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(57) ABSTRACT

6 Claims, 3 Drawing Sheets

An air conditioning system for vehicles includes a restriction
control device that reduces the consumptive power of the air
conditioning systcni by rcrlucing thc cooling ability of thc
air conditioning system when a cooling load of an interior of
)he vehicle has increased over a predetermined level, and
when predetermined cond&)iona are sa)islied. In the system
of the present invention, a water temperature sensor or a
s&vitch for detecting the opening of a roof window or a
double sliding window is not necessary. In the present
invention, under certain prcdctcrmincd conditions, the
power to an air conditioner may be appropriately rcstncted
and the amount of heaL radiauon at )he condenser may also
be appropriately restmcted. Consequently, the control may
reduce &vaste po&ver to prolong the hfe of equipment, and
&vhich may achieve an improved and comfortable air con-
ditioning state, even when a roof window or a double sliding
svindow is open.
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AIR CONDITIONING SYSTEM FOR
VEHICLES

BACKGROUND OF THE INVENTION

f. I'ield of the Invention
Thc prcscnt invention reiates to an air conditionin sys-

tem for vehicles, and, more specdically, lo an mr condinon-
ing system suitable as an air conditioner for use in a worl
vehicle. iu

2. Dcscnption of thc Rclatcd Art
In a vehicle having a rrulialor supplying water lo an

engine, Ihe racfiator is generally mounlecf in an engine
compartment together with other equipments for an air
conditioner. A compressnr provided in a cooling circuit of
the air conditioner is generally driven by using the pniver of
an cnginc. If thc consumptive power of the engine is too
much, thc engine may heat up and thc water tenipcraturc in
the radiator may be too hot, thereby causing Ihe vehicle, to
overheat. If the vehicle overheats or a warning Ihat Ihe, zn

vehicle is about to overheat occurs, the operatinn nf the
vehicle is stopped nr a restrictinn on the operation of the
vehicle occurs.

In work vehicles, for example power shovels, common
sized cabins are frequently used regarcf less of. Ihe size or
weight of Ihe vehicles. Thus, the specification and abilities
of air conditinners required for such common cabins may be
substantially the same. I loivever, the engine and equipment
around thc cnginc, includin thc radiator, tend to become
smaller as thc size and weight of thc vehicle decreases.
Therefore, in smaller sizecf worl vehicles.

a) The amount of. power consumed to drive the compres-
sor of Ihe air condinoner and thus Ihe total consumpnve
power of the engine is increased, and the engine tends to heat
up

b) The condenser covers a greater amount of area of the
radiator so that thr ability of thr radiator to handle heat
radiation clccrcases.

c) Bccausc generally, thc engine compartment is not too so
wide, the ability to exhaust heal is not good. Therefore, heal
tenets lo be trapped in the engine compartment, and a) and
Ii) may be exasperated. As a result, in smaller vehicles the
water temperature in the radiatnr tends to be high, and
overheating often occurs

Morcovcr, in a work vehicle, a door and or a ivindow may
frcqucntly bc open. This causes thc cooling load to increase,
which causes thc heat radiated from the condcnscr to
increase, which results a decrease in Ihe abdiiy of. Ihe
radiator to hamlle Ihe heat radiation. As a result, Ihe water so
temperature m the radiator may increase and the vehicle may
overheat.

I'urther, in a work vehicle, a door or a ivindnw of a cabin,
or both, may bc opened during vehicle operations. In such
situation, thc cooling load may incrcasc such that it is ..
dtfptcult to achieve a comfortable degree of. air concfiiioning
for Ihe operator. For example, when a cfoor or a window is
openecf in warm weather, the temperature or amount of. air
lilown from an air conditioner is cnntrnfled, such that the
temperature in the cabin approaches a set temperature. In sc
such a situation, it may bc difhcuft to achicvc a comfortable
cooling condition by aliowing the ports to continue to blow
out temperature controlled air without;xi)ustment In such a
situation, the cooling elfect of. most of the temperature
controlled air may be wastecf. Moreover, a heavy local may ss
be applied to the compressor because ot'he refrigerant
provided in the cooling circuit of the air cnnditioner, nr to

Ihe blower because ii is blowing conditioned air. Therefore,
ivasted power increases and the operation life of the equip-
ment is reduced. I'urther, because the compressnr usually is
driven by utilizing the power of the vehicle engine, the load
on the cn inc increases ancl ovcrhcating may occur.

