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Certain commercial entities, equipment, or materials may be identified
in this document in order to describe an experimental procedure or
concept adequately. Such identification is not intended to imply
recommendation or endorsement by the National Institute of Standards
and Technology, nor is it intended to imply that the entities, materials,
or equipment are necessarily the best available for the purpose.
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ABSTRACT
#F &

Handheld portable radios are one of the critical electronic devices that firefighters and other first
responders use during emergency response. These radios must operate in severe environmental
conditions while maintaining acceptable radio communication. This paper focuses on the thermal
environment that radios would be expected to withstand while being used in building firefighting
operations. The thermal classes for electronic equipment defined in an earlier paper

(Donnelly, et al, 2006) are applied to investigate the performance of emergency responder radios.
Current National Fire Protection Association (NFPA) standards for radios are reviewed and
recommendations for establishing performance standards are presented. The need for providing
additional protection from the thermal environment is documented.
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INTRODUCTION
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The National Fire Protection Association (NFPA) standards for portable radios and other two-
way mobile communication equipment are not specific as to temperature, heat flux and other
environmental conditions. The devices are included in the NFPA 1221 standard for Installation,
Maintenance and Use of Emergency Services Communications Systems (NFPA 1221, 2002 Ed.).
Sections 8.3.5 and 8.3.6 summarize general equipment usage. The only requirements pertaining
to the fire environment are section 8.3.5.4, which states “Mobile radios and associated equipment
shall be manufactured for the environment in which they are to be used”, and section 8.3.6.2
which states “Portable radios shall be manufactured for the environment in which they are to be
used and shall be of a size and construction to allow their operation with the use of one hand.”
The NFPA standard is not specific with regards to the details of the “environment” in which the
radios are to be used. No testing procedures or performance criteria are outlined.
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This paper applies the Thermal Classes, see Table 1, that were developed in an earlier study
(Donnelly, et al, 2006) to define the environment and performance criteria for portable handheld
radios. Radios currently in use by firefighters were tested using the Fire Equipment Evaluator
(FEE) to determine their current capability to withstand conditions as severe as Thermal Class I11.
The results will be used to develop test methods and recommendations that will be submitted to
NFPA 1221 for standards development for portable radios.
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Table 1 Thermal Classes
%1 N
Maximum  Temperature
Thermal Class Maximum Time (min) (°C)/(°F) Maximum Flux (KW/m?)
e LR (454) k% ER B4 ng (kw/m?)
(°C) 1 C°F)

I 25 100/212 1
I 15 160/320 2
11 5 260/500 10
v <1 >260/500 >10




Radio Testing
RABT R

Three models of radios from three different manufacturers were selected for this study. They
will be identified in this report as Radio A, Radio B and Radio C. The radios were marketed for
use by firefighters and other first responders. The radios ranged in price from approximately
$800 each to $2500 each. The radios tested for this project were a sampling of the many makes
and models that are available to first responders. The selected radios are commonly used and
represent a variety of price ranges. The goal of this study was not to compare and rank the
performance of individual radios, but rather to evaluate the general performance of portable
radios at elevated thermal conditions and to identify shortcomings and suggest standards for the
radios.
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All of the radios tested for this investigation listed their maximum operating temperatures at

60 C (140 F). The frequency stability for the radio signal was guaranteed to 60 C (140 F) as
well. The radios, however, are marketed to and used by firefighters in firefighting situations, so
it is reasonable to expect that they may be used at temperatures above 60 C (140 F).
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Firefighters routinely spend time at temperatures up to 100 «C (212°F), and often encounter
much higher temperatures such as the peak conditions of Thermal Class Ill. Radio operation
may be most crucial when the firefighter is experiencing an emergency situation, possibly
trapped at elevated temperatures, and the radio would be instrumental in calling for assistance.
As shown in Table 1, which lists the thermal classes, electronic equipment should be able to
withstand a minimum of 100 9 (212°F) for up to 25 minutes in order to survive Thermal Class |
conditions while Thermal Class Il conditions would require the electronic equipment to survive
260 °C (500 °F) for five minutes.
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Figure 1 Diagram of Fire Equipment Evaluator (FEE)
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Testing Procedures
RIS

Testing of the radios was performed using the Fire Equipment Evaluator (FEE). The FEE is a
closed-loop, recirculating wind tunnel designed to simulate thermal conditions up to Thermal
Class I11. A diagram of the FEE is shown in Figure 1. It consists of a stainless steel enclosed,
fan driven, air flow loop 219.5 cm (86.4 in) long by 174 cm (68.5 in) high. The testing section is
910 mm (36 in) long with a cross section of 380 mm? (15 in?). It is capable of reaching
temperatures up to 300 € (572 °F) and velocities from 0.5 m/s to 2.0 m/s. Temperature
measurements inside the FEE were made using type K (Chromel-Alumel) thermocouples, each
with a bead diameter of 1.0 mm = 0.2mm. A bidirectional probe was used for the velocity
measurement. Details of the FEE can be found in Donnelly, et al, 2006.

