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ABSTRACT
Launched in 1995 the joint ESA/NASA mission SOHO,
has been a hugely successful mission, providing solar
scientists with unique data and increasing our
understanding of the processes that drive our Star, the
Sun.

Figure 3 shows the complete flight model instrument
minus its thermal insulation.

The Coronal Diagnostic Spectrometer (CDS) is one of
several large remote sensing instruments providing
spectroscopic data of the corona in the extreme ultra
violet wavelength range.
This instrument carries six mechanisms, all of which are
used on a regular basis. Two separate door mechanisms,
a mirror scan mechanism, a slit change mechanism and
two identical pointing actuators.
All solar UV instruments are very sensitive to
contamination, particularly deposition of outgassing
products onto the optical surfaces. For this reason a
very rigorous programme of selection and processing of
material was carried out for all materials which were
used in the spectrometer. This placed very severe
restrictions on the mechanism design, selection of
materials and choice of lubrication systems.

Figure 1, The CDS optical layout

The paper briefly describes these mechanisms, their
requirements and lubrication systems, for this ultra
clean instrument. Life test results are reviewed together
with over five years of in orbit data, including the
effects of the well-publicised loss and recovery of
SOHO.

1. DESCRIPTION OF CDS
CDS is an XUV spectrometer incorporating both a
normal incidence and a grazing incidence component.
The optical layout is shown in figure 1. A mask in front
of the Wolter Schwartzchild telescope admits two
beams of light into the instrument, both beams are
reflected off of the scan mirror and are focussed at the
slit. At this point they diverge, one beam is refracted by
the normal incident grating pair and the normal incident
two-dimensional detector detects the spectrum
produced. The second beam is refracted and detected at
grazing incidence, giving astigmatic images. To build
up images the scan mirror mechanism is used alone in
the normal incidence spectrometer and in combination
with the slit scan mechanism in the grazing incidence
spectrometer.
Figure 2 shows the optics bench and all the optical
components except the telescope.

Figure 2, The CDS Optical Bench
2. DESCRIPTION OF MECHANISMS
2.1 Aperture Door Mechanism
In order to protect the sensitive optical elements within
the instrument, doors were fitted over the two front
apertures. The doors are held shut with magnetic
latches which release the spring loaded doors when a
current is passed through a coil around the permanent
magnet. A stepper motor connected directly to the
hinge shaft closes the door on command. Hall effect
sensors indicate door position and a microswitch cuts
power to the latch when the door reaches it's open

condition. Figure four shows one of the engineering
model door assemblies.

Figure 5, An engineering model scan mirror in its
housing
Figure 3, The CDS Flight model

Figure 4, An engineering model door assembly
Figure 6, A scan mirror mechanism assembly
2.2 Scan Mirror Mechanism
In order to build up two-dimensional images when using
the normal incidence spectrometer, the image of the sun
is scanned across the slit in two arc-second steps. The
flat mirror is held in an aluminium alloy mount, which
in turn is held in a pair of flex pivots. A lever protrudes
from the back of the mirror mount through the wall of
the spectrometer and is moved by the same stepper
motor and ball screw arrangement as used in the slit
mechanism. Figure 5 shows the engineering model scan
mirror assembly, and figure 6 shows the mirror
assembly and the drive mechanism mounted on a test
rig.

2.3 Slit Scan/Slit Change Mechanism
The normal incidence spectrometer uses a long slit and
the grazing incidence spectrometer uses a pinhole.
Consequently, a mechanism is required to change from
one to the other. In addition, the grazing incidence
spectrometer requires that the pinhole is rastered in
combination with the scan mirror to enable twodimensional images to be constructed.
Three long slits and three pinholes of various sizes are
arranged in a line and attached to a carriage supported
on a linear slideway. This carriage is driven by a
stepper motor and recirculating ball screw. An absolute
single turn optical encoder is attached to the back of the
motor to give fine position indication. A linear encoder
consisting of an array of LEDs and photo diodes with a
moving coded mask indicates which slit is in the focal
plane.
The recirculating ball screw and linear slideways were
lubricated with ion sputtered lead film.

