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1. JPL Conical Load - Introduction
JPL have ordered from TK a simple conical load for use as a Calibration Target from 266-270 GHz
and 647-600 GHz.
This note covers both information on the size and assembly of the load, and details of thermal FEA
analysis performed upon the design.

1.1 Construction
An internal cone made absorber 2mm thick of CR110 is backed by an aluminium cone. A 90-degree
bend, incorporating a flat mirror (A mirror that can be changed to alter its focal length– currently flat,
i.e. infinite) allow the radiometer’s beam (in a time reversed view) to enter the cone and be absorbed
close to the cone’s apex.
Two 2000 Ohm PRT’s embedded into the aluminium part of the cone will give accurate monitoring
of the cone temperature
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2. Construction and wiring information
2.1 PRT

The image below shows the assembly of the potted Goodridge PRT’s
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Serial Numbers of the Rosemount Aerospace 118MF200A (inspection Lot 2015014021) PRT’s are
potted into the structure and have the following offsets to the nominal 2000 Ohms


AD621

2004.18 Ohms Green twisted pairs



AD622

2004.85 Ohms Blue twisted pairs

http://dpk3n3gg92jwt.cloudfront.net/domains/minco/pdf/HK6900.pdf
Details of the conversion from resistance to temperature are given in the Appendix

2.2 Heaters
Two Minco HK6900 (Batch 15100^AAN-302) 3.7 Watt, 28 volt heaters are provided and wired to
the larger of the two connectors.

More details can be found at
http://dpk3n3gg92jwt.cloudfront.net/domains/minco/pdf/HK6900.pdf
The wires are connected into pins 8&5 and 1&4 to form two pairs.
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3. Test of Thermal Circuits
Tests of the electrical thermal circuits were performed on the black-body calibration target for JPL on
05/01/2016.

3.1 Continuity tests
A Fluke 87V multimeter was used to test the circuits.
Temperature sensors
The PRT sensors resistances were determined to be near their nominal resistances: 2.2 kΩ at room
temperature. No electrical connection between the sensors was found.
Heaters
The heater circuit resistances were determined to be near their nominal heater resistances: 218 kΩ
actual, 210 kΩ nominal. No electrical connection between the heaters was found.

3.2 Active tests
Conditions
The tests were undertaken in a linear flow clean cabinet, as shown in the photograph, below.

The heater circuits were wired together in parallel and connected to a power supply, which was set to
control its output using the voltage it measured. The power supply was set to 26 V output, giving 3.1
W per 218 Ω heater. (The maximum 28 V for the heaters was just above that achievable by this power
supply.)
The resistance of the PRTs was measured using the Fluke 87V multimeter. A single unit was used to
allow a better indication of similarity between the temperatures measured. Measurements were
therefore taken a few seconds apart.
An ATP DT-8862 infrared thermometer was used to take temperature measurements of the
environment and of the black-body surface.
The calibration target was laid on its side on the rubber mat of the laminar flow clean cabinet, except
where explicitly stated.
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Data analyses
The nominal resistance of the PRTs at is 2000 Ω at 0 °C, 2157.23 Ω at 20 °C and 2313.56 Ω at 40 °C
(taken from the PRT information sheets). These values were scaled (rather than offset) by the
calibrated resistances at 0 °C supplied with the PRTs: 2004.18 Ω for AD621 and 2004.85 Ω for
AD622.
Temperatures were calculated using a linear interpolation between these 20 and 40 °C calculated
values. Whilst a polynomial interpolation would be more accurate this is considered to be not useful
because of the uncertainty from the multimeter.
Time dependence
The table below shows data take after the voltage to the heaters was increased from 0 to 26 V. The
multimeter displays values to the nearest Ω, giving temperature readings in steps of approximately 0.1
°C.
Time (minutes)
4
6
9
13
16
19
23
28
33
38
43
48
58
73
88
108
128
148

AD621 (°C)
22.6
23.2
23.9
25.1
25.8
26.7
27.4
28.5
29.4
30.1
30.6
31.1
31.9
32.8
33.3
33.7
33.9
34.1

AD622 (°C)
22.6
23.1
23.9
25.0
25.8
26.6
27.5
28.4
29.4
30.0
30.7
31.0
31.9
32.7
33.2
33.7
34.0
34.0

The graph below presents the data. It shows an increase in temperature from ambient to a constant 34
°C after 2 hours. Note that no PID or other stability optimisation techniques were used.
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The data is described well by a single exponential with a time constant of 33 minutes.
Comparison of temperatures
The infrared thermometer was used to monitor temperatures of the black-body surfaces and the
environment. The mirror was removed from the calibration target to enable the temperature
measurement of the black-body surface. This mirror was in place for the above time-dependence
measurements.
Measurements were taken before the above time-dependence test and ~5 hours later, more than 2
hours after the above data were taken. For the latter measurements, the laminar flow clean cabinet had
been turned off and the calibration target was laid on foam rubber.
The temperature of the cabinet mat was 23.5 °C at the start and 24.3 °C after the measurements. This
difference is likely to be caused by the cabinet having been turned off.
The table below shows the data for the temperature measurements, including those for the PRTs.
Time (minutes)
0
370

AD621 (°C)
22.59
37.52

AD622 (°C)
22.62
37.55

IR thermometer (°C)
23.5
37.5*

* See the text below.
At time 0 minutes the black-body surface may have been at a slightly higher temperature because of
changes to the room temperature. It may also have been affected by the IR thermometer seeing a
reflection of itself: the reflectivity of the surface at the wavelength used would need to be determined.
The device would have had time to reach the environment temperature for the later measurements.
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At 370 minutes, the IR thermometer and PRT temperatures are identical within the step size of the
devices used. The temperature measurement by the IR thermometer varied by ±0.2 °C, depending on
the position and the focus of the device. Certain specific orientations produced a reading of 37.1 °C
but this is considered to be not representative.

