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1 
Introduction

This document describes the Design, Development and Verification Plan (DDVP) for the MEPS instrument. 
2 Applicable and Reference documents
2.1.1 Applicable documents

	[AD-1]
	ESA-SSA-LGR-RS-004 Issue 01, In-situ sensing Instruments Requirements Document

	[AD-2]
	ECSS-M-ST-10C, Project planning and implementation

	[AD-3]
	ECSS-M-ST-10-01C, Organization and Conduct of Reviews

	[AD-4]
	ESA-SSA-LGR-LI-0004 Issue 01, Lagrange Missions Instruments Phase A/B1 Study - Document Requirements List (ins-DRL) – named here DRL

	[AD-5]
	ECSS-M-ST-80C, Risk management

	[AD-6]
	ESA Cost Estimate template, ‘LGR-III Cost Estimate Template V1.xls’

	[AD-7]
	ESA-LGR-EST-ENV-SP-001, Issue 01, Lagrange Mission (L5) Environmental Specifications

	[AD-8]
	ECSS-Q-ST-20C Rev.1, Quality Assurance

	[AD-9]
	ECSS-M-ST-60C, Cost and schedule management, 31 July 2008

	[AD-10]
	ESA-SSA-LGR-LI-0004, Lagrange Missions Phase A/B1 Instrument Studies Document Requirements Definition (INS-DRD), Issue 01


2.1.2 Reference Documents

	[RD-1]
	ESA-SSA-LGR-RS-001, Issue 01, Lagrange Missions (L1 and L5) Mission Requirements Document

	[RD-2]
	ESA-SSA-LGR-RS-002, Issue 01, Lagrange Missions (L1 and L5) System Requirements Document

	[RD-3]
	SWE-OHB-DD-0023_L5 Final Report_Issue 1.1, Final Report SWE-X Study, Enhanced Space Weather Monitoring System Study (Phase 0) L5

	[RD-4]
	SWE-OHB-DD-0011_L1 Final Report_Issue 1.1_Signed Final Report SWE-X Study, Enhanced Space Weather Monitoring System Study (Phase 0) L1

	[RD-5]
	AirbusDS-SWE-DD0011 L1 and L5 Final Report Issue 1, Review 2, Final Report SWE-X Study, Enhanced Space Weather Monitoring System Study (Phase 0) L1 + L5

	[RD-6]
	MSSL-LGR-RP-18006: Instrument Design and Definition Report - MEPS


3 Definitions and Abbreviations

3.1 Definitions

	Item
	Definition

	
	


3.2 Abbreviations

	ADC
	Analogue Digital Converter

	CAD
	Computer Aided Design

	DPU
	Data Processing Unit

	EFM
	Electrical Functional Model

	EGSE
	Electronic Ground Support Equipment

	EM
	Electrical Model

	EMC
	Electro-Magnetic Cleanliness

	EPT
	Electron Proton Telescope

	FEE
	Front End Electronics

	FFT
	Full Functional Test

	FM
	Flight Model

	FoV
	Field of View

	FS
	Flight Spare

	HET
	High Energy Telescope

	KIP
	Key Inspection Point

	LND
	Lunar Lander Neutrons Dosimetry Experiment

	MEPS
	Medium Energy Particle Spectrometer

	MGSE
	Mechanical Ground Support Equipment

	MIP
	Mandatory Inspection Point

	LVPS
	Low Voltage Power Supply

	P-EFM
	Prototype-Electrical Functional Model

	p-EQM
	Prototype-Engineering Qualification Model

	PFM
	Proto-flight model

	SFT
	Short Functional Test

	SO
	Solar Orbiter

	STM
	Structure Thermal Model

	TRL
	Technology Readiness Level


4 Instrument overview including major functional elements and subsystems

4.1 Design Overview

The MEPS instrument is a particle instrument measuring the energy spectra and angular distributions of energetic electrons (30-600 keV) and ions (30-6000 keV/nuc). The MEPS unit CAD model is shown in Figure ‎4‑1. MEPS unit provides two double-ended telescope pairs (sensor heads) with four view cones per pair, two dedicated for electrons and two for ions. The following key elements are responsible for MEPS functional performance:

· Two sensor heads, each of which include two telescopes and each telescope consists of a stack of three solid-state detectors.

· FEE (Front End Electronics) or pre-amp boards between the sensor heads and the Analogue board.

