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ABSTRACT 

This paper presents the design, development, and testing 

of the CPA70, a precision pointing mechanism for laser 

communication and imaging applications. Building upon 

the heritage of the space-proven CPA135, the CPA70 is 

aimed for higher production rates, modularity, shorter 

delivery schedules, and lower costs while maintaining 

performance. The paper first presents the CPA70 

developments by conceptual scale-down of CPA135.  

Second part deals with the extensive testing campaigns 

over several built models that confirmed the CPA70's 

robust design and manufacturing quality even by 

requirement changes after the initial concept was 

established. 

 

1 INTRODUCTION 

Precise pointing mechanisms are used in optical payloads 

to direct the optical beam in multiple degrees of freedom. 

One example of such a mechanism is the Coarse Pointing 

Assembly (CPA) that points the Laser Communication 

Terminals (LCT) line-of-sight towards a counter terminal 

on another satellite or at a ground station within micro-

rad precision. The CPA can also be used in other 

applications where gimbals are used like object or comet 

tracking in imaging. 

 

Here the development, testing and subsequent 

qualification of our Coarse Pointing Assembly 

mechanism with 70 mm optical diameter (CPA70) for 

commercial space is presented. The basis for the CPA70 

is the space proven CPA135, several flight models are 

operating in LEO and GEO orbit enabling laser 

communication links. The high reliability and 

performance of the CPA135 had to be transferred to a 

new smaller mechanism, while at the same time fulfilling 

the prerequisites (compared to CPA135) like: 

- higher production rates, 

- modular design 

- short delivery schedule and 

- lower cost. 

 

2 CPA135 PROGRAMME 

The Synopta’s CPA135 deserves a short introduction, so 

the challenges of developing his smaller counterpart 

(CPA70) are better understood. 

 

The CPA135 is designed to provide coarse angular 

pointing for optical beams with 135 mm diameter, 

covering a wide hemispherical range. This is distinct 

from "Fine Pointing Assemblies" (FPAs) which offer 

smaller ranges but higher dynamics for beam 

stabilization. A major application for the CPA135 is 

within Laser Communication Terminals (LCTs) on LEO 

and GEO satellites [1]. So far 7 flight models of 9 built 

are launched as part of Tesat LCTs in Copernicus/EDRS 

and Sentinel missions). Despite being a "coarse" pointing 

assembly, it has high pointing accuracies, with calibrated 

pointing errors typically smaller than 30 µrad. The 

CPA135 mechanism is also engineered to minimize its 

impact on the quality of the optical beam, inducing a 

wavefront error typically below 25 nm RMS on 

mechanism level (across both mirrors). 

 

The CPA135 mechanism is composed of four primary 

subassemblies, see also Fig. 1: 

 

 
Figure 1: CPA135 Design 

 

Base Unit serves as the mounting interface for the entire 

mechanism to the LCT platform. 
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AZ (Azimuth) Unit provides horizontal angular beam 

deflection. It consists of a mirror, bearing, motor and 

precision encoder, enabling AZ mirror rotation around 

the vertical axis in ±175° range. 

 

EL (Elevation) Unit is mounted perpendicular to the AZ 

rotation axis, the Elevation Unit provides 360° angular 

motion of the EL mirror around the horizontal axis. It 

uses same components as the AZ axis. 

 

PPA (Park Position Assembly) secures and protects the 

optical and mechanical components. It locks the moving 

parts in a designated position, crucial for safety during 

non-operational periods during the launch. 

 

3 CPA70 CONCEPTUAL DEVELOPMENT 

The conceptual development of the CPA started in 2017 

with a few key requirements, one of the most demanding 

being CPA70 mass target of 5 kg while keeping most of 

the 135 performances. The feasibility of a 5 kg CPA70 

was first analysed by scaling the CPA135 design to a 

CPA70 size. 

