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2 Introduction

B1-B6 IF stability data was taken for HIFI on OD16.
e Start date and time of the B1 stability was: 29/06/09, 19:04 UTC.
e End date and time of the B6 stability was: 30/06/09, 08:47 UTC.
B7 IF stability data was taken for HIFI on OD18.
e End date and time of the B7 stability was: 01/06/09, 07:49 UTC.
e End date and time of the B7 stability was: 01/06/09, 08:47 UTC.

Soon after the IF stability analyses of OD16 was completed it was noticed that the HRS
stability numbers matched or exceeded those in TBTV. At the same time it was
observed that the WBS stability values for B1 were considerable worse then B6, with
B6 matching expectation. For the B7 IF stability, the situation was generally worse as
the heaters on the SVM were turned off. In addition the IF upconverter (B6, B7) shows
considerable temperature fluctuation (Figs. 1-4). As discussed in the conclusion, the
environmental (thermal) stability was less then optimal during these measurements
affecting the result. Maximum change in the WBS laser temperature (WHO, WOV) was
~0.1K/hour. The temperature stability specification of the WOH, WOV calls for
0.03C/hour. It is imperative therefore that future stability measurements and AORs have
the thermal environment of SVM-H, SVM-V during operation of the HIFI instrument
improved situation improved.

The IF stability measurements were 50 minutes/band with other measurements dispersed
in between. Total duration from start to finish was 13.716h. As may be see in Section 7,
the WBS measured IF stability improved gradually from 90s for B1, to 250s for B6. B7
IF stability was not obtained on OD16, but on OD18 due to a lack of time. This WBS
behavior has led to an investigation of the service module (SVM) panel temperatures, and
in particular those related to the WBS optical units (WOH and WOV). Note that the WBS
is very sensitive to thermal drift and has an internal specification of 0.03C/hour.

It was found that the temperatures of the LCU, LSU, FCU, ICU were by no means
stabilized during the IF stability measurements, being turned on for approximately 2.4h
before the measurement. A time depended radiative heat loading on various instrument
boxes is the result, the most critical of which being the WBS optical assembly (WHO,
WOV). From the data it appears that the WU take approximately 12h to thermally
stabilize. In addition, in the case of the SVM-V panel an external source of heat radiation
is evident. This may have been the spacecrafts attitude with respect to the sun.

This document investigates the problem, and makes a recommendation as to the required
thermal stability of the LCU, LSU, FCU, ICU prior to operating the HIFI instrument. It
should be noted that the WBS is thermally insulated at its mount, and in addition has MLI
thermal shielding to minimize the effect of radiation heat loading. This is perhaps why it
takes 2.4 hours to notice WU heating on the WOH, WOV laser temperature.
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3 Location of the Service Module Panels

3.1 H-panel
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Fig. 1. Temperature sensor location SVM -Y panel. Note the very close proximity of the LSU,
which as we shall see has a large radiative effect on the WBS optics module (FHWOH,).

Page 4 of 29




HIFI IF Stability on OD16 and the thermal Inst. ID:

:
b effect of the SVM panels Issue: 1

Date: 15 June 2009

HIFI AIV Category: HIFI CoP
3.2 V-panel
THM-B2
THM-110
THME3 THM-158
THM-T11
@ —  THM.159 HBE'E'(uFHFW &
@ ﬁ e - ! FHIFH I | &
THM-B0 H“‘aj 1
THM-108 FHWoV | HJ15
THM-156 'ﬁ} TR
@ - | &
D HG4-3 S
:I, HG3 Hi16([[] o
& BL:
i) FHHRY
@ HJ3 +X Etr"!i :I HG2 i .I:‘$
-d
@ o &
et T
S e THM-B1
+ +
- = THM-109