APt YPRFTFE (FEE) RPIRAEMRT -FEEZ - #H P i ~ L FHREF - 7 1Y
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#6 & f# 5380 mm® (15 in’) o FEE:h# % g & 7 2300 T (572 °F) > I it 7 505
m/s:2.0 m/se i * KA (4545-454F) £12 BRI EFEER R > 3k E /£ 5 1.0 mm =
0.2mm o i@ % FEo KA RIE R iE o 3 Jﬁ ¥ #Donnelly, et al, 2006 ¥ % 3 FEE ‘m & o



100

50

0

For the elevated temperature tests, the radio was placed into the test tunnel at ambient
temperature, subjected to a heat-up time reaching the target temperature for the particular
thermal class and then maintained at this temperature for the time period specified for that
thermal class. The radio performance was also monitored during the cool down period. Heating
of the radio at constant temperature for a prescribed time period will be referred to as “soak”
throughout the remainder of the paper. This would simulate a firefighter entering a structure and
encountering progressively higher temperatures before reaching the maximum temperature,
performing firefighter tasks at this maximum temperature for a period of time, and then exiting
the high temperature region. Actual times encountered by a firefighter would depend on the
building geometry and conditions within the building. The heat-up time varied depending on the
soak temperature, but was held constant for all tests at the same soak temperature. See Figure 2
for a temperature profile displaying a typical heat-up time for Thermal Class I11 conditions.
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w2 TRpHERE



Radios tested inside the FEE were placed in the test section where they were visible through the
access door window. The radios were suspended by the radio belt clip from a 50 mm wide
Kevlar strap with the front of the radio (speaker and microphone) facing the airflow. They were
placed with the long side along the vertical at a height such that the center of the radio was
centered, 190 mm from the walls of the test section. The radio hung at a slight angle of
approximately 20 degrees from vertical, with the top tilted towards the airflow.

AP RE T AFEEREE P, A PT UENFCHE S FREART o APRERT
RELAL I > A% (L) TR0 MM T a (FEFhd)

ProfFom  ARTOLFRELE a3l  FRALARARTY b7 o FIERPIRFER
e 190mm e ERT 7 AMKMEA > B LD 5 5208 & o RN F SRR o

Testing was also performed with the radios protected inside of a turnout gear style pocket. When
portable radios are carried into firefighting environments, the radios are often worn clipped close
to the body underneath the turnout gear coat, or placed in pockets located on the outside of the
turnout gear coat where they are protected from direct heating by the pocket as displayed on a
mannequin in Figure 3.

Ay BERT PR RY BERF PP RABTH AR 2P REP L
FEF ARNTEL B ifp2p i AR A& HIehr KY > 0 BF URER
MTHPRLERE B LRS-

Figure 3 Radio inside turnout coat pocket with speaker/microphone
W3  Jrzr HpaAd Oz s in)



To investigate the operation of these protected radios, a pocket was constructed and used for
testing. The pocket was fabricated by a company that produces firefighter turnout gear. It was
made from 2.5 x 10? kg/m? (7.5 oz/yd®) PBI Gold, material that is a blend of 40 %
polybenzimidizole and 60 % Kevlar. The pocket measures 100 mm wide by 90 mm deep and is
220 mm tall. It is open at the top for radio insertion, with a flap to cover the top of the radio.
Figure 3 shows the pocket suspended from the Kevlar strap inside the FEE. The radio was
placed inside the pocket for testing.

FFPTREHARTOE R A PRI - BRFEIC R Rd EPAZH PR
Pl e v %d 25x 102 kg/m® (7.5 0z/yd?) PBI§ £l = » H4L & > 540 %FF & wk ek
260 %rdad o v KREAZI00 mm - iFA 290 mMm> 8 & 2220 mme v K33 Fr o
CHECERT OBUCA R T AARETEI B35 WL EAFEER Fous gl A
FRHOT R oA PR EMT AT B EGFRE

Figure 4 Pocket inside FEE for testing. Radio is inside with insulated cable attached.

The speaker/microphone cable is the front cable with the aluminum foil at the top while the
coax cable connecting the radio output to the spectrum analyzer is the back cable. A
thermocouple tree is attached to the ring stand in front of the pocket and the airflow is
from the left.

W4 FEE pRIE* R - R@AT KA RP FERIBGFR-FNF b
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For the majority of the tests, the radio antenna was removed and the antenna jack was connected to
a coaxial cable leading to a Tektronix RSA3303A Spectrum Analyzer. This permitted the radio
transmission signal to be observed and recorded during testing, and degradation of the signal to be
identified and measured. The coaxial cable was well insulated to insure that any decrease in the
signal was due to heating of the radio, and not to heating of the cable. During the temperature soaks,
the transmissions from the radios were tested by keying the “Push to talk” (PTT) button and
recording the resulting output signal using the spectrum analyzer. The PTT button on the radio was
activated manually through an access hole in the bottom of the tunnel.

For some tests, an external speaker/microphone was connected to the radio and its PTT button was
used to trigger the radio. In these cases, the cable to the external speaker/microphone was well
insulated. A small number of tests were performed with the radio antenna in place. For tests with
the antenna in place, the signal analyzer was not used to measure radio transmission.

