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ABSTRACT 

The Solar Calibration Device (SCAD) forms a part of 
the METimage Instrument. The mechanism’s purpose is 
to constitute a calibration source for the METimage 
instrument, which is done by rotating a nominal or 
monitoring sunlight-reflection surface (“diffusor”) into 
the optical path of the scanner. The main design-driving 
requirements, besides mass optimization, are the safe 
stowing of the radiation-sensitive diffusors inside the 
housing, as well as the highly repeatable accurate 
positioning of the diffusors during calibration and to 
maintain the positions used for instrument ground 
calibration (their ground-to-orbit stability) 
Challenges during design and testing phase comprised 
the highly non-linear CTE of the diffusors compared to 
its holding structure as well as the precise alignment and 
stability of the assembly throughout the environmental 
tests. This paper presents the design derived from its 
requirements, the major lessons learned from the design 
phase as well as the results of the successful 
qualification campaign. 

1 INTRODUCTION 

The Solar Calibration Device (SCAD) is a space 
mechanism that forms a part of the METimage 
Instrument, a multi-spectral optical imaging radiometer 
for meteorological applications, developed, designed 
and manufactured by Airbus Defence and Space. The 
SCAD mechanism’s purpose is to constitute a solar 
calibration source for the METimage instrument. This is 
done by rotating the nominal sunlight-reflection 
surfaces (“diffusor”) into the optical path of the scanner 
approx. once a day. A second/monitoring diffusor is 
typically used every 30 days to measure the degradation 
of the nominal one caused by the ultra-violet (UV) 
radiation. The rest of the time and especially during 
launch, the so-called “sun protection” covers the 
rotatable assembly to protect the diffusors from the 
radiation, and to avoid transmitting sunlight into the 
instrument. A stepper motor including gear actuates the 
Rotor Assembly and rotates it towards hard end stops to 
acquire precise positioning. 

Figure 1. left: SCAD Assembly, right: Rotor Assembly 
(extracted) with Diffusors 

2 DESIGN DRIVING REQUIREMENTS 

The first design-driving requirement is the high 
accuracy and repeatability of the positioning of the 
diffusor assemblies. It is attributed to 0.01 degrees with 
respect to the rotor assembly’s rotation axis. Moreover, 
the diffusor surface flatness itself is also key-driver, as it 
shall be stable and maintain the surface planarity 
throughout launch and the in-orbit seasons. Crucial is 
also the protection of the UV-radiation-sensitive 
diffusor surfaces against sun and stray light. All these 
requirements are allocated in the frame of mass 
optimization, allowing for a maximum weight of 
15.6 kg to optimize the Eigenfrequencies.  



3 DESIGN 

The need for being able to assess the degradation effects 
by UV radiation on the diffusor surfaces, as well as the 
shielding against radiation and stray light when the 
diffusor is not in use, resulted in the triangular shape of 
the rotary assembly, as visible in the lower part of  
Figure 1. One diffusor is used for the nominal operation 
once every day and the other for monitoring the 
degradation by comparing the performances every 30 
days, while the “sun protection” is rotated into the sun-
lights path, whenever the diffusors are not in use, i.e. the 
instrument is not in calibration mode. 
The shape of the diffusor’s surface is derived from the 
sun-light’s angle entering the mechanism’s field of view 
(FOV). The sun rays are being cut by a large baffle-
structure (SCAD Baffle), which is not part of the SCAD 
mechanism and therefore not visible on the figures. The 
sun light beam passes through the SCAD baffle and 
finally through the “tunnel assembly” (depicted yellow 
in Figure 2). The resulting projected light beam makes 
up the shape of the diffusor’s surface as required by the 
instrument optical calibration path. The FOV’s position 
is also the reason for the mechanism to be designed in 
this asymmetrical shape and orientation on the 
METimage instrument.   

