporator tempeniture sensor 198, u hich ls mom-
tored by I. CU 168. Once HC'U 168 senses that the temperanire
has risen above Ihc ti:mpcmiure selimted by Ihc operator v iih
the temp era nire control 162, it turns compressor 2 U4 on again
by engnging the compressor clutch

In the "manual" mode. ECU 168 does not control the
temperature of the operator compartment directly. Instead, lt
controls thc temperature of tlm cvaponstor coils through
which reclrculanon blower 116 blows the mr ln the operator
compartment. The temperature at v;hich HCU 168 controls
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the coils in tfm "manual** mode is proportional to the position
of temperature control 162. As the opemtor moves tempem&-

ture control 162 in the "manual" mode. ECU 168 selects a

nmv temperature corresponding Io the nnv positiwi of thc
temperature control, contimially engaging and disen agin I
compressor ZU4 in the manner described above to control the
evaporator coil tempeniture ai that ncx& temperature.
Automatic Mode

The "automatic'* mixlc of operation is called **automatic"

because II regulates the Iempen&ture of the air in the open&tor u&

compartment based on the temperature of the air in the opera-
tor co mparuncnt. Cabin temperature sensor 199 is disposed in
the operator compartment at a place where the air temperature
is most representative of the temperature in tlm compo&ament
overall In FICJ 1, li&r ex uuple. sensor 199 is disposed in the
operator compartment away from the outlets tliat blow air Into
the compartnwnt in a region w:here the oir is thoroughly
mixed. There are two altenrative lomiuons for sensor 199.
both illustmted, that are shown in FICi. 1. One location is in
Ihe operator compartment adjacent to ihc operator The other so

location199isdisposedinsidetheuiletairconduit148. These
alternative locations are preferred because their temperatures
are representative of the oven&ll or eneral temperature ui the
operator compartment itself.

In the "automatic'* mode of opcmtion, EC'U 168 is config- "

ured to control the tempem&ture of the air ui the opemtor
compartment or cabin directly. F('U 168 does this by sub-
tractm Ihe commanded temperature (mdicatnl by tempera-
ture control 162) from the actual temperature (indicated by
cabin temperature sensor 199) and using this difference in io

temperatures as ui input into a lookup table. The kmkup table
Is stored ui the nonvolatile memory (e.g. ROM) of IIVAC
FC:U 168 At periodic inti:nuls, FC'IJ 168 is confi ured to

calculate the difference between the commanded temperature
and the actual tempemmre and look up the nnv compressor "»

cominmid ui Ihc lix&kup table The compressor command is as
simple on/off signal that indicates ~bather ECU 168 should
disengage tlm air-conditioner compressor clutch or engage
the oir-cwiditiwier compressor clutch

In another preferred embodiment, ECU 168 is configured sn

to control tlm tempeuitnre by subtrncring tlm commanded
temperature (contml 162) fnmi the actual temperature (sen-
sor 199) ond using thot diffbrence as an ermr signal in a

feedback contn&l loop such as a PIIJ control loop. In this
embodiment, the nonvolatile memory (e.g. ROM) of HVAC ss
1.&CU 168 stores the loop parameters and the calculations to be
performed in the control loop as a set of digital instructions
that are penodically executed.

FC'U 168 operates in a similar manner v fmn heating the
operator compartment ui the "mmuial" mode. When the o

operator demmids heating in the operator compartment, he
does it by rotatuig teniperoture control 162 clockwise into thc

upper portion of its range.
F(1J 168 docs not usc the air conditioner to temper the air

&vien the operator selects a heating position of temperature I
control 162. Instead, E('U 168 turns the air conditioner com-
pressor *'of'I'i c disengages tlm compressor clutch, if'it was
already on) and opens heater valve 196 pmporuonal to the
position of temperature contml 162 in the heating range of
POSltlolla 6i1

