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2.1.3

4.1

4.2

NBS PusLICATION—National Institute of Standards and Technology, U. S. Department of Commerce,
Gaithersburg, MD 20899.

NBS Circular 590—Methods of Testing Thermocouples and Thermocouple Materials

Summary—This document describes the method and equipment for measuring the effectiveness of sleeves

required to

contain heat.

The test also contains the option of monitoring smoke generation time at the

conditions specified (see item 6.3.2). A base line is established first by exposing a 338 mm long x 16 mm OD,
cartridge heater assembly (w. thermocouple) to the specified temperature. The controlling thermocouple is
mounted at the midpoint and top surface of the cartridge heater. During the test, four power readings of the
cartridge heater are recorded, one every 15 min after the tube reaches thermal equilibrium. After establishing
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FIGURE 1—TEST SET-UP, TOP VIEW
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4.3 Test conditions and requirements using a line code must follow the order of temperature, sequence, and
thermocouple position designated by the numbers on a clock. See item 1.4. Bracket all numbers in
parenthesis.

4.3.1 TEMPERATURE AND SEQUENCE PrROTOCOL—List single or multiple test temperatures using the appropriate
Table 1 condition letter. Condition A cannot use the sequence number 2 or 3 because it is the lowest
specified temperature. If a step sequence is desired with Condition A as the upper temperature, use the Z
suffix. Using a 2 or 3 test sequence after a B or C condition means the sequence follows the lower
temperatures in Table 1. Always use the Z suffix to indicate a departure from the Table 1 temperature
sequence. When using the Z suffix, indicate the preferred temperature's in degrees centigrade in
parenthesis, separating the temperature's with a slash mark (/) - for example Z2 (100 °C/121 °C).

4.3.2 PosITIoN PrOTOCOL—The letter P, followed by the appropriate number in parenthesis, indicates the
circumfergntial clock position of the auxiliary thermocouple(s) on the surface of the cartridge heater and/or
sleeve. If no specified position is stated, no measurement is made. Twelve isyat the fop surface with
numbers groceeding clockwise as observed from the tip end (opposite the wires) ‘0f the cartfidge heater.

5.  Equipment]

5.1 Hot Box—Fpbricated from non-conductive, fire resistant, thermal insulation board material?, 0 mm x 610 mm
x 1220 mm,| open at the top with nominal internal dimensions of 500 mm x 500 mm x 500 jnm. Angle iron
50 mm x 50|mm x 4 mm supports the box panels (6000 mm total)."See detail drawing Figureg 2A and 2B.

5 00%500 mrx Sonmm FIRE RESISTANT THERMAL
STRUCTURAL INSULATION

BOARD INSIDE

SHEET META{ DUTSIDE
600, b /

1067 mim

\S0x30x 4mm
ANGLE
\»\, /

508 mr

FIGURE 2A—HOT BOX

1. All are single items, except as indicated.
2. (McMaster Carr 93371K67 or equivalent meets the requirements.)
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FIGURE 2B—HOT BOX SIDE VIEWWITH CONTROLLER

5.2 Fume Hood—Per appropriate industry approved construction and performance.

5.3 Cartridge Heater—Unit 338 mm long x 16 mm OD;'capable of reaching 760 °C. The cartridgq length from 292
to 305 mm is heated. No heat zones are located from the sealed tip end to 13 mm toward the flanged base
and 38 mm|from the lead wire entry pointend toward the flange. The cartridge constructipn consists of a
incoloy™ tubpe (sheath), inside is a wound.hickel-chromium wire on a support core of magnesium oxide thermal
insulation. The thermal heater output{is)1000 to 1100 W, 240 VAC/4.1 A, with surface self-cl@aning capability
for most applications.3

5.4 Temperature Controller—1/4 DIN, digital indicating controller with an accuracy of £3 °C up|to 700 °C. Auto
tuning basegl microprocesseor.for primary output. Four to Twenty mA output. Operating environment 0 °C to
65 °C. Sendor input must.accept type K thermocouple.* Supplies electrical current to heat cgrtridge.

5.5 Electric Poyver Demand Analyzer® and Current Probe6—DigitaI indicating analyzer with |an accuracy of
+3 °C up to 700,°2C. Auto tuning based microprocessor for primary output. Four to Twenty mA output.
Operating epvironment 0 °C to 65 °C. Sensor input must accept type K thermocouple. Monifor's voltage and
current, display's power used.

