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[57] ABSTRACT

An apparatus and method for controlling the air condition
and heating w&thin 5 vehicle interior compartment, m wh&ch
thc apparatus includes a fan (13), heat cxchangcrs (14, 15),
temperature sensors (26, 27, 28) and a solar sensor (29) and
temperature control (47) for setting a desired temperature.
The apparatus further includes a control un&t (46) which &s

operative to calculate a theoretical mtenor temperature T)
hased only upon information from sensors (26, 29) eaning
the external heat load of the compartment, a sensor (27)
sensing thc tcmpcraturc of the air suppliccl to thc compart-
ment and fan current representative of the volume of air
supplied to the compartment. The control unit (46) compares
this theoretical interior temperature 'I'& with the preset tem-
perature T»„„calculates thc ditfcrencc AT, ancl then
controls air goiv and mixed temperature T&r to readjust or
maintain thc interior tcmpcraturc ivithin thc compartment
(19) at the, preset temperature T(i„,
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A/roraeit Agent, o) F/r)n—Ostrolcnk, Fahcr, Gcrh a Soffcn,
Id,p

4.344355 11&1982 Kojima et al...
4,345,714 8/1982 Kojima

235/91

('35/91 C 11 Claims, 2 Drawing Sheets

23

26- QA
10

17
1

42
13 2

31

16 15 27

PAN
CONTROL

25
M

RE C IRK

CONTROL
AC

iCONTROLI
HEAT
CORTROL

OISTR(6UTION
CONTROL

26

41
44 45

SET

TEMPERATLIRE

COMPARTMENT

CONTROL

COMPARTMENT

TEMPERATURE

47 46 46



U.S. Patent Sep. 22, 1998 Sheet 1 of 2 5,810,078

47

F/G. 1

46 48



U.S. Patent Sep. 22, 1998 Sheet 2 of 2 5,810,078

—30 -20 -10 0 +10 +20 +30 +40 T„(C )

FIG. 2

-15 -10 -5 0 +5 +10 + I 5 dT( (Co}

FlG. 3



APPARATUS AND METHOD FOR THE
ENVIRONMENTAL CONTROL OF VEHICLE

INTFRIORS

BACKGROUND OF THE INVENTION

This invention relates Lo an apparatus and method I'or the
cnvironmcntal control of the interior space of a motor
vehicle and in particular to the maintenance of air tempcra-
turcs at prcdctermincd tcmpcrature levels.

Most vehicles are now equipped with air conditioning and
h&u&ting systcins for maintaining thc air within the vchiclc
passenger compartment at a set desired temperature value.

In order to maintain the temperature at Ihe desired value
it is typically necessary to detect the ambient (external) air
temperature, the internal air Lemperature, mixed air tempera-
ture (that is the temperature of air immediately poor to
discharge into the vchick interior) and to control thc air flow
and distnbution withm the. compartment based on the
detected parameters. More advanced systems also use a sun
sensor to detect the. thermal load of the. compartment.

The inta»or space Lempcrature at vanous locations
depends on the thermal load of the interior space lt is
therefore difficult to obtain a represeniative value of the
temperature withm a passenger compartment The thermal
load of the interior space dcpcnds on thc heat quannty
mtroduced thereinto or discharged therel'rom due to dilfer-
ences in temperature betv &en outside air temperature and
inside tnr temperature, the heat quanuty absorbed thereinto
as solar heat, the heat radiated from the passengers bodies,
the heat quantity absorl&ed thereinto from the engine and
electrical equipment and the heat quantity introduced or
discharged therefrom duc to thc air-conditioning and heating
system. I'urthermore, depending on the different
temperatures, air-flow speed and the direction of thc airflow
introduced mto the interior space, to maintam the appropri-
ate preset value it is necessary to determine thc actual
interior space temperature.

In order to ideally momtor the heat distnhution within Ihe
passenger compartment it is necessary to use more than one
temperature sensor for control of. Ihe heating system in order
to maintain the appropriate preset temperature. Such a
tcmperaturc sensor is often connected to an air-pump, in
order to obtain a sufficient circulation &&f air around the
sensor. Even thou h an air-pump is used for circulating thc
air around the temperature sensor, unrehable readings may
bc obtained duc to local heat sources e t.c around thc
temperature sensor. The control ol the temperature. in the
passenger compartnient could therefore be severly affected,
especially if the control stratc y basically Ls dependent on
the readings from the interior temperature sensor. Tempera-
ture sonsors arc also rclativcly expensive and produce noise
inside the vehicle All of these things must be taken into
consideration when dcsimin ~ a climate control system,
therefore it is desirable to ehminate the interior space
trmpcraturc sensor.

