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PROPOSED AGENDA

1. Welcome and presentation of participants.

2. Review of the project and presentation of the tests 
results: project conclusions.

3. Discussion of RIDs.

4. Review of closure documents.

5. Review of follow up actions and roadmap

6. AoB.
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2. Review of the project 

OBJECTIVE

Results from ESA Contract No. 4000124988/18/NL/BJ/gp “Electrically Coupled 
Angular Encoder for Long-Life Mechanisms” and ARTES 5.2 contract 
4000104613/12/NL/AD “Electrically Coupled Angular Encoder for Long-Life 
Mechanisms”, whose objectives are to provide the space industry with a 

medium resolution (16-bits) ECSS compliant angular sensor.

Main contributions of this project are:

- Redesign with hardware differences are listed in TN30 Annex 5
- Firmware modification with differences are listed in TN50 §6 
- Test plan & test results to evidence required functioning of the sensor 
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Summary of results (i):
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• Simple electronics due to use of current nulling technique: sinusoidal voltages 
within the sensor do not produce synchro/resolver  processing.

• Patent pending electrical coupling 
structure
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2. Review of the project 
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Avda. Universidad S/N · Ed. Quorum IV, Parque Científico UMH, 03202 Elche Spain. 
 

PCB manufacturing is the prepeg configuration to keep all layers that arranged copper 
plates close to the surface. Thus, the copper plates, from one and the other layer will 
remain as much close as possible to the bottom layer, which just contains the FR4 
substrate. 

• Electronic design: From the point of view of the electronic design the current sensor uses 
a different amplification stage that requires less number of components. The power 
consumption is lower and the response better than the previous design. 

• Control driver: The communication frame has remained unchanged, although the 
algorithm in the required driver is different. The frame offers two different measures, 
coarse measure with range of 360º and fine measure with range of 22’5º. The driver uses 
the coarse measurement just to determine the absolute position of the rotor, then the 
algorithm uses the fine measurement to provide the corresponding angle position. 

 

  
Fig. 4. Copper Plates placed in layer inner4 and layer 3, which are seen with no gaps between 

the plates when positioned in the final PCB. 
 
All described changes before are summarized in the following table: 
 
Item Previous Design Modification Description 

1 A fully hot redundancy 
system No redundancy 

This allows to the sensor to increment the performance of 
the sensor in terms of measurement capability, since it 
dedicates more area for just one sensor. 

2 
Amplification stage with four 
equal amplifiers, first stage I-
V amplifier. 

I-V amplifier with new 
model. 
V-V amplifier one stage with 
new model. 
Included new comparator 
with hysteresis. 

The amplification stage is has included better components 
and a new comparator has been included to perform the 
digital signal that it was implemented in the FPGA before. 
The comparison in the FPGA had the problem that it has a 
hysteresis to big so in this new design the performance has 
been improved. 

3 
Power supply of the 
analogue circuitry was dual 
with ±9V. 

The new design has 
simplified the commuted 
circuitry to generate single 

This reduce the generated noise in the power stage. It has 
been necessary to include in the I-V amplifier a small 
circuitry to rise the DC level of signal that crosses the 
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2. Review of the project 
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2. Review of work

Delivered documents for TRR

TN40: User's Manual and Handling Procedure.
TN45: Declared Materials List
TN46: Declared Procedures List
TN50: Firmware description tor CLAS

/ FW-0001 Firmware for CLAS.
TN60: Test Bench User Manual.
TN70: CLAS manufacturing documentation.
TN75: CLAS Test-bench manufacturing documentation.
TN80: Test plan
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EMX-CLA3-OF-0002-ISS01 

1.6.2. Contents of the proposed work 

 

Work Breakdown Structure (WBS) 

 
The WBS is presented in the following diagram. 

 

 
 

 

Work Package Description (WPD) 

 
The WPD are presented in the next boxes. 
 

