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A Study of the Accuracy and Precision of the Vertical Angle Measurement
of the Gyro Device in Three Positions
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Abstract
This research presents the design of measurement and error analysis processes using Gyroscope. Gyroscope
is a tool to check Angular error values, which defines the parameters used and repeatability to test the accuracy of
the instrument. The measurement error may cause the resulting error value by the measurer, measuring instrument
error, environmental error, analysis error, and calculation errors. When all measurement errors are included with
product or process variations, reproducibility is a powerful tool for assessing measurement variation. Therefore, The
researcher evaluated the experimental results using Gage R&R. Gage R&R was able to determine whether all

variance observed in the process came from production or measurement systems.
Keywords: gyroscope, measurement error, repeatability
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mu%’aﬁﬁﬂmmmmmgﬂﬁmLLaxLLaius‘J’ﬂumi’a’mgu’LuLme?ﬁsuaaLé‘i‘iuma%ﬁ’mmimu (Gyroscope Sensor) Gaiiu
wuwesmhalagerdousslifudimedanlunisnsiaduiienis lnsazerdelsines (Rotor) Mgnesaenlilunseuieuises
Fenlsimesazannsandulsidetiusannseyin Wedlsiwes "uns’ fulsuieesfiegmunsey Aazanusaardeyailsly
fuussnulunadwiteyaiirmeiigunsalindeudils Yafisudulizmyu (Rotary table) tnglddmuadumiseslals
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AN 1 AULKRUINITIAN 1 AN 2 AILRUINITIAN 2

A51971 1 %’auﬁaﬁnwwmm Single Axis Gyroscope Sensor iq'u TL750D

PERFORMANCE TL750D
Azimuth Measurement Axial Z -axis azimuth (£180)
Acquisition Broadband 100Hz
Resolution 0.01%/s
Position Accuracy(rms) < 0.05%/1m
Azimuth Accuracy(rms) < Imm/m
Gyro Static Zero Drift < 0.5°/h
Gyro Dynamic Zero Drift < 5°h
Start Time 5s(still)
Output Rate 5Hz/15Hz/35Hz/50Hz/100Hz

ANEINIatuNBAdeunvedlfznyu (Rotary table) uandfisms1ell 2 Fvhnisiiunanisaaeswuulluazndy
(Forward-Backward Motion) 31131 30 grluusiazsiumus lngfuiansvgu kansnmisnei 2 antuinmyuliy
wyulugagdhmneiinmun
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Point 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Nominal (°) 0 -20 | -40 | -60 | -80 |[-100 |-120 |-140 | -160 | 180 | 160 | 140 | 120 | 100 | 80 60 40 20 0
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nseunavesgUnsalidugesinnisuu (Gyroscope Sensor) a¥81uAHUIUIWASY TL7X0Studio V1.3 uanwa

A 4 lngandildazuansoanuni Z heading Wuanyuluniizasen (°)

B 1Ux00st080. V1 X

Stuio V13
o >
Rl@n pesCon | Com  [Cond +] Address [o Bsudkate [3600 =
st

Z rate(°/s)

Forward accel(g)

g +0.00

e Clear Received Clear | -2

Al 4 Wsunsy TL7XOStudio_V1.3 dwsusuangunsaliduisesinnsyu (Gyroscope Sensor)
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AsURaNIIMAaeIIzgnIeukasInszinalumyuimunensiadeudivedlfisvnyu (Rotary table) W

waeuiwuulU-ndu (Forward-Backward Motion) Tnguansualunisiad 3-5 esuietiananisinfilavesyuluusassdums
ARREYRINITIRtULAATYY (Average) WagYI9vBINanT1TIn (Range)

