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. | NTRODUCTI ON

The Questenp®l1l5 is a conpact, portable area heat stress nonitor which
conputes the WBGT index. The WBGT index is an accepted nethod for
determning the heat stress level inposed on an individual in a given
environnment. The Questenp®l15 neasures three paraneters: anbient or dry bulb
tenperature (DB), natural wet bulb tenperature (WB) and gl obe tenperature
(G . The WBGT index is a weighted average of these neasurenents according to
the fornul as:

VWBGT (indoor) = 0.7WB + 0. 3G
WBGT (outdoor) = 0.7WB + 0.2G + 0.1DB

The Questenp®°l15 will display indoor or outdoor WBGT as well as any of the
i ndi vidual sensor tenperatures used to conpute the WBGI reading. I'n
addition, the customer may nodify the constants via a PCto create a custom
WBGT i ndex. Tenperature nay be displayed in either degrees Celsius or
Fahrenhei t. The tenperature sensor array is easily renmnoved for renote
sensing applications.

Up to 41 hours of tenperature data nay be stored in the Questenp®°l5's
internal battery backed nenory. A data output port allows connection to a
serial or parallel printer or to a personal conputer. An alarmtenperature
may be set which allows the unit to be used for on-site nonitoring. The
alarmwi ||l operate a relay which may be used to interface the Questenp®15 to
external equi prent.

The Questenp°®°15 has a hardware upgrade available which will allow three
sensor arrays to be used for sinultaneous tenperature nonitoring of three
different |locations. These three WBGT readi ngs nmay be averaged per |SO 7243
to obtain a conposite index.

I1. FEATURES AND OPERATI ON

DI SPLAY

The large liquid crystal display indicates the selected tenperature reading
in degrees C or F. Separate annunciators to the left of the tenperature
i ndi cate which reading is being displayed. The annunciators 1 2 3 indicate
which sensor array's reading is being displayed in a nultiple sensor array
appl i cation. The AVG annunciator indicates that the weighted average of
three sensor arrays (per 1SO 7243) is being displayed for a selected WBGT
i ndex.

The RUN indicator shows that data |l ogging is being performed. A low battery
i ndi cator (LOBAT) is also included.

KEYPAD

Depressing the DI SPLAY key wll cause the displayed
DISPLAY| tenperature to cycle through the followng
measurenents: WBGI OUT (outdoor WBGT index), WBGT IN

i ndoor WBGT index) , GLOBE tenperature, DRYBULB
tenperature and WETBULB tenperature. An additional neasurement is WBGT
CUST (user defined WBGT index) which will have a value if the paraneters
have been entered with a PC via the data port.

SENSOR] This key is only active for the Questenp®15 upgraded
with the three sensor option. Depressi ng the SENSOR
SET SET key will cause the indicated tenperature to cycle
through sensor set 1, 2 and 3 as indicated on the
display. |If three sensor sets are in use and a WBGT reading is being
di spl ayed an addi tional paraneter (AVG nay be selected using this key.
This is the weighted average of the three WBGT indices per |SO 7243:

((2*WBGT1) + WBGT2 + WBGI3) / 4 = WBGT wei ghted average

Refer to the MULTI PLE SENSOR OPERATI ON section of this manual for nore
information on this neasurenent.

The RUN STOP key is a toggle function which wll

RUN/ start and stop data storage. The RUN annunci at or on
the display indicates when the Questenp®l15 is |ogging
STOP dat a. Al data is logged at 30 second intervals.
Wile in the RUN node CLOCK, PRI NT RATE, ALARM and PRI NT
may be viewed but not altered.

The Questenp°15 has an internal real time clock/
cal endar. The date and time information wll be
CLOCK stored along with the data while in the data storage node.
Depressing CLOCK will display the current time in 24 hour
format. To change the tine, depress CLOCK a second tine
which will cause the single mnutes digit to flash. Depressing
the ARRONkey will increnent the value for minutes. Depressing ENTER
will store this value and cause the tens of minutes digit to flash. Use
the ARROW and ENTER keys in the sanme manner to select and store the tens of
m nutes, single hours and tens of hours digits. After storing the tine,
the display will show nonth and day which are set in the same way. After
depressing ENTER to store the tens of nonths digit the year will be
di spl ayed which is set in the same manner. After setting the year the
display will return to the selected tenperature. To sinply reviewthe tine
and date depress CLOCK foll owed by ENTER three tines.




PRINT The PRI NT RATE key determines the tinme interval

bet ween data points on the printout. The Questenp°®15

RATE stores data every thirty seconds regardless of this
setting, but the user nay wish to condense the

printout. The Questenp°®15 prints according to the print

rate selected at the time of printing, not that selected while storing

dat a.

The output data interval is programmable from 30 seconds to 1 hour.
Depressing the PRI NT RATE key displays the previously selected tine between
data points. To change this time depress PRINT RATE a second tine which
will cause the display to flash. Depressing the ARROWkey will step
through the choices .5, 1, 2, 5, 10, 15, 30 and 60 minutes. Depressing
ENTER stores this value and returns the display to tenperature.

The ALARM key is used to set a threshold tenperature for
a particular WBGT readi ng. Depressing ALARM
displays '-AL-' and the current sensor set and WBGT i ndex
ALARMI or I ndi vi dual sensor reading which wll trigger the alarm

To change these settings depress ALARM a second tine. WArning:

I ndi vi dual sensor alarmlevels are only settable serially,
pressing alarma second time will cause a default to WBGI QUT.
Usi ng the DI SPLAY and SENSOR SET keys select the WBGT index (WBGIOUT,
WBGTI N or WBGTCUST) and the sensor set (1, 2, 3 or AVG for which you w sh
to programan alarm Depressing ENTER stores that information and displ ays
the current alarmtenperature in degrees C or F. To change units depress
the °C/°F key and the tenperature will be converted. To accept this
tenmperature depress ENTER To change this tenperature depress the ARROWN
key. The tenths digit will begin flashing and its val ue nmay be increnented
by depressing the ARRON key. Depressing ENTER will store the displayed
value and cause the ones digit to flash. Usi ng the ARROW and ENTER
keys, programthe remaining digits. Once you begin to change the
tenperature the units nmay not be changed. The maxi mum alarmtenperature is
199.9°C (391.8°F).