 

PROJECT: Project: CLAS 3 
                   Offer # TBD   

 

WP: 1000 

 

WP Title: Product Management and reporting 

 

Company:          EMXYS 

WP Manager:     Francisco García de Quirós 

 

Start Event: T0   

End Event:  T0+9 weeks   

 

 

Sheet 1 of   1 

 

Issue Ref 

CLAS 3 
 
Issue Date  

June 4th, 2018 
 

 

Inputs: 
 

• Contract or Purchase Order (PO) 

• KOM MoM 

• SoW  

• SoW Applicable documents 

 

Tasks: 
 

• Project coordination, administration and planning    

• Elaborate and update Design, Development and Verification Plan 

and detailed Schedule 

• Ensure delivery of the deliverable items in time  

• Ensure delivery of the required documentation  

 

 

CLASS De-Risk activity

WP1000:
Product Management

WP2000:
Product Assurance

WP3000:
HW Detailed design

WP4000:
HW Manufacturing

WP5000:
Testing

WP6000:
Documentation

WP1100:
Requirements review

WP3200:
Mechanical Design

WP4200:
Mechanical 

manufacturing

WP3300:
Software/Firmware 

Design

WP3100:
Electronics Design 

(PCB)
WP4100:

PCB Manufacturing

WP4300:
HW/SW Integration

WP3400:
Test Bench Design

WP4400:
Test Bench 

Manufacturing

WP5100:
Functional testing

WP5200:
Thermal testing

Delivered documents for FR

- EMX-CLA3-TN-0090-ISS01 Test Results

- EMX-CLA3-TN-0091-ISS02 Partial Test Results

- EMX-CLA3-TN-0092-ISS01 – Analysis of stop operation

- EMX-CLA3-TN-0093-ISS01 - Analysis of stop operation

RIDs documents to review

EMX-CLA3-RID-0001-ISS04_RRMeeting
EMX-CLA3-RID-0002-ISS04 DR
EMX-CLA3-RID-0003-ISS02 TRR
EMX-CLA3-RID-0004-ISS01 FR

2. Review of work
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2. Review of work

• Absolute angle encoding with no mechanical contact.

• Adaptable to any outer and inner shaft diameter: Ø 10cm (with enclosure) - 16-bits (0.01º).

• Low profile: 20mm with enclosure.

• Flexible digital interface in parallel or serial form.

• Serial communication RS-485/RS-422. Available CAN or LVDS interfaces upon request.

• Analog (2-wire) interface realizable in the same electronic design.

• Single supply and very low power consumption <2W (+5.0V).

• Extended temperature range (-55C to +90C), and operational in radiation environments.

• Qualified electronics and materials for Space, military or aeronautical applications.

• FPGA based conditioning electronics. All electronics included in the enclosure.
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Test bench development for angular sensors 
environmental characterization
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2. Review of the project 

Test result - Consumption 

EMX-CLA3-TN-0091 
Test Results for CLAS3 Design. Page 21 of 24 
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Fig. 4. Power consumption for all test performed in this section. 

 
  

(m
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2. Review of the project 

Test result - Linearity and hysteresis errors (23o C)
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2. Review of the project 

Test result - Repeatability (23oC)
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2. Review of the project 

Test result – Temperature measurement error

 

EMX-CLA3-TN-0091 
Test Results for CLAS3 Design. Page 20 of 24 
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Requirement No. Requirement Measurement tool Measurement made PASS/FAIL 

CLAS3_070 Repeatability 
<0.1% 

Table with 10 
measurements per quadrant 
after clockwise and 
counterclockwise turns 
should provide 
measurements within 
0.1LSB after averaging 

0.043% (0.0097º) PASS 

 
 

 Stability with Temperature 
 
 
o Temperature test: Perform static measurements for a whole turn for the following 
temperatures, -55ºC, -40ºC, -20ºC, 0ºC, 25ºC, 50ºC, 70ºC, 90ºC and 110ºC. 

 
This section is complementary with document [AD7]. The results of the characterization of the TB 
indicates that the main part of the error is due to the junctions of the TB. In this sense, the current 
report includes the test results but taking into account this important issue. 
 