A A A S BoREY B RT X AR % » e BT ARFE O~ X RIEIVFE 0 @ 2 ) Tektronix
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In addition to the portable radios, thermal exposure testing was also performed on the radio’s
external speaker/microphones. Firefighters often use external speaker/microphones that are
connected to their portable radios by a cord. These external speaker/microphones are usually worn
near the firefighter’s neck or mouth so that voice may be transmitted easily. This also provides the
additional benefit of having a speaker close to the ears so that radio transmissions can be more
easily heard. The external speaker/microphone allows the body of the radio to be worn in a harness,
coat pocket or otherwise secured, possibly underneath their turnout gear to protect the radio. Often
it is only the external speaker/microphone that is exposed to the extreme thermal environment,
making this the part most vulnerable to malfunction.
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To investigate the possible problems, tests were conducted using the FEE. Each
speaker/microphone was placed in the test section, with a cord connecting it to a radio located
in ambient conditions outside of the FEE. Each radio was tested with its own proprietary
speaker/microphone designed for use with the radio. The cords connecting the
speaker/microphones to the radios were not thermally insulated, which provided a realistic test
of the speaker/microphone/cord system. The ruggedized version of the speaker/microphone
was used when available. The speaker/microphones were suspended from the same Kevlar
strap used to support the radios. The strap was lowered so that the center of the speaker was
located at the center of the test chamber cross section. The portable radio was located outside
of the test chamber, and the cable connecting the radio to the speaker/microphone was well
insulated.

Transmission from the speaker/microphones was initiated the same way as it was for the
radios, by keying the PTT button on the microphone, using the access hole in the bottom of the
tunnel.
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The radios and speaker/microphones tested were subjected to thermal exposures consistent with
the maximum time and temperature for the Thermal Classes shown in Table 1. Testing was
performed with the radios both inside a turnout gear pocket and exposed to the airflow. Testing
of the external speaker/microphones was conducted with the speaker/microphones exposed to the
airflow. Radios and speaker/microphones that did not suffer permanent damage were reused for
repeat tests. The majority of the tests were performed at an air flow velocity of 0.9 m/s. This
velocity was chosen to represent a typical human walking speed or a flow velocity that might be
experienced with Thermal Class 111 exposure.
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RESULTS
g

Testing with Radio in Turnout Coat Pocket
RBBRT AT 2 Bp R

Elevated temperature tests were performed using the FEE with the portable radios placed inside
the turnout gear pocket. Two thermocouples were located inside the pocket. One monitored the
air temperature directly in front of the radio, and the other was attached to the body of the radio.
The pocket was able to provide significant thermal protection to the radio, with the air inside the
pocket remaining more than 75 <C cooler than the air inside the rest of the tunnel, when the flow
rate was 0.9 m/s. Figure 2 is an example of the thermal difference between the pocket air and the
tunnel air for a 260 «C temperature soak with airflow 0.9 m/s. When the FEE air speed was
increased to 2 m/s, the air inside the pocket still remained at least 57 C cooler. The air
temperature inside the pocket was continually increasing during the temperature soaks, so the
difference between the pocket air temperature and the tunnel temperature was even greater at the
start of the soaks.
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The test results are listed in Table 2. The protection provided by the turnout gear pocket kept the

radio temperatures low enough for the radios to survive even the severity of the class Il tests.

Radio A worked well throughout the class Il tests and did not have any evident damage. Radio A
also received and transmitted during the class Il testing, suffering only some slight melting
deformation to the outer casing and buttons. Radio B was able to survive all of the temperature
soaks attempted during the pocket testing. Transmission and reception of the signals were clear.
There was no damage evident to the body of radio B during the pocket tests. Radio C was also
able to transmit and receive at the test conditions when located inside the pocket.

Some variations on the basic testing conditions were performed and the results are shown in
Table 3. Tests were performed at the Thermal Class Il condition using radios A and B with the
regular antenna connected, instead of the shielded cable connected to the analyzer. The antenna
was sticking up out of the pocket and was directly exposed to the elevated temperatures. For
these tests, no signal was recorded using the analyzer. Transmission and reception were measured
qualitatively by the FEE operator. For both Radio A and Radio B, transmission and reception
were considered to be the same as when not exposed to elevated temperature conditions for the
duration of the soak. Some damage did occur to the antennas as a result of their exposure to the
heat outside of the pocket. For Radio A, there was some slight melting and deformation of the
antenna. The antenna for Radio B was very deformed curving approximately 90 degrees and
remained permanently bent over after the test. However, even with the bending of the antenna,
transmission and reception worked in the laboratory setting.
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3‘3}@;{’% A F BETRBAEILAITRS c AR BN P REBAFET o AP
BB (TR PRRRE R A 45 R3ee 5L o FEESR 1T R 1 %*l“ IEEARIAR S A R X Ll RS
APREARNTALZBLFREAY TR BE I BIPERRZEIrARBE B REEET
— R BEFHTART ARFI AR AT BFET > FAFE c ARTADT R
AR ERTBEAFRApY L B d 28 &> T APRIRE q’\au*rs.:a#,i;
PR BRI APY 0 R RBBEEREEL AT R ERET ALY .
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Table2 Testing inside turnout coat pocket, air velocity 0.9 m/s