· Analogue board including the ADCs.
· FPGA-based digital board for sensor control, interfaces, counters and electrical interfaces to the DPU.

· LVPS (Low Voltage Power Supply) board.
4.2 Performance table

The technical parameters for MEPS are indicated in Table 4‑1:

	Parameter
	Method
	Performance

	Energy measurement
	Energy loss, full stopping range
	**30keV/n-6MeV/n for protons-ions

30keV-1MeV for electrons

	Measured particles
	(E-E method
	Electrons, alpha particle, CNO group  (goal:  resolve He3  and  He4,  C,  N  and  O,  Si/Ne,  Fe,  Ni,  plus  single  a  measure  for heavier ions).

Good resolution of ions from 1.5MeV/n

	Energy channels for the energy range of the ions.
	Electronics based
	MEPS will have either 32 or 64 energy channels for ions, depending upon instrumental configuration.



	Energy  channels  for  the  energy  range  of  the electrons.
	Electronics based
	MEPS baseline configuration is to have 16 electron channels for the energy range of the electrons. 

	FoV
	45° Full angle
	MEPS covers this requirement by using multiple sensor heads each having a 45° full opening angle to obtain critical pitch angle information.

	Pointing directions
	Parker spiral
	The MEPS instrument shall  be  centred  at  the  ecliptic  plane  and  look  along  the  Parker spiral. 
(Goal: Two oppositely directed sensors, along and opposite to the Parker spiral and centred in the ecliptic plane). Two additional double FoVs will cover the almost perpendicular to the parker-anti-parker direction.

	Front-end electronics
	Kiel Direna concept
	Amplification chain: Charge sensitive preamplifiers+ shapers+ADCs + FPGA based processing solution

	Measurement cadence
	Required 5 minutes (1 min).
	Currently the MEPS instrument (based upon the Solar Orbiter EPT instrument) can operate at a cadence of 15 seconds to obtain 3D VDFs and produces a telemetry rate of 13kbps.  Using appropriate scaling, there is no issue in MEPS providing both the requirement and goal measurement cadence.

	Data products
	Energy spectra
	Spectra, PHA, counters, Housekeeping, high-time resolution data


Table 4‑1: MEPS technical parameters

4.3 Preliminary Mechanical Design Report

One unit MEPS consists of mainly three subassemblies of which CAD screenshots are shown in Figure ‎4‑1, Figure ‎4‑12, and Figure ‎4‑13. 
•
Electronics module containing the power, analogue, digital and preamplifier boards.

•
MEPS-A sensor

•
MEPS-B sensor

In the current baseline design, an Aluminium box houses the electronic module boards. On the top plate of Ebox, the sensor heads are mounted and the detectors are connected to the pre-amp boards via holes in the Ebox top plate. A more representative design will be finalised after instrument accommodation is better defined and corresponding thermal and structural analysis is performed.

Also, external grounding stud, purge connector as well as red-tag covers will be incorporated in the design in the detailed design phase.

MEPS needs for be mounted on a bracket to fulfil its FOV requirements. The design and procurement of this bracket is TBC between the unit and the S/C.

[image: image1.emf]
Figure ‎4‑1: MEPS unit conceptual design CAD-model.
[image: image2.png]



Figure ‎4‑2: MEPS boards on the electronics module.
[image: image3.png]



Figure ‎4‑3: MEPS sensor head (1 unit has 2 sensor heads).
4.4 Electrical Design

Block diagrams of the MEPS electronics are shown in Figure ‎4‑4 and Figure ‎4‑5. MEPS electronics has four boards:

1. Preamplifier board

a. Charge Sensitive Preamplifiers for the detector signals

2. Analogue board

a. Shaping the signals from the preamps and convert to digital ADC values

b. The FPGA on this board detects the peak of the shaper signals

c. Builds the PHA data

d. Contains the housekeeping ADC

3. Digital board

a. Builds the data products

b. Manage the communications with the DPU

4. Low Voltage Power Supply (LVPS) board

a. Supply different voltages to the different boards.
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Figure ‎4‑4: MEPS Block diagram
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Figure ‎4‑5: MEPS instrument function block diagram

5 General design and engineering considerations
5.1 Heritage
The MEPS instrument is an evolution of the heritage EPT sensor head from EPT-HET instrument on board Solar Orbiter. The overall requirement is that design changes from EPT shall be as small as possible. The design and engineering considerations by subsystem/area are summarised in Table ‎5‑1.
	Area
	Considerations
	Notes

	Sensor head
	A thin detector will be added in MEPS compared to the two thicker detectors in EPT. The design and assembly of the detector stack should be verified.
	Thus, three detectors are used in one stack. This is a small number compared to LND on Chang’E-4.