The following Fig. 3 shows the maximum error obtained from all measurements in in the whole 
range of temperatures, from -20ºC to 110ºC. This error includes the TB problems described in 
[AD7], due to its junctions. It is not appreciated an increment of the error due to the temperature 
or the position of the rotor respect the stators, so the sensor CLAS3 works the same way at any 
tested temperature. The only difference is the power consumption shown in Fig. 4. 
 
For the current project due to the problems detected in the TB it is not possible to obtain a better 
response of the sensor. This could be improved modifying the TB for a better attachment of the 
sensor and its rotor to the reference. 
 

 
Fig. 3. Error absolute for al temperatures for one whole turn of the CLAS3. 
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2. Review of the project 

Test result – NC analysis

 

EMX-CLA3-TN-0091 
Test Results for CLAS3 Design. Page 22 of 24 
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 VERIFICATION CONTROL DOCUMENT 
 
Unique 
Req. ID 

Requirement Compliance 
Statement 
(See note 1) 

Remarks and 
Justifications 
 

CLAS3_010 The sensor provides absolute angle 
measurement. C See design review 

[AD1] 
CLAS3_020 The sensor measurement range covers 360º. C See design review 

[AD1] 
CLAS3_030 Measurement accuracy is ±0.01o Partially C See §3.7 and §3.8 

CLAS3_040 Maximum supported speed 25º/second TBD To be verified. 

CLAS3_050 The allowed noise per bit should be less 
than  0.3·LSB Vrms C Verified in 3.6 

CLAS3_060 Temperature stability < 50ppm/oC NC 
Results are not 
definitive due to 
testbench 
mechanical issues 

CLAS3_070 Repeatability <0.1% C Verified in 3.8 

CLAS3_080 Linearity <0.1% C Verified in 3.7 

CLAS3_100 
The CLAS sensor should be able to operate in 
LEO, MEO and GEO orbits, as well in Earth 
environment. 

C 
Materials are 
within ESCC, to 
be stated in DML 

CLAS3_110 Lifetime for storage and ground operations 5 
years. C Materials are 

within ESCC 

CLAS3_120 Lifetime for orbit operations 15 years. C 
Materials are 
within ESCC and 
electronics is 
space qualified 

CLAS3_200 Connector C See design review 
[AD1] 

CLAS3_210 Type of protocol RS422/RS485 
(serial)57.6Kbaud or 115.2Kbaud C Verified in 3.4 

CLAS3_220 Supply voltage within +5.0V to +6.0V. C Verified in 3.5 

CLAS3_230 Reset voltage within +5.0V to +6.0V 
 C Verified in 3.5 

CLAS3_240 Input power <2.5W C Verified in 3.5 

CLAS3_250 The system reference shall be connected to the 
sensor body metallic parts. C See design review 

[AD1] 

CLAS3_260 The system body metallic parts shall act as 
thermal interface. C See design review 

[AD1] 

CLAS3_270 No redundant electronics. C See design review 
[AD1] 

CLAS3_300 Qualification temperature -55oC to +110oC NC 
Not verified within 

this project but 
verified in [RD2] 
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 VERIFICATION CONTROL DOCUMENT 
 
Unique 
Req. ID 

Requirement Compliance 
Statement 
(See note 1) 

Remarks and 
Justifications 
 

CLAS3_010 The sensor provides absolute angle 
measurement. C See design review 

[AD1] 
CLAS3_020 The sensor measurement range covers 360º. C See design review 

[AD1] 
CLAS3_030 Measurement accuracy is ±0.01o Partially C See §3.7 and §3.8 

CLAS3_040 Maximum supported speed 25º/second TBD To be verified. 

CLAS3_050 The allowed noise per bit should be less 
than  0.3·LSB Vrms C Verified in 3.6 

CLAS3_060 Temperature stability < 50ppm/oC NC 
Results are not 
definitive due to 
testbench 
mechanical issues 

CLAS3_070 Repeatability <0.1% C Verified in 3.8 

CLAS3_080 Linearity <0.1% C Verified in 3.7 

CLAS3_100 
The CLAS sensor should be able to operate in 
LEO, MEO and GEO orbits, as well in Earth 
environment. 