5.6 Temperature Recorder—Computer controlled data analyzer.” Optional manual data recorder with a digital
indicator.2 Ten channel sensor input selector. Will accept type K thermocouple. Operating environment 0 °C
to 55 °C. Accuracy of £ 3 °C up to 700 °C.

3. Power Modules Inc., cartridge heater 4960921-E or 4960811 or equivalent, meets the requirements.

4. Watlow Series 945-1FA1-A000, 965 and 93 or equivalent, meets the requirements.

INCOLOGY™ is a trademark of International Nickel

5. Dranetz Model 808 Power Analyzeror equivalent, meets the requirements.

6. Dranetz Current Probe, Model TR2012A or equivalent, meets the requirements.

7. Fluke Hydra Data Logger 2625A or equivalent, meets the requirements.

8. Watlow #8D45-0080-0-600 or equivalent, meets the requirements.
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5.7 Type K Thermocouple (Wire)—American National Standards Institute (ANSI) code K (yellow) with chromel/
alumel base metals. Choose approximately 50 m of solid bare wire, diameter (gauge) at 0.81 mm (AWG 20).
Insulation, glass braided over glass wrap or other that meets or exceeds 700 °C capability.9

5.7.1 THERMOCOUPLE CONNECTOR—"K" Type, plug, (3). Attaches to thermocouple leads for connection into

module for cartridge heater.'?

5.7.2 THERMOCOUPLE CONNECTOR—"K" Type, socket. Permits insertion of plug with thermocouple leads into

module for cartridge heater.'!

5.8 Surface Probe—Ceramic tip (spring loaded), (3). Permits surface contact of thermocouple to sleeve.1?

5.9 Enclosure Panel Box—A unit, 510 mm x 410 mm x 200 mm?*3, with a sub panel 430 ;mm|x 330 mm'* for
mounting the temperature controller, temperature indicator, circuit breaker, transformerslights and switches.
See Figure 2B.

5.9.1 TRANSFORMER—500VA, 240/120 VAC to control any in rush currents.'®

5.9.2 FuUsE HOLDER AND FUSES—Panel mount, 2 pole and 1 pole - 250 VAC holder, with two six amip and one three

amp fused.

5.9.3 SwITCH, SELECTOR—2 position maintained 10 A rating (oil tight)-fer)on/off control.

5.9.4 PiLoT LIGHT—120 VAC, red, to indicate on and off condition,

5.10 Circuit Bregker—2 pole, 240 V, 15 A through door mount'to panel box.16

5.11 SCR Power|Control—240 V, 15 A, zero voltage firifig (signal control = 4-20 mA).1’

6. Test Requirements

6.1 Specimen—The test sleeve length muystybe 280 mm to 300 mm long with a 19 mm nominal |D. Measure the
sleeve i.d. uping a plug gauge. The sleeve may or may not incorporate a seam. Seamed slgeves are tested
with the seam at the bottom (6 o’¢leck) of the cartridge heater.

6.2 Unless othdrwise specified, testing shall be conducted following a specimen conditioning| period of 24 h
minimum at P3 °C * 2 °CGyand 50% R.H. + 5% R.H.

9. Omega GG-K-20 (solid) or equivalent, meets the requirements.

10.
11.
12.
13.
14.
15.
16.
17.

Cole-Parmer E-83840-52 or equivalent, meets the requirements.

Cole-Parmer E-93840-53 or equivalent, meets the requirements.

Cole-Parmer L-08439-12 or equivalent, meets the requirements.

Hoffman D-3L20H1608LPB or equivalent, meets the requirements.

McMaster Car 75545K92 or Hoffman (OR) AZOP16 or equivalent, meets the requirements.
Jefferson 636-1191 or equivalent, meets the requirements.

Square “D” Co. FAL-22015 or equivalent, meets the requirements.

Halmar/Robicon 115Z-C or equivalent, meets the requirements.
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6.3

6.3.1

6.3.2

6.3.3

6.4

6.5

6.6

6.7

6.7.1

6.7.2

Do not use @r interpret the sequence conditions as a repetitive cycle test.
The specimégn must be free of any yisible defects that would effect the test results.
Test in a “passive” hood envirenment. Air flow must not influence test measurements.

Thermocou

Temperatures—For standardization purposes, select one or more of the following test temperature conditions:

TABLE 1—TEMPERATURE CONDITIONS

Condition Temperature °C Available Sequence Numbers
A 260 1
B 427 1,2
C 537 1,23
D 700 1,234
z As specified within the limits of this standard.