LCLJ 168 heats the oir by conunanding cab I IVAC module
192 to open heater valve 196 to permit a flow: rate of hot
coolant throuvp heater coils 146 tlmt is proportional to the

position of Ienlpeiotllre conti&&l 162. HVAC FC U 1 68 Is coll-
figurcxf to periodinilly monitor the position of temperature (
control 162 to detect any change in position. Should the
operator move temperature control 162, ECU 168 is config-

ured to responsively and autonmtically open heater valve 196

pmportional to the ne&v position of tempemture control 162.
lathe 

"manual" mode ofoperation, F('U 168 is configured
to control the blower at a speed proportional to thc position of
the blower speed control 154. L'CU 168 periodically monitors
the position of the blower speed control 154, calculates the
pmporuonal speed, and sfgnids cab IIVAC module 192 to
drive recirculation blower 116 to that speed. When the opera-
tor turns the blower spcnl control to its lowest speed posi-
tion the farthest counterclockwise posiuon ECU 168 is
configured to command cab IIVAC module 192 to mm off
recirc'ulation blowur116 EC U 168 is also configured to com-
mand the chassis air conditioner 202 to turn compressor 204
offby disengaging tlm clutch of'n&mprcssor 204

In the "automatic" nlixlf: of 11peiiiil(ul. tlm IIVAC system
automatically contmls heating. cooling, speed of the recircu-
lation bloivcr 116, and mode door position It does this auto-
matically based upon the desired cab temperature the opera-
te&l selects by manipulating temperanire control 162. The
mode is callnf *'automatic" because it cwitrols the operator
compartment temperature directly using the cab temperature
sensor 199

To select the "automatic" mode, the operator manipulates
the auto/off&manual switch 16U placing it in its "auto" posi-
tion. In tlm automatic mode, HVAC FCU 168 periodicafly
reads controls 150 to deternune what mode and temperature
the operator has selected. L'CU 168 penodically reads cabin
temperature sensor 199 to detemiine the tmnperature ui the
opemtor compartment. lite sensor that It reads is disposed
within the operutor cwnpartmcnt in a position that gives thc
best measure of the average temperatwe io the operaior n&m-

purtment. Tlus location &vill vary, of course, based upon the
particular configiu'atiwi of tlm operator comparlment. Thc
cab tempem&ture sensor 199 may be in a return air duct ui the
opemtor compartment, such as inlet conduit 148 (Sec I'l(i 1).

This method ol'easuring temperature is imhkc the
method of measunng tempemture in the "mam&el" mode of
opcmtfon. In tfw. "manual*'ode of operation, the tempera-
ture that EC1 J 168 momtors is the temperature in thc evapo-
rator coils. This temperature does not reflect the temperanire
of tlm oir in the operator compartment but the temperature of
the coils flll'ough \vhlch the all'loivs.

IJCU 168 automatically reduces the speed of recirculation
blower 116 as thc opcmtor compartment tcmpcratiire (indi-
cated by cabin temperature sensor 199) uppmaches the tem-
pemture indicated by temperature control 162. E('U 168 cal-
culates tins difference in temperaIure as the operator
conipaitment temperature approaches the conunanded tem-
perature and either calculates Ihe proper rnluced blower
speed or looks up the proper reduced blower spenf ui a lookup
table. Once it has determined the pmper blow er speed for the
specific temperature error it calculated. ECU 1 68 signals Cab
I IVAC module 192 to adfust the speed ofrecirculation blower
116 In this nianner, by the time the temperature of the air in

the operator compartment or cabin has reached the com-
manded temperature. the blower is nmning at a very low
spccd
Dehumtdf lying Openition

The HVA( system pemiits the operator to defog the win-
dow& ond dcluunidif'y thc operator compartnwnt mr (called
"defog opew tion" herein) in both the "manual" and the "auto-
matic" modes of operation.