22 B Ec KpRE (R#0.9m/s)

Radio [Temp (°C) [Time Soak (min) Survive Soak Notes

ART EAECC) FFEPFRF(Min) [EEHFE R

A 160 15 Yes No damage to radio evident
2 AT EP IR

A 160 15 Yes No damage to radio evident
2 AT P AR

A 260 5 Yes Some melting, deformation of PTT button and
A display

B 100 25 Yes No damage to radio evident
A ART PRI E

B 100 25 Yes No damage to radio evident
L AT &P AR

B 160 15 Yes No damage to radio evident
L AT P AR

B 160 15 Yes No damage to radio evident
A ART AP IS

B 260 5 Yes No damage to radio evident
A ART AP BRI L

B 260 5 Yes No damage to radio evident
A ART AP BRI L

C 100 25 Yes No damage to radio evident
2 ART AP S

C 160 15 Yes No damage to radio evident
A ART AP BRI L

C 160 15 Yes No damage to radio evident
A ART AP AL

C 260 5 Yes No damage to radio evident
2 ART AP R

C 260 5 Yes No damage to radio evident
2 ART AP S
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Table 3

23  JpEv RpRE (R6)

Testing inside Turnout Coat Pocket, Variations

Time  Soak )
Test Radio Temp (°C) (min) S;;ZII(VE Notes
PR HERT B & (°C) #F o oEE @ # i

- = <A

(min)
Antenna A 260 Yes* Slight melting on antenna
Sk £* = U pe O
Antenna B 260 Yes* Antenna bent over
3 x X g
Increased velocity B 260 Yes Air velocity at 2 m/s for this test
Bk i LS R R 32 m/s
Rotated 90 degrees B 260 Yes No damage to radio evident
S I0R & i #RT AP IR
Speaker/ Microphone |C No Speaker/mic failure — standard mic
M E B 200 3 I F 5B & et § L

C 260 No Speaker/mic failure — rugged mic
% IENE N S S AL - )

Yes* —

Qualitative measurement by operator. The change in the orientation of the antenna may

impact the ability to transmit but this change in transmission capability was not quantified.

A= P iT R LR R

1$Hb4 ﬁ"{f,\@o

o FI@Q‘J{ "J{l\"

, e s o4uT 4k 3y A
¥ A g%ﬁ—gﬁ@}inb 4

» e FN e 7"‘%!‘* %

An additional pocket test was performed on Radio B with the flow rate doubled to 2 m/s in order
to increase the heat transfer into the pocket. As noted above, the air temperature inside the pocket
increased to within 57 @ of the air outside the pocket. However, even with the increased
temperature, radio B continued to transmit and receive during the 5 minute soak with the FEE air
at the Thermal Class 111 temperature of 260 9C. Another test was performed on Radio B with the
pocket rotated 90 degrees so that the radio was horizontal inside the tunnel. This modified
geometry had no affect on the results, the radio operated successfully inside the pocket.

APHERTBR Y V- Hr

SBFEORZE FAI2mis #ia e B g

a3t o

CRAMZFEARARL A BT BASF AR L RLET TP cBRER L ARTBA
'/#—Vﬁ'ﬁ‘:"’k’i&%'i{‘ B m FEEp mq_-‘fv R F%pélbi Bl >

FoRER (5/\?) poine

260 C -

- FRATBRIFEY > AP B0k L R EAT Y
I RE % o Ei%“ ra'iﬂ‘/ﬁj‘af‘.sé%%/fs i g

BT T BN v FE
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The only problems that occurred with the radio inside the pocket were for Radio C when the
external speaker/microphone was connected. For these tests, the external speaker/microphone
was located outside the FEE and connected to the radio by a well insulated cable. Two different
speaker/microphones were tried, a standard one first, followed by a ruggedized one. For both
tests at Thermal Class 111 conditions, with the external speaker/microphone connected, the radios
malfunctioned. They became stuck in the transmit mode and could not receive. Although the
cables were insulated, inspection of the cables after the test found that they had experienced
melting and shorting of the wires inside. A test performed with just the ruggedized cable inside
the FEE tunnel, and the radio and speaker/microphone outside also produced melting and
shorting of the wires inside as well as signal failure. See the section on Speaker/Microphone
testing for additional information.

B R NIREESORRT @ﬁﬂ’*ﬂ%vJ} B L C o BT RIER > A
Bk Replon [ S b B ASFEE¢R IR 0 T G T A Mo F b BB ERT F oo AP
G RN VR B S ﬁmﬂﬁwbs@g{mwmbogﬁﬁﬁ§&MM$
oo @Ak IRepleN F R G AR T *K’fiéﬂ;l‘gx_ c MMT RS T N BHELE S miEREIR
Lo B ARTMLCIERG HdL o .:/?. [ZRfeR A Y AP FIRT RS BIL o NI L IR
TR 0 VPR BT - AP oA R it R A AFEER F N ‘*%*I hInehE R
oM $ SR RS IR T R 0 T ELy IR AL o SR A oY b R R
e o

Testing of Radios without Turnout Coat Pocket Protection
RBRI P 2T REEPERD

In some cases, the portable radios used in a fire fighting situation would be protected from
direct exposure either inside a pocket or worn under the turnout gear. However, testing of the
radios exposed directly to the heat was performed as a “worst case scenario” for thermal
conditions the radios may encounter. The tables below show the results of testing the radios
directly exposed to the heated airflow. Unlike the radios inside the pocket, the unprotected
radios could not withstand the higher temperatures. This emphasizes the protection provided by
the pocket.

