FARO laser-tracker specification formulas 2 
The performance specifications for FARO Laser Trackers built after January 4, 2006, are given in Table 1. Measurement accuracy is affected not only by tracker performance but also by the variation in air temperature, as quantified in Table 2.  

	Tracker subsystem
	Symbol
	Maximum Permissible Error
	

	Interferometer (IFM)
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	Absolute distance meter (ADM)
	
[image: image3.wmf]ADM

e


	
[image: image4.wmf]m

m

8

.

0

m

20

m

m

×

+

L


	(2)

	R0 parameter (R0)
	
[image: image5.wmf]0

R

e


	20 m
	(3)

	Transverse
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TABLE 1: Quantities related to tracker performance

	Measurement type
	Symbol
	Error
	

	Radial (IFM or ADM)
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	Transverse
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TABLE 2: Quantities related to air temperature

The geometrical arrangement of a tracker that measures the coordinates of points 1 and 2 is shown in Figure 1. From these coordinates, the length d is determined. The maximum permissible error (MPE) in this length measurement is the maximum error permitted by the performance verification tests. The MPE of measured length d is calculated using Equation (7) below. In this equation, the quantities that contain the subscripts R1 or R2 refer to either the IFM or ADM specifications in Table 1, depending on whether the IFM or ADM is used. 
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FIGURE 1: Tracker geometry
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The angles 
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 are positive in the directions shown in Figure 1 and negative in the opposite directions. The quantities 
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 are calculated using Equations (1) – (4). The subscript 1 refers to path 1 and the subscript 2 refers to path 2. So, for example, 
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 are calculated using Equations (5) and (6). The quantity 
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 in Equation (5) is the average temperature of the air through which the laser beam passes minus the temperature of the air at the tracker’s air temperature sensor. For a laser beam that travels through path 2, 
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. The quantity 
[image: image28.wmf]EFF

x

T

)

(

¶

¶

 in Equation (6) is the maximum effective thermal gradient in the direction transverse (perpendicular) to the path of the laser beam. Transverse temperature gradient is defined as the number of degrees of temperature change per unit distance in the direction transverse to the laser path. For path 1, 
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. In ordinary factory environments, the last four terms in Equation (7) – the thermal terms – can be ignored. In the testing of laser trackers at the FARO factories and service centers, these thermal terms in Equation (7) are omitted in the calculation of MPE.  

A special case is the outside buck-in measurement in which the laser tracker is aligned with points 1 and 2 as shown in Figure 2.
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FIGURE 2. Tracker buck-in geometry

Point 1 establishes the reference for the laser tracker measurement, much as the home position establishes the reference point for many other tracker measurements. Also, in this case, the air temperature of the beam path between the laser tracker and point 1 is the same for both measurements. Under these conditions, the two coordinate measurements are correlated, permitting Equation (7) to be rewritten as
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Here the quantity 
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 refers to either the ADM or IFM specifications in Table 1. In Equations (1) and (2), the length is equal to the distance between the points; in other words, 
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, where 
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 is the average temperature of the air between points 1 and 2 minus the temperature of the air at the tracker’s air temperature sensor.

Another special case is that of the two-face measurement. In this measurement, the coordinates of a point are first measured in the usual mode, referred to as front-sight mode, and then in the backsight mode. To put the tracker in backsight mode, the azimuth axis is rotated by 180 degrees and then flipped about the zenith axis to point the laser beam back at the target. The transverse distance between the frontsight and backsight coordinates is the backsight error. The two-face test is a challenging test of tracker performance because most of the tracker transverse errors are doubled. The two-face MPE is 
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