THM-157

Fig. 2. Temperature sensor location SVM -Y -Z panel. Note that in contrast to the H-panel, the
WBS optics module (FHWOQV) location is quite removed from the ICU, and especially so in case
of the FCU. There is no sensor at the ICU, the closest being spacecraft sensor THM-61 at the
HRS mount (FHHRYV). In the following Figs. We plot the ICU HIFI housekeeping temperature.
Radiative loading on the FHWOV is contributed indirectly by heating of the WBS electronics
module (FHWEV), the ICU (FHICU), and an external radiation source (currently hypothesized to
be a changing sun angle).
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4 SMV-H and WBS-H HK Temperature profile

We begin the discussion with a close look at the laser and CCD temperatures of WBS-H., as
shown in Fig. 3. Clearly these track well and from now on we shall only display the WBS laser HK
temperature. Also plotted in Fig. 3 is the spacecraft WOH temperature. 7C has been added to
bring it in the range of the plot. e.g. the actual temperature is 7C less the displayed. The vertical
lines represent the start and stop times of the IF stability measurement at OD16.

It is evident that sensor WOH-064 (green) does not correlate with the WBS HK data, and in fact
has a negative slope! Thus the source of the CCD, laser heating must be radiative; conduction
and convection being eliminated. It should also be noted that the spacecraft SVM temperature at
the WBS optics box (green curve) is stable over the measurement time. The panel is made out of
a carbon composite material and has a low thermal conductivity. This is clearly evident by the
spacecraft SVM temperature distribution in Figs. 5-9.

WBS-H + SVM-H Panel Temperatures
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Fig. 3. WBS-H HK data and the spacecraft sensor temperature at the WOH optics box (THM-
064). The vertical lines represent the start/end of the IF stability campaign on OD16. See text for
details.
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The rise in laser/CCD temperature decays exponential with the B1 stability measured at the start
and B6 stability measured toward the end (2nd vertical bar), thus explaining the observed change
in WBS-H stability with time
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Fig. 4 Exponential Decay of the WOH and WOV laser temperatures. The maximum AT is 0.1K/h
for Bl. The spec. for calls for a maximum AT = 0.03K/hour.

Next we have a look at the combined WBS-H and SVM H-panel temperatures from OD12-OD28
(14 days). The vertical lines represent start and stop times of the IF stability measurement
campaigns. The laser (and thus FHWEH) was turned on ~1day before the start of the
measurement (not shown). Note that the panel temperatures of the HRS-H (magenta) and
FHWOH (red) are very stable. The laser temperature (black) follows the LSU (yellow) radiatively,
once it gets turned on on OD16 for example. Thus the LSU must in the future be stabilized before
WBS-H data can be taken (~0.5days or 12h)!
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When the LSU and LCU are turned-off, the WBS laser temperature tracks the FHWEH ADC
temperature and WEH-065 spacecraft sensor; however the WHO-064 sensor is not affected.
Thus the radiative heat loading on the FHWOH comes in this case from the warming FHWEH
unit. The FHWEH is mounted next to the right of the WBS optics box. See also Fig 7. for a
zoomed in detail of OD 15.5-19.5. After OD17 the heaters to the LSU, LCU are turned off. When
the B7 IF stability was measured the heaters were off and there is a steep (>0.1k/h) slope on the
WOH laser temperature, e.g. not good. Also the up-converter temperature (purple) has a
noticeable thermal slope. Judging from the B6, B7 stability measurement (Fig. 22-25) this has not
too much of an effect on the system stability!

WBS-H + SVM-H Panel Temperatures
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Fig. 5. WBS-H HK data and the spacecraft sensor temperature of SVM-H for the period OD11.5 —
27.5 WBS optics box (FHWOH) heating is due to radiation from the LSU (takes ~12h to stabilize)
when turned-on, and when turned-off from the adjacent WBS electronics box (FHWEH). The LCU
has no effect. The purple line is the up-converter temperature, which has a noticeable thermal
slope as well. The effect on system stability is not significant however (Figs. 22-25).
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WBS-H + SVM-H Panel Temperatures (Zoom)
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Fig. 6. WBS-H HK and SVM-H panel temperature from OD15.5 — OF 19.5, a zoomed in view of
Fig. 5. We refer also to Fig. 4 for a close up view of the laser temperature stabilization, which
closely follows the LSU temperature radiatively. The red line is the WOV panel temperature,

which if anything shown a negative correlation with the WHO laser temperature. Thus the heating
is not conduction but radiation (via the LSU (yellow).

