Calibration Certificate

Part Description: FARO Laser Line Probe Cerification Date: 11/7/2018 Serial#: LLP001720411

MMDDYYYY
Accuracy Specificafion: .025mm (.0010 in.)

Measurement Standards Traceability

Certificate#: L20411-20181107-314P

Laser Calibration Fixture Asset Number: 4650 Calibration Due: 10/11/2019

*SI Traceability: 43384-4650

*The artifact above has been calibrated with a device traceable to the International System of Units (SI) through a National Metrological Institute (NMI) or through an 15017025 Accredited Laboratory.

Calibration Results*

Mean deviation of diameter throughout entire field of view. PASSED
2 Sigma standard deviation of diameter throughout entire field of view. PASSED
=See attached for measurement results.
Instrument condition as received: Instrument condition outgoin
Within specification Within specifications
Technician: Daniel Wanner Date 11/7/18

This certificate shall not be reproduced, except in full, without permission of FARO.
“The results of this certificate relate only to the items calibrated or tested.
Calibration was performed following procedure MO-FR-3005

FARO EUROPE GmbH & Co. KG
PH1:+ 800-32767378

PH2:+49 (715) 097970

FAX:+49 (715) 0979744
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Revised; vepiember 3, 20

D008 FARG

Lingwiesenstrasse 11/2
D-70825 Korntal-Minchingen
Germany

A REDILT EDR

B ISO/IEC (7025 py
CALIBRATION LABORATORY

f:\control\records\05manufa\partspec\XH08-0495.eps Rev6 RevDate: 02/20/18



F Arm Inventory
' ‘.‘ ® Checkl’st
— 3D VISIONARY
Serial Number | | | P001720411
RMA Number 01108875
e Date 11/8/2018
ITEM ITEM - |_Quantity
Shipping Cases # Probe Klt
Power Supply 0 Probe Box 0
Power Cable 0 6MM Probe (i-probe or standard) 0
USB Cables 0 3MM Probe (i-probe or standard) 0
Battery 0 Point Probe 0
Driver and Manual (USB or CD) 0 Custom Probe 0
Calibration Plate 0 Calibration Fixture 0
Velcro Strap 0 12 mm wrench 0
Dust Cover 0 Hex key 0
Mounting plate 0 Screw Assembly 0
Handle for 7axis 0 Tooling Ball 0
C-Clamp 0 Memory Disk (Edge) 0
Calibration DVD 0 Adapter TP-20 (Quantum) 0
Inner Case (Edge) 0 Torque Wrench 12mm (Quantum) 0
Transport Strap 0 Ext Stylus, M4, 30mm (DS2) 0
Accessories Box 0 Kinematic Probe Assy (DS2) 0
Probe Stylus (DS2) 0
8MM Ball (DS2) 0
Ext Stylus, M4, 50mm (DS2) 0
6mm Ball (DS2) 0
Probe Adapter 0
Miscellaneous
LLP 1 1
LLP Lens Cloth 1 1
LLP Nut 0 0
LLP Calibration Plate 1 1
Calibration Certification 0 1
Probe Nut 0
Initials: | DW | LA Initials: | DW LA

**PLEASE REVIEW THE INVENTORY CHECKLIST BEFORE SETTING UP OR WORKING WITH THE EQUIPMENT* *

ALL REPORTS OF MISSING ITEMS MUST BE FILED WITHIN 48 HOURS OF THE RECEIPT OF THIS
PACKAGE.IF NO REPORT IS FILED WITHIN 48 HOURS, THE SHIPMENT WILL BE ASSUMED TO BE
COMPLETE.

Revised: May 17, 2018 CS-FR-6165



FARD

Certificate of Calibration Report

Laser Line Probe Number: LLP001720411
Calibration Date: 2018-11-07
Firmware Version: 650.8

Spec Result
Nominal Diameter: 25.4638
Diameter Accuracy: -0.0010 0.0250[ PASS
Diameter Repeatability: 0.0103 0.0250[ PASS
Average Z Accuracy: 0.0022 0.0125] PASS
Average Z Repeatability: 0.0039 0.0125] PASS
Pass/Fail: Pass
Test Type: Product Calibration
Fixture Asset; 4650

All units are in millimeters,

The LLP is pointed at the same cylinder as it is moved throughout the entire field of view of
the LLP from left to right and from far to near, The average results of each diameter
measurement are listed on the "XZ" and "Circle Error" sheets.

