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GBT Geometry and Coordinate
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GBT Geometry and Coordinate

 Frame #1
The Base Frame.
Unit Frame Vectors: X, Y, Z

 Frame #2
The Alidade Frame.
Origin Point-Ad
Unit Frame Vectors: Xad, Yad, Zad

 Frame #3
The Elevation Frame.
Origin Point-Ed
Unit Frame Vectors: Xed , Yed , Zed

 Frame #4
The Reflector Frame.
Origin Point-Rd
Unit Frame Vectors: Xrd, Yrd, Zrd
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 Frame #5
The Prime Focus Frame.
Origin Point-Pd
Unit Frame Vectors: Xpd, Ypd ,Zpd

 Frame #6
The Sub-reflector Frame.
Origin Point-Sd
Unit Frame Vectors: Xsd , Ysd ,Zsd

 Frame #9
The Receiver House Frame.
Origin Point-Hd
Unit Frame Vectors: Xhd, Yhd ,Zhd

GBT Geometry and Coordinate
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Sub-Reflector Platform
6 Linear Actuator
3 In Ys Axis Direction
2 in Xs Axis Direction
1 in Zs Axis Direction

Name Travel Range (mm)

Y1 2540 ~ 3454.4

Y2 2489.2 ~ 3403.6

Y3 2489.2 ~ 3403.6

X1 2819.4 ~ 4013.2

X2 2819.4 ~ 4013.2

Z1 1473.2 ~ 1955.89/20/2016, Green Bank, WV 6



Final Goal

Table.1. Acceptable pointing error. 

GBT Point 
Error

5’’ (Useful) 1.83”(Good) 1”(Better) 0.23”(Best) 0.1”(Ultimate)

Xs in EL 1.35 mm 0.49 mm 0.27 mm 0.06 mm 0.030 mm

Zs in Cross EL 1.29 mm 0.47 mm 0.25 mm 0.05 mm 0.026 mm

Zt 28.9” 10.6” 5.8” 1.3” 0.28”

Xt 35.2” 12.9” 7.0” 1.6” 0.70”

• The Frame # 6; Table data are in Sub-reflector frame.
• First Line is the Error of the GBT Point Error
• 5 level Requirement from “Useful” to “Ultimate”
• Unit is mm and arc Second
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High wind azimuth rotation test: Gusts up to 40 mph

Wind ~ 8 m/s
1 hour rotation

Azimuth
Elevation

Paul Ries (Uva)
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Concept #1 Optical Pointing Telescope

ALMA Optical Pointing Telescope (OPT)
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Concept #1 Optical Pointing Telescope
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• GBT FE Model: Deflection on Gravity at EL =50 
degree. (Unit: Inch)

• 900001 & 900002 node: OPT Mounting

Concept #1 Optical Pointing Telescope
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Concept #2 Inclinometer

Elevation Bearing 
Casting

Y Inclinometer X Inclinometer

• 0.1” Short term Accuracy
• 0.01” Resolution
• ±1 degree Range 

Inclinometer Data in One Hour. 
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Concept 1&2 Mathematic Calculation

• 𝐷𝐷 ≈ 𝐿𝐿 ∗ 𝛼𝛼
• L is the Length of the feed arm, ~60 m
• Lookup table to combine wind, gravity  and thermal.

L (60m)

Θ1

Θ2

D
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Concept 1 & 2 Summary

Two Ideas to Measure the tilt angle
• ALMA OPT: Mount on the top of the GBT feed arm.
• Inclinometer: Mount in the receiver room with a rotate 

platform.

Advantage:
• Straight idea. 
• Green bank has Inclinometer & OPT.

Disadvantage:
• Open loop.
• Error increases. (Need other device to clean the error).
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Concept #3 Laser Ranger

Sub-reflectorc

Laser Targets Assume sub-reflector movement is only translation. 
• One Position Sensing Detector ( Laser on reflector frame (~60 m) 

or receiver room (~15m) ) 
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Concept #3 Laser Ranger

Sub-reflectorc

Laser Targets Otherwise
• Three Position Sensing Detectors.
• Mount at a 45 degree different.
• By iteration to calculate the tilt and translation
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Summary

• Is my idea possible?
• Do you have a better one?

Thank You!
Q & A
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