In the "manual" mode of opem&tion (i.e. v;hen the auto/off/
manual switch 160 is set to "manual*') the operator selects
defi&g operation by momentarily pressing defog switch 156.
LICU 168 is configured to penodically monitor the status of
controls 150, which includes defog switch 156. When the
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operator depresses defog switch 156. LCIJ 168 energizes
defo J&P& 158. Tlus visual indicum informs the operator tlmt
ECU 168 recognized the opemtor's conunand and is provid-
ing the defi&g operation

Once the operator selects defog operation, L&CU 168 s

enables operation ofcompressor 204. 1 he di JTerence between
defog operauon and air-conditiomng opemuon of the com-
pressor is that the compressor 204 runs contuuiously as long
as defog operation is selected a&xi is only turned off when
ECU 168 senses that the evaporator coils have reached their u&

freeze temperature.
When FC:IJ 168 (by immiioruig &empcratum sensor 198/

determines that the evaporator coils have reached their freeze
temperature, it automatically discngages the clutch of com-
pressor 204. &hereby turning off the air-conduioning com-
pressor and hence the air-conditioning.

Similarly, when I',CIJ 168 detcnnincs that the evaporator
coils have risen above iheir freeze temperature, ECU 168
re-envages the clutch, turning the air-conditioning back on.

While these tun twnpcraturcs may be thc same, they prcl'- io
embly differ by 2-8', &i ith FCU 168 disengaging the evapo-
rator clutch at a lov, er tempemture than H'U 168 re-engages
the evaporator clutch.

Defog operanon overrides the deihult "manual*'ode
cooling operation that was described above. In "manual" "

mode cooling operation. descnbed above, ECU 168 controls
the acnial temperature at the evaporator coils indicated by
temperature sensors 198 to be the s mie ns ihe temperature
indicated by temperature control 162. When defog opemtion
is enablcxJ by pressing deli&g switch 156, FC'U 168 maintains &o

the evaporator coils at their Ireeze lumt. Tlnis. moving tem-
perature control 162 to any position in its cooling range of
positions luis no cfli:ct w& the twnpcraturc Tcmperaturc con-
trol 162 only aiTects the tempemture once control 162 is
movixl upward into the upper or "beating" range of control "»

162posiuons In&bein'beating*'position&,FC'U168doesnot
disengage compressor 204 and open heater valve 196.
Instead. I X U 168 keeps controlling tlm evaporator mmpeca-
lure sightly above its freczc point, but nlso opens heater valve

196 proportional to the degree of deflection of temperature 4&&

wmtrol 162 in its upper or "lw iting" mnge ofpositiims.
In the "automatic" mode of operanon. just as in the

"manual'* mode of operation, JX'U 168 similarly wigages
compressor 204 and maintains the evaporator coil tempcm-
ture slivg&tly above its freezing point no matter what position ss
temperatnre control 162 is in. In the "automatic*'ode of
operation, however, ECU 168 automau cally controls the tem-
perature over the entire range of positions for temperature
control 162 by regulating the openuig of beater vahv. 196.

Defog Operation Reset (i

Vehicle operators have certa ui expectations how an HVAC
system should function One of tlxise expectations is that
certaui processes or settings iv&11 be reset or canceled v;hen
the vehicle is tun&ed otT mid tun&ed back on again Another
expectatuill is that soli&i: plol:ewes or settings w&ll be I:on&ill i
ued when the vehicle is turned off and will continue in exactly
flic sai&ic state 'u I&i:&1 &lie vehicle is tunwd back on again

Jn a pre('erred conf&guru&ion. there are certain functions that
the HVAC system resets or cancels when the Ignition 186 is
tumed olT mid on or the auto/ofls'n&anuaf'mode sivitcb 160 6&

is changed. One function &liat &s reset or canceled is the defog
operation When tlm operator Ims selected defog operation,
and the opemitor then turns off the vehicle igninon 186,
thereby shutting the engine down, F('U 168 is configured to
reset or cmiccl defog opemtion u lmn the vchiclc is restarted
W&en the operator gets buck on the velucle. turns igmt&on 186
"on*'nd again starts up the vehicle engine. E('U 168 reads

controls 150 and returns the HVAC system to its previous
state. It does not. however, re-engage or re-start the defo
operation. Jn this configuration, F'CU 168 always starts the
vchiclc up without turning on thc defi&g function

ln a sundar fasluon. when the opemtor turns autoioiTi
manual switch 160 to its centm I