Attempts to solve such prolilems include reducing thc
consumptive power of the air comfinoner in response to ihe
water temperature in ihe radiator, which is detected by a
water temperature sensor, anil reducing the consumpnve
poiver of an air conditioner by detecting ivhen a door or a
windoiv is open by using a switch or a sensor on the door or
the window.

Thus, under these ni,thocls, the consumptive poivcr of an
air conclitioner may bc appropriately recluccd, and thc over-
heanng of. a vehicle may be appropriately avoided, however,
either a waler temperature sensor, or a switch or a sensor for
a door or a window may be needed. If such a sensor or a
switch is not provided, it may be difhcult to appropriately
reduce the consumptive power of the air conditioner, or to
appropriately avoid ovcrhcating. In particular, when a roof
window or a double slicling window, which clocs not have a
switch or a sensor, is opened, ii may be difhcuh to appro-
priately reduce Ihe cxinsumptive power oi the air comfinoner
or io appropnately avoid overheanng.

SUMMARY Ol IIIL'NVL'NTION

Accordingly, it is an obleci of. Ihe present invention to
provide an air conditioning system for vehicles, suitable for
work vehicles, which may reduce waste power to prolong
the life of the equipment, and which may achieve an
improved and comfortable air conditionin state, even when
a roof window or a double sliding winclow, with or without
a switch, is open.

To achieve thc foregoing and other objects, an air condi-
tioning sysiem for vehicles according to Ihe present inven-
tion is provided. The air condinoning system for vehicles
according to the present invention comprises a restriction
control device for reducing the consumptive pnwer of the air
conditioning system liy reducing a cooling ability of thc air
conditioner systeni ivhcn a cooling loacl for cooling an
interior of the vehicle incrcascs over a lift'clctcrmincd level
and when predetermined comhtions are satislied.

In Ihe air condiiiomng system of Ihe present invention, ihe
resincnon control device may control certain ports lo be
opened or closed and control an amount of air discharged
into the interior of the vehicle from the open ports, under a
condition of reduced consumptive power. For example, thc
control dcvicc liniits a port to lic opcncd to only to a face
mode port, under a conclition of recfuced consumpnve power
Under such control, spot coohng an operator and reducnon
of. Ihe amount of. air flow are each achieved Therefore, an
improved and comfortable air conditioning state depending
on a present condition, an d an optimum operation condition
with less waste power, may bc both achievccl.

The control clcvice preferably returns the system from a
condition of reduced cooling ability to a conclition of normal
cooling ability, when Ihe cooling load decreases

In particular, such an air conclitioning system accorchng to
the present invention may bc useful for a work vchicht

In thc air conditionin system accorcling to the prcscnt
invention, particularly in a work vchiclc, cvcn if a roof
wmdow or a double sliding window of a cabin is opened,
ports lo be opened are limited to those most suitable ports,
dependin ~ on Ihe cxindittons at the present nme. Therefore,
an improved and comfortable air conditioning state for an
operator, and improved and optimum drivmg conditions



with reduced waste power anti reduced loads lo the.

equipment, may be achieved. Comfortable spot cooling may
be achieved particularly in the summer, because during the
heat of the summer it is diflicuit to reduce the temperature
of thc cabin to a dcsircd temperature when a roof windoiv or
a double sliding window is opened by alloiving only a face
mode port to be opened. Moreover, because ihe face mode
port originally allows only a small amount of maximum air,
the controlled air also may be reduced. I'herefore, waste
power may be reduced, the load applied to a binwer or a io
compressnr in a cooling circuit may be reduced, and the life
of thc equipment may bc extended. Further, control may
shift to another mode dcpendin on the condition, by appro-
pnalely reslncting the positions of the ports lo be opened
anil Ihe amount of air flow, while still maintaining comfort-
able air conditioning and improved driving conditions
resulting in a reductinn in waste pa&ver