C 
Materials are 
within ESCC, to 
be stated in DML 

CLAS3_110 Lifetime for storage and ground operations 5 
years. C Materials are 

within ESCC 

CLAS3_120 Lifetime for orbit operations 15 years. C 
Materials are 
within ESCC and 
electronics is 
space qualified 

CLAS3_200 Connector C See design review 
[AD1] 

CLAS3_210 Type of protocol RS422/RS485 
(serial)57.6Kbaud or 115.2Kbaud C Verified in 3.4 

CLAS3_220 Supply voltage within +5.0V to +6.0V. C Verified in 3.5 

CLAS3_230 Reset voltage within +5.0V to +6.0V 
 C Verified in 3.5 

CLAS3_240 Input power <2.5W C Verified in 3.5 

CLAS3_250 The system reference shall be connected to the 
sensor body metallic parts. C See design review 

[AD1] 

CLAS3_260 The system body metallic parts shall act as 
thermal interface. C See design review 

[AD1] 

CLAS3_270 No redundant electronics. C See design review 
[AD1] 

CLAS3_300 Qualification temperature -55oC to +110oC NC 
Not verified within 

this project but 
verified in [RD2] 
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 VERIFICATION CONTROL DOCUMENT 
 
Unique 
Req. ID 

Requirement Compliance 
Statement 
(See note 1) 

Remarks and 
Justifications 
 

CLAS3_010 The sensor provides absolute angle 
measurement. C See design review 

[AD1] 
CLAS3_020 The sensor measurement range covers 360º. C See design review 

[AD1] 
CLAS3_030 Measurement accuracy is ±0.01o Partially C See §3.7 and §3.8 

CLAS3_040 Maximum supported speed 25º/second TBD To be verified. 

CLAS3_050 The allowed noise per bit should be less 
than  0.3·LSB Vrms C Verified in 3.6 

CLAS3_060 Temperature stability < 50ppm/oC NC 
Results are not 
definitive due to 
testbench 
mechanical issues 

CLAS3_070 Repeatability <0.1% C Verified in 3.8 

CLAS3_080 Linearity <0.1% C Verified in 3.7 

CLAS3_100 
The CLAS sensor should be able to operate in 
LEO, MEO and GEO orbits, as well in Earth 
environment. 

C 
Materials are 
within ESCC, to 
be stated in DML 

CLAS3_110 Lifetime for storage and ground operations 5 
years. C Materials are 

within ESCC 

CLAS3_120 Lifetime for orbit operations 15 years. C 
Materials are 
within ESCC and 
electronics is 
space qualified 

CLAS3_200 Connector C See design review 
[AD1] 

CLAS3_210 Type of protocol RS422/RS485 
(serial)57.6Kbaud or 115.2Kbaud C Verified in 3.4 

CLAS3_220 Supply voltage within +5.0V to +6.0V. C Verified in 3.5 

CLAS3_230 Reset voltage within +5.0V to +6.0V 
 C Verified in 3.5 

CLAS3_240 Input power <2.5W C Verified in 3.5 

CLAS3_250 The system reference shall be connected to the 
sensor body metallic parts. C See design review 

[AD1] 

CLAS3_260 The system body metallic parts shall act as 
thermal interface. C See design review 

[AD1] 

CLAS3_270 No redundant electronics. C See design review 
[AD1] 

CLAS3_300 Qualification temperature -55oC to +110oC NC 
Not verified within 

this project but 
verified in [RD2] 

 

EMX-CLA3-TN-0091 
Test Results for CLAS3 Design. Page 23 of 24 

 

 
 

 
Technical Note: EMX-CLA3-TN-0091 for CLAS3 project. © emxys 2019 

Avda. Universidad S/N · Ed. Quorum IV, Parque Científico UMH, 03202 Elche Spain. 
 

Unique 
Req. ID 

Requirement Compliance 
Statement 
(See note 1) 

Remarks and 
Justifications 
 

CLAS3_310 
Acceptance temperature should be within a 
range -55oC to +70oC in              
compliance to ECSS-Q-ST-30-11C Rev 1. 

NC 
Not verified within 

this project but 
verified in [RD2] 

CLAS3_320 Radiation level 100 kRad. C 

Space grade 
electronic 
components will be 
used in Flight 
Model. See [RD2]. 