AN51991 3 HANNTIMUAILALN 1

Point 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 AVG
Nominal (°)| 0 -20 | -40 | -60 | -80 -100 -120 -140 -160 180 160 140 120 100 80 60 40 20 0
1 0.00 |-20.77|-40.80 [-61.16|-81.48|-101.20 |-121.78|-141.85| -161.98 | 179.80 | 158.50 | 138.19 | 118.54 | 98.62 | 78.70 | 59.31|39.23 | 19.07 | -0.36 8.35
2 -0.30 [-20.17(-40.33|-60.31|-80.57 [-100.21 [-120.52 |-140.44 | -160.20 | 179.48 {159.45| 139.33 | 119.28 | 99.36 | 79.58 |59.45 | 39.46 | 19.42 | -0.40 9.02
3 0.02 |-20.09|-40.12 [-60.24 |-80.38 | -100.38 |-120.23|-140.33| -160.21 | 179.81 | 160.12 | 139.93 | 119.89 | 100.22 | 80.21 | 60.84 | 40.93 | 22.74 | 0.92 9.67
4 0.50 [-19.57(-39.42(-59.84|-79.95| -99.81 |-120.15|-139.89|-160.27 | 179.95 | 159.95] 139.90 | 119.96 | 100.06 | 80.29 | 60.24 | 40.32 | 19.99 | 0.03 9.59
5 0.12 {-20.49(-40.241-60.35|-80.47|-100.69 |-120.48 |-140.72| -160.37 | 179.36 | 159.28 | 139.40 | 119.28 | 99.19 | 79.27 | 59.34 | 39.24 | 19.06 | -0.68 8.90
6 0.02 [-19.98(-40.20(-60.10|-80.23|-100.47 |-120.36 |-140.54| -160.60 | 179.33 | 159.28 | 139.29 | 119.27 | 99.31 | 79.42 | 59.56 | 39.51 | 19.17 | -0.72 9.00
7 0.05 |-19.541-39.24 -58.74|-78.86| -98.02 |-117.90|-137.73| -157.26 | 177.14 | 163.46 | 143.89 | 124.03 | 104.18 | 84.56 | 64.96 | 45.48 | 25.30 | 5.89 12.19
8 8.84 |-10.82|-29.91-49.66|-69.18| -88.86 |-108.44|-129.28| -149.24 | 170.22 | 169.42 | 149.21 | 128.33 | 108.59 | 87.95 | 67.47 | 47.22 | 26.56 | 6.30 17.62
9 0.01 {-20.44(-40.38|-60.51|-80.56|-100.58 |-120.51 |-140.56| -160.66 | 178.98 | 159.05| 139.21 | 119.28 | 99.19 | 79.36 | 59.51 | 39.29 | 19.25 | -0.75 8.85
10 | -1.28 |-21.06|-41.28|-60.99|-81.01 |-101.22 |-120.96 |-140.82 | -160.70 | 179.22 | 159.34 | 139.50 | 119.67 | 99.81 | 79.92 | 59.95|39.93 | 19.82 | -0.29 8.82
11 |-0.23 |-20.77|-40.74|-61.24|-81.42|-101.12 |-121.10|-141.23 | -161.38 | 178.47 | 158.50 | 138.49 | 118.33 | 98.37 | 78.48 | 58.45|38.50 | 18.34 | -1.40 8.17
12 | -2.16 |-22.14|-42.19 |-62.48 |-81.88|-101.70 |-121.87|-141.41| -161.80 | 178.09 | 158.39 | 138.40 | 118.42 | 98.70 | 78.58 | 58.58 | 38.63 | 18.39 | -1.42 7.74
o| 13 |-0.14 |-20.31{-40.45|-60.47|-80.57 [-100.69 |-120.75|-140.71 | -160.72 | 178.95 | 158.96 | 139.12 | 119.11 | 99.22 | 79.26 | 59.18 | 39.18 | 18.94 | -0.71 8.77
:E 14 | -0.68 |-21.16|-40.73 [-60.69 [-80.59|-100.50 |-120.62|-140.56 | -160.59 | 179.35 | 159.24 | 139.23 | 119.08 | 99.45 | 79.46 | 59.23|39.22 | 19.04 | -0.74 8.76
ﬁ 15 | -0.76 |-20.25|-40.61 [-60.42 [-80.68 | -100.53 | -120.74 | -140.77 | -160.62 | 179.23 | 159.45| 139.93 | 119.10 | 99.38 | 79.55 | 59.69 | 39.20 | 19.76 | -0.66 891
% 16 | -0.51 [-20.12-40.44 {-60.10(-80.57|-100.09 |-120.51|-140.48 | -160.25 | 179.42 | 159.58 | 140.15 | 119.24 | 99.36 | 79.63 | 59.89 | 39.41 | 19.18 | -0.67 9.06