Average Z measurements are taken on a flat plane.
The LLP is pointed at a flat plane as it is moved from far to near. The results of each
measurement are listed on the "Line Error" sheet,

Measurement accuracy is calculated as mean deviation from nominal measurement.
Diameter Accuracy: Average diameter measured minus the nominal diameter.

Average Z accuracy: average deviation from nominal for each point on a laser line. Nominal
is defined by position in the calibration fixture.

Measurement repeatability is calculated as the 2-sigma standard deviation of all measurements.
Diameter Repeatability: 2 Sigma calculation of all measured diameters.

Average Z Repeatability: 2 Sigma calculation of deviation in Z distance. 7 distance is
calculated by averaging all points in the line.

NOTE: For calibration, LLP is set up on an automated fixture that moves the LLP and
captures data through its full field of view.

20f17 LLP_Calibration Build: 1.0.5021.26217
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Diameter and Circle Fit Data

Raw diameter data for all measured positions

Max Error: Worst point in circle fit

2 Sigma:
Diameter:

X:

Z:

Diameter Error:

MaxError (mm)
0.0201
0.0201
0.0203
0.0198
0.02086
0.0150
0.0204
0.0206
0.0198
0.0184
0.0177
0.0175
0.0174
0.0208
0.0169
0.0158
0.0151
0.0168
0.0147
0.0151
0.0149
0.0149
0.0181
0.0160
0.0199
0.0211
0.0153
0.0180
0.0148
0.0137
0.0207
0.0178
0.0140
0.0121
0.0148
0.0131
0.0165
0.0128
0.0140
0.0150
0.0123

2 Standard deviation of circle fit

Measured Diameter

X coordinate of center of circle
Z coordinate of center of circle
Difference between measured diameter and nominal diameter

2Sigma (mm) Diameter (mm)

0.0138
0.0131
0.0128
0.0123
0.0120
0.0111
0.0118
0.0121
0.0118
0.0112
0.0112
0.0125
0.0129
0.0112
0.0109
0.0112
0.0111
0.0107
0.0104
0.0098
0.0102
0.0108
0.0108
0.0106
0.0107
0.0117
0.0101
0.0104
0.0096
0.0093
0.0092
0.0099
0.0090
0.0080
0.0086
0.0083
0.0097
0.0093
0.0102
0.0086
0.0093

25.4696
25.4684
25.4689
25.4649
25.4536
265.4548
25.4558
25,4557
25.4531
25.4614
25.4745
25.4654
25,4731
25.4650
25.4643
25.4703
25.4638
25.4593
25.4634
25.4641
25.4568
25.4612
25.4602
25.4611
25.4674
25.4666
25.4668
25.4672
25.4663
25.4640
25.4612
25,4610
25.4639
25.4614
25.4595
25,4646
25.4705
25.4664
25.4679
25,4654
25.4634

X (mm)
41.8469
34.8935
28.0289
21.1892
14.2884

7.2087
0.3529
6.5178

-13.3418

-20.2065

-27.1341

-34.0253

-40.8566

-38.7416

-32.3081

-25.7625

-19.2204

-12.7324
-6.2119

0.3805

6.9928
13.5443
20.0696
26.5244
33.0394
39.6651
37.5155
31.2591
25.1150
18.9689
12.7895

6.5403

0.3101
-5.8534

-11.9700

-18.1415

-24.3722

-30.5509

-36.6655

-34.5391

-28.8062

S5of 17

Z (mm)

223.5397
224.4510
225.1447
225.6293
225.9102
225.9971
225.8751
225.5521
225.0280
224.3028
223.3666
222.2068
220.8610
208.9858
210.2699
211.3815
2122837
212.9835
213.4978
213.8204
213.9424
213.8752
213.6144
213.1674
2125282
211.6743
199.7793
200.5741
201.1692
201.5815
201.8138
201.8656
201.7339
201.4193
200.9276
200.2519
199.3809
198.3199
197.0854
185.1931
186.3636