 

3.1 CPA70 mass estimates 

While the classical geometric scaling laws employ 

integer exponents (e.g., l^1 for length, l^2 for area, l^3 

for volume), empirical observations and engineering 

judgment frequently reveal that the actual scaling of 

certain physical parameters deviates from these idealized 

integer powers. This necessitates the adoption of an 

extended set of scaling laws, where exponents can be 

non-integer. For the mass budget of the CPA, we used 

following categories (see Tab. 1): 

 

Table 1: Scaling laws for CPA parts 

Exponent Part category 

3 Volumetric body 

2.5 Hollow body with reduced wall 

thickness 

2 Hollow body with kept wall thickness 

1.5 Screws, BLDC motors, mirrors and 

other 2D structures 

1 Bearings, encoders, harness 

 

The provided Tab. 2 offers a comparative overview of 

mass between the original CPA135 and a smaller CPA70 

counterpart. It details both the mass estimates derived 

from initial scaling laws and the actual as-built mass for 

key components, allowing for a direct comparison of 

theoretical predictions versus as-built realization. Some 

used scaling factors would have to be revisited. The 

reason for higher mass can be related to CPA70's 

development philosophy that centred on minimizing 

complexity by decreasing the number of interfaces and 

integrating multiple functions into individual parts. This 

approach ultimately resulted in a highly consolidated 

design, with the entire CPA70 assembly comprising only 

about 30 distinct components. 

 

Table 2: Key component groups mass 

Key component 

group 

CPA135 

mass [g] 

CPA70 

scaled 

mass [g] 

CPA70 

as-built 

mass [g] 

Az. Struct. 1508 404 700 

Elev. Struct. 996 285 390 

Mirrors 1980 603 540 

Drive Units 5012 2100 2210 

Interface 

structure 890 173 330 

Encoder system 480 250 180 

PPA Structure 425 182 200 

Flexprint 

System 1780 480 290 

Thermal 

Hardware 710 183 0 

Various 

(Screws, …) 730 270 200 

TOTAL 14511 4930 5040 

 

While geometric scaling offers a convenient first 

approximation for estimating mass changes across 

different sizes of a mechanism, it provides only a partial 

picture and can lead to suboptimal designs if applied in 

isolation. Let’s consider the motor example in next 

section. 

 

3.2 Bearing Friction Estimation 

For robust motor sizing in space mechanisms, it is 

recommended to use the bearing resistance factors as 

specified in ECSS-E-ST-33-01C, for the CPA 

application the main resistive contributor is the bearing 

friction torque and to a minor extent motor cogging. 

 

For rolling element bearings, certain components of the 

friction torque, particularly those related to rolling 

resistance and elastic hysteresis, exhibit a near-quadratic 

dependence on the bearing's characteristic radius. As 

demonstrated by empirical models (e.g., in SKF's 

calculation methodology for rolling frictional moment 

[2]), this can be approximated such that the friction 

torque M scales with the square of the radius r, i.e., M ∝ 
r^2 Therefore, when comparing two geometrically 

similar bearings, the ratio of their friction torques can be 

expressed as: 

𝑀2

𝑀1
= (

𝑟2

𝑟1
)
2

  (1) 

 

for these specific friction contributions under comparable 

operating conditions and bearing type. Knowing the 

measured values for friction torque of larger CPA135 

bearing at several operation conditions one can estimate 

the friction torque for the smaller CPA70 bearing. 



 

3.3 Motor sizing 

Motor sizing for scaled-down mechanisms requires 

attention to ensure adequate performance despite reduced 

dimensions. Simply scaling down the CPA135-series 

motor's diameter would result in a roughly half torque 

output for the same current consumption, a direct 

consequence of the linear relationship between motor 

torque and diameter. The crucial needed torque is 

estimated through a comprehensive motorization budget 

equation [3], which accounts for all resistive forces and 

accelerations the motor must overcome. This budget is 

critically evaluated for the cold operational temperature, 

as this condition typically presents the highest viscous 

losses in bearings, thereby demanding the maximum 

motor torque. 