SEQUENCE—For standardization purposes, select one of the following test sequences:

TABLE 2—SEQUENCE

Sequence Condition
1 Dedicated test at specified isothermal temperature.
2 Two step sequence using specified temperatures.
3 Three step sequence using specified temperatures.
4 Four step sequence using specified temperatures:
9 As specified within the limits of this standard.

Use the lefter 'S," after the temperature condition letter in Table 1;\to designate smoke generation and time in
seconds in parenthesis. See item 4.3.2.

PosITION AND DiSTANCE—indicate the circumferential position of your auxiliary thermocouple(s) relative to the
cartridge heater using the positions of the clock. Thewelve o'clock thermocouple position (top) is standard,
on the surface of the test sleeve. Indicate other positions (P) on individual part or compongnt drawings per
item 4.3.2| Distance (D) is measured in centimeters from the wire/flange end of the cartriqge heater to the
opposite gnd. Indicate the number in parenthesis for each auxiliary thermocouple.

le Mountipg

CARTRIDGE HEATER=Position the thermocouple touching the outside surface of the cartridge heater, at the
midpoint gf the Heat zone (144 mm)/ of entire length (287 mm), and at the 12 o’clock positipn. See Section
A.1 for re¢pairt attachment procedure the thermocouple junction. As a purchased option, with the
thermoco ; fopot fdge heater shown
in Figure 3A. Don't wrap or twist the thermocouple wires around the rod and risk breaking the integrity of the
contact junction.

TeST SLEeve—Position the thermocouple +10 mm to the left or right (offset) of the cartridge heater
thermocouple position at the top of the test sleeve mounted to the cartridge heater (Figure 3A). Position
sewn sleeves on the cartridge heater with the seam 180 degrees away from the top. The junction point must
be in direct contact with the surface of the material. The spring loaded surface probe with ceramic tip (item
5.7) with adjustable mounting bracket, permits surface contact of thermocouple from a variety of angles. If
this is not available, secure the thermocouple to the sleeve using a fine copper magnet wire wrap or
fiberglass thermal tape capable of surviving the test temperatures. Make sure the wire or tape doesn’t touch
the end of the thermocouple.
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6.7.3

7.1

7.2

8.1

8.2
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FIGURE 3A—CROSS SECTION SHOWING THERMOCOUPLE OFFSET

UPLE LocATION—The midpoint location is required for measurement since the
ded cartridge heater has shown that only in the center do you gety{enperature
roller set temperature.

Standards and Technology (NIST) document foraccuracy claimed and the 3
the instrument. Calibration by the test facility isiappropriate if substantiated by d

struments traceable to NIST (formerly NBS).
ermocouples by the comparison method:-utilizing procedures based upon those d

Methods of Testing Thermocouples_ and Thermocouple Materials. Pre-calibrate
from the manufacturers.

 base line (no sleeve) measurements by placing the cartridge heater in the Hot B

mal data of the
utput equivalent

ent manufacturer or certified agent should calibrate™all recorders to the appropriate National

ppropriate label
hta measured by

escribed in NBS
] thermocouples

px. Position and

hermocouples using-the techniques described in item 6.7. The cartridge heater
by attachment to @n™L" shaped self-supporting base for positioning on the “H” pl
e box. A thermocouple for ambient temperature measurement is supported by a |
5ing metal rods and joint fittings found in most lab equipment catalogs. Position th
g to Figures 4A and 4B. Unless otherwise specified, the thermocouple test pos
B.3). £onnect the thermocouple to the temperature recorder.

Check for g

ound loops, reversed connections and the integrity of all connections. Re-cali

tform inside the
ttice frame work
P parts in the hot
tion is at the top

FS a flange with

brate if required.