FAR

Diameter Error (mm)
0.0058
0.0046
0.0052
0.0011

-0.0101
-0.0090
-0.0079
-0.0080
-0.0106
-0.0024
0.0107
0.0016
0.0093
0.0013
0.0005
0.0065
0.0000
-0.0045
-0.0003
0.0004
-0.0070
-0.0026
-0.0036
-0.0026
0.0036
0.0029
0.0030
0.0035
0.0025
0.0003
-0.0025
-0.0028
0.0001
-0.0024
-0.0043
0.0009
0.0068
0.0026
0.0042
0.0016
-0.0003

LLP_Calibration Build: 1.0.5021.26217



0.0132
0.0175
0.0121
0.0120
0.0171
0.0147
0.0137
0.0118
0.0137
0.0142
0.0150
0.0147
0.0139
0.0148
0.0109
0.0147
0.0222
0.0118
0.0135
0.0140
0.0117
0.0128
0.0107
0.0098
0.0156
0.0243
0.0162
0.0199
0.0106
0.0239
0.0107
0.0208
0.0140
0.0149
0.0149
0.0138
0.0144
0.0150
0.0137
0.0151
0.0150
0.0151
0.0164
0.0136
0.0141
0.0121
0.0114
0.0131
0.0110
0.0129
0.0115
0.0127

0.0083
0.0095
0.0089
0.0083
0.0093
0.0085
0.0094
0.0091
0.0092
0.0087
0.0094
0.0091
0.0091
0.0087
0.0083
0.0087
0.0095
0.0087
0.0085
0.0086
0.0078
0.0076
0.0072
0.0073
0.0079
0.0075
0.0079
0.0070
0.0078
0.0080
0.0079
0.0081
0.0085
0.0091
0.0087
0.0088
0.0092
0.0091
0.0089
0.0094
0.0088
0.0075
0.0081
0.0078
0.0082
0.0078
0.0071
0.0077
0.0073
0.0076
0.0070
0.0074

Diameter and Circle Fit Data

25.4668
25.4670
25.4664
25.4667
25.4635
25.4597
25.4606
25.4623
25.4622
25.4653
25.4649
25,4593
25.4539
25.4609
25.4590
25.4578
25.4589
25.4556
25.4604
25.4612
25.4551
25.4583
25.4573
25.4579
25.4599
254607
25.4574
25,4598
25.4606
25.4640
25.4592
25.4590
25,4622
25.4652
25.4634
25.4616
25.4624
25.4715
25.4691
25.4697
25.4707
25.4691
25.4604
25.4607
25.4636
25.4657
25.4658
25.4657
25.4669
25.4667
25,4739
25.4710

-22.9932
-17.1621
-11.3735
-5.5732
0.2921
6.2021
12.0540
17.8792
23.6370
29.4347
35.3212
33.1720
27.6428
22.2151
16.7748
11.2763
9.7469
0.2404
-5.2036
-10.6170
-16.0863
-21.5880
-27.0471
-32.4457
-30.3376
-25.3238
-20.2186
-15.0959
-10.0063
-4.9245
0.2199
5.4082
10.5466
15.6607
20.7187
25.7978
30.9521
28.8065
24.0020
19.2801
14.5418
9.7603
4.9480
0.1750
-4.5697
-9.2799
-14.0505
-18.8341
-23.5826
-28.2604
-26.1500
-21.8390
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187.3757
188.2090
188.8610
189.3414
189.6513
189.7871
189.7501
189.5441
189.1691
188.6233
187.8903
176.9967
176.6673
177.1711
177.5103
177.6910
177.7113
177.5639
177.2632
176.8029
176.1699
175.3714
174.4073
173.2889
161.3903
162.4443
163.3593
164.1235
164.7267
1656.1794
165.4798
165.6309
165.6289
165.4763
165.1732
164.7210
164.1094
162.2170
1562.7694
153.1733
153.4400
1563.5659
153.5454
163.3881
153.0944
152.6627
152.0822
151.3547
150.4861
149.4855
137.5923
138.5298