EREEHY CFVHENART AP EREY AT BRP S EYP AP IRR R o

PAPDEHAMNTEFERBARERF  FTLART AL 64308 ERE "THLF
1’§f°JT5‘Ji§557\1‘émF\A;ﬂﬁmﬁi&ﬁfpm%%/? WenE R B BN EAT AR
E O AREENERTZ2AZWLBRE - RFEFLREr RiEDHE R
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The results of the radios tested fully exposed at the Thermal Class | conditions of 100 <C for 25
minutes are given in Table 4. Both Radio B and Radio C had no trouble maintaining
performance at this temperature for the designated time. Inspection of these radios showed no
damage evident after the Thermal Class | temperature soak. The results for Radio A were mixed.
Radio A was tested three times and it worked properly throughout two of the three tests.
However, during the second test, the radio stopped working and would not transmit or receive
after 25 minutes at 100 <C. This radio did recover on cool down.

AT HRERT R 2B ERERIEET (100 C> 25448) FplEES - 2T Be
ERTCApTFRFP 37 AL YN - CHERATRIFELRAELAT T2 FRP
BMEE ARTADGERIAFR A PHARNTALEFTZ IRF > =2 < BFEY AR
TENR- Ao B Ay D PR AR 100 TEE T B2 F254 48 RARBE

T 22 FBFENBITEE > T ARSI RBEDTF o

Table4  Thermal Class | — 100 2C for 25 min soak, velocity 0.9 m/s
%4 #2%I1-100C ~ #8254 (B #0.9m/s)

Radio Survive Soak Notes
HERT iR =
A Yes No damage to radio evident
A AT &P R
A No At 25 minutes — no transmit or receive
5254 a—i 2 i AR BB
A Yes No damage to radio evident
2 ART AP R
B Yes No damage to radio evident
A ART AP EFE
B Yes No damage to radio evident
2 ART AP R
C Yes No damage to radio evident
A ART AP EFE
C Yes No damage to radio evident
2 ART AP R
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Tests performed at the Thermal Class Il conditions of 160 €C for 15 minutes exposed the
vulnerabilities of the unprotected radios at higher thermal conditions. As Table 5 shows, all of
the radios experienced some degradation of operation at these test conditions. Radio A went
completely dead 8.5 to 9.5 minutes into the soak, ceasing to either transmit or receive. For Radio
B, there was increased noise on transmission, and the signal shifted off target frequency before
the end of the soak. For one of the tests there was also power loss of 2.4 dBm on cool down.
Radio C also had performance problems during the Thermal Class 11 conditions. Its transmission
frequency shifted just 5 minutes into the soak in both tests. The signal continued to degrade,
before completely stopping at 6 minutes into cool down for the first test, and 4 minutes for the
second test. During the repeat test the radio also lost reception on cool down. Figure 5 shows the
progression of the signal for Radio C from normal transmission at ambient temperature through
the shifted transmission during heating to the degraded signal on cool down. At the end of the 15
minute soak at 160 °C, the centerline frequency had shifted approximately 0.5 kHz lower with
and peak intensity drop of approximately 7%. At 5 minutes after the soak, the peak intensity has
dropped by a factor of 10 with the centerline frequency shifting by another 0.1 kHz.
#iEFHE IERZ (160 C - ’3_#?15Av\ff) RIRFT AN AL REPERT AZRFEET D
it BE o 44—\%\»5“ PR AT BT A RREET ‘FK MIF TG LR o mART ARiE
FR T894 sl 2B B2 BEARREE c aMTBAFERA D F
G B G oRE 0 P R AP S o R H Y - RN > R ERY T IR
?F A (24 dBm) c @M TCAEFELIELR T ZARANBFIE aRFTCapF S FH A
s@/\%m«EJFém&M:w T IRBA o TR i b BEFEEREDR6S SRR D
BH(F - IBIFE) 0 B %3: fﬁ?lééﬂ*ﬁﬂ = AL 4 o Tf?ﬁ BlEY O ART AR
L dfc Bt o BISTr 5 ARTCAGELER S K FIET O ¥ BEH PlA PO
B o - EFEEPFOGELY Y o 160 °Cenlba a4 R B RS A PF > P AME S RA Y
OS5 kHz> x5 BRI T 1 7T%2+ c FREAESL & X ERRETEE LB P
R 4 * i # ¥ £ H e 0.1 kHz °
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Table5 Thermal Class Il — 160 2C for 15 min soak, velocity 0.9 m/s
%5 #E5I-160°C T F 15448 (R #0.9m/s)