SUMMARY OF THL'NVENTION

The present mvention provides an environmental control
system for the interior of a motor vehicle in which the above
problems have been climinatcd since thc control system
does not use any temperature sensor within the vehicle
interior.

The system includes a control umt which is operative to
calculate a theoretical interior tcmpcraturc T, based only
upon mformation from sensors sensing the external heat

load on thc compartmcni and thc temperature of thc air and
volume of air supplied to the compartment, and compares
this theoretical interior temperature T, with thc prcsct tem-
perature Tr„„calculates Lhe difference AT&, and then con-

I trois air flow and mixed tcmperaturc Tw to readjust or
maintain Ihe interior temperature within the compartment at
thc preset tcmpcraturc T»„,.

The inventive concept enables usage ol'emperature val-
ues only from temperature sensors so arranged that they are

io naturally exposed by the conditioning and heating system Lo

a suflicient air-flow, thus enabling an accurate temperature
reading, and solar radiation sensor lor Lhe external heat load
su&ised

Accordingly thcrc is provided an apparatus for environ-
mental control of the inta»or of a motor vehicle, the appa-
ratus comprising an ambient air tcmpcraturc sensor for
monitoring ambient air temperature, a radiation sensor for
measuring the intensity of radiation entering thc interior of
the vehicle, a mixed air temperature sensor for sensing the

-" tcmperaturc of air in thc air flow from thc fan to thc
passenger compartment, at least onc heat exchange to con-
trol the temperature of thc air flow from thc fan, a control for
setting thc desired interior temperature an&I a control unit
connected to said sensors, fan, heat exchangers, and tem-
perature control and which is operative to calculate a theo-
retical interior temperature based on the ambient air
temperature, the mixed air tmnpcrature, radiation intensity,
and the air floiv I'rom the fan and to compare the calculated
theoretical temperature value with thc preset tcmpcraturc
value, calculates the ddlerence angl controls the airflow and
mixed temperature accordingly to achieve aod maintain the
preset interior temperature.

'I'here is also provided a method of environmental control
ol'he interior of a motor vehicle the vehicle havmg an
environmental control apparatus including a fan, a heat
exchanger which can vary thc tcmperaturc of the airflow
from the fan, said method comprising

prescttin a desired interior tcmpcraturc, dctccting thc
exterior ambient temperature of air external of the
vchiclc, detecting a mixed air tcmpcraturc of air in thc
air flow from Ihe fan to Lhe intenor of Ihe vehicle, and
detecting thc volume of air flow from the fan to thc
interior of the vehicle, charactenaed in that the method
hirthcr includes dctccting any radiant energy cntcring
the vehicle, an&1 producing a theoreucal intenor tem-
perature value calculated from ambient air temperature,
mixed air Lemperature, radiant energy in&&,nsity, and
airflow companng the theroretical temperature value
with the preset temperature value to produce a tem-
perature difference, which is utihaed Lo control air tlow
and mixed air temperature, in order to achieve and
maintain preset interior temperature

The invention thus only uses information from sensors
sensmg Lhe external heat load on the compartment an&i the
temperature and volume of air supplied to the compartment
m order to control the heating of the air supphed to the
compartment.
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The invention will bc dcscribcd by way of cxamplc and
with reference to the accompanying drawings in which:

FIG. 1 shows a schematic layout of an cnvironmcntal
control system according to the present tnvenuon for a

e& vchiclc interior compartment,
FIG. 2 shows a function for calculating a start,'previous

value for Tr,



FIG. 3 shows a function for controlling blower fan current
Il'nd mixed air temperature depcnrlent on rl'I'I.

DL'TAII.L'I) lyESGRIP11ON OF 11IE
PREFERRED EMBODIMENT(S)

With rcfcrence to thc drawings, thcrc is illustrated in
schematic form an environmental control system for the
interior of a motor vchiclc and, morc specifically, an air
conditioning and heating system for the passenger compart-
ment of a vehicle.