"off 

'osition. I X:U 168 turns
oil'both the heating and the ur-conduionin . FCU 168 per-
forms only one function &vhen the operator has selected the
"ofl'* mode, mid that is mtating or driving tbc rccirwilation
fan. With switch 160 in the off position, the opemtor can turn
the fan "on" by selecnng a fan speed v,ith bkmer speed
cwiirol 154.

When ECU 168 periodically moiutors the posiuon of con-
trols 150, it eventually senses that tlm operator has turned the
auto/off/mamuil switch 160 to its 'o JT'osition ln response,
I 'C U 168 immediately the turns off air-conditioning, heating,
and tlm recirculation blouer, even if bkou er spcwd control 154
is not in its *'ofi" posiuon (i&luch is its counterclockwise-most
position in the present embodiment). To make recirculation
bio&vcr 116 actirally nm in &he "ofl" mode. FC'.JJ 168 is cwi-
fi ured to start drivuig the blower 116 in the "off'ode
whenever the operator mani pu1 at as blower speed control 154
u& the "ofl" mode to select a different and nonzero speed for
the blower. As soon as the opemtor maes bio&ter speed
control 154, ECU 168 signals HVA( module 192 to drive
recirculation blouer 116 to a speed pmportional to the degree
of detlection or position of bio&ver speed control 154. With
auto/off/mama&1 switch 160 in its '*ofl" position, FCIJ 168
does not engage the clutch ofcompressor 204 nor does it open
iwatcr valve 196, it nmmly drives rccirculatiwi blower 116

If, before sefecung the '*olT'osiuon of auto/off/mnnual
switch 160, the operator bad turned on defog operation, the
operator's subscquwit selcmion of the "ofi" positiw& of
su itch 160 causes ECU 168 to suspend defog operation. Ifthe
opemtor presses defog switch 156 whwi mito/offimnmuil
switch 160 &s ui thc 'ofl" position H'U 168 is configured tii

do noihuig in response: switch 156 has no fiu&et&on when
switch 160 is "oft"

When the operator switches the auto/off!manual switch
160 benveen its "automatic" and "manual" positions, the

operator inevitably passes over and through tlm "oft'* position
of the sv;itch, since switch 160 is arranged as a tluee-position
toggle switch having a centml "off'osition. L'(Jl.i 168 is
program&n&ixJ to suspend defog operation whcncver switch
160 is moved to the "off'osition. The problem, however. is
tllÃ al'& operator who switches benveell tbc at&toll&etio p&is&-

tin&1 i&lid&lie ll&nnilal posltioil p&tsses tliiougll tile OJT pi&al-

t&on not because he wishes to select the "off'ode or posi-
tion, but merely bee&was there is no other way to get between
"auto" and "manual". If ECU 168 u as conligured to cancel
defog opemition whenever the opemtor switched betueen
"auto*'nd '*manunl" oxides of opcrntion, the operator u ould
be required to reset or re-enable defo operation by depress-
ing defog switch 156 each time dw. operator changed operat-
ing modes I'rom "auto" to "mama&1*'nd vice versa using
s&vitch 156.