;:':n 17 | -0.10 |-20.40|-40.56 [-60.60 -80.61|-100.22 |-120.19]-140.20| -160.19 | 179.80 | 159.83 | 139.90 | 119.95 | 100.33 | 80.50 | 60.45 | 40.46 | 20.31 | 0.44 9.42
k% 18 | 0.62 |-19.23|-39.24|-59.05(-79.28| -99.42 |-119.26|-139.26| -159.19 | 179.30 | 160.65 | 140.71 | 120.79 | 100.84 | 81.03 | 61.04 | 41.07 | 20.80 | 0.47 10.18
19 | 0.59 |-20.32|-40.35|-60.34(-80.69|-100.36 |-120.42|-140.80| -160.83 | 179.17 | 159.14 | 138.29 | 119.03 | 99.17 | 79.35 | 59.40 | 39.26 | 19.24 | -0.19 8.86
20 | -0.93 |-21.27|-40.84|-60.89|-81.05(-100.88 |-120.60 |-140.64 | -160.65 | 179.28 | 159.41 | 139.48 | 119.52 | 99.74 | 79.77 | 59.86 | 39.87 | 19.61 | -0.14 8.88
21 | -0.07 |-20.86|-40.93|-60.95|-81.10(-100.83 |-120.89 |-141.06 | -160.82 | 179.31 | 159.48 | 139.36 | 119.70 | 101.64 | 82.04 | 62.01 | 42.06 | 22.16 | 2.56 9.62
22 |-0.11 |-21.20|-41.03|-62.01|-82.58 | -101.96 |-121.92|-141.98 | -161.68 | 179.16 | 159.05 | 139.95 | 118.52 | 101.44 | 81.92 | 61.53 | 41.57 | 21.56 | 2.00 9.06
23 | -1.19 |-21.16|-41.00|-60.02|-80.94 {-101.09 |-120.82 |-140.75 | -161.02 | 179.45 [ 159.56 | 139.67 | 119.90 | 99.94 | 80.10 | 60.16 | 39.98 | 20.04 | 1.73 9.08
24 | -1.23 |-20.45(-40.67|-61.14|-80.64|-100.75 [-121.11 |-140.37 | -161.20 | 179.02 [ 160.18 | 139.98 | 120.23 | 100.04 | 80.38 | 60.28 | 40.02 | 20.12 | 1.98 9.19
25 | 0.00 |-20.29|-40.17|-60.06|-80.05(-100.14 |-120.40 |-140.45 | -160.41 | 179.40 | 159.74 | 139.69 | 119.77 | 99.78 | 80.14 | 60.43 | 40.03 | 19.95 | 0.80 9.36
26 | 0.10 |-20.97|-41.05|-61.12|-80.82(-101.33 |-121.00 |-141.02 | -160.85 | 179.21 | 158.75| 138.88 | 119.12 | 98.78 | 79.19 | 59.51|39.49 | 19.13 | 0.76 8.67
27 | 0.71 |-19.80|-38.90|-59.02|-79.04 | -99.06 |-119.48|-139.20 -159.15 | 179.47 | 160.45 | 140.38 | 120.32 | 100.39 | 80.39 | 60.58 | 40.68 | 20.64 | 0.64 10.05
28 | 0.92 |-18.76(-38.15|-58.98|-78.81| -98.23 [-119.01(-139.12| -159.02 | 179.01 [ 160.67 | 140.89 | 120.74 | 100.80 | 80.72 | 60.98 | 40.90 | 20.91 | 0.58 10.37
29 |-0.04 [-20.48(-40.64|-60.56|-80.41|-100.46 [-120.86 |-140.66 | -160.60 | 179.42 [ 159.60 | 139.55 | 119.79 | 99.86 | 79.94 | 60.29 | 40.10 | 20.26 | 0.45 9.19
30 | 0.22 |-19.52(-39.41(-59.50|-79.51| -99.44 |-119.50 (-139.62| -159.87 | 179.70 | 160.44 | 140.52 | 120.50 | 100.57 | 80.61 | 60.74 | 40.79 | 20.54 | 0.49 9.93
AVG 0.10 |-20.08 {-40.00|-60.05 [-80.12|-100.01 |-120.08 |-140.08 | -160.08 | 178.92 | 159.96 | 140.01 | 119.96 | 100.21 | 80.34 | 60.43 | 40.37 | 20.31 | 0.56 |Xabar| 9.51
Range 11.00 [ 11.32{12.28 | 12.82 | 13.40 | 13.10 | 13.48 | 12.70 | 12.74 9.73 | 11.03 | 11.02 | 10.00 | 10.22 | 9.47 | 9.02 | 8.72 | 8.22 | 7.72 |Rabar | 10.95
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A15199 4 HANTINLUFILALIA 2