FAR

0.0031
0.0032
0.0027
0.0030
-0.0003
-0.0040
-0.0032
-0.0014
-0.0016
0.0016
0.0012
-0.0045
-0.0098
-0.0028
-0.0048
-0.0060
-0.0049
-0.0082
-0.0033
-0.0026
-0.0087
-0.0054
-0.0064
-0.0059
-0.0039
-0.0031
-0.0063
-0.0040
-0.0031
0.0003
-0.0046
-0.0048
-0.0016
0.0015
-0.0003
-0.0021
-0.0014
0.0077
0.0054
0.0059
0.0070
0.0054
-0.0034
-0.0030
-0.0001
0.0019
0.0021
0.0020
0.0032
0.0030
0.0102
0.0073

LLP_Calibration Build: 1.0.5021.26217



0.0136
0.0202
0.0109
0.0155
0.0162
0.0117
0.0148
0.0159
0.0160
0.0141
0.0155
0.0147
0.0157
0.0162
0.0143
0.0120
0.0138
0.0126
0.0129
0.0137
0.0120
0.0133
0.0135
0.0119

0.0073
0.0077
0.0079
0.0084
0.0084
0.0081
0.0079
0.0082
0.0081
0.0081
0.0082
0.0080
0.0082
0.0084
0.0082
0.0082
0.0085
0.0080
0.0081
0.0077
0.0080
0.0082
0.0081
0.0082

Diameter and Circle Fit Data

25.4666
25.4631
25.4646
25.4602
25.4593
25.4612
25.4667
25.4720
25.4715
25.4726
254738
25.4626
25.4611
25,4548
25.4542
25.4523
25.4543
25.4546
25.4558
25.4583
25.4582
25.4619
25.4627
25.4696

-17.4504
-13.0483
-8.6562
-4.2878
0.1316
4.5875
9.0184
13.4288
17.8009
22,1603
26.5897
24,4326
20.3624
16.3488
12.3102
8.2294
4.1359
0.0802
-3.9472
-7.9530
-12.0199
-16.0810
-20.1116
-24.0767
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139.3492
140.0347
140.5887
141.0062
141.3006
141.4653
141.4994
141.4035
141.1754
140.8223
140.3307
128.4241
128.8562
129.1599
129.3500
129.4198
129.3716
129.2018
128.9158
128.5132
127.9822
127.3297
126.5566
125.6772

FARO

0.0028
-0.0006
0.0009
-0.0035
-0.0044
-0.0025
0.0029
0.0083
0.0078
0.0088
0.0100
-0.0012
-0.0026
-0.0090
-0.0095
-0.0114
-0.0095
-0.0092
-0.0079
-0.0055
-0.0056
-0.0019
-0.0011
0.0059

LLP_Calibration Build: 1.0.5021.26217



Line Fit Data

Raw line data for all measured positions

Max Error: Worst point in line fit

2 Sigma: 2 Standard deviation of line fit

Average Z: The average Z value of all points.

Nominal Z: The nominal Z distance.
Z Error : Average Z minus Nominal Z

MaxError {(mm)
0.0524
0.0467
0.0420
0.0472
0.0377
0.0438
0.0365
0.0312
0.0304
0.0297
0.0281
0.0220
0.0237
0.0311
0.0263
0.0185
0.0227
0.0242
0.0265
0.0239

2Sigma (mm) Average Z (mm)

0.0182
0.0166
0.0147
0.0143
0.0129
0.0116
0.0116
0.0115
0.0100
0.0095
0.0090
0.0083
0.0081
0.0077
0.0075
0.0071
0.0072
0.0069
0.0071
0.0073

225.9566
220.2764
214.5910
208.9069
203.2251
197.5398
191.8551
186.1725
180.4862
174.8057
169.1243
163.4390
157.7524
162.0714
146.3853
140.7030
135.0255
129.3403
123.6540
117.9685

Nominal Z (mm)

8of 17

225.9551
220.2715
214.5880
208.9045
203.2210
197.5376
191.8541
186.1706
180.4870
174.8035
169.1200
163.4365
167.7531
152.0696
146.3861
140.7025
135.0190
129,3365
123.6520
117.9685

FAR

Z Error {mm)
0.0015
0.0049
0.0029
0.0024
0.0040
0.0022
0.0011
0.0020

-0.0008
0.0021
0.0042
0.0025

-0.0007
0.0018

-0.0007
0.0004
0.0065
0.0048
0.0020
0.0000

LLP_Calibration Build: 1.0.5021.26217
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Z Position (mm)
Z position indicating the distance from LLP to measured feature.