The vertical lines represent B1-B6 IF stability in OD16 and B7 IF stability on OD18. The maximum
laser temperature drift is about 0.1K/hour, or about a factor of three out of specification
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To study the situation in a bit more detail we scaled the WBS-H laser temperature by a factor 6.
This value matches the profile of the LSU, and LSU panel temperatures. The curves are offset to
fit the graph with values indicated in Fig. 7’s caption. Some of the items that are noteworthy:

The source of the CCD, laser heating is radiation

From the data the LSU, LCU turned on about 2.h before the start of the IF B1 stability
measurement. This is not clearly enough; it needs to be about 12h due to the discussed
radiative heat loading on the WBS optics unit. The LSU radiatively loads the FHWOH,
LCU has not conductive/radiative effect as it sees only the LSU.

The laser response shows a ~2.5-3 hour time delay. This is probably due to the MLI
thermal shielding surrounding the optics unit.

For the laser to fully stabilize the LSU needs to be on >= 12 hours.

With the LSU and LCU turned-off the FHWOH tracks the adjacent FHWEH module
(radiatively).

There is a factor ~6 (8dB) attenuation in AT compared to the LSU and LCU panel

temperature. Presumably the panel temperature is representative of the aluminum LSU
and ICU chassis.

WBS-H + SVM-H Panel Temperatures
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Fig. 7. WBS-H HK data and the spacecraft sensor temperature of SVM-H for the period 27may-
01 June, but this time scaled and offset to bring out some important details. Ideally the LSU and
ICU should be on for >12 hours prior to any WBS related observation.
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WBS-H + SVM-H Panel Temperatures
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Fig. 8, Zoomed in detail of Fig. 9. The vertical lines are the start and ending of the IF stability
measurement campaign. B1 was measured at the start (~day2.8) and B6 at the end(~day3.3).
The time constant of the WOH is approximately 2.5-3h and the reduction in temperature
(immunity) 1/6 (8dB). The duration of the IF stability measurements/band was 50 min.

5 SMV-V and WBS-V HK Temperature profile

In Fig. 9 we examine the WBS-V and SVM-V panel temperatures. For the B1-B6 IF stability
measurements on OD 16 we find (Fig 4) a maximum thermal drift at the WOV and WHO of ~
0.1K/hour. This is approximately a factor three out of spec. The SMV-V panel exhibits an entire
different behavior then SVM-H in the previous section. This can be understood in that the physical
layout is completely different. For V the WBS optics unit (FHWOQOV) is located directly adjacent to
the warm electronics unit (FHWEV) with partial visibility of the ICU at a somewhat larger distance.
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Overlaid on Fig. 9 are the SVM-H LSU (red) and LCU (green) temperatures. Evidently these do
not affect the laser temperature of WOV. Note that in the period OD18.5-OD21 and OD23.5-
OD27 the laser temperature is very stable. Not being correlated to anything in this plot, it must be
an external effect, e.g. a stable sun angle of PACS/SPIRE WU instrument temperature. The sun
being the most likely factor measurement were taken at a moderately stable laser condition.