After entering the hundreds digit the display will show either "no" or "nc"
in reference to the relay contacts available at the ALARMjack. "no"
stands for nornally open relay contacts which will close when the
tenperature reaches or exceeds the alarmtenperature. "nc" stands for
nornal ly closed contacts which will open when the alarmtenperature is
reached or exceeded. This choice allows flexibility when interfacing the
Questenp®15 with external equiprment. Depressing the ARRONkey will toggle
between "nc" and "no". Depressing ENTER will store your choice and return
to the tenperature display. See ALARM JACK for further infornation.

Depressing this key causes the displayed tenperature
R or WBGT index to switch between degrees Cel sius or

CI'F degrees Fahrenheit. The printout obtained fromthe data
port will also be in the selected tenperature units.

Depressing the PRINT key causes the baud rate to be
displayed. If the Questenp®15 is set up for a parallel
printer "Pril' will be displayed. To select a different
baud rate or a parallel printer, depress PRINT a
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second time. This will cause the display to flash, and the sel ection
may be changed by depressing the ARROW key. The choices are 300, 600,
1200, 2400, 4800, 9600 baud or parallel. Depressing the ENTER key
stores this selection and causes data to be sent via the data port to
a printer. Wile printing "Prin" will be displayed. After printing,
the tenperature display will return.

During a printout depressing PRINT again will halt printing and return to
the tenperature display. This may be useful for changing printout
paraneters such as tenperature units or sanple rate. Data will be retained
in the unit and may be printed at any tine. See PRI NTING DATA for nore

i nformation.

) The ARROWN key is used to change nmenu sel ections while
progranm ng the Questenp®15.

Depressing this key causes a nenu selection to be
stored in nmenory. Al nenu sel ections are saved
t hrough subsequent power ON OFF cycl es.

Depressing RESET and hol ding for 3 seconds clears the
data nmenory. The display will count down from3 to O
foll owed briefly by dashes.

ON/OFF

Depressing OV OFF turns on power to the Questenp®15.
Depressing and hol ding ONV OFF for 3 seconds turns off

power to the unit. The display will count down from

3, displaying either 3210 or 321ALE if the Wake-up Alarmis
enabled. Refer to Wake-up Alarm section for details. Turning the
unit off does not clear the data from nmenory.

CONNECTORS

DATA PORT The data port is a 25 pin D-sub connector which nay be used as
either a printer output or a RS-232C port. A parallel printer nay be
connected to the Questenp®15 via a standard IBM PC to Centronics interface
cabl e (Quest nodel 056-019). The data port may be connected to a RS-232C
serial printer via a customcable (Quest 056-922). The data port may al so
be used for connection to the RS-232C port of a PC for sending data to the
PC or controlling the Questenp°15 fromthe PC. This is acconplished via a
custom cabl e (Quest 056-937).

ALARM JACK  The alarmjack connects to a set of relay contacts which are
activated if the programmed al armval ue is exceeded. These contacts may be
used to alert external equipnent that the alarmtenperature has been
exceeded. The contacts may be programmed to either open or close when the
alarmtenperature is exceeded. Refer to the ALARM KEY section for details.
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The jack is a miniature phone type (1/8"). The relay contacts are rated at
1A, 30VDC and are isolated fromthe circuitry of the Questenp®15.

* THE ALARM JACK SHOULD NEVER BE CONNECTED TO AC LI NE VOLTAGE (120V). TO
CONTROL AC LI NE VOLTAGE THE ALARM JACK MUST CONTROL AN | NTERVEDI ATE
| SOLATED SW TCHI NG DEVI CE. CONTACT QUEST TECHNOLOG ES FOR DETAI LS.

SENSOR 2 AND SENSOR 3 JACKS  The sensor 2 and 3 jacks are part of a

har dwar e upgrade option that will allow simltaneous nonitoring of up to
three sensor arrays. The data fromthese arrays may be anal yzed separately
or conbined into a wei ghted average WBGT readi ng per | SO 7243.

AC ADAPTER JACK This jack accepts an optional AC adapter (Quest nodel
056-067) to power the Questenp®15 from 115 VAC power. The jack is a

m ni ature phone type (1/8") and accepts 9 to 12VDC. The jack polarity is
tip positive. Use of the adapter autonmtically disconnects the battery.

L11. SENSORS

NATURAL WET BULB THERMOMVETER The natural wet bulb thernonmeter gives an
indication of the effects of humidity on an individual. Relative humdity
and wi nd speed are taken into account by neasuring the amount of evaporative
cooling taking place at a thernmoneter covered with a noistened wi ck. The
Questenp®15 uses a cotton wick imrersed into a reservoir which nust be kept
filled with distilled water. Ordinary tap water should not be used, as the
contam nants that are |left behind after evaporation will shorten the life of
the wick and cause high readings. If the wick is discolored it should be

replaced. To replace the wick, slide the old wick and sponge of f the top of
the sensor. Place a new w ck over the sensor, naking sure that the bottom of
the wick is down in the reservoir. Slide the sponge over the wick and into
the reservoir.

GLOBE THERMOMETER  The gl obe thernoneter gives an indication of the radiant
heat exposure to an individual due to either direct light or hot objects in
the environment. This is acconplished by placing a tenperature sensor inside
a bl ackened copper sphere and neasuring the tenperature rise. The WBGT i ndex
is based on the response of a 6 inch dianeter globe. The Questenp®15 uses a
2 inch dianeter globe for a faster response tine. The tenperature of the 2
inch globe is correlated to match that of a 6 inch gl obe.

As an option, a sensor array with a 6 inch dianeter globe is available.
DRY BULB THERMOVETER The dry bulb thernoneter neasures the anbient air

tenperature. This neasurenent is used in the outdoor WBGT cal cul ati on when
a high solar radiant heat |oad may be present.