FARO

Certificate of Calibration Report

Laser Line Probe Number: LLPO01720411
Calibration Date; 2018-07-19
Firmware Version: 650.8

Spec Result
Nominal Diameter: 25.4638
Diameter Accuracy: 0.0021 0.0250] PASS
Expanded Uncertainty of Measurement 3.6 um
Diameter Repeatability: [ 0.0037| 0.0125] PASS
Expanded Uncertainty of Measurement 3.8 um
Average Z Accuracy: | | [ Fail
Expanded Uncertainty of Measurement 2.9 um
Average Z Repeatability: | | [ Fail
Expanded Uncertainty of Measurement 2.9 um
Pass/Fail: Pass
Test Type: Incoming Calibration
Fixture Asset: 4650

All units are in millimeters.

The LLP is pointed at the same cylinder as it is moved throughout the entire field of view of
the LLP from left to right and from far to near. The average results of each diameter
measurement are listed on the "XZ" and "Circle Error” sheets.

Average Z measurements are taken on a flat plane.
The LLP is pointed at a flat plane as it is moved from far to near. The results of each
measurement are listed on the "Line Error" sheet,

Measurement accuracy is calculated as mean deviation from nominal measurement.
Diameter Accuracy: Average diameter measured minus the nominal diameter.

Average Z accuracy: average deviation from nominal for each point on a laser line. Nominal
is defined by position in the calibration fixture.

Measurement repeatability is calculated as the 2-sigma standard deviation of all measurements.
Diameter Repeatability: 2 Sigma calculation of all measured diameters.

Average Z Repeatability: 2 Sigma calculation of deviation in Z distance. Z distance is
calculated by averaging all points in the line.

NOTE: For calibration, LLP is set up on an automated fixture that moves the LLP and
captures data through its full field of view.

10 of 17 LLP_Calibration Build: 1.0.5021.26217
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Diameter and Circle Fit Data Fﬂno
LA\ " 4

Raw diameter data for all measured positions

Max Error: Worst point in circle fit
2 Sigma: 2 Standard deviation of circle fit
Diameter: Measured Diameter
X: X coordinate of center of circle
Z: Z coordinate of center of circle
Diameter Error: Difference between measured diameter and nominal diameter

CTE (ppm/C) 10.2
Reference Temperature (Trge)(°C) 21.6
Calibrated Diameter (Dga )(mm)  25.4638

* Drer = Deaw X (1 + ((CTE / 1,000,000) X (Tygas - Trer)))