Dueling 10 has an ambient air inlet 11 lo receive ambient
air A from outside of the vehicle. The ducting 10 also has a
seconll inlet 12 to receive recirculated air R from withm the
vehicle. The air can bc drawn into ductin 10 by a blower
fan 13 which ls lfriven by an electric motor.

1'he inducted air is then cooled by an evaporator 14
having a compressor 31, and then the coolerl air passes over
a heat exchanger 15 which beaks a portion of the air tlow
I'hc amount of cooled air )vhich is passed over the heat
exchanger is controlled by a gate valve 16 operated f&y a
motor 25. Thc hcatcd air is rcmixcd with thc coolcrl air in a
mixing chamber 17 do)vnstream of the gate valve 16 and is
discharged into a passenger compartment 19 via air distri-
bution system 18 and outlet ducts 21 The distribution
system 18 is controlled by a motor 22 to determine the air
rlistribunon within thc compartment 19. Air exits thc interior
of the vehicle through exit ducts 20

The ratio of recirculated air to fresh air entering the
ducting 10 is controllelf by a second gate valve 23 operatell
by a motor 24.

The opcratin conditions within the ducting are monitored
by a plurality of sensors An ambient air temperature sensor
26 is located in the ambient air inlet ll, a mixcrl air
temperature sensor 27 is located in the mtxmg chamber 17,
and a cooletl air temperature sensor 28 is locatctl adjacent
the evaporator 14. A solar sensor 29 within the passenger
compartment measures thc sun*a intensity and clcvation.

The system is controlled by an clcctronic circuit includin
micro processors The control will be explained f&y means of
a block diagram. Thc ambient,'rccirculatcd air for thc value
23 is controlled by a recirculation control 41. The fan 13 is
controlled by a fan control 42. Thc evaporator 14 and
compressor 31 are controlled by an air conditioning control
43. The gate valve 16 is controlled by a heat control 44. Thc
distributu&n system is controlled by the distribution control
45 All said controls 41-45 are connected to compartrliel&t
control 46 includes micro processor means.

The compartment control 46 is connected u& a temperature
control 47 for presetting a desired interior temperature Tl, „
and is further connected to compartment temperature cal-
culator 48 The temperature calculator 48 includes micro-
processor means and is connectelf to the sensors 26, 27, and
29, and to the fan control 42 and air conditioning control 43

'I'he recirculation control 41 operates the motor 24 to
move the gate valve 23 depending upon the ambient air
temperature, the distribution system settmg for distributing
air within the compartment 19,and thc previous conrlitions
within the system 'fhe control 41 can be manually overrill-
rlcn. Thc fan control 42 controls thc fan motor by controlling
the current to the motor and can be manually overridden.

The air conditioning control 43 is connected to the cooled
air sensor 28 and controls thc evaporator 14 dcpcndcnt upon
signals received from the compartment control 46. Aglun the
air conditioning control can bc manually ovcrriddcn.

The heat control 44 mcasurcs thc mixed air tcmpcraturc
via the sen&or 27, detects the posnion of the gate valve 16,

and controls thc mixed air temperature by controlling the
position of the gate valve 16 The, gate valve position can
vary between fully open and fully closed depending upon
the desired temperature of the mixed air

I'he dlstwbu lion control detects and controls the operative
condition of the distribution system so thc rlosired outlet
ducts 21 are utilized.

The compartment temperature calculator 48 measures the
ambient air temperature Ta ihrough sensor 26, the mixed air

ln temperature Tw through sensor 27, the solar mtensity Sl anil
solar elevation Ss through the solar sensor 29, the blower fan
current Ie. and calculates a theoretical interior compartment
tcmpcrature T, allowing to thc followin ~ calculation;

uz,l Ir= I, To+a/IT„.T, I+e T,+l: oe() ),),— e T,

where:

*= r I +1&+

'I'emperatures are in (', (:eksius degree~.
a-c are constanhh

Io is blower fan current in ampcrc (A),
Ta anil Tw arc as above,

zs
T, is thc calculated interior space tcmpcrature,

ST is angle of elevation of the sun (the Zenith =90'),

Sl is the solar intensity measured in Wlm

E has in gcncral a cosine characteristic, but dcpcnrls on
Sio window angle and size,

f(Tw T„... ) is a function for calcuh&ting a start/previous
value for 'f, and can for example look like this: f('Ion
T„... )=O(TA) Tsc (scc also FIG. 2)

The compartment control 46 compares the calculated,
tempcraturc T, value with thc preset dcsircd tcmpcraturc
1;„, and calculates a temperature difference ATI 'I'he tem-
perature difference AT, is then used in combination with thc
measured ambient temperature Teo mixed air temperature
Teo blower fan current Ie and solar intensity S, and solar
elevation ST, to calculate new values for the blower current,
mixed air temperature, distribution system conrlition,
ambient/recirculated gate valvo position. These new values
are sent to the respective control umts so that they can be
executerf.