Figure 2. SCAD Field of View 

One of the main features of the SCAD mechanism is the 
holding structure of the diffusor elements. As the 
diffusors are made of PTFE-like material, its coefficient 
of thermal expansion (CTE) is non-linear and approx. 
one order of magnitude higher than the surrounding 
aluminium structure. The in-orbit temperature variations 
up to 90 K lead to possible relative movements in the 
range of millimetres, requiring a floating bearing to 
avoid mechanical stress that would result in losing the 
flatness of the reflecting diffusor surface.  
On one side a locating bearing fixates the holder, which 
is also made of a PTFE material, to the aluminium 
structure. The opposite side incorporates the floating 
bearing, while the rest of the diffusor is only fixated 
between two sheets of aluminium in a manner that 

allows for in-plane movement.  
By means of shimming, the holder is fixated to the 
backside of the diffusor in a stress-free manner to 
guarantee the flatness. It is verified by using a specially 
designed jig with an interferometer that scans the 
surface and measures the overall flatness, which shall be 
better than 100 µm. 

Figure 3. Backside of Diffusor Assembly 

Considering the temperature gradient’s effect on the 
alignment accuracy, a thermal de-coupling of the SCAD 
from the METimage instrument is necessary. This is 
achieved by using titanium and CFRP struts to mount 
the mechanism to the instrument support structure. The 
important side-effect is also the mass reduction by only 
using comparatively thin struts instead of large holding 
structures, which is highly optimized by FEM analysis. 
On the other hand, the rotor assembly that makes up 
~60% of the complete mass is not further optimizable in 
terms of mass, as its stability is mission-crucial.  

Concerning the activation of the rotor assembly, a 
stepper motor is used in open loop configuration. 
Generally, the motor is intended for switching the 
position of the rotor assembly between the three 
positions, i.e. zero position of the sun protection, +120 
deg of the nominal diffusor and -120 deg of the 
monitoring diffusor. A planetary reduction gear is 
additionally mounted for torque optimization and very 
precise position commanding. The motor is commanded 
in micro-step mode, while 64 micro-steps constitute one 
full step and 200 full steps make up one full revolution 
at the motor output shaft. This results in a possible 
accuracy of < 1 mdeg per commanded micro-step.  
The fixation of the rotor assembly is realized by two 
duplex face-to-face bearings (X-layout) with labyrinth 
seals. 

The rotor assembly is turned against hard mechanical 
end stops that are adjustable to precisely stop the 
movement at ±120 deg. Two spiral springs are used as 
soft elements within the drive train to decouple the 
motor shaft from the hard end stops. The rotor assembly 



stops at the end stops while the motor continues to 
rotate by some degrees resulting in a preloading of the 
springs. This produces a dedicated holding torque to 
safely maintain the rotor assembly at the end stops even 
when the motor power is turned off and the motor rotor 
is pushed into its last stable position (detent torque). 
This working principle is schematically depicted in 
Figure 4, while the mechanical detailed assembly is 
shown in Figure 5.  

Figure 4. SCAD Drive Principle 

For position indication micro switches are placed in a 
certain distance away from the end stops. They are the 
only signal to feedback the actual position to the control 
electronics. They ensure to fulfil one operational mode 
by commanding a dedicated number of micro-steps after 
having activated the position indicator.  

Another feature within the rotor assembly is the “spring 
travel limiter”. It is a safety feature implemented by 
design to prevent the springs to be over-bent by 
mechanically blocking the motor rotation after 10 deg. 
A proper design of the surrounding elements assures 
that this is not critical for the components. After initial 
testing this spring travel limiter has undergone a design 
update, which is presented in chapter 5.1.  

