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Armed with Quall’ry




Technology Park, Lake Mary, FL   32746
Customer Service Department  Fast Fax


To:
FaroArm User


From:
Customer Service Department

Form:
2



8    Pages total including this page.  Contact us immediately if pages are missing or not legible.


TOPIC: Acceptance and Accuracy Certification

A.  Results of Accuracy Tests

Please initial each test to make sure they have all been performed and all the data has been recorded or attached.

Preliminary Arm Evaluation



Initials

1. Diagnostic Test:
Was the temperature stable?  Yes   or   No

________

Printout attached




________

 
2. Probe Calibration:

Probe Calibration #1
Probe Calibration #2

X



Y



Z



Tip Error



Printout attached




________

Printout attached




________

Accuracy Evaluation

1. Single Point Ball Bar - Repeatability
Printout attached




________

2. Step Gauge - Linear displacement - If available
Printout attached




________

3. Sphere to Sphere - Linear displacement - If available
Printout attached




________
Once all the tests have been performed, please fax this page and your test results to the Customer Service Department @ (407) 333-8056.

B.  Accuracy Test Standards and Definitions
FaroArm Specifications

In accordance with industry standards, FARO expresses its accuracy in terms of standard deviations or sigma.  Note: Three Sigma = (min.-max.)/2.

Gold Series 4

Accuracy Type
One Sigma (67.3%)
Two Sigma (95.5%)
Three Sigma (99.7%)

Single Point
±0.0005 in
±0.013mm
±0.0010in
±0.025mm
±0.0015in
±0.038mm

Linear Displacement
±0.0007 in
±0.018mm
±0.0014in
±0.035mm
±0.0021in
±0.053mm

Volumetric Performance
±0.0007 in
±0.018mm
±0.0014in
±0.035mm
±0.0021in
±0.053mm

Gold Series 6

Accuracy Type
One Sigma (67.3%)
Two Sigma (95.5%)
Three Sigma (99.7%)

Single Point
±0.0008in
±0.020mm
±0.0016in
±0.041mm
±0.0024in
±0.061mm

Linear Displacement
±0.0011in
±0.029mm
±0.0023in
±0.057mm
±0.0034in
±0.086mm

Volumetric Performance
±0.0011in
±0.029mm
±0.0023in
±0.057mm
±0.0034in
±0.086mm

Gold Series 8

Accuracy Type
One Sigma (67.3%)
Two Sigma (95.5%)
Three Sigma (99.7%)

Single Point
±0.0010in
±0.025mm
±0.0020in
±0.051mm
±0.0030in
±0.076mm

Linear Displacement
±0.0014in
±0.036mm
±0.0028in
±0.072mm
±0.0042in
±0.108mm

Volumetric Performance
±0.0014in
±0.036mm
±0.0028in
±0.072mm
±0.0042in
±0.108mm

Gold Series 10

Accuracy Type
One Sigma (67.3%)
Two Sigma (95.5%)
Three Sigma (99.7%)

Single Point
±0.0017in
±0.042mm
±0.0033in
±0.084mm
±0.0050in
±0.126mm

Linear Displacement
±0.0023in
±0.059mm
±0.0047in
±0.119mm
±0.0070in
±0.178mm

Volumetric Performance
±0.0023in
±0.059mm
±0.0047in
±0.119mm
±0.0070in
±0.178mm

Gold Series 12

Accuracy Type
One Sigma (67.3%)
Two Sigma (95.5%)
Three Sigma (99.7%)

Single Point
±0.0024in
±0.060mm
±0.0047in
±0.119mm
±0.0071in
±0.179mm

Linear Displacement
±0.0033in
±0.084mm
±0.0066in
±0.169mm
±0.0100in
±0.253mm

Volumetric Performance
±0.0033in
±0.084mm
±0.0066in
±0.169mm
±0.0100in
±0.253mm

Sterling Series 4

Accuracy Type
One Sigma (67.3%)
Two Sigma (95.5%)
Three Sigma (99.7%)