3.3 Comment on results
We consider this agreement between an IR thermometer and the PRT values encouraging.
The temperature rise of some 12 degrees is about half that predicted (i.e. 30C *3.7/5) or 22C as
outline at the end of section 6 below. Given the presence of both condition to the base and convective
cooling, this result is also satisfactory.

4.

NLT analysis - principles of calculation

With the arrival of ANSYS’s NLT thermal software at TK (funded as part of EUMETSAT’s MetOpSG programme), we have the capability to perform a simple (but computationally intense) calculation
of the temperature of the absorbing cone. The need for this is driven by the fact that the effective
radiometric temperature of the load is not just that of the PRT-measured temperature of the Al Cone
backing, but is the integrated temperature - weighted by fractional absorption/emission) of the
absorber. The expectation is that the difference in temperatures can be sufficiently small that the
measurement is not compromised or - if it is - that computational generated offsets can be provided
between the PRT measured and radiometric temperatures.

5. NLT analysis - limitation of analysis
The basis and limitations of this calculation should be noted.
It is based upon conduction and radiation - no convection in air is computed. The calculation is
therefore more suited to operation in Space. One might hope that there is not much convection in a
small volume, and what convection there is would even temperatures.
We assume an emissivity of 0.8 in the NIR for the CR110 absorber, 0.9 for the black-paint-covered
mirror, and 0.2 for the internal Aluminium surfaces.
The external surfaces are ignored in this calculation - as if they were covered by perfect MLI.
For simplicity the load interface (the flat aperture at the entrance to the 90 degree bend) is set (i.e.
forced to) to 0C and the loading surface - covering this aperture - is set to 100 C
Note the radiation exchange, and therefore the settling temperatures, are non-linear functions of the
difference in temperature.
Meshing Tet. size is set to 1mm.
Here’s a screenshot of the calculation
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The temperature of the whole body, with the mirror removed to allow one to see inside the structure.
And here’s the data-tree to set the calculation up.
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6. NLT analysis - results
Here’s the temperature on the surface of the cone – noting that the forcing temperature of the sheet
above the input is 100 C higher. Note that the 1.3C is the maximum increase, and this peak is at the
cone edge and is not where (input beam dependent) beam will get absorbed.
The structure is therefore performing in the way one hoped:
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Effect of reflections from the 90 bend structure, with a 100C different environment temperature.
The model was re-run with the internal parts of the 90 bend structure set to an emissivity of 1. Any
radiation landing on this from the hot driving surface will be fully absorbed, and not contribute
directly to the rise of the inner parts of the cone.
Below is the temperature distribution on the inner cone. The distribution has changed very little,
arguing that the hot area (albeit only 1.3C higher) comes from a direct view of the external hot body.

As seen here.
One might therefore hope to get good thermal results from this (unheated) cone - given that the
environment is not 100C hotter.
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The geometry, showing that the cone is visible from the exit aperture.
Determination of heater power required
We now try a model with heaters on both sides of the 90 degree mirror bend. We place heaters of (for
modelling purposes) 5W on one side, 15W on the other side, in cut-outs (see image below - red is the
hot area, of course.
This is in vacuum only - no convection: the external ambient environment is set to 0C, with the
external surfaces having a surface emissivity 0.2 - see table below.
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The no-convective outcome is that the structure warms up to about 100C, with a variation of 6C,
across the structure.
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If the heater power is reduced to 5 W a side and the emissivity of the surface increased to 0.8, the
temperature increase drops to 30C and – although there are variations across the whole structure, the
external cone structure (where the PRT’s are) and the inner cone are the same colour in the image
below and therefore well within 0.5C

We conclude that two 3.7 W heaters (The nearest Minco devices available) will be quite sufficient.

7. NLT Validation
We need to have confidence both in the accuracy of the NLT software, but also in our correct usage
of it.
We constructed a very simple mode of a 1Metre round Al plate, with 1mm thick CR110 with a
conductivity of 0.27 W M^-1 K^1 and a matching “radiation” plate 1mm away from it.:Both the
CR110 and the radiation plate have an emissivity set as 1. The plate diameter to spacing ratio of 100:1
is expected to be large enough to ignore edge effects.
Setting the back of the CR110 to 0 C and the radiation plate face which points at the CR110 at 100 C,
we asked NLT to predict the surface temperature of the CR110:
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NLT gives 2.8572C
Looking at a direct solution: We need to balance heat flowing though the CRS110 1mm
layer against the difference in radiative loading - i.e. the difference in radiative energy received and
transmitted. To first order, to calculate DeltaT

Conductivity flow = Radiative loading
Area Delta T 0.27W M^-1 K-1 / 0.001M =
273.15K^4)

Area x 5.67 10^-8 W M^-2 K^-4 (373.15K^4 -

Delta T = 5.6 10^-8 W M^-2 K^-4 (373.15K^4 - 273.15K^4) * 0.001 M / 0.27 W M^-1 K-1
Iterating this with the surface temperature in a spreadsheet, to correct for the adjusted radiative
temperature (this is a non-linear problem) of the CR110 surface we get

JPL-TK-F001-1-LOAD_TN_1001
Issue 1, page 18 of 21

Giving 2.853C: Taking this from 2.8572C we get 0.004C
So the difference is 0.14%, a very acceptable result….
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8.

APPENDIX
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