 

Designing the motor to deliver the required torque while 

adhering to the stringent maximum power consumption 

limit of few watts and fitting within the allocated volume 

and mass proved to be a significant engineering 

challenge. This constrained design space necessitated 

highly efficient electromagnetic and mechanical 

optimization to meet all performance targets 

simultaneously. 

 

4 COMPONENT TESTING 

To mitigate risks associated with the comprehensive full-

model testing phase, critical long-lead components, 

notably bearings and motors, were prioritized for design 

finalization, procurement, and testing early in the 

development cycle. This proactive approach ensured that 

the performance and reliability of these essential 

elements were validated prior to the formal critical design 

review, thereby significantly reducing potential delays 

and technical uncertainties in subsequent full assembly 

and system-level verification. An example of component 

test is the lubricant performance and is described next. 

 

4.1 Lubricant test with a new CPA70 bearing 

Considering the established bearing friction budget 

derived from initial motor sizing, the next step involves 

comprehensive testing of preferred grease candidates 

with the newly designed CPA70 bearing. This ensures 

the selected lubricant meet performance requirements 

under realistic operational conditions for the scaled 

mechanism. 

 

Knowing the heritage grease has a problem of increased 

friction torque at low speeds [4], a development effort 

focused on modifying existing perfluoropolyether 

(PFPE) greases through the use of tailored distributions 

of polytetrafluoroethylene (PTFE) thickener. The 

hypothesis was that controlling the size, shape, and 

distribution of PTFE thickener within the PFPE oil could 

optimize grease consistency and decrease the friction 

torque anomaly. The research was performed with a 

trusted lubrication manufacturer partner that also 

manufactured the grease samples. 

 

However, the empirical results from testing proved 

largely unpromising, see example on Fig 2. Despite the 

careful control over PTFE thickener characteristics, the 

experimental grease formulations consistently failed to 

deliver the anticipated improvements in critical low-

speed torque performance metric. Challenges included 

issues with thickener agglomeration, inconsistent film 

formation, and unpredictable changes in rheology over 

time. Consequently, the development path for these 

modified PFPE greases was halted, and the lubrication 

strategy reverted to oil lubrication using pure PFPE oils. 

This offered the reliability and predictable performance 

that any grease formulation could not consistently 

provide. 

 
Figure 2: Example for bearing friction evolution for one 

grease sample 

 

After the component-level testing has been successfully 

completed, confirming the performance within specified 

parameters, the project continued to the MAIT phase of 

full CPA70RMM model. 

 

5 AGILE MODEL PHILOSOPHY 

Design, development and verification of the CPA70 was 

planned as an iterative philosophy by building several 

models: 

1. Risk Mitigation Model (RMM) which can be 

compared to an EM 

2. Technology Demonstration Model (TDM) which 

can be seen as a QM 

3. the Flight Models 

 

The conclusion of the RMM phase brought an unforeseen 

shift in a new primary customer, coupled with a demand 

for a significantly expedited delivery schedule. To 

accommodate these new conditions, the established 

model philosophy was adapted, as shown on Fig. 3. 

Instead of following the original plan of building and 

thoroughly testing a TDM prior to flight model (FM) 

production, the process adapted on delivering one 

Engineering Model (EM) featuring the requested 

modifications and two Proto-Flight Models (PFM). This 



 

agile modification allowed the customer to receive 

functional hardware embodying the new specifications 

sooner, with the TDM's build and test phase being 

rescheduled to support the subsequent, larger-scale FM 

production. This ensured that essential testing and 

validation would still occur, albeit in a sequence 

optimized for immediate customer needs. 

 

 
Figure 3: As-executed model-philosophy 

 

6 AS-BUILT MODELS AND THEIR TEST 

CAMPAIGN OVERVIEW 

This section provides an overview of the test campaign 

conducted on the built models, detailing the sequence of 

tests performed. This overview builds directly upon the 

model philosophy introduced in Chapter 5. 