Point 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 AVG
Nominal (°)| 0 -20 | 40 | -60 | -80 | -100 | -120 | -140 | -160 180 160 140 120 100 80 60 40 20 0
1 |-0.01(-20.17{-39.88(-59.84|-79.70( -99.41 |-119.10|-138.91|-158.51| 178.25 | 162.74 | 142.98| 122.79 | 103.17| 83.48 | 64.15 | 43.55 | 24.27 | 3.27 11.22
2 1.21 |-18.72|-38.59(-58.88(-78.93| -98.81 |-118.92(-138.92(-158.84| 179.32| 160.77 | 140.65| 120.60 | 100.53 | 80.42 | 60.53 | 40.12| 20.21 | 3.76 10.40
3 | -0.13|-20.82|-40.48|-60.32|-80.25|-100.16|-120.11{-139.93(-159.92( 179.88 | 160.14 | 140.59| 120.70 | 100.65 | 80.88 | 60.68 | 40.87 | 21.21 | 1.05 9.71
4 1.92 |-17.92(-37.68|-57.77|-77.69| -97.80 |-117.44|-137.51|-158.04| 178.10 | 162.30 | 142.20| 122.10| 101.88| 81.82 | 61.79 | 41.88 | 21.50 | 0.79 11.29
5 0.05 [-20.51{-39.88|-60.13|-80.24| -99.93 |-119.85|-139.83|-159.63| 179.70 | 160.48 | 141.22| 120.91 | 101.20| 81.12 | 61.52 | 41.82| 21.73| 1.15 10.05
6 1.95 |-17.95|-37.72|-57.72(-77.77| -97.84 |-118.35(-137.89 |-157.97| 177.90 | 161.97|141.99| 122.06 | 101.99| 82.05 | 62.06 | 41.84 | 21.90 | 1.19 11.25
7 | -0.06 |-20.23]|-39.90(-59.99(-79.81| -99.67 |-120.01{-139.88(-160.11| 179.81 | 159.72|139.57| 119.80 | 99.48 | 79.70 | 59.58 | 39.52| 19.16 | -0.50 9.27
8 | -2.01 (-22.14(-42.04|-61.64|-81.92|-101.48(-121.20(-140.96|-160.94| 178.83 | 159.20 [ 139.30| 119.24 | 99.48 | 79.68 | 59.72 | 39.82| 19.59 | -0.05 8.45
9 |-0.16 |-20.74|-40.40(-60.63(-80.56(-100.50|-120.22(-140.13 [-160.06| 179.77 | 159.92140.27| 120.32| 100.21| 80.46 | 60.71 [ 40.98 | 20.76 | 0.84 9.52
10 | 0.35 |-17.79(-38.20(-57.89(-78.06| -98.09 |-118.07(-138.43(-158.11| 178.35| 161.64 | 141.59| 121.64 | 101.63| 81.52 | 61.60 | 41.40 [ 21.29 | 0.85 1091
11 | 0.11 |-20.11|-40.40(-60.40(-80.08|-100.39|-120.40(-140.22 [-160.05| 179.69 | 159.90 | 139.97| 120.34 | 100.32| 80.84 | 60.69 | 41.22| 21.09 | 1.50 9.66
12 | 0.77 |-18.29|-38.10(-58.41|-78.27| -98.36 |-118.43(-138.72(-158.68| 178.60 | 161.41|141.45| 121.65| 101.45| 81.66 | 61.61 | 41.62| 21.46 | 153 10.84
o| 13 | 0.05 |-20.19(-40.18|-60.35|-80.40(-100.30{-120.00(-140.10(-159.92| 179.82 | 160.11 | 140.41| 120.37| 100.78 | 80.80 | 61.06 | 41.10 | 20.79 | 0.87 9.72
:E 14 | 0.06 |-20.13|-40.22(-60.30(-80.37(-100.36|-119.92(-140.02 (-159.80| 179.74 | 160.21 | 140.32| 120.48 | 100.78| 80.74 | 60.99 | 41.04 | 20.65| 0.92 9.73
T
? 15 | -0.77 |-20.20(-40.25(-60.18(-80.00(-100.38|-119.89(-139.77 [-159.73| 179.90 | 160.54 | 140.67| 120.80 | 101.06| 81.05 | 61.34 | 41.44 | 21.41| 1.01 9.90
%) 16 | -0.89 |-20.25|-40.19(-60.28(-80.12|-100.35|-119.99(-139.93(-159.79| 179.87 | 160.44 | 140.59| 120.72| 101.00| 80.98 | 61.26 | 41.50 | 21.36 | 1.05 9.84