4s I'he control of the blower fan current le and the mixed air
temperature T&u are controlled by the fan control unit (42)
and the heat control unit (44) )vhere dTI is one of its
parameters and can prcfcrably follow thc rolations depicted
in FIG&. 3.

Where it is desired to operate the control system to control
the environment in a two lrmed mteru&r space for example,
a left zone and a right zone or front and rear zones, then said
equation& are.

f.'or the right (or front) zone,

rile&'ll le I r+lr/llh I'. I+'7+6&O(ee)S&f() l+
s (I,r-Tr,l-e, To

and I'or the left (or rear) zone,
60

II re'rlf r le r T re+I f(r rr T,. I+) 'T +It re (Se) Srf ()'l+
s (To-Tol- rlo

where

e,= r I„+S+e

,=o.l, deer
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a-c and g are constants

Ie, is the blowerfan current (airflow) right side in ampere
(A),

Ier is the blowerlan current (airflow) lelt side m ampere
(A),

T„ is the ambient air temperature in degrees C',
Tw„ is thc mixed air tcmpcraturc right side in degrccs

celsius (C'),
Twl is the mixed air temperature left side in de rees

celsius (C'),
TI, is the right side calculated interior temperature m

dcgrccs (.'*,

TII is the left side calculated interior temperature m
dcgrccs (.'*,

S» is the angle of. elevation of the sun in degrees (zenith
=on'),

S, is the solar intensity measured in Wlm,
L has in general a cosine characteristic, but depends on

window angle and size,
f.,(Tv„Tio ) is a function for calculating a start-I

previous value for Ti„
fa('pa&i,T«o ) is a function for calculating a start-I

previous value for T»,
fa(S«o) is a function for calculating the solarksad of the

right side,
f (Sai) is a function for calculating thc solarload of thc left

side.
Thc invcntivc apparatus and method is not limited to

environmental control ol'ntenors ol'otor vehicles with
environmental control apparatuses cntircly lackin the usage
of. an interior temperature sensor. The control method could
pref&:rably also be used together ivith an interior temperature
sensor, and then be used to improve lhe system performance
hy achieving an average value between calculated interior
space temperature and the inter»sr temperature measured by
the mtenor temperature sensor. Although the present mven-
tion has bccn descrilsed in relation to particular embodi-
ments thereof, many other variations and m&ulilications and
other uses will become apparent to those skilled in the art.
It is preferred, there('ore, that the present invention be
limited not by the specitic disclosure herein, but only by the
appended claims

We claim
l. A method of environmental control of thc interior of a

motor vehicle the velucle having an environmental control
apparatus including a fan for supplying an air flow to thc
interior of the vehicle and a heat exclianger ivhich can vary
thc temperature of thc airflow from the fan, said method
comprising

presetting a desired interior temperature, detecting the
exterior ambient tempcraturc of air cxtcrnal of thc
vehicle, deiectlng a mixed air temperature of air m the
air flow from thc fan to thc interior of thc vchiclc, and
detecting the volume of air flolv from the fan to the
interior of thc vehicle, detecting radiation energy cntcr-
ing the vehicle, and producing a theoretical interior
tcmpcraturc value calculated from ambient air
temperature, mixed air temperature, radiation intensity
and airflow, and comparing thc theoretical temperature
value with the prcsct icmperature value to produce a
temperature difference, which is utilized to control air
flow and mixed air tempcraturc in order to achieve and
mamtain the desired preset inlenor lemperalure.