Begin a test sequence at 23 °C + 2 °C air temperature as indicated by the thermocoup
temperature inside the hot box. Inspect the thermocouple connection to the cartridge heater every five to ten
heats. If contact is lost, repair the connection by rotating the cartridge heater and remount the thermocouple

contact to th

e new center site with new weld (Section A.1).

e recording the
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ROD TO SUPPORT AMBIENT AIR THERMOCOUPLE
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< 230 >

FIGURE 4A—TOP VIEW SHOWING SAMPLE POSITION

_—— Ambient Thermocouple
Thermocouple I I 4
Test Sleeve \ o 100
3 s
Cartridge Heater — |
i 140 i
A | 25

T

FIGURE 4B—END VIEW SHOWING SPECIMEN MOUNTING

8.3 Turn on the power to\the controller, power analyzer, bare cartridge heater, and recorder. Sef|the controller to
the required|température (see Table 1, item 6.3). Allow the apparatus sufficient time to stabilize at the selected

isothermal temperature. Steady state is defined as three consecutive readings within 3 °C of the set
temperature i i ini initi i i ) the continuous

readout (temperature recorder) shows the first indication of the temperature to be measured. As the
temperature increases to each set point, there may be a slight over-shoot of the setting. Record the first
steady state set value as it is reached and ignore the slight rise.

8.4  After stabilizing the temperature set by the controller, start recording the cartridge heater surface temperatures.
Record at 3 min intervals for 30 min after reaching steady state. Continue to record the air temperature inside
the hot box.

8.4.1 Atthe end of this period, if additional steps are required (see Table 2, item 6.3.1), adjust the controller to the
specified sequence condition in Table 2 and repeat the data acquisition steps. After establishing the base
line performance, end the test. Continue to record the air temperature inside the hot box.
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8.5

8.6

8.7

8.8

9.1

9.2

9.3

9.4

10.

After the test set-up has cooled, remove the set-up from the Hot Box and slide the protective sleeve on the
cartridge heater. Don't dislodge the thermocouple on the cartridge. Place a second thermocouple on the outer
surface of the sleeve, offset by +10 mm and above the bare cartridge heater thermocouple (12 o’clock high).
Place the sleeved cartridge heater back in the Hot Box in the proper orientation. To help prevent dislodging of
the thermocouples, mount them on the test sleeve positioned on a second rod whose height is the same as the
test. Carefully slide the sample onto the bare rod after butting the rod ends together to ease the transfer to the
test rod. If you use the spring contact to surface method, slide the non-thermocoupled test sleeve onto the
cartridge heater then position the contact locator and disengage the spring to permit contact. If applicable,
position the sleeve seam pointing to the bottom.

Repeat the sequence described in item 8.3. Begin the test sequence when the cartridge heater surface
temperaturerisHess—than-orequalto—26—2Cas—indicated-by-the—ecenterthermeceuple—Buring the warm-up
phase, be grepared to record the smoking time of the sample. Start the timer when-smpking is visually
observed. Record the temperature that smoking started. Do not wait for the set tempeératuge to be reached
before starting smoke timing. Stop timing when no more smoke is observed. Repoft the fime with a stop
watch, in minutes and seconds. From early lab experience, initial runs on the cartridge heater at all three
temperaturep took from eighteen to twenty-four minutes to reach steady statery €ontinue {o record the air

temperature|inside the hot box. Do not use steady state measurements as part-of the ten datq points.

After reaching the stable isothermal setting per 8.3, repeat steps 8.4 ang-if applicable, 8.4.1.

Reliable repgat measurements can only be made on the same slgéve at the lowest test tempdrature (condition
A).

Calculation

For each tept, determine the power difference expended by the heater without and with the tested sleeve
during steady state at the chosen temperature(s).~The number of specimens tested is betwegn the requester
and the tester. If the requester fails to designate a number of specimens, the lab will tes{ three randomly
sampled spgcimens from different manufacturing runs or machines.

Calculate the final arithmetic mean from-the three power readings (CPy), on the bare cartfidge heater and
mean of sle¢ved power readings (SCPy) from all sleeved samples run in item 9.1.

Calculate the containment effectiveness of the sleeve material, expressed in percent thermal
as the power difference between the final mean unsleeved cartridge heater (CPs) and the fin
ter (SCPy)ateach source isothermal temperature setting divided by the final

cartridge hepter power(CPy) times 100. See Equation 1.

%T¢ (at temperture °C) = CP;—SCP;+ CP;x 100

pfficiency (%TE)
Al mean sleeved
mean unsleeved

(Eq.1)

If it is desirabte
surface temperature of the unsleeved heater at the correspondlng posrtlon Note the cartrldg

er, measure the
e heater surface

temperatures are not uniform and differ considerably from the set temperature. Do not place thermocouples in

the cartridge heater no heat zones.

report

10.1 The report shall include the following:

10.1.1 Description of the specimen, giving the identification number of the material and date of test.

10.1.2 The final unsleeved and sleeved cartridge heater power (CPy) readings per item 9.1.
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