%” 17 | 0.05 |-19.92|-40.06(-60.99(-81.63|-101.81|-122.36(-142.77 |-163.34| 176.62 | 155.94|138.30| 115.78 | 98.93 | 75.82 | 56.02 | 38.24 | 19.67 | 0.99 7.55
k% 18 | 0.01 |-20.02|-40.22|-61.20(-81.85|-101.97|-122.52(-142.99|-136.45| 177.84 | 155.80 | 138.20| 116.62| 98.84 | 74.46 | 58.80 | 37.42| 19.54 | 0.97 9.01
19 | -1.02 |-24.11|-44.13(-63.72(-83.52|-103.56|-123.35(-143.43 (-162.85| 177.15| 157.58 | 137.79| 118.15| 98.49 | 78.62 | 59.00 | 39.39 | 19.43 | 1.02 7.21
20 | -1.08 |-24.97|-44.68|-63.66|-83.69(-103.60|-123.47|-143.60|-162.99| 177.01 | 157.50 | 137.70| 118.09 | 98.44 | 78.71| 59.89 | 39.26 | 19.38 | 1.24 7.13
21 | 0.12 |-19.96|-40.15|-60.51|-80.20| -99.97 |-119.86|-139.99|-159.86| 179.88 | 160.60 | 140.48| 120.56 | 100.53 | 80.68 | 60.02 | 41.07 | 20.96 | 1.32 9.77
22 | 0.29 [-20.15[-40.02|-60.72|-80.82(-100.75|-120.46|-140.49|-161.71| 179.59 | 160.12 | 139.52| 120.22 | 100.46 | 80.04 | 61.00 | 40.91 | 22.35| 1.42 9.52
23 | -1.87 |-23.89(-43.44| 63.28 | -81.72(-101.46|-122.13|-141.69|-161.47| 178.80 | 159.17 | 139.44| 119.91 | 100.26 | 80.70 | 60.93 | 41.34 | 21.39 | 1.52 15.21
24 | -1.95|-24.25|-44.10|-63.20|-82.74(-102.54|-122.19|-141.74]-160.53| 179.63 | 160.09 | 140.12| 120.87 | 101.17| 81.56 | 61.24 | 41.82| 21.89 | 1.40 8.77
25 | 0.02 |-20.22|-39.82|-60.15|-79.88| -99.68 |-119.68|-139.72|-159.73| 179.51 | 160.70 | 140.78| 120.85 | 100.89 | 80.81 | 61.40 | 41.53 | 20.89 | 1.20 9.98
26 | 0.00 |-20.70|-41.00|-60.91|-81.05(-100.34|-120.37|-140.45|-160.22| 179.98 | 160.57 | 140.19| 120.48 | 100.24 | 81.37 | 62.11 | 42.06 | 21.63 | 1.49 9.74
27 | -0.26 [-20.19(-40.16|-60.11|-80.15(-100.10{-120.12| -140.08 |-159.90| 179.96 | 160.04 | 140.10| 120.10 | 100.04| 80.16 | 60.47 | 40.52 | 20.40 | 1.67 9.60
28 | -0.35 [-19.80| 39.56 |-59.60|-79.53| -99.45 |-119.72|-139.90|-159.41| 179.07 | 160.39 | 140.23| 120.00 | 100.55| 80.04 | 60.68 | 40.64 | 20.36 | 1.72 13.97
29 | -0.02 [-20.42{-40.44|-60.45|-80.54(-100.49|-120.56| -140.68 |-160.42| 179.46 | 159.55|139.70| 119.34 | 99.92 | 79.94 | 59.84 | 39.85 | 20.06 | 0.08 9.14
30 | 0.06 |-19.76|-39.80|-59.84|-79.79| -99.90 |-120.28|-139.93|-160.04| 179.99 | 159.99 | 140.02| 120.05 | 100.25| 80.46 | 60.52 | 40.57 | 20.38 | 0.23 9.64
AVG -0.12 |-20.48|-37.75|-56.22|-80.38|-100.32(-120.30| -140.29|-159.30| 179.07 | 159.98 | 140.21 | 120.18 | 100.49 | 80.35 | 60.71 | 40.81 | 20.89 | 1.18 | Xbbar| 9.93
Range 3.96 | 7.18 |84.24 {127.00| 6.00 | 5.80 6.03 6.09 | 26.89 | 3.37 6.94 | 528 | 7.01 473 | 9.02 | 813 | 6.13 | 5.11 | 4.26 |Rbbar| 17.54
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P 1Y o ©oa
A19199 5 Han1sInluduLnued 3

