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Faro Arm Mounting Issues

Accuracy of the Faro Arm with the Optional Tripod and Magnetic Mount

Introduction

The accuracy testing and certification of the Faro Arm by FARO Technologies, Inc., is done in a controlled environment, which ensures perfect mounting conditions. Such is not always the case in the working environments for which the Faro Arm was designed. In actual usage, the quality of the setup depends on the stability of the floor and the work surfaces, and may also be subjected to external loads or vibration. Even the mounting hardware may introduce some inaccuracy, by deflecting under the torque of the internal-counter-balance spring.

While the external factors fall under the control of the users, deflection internal to the mounts supplied by FARO Technologies, Inc. must be evaluated, in order to predict the amount on inaccuracy added by such equipment. The purpose of this document is to provide accuracy data for the Faro Arm, mounted to the optional tripods and magnetic mounts.

Summary

Several accuracy tests were done with the Faro Arm mounted to the optional Brunson tripods and the magnetic mounts. In all the cases tested, the Faro Arm demonstrated single-point repeatability and volumetric performance within the certified values for the models tested. The measured error was also much smaller than the values predicted from tripod deflection data. We concluded that, while the optional mounts may add some inaccuracy to the measurements, the loss of accuracy is not significant enough to affect the reported dimensions by any measurable amount.

Accuracy test results

Arm Type
20”-25” Tripod
Magnetic Mount with Riser Tube
Arm Certification value

Gold series 8’

Type G08-02
0.002”

0.051 mm
0.002”

0.051 mm
0.0020”

0.051 mm

Gold series 12’

Type G12-02
0.004”

0.102 mm
0.004”

0.102 mm
0.0047”

0.119 mm

Table 1. Single-point repeatability test results

Arm Type
20”-25” Tripod
Magnetic Mount with Riser Tube
Arm Certification value

Gold series 8’

Type G08-02
0.002”

0.051 mm
0.002”

0.051 mm
0.0028”

0.069 mm

Gold series 12’

Type G12-02
0.004”

0.102 mm
0.004”

0.102 mm
0.0066”

0.167 mm

Table 2. Volumetric performance test results

The data provided by Brunson Instruments indicates that the measured deflection is of the same order of magnitude for all the tripod models tested. Based on these results, it is expected that testing with the other tripod models would also result in error measurements similar to the certified accuracy for each Faro Arm type. 

Testing Procedures

Mounting of the Device

The FaroArm is designed with an internal counter-balance which produces a moment of ~25 ft-lbs. at the base.  The mounting of the FaroArm must be rigid enough to counter act this moment.

To ensure proper mounting, the defection of the base of the arm can be measured with a dial indicator or a digital inclinometer.  The lateral deflection of the arm must be less than .001 in (.025mm) as measured with a dial indicator at the top of transfer case one.

If measured with a digital inclinometer, the angular deflection of the base shall be no more than 25 µin/in of angular deflection.

Any deflection of the base will be translated directly into measurement error.

Predicted loss of accuracy from deflection measurements

We can estimate the amount of inaccuracy added to the measurements, by measuring the deflection at the mounting plate of the tripod. The tripod manufacturer, Brunson Instruments, provided the data for these calculations. Based on the deflection measurements, we have calculated the added measurement error for four tripod models.

Gold / Silver model - 28” to 42”

Stand in Lower Position:

Vertical Deflection
Stand in Lower Position:

Horizontal Deflection
Total Calculated Error
Arm  Extended to front (F) or Back(B)
Stand in Upper Position:

Vertical Deflection
Stand in Upper Position:

Horizontal Deflection
Total Calculated Error

.0001”
.0005”
0.0020”
F
.0003”
.0012”
0.0060”

.0002”
.0003”
0.0038”
B
.0002”
.0013”
0.0042”

Table 3. Deflection data for tripod model IG-7, Gold / Silver 28” to 42”

Gold / Silver model – 20” to 25”

Stand in Lower Position:

Vertical Deflection
Stand in Lower Position:

Horizontal Deflection
Total Calculated Error
Arm  Extended to front (F) or Back(B)
Stand in Upper Position:

Vertical Deflection
Stand in Upper Position:

Horizontal Deflection
Total Calculated Error

.0002”
.0011”
0.0041”
F
.0002”
.0015”
0.0042”

.0002”
.0006”
0.0039”
B
.0004”
.0015”
0.0079”

Table 4. Deflection data for tripod model IG-19, Gold / Silver 20” to 25”

Gold / Silver model – 36” to 54”

Stand in Lower Position:

Vertical Deflection
Stand in Lower Position:

Horizontal Deflection
Total Calculated Error
Arm  Extended to Front (F) or Back(B)
Stand in Upper Position:

Vertical Deflection
Stand in Upper Position:

Horizontal Deflection
Total Calculated Error

.0002”
.0005”
0.0039”
F
.0002”
.0016”
0.0044”

.0001”
.0005”
0.0020”
B
.0005”
.0020”
0.0100”

Table 5. Deflection data for tripod model IG-34, Gold / Silver 36” to 54”

Gold / Silver model – 43” to 67”

Stand in Lower Position:

Vertical Deflection
Stand in Lower Position:

Horizontal Deflection
Total Calculated Error
Arm  Extended to Front (F) or Back(B)
Stand in Upper Position:

Vertical Deflection
Stand in Upper Position:

Horizontal Deflection
Total Calculated Error

.0001”
.0006”
0.0021”
F
.0002”
.0040”
0.0060”

.0001”
.0005”
0.0020”
B
.0006”
.0026”
0.0121”

Table 6. Deflection data for tripod model IG-6, Gold / Silver 43” to 67”

Notes:
The front of the stand is considered the side with hand wheel and clamp.

The calculated error is based on a Gold 8’ Faro Arm.

Accuracy testing procedures

Single-point repeatability tests were done with the G08-02 and G12-02 models of the Faro Arm, mounted on a model IG-19 20”-25” high Brunson tripod. The object of the test was to validate the error calculations by finding the amount of inaccuracy added to the measurements due to the torque from the counter-balance spring. For each test, the Faro Arm was rotated through multiple orientations, as to maximize the loss of accuracy due to deflection at the base of the arm.

By bringing the Faro Arm in a horizontal position, maximum torque is applied on the spring, and the deflection of the base in the plane normal to the 2nd axis is also at maximum. From this position, the arm is rotated through 90 degrees around the 1st axis, producing maximum deflection in a vertical plane perpendicular to the 1st arm orientation.
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Figure 1 and 2. Single-point repeatability test – 1st orientation and 2nd orientation

Accuracy measurements with the tripod

The single-point repeatability values are reported in table 7: 

Arm Type
Tripod at Minimum Height
Tripod at Maximum Height
Arm Certification value

Gold series 8’

Type G08-02
0.001”

0.026 mm
0.002”

0.051 mm
0.0020”

0.051 mm

Gold series 12’

Type G12-02
0.004”

0.102 mm
0.004”

0.102 mm
0.0047”

0.119 mm

Table 7. Single-point repeatability test results

Similarly, we measured volumetric performance, using a certified Invar Rod kit.

Arm Type
Tripod at Minimum Height
Tripod at maximum Height
Arm Certification Value

Gold series 8’

Type G08-02
0.001”

0.026 mm
0.002”

0.051 mm
0.0028”

0.069 mm

Gold series 12’

Type G12-02
0.003”

0.076 mm
0.004”

0.102 mm
0.0066”

0.167 mm

Table 8. Volumetric performance test results

Accuracy measurements with the Magnetic Mount

The same questions regarding accuracy must be answered for the optional magnetic mount and riser tube. To this end, we gathered test data for single-point repeatability and volumetric performance for the Gold 8’ and the Gold 12’ Faro Arms, installed on the magnetic mount with the riser tube. The test procedure was identical to that used for the accuracy testing with the tripods. The images below show the orientation of the Faro Arm as it collects points for the sphere to sphere test.
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Figures 3 and 4. Orientations of the Faro Arm for the volumetric performance test
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Figures 5 and 6. Orientations of the Faro Arm for the volumetric performance test

The test measurement values are reported in tables 9 and 10: 

Arm Type
Magnetic Mount

With Riser Tube
Arm Certification value

Gold series 8’

G08-02
0.002”

0.051 mm
0.002”

0.051 mm

Gold series 12’

Type G12-02
0.004”

0.102 mm
0.0047”

0.119 mm

Table 9. Single-point repeatability test results

Arm Type
Magnetic Mount

With Riser Tube
Arm Certification value

Gold series 8’

G08-02
0.002”

0.051 mm
0.0028”

0.069 mm

Gold series 12’

Type G12-02
0.004”

0.102 mm
0.0066”

0.167 mm

Table 10. Volumetric performance test results

Comments

While the tripod deflection data predicted large error values, the accuracy tests indicated that the Faro Arms performed within specifications. This does not necessarily disprove the error calculations based on deflection, but rather demonstrates the importance of proper mounting and proper technique in using a precision measurement device. It may be difficult, in a production environment, to have ideal mounting conditions. Also, proper handling depends as much on the operators’ technique, as on their physical environment.  There may be situations where the variability due to environmental conditions is larger than the accuracy of the instrument. When it is difficult to control the process variability, it becomes necessary to perform gauge repeatability and reproducibility studies, to determine resulting measurement accuracy.
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