 

6.1 RMM 

The Fig. 4 shows a series of tests performed on the 

CPA70 RMM model: 

 

 
Figure 4: RMM test campaign 

 

1. Initial Functional Test (IFT): The process begins 

with an initial verification of the CPA electrical, 

optical or optomechanical performance. (e.g. of 

Wavefront Error (WFE) measurement in Fig. 5)  

2. Vibration Test: After the IFT, the CPA underwent a 

sine and random vibration test. 

3. Post Vibration Test (PVT): Immediately following 

the vibration test, a post-vibration test is conducted 

to assess any changes in performance or integrity 

due to the vibration. 

4. Shock Test 

5. Thermal Test: Following the mechanical tests, the 

CPA was exposed to thermal cycling 

6. Final Functional Test (FFT): a final functional test is 

performed to detect any drift in the performance due 

to the environmental stresses. 

7. TVAC (Thermal Vacuum) Test: the Thermal 

Vacuum (TVAC) test was performed as an 

additional test in a separate ESA project, where the 

electromechanical performance limits for fast-

switching were tested under thermal-vacuum 

conditions. 

 

The extensive test campaign proceeded as planned, with 

all required environmental and functional tests 

successfully completed on schedule. No significant 

issues, anomalies, or non-conformances were recorded 

throughout the entire sequence, confirming the robust 

design and manufacturing quality of the 70 RMM design. 

 

 
Figure 5: WFE measurement of the CPA70 RMM 

 

6.2 EM 

A key development following the RMM phase was a 

specific order from a single customer for an EM and two 

PFMs. This customer's requirements included adherence 

to NASA GEVS (General Environmental Verification 

Standard [5]) for environmental qualification. 

Simultaneously, the customer also requested additional 

design modifications aimed at reducing the overall unit 

price and provided some parts as customer furnished 

items (CFI). The integration of CFIs and changing the 

material of several CPA components to widely available 

aluminium alloys necessitated a delta-design and delta-

qualification activities. 

 

To meet the delivery schedule for the Engineering Model 

(EM) within the project, a full GEVS-compliant 

acceptance test was not feasible. The customer team 

needed the EM quickly for their development testing of 

their laser terminal. Thus, the EM underwent a functional 

test combined with a GEVS workmanship-level random 

vibration test, conducted solely in a single axis. This 

RMM

Delta-development 
to EM (new 

requirements)

EM

2x PFM

Delta-development 
to TDM

TDM

FMs

MODEL

Development 
activity

RMM development

Vibration test
Post Vibration Test - 

PVT

Shock Test Thermal Test
Final Functional Test 

- FFT

Initial Functional Test 
- IFT

TVAC



 

abbreviated testing aimed to quickly verify basic 

structural integrity, manufacturing quality and the EM's 

robustness for its intended purpose. For the workmanship 

test, the axis with highest loading was selected and was 

successfully passed without any deviations from the 

FEM prediction. This expedited approach meant the EM 

was not fully tested to GEVS standards, reserving 

comprehensive environmental testing for later PFMs (not 

without surprises). 

 

6.3 PFMs 

Two PFMs were tested to acceptance-level random-

vibration NASA GEVS combined with the functional 

testing of the CPA performance. The customer decided 

to perform other environmental testing (TVAC, PFM 

vibration level and shock) on higher assembly (CPA70 

mechanism on the lasercomm terminal).  

 

During the random vibration test of the first Proto-Flight 

Model, higher than expected mirror amplitudes were 

measured (the amplitude increase was non-linear with the 

increase of input, see Fig. 6), indicating a potential issue 

within the mirror assembly. This observation prompted 

immediate investigation to understand the root cause of 

the amplified motion. Despite the unexpected and non-

linear increase in mirror amplitudes observed during the 

random vibration test, surprisingly, no corresponding 

changes were detected in the low-level resonance search 

curves. This indicated that the high-amplitude response 

did not result in any permanent structural degradation or 

irreversible changes to the unit's dynamic characteristics. 