Single Point
±0.0010in
±0.025mm
±0.0020in
±0.051mm
±0.0030in
±0.076mm

Linear Displacement
±0.0014in
±0.036mm
±0.0028in
±0.072mm
±0.0042in
±0.108mm

Volumetric Performance
±0.0014in
±0.036mm
±0.0028in
±0.072mm
±0.0042in
±0.108mm

Sterling Series 6

Accuracy Type
One Sigma (67.3%)
Two Sigma (95.5%)
Three Sigma (99.7%)

Single Point
±0.0017in
±0.042mm
±0.0033in
±0.084mm
±0.0050in
±0.126mm

Linear Displacement
±0.0023in
±0.059mm
±0.0047in
±0.119mm
±0.0070in
±0.178mm

Volumetric Performance
±0.0023in
±0.059mm
±0.0047in
±0.119mm
±0.0070in
±0.178mm

Sterling Series 8

Accuracy Type
One Sigma (67.3%)
Two Sigma (95.5%)
Three Sigma (99.7%)

Single Point
±0.0020in
±0.051mm
±0.0040in
±0.102mm
±0.0060in
±0.152mm

Linear Displacement
±0.0028in
±0.072mm
±0.0057in
±0.144mm
±0.0085in
±0.215mm

Volumetric Performance
±0.0028in
±0.072mm
±0.0057in
±0.144mm
±0.0085in
±0.215mm

Sterling Series 10 or 12

Accuracy Type
One Sigma (67.3%)
Two Sigma (95.5%)
Three Sigma (99.7%)

Single Point
±0.0033in
±0.084mm
±0.0066in
±0.168mm
±0.0099in
±0.251mm

Linear Displacement
±0.0047in
±0.119mm
±0.0093in
±0.237mm
±0.0140in
±0.356mm

Volumetric Performance
±0.0047in
±0.119mm
±0.0093in
±0.237mm
±0.0140in
±0.356mm

Silver Series 6 or 8

Accuracy Type
Two Sigma (95.5%)
Three Sigma (99.7%)

Single Point
±.0030 in
±.076mm
±.0045 in
±.114mm

Linear Displacement
±.0042 in
±.108mm
±.0063 in
±.161mm

Silver Series 12

Accuracy Type
Two Sigma (95.5%)
Three Sigma (99.7%)

Single Point
±.0070 in
±.178mm
±.0105 in
±.267mm

Linear Displacement
±.0099 in
±.251mm
±.0148in
±.376mm

Bronze Series 6 or 8

Accuracy Type
Two Sigma (95.5%)
Three Sigma (99.7%)

Single Point
±.012 in
±.305mm
±.018 in
±.457mm

Linear Displacement
±.017 in
±.432mm
±.026 in
±.660mm

Bronze Series 10

Accuracy Type
Two Sigma (95.5%)
Three Sigma (99.7%)

Single Point
±.016 in
±.406mm
±.024 in
±.610mm

Linear Displacement
±.023 in
±.584mm
±.034 in
±.864mm

Data Analysis

· In all cases, a significant number of measurements should be taken in order to ensure that enough data is available for proper statistical analysis.  FARO recommends approximately 1000 measurements per test.

· All data should be compared to the FaroArm Specification tables listed on the previous page.

· If more than 5% of the values of any measurement of 50 or more data points shows more than +/-2 sigma at your incoming inspection, repeat to take all the data again.  If the data is still not within the +/-2 sigma the FaroArm must be sent in to FARO for further diagnosis.

· See section on Ball Bar Printout Example for an example of a Ball Bar Customer Service request to analyze accuracy problems.

· FARO recommends using the "non-biased" or "n-1" method for calculating standard deviation as described in the following equation:



nx2 -(x)2

   = 
__________________


n(n-1)

Accuracy Types
Single Point Repeatability - The ability of a device to obtain the same value of a single location during successive measurements.

Linear Displacement Accuracy - The difference between the true distance along a straight line and that indicated by the measuring device. 

Acceptable Test Pieces
Artifact


Machined Hole


ANSI Ball Bar or FARO Ball Bar


Step Gage


Unacceptable Test Pieces
Production Parts

Plastics

Sheet Metal

Composites

Rubber


Tubing

Clay Models

Castings

Fixtures

Jigs

Consistency of Measurement Techniques
· Variances in the measurement technique can significantly affect the apparent accuracy of the device.