Point 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 AVG
Nominal (°)| 0 -20 | 40 | -60 | -80 | -100 | -120 | -140 -160 180 160 | 140 120 | 100 80 60 40 20 0
1 ]-0.13{-20.33|-39.88 |-60.10(-79.82| -99.75 |-119.86 |-139.70 [-159.69 | 179.86 |160.64|139.89 [120.03 | 99.93 | 79.92 | 60.07 | 39.90 | 19.92 | -0.19 9.51
2 | -1.19 |-22.10{-41.91|-62.10|-82.09 [-102.23|-122.01|-141.88 |-161.76 | 178.78 |158.27| 138.41| 118.40| 98.59 | 78.72 | 59.07 | 39.37 | 19.20 | -0.24 7.96
3 |-0.07 [-20.74{-40.79|-60.93|-81.00(-101.44|-121.47|-141.43|-161.55| 178.14 |158.09| 137.71| 117.62| 97.65 | 77.45 | 57.30 | 37.06 | 16.73 | -3.04 7.65
4 | -2.63 |-22.42(-42.10|-62.07|-81.03(-101.73|-121.62|-141.44|-161.46 | 178.83 |158.89|138.88 | 119.17| 99.40 | 79.54 | 59.65 | 39.94 | 19.79 | -0.10 8.29
5 |-0.80 [-20.34(-40.82|-60.99|-81.16(-101.43|-121.28|-141.51|-161.33| 178.43 |158.32| 137.97 | 117.87| 97.85 | 77.86 | 57.62 | 37.19 | 16.98 | -2.99 776
6 |-0.51 |-20.52{-40.27|-60.23|-80.32(-100.52|-120.30|-140.33|-160.45| 179.65 |159.70| 139.84| 119.67| 99.97 | 80.03 | 60.15 | 40.52 | 20.33 | 0.01 9.29
7 1-0.10 |-20.48|-40.34]-60.22|-80.12 |-100.10{-120.04{-139.92 |-159.83| 179.81 |160.38| 139.89 | 120.02 | 99.99 | 80.07 | 60.29 | 40.18 | 20.14 | 0.55 9.48
8 |-0.57 [-19.98(-40.29|-60.02|-80.08 [-100.30|-120.05|-139.46 |-160.02| 179.94 |160.10| 139.89|120.11100.08| 80.26 | 60.34 | 40.19 | 20.22 | 0.62 9.53
9 [-0.06 {-20.19]-40.15|-60.23|-80.20 [-100.42|-120.18|-140.44 |-160.09 | 179.83 |159.85|139.92|119.921100.28| 80.24 | 60.06 | 40.05 | 20.14 | 0.69 9.42
10 | 0.71 [-19.57(-39.96|-59.06|-79.11{-99.12 | 119.16 | 139.24 |-159.31| 179.50 |160.77| 140.63| 120.72]100.75| 80.81 | 60.79 | 40.78 | 20.60 | 0.63 37.31
11 | 0.01 {-20.44(-40.38|-60.51|-80.56|-100.58(-120.51 [-140.56 [-160.66 | 178.98 [159.05{139.21 [119.28 | 99.19 | 79.36 | 59.51 | 39.29 | 19.25 | -0.75 8.85
12 | -1.28 |-21.06(-41.28|-60.99|-81.01 (-101.22|-120.96|-140.82|-160.70| 179.22 |159.34| 139.50| 119.67| 99.81 | 79.92 | 59.95 | 39.93 | 19.82 | -0.29 8.82
°| 13 |-0.77 |-20.20|-40.25|-60.18 |-80.00|-100.38 -119.89 | -139.77 |-159.73 | 179.90 |160.54| 140.67 [ 120.80 [101.06| 81.05 | 61.34 | 41.44 | 21.41 | 1.01 9.90
°
‘E 14 | -0.89 [-20.25(-40.19]-60.28|-80.12(-100.35|-119.99|-139.93|-159.79 | 179.87 |160.44| 140.59120.72|101.00| 80.98 | 61.26 | 41.50 | 21.36 | 1.05 9.84
T
? 15 | 0.02 {-20.09(-40.12|-60.24|-80.38|-100.38(-120.23 [-140.33 [-160.21 | 179.81 [160.12{139.93|119.89 (100.22| 80.21 | 60.84 | 40.93 | 22.74 | 0.92 9.67
%) 16 | 0.50 [-19.57(-39.42|-59.84|-79.95]|-99.81 [-120.15(-139.89 [-160.27 | 179.95 [159.95[139.90 [ 119.96 [100.06| 80.29 | 60.24 | 40.32 | 19.99 | 0.03 9.59
j:D::A 17 ] -0.02 {-20.42(-40.44]-60.45|-80.54 {-100.49|-120.56 | -140.68 | -160.42 | 179.46 |159.55|139.70| 119.34] 99.92 | 79.94 | 59.84 | 39.85 | 20.06 | 0.08 9.14
% 18 | 0.06 |-19.76|-39.80|-59.84|-79.79|-99.90 |-120.28|-139.93|-160.04 | 179.99 1159.99|140.02|120.05|100.25| 80.46 | 60.52 | 40.57 | 20.38 | 0.23 9.64
19 |-0.23 -20.77(-40.74|-61.24|-81.42(-101.12|-121.10|-141.23|-161.38 | 178.47 |158.50| 138.49| 118.33| 98.37 | 78.48 | 58.45 | 38.50 | 18.34 | -1.40 8.17
20 |-2.16 -22.14(-42.19|-62.48|-81.88|-101.70(-121.87(-141.41 |-161.80 | 178.09 [158.39(138.40 (118.42 | 98.70 | 78.58 | 58.58 | 38.63 | 18.39 | -1.42 7.74
21 | -0.13 |-20.82-40.481-60.32|-80.25|-100.16{-120.11{-139.93 [-159.92 | 179.88 [160.14|140.59|120.70{100.65| 80.88 | 60.68 | 40.87 | 21.21 | 1.05 9.71
22 | 1.92 [-17.92|-37.68|-57.77|-77.69|-97.80 |-117.44(-137.51 [-158.04 | 178.10 [162.30{142.20 [ 122.10 (101.88| 81.82 | 61.79 | 41.88 | 21.50 | 0.79 11.29
23 | 0.59 |-20.32(-40.35[-60.34|-80.69|-100.36(-120.42(-140.80 |-160.83 [ 179.17 {159.14|138.29|119.03| 99.17 | 79.35 | 59.40 | 39.26 | 19.24 | -0.19 8.86
24 | -0.93 [-21.27(-40.84|-60.89|-81.05|-100.88(-120.60 [-140.64 [-160.65 | 179.28 [159.41{139.48 [ 119.52| 99.74 | 79.77 | 59.86 | 39.87 | 19.61 | -0.14 8.88
25 | 0.12 |-19.96(-40.15[-60.51|-80.20| -99.97 |-119.86|-139.99 [-159.86 | 179.88 [160.60|140.48 | 120.56 {100.53| 80.68 | 60.02 | 41.07 | 20.96 | 1.32 9.717
26 | 0.29 [-20.15(-40.02|-60.72|-80.82|-100.75(-120.46 [-140.49 [-161.71 | 179.59 [160.12{139.52 (120.22 [100.46| 80.04 | 61.00 | 40.91 | 22.35 | 1.42 9.52
27 | 0.12 |-20.49-40.24|-60.35|-80.47 |-100.69(-120.48 [-140.72 |-160.37 | 179.36 {159.28|139.40|119.28| 99.19 | 79.27 | 59.34 | 39.24 | 19.06 | -0.68 8.90
28 | 0.02 |-19.98-40.20(-60.10|-80.23|-100.47{-120.36 [-140.54 [-160.60 | 179.33 [159.28|139.29|119.27| 99.31 | 79.42 | 59.56 | 39.51 | 19.17 | -0.72 9.00
29 | 0.02 [-20.22(-39.82|-60.15|-79.88|-99.68 [-119.68(-139.72(-159.73 | 179.51 [160.70{140.78 | 120.85 [100.89( 80.81 | 61.40 | 41.53 | 20.89 | 1.20 9.98
30 | 0.00 |-20.70|-41.00 [-60.91(-81.05|-100.34(-120.37 [-140.45 |-160.22| 179.98 |160.57{140.19 | 120.48 [100.24| 81.37 | 62.11 | 42.06 | 21.63 | 1.49 9.74
AVG -0.27 |-20.441-40.40|-60.47|-80.43 |-100.47|-112.43|-131.07 |-160.41 | 179.35 |159.75| 139.66 | 119.73| 99.84 | 79.92 | 60.03 | 40.08 | 20.05 | 0.03 | Xcbar| 10.11
Range 455 | 450 | 451 | 471 | 440 | 443 |241.17|281.12 | 3.76 190 | 421 | 449 | 448 | 4.23 | 437 | 481 | 500 | 6.01 | 4.53 |Rcbar|31.43