LV. USING THE QUESTEMP®15

When nmaki ng an area heat stress neasurenment the Questenp°®15 shoul d be pl aced
at a height of 3.5 feet (1.1n) for standing individuals or 2 feet (.6m for
seated individuals in the area. Tripod nounting is recomended to get the
unit away fromanything that m ght block radiant heat or airflow A 1/4"x20
t hreaded bushing is available on the bottom of the Questenp®15 for nounting
to a standard photographic tripod. Do not stand close to the unit during

sanpl i ng.

Make sure that the wetbulb reservoir is filled with distilled water. After
addi ng water or placing the unit in a new environnent, allowten mnutes for
the gl obe and wet bulb readings to stabilize.

Turn on the Questenp®l5 by depressing the ONV OFF key. All segnents on the
display will nonentarily turn on, followed by a brief display show ng the
sof tware revision nunber. If the unit contains any previous run time the
display will nonentarily display "dAtA". Check the display for the |ow
battery indicator and replace the battery if LOBAT is displayed. If the
battery is good enough to turn the unit on but too low to run effectively,
"LbAt" will be displayed nonentarily before the unit shuts down. If this
occurs, replace the battery. Sel ect the desired tenperature display by
depressing the appropriate key. Select the tenperature units by depressing
the °C/°F key. |f data storage is desired, depress and hold RESET to clear
any old data frommenory and then depress RUN. |If the menory is not reset
the new data will be appended to the previous data until the avail abl e menory
is filled.

V. BATTERY REPLACENENT

The LOBAT indi cator on the display shows that the battery shoul d be repl aced.
Wien the LOBAT indicator first turns on it indicates approximately 8 hours of
life for an alkaline battery. If run with a |low battery the unit will run
until the battery voltage falls to a | evel bel ow which the Questenp®15 cannot
run effectively. The unit will then stop running and nonentarily display
"LbAt" before shutting itself down in an orderly fashion. The battery
conpartnment is located on the rear of the Questenp°15. To replace the
battery, open the conpartnment by lifting one end of the cover. This wll
expose the battery and connector. Replace only with a standard 9 volt
al kal i ne battery (NEDA 1604A).

To retain data and cl ock/cal endar settings it is recormended that the 9 volt
battery be left in the Questenp°15. This is the primary nenory backup
battery. An internal lithiumcell will retain the nenory during battery
changes, but it is not recommended that the unit be left for long periods
without a battery. Wen the Questenp®15 is operated fromthe ACline the 9
volt battery is automatically disconnected from the circuit. If AC line
power is renoved, the power supply plug should be renmoved from the
Questenp®15 and the unit shut off so that the 9 volt battery can resune
primary nmenory backup.

Vi. CALI BRATI ON
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A calibration sensor nodul e (Quest nodel 056-937) is included for verifying
the tenperature accuracy of the Questenp®15. To check the calibration,
renove the sensor assenbly and plug the calibration nmodule into the
Quest enp® 15. Wth the unit set to read in degrees Celsius, repeatedly
depress the DI SPLAY key and verify that the readings match those printed on
the module within 0.5°C.

If the readings are not within the 0.5°C tolerance, then have the unit
serviced and/or cali brated.

ViI. REMOTE MONI TORI NG

In sonme applications it may be desirable to have the sensors renpte fromthe
Questenp®°15. An exanple night be an anbient tenperature environnment above
the 60°C tenperature rating of the Questenp®°15 el ectronics. The sensors may
be renmoved from the Questenp®°l5 and connected via an extension cable or
cables. A 25 foot shielded extension cable is available from Quest (nodel
056-924). The Questenp°15 will operate with up to 100 feet of cable with no
|l oss of accuracy. The user should be cautioned that using long |engths of
cable in environments with a high ampunt of electrical noise may cause
interference.

To renove the sensor array, unscrew the knurled knobs on the top of the
array. Pull the sensor array straight up fromthe body of the Questenp°15 to
di sengage the connector between the two. The extension cable nmay now be
connected between the 9 pin connector on the bottom of the sensor array and
that on the top of the Questenp°15. A 1/4"x20 threaded bushing is avail able
on the bottom of the sensor array for tripod nounting.

VIII. MILTIPLE SENSOR OPERATI ON

| NDEPENDENT MJULTI PLE AREA MONI TORI NG

An upgraded Questenp®°l15 with nultiple sensors may be used to nonitor up to
3 separate areas. Sinply connect additional sensor arrays to the SENSOR 2
and SENSOR 3 jacks with renote cables. By depressing the SENSOR SET key you
can select the tenperature of any one of sensor arrays 1, 2 or 3 to be
di spl ayed. The neasurenent will be that selected by using the Dl SPLAY key.
Attenpting to read the tenperature of an enpty sensor array jack will display

WBGT MEASUREMENTS WTH RESPECT TO THE TEMPERATURE UNIFORM TY OF AN
ENVI RONMENT (per | SO 7243 : 1989)

When the tenperature in the space surroundi ng a worker does not

[ T ]
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have a constant value it is necessary to determine the WBGT index at three
hei ghts corresponding to the worker's ankl es, abdonmen and head and performa
wei ghted average on those val ues. This value is displayed by using the
SENSOR SET key to select AVG and is conputed using the fornul a:

VBGT = (V\BGThead + (2 X V\BGTabdomen) + V\BGrankles)/4

The Questenp®°l5 always assigns SENSOR 1 the double weighting. Thi s
calculation is only valid for 3 WBGI indices. The Questenp°15 will only
display this value if a WBGT di spl ay has been sel ected usi ng the DI SPLAY key
and if 3 sensor sets are connected. Oherwise, "----" will be displayed.
For further information refer to 1SO 7243 :1989 (E) "Hot environnents -
Estimation of the heat stress on working nan, based on the WBGT-i ndex".