· Single Point Ball Bar (Machined Hole):  Each data point shall be measured as a single hit.  The sampling of multiple hits for each point and reporting the average does not produce an accurate representation of the machine’s performance, and may make the arm appear to be more repeatable.

· Step Gauge:  The axis of the local coordinate system should be set along the center of the gage.  The origin should be set at the first step.  Each subsequent step shall be measured as an individual point. 
· Sphere to Sphere:  Each sphere shall be measured with the same amount of points as specified at the start of the test.  The points shall be equally spaced over the entire surface of sphere.
This document was devised to help determine if a FaroArm is within the standard accuracy specifications.  The first three Preliminary tests, in section A are used to ensure the FaroArm is working correctly.  The results of the temperature, probe calibration and ball bar tests can significantly affect the accuracy.  The next three Accuracy tests, in section B will evaluate the actual accuracy of the FaroArm.  All of the tests must be done in Caliper 3D or AnthroCAM.  All the test results need to be recorded on the Results of Accuracy Tests page and all printouts must be attached. If you have any questions about evaluating the results see section B, Accuracy Test Standards and Definitions pages.

C.  Preliminary Arm Evaluation Tests

1. Diagnostics

· Select Temperature.

· Run for 5.5 minutes.

· Was the temperature stable? Record Yes or No on the Results of Accuracy Tests page.

2. Calibrate the Factory ¼” Ball Probe

· Install the Factory ¼ “ probe.  Do not use a point probe.

· Perform two probe calibration tests on the 1” sphere.

· See the Certification section of the manual for specific procedures on how to calibrate a probe. 

NOTE: When calibrating the probe on a 2-2-2 or 2-2-3 configuration arm, please make sure the elbow of the arm is lying horizontal instead of vertical.

· Record the data on the Results of Accuracy Tests page.

D.  Accuracy Evaluation 

In evaluating the accuracy you will be performing a Single Hole Ball Bar test which will provide the repeatability evaluation and the Step Gauge or Sphere to Sphere test which will provide the linear displacement evaluation. 

1. Single Point Ball Bar - Repeatability test - This is not a single hole probe calibration.

· Under the Certification menu, select Ball Bar

· Using the calibrated ¼” probe digitize 50 points in a .200” machined hole. Be sure to rotate all the joints of the FaroArm. Measure the hole twice from 25 different directions.  Remove the ¼” probe from the hole each time a point is taken. 

· The results of this test are used to analyze single point repeatability. All the X values, Y values, Z values, and the bar values are to be analyzed. Each of these values should be within the specified bandwidth for the model of FaroArm used. 

· Evaluate the data according to section B, and subsections FaroArm Specification and Data Analysis. If the test results do not meet the required specifications, please try the test again. If after the second try the test results still do not pass please submit the data and the Results of Accuracy Test page.

2. Step Gauge - Linear displacement  - If available

· Select Step Gauge.

· With Silver arms take points in all four quadrants.  With a Bronze arm, take points in two quadrants.

· 45( and tangential = Take data every 1 inch.

· See the Certification Menu section of the manual for specific instructions on how to do a Step Gauge.

· Evaluate the data according to section B, and subsections FaroArm Specification and Data Analysis. If the test results do not meet the required specifications, please try the test again. If after the second try the test results still do not pass, please submit the data and the Results of Accuracy Test page.







Orientation 1
                                            
Orientation 2
    Figure 2

· Step Gauge Example - This test was performed using a Silver Series 8’ FaroArm and a 12” step gauge with 2” increments. 
Accumulated error: This indicates the deviation of the step’s position. This error should fall within the specified linear displacement accuracy for the arm being used. Notice in the example below that the accumulated error falls within the bandwidth specified for a Silver 8’.
Increment error: This indicates the difference between the step measured and the previous step. As long as the Accumulated Error is good, this result should not be considered in the data analysis.
(Max-Min)/2 : This is the 3-sigma result of the Accumulated Error. 
· For a more thorough evaluation, numerous step gauge tests should be performed and the data for all the test results should be analyzed together. 