	Electrical Design
	No major updates in electronic design are foreseen. 
	

	Mechanical/Thermal Design
	The thermal design will be passive as SO units but depending on the final unit location on the S/C the thermal design needs to be updated.
The mechanical design will be adapted to the requirements of Lagrange for MEPS.
	

	FPGA firmware development
	FPGA code will be updated compared to the EPT-HET unit.
	


Table 5‑1: Design and Engineering Considerations
6 Technology plan

6.1 Introduction

MEPS unit is strongly based on a heritage instrument EPT in EPD/EPT-HET unit on board Solar Orbiter and except the detector stack for the MEPS telescope the application of new technologies required are limited. The TRL levels are listed in Table ‎6‑1.
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Table 6‑1: MEPS Subsystem current TRL Level (as of Feb 2018)
7 Model philosophy

7.1 Requirements

A number of issues will drive the model philosophy:
1. Verification of the instrument functionality. While the MEPS instrument is based on heritage designs, the mechanical design will be different, at least as regards the interface to the spacecraft. This means that re-qualification will be needed, at some level.

2. The requirements of the spacecraft test programme. Certain models with certain capabilities will be needed for the tests that will be executed.
3. The number of flight units that will be required by the programme, including flight spares.

7.2 Instrument Design Verification
The MEPS instrument is based on the EPT instrument on the Solar Orbiter mission. An electrical/mechanical prototype of the sensor will be developed to address the first design point. The mechanical interface will be proven via the STM programme. 

Structure Thermal Model – The thermal environment of the MEPS is very different to the heritage EPT instrument. On that basis an STM will be built in order to qualify the thermal design.
Electrical Functional Model – An electrical functional model will be required for developing the MEPS firmware. It is also needed for the spacecraft test programme and is described below.
The majority of qualification will be completed on a PFM model if we don’t opt for a properly defined p-EQM.
In case of using a proper p-EQM, it will be built as early as possible, when the EEE flight quality parts are available. After STM has been tested and the thermal and structural design verified, the mechanical parts for this p-EQM model can be manufactured. This means that the p-EQM and (P)FM model developments will be mostly in parallel.

Use of a proper p-EQM MEPS TBD and will be decided based on cost, schedule and the results of the preceding STM and EFM tests and inputs from In-situ consortium.

7.3 Spacecraft test programme

The details of the spacecraft test planning are not available. The assumption made here is that only one model will be delivered to the spacecraft programme before the first flight model:
Electrical Functional Model: A unit with the same electrical interfaces as the flight model, but not otherwise mechanically representative. The unit will run the same software as the flight model, but may not have a detector system. It will be representative of EMC, parts quality is TBD.
No deliverable Structure Thermal Model instrument is planned.
7.4 Deliverable Models

It is assumed that an Electrical Functional Model (D-EFM), a (Proto)-Flight Model ((P)FM) and a Flight Spare (FS) will be delivered. 

7.5 Instrument Model Summary

The following models of the MEPS are foreseen; summary is shown in Table 7-1:
1. Structural Thermal Model (STM)

Note: STM is a non-deliverable model.

2. Electrical Functional Model (EFM) 
Note: Two EFM will be built and one is deliverable.
The one which is deliverable is called: EFM
The one that will remain in CAU and In-situ consortium is called: P-EFM (Prototype-Electrical Functional Model)
Both P-EFM and EFM can be used to support system level DPU interface tests.

3. Prototype Engineering Qualification Model (p-EQM)
The definition and scope of the p-EQM is TBD.
4. (Proto) Flight Model ((P)FM)

Depending on the qualifications on p-EQM and previous models, FM or PFM approach will be followed. TBC.
5. Flight Spare (FS)
	STM
	EFM (x2)
	p-EQM
	(P)FM
	FS

	Representative of mass, power and structure, structural and thermal interfaces


	Representative model for electrical and data interfaces. 