Adjusted
Measurement Diameter Measured Diameter
MaxError 2Sigma Temperature  (Drer)®  Diameter X Z Error
(mm) (mm) {(Tmeas) (°C) (mm)  (Dy)mm)  (mm) (mm) (mm)
0.0208 0.0141 21.6300 25,4638 25.4647 41.9237 222.5855 0.0009
0.0193 0.0130 21.6300 25.4638 254595 34.9690 223.4966 -0.0042
0.0228 0.0127 21.6400 25.4638 254612 28.1076 224.1914 -0.0026
0.0191 0.0124 216400 25.4638 254612 21.2639 224.6802 -0.0026
0.0180 0.0119 21.6400 25.4638 254616 14.3425 224.9727 -0.0022
0.0162 0.0119 216400 25.4638 25.4584 7.3708 225.0562 -0.0054
0.0191 0.0116 21.6400 25.4638 25.4675 0.3887 224.9383 0.0038
0.0180 0.0125 216400 25.4638 254626 -6.4738 224.6119 -0.0012
0.0191 0.0133 21.6400 25.4638 25.4554 -13.3082 224.0846 -0.0084
0.0232 0.0134 216400 254638 254706 -20.1692 223.3655 0.0069
0.0226 0.0135 21.6400 25.4638 254793 -27.1154 222.4232 0.0155
0.0189 0.0135 21.6400 25.4638 254675 -33.9923 221.2658 0.0037
0.0223 0.0126 21.6400 25.4638 254706 -40.8477 219.9088 0.0068
0.0217 0.0125 21.6400 25,4638 25.4734 -38.7683 208.0295 0.0097
0.0218 0.0115 21.6500 25.4638 254708 -32.3345 209.3175 0.0071
0.0159 0.0111 21.6500 25.4638 25.4782 -25.8032 210.4290 0.0145
0.0174 0.0117 21.6500 25.4638 254729 -19.2290 211.3384 0.0092
0.0169 0.0121 216500 25.4638 254609 -12.7298 212.0359 -0.0029
0.0164 0.0109 21.6500 25.4638 25.4649 -6.2130 212.5510 0.0011
0.0185 0.0128 21.6500 254638 25.4614 0.3795 212.8719 -0.0024
0.0190 0.0118 21.6500 25.4638 25.4580 7.0140 212.9976 -0.0058
0.0182 0.0114 21.6500 25.4638 254626 13.5851 212.9311 -0.0012
0.0166 0.0108 21.6500 25.4638 254611 20.1183 212.6688 -0.0026
0.0167 0.0105 21.6500 25.4638 254674 26.5814 212.2252 0.0036
0.0171 0.0109 21.6500 25.4638 254695 33.0903 211.5839 0.0057
0.0168 0.0109 21.6500 25.4638 254702 39.7149 210.7289 0.0064
0.0169 0.0096 21.6500 25.4638 254776 37.5086 198.8425 0.0138
0.0141 0.0101 216500 25.4638 254747 31.2593 199.6319 0.0110
0.0172 0.0100 216600 254638 254707 251064 200.2219 0.0069
0.0199 0.0107 21.6600 25.4638 25.4661 18.9678 200.6308 0.0024
0.0171 0.0105 216600 25.4638 25.4685 12.7509 200.8658 0.0047
0.0193 0.0106 21.6600 25.4638 25.4596 6.5033 200.9105 -0.0042
0.0188 0.0108 21.6600 25.4638 25.4656 0.2516 200.7790 0.0018
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Diameter and Circle Fit Data FA“O
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0.0186 0.0101 21.6600 254638 254706 -5.9124 200.4656 0.0069
0.0190 0.0097 21.6600 254638 254678 -12.0330 199.9696 0.0040
0.0144 0.0097 216600 254638 254707 -18.2099 199.2892 0.0069
0.0122 0.0094 216600 254638 254760 -24.4466 198.4121 0.0122
0.0145 0.0090 21.6600 254638 25.4734 -30.6072 197.3524 0.0097
0.0127 0.0093 216600 254638 254714 -36.7338 196.1096 0.0076
0.0152 0.0088 21.6600 254638 254663 -34.6380 184.2023 0.0026
0.0143 0.0082 216600 254638 254660 -28.9136 185.3772 0.0022
0.0170 0.0083 21.6600 254638 254688 -23.0801 186.3959 0.0050
0.0129 0.0087 216600 254638 254651 -17.2444 187.2326 0.0013
0.0130 0.0084 21.6600 254638 254631 -11.4450 187.8884 -0.0007
0.0175 0.0092 216600 254638 254654 -56535 188.3729 0.0016
0.0166 0.0100 216700 254638 254613 0.2061 188.6863 -0.0025
0.0156 0.0098 216700 254638 254578 6.1080 188.8256 -0.0089
0.0156 0.0096 216700 254638 254653 11.9829 188.7977 0.0015
0.0167 0.0100 216700 254638 254671 17.8033 188.5941 0.0034
0.0158 0.0100 21.6700 254638 254715 23.5811 188.2255 0.0077
0.0186 0.0102 21.6700 254638 254678 29.3828 187.6782 0.0040
0.0168 0.0092 216700 254638 254702 352755 186.9501 0.0064
0.0149 0.0092 216700 254638 254676 33.0523 175.0625 0.0039
0.0125 0.0086 216700 254638 254659 27.5229 175.7305 0.0021
0.0141 0.0094 21.6700 254638 254671 22.0912 176.2259 0.0033
0.0145 0.0090 216700 254638 254646 16.6472 176.5592 0.0008
0.0176 0.0094 21.6700 254638 254611 11.1378 176.7340 -0.0027
0.0151 0.0089 21.6700 254638 254528 5.6092 176.7420 -0.0109
0.0157 0.0082 21.6700 254638 254577 0.0922 176.5938 -0.0060