QUEST | SO TRI - SENSOR MOUNTI NG RACK

The Questenp®°l15 with 3 sensor option cones with a tripod and
hardware for nounting the sensor arrays at the proper heights to

ROD SCREWS INTO
SENSOR ARRAY

UPPER AND LOWER RODS
SCREW TOGETHER

EXTENSION CABLES PLUG
INTO SENSOR 2 AND
SENSOR 3 JACKS

SUPPORT BRACKET MOUNTS
BETWEEN LOWER ROD
AND TRIPOD

THUMB SCREW SCREWS
INTO THREADED HOLE
IN UNIT

THUMB SCREWS SCREW /
INTO THREADED HOLE!
IN FLOOR MOUNT

perform the Frgure 15 Tri- Sensor Rack Assenbly
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wei ght ed average WBGT reading. To assenble this mounting rack refer to
Figure 3. The Questenp®°15 el ectronics nust

be nounted in the center (abdonen) position for the proper weighted average
calculation. Figure 2 shows the fully assenbl ed nounting rack.

1 X. ALARM

The Questenp®°l15 has an alarm feature which will signal the user that the
environnment is above a user selectable WBGT index. This threshold may be
assigned to any one of the WBGT indexes for one of sensor sets 1, 2, 3 or
average. In addition, the tenperature read by any single sensor (wet bulb,
dry bulb, or globe) of any sensor set may al so serve as an al armthreshol d.
This feature is avail-able as a serial command only and nmay not be set
through the keypad.

Wien the assigned WBGT index or sensor tenperature equals or ex-ceeds the
threshold three things will happen to signal the operator:

1) The tenperature display will flash, alternately
di splaying the selected tenperature and "-AL-"

2) The alarmrelay (available via the ALARM jack) will
switch states. (i.e. if the alarmwas set up to be
normal Iy open "no" then it will switch states to close
the contacts.)

3) The followi ng message will be sent out via the data port:
"A01 05-23-91 11:02:01 **** Tenp. Alarm TRIGGERED ****"

When the assigned WBGT i ndex or sensor tenperature drops bel ow the threshold
three things will happen to signal the operator:

1) The display will stop flashing

2) The alarmrelay will switch back to its normal state,
nornal ly open or normally closed as programed in the
ALARM nenu.

The following nessage will be sent out via the data port:
"A02 05-23-91 11:09:21 **** Tenp. Al arm RESET ****"

Any assigned WBGT index or individual sensor tenperature that exceeds the
alarmlevel will be indicated on a printout. The alarmlevel indicated wll
be that programmed at the time of printing. CAUTION: the printed alarmlevel
setting may be altered prior to printing.

For details regarding progranm ng the alarmand connecting the ALARMjack to
external equipment refer to the ALARM key, ALARM jack and ASCI | COMVAND
SEQUENCES sections of this nanual.

X. DATA STORAGE
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By depressing the RUN STOP key data storage is either started or stopped.
Data storage is indicated by the RUN annunci ator on the display. Data is
stored in a sequential manner. Starting and stopping data storage w thout
clearing the nmenory sinply adds the new data after the old. All data stored
is treated as one bl ock whether or not it is time continuous. |f the nenory
fills, data storage stops and 'FULL' will be displayed. The RUN annunci at or
will turn off indicating that data storage has stopped. Depress any key to
restore nornmal operation. To erase all data points, depress and hold the
RESET key for three seconds. The display will count down from 3 to O.
Rel easing the key prior to zero will |eave the data intact.

A data point consists of the tine and the tenperatures of the GLOBE, WETBULB
and DRYBULB sensors. Data is stored every thirty seconds while in RUN. The
Questenp°15 has the capacity to store 41 hours of data for a single sensor
array. Miltiple sensors, if used, will also have their tenperatures stored.
This will reduce the available RUNtine to 18 hours for two sensor arrays or
12 hours for three sensor arrays.

Wiile in the RUN npde the CLOCK, PRINT RATE, ALARM and PRI NT function
settings may be viewed but not altered.

The Questenp®15 with the 3 sensor option will only store data from sensors
which are connected at the tinme RUN is depressed. During a RUN period,
plugging in an additional sensor will not add that sensor's data to the
printout. Depressing RUN twice to stop and restart data collection wll
activate that sensor.

XI. PRI NTI NG DATA

A parallel or serial printer may be used to obtain a hardcopy of data stored
in the Questenp°®15. The printer is connected via the DATA PORT 25 pin
connector located on the left side of the unit. To configure the Questenp®15
for a printer type and to set the baud rate for a serial printer, refer to
the menu instructions under the PRI NT KEY section of this nmanual.

To connect a parallel printer to the Questenp®15, use a standard PC printer
cabl e (Quest #056-019). Connect the 25 pin male plug to the DATA PORT and
the 36 pin Centronics plug to the parallel printer.

To connect a serial (RS-232C) printer to the Questenp®15, a special cable is
avail able from Quest (#056-922). One end of this cable is |abeled HEAT
STRESS MONI TOR END and nust be connected to the DATA PORT on t he Quest enp®15.
The other end is |abeled RS-232C TO PRINTER and nust be plugged into the
printer. The baud rate must be set the same on both the printer and the
Quest enp® 15.

To print data, depress the PRINT key followed by the ENTER key.
Depressing PRINT again will abort the printout.

The Questenp®15 will automatically print the data for each sensor array

present at the beginning of data storage. After printing the data for the
third array (if all three sensor arrays are present), the weighted average
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data for the three sensors (per |SO 7243) will be printed.

The printout, in the form of an ASCII text file, nmy be sent to an |BM
conpatible PCvia the RS-232C port. No special software is needed. Prior to
depressing the PRINT key on the QUESTEMP°15 type the following sinple
commands at the DOS pronpt:

MODE COM#: [baud], N, 8,1, P <ENTER>
COPY COM#: [fil ename] <ENTER>

# is the nunber of the conmunications (COM port to
whi ch the Questenp®°l15 is connected. 1, 2, etc.

baud is the baud rate for which the QUESTEMP15 is
currently set.

filenane is any acceptable 8 character Ms-DOCS fil enane.

NOTE: All tenperature data is printed in either degrees Cel sius or Fahrenheit
dependi ng upon whi ch node the Questenp°15 is in at the tine of printing.

A typical printout followed by a descriptionis shown on the follow ng pages.