Further objects, fcaturcs, and advantages of thr present
invention will be understood lrom Ihe following detailed
descnption of a preferred embodiment of. the present inven-
lion with relerence lo Ihe accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

Aprcfcrrcrl cmbodimcnt of thr invention is noiv described as
with rcfi:rcncc to thr accompanying figures, which is given
by way of example only, and is nol intended to limit Ihe.

present invention
I'IG I is a schematic, vertical sectional view of a cabin of

a work vchiclc using an air conditioning systeni accordin to io
an cmbodimcnt of thc present invention.

FIG. 2 is a schematic diagram of the air conditioning
system according tn an embodiment of the present inven-
tion

FIG. 3 is a schematic dis ram showing thc control of thr
voltage of a blower in the system depicted in FIG. 2.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

so
FIGS. 1 and 2 show an embodiment of an air conditioning

system for a work vehicle accordin to thc present invention.
FIG. I depicts a cabin 1, and FIG. 2 depicts an air condi-
tioner prov&iieet lo the work vehicle. In FIG. 1, cabin 1 has
a rloor 2, a front window 3a, a rear side window 3(&, a roof.
windnw 3c, a douhle sliding window 3d, which may be
incorporated into door 2, and an operator's, or driver', seat
5 Main body 7 of the air conditioner is provided in a parts
compartment 6 disposed at a rear position in cabin 1.

Compartment 6 also contains other parts such as a vehicle's s,&

electronic control umt aml other electnc parts. The tempera-
ture controfled air from main body 7 of Ihe air conditioner
flows into cabin I thrnugh selectively opened ports, ivhich
are among a plurality ot'nrts that face tnivard the interior
of cabin 1. In this embodiment, the ports cnmprise VLN'I's
mode port 8, FOOT mode port 9, FACE mode port 10, and
DEF morlc port ll. In a normal control state, thc ports arr
automatically selecteil in an automauc mode. In a manual
mode, the ports are manually selecleri by an operator.

I'IG. 2 depicts air conditioner 12 in accordance with the
prcscnt invention. At onc end portion of air duct 13, VENT
mode air port 8a, FOOT mode air port 9a, FACE niode air
port 10a, and DEF mode air port 11a, are provided. The
VENT mode air port ga, FOOT mode air port 9a, FACE
mode airport IUa, aml DEF mode air port 11a, communicate as
with VL'NT mode port 8, I'OOT mode port 9, I'ACL'ode
port 10, and DL&F mode port 11, respectively, each of which

opens into cabin 1. In this embodiment, these poras ga, 9a,
10a, and lla are opened and closed by a sin le port
switching actuator 14, individuallv, or, in combination

A bio&ver 15 is provided in the other end portion of air
duct 13. A switching damper 35 controls thc mixin ratio of
inside air suckerl through inside air port 34a to outside air
sucked Ihrough outside air port 346. The operanon of
switching damper 35 is conlrolleil by switching damper
actuator 33. Atr drawn from inside or outside the cabin, or
mixed air, is forced by blower 15 into air duct 13.

An evaporator 16 for refrigerant, and a heater core 17 are
disposed in air duct 13 from the upstream side to the
downstrcani side, rcspcctivcly. An air mixing damper 18 is
provided immcdiatcly upstream of hcatn core 17 for adiust-
mg the mixing ratio of. air passing through heater core 17 and
air bypassmg healer core 17. The operanon of air mixin ~

damper 18 is controlled by air mixing damper actuator 32
A cool max damper 19 for enabling a cool max mode is
provided at a position downstream of heater core 17 and
between (i) VENT niode air port 8a and FACE morlc air port
10a, and (ii) FOOT mode air port 9a and DEF mode air port
lfa. Water Irom radiator 20 is circulated into heater core 17.
This radiator water also is useil as cooling water lor engine
21.

