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Development of a heat stress monitor for thermal data
collection from aircraft cockpit
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Heat  stress s recognized as o major
envirommental siress in militury fIying.
However, hard data on prevailing thermal
load in otherwise known "Hot Aircraft’ in
different stages of flying are not many,
Non-availability of suwitable measuring
system (s most likely a reason. This paper
deseribes design considerations of u
microprocessor based battery operated 3 -
channel heat  stress monilor systemn
developed for the purpose of recording dry
bulk (Tdb), wet bulh (Twh) and black globe
{The) temperature und WBGT index
against a real time clock, Subsequent
retrieval af the datu into a PC file allows
registration of Hee data with dute and time
Sur further analysis inclhiding temporal
relationshiip wiih fTight dara otherwise
ebtained, Results from a few in-flighi triuls
are aiso presented in the fex,

RKey Words : Heat Stress Moniwor, Inflight
thermal data reconding

n spile of a general awareness of high
thermal load in the cockpit of the lighter
and rotary wing type of airerall [1,2]
patrticularly in low level Mying in tropical
weather conditions, actual kard dala for
different types ol aircralt in difterent phases
al fyimg and al varied groond ambient
weather conditinns are grossly inadequate,

mainly due 1o |lack ol an APPTOP AL

measuring system lhat s specifically
designed tor the purpose, Ouor carlier studies
from this Institite were based on pilots' o
copilol / experimenter's effort in noting
ilown lemperature data on o note pad as
observed from a hand-held mercury
thermometer [3-6] and bater rom a digital
clectrunic thermomeltric system |7, 8]
Studies from RAF and USAF, aided hy
superior echnology, had been distinetly
mrre specific on temporal reference of dita
and in simultaneous records of scveral
thermial paremeters |9, 10]

Anautemated thermal measurement system
with on-line reconding ol ambient heat stress
parameters is an ohvions requirement lor
repetitive data eollection in respect of
several beal stress parameters during
differentstages of mpidly changing external
condilions of a military flving sortie. Such
a system will be of immodiale ose in 1 —
(1) Quantitative wlenfillcalion of 'Hot
Alrerall

(i1} Commenting on the effectivity of cabin

comditioning syslem in dilferent types of

sirerfl

{iil) Modelling and prediction of cockpit
temperature From [Tight data and ground
ambicnl lemperalure measures and
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(iv) deciding on suitable measures i
alleviation of the siress Gactor.

For its use within the hmited space
availabile of fighter aireraft, the system has
to he small, For the desired analysis of the
thermal data with (Tight data, it has o fog
dista against running time, Also, prefersbly,
itshould not be dependent on atrerafl poseer
supply. Data storage capacity of the
I‘I'l]'t‘n'r]'rrm:::}i:mr syslem anil the h;ttli.':r}-'
backup for the same should be sullicient for
the desired volume of data o be stored
before its retricval. Safety of the stored data
and its retricval should be loolproot.

This article describes in detail the above
dusipn considerations of the heat stress
monilor and describes the svstem and 5is
use: in acquisition ol in-light data.

Design Considerations

Thermal measures !
designed to have three lemperalure sensor
inputs viz. for (i) air temperture, Tdb (i)
Wet bulb temperature, Twh and (iii) Black
Globe temperature, The. For black globe
temperalure, it was decided Lo use a 30U mm
metallic globe in place of # conventional
150mm for the purpose of miniaturizalion
of the system and an ¢arly equilibration of
the sensor with the scrial change in the
enviranment, #s it would be nceessary for
the purpose of ils use in the aireraft
Temperature range of opuration was deeitded
to be 0 to 600 C. Suitable semiconductor
sensors with amplifier circuit for cach
channel was to be connected o an AD
copverter with a minimum resolution of (.27
GV e

The syslem was
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Heat stress index: 1L way devided 1o
incorporate WRGT since it has  proat
advantage of simplivity and direct on-line
calculation, WBGT index has heen vsed
extensively in militay aviation [2. % - 11|
and is also recommenided by 150 [12] Ls
calenlation was based on the following
computational relationship that not only
needs the simplest Leatures: [or the sensors
biat also has heen recommended o luve o
mare approprisle weighting [tr setlan
radiation components |1 113