SAMPLE PRI NTOUT

SAMPLE PRI NTOUT

EST TECHNOLOG ES
QUESTEMP° 15 GT AREA HEAT STRESS MONI TOR

Sof tware Version Nunber: 1.9 Serial Number: KL1040001

JDate: 7- APR-9 . .
2Start Time: 11 13 15 End Tinme: 12: 13: 39 Total Run Tinme:01:00: 14

3AI arm Level Setting - Sensor Set #1 WBGTI QUT: 107.5 degree F
‘Print Rate: 10 mnute

SWBGT CUSTOM 0.50 WB + 0.50 GLOBE + 0.00 DB

SENSOR SET #1
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PRI NTOUT DESCRI PTI ON

The date when the first run period occurred i s shown.

Start time shows when the unit was first put into the RUN node. End
ti me shows when the unit was | ast taken out of the RUN npde. Total run
tine refers to the total anopunt of tine spent in the RUN node. An
asterisk will appear after the total run tine if nultiple run periods
t ook pl ace.

At the tine of printing, the current alarmlevel settings are shown.

Print rate refers to the frequency which logged data is printed. Data
is logged every 30 seconds in the RUN node but the print rate is used to
condense the data. As an exanple, a 10 minute print rate would print
every twentieth set of tenperature information (every 10 m nutes).

The WBGT customformula is shown. The forrmula can only be entered into
the Questenp®°15 via a personal conputer.

Sensor set #1 refers to the sensor rack plugged into the top of the
unit. For a standard Questenp°15 without the nultiple sensor upgrade,
this will be the only sensor set of data printed out.

For each sensor and WBGT index, the naxi mum tenperature that occurred
over the entire run time is printed along with the time of occurrence.

For each sensor and WBGT index, the mininum tenperature that occurred
over the entire run time is printed along with the tine of occurrence.
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For each sensor and WBGT i ndex, the average tenperature over the entire
run time is printed.

Logged data for the WET bulb, DRY bulb, G.OBE, WBGI |ndoor, WBGT
Qut door, and WBGT Custom are printed according to the print rate. An
asterisk will appear under the alarm colum if an alarm condition
occurred at the corresponding tine.

For a multiple sensor upgraded Questenp®°l15, sensor set #2 data is
printed.

For a multiple sensor upgraded Questenp°l15, sensor set #3 data is
printed.

For a nultiple sensor upgraded Questenp°®°15, the wei ghted WBGT averages
of each of the three sensor sets is printed. This information is useful
when measuring using the three sensor set configuration per |SO #7243.

Xl1. USING THE QUESTEMP®°15 W TH A PERSONAL COVPUTER

The Questenp°15 can comunicate with a PC via an RS-232C port. Al front
panel control functions as well as a few additional functions may be invoked
via ASCI| commands. A special RS-232C cable is available from Quest (#056-
936) for connection to a PC. This is not the sane as the RS-232C printer
cabl e.

To connect the Questenp°15 to the PC, sinply plug the end of the cabl e marked
' HEAT STRESS MONI TOR to the data port on the Questenp®15 and the end marked
' RS-232C TO COWUTER to the appropriate COM port on your personal conputer.
Be sure to set the baud rates to the sane value on both units. Refer to the
PRI NT KEY section of this manual.

To sinply retrieve any stored data in the formof an ASCI|I text file, refer
to the section on PRINTI NG DATA.

WAKE- UP_ALARM

The Questenp®°15 has an internal clock/cal endar which allows a future power ON
(autonmatic wake-up tinme) to be programmed via the RS-232 port. When the
Quest enp®15 turns on under wake-up conditions it nay be progranmred to perform
a sequence of tasks through the use of an auto-execute buffer. Refer to the
ASCI | COWVAND SEQUENCES section for progranmm ng instructions.

An exanpl e of progranm ng the auto-execute buffer is shown bel ow
Conmand Comment
&E O<cr> clear old data from auto-execute buffer
&E 1<cr> begi n | oadi ng the auto-execute buffer
&Z<cr > reset (clear) nenory
&RT 4 0 O<cr> start a 4 hour run period
&P<cr > after the run, print the data
&O<cr > turn unit OFF
&E 2<cr> quit | oading the auto-execute buffer
&W 2 3E 10 00 00<cr> set the auto-wake-up for 10:00 Mon-Fri
&X 2<cr> enabl e aut o-execution for wake-up node

The above conmands wi || cause the Questenp®15 to automatically turnitself ON
at 10: 00am every Monday through Friday. It will then reset the old nenory,
run for four hours, print the data, and turn itself OFF until 10:00am the
next weekday.

NOTE: When turning the unit off the display counts down from 3. If the
display shows 3 2 1 0 it is indicating that the Wake-up Alarmis disabl ed.
If the display shows 3 2 1 ALE (ALarmEnable) it is indicating that the Wake-
up Alarmis enabled and the unit will turn on at the programmed tine.

To disable the Wake-up Alarm from the keypad, sinply depress and hold down
the ON OFF and RESET keys for the countdown.




ASCI | COMVAND SEQUENCES

NOTE: Al tenperature data returned fromthe Questenp®15 in response to an
be in degrees Celsius and wll
a returned tenperature of 345 would be

ASCI | conmand sequence will
decimal points. (As an exanple,

34.5°C.)