Radio Survive Soak Notes
#HRT LRCEC ==
A No 9% min —no transmit or receive
& Q% & 48— ;> B X N 4R D 5L
A No 8% min —no transmit or receive
& 8% & dB—a i3 18X N R BL
B No Transmission signal shift, increased noise
s Bix 2B A~ wk B 4
B No Transmlssmn signal shlft power loss and increased noise
% B EL A A R K4
C No Transmission signal shift, no transmission on cool down
T éﬁ’p Ju'ﬁfﬁ‘ﬂg E%-ﬂ*-/f éﬁ’p hu
C No Transmission signal shift, no transmit or receive on cool down
& @ﬁlp%u'ﬁfﬁ ~ R AR @W“\‘#&’]('p ho

Because none of the radios survived at the Thermal Class Il conditions, testing did not
immediately progress to Thermal Class Il conditions The radios were tested at high
temperatures for the relatively short 5 minute time period, but were subjected to temperatures
lower than the Thermal Class Il temperature of 260 <C, with the air velocity remaining at
nominally 0.9 m/s. Because Radio C had shown transmission signal irregularity after only 5
minutes at the Thermal Class Il temperature of 160 <C, it was not tested at a higher temperature.
Table 6 shows the results for the 5 minutes soaks at temperatures beyond 160 <C. The
transmission signal for Radio A did not maintain frequency when the temperature was at 190 C
and 200 <C. Radio B was able to transmit and receive for 5 minutes at the temperature of 220 <C;
however there was some melting of the radio casing, especially around the speaker, the display
area and the top switches. When radio B was tested at 230 <C, the radio reception was not
successful during either trial.
ﬂﬁTfmﬁ“ﬁﬂﬁﬁ@ﬁﬁamﬁ“’mﬁ“W@mﬁl%ﬁﬁ 43 1 E R o
APHERTEFTFERF FE P T RS W55 4 &w§u£&HMﬂmMCﬁm
B AR AFL0OIMS FliaMmaClAa BE%iEEEAR (160 T) 189564 4518
TN BETEA RPN F AP 2 HH T BRI o 26977 5160 et
5L IR REESEF o F R AE190 CE200 T > g T AniB S8 &2 afFhp S o
ARTBAL220TCTHi» v FF B F i ic T dbA 4 b8 kT B BB NEM e
el it o it R o BB 5 P B o % 230 TRFHFEAZMNTBRF » 287 55y
G LERGE

-
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Table6  Temperatures beyond 160 <C, for 5 min soak velocity 0.9 m/s
%6 B R BI160CTHFESL 48 (B #0.9m/s)

Radio | Temp (2C)| Time Soak Survive Soak | Notes
AERT | B A (T)|(min) RUEES ] =
FEERE
(min)
A 190 5 No transmission signal shift, melting of casing
& BE R RA o B
A 200 5 No Reception quality and volume degrades, transmission
S signal shift
BlEFEFEY M BECER
B 220 5 Yes Some melting of casing
2 h B IR i
B 230 5 No Reception loss at 150s into soak (analog)
Z O~ 3R 8 150s I B dE 4 ()
B 230 5 No Reception loss at 150s into soak (digital)
E i~ R 8 150s T B yedr 4 (Feir)

Speaker/Microphone testing
wloN/$ 50RO

The results of the speaker/microphone testing are summarized in Table 7. The flow velocity was
set at nominally 0.9 m/s for all tests. In general, the speaker/microphones for all radios remained
fully functional and did not have any damage during the tests at Thermal Class | and Class Il
conditions. The only problem occurred for Radio C, where during a Thermal Class | test, the
reception volume of the speaker decreased. For two subsequent tests at this Thermal Class |
condition, the speaker/microphone operated normally without any decrease in volume. None of
the speaker/microphones were able to operate normally during the soak at the Thermal Class Il
conditions of 260 <C for 5 minutes. For radio A, the PTT button melted and no transmission
could be made. Additionally for radio A, the sound level on the speaker/microphone decreased,
and then the speaker began making a humming sound, preventing clear reception over the
speaker. For radio B, the speaker worked and messages could be received clearly throughout the
Thermal Class Il tests, but the PTT button melted and no transmission could be sent from the
microphone. For radio C, the transmission worked, but the reception volume of the speaker
decreased significantly. Melting and deformation of the casing occurred for all three
speaker/microphones.

Bl & SR BIRBE AN AT o A7 RS R 09 mis e FRERE > AR E Kl
BEBIEERIET o T BT Ao b T L FEE L MR R e
- NIAOPHART FARTC RPRRERIAT LD AT CoamloN R TF EF5 o
e kehd A S BIE PR gl R ETTF > F B LG RSB o T
N F SR FREE AR IR (260 C o BFESA L) T FET o RMTANPTTHR
GEGTY  mEFBEGE  mATAGNE SR F BB o B A s B BB
BHART o RMTBawplos A E BRI 7 ¥ @RS G AL > RPTTR
GEF T TP EEEEF R FERE  AATCHBEAS Y o ety £ 4
FEIR 35 o = ARHHoN § SR enth AR T I T B AR
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Tests at an intermediate temperature of 210 C for 5 minutes were performed in order to
determine if the speaker/microphones could handle a temperature halfway between Thermal
Class Il and Thermal Class Ill. The speaker/microphone for Radio A did not maintain normal
operation at this temperature. The speaker volume became increasingly lower during the soak.
Melting of the cord was also observed. The speaker/microphone for Radio B could receive
messages, but transmission was impeded due to difficulty operating the PTT button and melting
of the cord. The speaker/microphone for Radio C was able to successfully transmit and receive
throughout the 5 minute soak. The speaker/microphone for Radio C was also tested at 220 C
and survived at this temperature as well.