2. A control method as claimed in claim I, wherein thc
radiation energy is solar energy

»TT»I=« I„T«+bf(T«7« l+c T,&E cas(l'5;&.T,

where

10 e= i I +»+

'I'enqleratures are in (', ('.elsius degrees
a — 0 are constants,

IT is blower fan current in ampere (A),
Ta is ambient air temperature and To is mixed air

temperature,

T, is thc calculated interior space tcmpcraturc,

Sa is angle of elevation of the sun (the Zenith =90'),

SI is the solar intensity measured m W/m,
E has in general a cosinus characteristic, but depending on

window angle and size,

f(T&IT,& . ) is a function for calculating a start/previous
value for Tb

S. A control method as claimed in claim 3 for a two zoned
interior space, ivhcrcin calculated tempcraturcs for two
zones are given by equations: for onc zone,

»T«I»i=el, I'a+I / (7««7« I+i T+I.cas(5 l 51 (5« te
50

and for thc second zone,

II««bi=ale, 1„,st ]II,« I„.. 1+c I„+b ca (l'l 5 f (5,&/+
5 (7«- T«I-; I«

where
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e,=a&,+b+c

e-a I ceb+i

a—c and g are constants
I», is the lslowerfan current (airflow), first zone, in

ainpere (A),
I», is the blowerfan current (airtlow), second zone, in

ampere (A),
T„ is the ambient. air temperature, in degrees C',
I'v„ is the mixed air temperature, hrst zone, in degrees

celsius ( ('),
Tan is the mixed air temperature, secoml zone, in degrees

celsius (C*),

Tb is the, first zone, calculated intewor temperature in
degrees (

T» is the, second zone, calculated intenor temperature in
degrees (

S» is the angle of elevation of the sun in degrccs (Zenith
=&70'),

S, is thc solar intensity mcasurcd in Wlm,
E has in general a cosinus characteristic, but depending on

windov an le and size,
f,(Tv«,T«o . ) is a function for calculate a starl-,lprevulus

value for I'i„,

fc(Tv»T»,... ) is a function for calculate a start-,&Previous
value for I'«,

fa(S«0) is a function for calculate the solarload of thc first
cone,

3. A control method as claimed in cLaim 2, wherein the
solar energy is measured as a function of solar intensity and
solar elevation.

4. A control meth&at as claimed in claim 3, wherein the
5 calculated temperature is given by the followin ~ equation;



fc(S») is a function for calculate the solarload of the
second zone.

6. Apparatus for environmental control of the interior of
a motor vehicle, Ihe apparatus compnsing.

a fan supplying an air flow to the vehicle intenor;
an ambient air temperature sensor for momtorin ambient

alr telliperature,
a radiation tlctector for measunng the intensity of radia-

tion cntcring the interior of the vehicle;
at least one heat exchanger to control the temperatureot'hc

air flow from thc fan;
mixed air temperature sensor for sensing the temperature

of air in theair flow from the fan to the vehicle intenor;
preset means for presetting a desired interior tcmpcraturc

value,
air flow control means for controlling thc air flow from thc

fan to the vehicle interior; and
a control umt connected to the ambient air temperature

anil mixed air temperature sensors, the radiation detec-
tor and the heat exchanger for (i) calculatmg a theo-
retical intermr temperature based on the ambient air
temperature, the mixed air temperature, the radiation
intensity, and the air flow from the fan, (ii) comparing
thc calculated theoretical tempcraturc value with thc
preset tlesirerl temperature value„and (iii) controlling
thc fan, thc air flow control means and thc heat

exchange;r in accordance with the dill'erence between
the calculatrxl theoretical temperature/value anil the
preset desired temperature value to control air flow and
mixed temperature to achieve and maintain the preset
tlesired mterior temperature value.

7. Apparatus as claimed in claim 6, whcrcin the heat
exchanger comprises evaporator means for cooling the air
being supplied by the fan and a heater located downstream
of the evaporator for heating air directed thereto

io 8. Apparatus as claimed in claim 7, whcrcin the air flow
control means includes distributor means for controllin ~ the
percentage of cooletl air which is directetl to the heater in
order to achieve a desired mixed air temperature

9. Apparatus as claimed in claim 8, wherein thc evapo-
rator means includes an evaporator locatetl downstream of
thc fan, an evaporator tcmpcraturc sensor for sensing the
temperature at the evaporakir, a ciimpressor connected to the
evaporator and an air conditioning control unit responsive to

CD
the temperature sensor aml to the control unit for controlhng
the compressor to produce cooled air.

10. Apparatus as claimed in claim 6, wherein the radiation
detector is a solar sensor

11. Apparatus as claimed in claim 10,wherein the solar
sensor (29) mes~urea the solar intensity (S,), the solar
elevation (Ss) and thc solar azimuth (S,).
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