WBS-V + SVM-V Panel Temperatures
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Fig. 9. The WBS-V and SVM-V panel temperatures. The vertical lines represent B1-B6 IF stability
in OD16 and B7 IF stability on OD18. The maximum laser temperature drift is about 0.1K/hour, or
about a factor of three out of specification. The very stable laser temperature at period OD18.5-
OD21 and OD23.5-OD27 may be indicative of a stable sun angle. Evidently, the LSU, LCU have
no significant effect on the WOV laser temperature, as would be expected. The B7 IF stability is
taken at a reasonably stable laser temperature. The IF up-converter temperature (thin black line)
is stable during the measurements for V, but not for H (Fig. 5).
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WBS-V + SVM-V Panel Temperatures (Zoom)
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Fig. 10. WBS-V HK and SVM-V panel temperature from OD15.5 — OF 19.5, a zoomed in view of
Fig. 10. We refer also to Fig. 4 for a close up view of the laser temperature stabilization, which
closely follows the LSU temperature radiatively. The red line is the WOV panel temperature,
which is totally uncorrelated with the WHO laser temperature. Thus the source of laser heating is
thermal radiation, not conduction. From Fig. 6 it is evident that there is an external source of
radiative heating present for SMV-V. This could the solar heating and possibly the PACS/SPIRE
WU instrument temperature?
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To further look into the details of the thermal behavior of SVM-V we offset some of the relevant
temperatures, as shown in Fig. 10, from 27 May — 01 June. The WBS-V laser temperature is
black and shows a profile that closely follows the ADC and WEYV spacecraft sensor during the
measurement campaign. Outside the measurement campaign (days 0-2.6) the laser temperature
appears amplified, and thus there is an external radiation source (the ICU and FCU were turned
off).

WBS-V + SVM-V Panel Temperatures
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Fig. 11. Offset (but not scaled) WBS-V laser, ADC, WEV, and WOV temperatures. The thermal
radiation load from the ICU is not known. Judging from the larger laser temperature deviation than
ADC temperature deviation, there is an external source of radiative heating before day 2.6 when
the ICU and FCU were turned-off. Also evident is on day 1.7 is the turning on of the laser,
however the WEV and ADC temperatures drop between day 1.7 and day 2.7 (radiatively) due to
the external radiation source (sun?).
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To summarize:

The source of the CCD, laser heating is radiative
The delay time is again about 2.5-3h

The temperate change of the WBS-V laser is the same as for the WBS-H laser. With a
worst case of about 0.1K/hour (Fig 4).

There is an external source of radiative heating (sun?).

6 Conclusion

We have looked in the behavior of the WBS- and WBS-V warm optics units. We find that:

The source of the CCD, laser heating is radiative. Since the SVM panels are so different
we find that:

- FHWOH is mostly affected by direct radiation heating of the LSU and to a lesser
degree by the FHWEH. When the LSU is off the FHWOH is effected by radiation
from the FHWEH. The LCU has no effect being not visible by the FHWOH unit.

- FHWOV is mostly effected by an external source and secondary via indirect
heating (from ICU and FCU) heating of the FHWEV.

The FHWOH, FHWOV internal delay time is about 2.5-3h.

The temperate change of the WBS-H, WBS-V lasers is provided in Fig. 4, and is
0.1K/hour maximum. This corresponds to an Allan Variance stability time of ~90s best.

There is a factor ~6 (8dB) attenuation in AT compared to the LSU panel temperature and
FHWOH. This was not directly observed for FHWOV but is probably similar.

The LSU, LCU, ICU, FCU should be on for ~12h prior to an observation. Since the heat
loading is radiative, turning on heaters to compensate for the ICU, FCU, LSU, ICU power
dissipation may only be 100% effective.

A changing solar angle is likely to affect SVM-V panel temperatures. Presumably this is
the external source of heating on WOV.

With changing sun angle the external radiation load will change, and thus the WBS laser
temperatures will be affected. It is unclear as of yet by what factor, though for WOV this
appears to be a dominant source. To characterize the effect of the sun a special test may
e needed (Needs discussion).

There will need to be in place a QA monitoring of the WBS laser (and CCD), LSU, and
FHWEH, FHWEYV temperatures, as this will effect the stability of the FHWOH, FHWOV,
and hence the stability of the observation.