Figure 5. Rotor Assembly Detail 

The design of the tunnel assembly (visible in the upper 
part of Figure 1) was also subject to some design 
iterations, due to optimization between structural 
strength, lightweight design and optical performance. 
The main purpose of the tunnel that constitutes the 
interface to the SCAD baffle is to prevent any stray light 
to reach the diffusors, which is realized by a dedicated 
arrangement of vanes that makes diffuse light to 
disappear within the edges and corners. Furthermore a 
special black coating (Acktar Fractal Black®) is applied, 
which is a high performance black light-absorbing thin-
film coating for satellite optics.  
The same coating is used for all other parts that are in 
the direct light path, i.e. the diffusor holding structure 
(clampsheet) and the sun protection to prevent the stray 
light. The coating is very sensitive to mechanical stress, 
which is why the handling of the parts is challenging as 
any touching has to be avoided. Also, cleaning is only 
restrictedly possible, so that in general these surfaces 
and especially the white diffusors are very sensitive to 
contamination as otherwise the optical performance 
would be reduced.  

With respect to the design-driving requirements 
presented in chapter 2, the alignment possibilities are a 
key element of the SCAD design. There are several 
elements to compensate manufacturing tolerances and to 
adjust the final position. Especially when mounting the 
SCAD to the METimage instrument it is crucial to have 
knowledge about the exact position of the diffusor 



surfaces. An allowable uncertainty of maximum 
0.25 mm through the whole chain of manufacturing, 
measurement and alignment tolerances drives the 
necessity of a multitude of shims. Firstly, there are the 
shims that adjust the flatness of the diffusor surface, 
which is measured with an interferometer. By means of 
laser tracker the in-plane and out-of-plane position of 
the diffusor assemblies within the rotor assembly is 
aligned. Furthermore, it is possible to adjust the length 
and angle of the support struts to position the whole 
SCAD assembly. Finally, there is another set of shims 
between the struts and the instrument support structure 
that have to be adjusted when aligning the mechanism 
on instrument level. 

4 TEST AND QUALIFICATION CAMPAIGN 

The assembly, integration and testing (AIT) approach 
was defined as follows: 
Early model testing comprised a demonstrator model 
(DM) of the diffusor assembly to prove the optical 
features of the diffusor and an engineering model (EM) 
of the rotor assembly to demonstrate functional 
feasibility concerning motor and switches.  
One engineering qualification model (EQM) with non-
flight diffusors underwent a full environmental and 
functional test campaign to qualify the mechanism 
design and will be refurbished to a flight model (FM) 
afterwards.  
The refurbishment process comprises inspection and, if 
necessary, exchange of critical components, like 
switches or bearings. In any case, the non-flight-grade 
diffusors will be exchanged by flight diffusors. 
Eventually, in total three flight models of the SCAD 
mechanism will be delivered to the METimage 
instrument. 

The following sections describe the most important 
qualification tests on subsystem and assembly level: 

4.1 Diffusor Flatness 

As mentioned, a DM of the diffusor assembly was built 
to show feasibility of a proper assembly and to prove 
that no degradation of the surface properties wrt flatness 
occur throughout an environmental test campaign. 
Figure 6 depicts the assembly of the test specimen 
including one diffusor assembly and one sun protection 
mounted in representative angle on a baseplate.  

Figure 6. Diffusor Assembly DM 

An initial 3D measurement was conducted to record the 
reference condition, in which the flatness and the 
angular position (pitch/roll) have been measured. At this 
stage the first lesson learned arose, as the measuring 
sensor (spherical sensor head), pressing with a force of 
~15 N, produced small circular dents in the surface of 
the diffusor. This is not acceptable for a flight-grade 
reflecting surface, which is why the flatness needs to be 
verified by other means. In consequence a jig 
incorporating an interferometer has been designed to 
scan the surface with a dedicated distance and thus not 
touching the diffusor itself.  
Table 1 summarizes the results obtained throughout the 
test campaign. At first, a thermal vacuum (TV) test has 
been performed, in which the unit under test has 
undergone eight cycles between +65°C and -32°C. 
Subsequently a comparing 3D measurement was 
conducted.  
The second environmental test was the vibration test. 
Low-level sine vibration revealed the first main modes 
at approx. 140 Hz, while it was demonstrated that the 
assembly survives full-level sine vibration under a load 
of 33g between 0-100 Hz.  
A final 3D measurement allowed for the comparison of 
the mechanical features of the diffusor assembly as 
displayed in Table 1. It is visible that the altering of the 
flatness is in the region of low percentages compared to 
the initial values. Therefore, the performance was 
considered acceptable and the design was implemented 
in the flight-design in the same manner. 