Used for engineering tests and limited EMC tests
	Qualification model tested to qualification level 
	Flight or proto-flight model 
	Flight spare 


Table 7‑1: MEPS model philosophy summary
8 Qualification and acceptance approach

8.1 General

Some qualification level tests will be carried out on earlier models, as indicated below. The final test and verification matrix will be agreed based on the decided model philosophy and project requirements and constraints.
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Table 8‑1: MEPS models testing program

8.2 STM

The STM will act as a high-fidelity model for:

· Qualification of primary structure by test

· Verification of structural mathematical model

· Qualification of thermal design by test

· Verification of thermal mathematical model

The STM will be flight representative in mass, centre of gravity, stiffness, mounting, shape, and internal power dissipation, and will have flight standard structure and thermal characteristics.
8.3 Electrical Functional Model (EFM) 

MEPS two EFMs are high fidelity and reflect the design concepts and function prior to the more representative models. Two EFM will be built and one is deliverable. The one that is deliverable is called D-EFM and the one that will remain in CAU and In-situ consortium is called EFM. Both EFM and D-EFM can be used to support system level DPU interface tests.

The D-FEM is deliverable to the In-situ suite and also to S/C, the D-EFM is a high fidelity model for:

· Verification of all electrical and software interfaces 

· Verification of subsystem and instrument performance within system environment verification of system performance 

· Verification of operational procedures 

· (Verification of electro-magnetic compatibility (TBD))
The EM will have flight standard electronics design, but electronic components may be commercial from the same supplier as the PFM parts. Single channels are acceptable, if a sensor contains multiple similar channels. Solid-state detectors may be replaced by corresponding capacitances.

8.4 p-EQM

The p-EQM exact definition is TBD. If p-EPQ is a formal EQM it will be flight representative except for the (in some cases) lower quality of the electronics parts (military parts) and is not a deliverable model. Preferably, TBC, the qualification and acceptance thermal vacuum tests will be performed on the p-EQM model and will be checked against the thermal mathematical model of these tests if we choose a FM model philosophy.
The development of a forma EQM will be confirmed based on the schedule and budget. In case of no EQM, a Proto-Flight (PFM) approach will be followed and in case of developing an EQM, a Flight Model (FM) approach will be selected. 
8.5 (P)FM
In case of having an EQM, the FM will be subject to a full set of acceptance tests at acceptance level and acceptance duration. In addition, in case of no EQM, the PFM will be subject to a full set of qualification tests at qualification level and qualification duration.
8.6 FS
The FS will be subject to acceptance level and acceptance duration environmental tests. 

9 Overview of design and verification limitations and constraints

9.1 Design Constraints

The design constraints are discussed in the Instrument Technical Description [RD-6].
9.2 Verification Constraints
The mechanical, thermal and electronic aspects of verification are not significant and can be fulfilled by standard test procedures.
The characterization of the scientific performance can only occur in a limited number of test facilities. These are located at:
· University of Kiel facilities 
· HIMAC (Heavy Ion Medical Accelerator in Chiba) in Japan
· PTB in Germany

10 Instrument design and development flow

10.1 Summary

The design and development flow of the MEPS instrument is shown in Figure ‎10‑1. Depending on the design maturity, adequate verifications and models will be considered. Most of the activities in the QM and FM development will be in parallel and based on the successful verification results of their precedents models, i.e. STM and EM. 
The MEPS design and development plan is aligned with the master schedule.
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Figure ‎10‑1: MEPS Instrument Design and Development Flow
11 Instrument integration flow

11.1 Overall AIT summary

MEPS sensor heads share a common Ebox. By doing so parts of the control logic, the power supply as well as the data interface can be used by both detectors. Both sensor heads are connected to this Ebox. Most sensor heads calibration occurs sequentially through fixed calibration setups. The telescopes are then integrated with the Ebox followed by unit-level testing and calibration. The MEPS unit is built up by integration of three main subassemblies as MEPS-A sensor, MEPS-B sensor and Ebox explained in previous sections. The AIV process is seen in Figure ‎11‑1. After assembly the EPT-HET unit goes through a full functional test followed by environmental tests and planned calibration.
[image: image9.png]MEPS unit subassemblies