WBGT = (0,7 'Twh + 1.3 Thy

Microprocessar Cuntrol @ The design al
the system was considered to be based on
suitnble microcontroller wilh appropriate
EPROM and stitic RAM, I was 1o be
supported by a Real Time Clock (RTC) 1
wis considered that the microconiroller
would seleet one inpul channel at & tme
and store the data with the RTC time into
the RAM. The RAM data is backed by
batlery power supply 1l itis tmnslerred into
a PC file at a convenient timu:

Battery Supply: The power supply ol the
system should be from a rechargeable
ballery housed on board the equipmenl, The
baltery should provide u sullicient length
of operalion time, i.¢, aboul 8- 12 hours, [or
supporting a whole day's waork, Whenever
nut in use. the systerm will be connecled with
an external battery charger unit. Indication
of the charge stalus was considered
important 1o be included in the display. An
LED indicator was fell necessary to show
the presence of charging vollage when the
battery is pul on charge,

Digital Display 1 A 3 1/2digit LCD display
was decided upon lor showing the
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twmperature dawa from the selected channel,
The display would also be used for indicating
the batlery charge status and the calibrahion
values on suitable position of cantrol
Swilches.

Operational Mode : 1t was decided 1o have
4 modes ol operation ol the equipment other
than itx OFF position 1o be selected by A
mode selector swiwh

IoCalibrate  The instrument will displaya
standoasd numerical value indicating the
proper operation: of the instrument in

puncral,

2. Measure - In the measure mode, on - line
data callected by o specific channel s
selected by a channel selection switch will
be indicaled on the displav. The channel
selector switch would select one fiom s 4
positions viz, Tdb, Twh, Thg and WBGT,
For mwuline manual noting of thermal datn
on the ground, this mode alone should
suflice,

3. Store : In this mode, the instrument is to
automatically scan all three chunnel inputs
ata predelermined interval and siore the data
including that of the computed WBGT index
along wilth the RTC time data in the local
memory (RAM). This made is the primary
mode tor the desired purpose of automalic
recording of in-flight data andd iis subsequen:
retricval on a PC file. The time interval fon
data storoge was decided to be | minute.

Stored Data Reirieval inta PO Tt was
decided that the system will be PC bascd
for serving several purposes including
unloading of the RAM data into data files,
Every time il i laken 10 STORF miode, the
system would record a now Experiment
number, date and time of the beginning of

the experiment and witl thermal data VIF,
Fdb, Twh, Thg, WBGT logped under
respectivie headings at cach minute interyal,
An RS-232 serial interfrce wilh the PC and
a suilable soltware were considered ain
essential part ol the system, Downloading
of the stored data from the monitor, cleari e
af the stored data from the monitor RAM,
anid also setling of the lime and date of the
manitor RTC would he possible only
thromgh suitable commands from the PC,

4. Repley o For immediate licld
requirements, itwas considered TRIMEEEH T
treall back the stored data on the equipment
display itselll It is possible in REPLAY
mode when the stored data can be called
huck using additional switches that would
select the number of experiment, dale and
time. With channel selector switch in respeet
ala particular thermel parameter, additional
swilches would display the respective
thermud parameter serially for each minute
forward or backwird, With the help of his
mede, the experimenter cin nole down the
ditta from the display of the respective
parameter when a PC system s nol
mimediately available.

Dimension, Weight and other physical
consideratinns;

Fur the putpose of using the equipment
within the cockpit of a fghter alrcrall , it
was desited thal the system should boe as
small ay permitted by the available
technology. The basic external feature of (he
system was decided to be in two picees; (i)
the main body with ballery supply,
microvoniroller, EPROM, scnsor
connectors, ampliliers, display and selector
switches, amd {11} the sensor trident that
hoids three semiconductor sensors with
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suitable housing [orwel bulbswick amd water
sponge and the metallic globe for the black
globe thermometer. The cable from the
sensor rident was decided W be 1 meler
long in order W house the main body and
the sensors at lwo separate places il so
needed, Otherwise, the trident is 1o be lixed
o the main hm!}' of the monitor iisell with
i suitable clamp.