Unit ldentification:

?<cr> Get unit serial nunber & revision.

response: Questenp°®°l15 Version 1.3
Serial: KL1040001a

Tenper at ure Readi ngs:

&A<cr > Get tenperature being

response: M2

wher e: nl

&AG nl n2<cr>
wher e: nl =

Te
wh

0
1
2
3
wh
0
1
2
3
4
5

wh
0

mhwmpo% WN -

mp [n1] [n2] = nnnn

ich data set
sensor bar
sensor bar
sensor bar
| SO aver age

ch temperature
wet bul b

dry bulb

gl obe

i ndoor WBGT
out door VBGT
cust om VBGT

Specified tenperature in °C

ich data set

= sensor bar 1
sensor bar 2
sensor bar 3
| SO aver age

ch tenmperature
wet bul b
dry bulb
gl obe
i ndoor WBGT
out door WBGT
cust om W\BGT

not contain

di splayed in °C

response: MD2 Tenp [nl] [n2] = nnnn

&AS nl n2<cr> Specify tenperature to be displayed
in currently selected units
where: nl = which data set
sensor bar 1
sensor bar 2
sensor bar 3
| SO aver age

ch tenperature
wet bul b
dry bulb
gl obe
i ndoor WBGT
out door VBGT
cust om VBGT

U‘Ibml\)l—‘O% WO

response: M)l New Display: nl n2
Echo Flag Control:
&AE<cr>  Report echo status
response: M9 Tinmed Echo Flag Set
MBO Tio:red Echo Fl ag Reset
&AE O<cr> Reset tined echo flag
response: M3O Ti med Echo Fl ag Reset
&AE 1<cr> Set timed echo flag
response: M9 Timed Echo Fl ag Set
The timed echo flag controls the echoing every second of the sensor
array tenperatures. Wien the flag is set the following data will be sent
every second:
MB1 t[O][O] t[O][1] t[O][2] t[1][O]
The timed echo flag is reset by any of the follow ng: the
gﬂz'o comrand, reseting the rts signal or turning the QT-15"s power
Check Battery Level:
&B<cr > Check Battery Level.

response: MD3 Battery Level K
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or M4 Battery Level Low
Date Control:
&b<cr > Cet current Date.
response: M)6 Date: 5-23-1991
&DS mm dd yyyy<cr> Set new Date.
where: mm = nonth 1-12
dd = day of nonth 1-31
yyyy = year i.e. 1991
response: M)6 Date: 5-23-1991
Aut o- Execute Buffer Control:

&E 0O<cr> Clear auto-execute buffer.

response: ML8 Execute Buffer Load Flag Reset; nn bytes used;
nn bytes free

&E 1<cr> Load followi ng commands to auto-execute
buffer.

response: ML7 Execute Buffer Load Flag Set; nn bytes used;
nn bytes free

&E 2<cr> Stop | oadi ng comands to auto-execute buffer.

response: ML8 Execute Buffer Load Flag reset; nn bytes used;
nn bytes free

&E 3<cr> List commands in auto-execute buffer.
response: M1 Auto-Execute Buffer Listing:
(commands in buffer)
ML7 Execute Buffer Load Flag Set; nn
byt es used; nno?yt es free

ML8 Execute Buffer Load Flag reset; nn
byt es used; nn bytes free

Set Display Units:
&F<cr> Get current display units

response: MD7 Display set to degrees

or
MO8 Display set to degrees F

&F O<cr> Set Degrees C.
response: M)7 Display set to degrees
&F 1<cr> Set Degrees F.
response: MD8 Display set to degrees
Restart Auto Execution:

&G<cr> o to start of auto-execute file (Only functions when
aut oexecut i ng)

response: none
Get Hexdunp:
&H<cr > Get hex dunp of |ogged data.
response: (hexdunp of |ogged data)
I dentification Codes:
&l <cr> Get unit serial nunber & software revision.
response: Questenp 15 Version 1.3 Serial: KL1050002
&l S KL104000la<cr> Set unit serial number
response: Questenp 15 Version 1.3 Serial: KL1040001a
Set Baud Rate:

&J n<cr> Wher e

response:. none




Keypad Echo control: Allarm control :
&K<cr > Get keypad echo status. &l<cr> Get current alarm settings.
response: M27 Keypad echo Flag Set &S nl n2 n3 n4<cr> Set alarmlevel.

or

M28 Keypad echo Flag Reset where: nl = which data set
sensor bar 1
sensor bar 2
sensor bar 3
| SO aver age
ich tenperature
wet bul b

dry bulb

gl obe

i ndoor WBGT
out door WBGT
cust om WBGT

&K 0<cr> Reset keypad echo flag.

response: M28 Keypad echo Fl ag Reset
&K 1<cr> Set keypad Echo flag.
response: M7 Keypad echo Flag Set
Wien the keypad echo flag is set, every tinme a key is pressed, its key

code will be echoed or transmtted out the serial port. This flag is
autonatically reset when the Questenp®°15 is powered on.

mbwmpogwm»—\o

alarm | evel 0-1999
Quest enp®15 Keypad Codes 1999 = 199.9 degrees C

Key Hex ASCI | alarmrelay state
0 no (close contact to alarm
1 nc (open contact to alarm

>
<

di spl ay 0x16
cl ock 0x26
CF 0x46
ent er 0x86
sensors 0x15
print rate 0x25
print 0x45
reset 0x85
run 0x13
alarm 0x23
advance 0x43
on/ of f 0x83

response: A03 Alarm Level: array= nl sensor= n2 |evel = n3
contact= n4

8 >eeTiRe
S c

Al arm Rel ay Control: allows control of alarmrelay independent
of WBGT index. An actual alarm
occurrence will override this control and
cause the relay to set and reset
nornal ly.

(7]

&\kcr > Cet relay status.
reset +on/ of f 0x52
&\VB<cr > Set alarm (relay to alarm position)
Reset Countdown 0x30+count
on/ of f Count down 0x30+count

Www »m WO >om

NN
s
co

&VR<cr > Reset alarm (relay to no al arm position)

responses: (sane for all &M comuands)
AO4 Al arm Rel ay Contacts C osed

or
AO5 Al arm Rel ay Contacts Open




Set No- Echo Fl ag:
&N 0<cr> echo nornally
&N 1<cr> Don't echo RS232 conmmands
response to both: none
On/ O f Control:
&O<CR> Turn unit off.

response: M)9 Unit will turn off when DTRis
reset

RTS signal will turn power to the unit on.

Printout:
&P<cr > Execute nornal Printout.
If the parallel interface has been sel ected by the keypad, the
printout will go to the parallel printer. |If the serial
interface is selected, the printout will go to the serial
interface. Using a conbination cable, a renpte RS-232 conmmand
can cause a printout to a parallel printer to occur.

Cust om WBGT Control :
&Q<cr > Get custom WBGT factors.