Table 1. Measurement Results Diffusor DM 



4.2 Vibration and Shock Qualification 

A similar test campaign like for the DM diffusor has 
been conducted with the EQM of the complete SCAD 
assembly. As EM diffusors (fully flight representative, 
except cleanliness) are integrated to the SCAD EQM, 
the purpose was mainly the functional testing under 
representative environmental conditions. 

Starting with a function and performance test at ambient 
conditions, the most important characteristics like 
power consumption, unpowered holding torque, 
minimum starting current or simply the time needed to 
move between two positions are measured. Throughout 
the test campaign these values are compared to check 
the overall state of the mechanism or to detect any 
degradation. 
The first environmental test was the vibration test 
including sine and random runs for each axis as well as 
shock testing (see Figure 7). The mechanism has 
survived and was therefore successfully qualified to: 

• Sine vibration between 0 and 100 Hz with a 

max. load of 30 g at 35 Hz 

• Random vibration up to 2000 Hz with a max. 

load of 5.7 grms

• Shock level of max. 102 g (at 1000 Hz) 

Figure 7. SCAD EQM during vibration test 

The second environmental test comprised the thermal-
vacuum sequence. The mechanism has survived and 
was therefore successfully qualified to: 

• One cycle (bake-out) between +65°C 

and -40°C with pressure below 10-5 hPa 

• Three cycles between +50°C and -10°C with 

pressure below 10-5 hPa 

After each of the tests and especially during the thermal 
cycling, the starting current has been measured as an 
indication for the friction conditions within the rotor 
assembly. It is defined as the minimum commanded 
current for the stepper motor to start moving the rotor 
assembly properly and to reach the desired end-stop in a 
required period. Throughout the whole test campaign 
this current did not alter and resulted in a value of 
0.06 Arms for a rotational velocity of 10 deg/sec.  

4.3 Alignment Importance 

As already described in the section concerning the 
design-driving requirements another important test to be 
performed was the alignment check. For the EQM 
model the optical performance played a minor part, 
which is why the absolute alignment accuracy of the 
components was not subject to definite requirements. 
Instead, the difference between pre- and post-test 
campaign is crucial for the assessment of the required 
ground-to-orbit stability. 
In analogy to the function and performance tests, 
alignment checks have been conducted before and after 
the test campaign as well as between any environmental 
tests. Especially during vibration test the impact of the 
excitation in different axes could be assessed. Figure 8 
plots the absolute positions deviations of the diffusors 
and the housing between two subsequent tests. The 
values were acquired by means of laser tracker 
measuring the absolute position of laser tracker targets 
(LTTs) on the respective components. The tests from 
left to right are in chronological order. What can be 
identified is the clear settling effect of the separate parts 
during the first vibration run. With around more than a 
factor of 5 the deviations reduce between first and 
second vibration run. This has led to the evidence that a 
settling run prior to the full-level runs is required. The 
reference for the alignment checks is therefore also set 
to after the settling run. 

Figure 8. Comparison of linear position deviations of 
SCAD diffusors and housing throughout test campaign 



5 LESSONS LEARNED 

The major lessons learned will be presented in the 
following: 

5.1 Lever Redesign 

The first lesson learned, which also had the greatest 
design impact, was the fact that a part designated 
“lever” was not installed in the correct direction. Its 
purpose, as already presented in section 3, is to block 
the motor shaft’s rotation after an angle of 10 deg by 
bringing a dedicated face in contact with the spring 
travel limiter screw, as shown in the upper picture in 
Figure 9. As the part was neither perfectly symmetrical 
nor obviously asymmetrical, it was erroneously installed 
upside-down. This resulted in a different position of the 
faces that used to touch the spring travel limiter screws.  