 

 
Figure 6: Non-linear amplitudes of mirror modes 

 

Investigation revealed that the mirror damping was 

exceptionally low, measured at approximately 0.3%, 

contributing significantly to the amplified motion. 

Furthermore, the friction at the mirror interface was also 

found to be very low, less than 0.05, and in combination 

with a low joint preload allowed for an interface slip. 

The issue was resolved by redesign of the mirror 

fastening: by replacing the mirror screws with a higher-

grade material, increasing the screwing torque to enhance 

the joint preload and by adding a friction enhancing shim. 

This modification, followed by an update to the Finite 

Element Model (FEM) to reflect the new dynamic 

responses, showed positive margins of safety in repeated 

analysis, and subsequent retesting of the unit was 

successful. 

 

6.4 TDM 

The TDM phase primarily focused on implementing 

significant quality enhancements and conducting 

extensive thermal and radiation analysis. This analysis 

investigated a wide range of accommodation scenarios 

on spacecraft across various orbital heights, aiming to 

ensure the CPA's robust performance under diverse 

environmental conditions. The goal was to transition the 

CPA from a mission-specific design to a versatile “multi-

mission” device, capable of fulfilling a broad range of 

future mission use-cases. 

 

The TDM model’s test campaign (see Fig. 7) was similar 

to the RMM, with two modifications. The shock 

specification was changed to harsher requirements (Tab. 

3), so a new post-shock test was introduced to monitor 

any deviations in performance. Second change was to 

replace thermal testing from RMM with a demanding and 

long TVAC test where CPA70 TDM’s functional 

performance was measured under vacuum conditions 

within operational qualification range. 

 

 
Figure 7: TDM test sequence 

 

The shock test campaign proved remarkably swift and 

unproblematic, largely due to the use of a well-

engineered mass dummy that facilitated precise 

calibration of the test setup. Consequently, the shock test 

with the actual CPA70 TDM device was completed in 

less than an hour. This rapid and successful execution 

was also thanks to the expertise of the test engineers at 

the Beyond Gravity test facility in Zurich. 

 

Table 3: TDM Shock Loads 

Frequency [Hz] Amplitude [g] 

100 50 

1500 2000 

10000 2000 

The Thermal Vacuum testing for the TDM was 

conducted in two distinct setups. The first setup (shown 
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in Fig. 8). tested the non-optical performance and 

involved eight non-operational thermal cycles, a critical 

launch-lock release test performed at cold operational 

temperature, and extensive electromechanical testing 

(with CPA operating at different speeds and acceleration 

profiles) across a range of temperatures, both with and 

without thermal gradients, alongside dedicated thermal 

balance phases. The second setup was specifically 

configured for optical testing to precisely measure the 

CPA's wavefront error and pointing stability in whole 

operational range. 

 

 
Figure 8: TDM TVAC test campaign 

 

7 CONCLUSIONS 

The CPA70, a precision pointing mechanism for laser 

communication and imaging, was successfully designed, 

developed, and extensively tested to achieve higher 

production rates, modularity, shorter delivery schedules, 

and lower costs compared to its CPA135 predecessor. An 

agile model philosophy guided its development and 

comprehensive testing, spanning Risk Mitigation 

(RMM), Engineering (EM), Proto-Flight (PFM), and 

Technology Demonstration (TDM) models. These 

rigorous campaigns confirmed the CPA70's robust 

design and manufacturing quality. Furthermore, critical 

issues, such as unexpected mirror amplitudes observed 

during PFM testing, were successfully identified and 

resolved through design modifications. The thorough 

validation of the CPA70 demonstrates its robust design 

and readiness for various commercial and institutional 

space applications. 
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