Heat Stress Monitor -First Model

(HSM - 1)

Developmental work of the Heat Stress
Manitor, both model | and 1 were made
with the help of a local firm, Numag Dala
Syslem, Bangalere, by possible
incarperation of all the above mentioned
design consideralions in ils structural,
cleetronic and software élemenis.

In Model I, the main box measures 185
220 mm at the base with 4 height of 72 man,
The LCD display and the control switches
were housed in the front panel located ata
slantof 45" with the base. This mudce it more
suitable as a laboratory eguipment from the
product design point of view(Fig 1).

After the calibration (rials of the basic
thermistor sensors (LM 335 series of
National Bemiconductor) and amplifier
system  conducted at steady stale
temperatures in a normal room, a cold
simulator and a hot simulator room against
astandard mercury thermometer, the whole
system was studied for several trials on the
ground. Total duration of continucus data
eollection was studied. A total of 10 hours
data collected @t every min nterval could
be stored in its RAM. The battery back up
was [oumd 1o be adequate for the period
PC soltware system for data retrieval,

frd. . Aeropaee Mad, 400(7) 7996

reselting of R1C and erasing ol memory
wore tested and Tound o perlorm o the
desired requirement, The system was then
taken o Adrcralt Systems  Tesling
Estahlishment, AF, Bangalore for their
:1rliniun s }1;1_'1:|1L|lli|il_1," for an board trial
in test Tyving dilTerent types ol aircrallt of
our Meet.

A few preliminary trials were conmducted in
the cockpit ofa helicopter {I(_'I!u:l.'.ll\t_], i | pi.'»'l:.m
engine trainer(1TPT 32} and a fighter (MiG
21, Type 69) with subsequent dala weiricval,
The basic principle of system design was
found satistactory in general. However fur
its use in the tighter atreralt where il necels
ty be installed and not carried by the
experimenter, (b was found necessary (o
reduce the size of the system even further.

Second Muaodel of Heat Stress
Monitor (1I8M - 11) :

This model was ditferent from the HSM-I
primarily in size and shape, 'The main box
measures 160 x 200 x 35 em with all its
display and contro] switches located on the
top surface itself. The mounting clamp for
the sensor trident had o be changed. The
housing of the wet bulb sensor was changped
from its metal base in the first model to a
plastic one. The electronics and the software
were kept same as those in HSM-L

Adter initial calibrition and endurance tesls
firr the wital duration of battery power supply
and vibralion tolerance of the equipmenl as
evaluated in TAM vibration simulator, the
equipment woere [irst used in studying of
sutdoor conditions on ground including
statinnary aircralt with amd without a
canopy cover, The system was then laken
i ASTE, AE, Bangalore for (light trials.
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Fig - 1 - Heat stress monitor - |

Flicht trials wilh HEM 11 was [irsd
conducted in a2 helicoepler (Chetak).
Subsequent data retrieval {rom the
eqquipmenl into the laboralory PO was found
satisfactory (Fig 2). A test sortic was then
conducted ona MiG 21 (Type 62) by ASTE
team members (hemselves. The svslem wis
fitted at the gunsight point with the sensor
trident in its usual place i, clamped with
the main body of the equipment. Swilching
on the equipment to the STORE mude
coincided with the closing of the canopy
and start up of the aircralt, The aircraft went
through o low-level navigational sortie, The
system was switched off after opening of
the canopy lollowing landing., Fig 3
presents a typical in-flight thermal data
[rom a low level navigational sortie [rom
Mig 21 type 69 flown at ASTE.AF.

Conclusion

A Heat Stress Monttor has been specially

2

) . LA P I

developed for the purpose of wsein the ficld
particularly within the limited space of a
tighter aircraft, Measurements included
Tilb, Twh, The and computation of WBGT
as per [SO 7243, However, a small Globe
of 5 mm diameter was used as against the
slandurd 130mm for obvious reason of
miniaturization as well as quick appraisal
of changes as it would be likely in case of
fighter My ing. Logging of thernmal data against
running time allows studying of its
relitionship with flight data otherwise
obtained and in modeliing of inflight cockpit
temperature from the ground temperalure
paramelers ol the base, in the similar line
of FITS [10]or SKI'TS| 11]. Information un
the actual extent of the existing heat stress
problem in military Oying will be s definite
necessity in deciding on the quanlitative
requircment of the possible means of

counlermoessires,
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