This error was not noted until a functional test revealed 
the incorrect function during an emergency mode, in 
which the motor shaft should be mechanically blocked 
by the spring travel limiter to not over-bend the springs. 
By means of endoscope, which could look into the 
hollow inside of the rotor shaft, the diagnosis was 
verified to show the incorrect orientation. 

A disassembly of the mechanism until this very part was 
decided to be the best solution to mitigate any further 
risks. After correction of the installation and endoscope 
check, another functional test was conducted. This test 
revealed that the simple but asymmetric end stop design 
was not suitable for the chosen motor torque. The torque 
of the motor multiplied by the gear ratio resulted in a 
too-high bending moment on the motor shaft upon 
engagement of the spring travel limiter screws. 
The design update avoids the mentioned weaknesses 
and is shown in the lower picture in Figure 9. The 
spring travel limiter screws have been exchanged by a 
new structural part (“mechanical stop”) that is glued 
into the rotor of the mechanism (visible in Figure 5). It 
now blocks the rotation after 10 deg on two opposing 
sides instead of only one that has introduced the 
asymmetric force. Moreover, the part “lever” has been 
re-designed and enlarged to decrease the reacting forces. 
Final testing after implementation and integration of the 
new design has proven the functionality of this spring 
travel limiter update, which is being used in the future 
flight models. 

Figure 9. Lever Design Stages 

5.2 Gravitation Effects on Rotor Assembly 

During initial functional testing of the first model the 
whole movement chain has been examined carefully. 
The rotating assembly did not move as smoothly as 
expected, i.e. it sometimes stuttered slightly. This 
phenomenon was especially perceptible while rotating 
into one dedicated direction and while having the 
rotation axis placed horizontally.  
Design-wise it was known that the rotor assembly (as 
depicted in Figure 1) had its center of gravity (CoG) 
approx. 10 mm off the rotation axis, resulting in a minor 
imbalance. This imbalance slightly impedes the rotation 
until the CoG is vertically above the rotation axis and 
facilitates it after this point on the other side, i.e. the 
imbalance either hinders or helps the motor to rotate. 
The most evident consequence is the timing of the two 
rotation directions to be different, so that it takes longer 
to rotate from B to A than from B to C. As this 
gravitational effect will not be present in space, there 
are no measures to counter-react this timing difference 
for on-ground testing. The effect is also clearly 
detectable when examining the minimum starting 
currents for the different directions, as they differ 
between 0.06 Arms and 0.03 Arms. 



A coupled oscillation within the rotatory assembly is 
one explanation for the stuttering movement. 
The spring legs are inserted into slots with a certain 
relative play, to ease the integration process. Based on 
test results it was decided to minimize the clearance by 
adding sleeves on the spring’s legs that minimizes the 
movement within the slot, i.e. approaching a more rigid 
system. These sleeves are also visible in Figure 9. 
Testing showed the sleeves to be the solution for the 
problem of oscillation, which is why they are 
implemented into all future flight models.  

5.3 Installation of Micro Switches 

As stated in section 3, the micro switches serve as 
position indicators close to the mechanical end stops A 
and C and at the park position B (0 deg). There are in 
total six micro switches. They are designed as redundant 
pairs mounted on one bracket, while it is still possible to 
adjust the two switches independently (see Figure 10). 
In addition to the bore clearance, there are shims that 
modify the vertical position of the complete bracket and 
thus changing the switching point of both position 
indicators at once.  
To ensure the correct function, internal requirements are 
defined for tolerating the switches’ position: 

• ± 0.5 deg tolerance to the ideal switching point 

(ideal switching points are at ±116 deg for Pos. 

