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SECTION III: RETROREFLECTOR ARRAY INFORMATION:

A prerequisite for accurate reduction of laser range observations is a complete set of pre-launch
parameters that define the characteristics and location of the LRA on the satellite. The set of parameters
should include a general description of the array, including references to any ground-tests that may
have been carried out, array manufacturer and whether the array type has been used in previous satellite
missions. So the following information is requested:

Retroreflector Primary Contact Information:
Name:  Peng HailLong

Organization and Position: National Satellite Ocean Application Service. Professor

Address: N0.8, Dahuisi Road, Beijing, China. Postcode 100081

Phone No.: 86-10-62105667

E-mail Address: Phl@mail.nsoas.gov.cn

Array type:
O Single reflector O Spherical (® Hemispherical/Pyramid O Planar
QO other (specify: )

Attach a diagram or photograph of the satellite that shows the position of the LRA, at the end of this
document.

Attached

Attach a diagram or photograph of the whole LRA at the end of this document.
@® Attached (O Same as above, Not attached (acceptable only for a cannonball satellite)

Array manufacturer:
Wuhan University

Link (URL and/or reference) to any ground-tests that were carried out on the array:
none

Has the LRA design and/or type of cubes been used previously?
O No (@® Yes (List the mission(s): HY-2A )
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For accurate orbital analysis it is essential that full information is available in order that the 3-
dimensional position of the satellite center of mass may be referred to the location in space at which the
laser range measurements are made. To achieve this, the 3-D location of the LRA phase center must be
specified in a satellite-body-fixed reference frame with respect to the satellite’s mass center. In practice
this means that the following parameters must be available at | mm accuracy or better.

Define the satellite-body-fixed XYZ coordinates (i.e. origin and axes) on the spacecraft:
(specify) (add a diagram in the attachment)

X-axis: positive along velocity vector
Z-axis: vertical ground
Y-axis: completing the right-handed orthogonal system

Relate the satellite-body-fixed XYZ coordinates to a Celestial/Terrestrial/Solar Reference Frame
including the attitude control policy:
(specify) (add a diagram in the attachment)

X-axis: positive along velocity vector
Z-axis: vertical ground
Y-axis: completing the right-handed orthogonal system

The 3-D location of the satellite’s mass center in satellite-body-fixed XYZ coordinates is:
O Always fixed at (0, 0, 0)

@® Always fixed at ( 1440.39y | U , U.Bo ) in mm
O Time-varying by approximately ( ) mm during the mission lifetime.
Will a time-variable table of the mass center location be available on the web?
O No QO Yes (URL: )

The 3-D location (or time-variable range) of the phase center of the LRA in the satellite-body-fixed
XYZ coordinates:

( 313 ) -Z10 ) 1U0Y ) in mm

The following information on the corner cubes must also be supplied.

The XYZ coordinates referred to in the following are given in:
O Satellite-body-fixed system (same as above)

(® LRA-fixed system (specify below)
(specify the origin and orientation) (add a diagram in the attachment )

The origin is the centre of LRA, and XYZ orientations are same as XYZ orientations in the
satellite-body-fixed coordinates.
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List the position (XYZ) of the center of the front face of each corner cube, and the orientation (two
angles or normal vector) and the clocking (horizontal rotation) angle of each corner cube. Note that
the angles should be clearly defined.

O Attached at the end of this document

® Listed here (acceptable for small number (10 or fewer) of corner cubes)
(specify) (add a diagram in the attachment)

The LRA reference point is spherical centre point of LRA. The centre of the front face of each corner cube are as
following: (Fig.3)

No.1 (-61.74, -61.74,78.62) mm;

No.2 (-87.32, 0, 78.62) mm;

No.3 (61.74,-61.74, 78.62) mm;

No.4 (0,87.32, 78.62) mm;

No.5 (61.74, 61.74, 78.62) mm;

No.6 (87.32,0, 78.62) mm;

No.7 (61.74,-61.74, 78.62) mm;

No.8 (0, -87.32,78.62) mm;

No.9 (0, 0, 117.5) mm.

The definition of the orientation (a, B) of each cube with spherical coordinates as following: (Fig.4) :No.1 (48°, 225°)
No.2 (48°, 180°) No.3 (48°, 135°) No.4 (48°,90°) No.5 (48°, 45°) No.6 (48°, 0°) No.7 (48°, 315°) No.8 (48°, 270°)
No.9 (0°, 0°)

Is the corner cube recessed in its container (i.e. can the container obscure a part of the corner cube)?
O No @ Yes (specify below)

(specify) (add a diagram)

see attached drawing(Fig.3)

The size of each corner cube: Diameter (33 )mm Height (262 ) mm

The material from which the cubes are manufactured (e.g. quartz):
quartz

The refractive index of the cube material

- 1461 for wavelength A = 0.532 micron
- see attachment(Refractive Index and Dispersion) ;g , function of wavelength A (micron);

The group refractive index of the cube material, as a function of wavelength A (micron):