0.0131 0.0097 216700 254638 254605 -5.3450 176.2867 -0.0033
0.0159 0.0091 21.6700 254638 254624 -10.7604 175.8217 -0.0014
0.0109 0.0085 216700 254638 254599 -16.2324 175.1856 -0.0038
0.0109 0.0077 21.6700 254638 254613 -21.7473 174.3761 -0.0024
0.0131 0.0086 21.6700 254638 254617 -27.1933 173.4106 -0.0021
0.0118 0.0076 216700 254638 254602 -32.6008 172.2825 -0.0035
0.0115 0.0076 216700 254638 25.4595 -30.5251 160.3696 -0.0042
0.0118 0.0077 216700 254638 254630 -25.5107 161.4342 -0.0008
0.0135 0.0080 21.6700 254638 254647 -20.4030 162.3601 0.0009
0.0121 0.0082 216700 254638 254627 -15.2808 163.1280 -0.0011
0.0126 0.0085 216700 254638 254628 -10.1868 163.7376 -0.0009
0.0130 0.0088 216700 254638 254629 -51087 164.1929 -0.0009
0.0140 0.0085 21.6700 254638 25.4578 0.0343 164.5001 -0.0060
0.0131 0.0085 21.6800 254638 25459 5.2062 164.6591 -0.0042
0.0134 0.0085 21.6800 254638 254637 10.3798 164.6655 -0.0001
0.0139 0.0091 216800 254638 254699 154989 164.5206 0.0062
0.0145 0.0095 216800 254638 254656 20.5774 164.2213 0.0019
0.0138 0.0093 216800 254638 254614 256478 163.7746 -0.0023
0.0142 0.0097 216800 254638 254631 30.8074 163.1689 -0.0007
0.0219 0.0105 21.6800 254638 254726 28.5942 151.2819 0.0089
0.0173 0.0096 216800 254638 254768 23.7988 151.8204 0.0130
0.0172 0.0098 216800 254638 254768 19.0818 152.2247 0.0130
0.0194 0.0097 216800 254638 254753 14.3259 152.4808 0.0116
0.0163 0.0091 21.6800 254638 254715 9.5236 152.5980 0.0077
0.0164 0.0092 21.6800 25.4638 25.4623 4.7108 162.5687 -0.0015
0.0137 0.0089 216800 254638 254630 -0.0699 152.4038 -0.0007
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0.0138 0.0090 216800 254638 254651 -4.8033 152.1015 0.0013
0.0117 0.0082 216800 254638 254662 -9.5131 151.6619 0.0024
0.0144 0.0080 216800 254638 25.4664 -14.2866 151.0728 0.0026
0.0125 0.0076 21.6800 254638 264664 -19.0677 150.3361 0.0027
0.0128 0.0077 21.6800 254638 254700 -23.8082 149.4631 0.0063
0.0117 0.0085 216800 254638 254698 -28.4918 148.4521 0.0060
0.0102 0.0070 216800 254638 254718 -26.4399 136.5360 0.0080
0.0116 0.0070 216800 254638 254712 -22.1373 137.4839 0.0075
0.0136 0.0077 21.6800 25.4638 254697 -17.7453 138.3151 0.0059
0.0139 0.0079 216800 254638 254674 -13.3485 139.0123 0.0037
0.0130 0.0084 216800 254638 254686 -8.9398 139.5784 0.0048
0.0120 0.0085 216800 254638 254645 -45773 140.0054 0.0007
0.0121 0.0084 21.6800 254638 254654 -0.1621 140.3109 0.0017
0.0137 0.0088 21.6800 254638 254688 4.2975 140.4869 0.0050
0.0193 0.0086 21.6800 254638 254747 8.7510 140.5319 0.0109
0.0188 0.0089 216800 254638 254788 13.1703 140.4437 0.0150
0.0195 0.0093 21.6800 254638 254791 17.5555 140.2248 0.0153
0.0160 0.0089 216800 254638 254733 21.9110 139.8765 0.0095
0.0218 0.0091 216800 254638 254749 26.3339 139.3052 0.0111
0.0140 0.0081 216800 254638 254669 24.1166 127.4934 0.0031
0.0110 0.0082 21.6800 254638 254621 20.0521 127.9116 -0.0017
0.0121 0.0088 216800 254638 254584 16.0403 128.2065 -0.0053
0.0147 0.0085 216800 254638 254572 11.9837 128.3858 -0.0066
0.0137 0.0088 216800 254638  25.4567 7.8888 128.4462 -0.0070
0.0133 0.0084 216800 254638 254532 3.7956 128.3826 -0.0106
0.0137 0.0077 216800 254638 254503 -0.2462 128.2005 -0.0134
0.0112 0.0076 21.6800 25.4638 25.4494  -4.2724 127.9017 -0.0143
0.0130 0.0079 216800 254638 254536 -8.2853 127.4881 -0.0102
0.0124 0.0078 21.6800 254638 254569 -12.3488 126.9467 -0.0068
0.0128 0.0077 21.6800 254638 254680 -16.4139 126.2860 0.0042
0.0129 0.0081 216800 254638 254712 -20.4363 125.5054 0.0075
0.0142 0.0083 21.6800 254638 254769 -24.4101 124.6113 0.0131
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Line Fit Data FA“ o
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Max Error: Worst point in line fit
2 Sigma: 2 Standard deviation of line fit
Average Z: The average Z value of all points.
Nominal Z: The nominal Z distance.
Z Error : Average Z minus Nominal Z