A and C and at ±2.5 deg for Pos. B) 

• 0.5 deg synchronicity between main and 

redundant switch 

• 0.5 deg symmetry of switching points at 

Position B for negative and positive rotation 

direction, as there is only one control 

electronics parameter to define the distance 

between switching point B and zero position 

Figure 10: Micro Switches on Bracket 

The initial installation and adjustment of the micro 
switches at the first SCAD model showed the 
complexity of the integration process. The effort for 
adjusting was comparably high due to the tight 

requirements field, limited accessibility at the 
mechanism structure and the fact that the switches are 
freely moveable in any direction.  
Facilitation was achieved through using a specially 
designed jig that enables the pre-adjustment of one 
switch pair independent from the mechanism. With this 
it was possible to pre-set the synchronicity of main and 
redundant switch. By means of oscilloscope the exact 
switching point could be found, while mechanically 
moving the switches to the desired position via screws. 
When the synchronicity remained within tolerance the 
mounting screws could be secured. In the next step the 
whole Switch Bracket including the switches could be 
installed to the mechanism, where it was still required to 
adjust the thickness of the peel shim as well as the in-
plane position until the final switching point laid within 
requirement.  

5.4 Findings during Instrument-Level Testing 

As explained in section 5.1 the design of the Lever had 
to be updated. Since the first SCAD model had to be 
delivered to the METimage Instrument for higher-level 
testing and the new part has not been manufactured yet, 
a work-around solution was necessary so that the SCAD 
could be tested without imposing constraints on 
instrument or satellite level. 
The initial lever would not stop the rotation after 
10 deg, risking the springs to be over-bent when the 
nominal motor current of 0.30 Arms is applied to the 
windings. Lowering this current implies a lower torque 
at the output shaft. The work-around approach was to 
lower the current as much that the motor was not able to 
bend the springs more than 10 deg, as the spring’s 
counter-reacting force/moment is proportional to its 
deflected angle. 
The minimum starting current, as described in chapter 
4.2, defined the lowest possible current to be applied so 
that the Rotor Assembly starts moving, i.e. 0.06 Arms. 
The necessary torque and respective current for the 
work-around solution based on subsystem level testing 
and was determined to 0.08 Arms which preloads the 
springs sufficiently but does not over-bend them. This 
parameter was adopted for instrument-level testing. 
During initial testing instrument-level when the SCAD 
mechanism was mounted to the instrument this 
operating current had to be increased to 0.10 Arms. Due 
to a differing orientation compared to sub-system level 
testing, the gravity impact was slightly higher so that the 
initially determined 0.08 Arms was not sufficient 
anymore to overcome all gravitational forces at any 
rotational position.  
By means of endoscope it was checked that the bending 
angle of the spiral springs would not exceed its limit 
with the increased current. At the same time, by 
conducting all tests with the current of 0.10 Arms it has 
been proven that the originally chosen and nominal 
0.30 Arms imply a highly robust torque margin. 



6 CONCLUSION AND OUTLOOK 

The SCAD mechanism has been successfully qualified 
on mechanism level, i.e. sub-system level. Additionally, 
one SCAD model has already been mounted to the first 
model of the METimage instrument, where it has 
successfully undergone a full instrument functional and 
environmental test campaign. Functionality in any 
condition has been demonstrated. 
Remaining activities that may bear uncertainties are the 
integration and testing with the Acktar-coated sensitive 
flight-grade diffusor assemblies. The optical 
performance of the diffusor as a subsystem has been 
proven, but optical testing on mechanism or instrument 
level has not yet been conducted.  
In this concern the final alignment of the SCAD 
mechanism has also not been fully performed as the 
optical performance and accuracy was not required for 
the first model. Nonetheless there will be no risk with 
regards to this activity as the alignment possibilities are 
well elaborated. 
Currently two further models of the SCAD mechanism 
are being assembled that will complete the series of in 
total three flight models. 
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