Refrigerant is circulated in coolin, or refri erant, circuit
22 Cooling circuit 22 includes an evaporator 16, a com-
pressor 23 for compressing refrigerant sent from evaporator
16, a condenser 24 for conrlcnsing rcfrigcrant sent from
compressor 23, a reservoir tank 25, and an expansion valve
26.

The controlled temperature in cabin 1 is set in temperature
selling device Zg, aml the controlled temperature s&gnal for
the set temperature is input to restriction control rlevice 27
In temperature settin device 28, either an automatic mode
or a manual mode is sclectcd. The signals for: thc interior air
tcmpcraturc detcctcd by inside air tcmpnaturc sensor 29, thc
outside tnr temperature detecleil by outside air temperature
sensor 30, and the amount of. sunshine detected by sunshine
sensor 31, are input to control device Z7. Control device 27
sends control si naia to bio&ver 15, switching damper actua-
tor 33, compressor 23, air mixing damper actuator 32, and
cool max dan&per 19. Thc volta c applied to iflowcr 15 may
bc controllerl so that thc amount of air iilown may bc
ad&usted steppedly, or, in the alternative, continuously
between a low level (L) and a high level (H).

In Ihe air conihtioner of the present invention, the control
of air temperature is performed as follows 'I'he following
control is shoivn as an example only, and the present
invention is not limited thereto

In restriction control device 27, the air ports to be opcncrl
arc dctermincd and controllcrl when operation under thc
system of thc present invention begins. In this cmborbmcnt,
Ihe amount of air flow (e.g., Ihe amount of voha e supplied
lo Ihe blower) from blower 15 is controlled, for example, as
depicted in 'I'able I The target conditioned air temperature
(TOC) may be determined by a calculation performed in
control device 27, for example, base(i on a tcmpcraturc
ditfcrcncc bctwcen the interior air tcmpcraturc dctcctcd by
inside air teniperaturc sensor 29 and thc tempcraturc sct by
temperature selling device 28, lhe exterior air temperature
detected by outside air temperature senaoir 30, the amount of
sunshine detected by sunshine sensor 31, predetermined
basic control values and coetyicients, or the like

The condition for which the system of Ihe present inven-
tion may begin, for example, may be when in cool max
mode, a high level (I I) of air is blown, and a predetermined
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temperature, no lower than 30'o is detecleci Ior more than
I hour in thc intcnor of cabin 1 by inside air temperature
sensor 29. When conthltons such as these, that create a ht h
cooling load, or other cnnditions that satisfy conditions
similar to these predetermined condtuons exml, the control
according to the present invention may start.

In automatic control mode, when the above-described
predetermined conditions are satisfled, for example, the
system may bc forcibly rcstrictcd to only the FACE mode in
port, although other ports, including VENT mnde port, may
have bccn opcncd in thc usual automatic control mode of the
atr comhuoner by lhe lime of this switching, as depicted as
Cl in Table l. In this situation, thc system is restricted to
local cooling through the FACE mode port. In this case, lhe.

voltage delivered tn blower 15, which determines the
amount of atr tlow, is controlled accorchng to line Adeptcteci
tn I'IG 3, which is a condition in the automatic mode
dcpictcd as C2 in Table 1. FACE mode port is a port that
allows only a small amount of maximum air and is not o

stgnihcantly cflccted by adjustmcnts in thc prcssure loss in
the clucl communicating FACE mode port 10 that opens into
cabin 1 ancl FACE mode air port lflu that opens in air duct
13. By restricting the system to only lhe FACE mode port, zs
comfortable spot cooling for an operator may be achieved,
while reducing lhe amount of air flow, thereby reducing lhe.

consumptive power nf blnwer 15 and compressor 23, even
when roof ivindow 3c or doul&lc slidin window 3d is
opened. li)

When control of the system is in automatic mode, control
may be switched to manual mode, which alinlvs the pnrts to
bc opcncd manually. However, the amount of air flow that
may be manually selected, or the blower voltage that may be
manually sclcctcd, may be restricted, as depicted by linc B
tn FIG 3, lo prevent excessive power consumpuon, as
depicted by C3 m I'able I As depicted by line B in IIIG 3,
whtle the manual setting of lhe amount of atr may be one of.