To saiv. the operator this aifditional button pres~, once the
operator selecgs delog u& ether in "autonuitic" or *'mm&ual"

mode. I.JX.'U 168 is contigurcd (I I to turn off defog operation
u lmnwur the auto/off/mnnual in thi 'o ff'* position and (2J io
autonmtically restore defog operation when the operator
switches from "off'o the "manual*'r the "automatic'*

modes ofoperation. FCU 168 is configur&xJ. however, to turn
defog function "off'wlule the mode s&vitch is in "off'mode.
1J&is assumes, of course, that, wlfile thc switch uas in the
"auto'* or "manual" posinons, the operator had tumed the
defog operation "on" with the defog switch 156. With this
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configufation, defog operation is not tiuned off when the
BU&LI/oiplua&IU;ll swltchLs tofu to tile oli position. It ls
merely suspended. When the switch is returned to the "auto"

or tlm "nlanual" positions defog operation returns to tlm stale
It was in lust before the switch was turned "offk Defo
operation is suspendcxI, not canceled or reset.

In ul ultemative configuration, ECU 168 cancels or resets
defog opemtion whenever the auto/off/manual switch 160 is
placed in thc "ofl" position and does not re-enable or rc-
en age defog operation &vhen the auto/of1/manual sv'itch 160
Is returned to either "auto" or "mmnlal". I'o prevent this from
being burdensome to the operator when the opemtor mcrcly
moves the a&witch from "auto" tluough "oft" to "manual" or
vice versa, Ffql 168 is progranlmed to v;ait I'or a predeter-
mined ume period /preferably aboui one scwund) with auto'ff'manualswitch 160 in the "ofl" position before HCU 168
cancels or reacts defog operation. If tlm operator nmrcly tran-
sitions auto/ofli'mamud switch 160 quickly throu h the '*ofl"

position and does not leave switch 160 in the "off'osition
I'ortheprcdetcnnincdtimcintcrval, F/CI/168willnotr& sctor
cancel defog operation.

It w ill be appreciated that the present disclosure is intended
as an exemplitication of the invention. and is not uitended to
limit the invention to the specific embodiment illustrated. The
disclosure is intended to cover by thc appended claims all
such modilicat&ons as fall within the scope of the claims.

Wc clat&a:

1. An HVAC system for a work vehicle having an opemtor
comparunent for ul OPcmtor, the system comprising

inc&Ills fol'oolillg all'n thc op elute f cutup ilftlllcllt havlllg
an evaporator, and n manually operable tcmpcmturc
control means;

a means for recirculating air;
menns for pressurizing nir in the operator compartment,

and

nmmls coupled to both the mm ns fiir cooling air and the
means forpressunz&n air for reducin output from the
means for pressurizing air when the operator selects
high output from the mcmls for cooling air,

I the tempentture control means aflowing direct operator
adjusnnent of the temperature of the evapomtor, such
that the temperature o I'he evaponstor &s proponional to

an operator selected setung of the temperature control
m&uuls,

ui wherein lugh ouiput is aclueved ia a mamml mode by
selecting operation of the cooling means at the lower of
at least tv,o selectable evaporator tcmpcranires su&tin s

and the memls for recirculat&n air opemst&n at the
higlmr of at least two open&ting settings.

2 The IiVAC system of clai&u 1. wherem Ibe means I'or

reducing output includes a microprocessor
3 Thc HVAC system of clainl I, &hL ILIupofanlrc contfol

means includes means for selectul among a plurality of
evaporator temperamres in the nmnual mode and a plurality

zo of air lempcratures of an opcrnuir Compariment in ml auui-
mat&c mode.

4. The HVA('ystem ofclaim 3. (vherein the high output is
selectable by only mam&el operation of the tempemture con-
trol means in the automatic mode.

5. Tlm HVAC systmn of claim 1, wherein tlm means for
pressunzulg air ul the operator compurttnent further com-

prises an external air intake configured to remain open wlufe
under high output md provide positive cab pressurization.

6. The liVAC system oi claim 1. wherein the means for
lo rcduciflg o&ilpU& la configured to reduce output OI'he means

for pl'(.ssUI'lzlll ill&'hcll thc opc&iuor iu&IUU'dly'clccls the
lowest operatinvg temperature from the means for cooling air
and manuallv sulccts the highest speed I'rom the means Iiir
reclrculafiug air.
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