The up-converter temperature (purple) has a noticeable thermal slope. Judging from the
B6, B7 stability measurement (Fig. 22-25) this has not too much of an effect on the
system stability however.
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7 Addendum: IF Stability CoP, TBTV, ILT3 compared
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Fig. 12: Band 1 WBS IF Stability. Red: CoP OD16, Blue TBTV, Green ILT-3.
Left) Spectroscopic stability (~90s) and Right) Total Power stability. Note that TBTV was also

not as good as ILT-3, as reported in the TBTV stability report, but perhaps the cause of which not
fully understood at the time.
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Fig. 13: Band 1 HRS IF Stability. Red: CoP OD16, Blue TBTV, Green ILT-3.
Left) Spectroscopic stability (~400s) and Right) Total Power stability.
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Fig. 14: Band 2 WBS IF Stability (WBS). Red: CoP OD16, Blue TBTV, Green is IST (July 08),
Orange is ILT-3. Left) Spectroscopic stability (~100s) and Right) Total Power stability.
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Fig. 15: Band 2 HRS IF Stability (HRS). Red: CoP OD16, Blue TBTV, Green is IST (July 08),
Orange is ILT-3. Left) Spectroscopic stability (~250s) and Right) Total Power stability.
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Fig. 16: Band 3 WBS IF Stability (WBS). Red: CoP OD16, Blue TBTV, Green is ILT-3.
Left) Spectroscopic stability (~110s) and Right) Total Power stability. See also Fig. 4. The laser
temperature stabilizes.
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Fig. 17: Band 3 HRS IF Stability (HRS). Red: CoP OD16, Blue TBTV, Green is ILT-3.
Left) Spectroscopic stability (~200s) and Right) Total Power stability.
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Fig. 18: Band 4 WBS IF Stability (WBS). Red: CoP OD16, Blue TBTV, Green is ILT-3.
Left) Spectroscopic stability (~130s) and Right) Total Power stability. See also Fig. 4. The laser
temperature stabilizes.
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Fig. 19 Band 4 IF HRS Stability (HRS). Red: CoP OD16, Blue TBTV, Green is ILT-3.
Left) Spectroscopic stability (~250s) and Right) Total Power stability.
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Fig. 20: Band 5 WBS IF Stability (WBS). Red: CoP OD16, Blue TBTV, Green is ILT-3.

Left) Spectroscopic stability (200s) and Right) Total Power stability Note that the seemingly poor
performance is due to saturation of WBS subbandl. This is an IF leveling issue and will be
corrected. (Shot noise was taken at 10mV rather then SmV for example).
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Fig. 21: Band 5 HRS IF Stability (HRS). Red: CoP OD16, Blue TBTV, Green is ILT-3.
Left) Spectroscopic stability (~250s) and Right) Total Power stability.
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Fig. 22: Band 22 WBS IF Stability (WBS). Red: CoP OD16, Blue TBTV, Green is ILT-3.

Left) Spectroscopic stability (~200s) and Right) Total Power stability It may be that the up/down
converter is affected a little bit by the non-ideal thermal environment. See also Fig. 4. The laser
temperature stabilizes. The up-converter temperature was not very stable, but this did does not
appear to effect the IF stability too much.
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Fig. 23: Band 6 HRS IF Stability (HRS). Red: CoP OD16, Blue TBTV, Green is ILT-3.
Left) Spectroscopic stability (~250s) and Right) Total Power stability. The up-converter
temperature was not very stable, but this did does not appear to effect the IF stability too much.
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Fig. 24: Band 7 IF Stability (WBS) was taken n OD 18. The WBS-H laser temperature was very
unstable (Fig. 5,6) as is clearly evident Red: CoP OD18, Blue TBTV, Green is ILT-3.

Left) Spectroscopic stability (~200s) and Right) Total Power stability. The up-converter
temperature was not too stable for H, but more so for V
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Fig. 25: Band 7 HRS IF Stability (HRS). Red: CoP OD18, Blue TBTV, Green is ILT-3.
Left) Spectroscopic stability (~250s) and Right) Total Power stability. The up-converter
temperature was not very stable, but this did does not appear to effect the IF stability too much.
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