&S nl n2 n3<cr> Set custom WBGT factors to
define the equation

WBGT= (nl x WETBULB) + (n2 x DRYBULB) + (n3 x GLOBE)

wher e: nl, n2, n3 = decimal fractions in
hundredths (nl, n2 and n3
need not add up to 100)

response: (sanme for all &Q commands)
MLO Custom WBGT: Wet= nl d obe= n2
Dry= n3

Run Mbde Control:

&R<cr > Toggl e Run node.

&RT hh mm ss<cr> Start timed run nmode. |If this
command is in an Auto-execute file it wll
del ay the execution of the next conmand
until the tined run is conpleted.

wher e: hh number of hours
mm = nunber of minutes
ss nunber of seconds

response: (same for both commands)
ML1 Run Mode now ACTI VE

or
ML2 Run Mode now | NACTI VE

Qperational Status:

&S<cr > Cet current Status.

response: ML3 Status: Run Flag= nl Run-Tine= n2 sec. Tine
Left= n3 sec. Alarm Fl ag= n4

wher e: nl= Run Fl ag
0 = not in run node
1 = Run Mbde
n2 = elapsed Run Tinme in seconds
n3 time left in timed run node.
n4 = Alarm Fl ag

0 no alarm
1 al arm condi tion

Time O Day:

&T<cr > Get current time.
&TS hh mmecr> Set new tine of day.

where : hh hours in mlitary tinme (0-23)
mm = minutes (0-59)

response: (sane for both commands)
ML4 Tine: hrs:nmn:sec




CQut put

Print

User Defined Messages:

&U 0<cr> send null code
response: null code

&U 1"string"<cr> send string mnus <cr>
response: "string" no <cr>

&U 2"string"<cr> send string with <cr>
response: "string" with <cr>

&U 3"string"<cr> send string with <cr><|f>
response: "string" with <cr><|f>

&U 4 HHH<cr> send hex data character - one hex character
responsg!1| %ex character

&U 5 nl n2<cr> send Tenp in deg C of sensor bar/| SO avg
0,1,2,3 (nl) and sensor/WBGT 0,1, 2,3,4,5
(n2)

response: degree C of appropriate sensor conbination

&U 6 nl n2<cr> send Tenp in deg F of sensor bar/| SO avg
0,1,2,3 (nl) and sensor/WBGT 0,1, 2,3,4,5
(n2)

response: degree F of appropriate sensor conbination
Rate Control:
&v<cr > Get current print rate.
&VS nl<cr> Set new print rate.

where : nl=print rate

= 30 seconds
1 minute
2 mnutes
5 m nutes
10 mi nutes

15 minutes

30 minutes

60 mi nutes

response: (same for both commands)
ML5 Print Rate= nl

Wake-up Al arm control :
&Wkcer > Get current wake-up alarmsetting

response: M2 Automatic \Wake-up Di sabl ed

or
M23 Dat e Wake-up Enabled for mmidd at hh: mmss

&W 0<cr> Disable wake-up alarm
response: M22 Automatic Wake-up Di sabl ed

&W 1 mm dd hh mm ss<cr> Set date & tinme wake-up
al arm

where: mm
dd
hh
il
ss

month (1-12)

day of the nonth (1-31)

hours in mlitary time (0-23)
m nutes (0-59)

seconds (0-59)

response: M3 Date Wake-up Enabled for midd at hh:mm ss
&W 2 wd hh nm ss<cr> Set days of the week wake-up alarm

wher e:

=

whi ch days of the week

Sunday

Monday 6 31|

Tuesday 426 8421

Wednesday |

Thur sday XX X] XXXX

Fri day (0-7) (0-F)

Sat ur day

Add these nunbers and send the result in Hexidecinmal to
set nultiple days of the week. |.E 05= Sunday &
Tuesday, OE= Monday, Tuesday & Wednesday 3E= Monday
thru Friday

ORNEF

hh hours in mlitary tine (0-23)
mm = m nutes (0-59)
Ss seconds (0-59)

response: M4  Week Days Wake-up enabl ed for Days wd at
hh: nm ss

&W 3 hh mm ss<cr>  Set daily wake-up alarm
where: hh hours in mlitary time (0-23)

mm = mi nutes (0-59)
ss seconds (0-59)




response: M25 Daily Wake-up enabled at hh:nmss

Aut o- Execut e control

This command controls the execution of the comrands stored in the auto

execute buffer by the & commands. The bufferred commands can be

executed every time the unit is powered on, or only when powered on by

a clocked autonatic wake-up alarm (controlled by the &W conmmands).
&X<cr > Cet Aut o-execute Status
&X O0<cr> Disable Auto-execute
&X 1l<cr> Enable Auto-execute for all power-up
&X 2<cr> Enabl e Aut o-execute for al armwake-up only
response: (sane for all conmands)
M26 Enable Auto Execute = nl
Aut o Wake-only = n2
where: nl = Auto Execute Flag
0 = disabled
1 enabl ed
Aut o Execute on Auto Wake-up Only
0 = disabled
1 enabl ed
Tinmed Del ay: During autoexcute (only functions while autoexecuting)
&Y nl1l n2 n3<cr> where: nl = hours, n2 = mnutes
n3 = seconds
response: none
Unit Reset:
&Z<cr > Reset (clear) |ogging data nenory
response: M6 Unit Reset
Al arms:

When a tenperature alarmoccurs, the Qr-15 will send a nessage over
the RS-232 port if the RTS signal is present.

A01 05-23-1991 13:12:05 **** Tenp. Al arm TRI GGERED ****
A02 05-23-1991 16:23:45 **** Tenp. Al arm RESET ****

Command Errors

If the QT-15 receives a comrand that it does not understand, it wll
respond with the foll ow ng nessage

MB9 *** Command Error ***

RS- 232C CABLE CONNECTI ONS

The pinout for the DATA PORT connector is shown in Figure 4. Al other
pins are used for connection to a parallel printer and nust not be
connected for serial operation

When connected to a serial printer the Questenp®l1l5 is DTE and the printer
is DCE. When connected to a personal conputer the Questenp°l15 is DCE and
the conputer is DIE

The data word has 8 data bits, 1 stop bit and no parity. To set the baud
rate, refer to the PRINT key section of this nanual

An RTS signal will always turn power to the unit ON.