four levels (I. (low), Ml, M2 (between Ml and II), or H

(high)), thc amount of air flow may bc restricted to thc Ml
level in the inw and middle temperature ranges of TOC
With this rcstnction, even in manual mode, thc air condi-
tioning may be as comfortable as possible under the present
condition, while still creating a reduction in the cooling load ds
and the amount of air flolv and decreasing the consumptive
power of blower 15 and compressor 23. Although linc S in
FIG. 3 has a hystcrcsis on thc release portion for thc
above-described restriction, the hysteresis does not have, any
parttcular relation to control according to the present inven- so

lion

L)ven when manual mnde is initially selected, restriction
control may bc pcrformcd simiiarly to that described above
in automatic mode, as depicted by C4 in Table 1. However,
bccausc control is under manuai niode, the amount of air

"
flow may be restricted by lhe hne B depicted in FIG. 3, as
described above. Further, if lhe port lo be openeci is changecl
while in manual mode, the control may be restricted by line
B of I'IG. 3, as depicted in Table I

IO

Thc above-clcscribcd restriction control is released when
thc target conditioned air tcmpcraturc becomes hi her than
25'., when a compressor sv:itch ts turned olT, when an
engine key is turned oIT, or when an on,'oIT switch for lhe
control is turned olT at least 30 minutes after lhe control has ns

started After such release, control returns tn the normal
automatic or manual control mode.

TABLE I

Contiol alodc

lcm )c

Operation
lor au
cond&-

no el!I fl
Pose
h litt l'i,n, I

m de

cz Cs C3

polaihl Cli p . hl Cld

Target conditioned
air Icmpcmtoic

-is'
or, omprclaor

Ih

fl'ha(le

30 ma

Ci. C, Cd. Cd del hed m the spec h lt n

Further, in Lhe control system areorcling to the present
invention, a buzzer may be rung or a lamp may be activated
as a warnin that such a situation is about to occur or has
occurred. Moreover, the buzzer or the lamp may lie operated
to inclicatc ivhcn thc restriction control mode according to
lhe present tnvenuon has been complelecl.

Although only one cmboclimcnt of the present invention
has been described tn detail herein, the mope of the inven-
tion is not limited thereto. It will be appreciated by those
skulled in Lhe art that various modilicauons may be mtule
lvithout departing from the scope of the invention
Accordingly, the embodiment disclosed herein ts only exem-
plary. It is to be understood that the scope of the invention
is not to be limited thereby, but is to bc dctermincd by thc
claims which follolv

What is claimed is
l. An mr condiuomng system for a vehicle compnstng a

restriction control device for reducing a consumptive power
of. Lhe air condtuontng system by reducing a cooling abihty
of the air conditioning system lvhen a cooling load for
cooling an interior of thc vehicle incrcascs over a prcdetcr-
mined level, wherein lvhen said air conditioning system
opcratcs in a cool max mode, saicl cooling loacl incrcascs
over said predetermined level when an internal temperature
incrcascs above a prcdkterminccl internal tcmperaturc for a

predetermined penod of. time.
2. The air conditioning system according to claim I,

wherein said resincnon conirol device conlrols al leasL one
port tn lhe air comhuomng system to be openecl aml an
amount of atr discharged into said intenor of saicl vehicle
through the at least one port that is open, when the air
conditioning system is in a condition of reduced consump-
tive power.

3. Thc air conditionin system according to claim 2,
wherein the at least one port is a face mode port.

4. The air condtuontng system accorcling to claim 1,
wherein satcl restncuon control clevtce returns control of the
air conditioning system from a mndition of reduced cooling
ability to a normal control mndition, lvhen said cooling load
has dccreasccl to a prcclctemiincd lcvcl.

5. Thc air conditioning system accorcling to claim 1,
wherein satcl vehicle is a work vehicle.

6. The air condtnoning system according to claim 1,
wherein said coohng ability of satcl air conclitioning system
is reduced lvhen predetermined conditions are satisfied


