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1. INTRODUCTION

1.1 LRR PROCUREMENT APPROACH

The Laser Retro Reflector (LRR) for GOCE is procured through the European Space Agency (ESA), with the same
procedure adopted for the LRR of CryoSat. The LRR procurement specification written for CryoSat (ref. [AD 1])
applies also to the GOCE LRR, with the specific amendments indicated in the present document.

1.2 SCOPE

The purpose of this document is to define the technical specifications and the scope of the work for the design,
manufacturing, testing and delivery of two flight models (FM) of the Laser Retro Reflector (LRR) for the GOCE
mission. This is performed by recalling the sections of [AD 1] and indicating the amendments to these sections
where applicable (i.e. in case of relevant differences between the CryoSat case and the GOCE case). In the
framework of the present specification, the applicable document [AD 1] must be read by replacing the satellite
name CryoSat with GOCE.

2. APPLICABLE AND REFERENCE DOCUMENTS

2.1 APPLICABLE DOCUMENTS

[AD 1] Laser Retroreflector (LRR) Procurement Specification, CS-RS-DOR-LR-0001 Issue 2, 11.02.03 (see Annex 1).

[AD 2] Minute of the LRR Array Procurement Meeting, CS-MN-DOR-LR-0240, 06.03.2003 (see Annex 2)

2.2 REFERENCE DOCUMENTS

The reference documents recalled in section 2.3 of [AD 1] apply, with the following clarification:

The issue of the RD /1/ CS-MN-DOR-LR-0001, LRR Array Clarification Meeting, is the Draft 2.
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3. TECHNICAL BASELINE

3.1 BASIC TECHNICAL PARAMETERS

The contents of section 3.1 of [AD 1] apply, with the following amendments:

• Cross section of the retro-reflector system ≥0.7⋅10-6 m2

• RMS target error (intended as the knowledge accuracy of the reference reflection center w.r.t. the LRR
mounting interface) ≤ 1 mm RMS

• Field of view ≥ 130 deg (full cone angle)
• Mass of the GOCE LRR unit < 0.5 kg

Reference numbers shall be engraved on both flight units, e.g. LRR-01 and LRR-02. Likewise, the flight direction
shall be indicated on both units.

The reflectors shall be provided with baffles in order to ensure the proper operation of the LRR from the GOCE
orbit at the mean altitude of 250 km.

3.2 TECHNICAL DESCRIPTION

The contents of section 3.2 of [AD 1] apply, with the following amendments:

2.2 Specifications

2.2.3 The range finding correction factor relative to the LRR reference point (the centre of the mounting surface)
shall be defined for the GOCE LRR configuration and shall have an uncertainty ≤ 1 mm RMS.

2.2.9 Overall dimensions of the GOCE LRR (including baffles of the reflectors): ∅ 125 mm ×57 mm.

2.2.11 The materials and coatings of the LRR shall withstand the high ATOX fluence without degradation during
the lifetime of the satellite.

2.2.12 The qualification temperature range of the LRR shall be between –125 °C to +125 °C.

2.3 Complete Delivery Set

The complete delivery set of the described equipment shall include:
• GOCE LRR - 2 completely assembled flight units;
• Technical Description and Operation Manual - 2 copies (of for each LRR);
• Passport-certificate (certificate of compliance) - 2 copies (of for each LRR);
• Dimensional Drawings - 2 copies (of for each LRR);
• Stowing Containers and reflector protection caps - 2 sets (one for each LRR).

The Technical Description and Operation Manual shall include test reports on all tests performed on each of the two
flight models before delivery to the customer.

2.6 Marking, Container Sealing and Packing

2.6.1 GOCE-LRR-01 (LRR-02 for the second unit) Laser Retro Reflector designation and Serial No. is inscribed
on equipment housing.
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On completion of testing, the equipment placed inside a protective cover is stowed sealed in the container.
The inscriptions “Glass” and “Not to be tipped” are made on the outside of the packing.

3.3 ICD

The contents of section 3.3 of [AD 1] shall be amended with the drawings relative to the LRR configuration for
GOCE, recalled in Figure 3.3-1 (ref. [AD 2]).

In addition, an arrow indicating the flight direction and the reference hole shall be marked on the LRR.

3.4 MECHANICAL TEST REQUIREMENTS

Each LRR Flight Unit shall be submitted to random vibration and shock vibration according to Table 3.4-1. Test
results shall be included in the Technical Description and Operation Manual.

Random vibration

Single direction, t = 3 min

Frequency range, Hz

20 – 100
100 – 200
200 – 400
400 – 500
500 – 1000
1000 – 2000

Spectral density of acceleration,
g2/Hz

0.02
0.02 – 0.07
0.07
0.07 – 0.05
0.05 – 0.04
0.04 – 0.02

Shock Peak shock acceleration: ±±40 g Shock duration: 2
14+

−  ms

Three shocks in each of the three orthogonal directions

Table 3.4-1 Levels for the vibration and shock testing of the LRR FM

3.5 THERMAL TEST REQUIREMENTS

The contents of section 3.5 of [AD 1] apply.

3.6 OPTICAL TEST REQUIREMENTS

The reflection pattern prior and after the mechanical tests shall be measured. Test results shall be included in the
Technical Description and Operation Manual.
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Figure 3.3-1: Configuration of the LRR for GOCE

4. OPERATIONAL MANUAL

The contents of  Attachment 2 of [AD 1] apply with the following amendments:

• The paragraph 3.2.2 of Attachment 2 shall be read without the words “small-size satellite”.
• Any premises intended for visual inspection of the LRR flight models shall be a 100 000 class clean room, in

addition to the features prescribed in paragraph 3.3.1 of Attachment 2.
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5. ACRONYMS AND ABBREVIATIONS

AD Applicable Document
ESA European Space Agency
FM Flight Model
FOV Field Of View
GOCE Gravity Field and Steady-State Ocean Circulation Explorer
ICD Interface Control Document
LRR Laser Retro Reflector
RMS Root Mean Square
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ANNEX 1: LRR Procurement Specification,                           
CS-RS-DOR-LR-0001
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ANNEX 2: Minute of the LRR Array Procurement Meeting,
CS-MN-DOR-LR-0240
