KIP2: Inprocess inspection
KIP3: Outgoing inspection

MIP1: Test readiness review
MIP2: Post test review
MIP3: Delivery review board





Figure ‎11‑1: MEPS unit AIT flow

11.2 MEPS sensors (A&B) assembly 
MESP sensor heads (A&B) components are fabricated and assembled in parallel for efficiency, however AIV activities follows a staggered schedule optimizing use of team and facility resources. Each of MEPS sensors consists of the solid-state detectors (SSD), magnets, mechanical parts and front-end electronics (FEE).
The SSDs and magnet system assembly are characterized before sensor assembly. At various stages of sensor assembly, the sensor is verified against requirements before instrument integration begins. Initial sensor testing uses radioactive sources for stimulus. The magnet systems will be tested and characterized prior to assembly. The far field will be re-measured after assembly of the unit. Before being integrated with Ebox assembly an electrical bench test is performed to verify functionality.
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Figure ‎11‑2: MEPS sensors (A&B) AIT Flow

11.2.1 Details of the detector stack qualification

During the predevelopment phase, the company “Micron Semiconductor Ltd” is contacted for the MEPS detector stack procurement. Based on the initial discussions, Micron Semiconductor Ltd will qualify the detector stack before delivery for FM model. This option can be required for the detectors for EFMs as well. The qualification at subassembly level either will be under NASA standards (the exact standard TBC with Micron Semiconductor Ltd later) and/or in the scope of the Lagrange mission mechanical and thermal load profile and in a representative environment in terms of load and form.

As STM is not a deliverable, MEPS team is considering to work in a modular sensor head mechanical sub-assembly that can incorporate later of a detector stack full package and to shake it to the mission qualification level.
11.3 MEPS Ebox assembly
MEPS sensors (A&B) share a common Ebox that includes the analogue board, digital board, power board and two preamp boards for each of the two sensor heads. The electronics are assembled in to the Ebox as per the drawing package, and integrated with the sensor after some preliminary tests. The assembly steps of each electronic board are depicted in Fig. 11-3. Figure 11-4 shows Ebox assembly steps.
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Figure ‎11‑3:  MEPS electronic boards AIT Flow
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Figure ‎11‑4:  MEPS EBox AIT Flow

12 Test sequences for instrument development models and flight models

The tests and different models are described in Section 8. A summary of the required tests can be seen in Table 8-1. Any environmental test will be precede and followed by a unit functional test when is applicable.
13 Definition of special test equipment and facilities

13.1 Introduction

In general existing test equipment and calibration facilities will be utilized. 

13.2 EGSE

During the assembly of MEPS units, functional tests and verifications some test equipment are needed as flowing:

· Harness (appropriate power and data cables) 

· Interface emulator or SpaceWire bricks to provide the DPU command and telemetry protocols and electrical interface 

· Power supply 

· Connector savers from flight connector stock will be used on the flight unit connectors to minimize mate/de-mate cycles 

· General electrical tools such as oscilloscopes, voltage / current probes etc.

13.3 MGSE

The Mechanical Ground Support Equipment will consist of the following elements:

· ESD safe bench 

· General mechanical tools (plier, torque wrenches, etc.) 

· Purge GSE

· Transport containers (for instrument and test equipment)

· Calibration System

· Electron beam

· Radiation sources to simulate particle environment 

13.4 Facilities

Depending on the type of test, preferably the same test houses that have been used for EPD-Kiel units for Solar Orbiter will be used as below:

· CAU clean room for assembly

· CAU thermal vacuum chamber for thermal balance and thermal cycling tests and bake out
· Airbus DS Environmental Test laboratories in Portsmouth for vibration and EMC

· Airbus DS at Stevenage for DC magnetic tests

· ZARM FAB at Bremen for vibration (for development tests)
· Treo at Kiel for EMC (for development tests)
Otherwise, the other test facilities will be selected.

14 Description of suite/spacecraft level activities

The following activities are expected at suite level:
1. Electrical interface tests to DPU

2. Data interface tests to DPU

3. All-up suite-level data tests
4. FDIR actions verification with DPU

5. Suite-level operations test

6. Suite-level EMC test (to be decided)

The following activities will be required at spacecraft level:

1. MEPS is a versatile unit which is configured using configuration tables in EEPROM. These can be uploaded by telecommand. This activity (read/write EEPROM) needs to be tested.

2. We expect that MEPS configuration tables can be updated during S/C AIT activities.

3. Functional tests, commanding through Data interface tests to DPU and S/C
4. All-up suite/satellite level data tests

5. S/C level operations test

6. S/C level EMC test

15 Hardware and software breakdown

The draft hardware and software breakdown is shown in Table ‎15‑1.
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Table 15‑1: MEPS Hardware/software matrix 
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