oo E Rk VAR B ERINEEZ &I BFER > APR* Y Z 8RR (210 T
FEOL &) BFRE . ARTADONE LR BSLRERT A2 AED FET o oG
EAFREDTEBE ) > TR BB o aRTBeowploN$5ih ¥ BT > B &
FFEFERE . FIAPTTHRAEZR FTFETRG L c 2 RTCermploNF su b i > 588
FFerbadaph v g B B dn e ip 5L o Vi % 220 CTHrE R T Cormplon/ & 50 b 38 7 R1E
MR T Cy E I E PR o
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a. Signal at ambient temperature

2w o s
a. ¥R T R

b. Signal at 160 <C for
15 minutes
b. 160 T 154 45

Lk e e
f9 ml“_-, )19

c. Signal on cool down,
5 minutes after Soak
C.#H#F 2 &5A 41 eh

£
Ki IE ]p ho

Figure 5 Radio Transmission Signal for Radio C during Thermal Class 11 Soak
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Table 7
%7

External Speaker/Microphone Testing, velocity 0.9 m/s
*h 3o/ 5L R RIEE (R 3£ 0.9m/s)

Radio Temp | Time Soak | Survive Notes
A2RT | (T) | (min) Soak =
B R FRPE URUE= g0
(€) | (min)

A 100 25 Yes No damage

A 160 15 Yes No damage
2 & 4p 6

A 210 5 No Reception volume decreased, cord and case melted
& I E RS TR R

A 260 5 No No transmit or receive, Push to talk button (PTT)
Z melted-does not work, cord melted, case deformed

BEFENEATT I el F (PTT) &4t (4
) o REG T BB

B 100 25 Yes No damage
£ # 4 8

B 160 15 Yes No damage

B 210 5 No PTT difficult to press, cord melted
& PTTH&ER 44 Flup ~ T &0

B 260 5 No No transmission, PTT melted, cord melted
% £72 BETH 0 PTTaeEG - ~ TG

C 100 25 No Reception volume decreased
[ Flxf 2R3

C 100 25 Yes No damage
L # A

C 100 25 Yes No damage
£ # 4 8

C 160 15 Yes No damage
L # A

C 160 15 Yes No damage
L A

C 210 5 Yes No damage

C 220 5 Yes No damage
L P LS

C 260 5 No Volume decreased, some melting and deformation
& F RS MMt B
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DISCUSSION
i

The results of these tests exposed the vulnerability of the portable radios to elevated temperature
conditions, and emphasized the need to protect the radios when used in firefighting situations.
Radios tested inside the turnout gear pocket showed that the turnout gear pocket was able to
protect the radios and allow them to operate at the Thermal Class Il temperature of 260 <C. This
contrasts with tests where the radios were exposed directly to the airflow, in which the radios did
not survive at Thermal Class Il conditions and beyond. In all but one test, the exposed radios
were able to operate properly at the Thermal Class | temperature of 100 <C, above the listed
maximum operating temperature of 60 <C.

REREH T TS ERT AR ERE T OSSP BD AP ERT REEAT
m'\*ir} ° 1ﬂ [ % T Q“F\ /?Jﬁ%‘%ﬁ‘"l’ 1ﬂ & Qi? L) Tﬁ—;ﬁﬁ’ %E‘\ﬁ, ’§ ’_*élbi Zk“lay_}i (260
T) FEETLGE BT BPRRIE L R E B BRI AR
3 %'ﬂ?j;ﬁﬁ U ERFEICE L) R BTy @ RT 0 A F ] (100 C)
EE D R EBREY D FET (HF - SRR ARY)  BERVART A TR BE
TR R (60 q:)

Failure of the electronics due to heating was not permanent for the radios. In all cases where the
radio casing was not damaged, the radios regained normal operating function once they had
sufficiently cooled. Permanent damage to the casing, such as difficulty turning knobs or pressing
buttons did occur for some radios whose casings experienced melting. Permanent damage also
occurred to the external speaker/microphones, especially due to the melting of the connecting

TFAEFRRAT EHAERT AL RAPT - 97 BRTPRBFPRFER A
ARTHNELEAPERETHR Rood@RTAHAEZ L BRT T §INMAA BTN
(hof 2 i Fe de o R Fedtdt ) o ok AR T ARG T 0 S RgleN /B LR § IR A R

The radio transmission signal was measured using the signal analyzer. Each radio was
programmed to Very High Frequency (VHF) frequency 162.175 MHz assigned for testing
purposes. Baseline transmissions were recorded with the radio at ambient room temperatures.
When the radio was heated, a deviation of the transmission signal from the programmed
frequency of greater than 0.1 kHz signaled the start of degradation of the transmission signal, and
indicated that further problems were imminent.