NNan1INAaestuasa Ranisiafildve s lusaziuie ALadevenintuldazyy (Average) uax
Y29v0awan13in (Range) luusziliunansinlngld Gage Repeatability and Reproducibility (GR&R)

ANLRABYIINNARIN 90 NANITIA ®) = 9.85
229N5 PN URABINKANITIANG 3 FLALs (R) = 19.97
YIANRAYIVUALATAINULANAIVBIANREAY Xdiff  =max x bar - min x bar = 0.60

K1 Aeduwnlunisingn van 1/d2
A1 d2 anansanulalunsiwnuwiangugesuar IwindILUTENEUKALAIA LTINS
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k Subgroup size, n
2 3 4 5 6 7 8 e 10 11 12 13 14 15
1 1.414 | 1.912 | 2.23%9 2,481 | 2,673 | 2.830 | 2,963 | 3.078 | 3.179 | 3.269 | 3.350 | 3.424 | 3.491 | 3.553
2 1.279 1.805 | 2.151 2,405 | 2,604 | 2,768 | 2,906 | 3.025 | 3.129 | 3.221 | 3.305 | 3.380 | 3.449 | 3.513
3 1,221 1.769 | 2.120 2,379 | 2,581 | 2,747 | 2.886 | 3.006 | 3.112 | 3.205 | 3.289 | 3.366 | 3.435 | 3.499
4 1.206 1.750 | 2.105 2.366 | 2,570 | 2,736 | 2.877 | 2,997 | 3.103 | 3.197 | 3.282 | 3.358 | 3.428 | 3.492
5 1,151 1.739 | 2.096 2,358 | 2,563 | 2,730 | 2,871 | 2.992 | 3.098 | 3.192 | 3.277 | 3.354 | 3.424 | 3.488
6 1.181 1,731 | 2.090 2,353 | 2,558 | 2.726 | 2,867 | 2,988 | 3,095 | 3.189 | 3.274 | 3.351 | 3.421 | 3.486
7 1.173 1.726 | 2.085 2.349 | 2,555 | 2,723 | 2.864 | 2,986 | 3.092 | 3.187 | 3.272 | 3.349 | 3.419 | 3.484
8 1.168 1.721 | 2.082 2.346 | 2.552 | 2,720 | 2.862 | 2,984 | 3.090 | 3.185 3.270 | 3.347 | 3.417 | 3.482
Q 1.164 | 1,718 | 2.080 2.344 | 2,550 | 2,719 | 2.860 | 2,982 | 3.089 | 3.184 | 3.269 | 3.346 | 3.416 | 3.481
10 1.160 | 1.716 | 2.077 2.342 | 2,549 | 2.717 | 2,859 | 2,981 | 3.088 | 3.183 | 3.268 | 3.345 | 3.415 | 3.480
11 1.157 1.714 | 2.076 2.340 | 2,547 | 2,716 | 2,858 | 2,980 | 3.087 | 3.182 | 3.267 | 3.344 | 3.415 | 3.479
12 1.155 1,712 | 2.074 | 2.343% | 2.546 | 2,715 | 2.857 | 2.979 | 3.086 | 3.181 | 3.266 | 3.343 | 3.414 | 3.479
13 1,153 1,710 | 2.073 2,338 | 2,545 | 2,714 | 2,856 | 2.978 | 3.085 | 3.180 3.266 | 3.343 3.413 | 3.478
14 1.151 1,709 | 2.072 2,337 | 2,545 | 2,714 | 2,856 | 2,978 | 3.085 | 3.180 | 3.265 | 3.342 | 3.413 | 3.478
15 1.150 | 1.708 | 2.071 2,337 | 2.544 | 2,713 | 2,855 | 2.977 | 3.084 | 3.179 | 3.265 | 3.342 | 3.412 | 3.477
d, | 1128 | 1.693 [ 2.059 | 2.326 | 2.534 | 2.704 | 2.847 | 2,970 | 3.078 | 3.173 | 3.259 | 3.336 | 3.407 | 3.472
K 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Subgroup size, n