An individual slit can be moved in increments of 2 arc
seconds which is 25µm of linear movement. Figure 7
shows the engineering model slit mechanism.

is well away from all optical components. Figure 8
shows a flight model linear actuator

Figure 8, A flight model linear actuator
3. CLEANLINESS ISSUES
Solar viewing extreme ultra violet instruments are
particularly sensitive to molecular contamination, which
when exposed to unfiltered sunlight, rapidly turns black
and severely reduces the optical properties.
To counteract this threat, the instrument was designed
with cleanliness in mind. All sensitive items were
contained within the optics cavity from which all
potential sources of contamination were excluded. This
presented many challenges for the designers of the
mechanisms, particularly the scan mirror drive and slit
mechanisms. These two mechanisms were designed
such that only the essential parts were within the optics
cavity and all potentially dirty parts for example the
stepper motors were out side the cavity.
This
cleanliness requirement also led to the choice of lead for
the lubricant.
Figure 7, An engineering model slit mechanism
4. PROBLEMS DURING DEVELOPMENT
2.4 Offset Pointing Actuators.
The type of telescope used in CDS has a useful field of
view of about 4 arc minutes. The sun is 30 arc minutes
when viewed from near the Earth. This requires that the
whole instrument is pointed to enable all areas of the
sun to be viewed.
To achieve this, the interface between the instrument
structure and the spacecraft consists of six pin jointed
legs. Four of these legs are of fixed length while the
rear two are linear actuators which allow the instrument
to move through +/- 0.75 degrees.
The linear actuators consist of a 200-step, size 23,
hollow shaft stepper motor driving a plain screw and nut
assembly of 1mm pitch.. A plain nut and screw was
chosen because it is compact enough to fit inside a
relatively small motor and is of sufficient load carrying
capacity carry a load of 3KN during launch. Also the
efficiency is low enough to prevent back driving under
load. Position readout is provided by a hybrid track
potentiometer. Braycote 601 was chosen for lubrication
as the body of the actuator virtually seals the device that

As with all development programmes, problems were
encountered along the way.
4.1 Ball screw lubrication
High precision commercial units were selected mainly
due the availability of the size required. As previously
stated lead film lubrication was chosen, but obtaining
smooth torque characteristics after coating proved to be
difficult. The problems were tracked down to small
particles of debris jamming the device. A special
procedure was established which involved complete
strip down of the unit, then coating the screw followed
by precision cleaning and assembly at RAL. Smooth
performance was then achieved.
4.2 Vibration resistance
The scan mirror is supported by flex pivots, which need
to be compliant to reduce the torque requirement, but
stiff enough to resist vibration forces. The initial size
chosen failed in early vibration tests carried out on a
prototype model. A stiffer pivot could not be used so
collars and washers were incorporated to offload the
forces on the pivot blades.