- 1.485
-~ 1.462@1064nm

for wavelength A = 0.532 micron

as a function of wavelength A (micron):
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Dihedral angle offset(s) and manufacturing tolerance (in arcseconds):

Dihedral angle offset: 1.6", manufacturing tolerance: 0.5"

Radius of curvature of front surfaces of cubes:

@® Not applied O Yes (specify: )

Flatness of cubes’ surfaces:
0.1 wavelength

Back-face coating:

O Uncoated ® Coated (specify the material: Coated with silver )

Other comments on LRA:

(specify) (add a reference to a study of the optical response simulation/measurement if available) (add a diagram if applicable)

The 3-D location of the satellite’s mass center in satellite-body-fixed XYZ coordinates is:
Satellite mass (kg) X_cog (mm) Y_cog (mm) Z_cog (mm)

Beginning of life 1550 1331.64 16.05 0.85

Operational mission 1550 1246.39 0 0.85

End of life 1464 1393.01 -0.14 0.90
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	Address 1: No.8, Dahuisi Road, Beijing, China. Postcode 100081
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	Phone No_6: 86-10-62105667
	Email Address_6: phl@mail.nsoas.gov.cn
	arrayType: hemispherical/pyramid
	specify array type if other: 
	Attached: On
	LRADiagramAttached: attached
	Array manufacturer: Wuhan University
	Link URL andor reference to any groundtests that were carried out on the array 1: none
	Link URL andor reference to any groundtests that were carried out on the array 2: 
	missions where LRA design or type of cubes previously used: HY-2A
	LRADesignUsedPreviously: Yes
	specify add a diagram: X-axis: positive along velocity vector
Z-axis:  vertical ground
Y-axis: completing the right-handed orthogonal system
	specify add a diagram if applicable: X-axis: positive along velocity vector
Z-axis: vertical ground
Y-axis: completing the right-handed orthogonal system
	xyzLocationOfSatelliteCoM: alwaysFixedAtXYZ
	CoM_X: 1246.39 
	CoM_Y: 0 
	CoM_Z: 0.85 
	timeVaryingNumMms: 
	ULR for time-variable table of CoM: 
	timeVaraiableTableAvailOnWeb: Off
	phaseCenterLocationY: -215
	phaseCenterLocationX: 313
	phaseCenterLocationZ: 1059
	xyzCoordinatesOfSatelliteCoM: LRAFixedSystem
	specify the origin and orientation add a diagram if applicable: The origin is the centre of LRA, and XYZ orientations are same as  XYZ orientations in the satellite-body-fixed coordinates.
	xyzPoisitionOfCenterOfFrontFaceOfEachCube: listedHere
	specify add a diagram if applicable for xyz of the center of the front face of each cube: The LRA reference point is spherical centre point of LRA. The centre of the front face of each corner cube are as following: (Fig.3) 
No.1  (-61.74, -61.74,78.62) mm; 
No.2 (-87.32, 0, 78.62) mm;
No.3  (61.74, -61.74, 78.62) mm; 
No.4  (0,87.32, 78.62) mm; 
No.5  (61.74, 61.74, 78.62) mm; 
No.6  (87.32,0, 78.62) mm; 
No.7  (61.74, -61.74, 78.62) mm; 
No.8  (0, -87.32,78.62) mm; 
No.9  (0, 0, 117.5) mm. 
The definition of the orientation (α, β) of each cube with spherical coordinates as following: (Fig.4) :No.1  (48°, 225°) No.2  (48°, 180°) No.3  (48°, 135°) No.4  (48°, 90°) No.5  (48°, 45°) No.6  (48°, 0°) No.7  (48°, 315°) No.8  (48°, 270°) No.9  (0°, 0°) 
	cornerCubeRecessed: Yes
	specify add a diagram for recessed cubes: see attached drawing(Fig.3)
	Diameter of each corner cube: 33
	Height of each corner cube: 26.2
	The material from which the cubes are manufactured eg quartz: quartz
	The refractive index of the cube material: 1.461
	refraction index of the cube material: see attachment(Refractive Index and Dispersion)
	The group refractive index of the cube material, as a function of wavelength λ (micron: 1.485
	group refractive index for for wavelength λ = 0: 
	532 micron: 1.462@1064nm

	Dihedral angle offsets and manufacturing tolerance in arcseconds: Dihedral angle offset: 1.6", manufacturing tolerance: 0.5"
	radiusOfCurvatureOfFrontSurfacesOfCubes: notApplied
	Radius of curvature of front surfaces of cubes: 
	Flatness of cubes surfaces: 0.1 wavelength
	backFaceCoated: coated
	backFaceCoating: Coated with silver
	other comments: The 3-D location of the satellite’s mass center in satellite-body-fixed XYZ coordinates is:
                                   Satellite mass (kg)     X_cog (mm)       Y_cog (mm)        Z_cog (mm)
Beginning of life                1550                       1331.64              16.05                   0.85
Operational mission          1550                       1246.39                  0                      0.85
End of life                          1464                       1393.01              -0.14                    0.90