QUESTEMP 15 PRINTER
MALE MALE
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°
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060000000
00000000
ofofo]o ofo[é 00000

'\o

<—DATA 14
SHIELD N
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o] 25

o

°o[24 DIR
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Figure 16 RS-232 CABLE CONFI GURATI ONS
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XL11. SPECIFI CATI ONS

Size: Wdth: 6.5" (165m); Height: 10" (254m); Depth: 2" (51mm
Di mensions include a nounted sensor assenbly.

Weight: 28 oz. (800 g) with nounted sensor assenbly.
Tenperature Sensors : 1000 ohm pl ati num RTD, 3.85 ohnm°C

Tenperature Sensor Accuracy: +/- 0.5 degree Cfrom0°C to 100°C
+/- 1.0 degree above 100°C

Anbi ent Operating Tenperature Range:
Quest enp° 15 : 0 to 60 degrees C

Sensor Assenbly © 0 to 100 degrees C

Operating Humidity Range:
El ectronics : 0 to 95% non condensing.
Sensor Assenbly : 0 to 100% (non subnersible)

Response Tine (typical): Dry Bulb : 2 minutes
d obe : 12 minutes
Wet Bulb : 10 minutes

Power Requirenents : One 9 volt alkaline battery (NEDA #1604A) or
optional AC adapter. [2-3nmA typical current
drain w thout using RS-232C, 20nA typical
whil e using the RS-232C port.]

Battery Life : 100 hours m ni mum (using RS-232C decreases |ife)
Effects Due To External Fields : Tested for RF susceptibility with | ess than

0.3°C error at field strengths to 10V/ m over the frequency range of
10MHz to 500MHz.

Xl V. ACCESSORI ES

SC- 25 25 foot shielded rempte sensor cable 056- 924
SC-5 5 foot shielded renpte sensor cable 056- 944
Mbdel 920 AC adapter 056- 067
TP-1 Tri pod 059- 045
RWS- 1 Repl acement w cks (10) and sponges (3) 056- 056
WB-1 Water Bottle, 2 oz. 056- 068
CSM 1 Calibration sensor nodul e 056- 937

SA-2 Sensor array with 2 inch dianmeter globe 056- 941
SA-6 Sensor array with 6 inch diameter gl obe 056- 945
RS- 232C cable for serial printer (25 pin male) 056- 922
RS- 232C cabl e for personal conputer (25 pin fermale) 056-936
Parallel printer cable (36 pin Centronics) 056- 019
Carrying Case for Questenp®15 and accessories 056- 939

Carrying Case for QI-15M 3 3 sensor option Kit 056- 940
(includes tripod, brackets with rod)

Quest Suite for Wndows PC support software

XV. APPENDI CES
Appendi x A : CONVERSI ON FORMULAS

°C = 5/9(°F - 32)

°F = 9/5°C + 32
Appendi x B : HEAT EXPOSURE TABLES

Per mi ssi bl e Heat Exposure Threshold Limt Val ues
(Val ues are given in °C WBGT)

Wor k- Rest Regi men Work Load

Li ght Moder at e Heavy
Cont i nuous Wor k 30.0 26.7 25.0

75% Wor k -
25% Rest, each hour 30.6 28.0 25.9

50% Work -
50% Rest, each hour 31.4 29.4

25% Work -
75% Rest, each hour 32.2 31.1 30.0

from"Anerican Conference of Governnental I|ndustrial Hygienists - Threshold
Limt Values and Biol ogi cal Exposure Indices for 1990-1991"
Reprinted with permnission from ACA H




XVI. SERVI CE AND WARRANTY PQLI CY

Service Policy

The Quest product you have purchased is one of the finest instrunents
available. It is backed by our full one year warranty which seeks conplete
custonmer satisfaction. This is your assurance that you can expect pronpt
courteous service for your equipnment from the entire Quest service
organi zati on.

Shoul d your Quest equi pnent need to be returned for repair or recalibration,
pl ease contact the Service Department at 1(800)245-0779 (USA) or Fax
(262)567-4047 for a Return Authorization Nunber. The RA nunber is valid for
30 days, and nust be shown on the shipping |abel and purchase order/cover
letter. |f you are unable to return instruments in that tine call for a new
RA nunber. Send it prepaid and properly packed in the original shipping
carton directly to Quest Technol ogi es, 1060 Corporate Center Dr., Ocononpwoc,
W 53066 U.S. A

Repair or replacenent work done under warranty will be perfornmed free of
charge, and the instrument will be returned to you prepaid. Your copy or a
phot ocopy of the Quest Registration Card will serve as proof of warranty
should the factory require this information.

If for any reason you should find it necessary to contact the factory
regardi ng service or shipping danmage, please direct your calls or letters to
the attention of the Service Manager, Quest Technol ogies, (262) 567-9157 or
(800) 245-0779. Ofice hours are from8 AMto 5 PM (Central Standard Tinme)
Monday t hrough Friday.

Warranty Policy

Quest Technol ogies warrants our instrunents to be free from defects in
materials and workmanship for one year under normal conditions of use and
service. For U S.A custoners, we wll replace or repair (our option)
defective instrunents at no charge, excluding batteries, abuse, m suse,
al terations, physical danmge, or instrunents previously repaired by other
t han Quest Technol ogi es. M crophones, sensors, printers, and chart recorders
may have shorter warranty periods. This warranty states our total obligation
in place of any other warranties expressed or inplied. Qur warranty does not
include any liability or obligation directly resulting from any defective
instrunent or product or any associ ated damages, injuries, or property |oss,
including | oss of use or neasurenent data.

For warranty outside the U S. A, a mninum of one year warranty applies
subject to the same limtation and exceptions as above with service provided
or arranged through the authorized Quest sales agent or our Quest European
Service Laboratory. Foreign purchasers should contact the local Quest
aut hori zed sal es agent for details.