AP EEAMTRBMELRT B ECE A PRERT X TLEE W (VHF) 162.175
MHzZ » & F® 38 % o A P 2cdrm AT &2 152 T chl 5 @:% (baseline transmissions )
Gt B R T PBALY o do B B R BAR R FAB0LKHZ 0 A A BEREB LY
2ot g RA R
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It should be noted that in most tests when the radio was heated above 160 <C the liquid crystal
display (LCD) display became darkened and in some cases it became unreadable. The impaired
display was not considered a communication malfunction because the display was not needed for
radio communication; it was used for radio programming and other setup functions that would
not be used in the emergency situation. Not all of the radios had an LCD displays.

Fobo B SHpREY  FRRTARNEI0 T p LT B (LCD) { ¢ %05
BRERGEY o AT EBFENG AP R BrRFFLIEARAY > AL
WEAZ? T2 ZERTRE OB TEAY N AMTAFEI B R TH N 2 Y PBER
oo A {“"l"ﬁ ﬁéﬁ?;}gg_ﬁ R BT R o

Testing of the external speaker/microphones fully exposed to the heated airflows showed that
these parts were better able to perform at the elevated temperatures than the radios themselves.
While none of the speaker/microphones survived the Thermal Class 11l conditions of 260 C for
5 minutes, they were able to operate during most of the tests at lower temperatures. Since this is
the part of the radio system most likely to be directly exposed to harsh environments, it is crucial
for this part to be able to withstand thermal stress without protection.

PR b 3ReploN F 5 b F R E R A BRERES SR 0 g F b AR EEET E (T
AR RMT AL o B RATS RO § LR AR ERERINER (260 T &
FEL4) o RATAS S L BB MGRIRIEET AT A o hImepoN S b FAERT K AY &
PR AR B ART IR T N Sr NN B AR - TR S AR R

TR

Connecting the external speaker/microphones required that the connector cord be screwed into
place on the side of the radio. Some of the radios operated such that when the external
speaker/microphone was connected, it disabled the PTT and speaker on the radio itself, diverting
all transmission and reception to the external speaker/microphone. If the external
speaker/microphone or its cord were to fail, in an emergency situation it would be extremely
difficult (if not impossible) to disconnect the speaker/microphone and operate the radio by itself.
Thus failure of the external speaker/microphone, the part most likely to be exposed to extreme
conditions, could mean loss of the radio operation entirely.

bRl B so b PER R AR BT R o 3 B AEMT € iR h e o5
boenpE iz e AMPTTE gplos » TR 5L Sz HEH D P 3NgleN$ 5u b o 4ok
h3Replon/ LR R H TR PR AR AR BRI RN F b A “ﬁ% R LE Sl
ERT AW R RAPY AR ARLRRTAI IR I TR E NP TG T
B R ARy EE T o g/ F b MR TR AP R4 24 o
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CONCLUSION
-7

The performance of handheld radios in thermal environments encountered by firefighters based
on the experimental data in this paper suggests the following recommendations.

1. Handheld radios without additional thermal protection should be treated as Thermal
Class I electronics.

2. Radios protected in turnout gear pockets may be treated as Thermal Class Il electronics.

3. Standards for the thermal protection afforded by turnout gear pockets need to be
developed to support recommendation 2.

4. While pocket protected radios withstood Thermal Class Ill conditions, the cord and
speaker/microphone limited their performance to Thermal Class 11 conditions. Improving
the thermal performance of the speaker/microphone and cord could move pocket
protected radios to Thermal Class 111 electronics.

Since firefighter turnout gear is designed to protect firefighters exposed to Thermal Class IlI
conditions, handheld radios should be constructed to handle these conditions. One of the radios
tested, Radio C, had a speaker/microphone and cord that almost survived Thermal Class Il
conditions which suggests that small design changes may be all that are necessary to reach the
Thermal Class 111 rating.
The next step for this project is to work with the NFPA to develop a radio standard that would
include requirements for the thermal testing of handheld radios.
Rp A2 FHRFTFE > APRNTIIFRZAT AP A AT @I PRRR T a2 2
B
FHRERFEBI DI FART AR AI ST FEE -
FRENYB AT BN NI FERTRLIAERNTF LY -
e 4t 1 2 o BT e RS ) RS 0 I s AR 2% -
& AR REBEETERAT T ORI HRIZEINGES > wolon/ & 50 75 5 KR
’&“u-«f— E 4 ;:c;_vﬂw\/g\ LR BT REMN > T TR FEEART DE K
#&—‘ EZEINT S EE -
FPRRFPAILZ TR AAARBEERILIEET > FIP L FERT S R
L )"a"’ﬁ/‘ e % %kna— I #H-"‘ M e émﬁ_ zﬁ?Cmvﬂyﬂ/} s b B 4511?; - Bk Q ¥ il
EEEEINER A& DR caMTE TR EIRE I o
AP EET RBENFPAL TR T ARTHRE (¢ 7 FFARTHARREET L)
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