FaroARM  Serial Number:     
S08-02-97-00588

Software Version:           
432

Calibration Date:          
07-14-97

Number of Points Taken:    
7

Arm Temperature:           
+24.7292(deg C)

((Max-Min)/2):              
+00.0039" 

Index     X"     Accumulated Error  Increment Error

0001 +0000.0006    +0000.0006        +000.0000

0002 +0001.9959    -0000.0041         -000.0047

0003 +0004.0030    +0000.0030        +000.0071

0004 +0005.9993    -0000.0007         -000.0037

0005 +0008.0037    +0000.0037        +000.0044

0006 +0009.9994    -0000.0006         -000.0043

0007 +0011.9980    -0000.0020         -000.0014

Tip:Ball Probe  X:-0.2207 Y:-3.0253 Z:+5.2566

Tip Calibration Error:0.0025" 

Date of Test:07/15/97, Time:16:59:24

3.  Sphere to Sphere - Linear displacement - If available

· Digitize between 5 and 10 points on sphere #1.

· Digitize between 5 and 10 points on sphere #2.

· When done, the Sphere-to-Sphere Statistics dialog box will appear, displaying the pertinent information of the two datum.

· Keep or discard this information, and repeat as many times as desired.  The statistics that appear in the statistics dialog box are cumulative and may be saved and printed.

· Press the Cancel button of the Sphere-to-Sphere dialog box to stop this certification procedure.

· See the Certification Menu section of the manual for specific instructions on how to do a Sphere to Sphere.  

· Evaluate the data according to section B, and subsections FaroArm Specification and Data Analysis.  If the test results do not meet the required specifications, please try the test again.  If after the second try the test results still do not pass please submit the data and the Results of Accuracy Test page.

· Sphere to Sphere Example - This test was performed using a Silver Series 8’ FaroArm. When analyzing the results, you must calculate the (Max-Min)/2 from the reported Max and Min Bar Lengths. In this example, we will use the values reported for the results, which indicates the arm is within its specified repeatability:

Max (+10.9955") - Min (+10.9916)   =   .0039”
2

· Also, keep in mind that when using calibrated Sphere to Sphere Ball bars, the mean bar length should be compared to the calibrated length and should fall within the specified linear displacement accuracy for the model of FaroArm being used. In the example below, a calibrated Sphere to Sphere Ball bar was not used.

FaroARM  Serial Number:     
S08-02-97-00588

Software Version:           
432

Calibration Date:           
07-14-97

Arm Temperature:           
+24.7292(deg C)

[1]

X1: +0008.9481 Y1: +0000.8057 Z1: -0001.5924 R1: +0000.6247

X2: +0019.9230 Y2: +0001.4649 Z2: -0001.5668 R2: +0000.6255

Length: +0010.9946

[2]

X1: +0008.9475 Y1: +0000.8084 Z1: -0001.5955 R1: +0000.6220

X2: +0019.9233 Y2: +0001.4663 Z2: -0001.5624 R2: +0000.6283

Length: +0010.9955

[3]

X1: +0008.9481 Y1: +0000.8074 Z1: -0001.5991 R1: +0000.6242

X2: +0019.9205 Y2: +0001.4654 Z2: -0001.5703 R2: +0000.6268

Length: +0010.9922

[4]

X1: +0008.9483 Y1: +0000.8062 Z1: -0001.5970 R1: +0000.6261

X2: +0019.9199 Y2: +0001.4678 Z2: -0001.5745 R2: +0000.6228

Length: +0010.9916

[5]

X1: +0008.9468 Y1: +0000.8052 Z1: -0001.5982 R1: +0000.6249

X2: +0019.9197 Y2: +0001.4689 Z2: -0001.5737 R2: +0000.6238

Length: +0010.9930

Bar Count:                 
5

Mean Bar Length:           
+10.9934" 

Maximum Bar Length:        
+10.9955" 

Minimum Bar Length:        
+10.9916" 

Tip:Ball Probe  X:-0.2207 Y:-3.0253 Z:+5.2566

Tip Calibration Error:0.0025" 

Date of Test:07/15/97, Time:17:03:57
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