5.75
0.18

msmﬁammaﬂqﬂﬂsd EV=R*K1
ANUEINTAIUNITHER AV= V (Xdiff*K2)2-EV2/(n*r))
K2 ApdnuauAwin
mawdsuasssrinmsaseiesesiuduientu snuusdentu Tneyanaauieriulaglfinaieatuey

AauandsluARdsvesniaivilaegauiuanduiulagldniodiameiu

GRR= + EV2+AV2 = 575
K3 Ad1uuduaunuinnin
AMNLUTUTIUTDIIIUNLANINTZHINFANURAI S TU PV=Rp*K3 = 26.73

AunUsUsUluszUUNSTaviavan TV= ~ GRR2+PV2 27.34

a3Urn GR&R awiieanuilugUreaesidud lngldansaeluil

WEV = 100(EV/TV) = 21.04

%AV = 100(AV/TV) = 0.67

%GRR = 100(GRR/TV) = 21.05

WPV = 100(PV/TV) = 97.76

Ndc = 1.41(PV/GRR) = 6.55
anuUTIENa

miATeiinauenisesnuuunssuIunITauasiaszsidauianatn Imaisﬁmﬂaﬂﬂiaﬂmmi’mL%uwja%i’m
AILEATU (Gyroscope sensor) Tuanusiumi Imaaummwﬂdmmmu (Rotary table) Foimafiunanismeaeuuy
Uuazndu (Forward-Backward Motion) uagn1svidnsuviisaz 30 aSssaustonun 90 Ay ieliAnauusiugdunis
nansnaaesiusziiiulngly Gage R&R wuin %GRR gsfis 21% Ugmenalildegiinszuiuns uwiorseglunisindsszuy
nsfnenaazsenfuldusdostnuaunuuiiinisiioanauiunys wazAmisfiweslunisiafldinsasunuasls
Wisanedsiesuiuriminiwes ielildnanisinfiiussavinmuazaneuidsmenniosfiofiardwmasionsndn dmiu
mMsUszifiumsins et Gage R&R Tneldf NDC szymnuasnsavesszuumsinlunmsasaduaisunndieiiols Sauand
fedrunudrnnudesiuiiliviudeuty aeunquirwesnisilasundamaniag Wiy 6.55 Femanreitanunsn
Jotold
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d3UNaN5IY

mnmafuransaaesiuuluagndu (Forward-Backward Motion) wagn1svinenviaman 90 ads tielfAnmnu
walugndune nanisvaaesivsziiulagld Gage RER wasn1sUsuidiun1sinszel Gage R&R Tngld NDC nsmaaasilil
Amngndoslazusiug esanmsdsudunisesgunsainsiataduesiannusudam (Gyroscope sensor) lu
wddllfinasoniseuAwesgUn ol

Jalauauuy

Jotausuurlunisinansideluly

1. tifoussdauladunuiduanmnsnimamaideilulivsslvinmenunudiiumsideld

2. wihsnuvieasdnsduamuiteannsntmansidedluiamuasUssgndldifioanszurunisnisuims
Famsudeliduseansnm

Forausuurdmiumsidoadutely

1. msiimsldiedesiiefinarnvarslumsifusiusiudeya Wusevwiugunsalduuenmileangunsaingiain
WuwesinAnusudayu (Gyroscope sensor)

2. asfimsusuidisugnsal 2 gunsaituluifielitiussansamanniu
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