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A Calibration Method for Accelerometer Combination on
Centrifuge Based on Norm-observation Method

WANG Shi-ming, LI Meng-zhen

(School of Electronic Information and Automation, Tianjin University of Science and Technology, Tianjin 300222, China)

Abstract: In order to realize the overall calibration of the error model coefficients of the accelerom-
eters in the inertial combination, and to improve the navigation accuracy of the inertial navigation
system, norm-observation method is applied to the calibration especially for the quadratic coeffi-
cient of the accelerometer. The Tylor series is used to expand the solution of the acceleration mod-
el, and the intermediate variables with error model coefficients are obtained by using the least
square method. The formulas for calculating the quadratic term coefficient, scale factor and bias of
the accelerometer are given. A 20-position method is designed to calibrate the accelerometer com-
bination, the effectiveness of the method is verified by simulation, and the effects of installation
misalignment and rod arm error on calibration accuracy are analyzed. The results show that the in-
stallation misalignment and rod arm error have little influence on the coefficient calibration, less
than 10™%, and can be neglected in practical calibration process.

Key words: Norm-observation method; Accelerometer combination; Precision centrifuge; Calibra-

tion method
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Fig. 1 Schematic diagram of inertial assembly structure

for centrifuge calibration
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accelerometer combination
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Fig. 3 Schematic diagram of the input axis of the three accelerometers at 20 positions
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Tab. 1 Actual output of three accelerometers at different centrifuge speeds at 20 positions
B DML w, = 2nrad/s

K5 No./g N. /g N../g T Nu./g Nuo/g N./g
1 —4. 982455 0. 256000 0.743943 11 1. 330228 —4.617767 1. 146014
2 —1. 268055 0. 256000 —4.508867 12 0. 213000 —4. 617767 1. 776057
3 3.9291072 0. 256000 —3. 249262 13 3. 888182 —3.190400 0.743943
4 5.410842 0. 256000 1. 776057 14 3.167851 —3. 190400 2.994497
5 —3.460989 —3.190400 0. 743943 15 0. 507097 —3.190400 4. 254777
6 0. 507097 —3.190400 —3.221779 16 3.460989 —3.190400 1. 776057
7 3.167851 —3.190400 —1.962058 17 5.410842 0. 256000 0. 743943
8 3. 888182 —3.190400 1. 776057 18 3.929107 0. 256000 4. 282275
9 0. 213000 —4.617767 0.743943 19 1. 268055 0. 256000 5. 542671
10 1.330228 —4. 617767 0.113986 20 4. 982455 0. 256000 1. 776057

B DML wo =4dnrad/s

1 —20. 554503 0. 256000 0.743943 11 1. 330228 —19. 231765 1. 146014
2 —9.059323 0. 256000 —17. 685228 12 0. 213000 —19. 231765 1. 776057
3 11. 729325 0. 256000 —16. 426810 13 14. 920888 —13. 525948 0. 743943
4 21. 018687 0. 256000 1. 776057 14 8.682511 —13. 525948 12. 324087
5 —14. 475796 —13. 525948 0. 743943 15 —6.017282 —13. 525948 13. 585206
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gk
B OMLEE 0, =4nrad/s
Fe Nu/g Nuo/g Nu/g 5 Nu/g Nuo/g Nu/g
6 —6.017282 —13.525948 —12.541017 16 —14. 475796 —13.525948 1. 776057
7 8.682511 —13. 525948 —11. 282136 17 21.018687 0. 256000 0.743943
8 14. 920888 —13.525948 1. 776057 18 11.729325 0. 256000 17.479339
9 0.213000 —19. 231765 0. 743943 19 —9.059323 0. 256000 18. 740922
10 1. 330228 —19. 231765 0.113986 20 —20. 554503 0. 256000 1. 776057
BOHLE I w; =6nrad/s
1 —46. 460186 0. 256000 0.743943 11 1. 330228 —43.564078 1. 146014
2 —22.032837 0. 256000 —39. 618226 12 0.213000 —43.564078 1. 776057
3 24.741620 0. 256000 —38. 361787 13 33.332597 —30. 739686 0.743943
4 47.079493 0. 256000 1. 776057 14 17. 879577 —30. 739686 27. 887205
5 —32.809944 —30. 739686 0.743943 15 —15.194958 —30. 739686 29. 149723
6 —15.194958 —30. 739686 —28.059279 16 —32. 809944 —30. 739686 1. 776057
7 17. 879577 —30. 739686 —26.801797 17 47.079493 0. 256000 0.743943
8 33.332597 —30. 739686 1. 776057 18 24.741620 0. 256000 39. 502051
9 0.213000 —43.564078 0.743943 19 —22.032837 0. 256000 40. 765611
10 1. 330228 —43.564078 0.113986 20 —46. 460186 0. 256000 1. 776057
K2 FERELERATEZERERESHERS) e =74S, (N, —b,)—74STA(N,.. —b.)

Tab. 2 Simulation of calibration results (without

installation error and rod arm error)

e =7%S (Nee —b,) —75.S0 (N, —bu)

i 45 R EHE i H
D../(g/g® 5.7X10°° 5.700684 X109
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D../(g/g® 4.5X107° 4. 500459 X107°

S 1.29 1. 28999
Say 1.21 1. 21001
Sz 1. 26 1. 25996
bar/g 0.213 0. 212999
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ba:/ 8 0.516 0.515972
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Fig. 4 The influence of installation misalignment on quadratic term coefficient, scale factor and bias
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Tab.3 The influence of rod arm error on the

coefficients of the error model

e 25 1 REME
D../(g/g*) 8. 117X 101
D.y/(g/g? 2.289X 1013
D../(g/g® 1. 863X10713
S 2.073X 1010
Say 3.795X 1011
Sus 3.191X 1010
bar/g 5.012X1078
bay/g 7.918 X107 10
ba:/g 4. 682X 101
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