CLAS3_330 Atmosphere <10-5 mBar to ambient C 

Space grade 
electronic 
components will be 
used in Flight 
Model. See [RD2]. 

CLAS3_335 Maximum pressure decay -5500 Pa/s C See [RD3] 

CLAS3_350 Vibration (sine) ECSS-E-10-03A TM 
5.1.10 C See [RD3] 

CLAS3_351 Vibration (random) ECSS-E-10-03A TM 
5.1.11 C See [RD3] 

CLAS3_352 Vibration (shock) C See [RD3] 

CLAS3_360 Eigenfrequency > 200Hz C See [RD3] 

CLAS3_370 EMC ECSS-E-ST-20-07C, Annex A C See [RD3] 

CLAS3_380 ESD 1000V C See [RD3] 

CLAS3_390 
Grounding: The resistance between any test points 
along the aluminum housing for grounding shall be 
5mΩ maximum 

C Verified in 3.3 

CLAS3_400 

Quality level All parts, materials & 
processes shall be available as full ESCC 
qualified (selected in accordance to 
ECSS-Q-ST-70). 

C 
See documents 

[RD4], [RD5] and 
[RD6] 

CLAS3_410 PSA, WSA, FMECA and reliability studies 
shall be available for the sensor. C 

See documents  
[RD7], [RD8], 
[RD9] and [RD10] 

CLAS3_420 Failed units in 106 hours (reliability)
 <0,15. C See [RD2] 

CLAS3_500 

The manipulation of the sensor shall not 
harm the integrity of the operators that 
handle the system due to mechanical 
issues. 

C See [RD2] 

CLAS3_510 
No risk of electrical shock shall result due 
to the voltages or currents inside the device 
during human handling. 

C See [RD2] 
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Review of RIDs to delivered documentation.

RIDs in previous EXCEL archives:

- EMX-CLA3-RID-0001-ISS03_RRMeeting (CLOSED)

- EMX-CLA3-RID-0002-ISS03_DR (CLOSED)

- EMX-CLA3-RID-0003-ISS02_TRR (Actions closed, to be 
reviewed)

RIDs for FR:

- EMX-CLA3-RID-0004-ISS01_FR 

3. Discussions of RIDs.

15



Closure configuration control is listed in

- See document EMX-CLA3-CCD-ISS01 Contract Closure 
Documentation 

4. Review of closure documents
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Roadmap:

- Develop three angular sensors for terrestrial aeronautical, defense 
and terrestrial applications. (timeframe 2020)

- Ø 6cm - 12-bits (0.1º).

- Ø 9cm - 16-bits (0.01º).

- Ø 15cm  - 19-bits (0.001º).

- Reach TRL9 with a flight opportunity and follow the line of three 
sensors described above.

Actions:

- ESA Open Space Innovation Platform - OSIP  (10k CCN for market  
and applicability study) - Submitted

- ESA ESA AO/1-10147/20/NL/MH Invitation to Tender for 
Announcement of Opportunity for Technology Transfer Proof of 
Concepts (28/2 deadline) – 6 months study

- GVA project (timeframe)

5. Review of follow up actions and roadmap

17



Actions:

- ESA Open Space Innovation Platform - OSIP  (10k CCN for market  
and applicability study) – Submitted

- ESA ESA AO/1-10147/20/NL/MH Invitation to Tender for 
Announcement of Opportunity for Technology Transfer Proof of 
Concepts (28/2 deadline) – 6 months study

- Sensor modifications for cost competitive solution
- Prototype implementation
- Test

- GVA project (12 months starting 01/04)

- Sensor product line implementation
- Promotion & market activities

5. Review of follow up actions and roadmap
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6. AoB & Conclussions

- Contactless angular sensor ECSS compliant; FMECA, PSA, WCA 

available; No catastrophic failures guaranteed.

- Error within 0.01o (16 bits) for -55oC to +90oC after calibration

- +5V supply, 2.25W worst case consumption, RS485 interface

- All electronics within the enclosure

- Our aim is to set a market product in early 2021.
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