4.3 Step accuracy
To simplify the design of both the slit and mirror
mechanisms, a one step per increment concept was
used. This relied on the accuracy of the stepper motor
being better than 10% of a step size per step. Most
steppers only achieve about 20% step accuracy. We
worked closely with the manufacturer who made high
accuracy laminations and developed a special assembly
technique to achieve the accuracy required.
4.4 Pointing system
As previously stated the instrument is required to point
through 3/4 of a degree in two axes and be isostatically
mounted to the spacecraft. Many schemes were
investigated in order to achieve these requirements but
most had the effect of considerably reducing the first
natural frequency of the structure compared with its
frequency in the free free condition.
To overcome this frequency limitation it was essential
to support the instrument at the points of inflection of its
first natural resonance. These positions were calculated
and the design modified to incorporate strong points at
these locations.
A method now had to be devised which allowed
pointing and supported the instrument at these locations.
The solution adopted consisted of six links with
hemispherical bearings at each end. Two vertical links
were positioned at the front, a second set of angled links
were positioned such that a virtual pivot point was
formed on the centre line of the instrument, vertically
above the front pair of links. The remaining two links
were positioned to the rear and were inclined to the side
frames at 45º. This arrangement formed an isostatic
mounting and supported the structure at its points of
inflection. Linear actuators to allow the instrument to
point through a small angle in two axes replaced the two
rear struts.
Modal analysis and vibration testing of the structural
model indicated natural frequencies much lower than
calculated. It was discovered that the hemispherical
rose joints exhibited much lower dynamic stiffness than
expected. Consequently to keep the natural frequency
high, the joints on the central legs were replaced by a
flexure design.
The links and actuators can be seen in figure 3
5. LIFE TEST RESULTS
The duty cycle of all the mechanisms is fairly slow, so
the total number of operations is relatively small for the
planned mission life of 2 years with a possible extension
to 5 years.
Each type of mechanism was life tested in vacuum for a
duration estimated using a mission duration of 12 years
to incorporate a comfortable margin.

The only problem encountered was with the hybrid
track potentiometer in the linear actuators. We were
trying to run these unlubricated, but early failures in
vacuum resulted. Subsequently Braycote 601 was
applied to the tracks that resulted in acceptable life
performance.
6. IN ORBIT PERFORMANCE
Soho was launched in December 1995 and apart from
one short period, the CDS instrument has been working
continuously.
The table below shows the accumulated running and life
test duration for each mechanism.
In orbit

Life test

Slit

4.8 million steps

5 million steps

Mirror

9 million steps

200 million steps

Pointing
system
Door

6.3 million steps

86 million steps

50 operations

No life test

As can be seen above the slit mechanism is getting close
to the life test duration but the design is very similar to
the mirror mechanism that was tested to a far greater
duration.
The pointing system has been used for less than 10% of
its life test duration.
All mechanisms are performing nominally, showing no
signs of degradation.
6.1 Door debris
The Sun facing surface of CDS is covered by a thick
MLI blanket with an outer layer of ITO coated Kapton.
The aperture doors were not equipped with positive
stops but rely on the MLI to arrest their opening. This
worked well in test with a relatively gentle stopping
action.
However, when in orbit one of the other instruments
operating in the visible, detected bright points shortly
after the CDS doors were opened. This was eventually
traced to small particles released by the CDS door,
probably the ITO coating, scattering sun light. This
appears to be only a transient phenomenon, with no
permanent effect.
6.2 Ageing
It is difficult to use in orbit data to assess the
performance of the mechanisms after nearly six years in
orbit. There is no evidence to suggest that there has
been any significant degradation.

6.3 In orbit maintenance
With the lead film lubricated ball screws, so called
lubrication sequences are routinely carried out. These
are designed to prevent build up of any debris from
accumulating at the end of the normally used portion.
The sequence consists of driving the ball screws past
there normal operating range. This is carried out
approximately once per month.
7. SOHO LOSS AND RECOVERY
After about one and a half years in orbit, ground
controllers lost contact with the spacecraft. Due to a
series of errors during a routine orbit manoeuvre, sun
pointing was lost and the satellite defaulted to an
emergency mode and should have recovered pointing.
It did not and spent several months tumbling out of
control before the ground team managed to recover it.
During this time out of contact all non-essential
services, including the instruments were powered off.
With sun pointing lost, the instrument's thermal control
systems could not cope and all instruments suffered
long periods with temperatures well outside those seen
during qualification testing.
In the case of CDS, the first telemetry back after the
recovery indicated that the instrument has been to a
temperature of at least 100ºC for a considerable period
of time. Due to the way SOHO had been tumbling, CDS
was on the side of the spacecraft continuously exposed
to the sun. Radiating surfaces that were designed to
dissipated heat from the sun were now absorbing it
directly, leading to very high local temperatures.
Nevertheless, All systems seemed to be working when it
was recovered and have been performing faultlessly for
the three years following the incident.