Raw line data for all measured positions

CTE (ppm/C) 17.2
Reference Temperature (Tgree)(°C) 20.0

* Drer = DeaL X (1 + ((CTE / 1,000,000) X (Tyeas - Trer)))

Measurement Nominal Z Adjusted
MaxError 2Sigma Temperature (Dear) Z (Drer)*  Average Z Z Error
(mm) (mm) (Tweas) (°C) (mm) (mm) (mm) (mm)
0.0649 0.0192 21.5900 225.9354 225.0440 225.0476 0.0036
0.0503 0.0168 21.5900 220.2497 219.3582 219.3621 0.0039
0.0548 0.0161 21.5900 214.5619 213.6702 21367860 0.0058
0.0497 0.0155 21.5900 208.8778 207.9860 207.9889 0.0030
0.0391 0.0136 21.5900 203.1926 202.3006 202.3029 0.0022
0.0429 0.0126 21.5900 197.5052 196.6131 196.6178 0.0047
0.0399 0.0123 21.5900 191.8199 190.9276 190.9296 0.0020
0.0357 0.0115 21.5900 186.1326 185.2402 185.2457 0.0055
0.0336 0.0112 21.5900 180.4445 179.6519 179.5582 0.0063
0.0308 0.0104 21.5900 174.7611 173.8684 173.8745 0.0061
0.0291 0.0098 21.5900 169.0787 168.1858 168.1924 0.0066
0.0269 0.0095 21.5900 163.3937 162.5006 162.5061 0.0055
0.0249 0.0090 21.5900 157.7075 166.8143 156.8174 0.0032
0.0294 0.0089 21.5800 152.0240 1611307 1611331 0.0024
0.0272 0.0089 21.5800 146.3368 145.4432 145.4442 0.0009
0.0282 0.0081 21.5800 140.6532 139.7595 139.7598 0.0003
0.0257 0.0079 21.5800 134.9707 134.0769 134.0817 0.0049
0.0266 0.0075 21.5800 129.2839 128.3899 128.3951 0.0053
0.0232 0.0080 21.5800 123.5991 122.7049 122.7063 0.0014
0.0246 0.0082 21.5800 117.9149 117.0206 117.0206 0.0000
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Z Position (mm)
Z position indicating the distance from LLP to measured feature.



