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Abstract: On the basis of decoupling algorithm, the error characteristics and fault-tolerance strategy of
a parallel type six-axis accelerometer were researched. By introducing an aided angular velocity and
using quaternion to describe rotation parameters in a four-dimensional space, two explicit recursive
formulas with simple forms were obtained, and six-axis accelerations were entirely decoupled. By

analyzing the decoupling mechanism, three kinds of error sources affecting the decoupling precision
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were obtained, and the reasons that cause the error were analyzed. By establishing the mapping
relations between the error of aided angular velocity, source errors and output errors, the analytical
expressions of the basic error equations were derived, and then the influence rules of error components
were revealed. The verification experiment shows that the mathematical results are well consistent
with the simulation ones in ADAMS, and the relative error between them is acceptable. Three force
coordination equations were derived by establishing the hidden deformation compatibility conditions of
elastomeric topological configuration, and then a fault-tolerant processing scheme was proposed to
solve 93 combined failures. Experimental results indicate that the maximum relative error is 8. 5%
after using the new algorithm to decouple the six-axis acceleration of the systems with partial failures,
which meets the accuracy requirements. Above results verify that the influence rules of errors and the
scheme of fault-tolerant processing are both correct and feasible, and also demonstrate that the
parallel type six-axis accelerometer has some level of robustness.
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Fig. 1 Principle prototype of parallel type six-axis

accelerometer
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Fig. 3 Virtual prototype of parallel type six-axis

accelerometer
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Tab. 1 Numerical examples of the first group basic

error equations

RE BT OFG2 FH3 R4
oficy /N 1 1 1 0
0facy/N 4 0.1 0.1 10
Ofsy /N 4 0 —0.2 0
Ofuy/N 4 0 0 0
Ofsan /N -2 -2 -2 0
sy /N 4 0 —0.3 0
8fry /N 4 0 0 0
8fscr/N 4 0 0 0
3fscty /N 3 3 3 0

RDIER [ o, [ /g 1,893 0.545 0.603 1.435
ADAMS {5201 | b, | /g 1,893 0.545 0,603  1.437
KODIER |t | /(rad+s ) 0 9.378  35.090 937.823
ADAMS &M || Gy | /(rad+ s2)0.017  9.385 35.105 937.831

Xt 7 A H0 4 o HE B A AR 0 4% 30 9 H as  X
(35) T3 Hh A9 1R 22 {EL 15 0 B0 i A9 5% 2 i 2 A7 X
Fe SRR 2 fron . IRAE R B i o M K
ﬁﬁ—mﬂ@ﬁﬂ,\mtJ—’Fﬂ%’riéFHJC(ALO)iJr%EtHEI‘J
R 22 (H 5 07 BLR 22 (HHEAT X LE, S5 R I3k 3 FiR
AP 2.3 LA R 2275 AR N B T B 5 pE
7 FAR L W) 5 15 50

2 F2HEBEARAREFENEGIRIE
Tab. 2 Numerical examples of the second group basic

error equations

BRE A1 52
Moy /1 0.000 51 0.000 51
ey /1 0.000 36 0.000 36
a0 /1 —0.000 60 —0.000 60
Mooy /1 0.000 00 0.000 00
0y / (rad/s) (0.06,0.05,—0.08) (3.23,2.28,—3.80)
KGR | aer, | /g 0.005 13 0.033 19
ADAMS{FERY || dary | /g 0.005 12 0.033 22
REHHER || ety | /(rad s s72) 0.000 00 0.000 00
ADAMS FiEH [ ety |/ (rad + 579 0.000 99 0,031 91
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Tab. 3 Numerical examples of the third group basic

error equations

R "ol BE2 B3
om/kg 0,05 0,03 0.03
On/mm 0.1 0.1 1.5

RUOTER | dacy Il /g 0.18450 0.11070 0.110 70

ADAMS {2089 | dacy || /g 0.172:33 0.106 17 0,106 17
RO | decr, || /(rad» s2) 38.568 51 24,058 00 56. 149 20

ADAMS (A || ey, || /(rad + s72)36.011 09 23,060 28 51.800 62

3 NEAmik FAE R BN AR
3.1 FHLENEHFESR

B 1AL IR R G 1 4 s, H
o, 250 8 PG e gk BR s L L0 R BB RE S
SAVEBRECHEE . AT AT A BUR B R T —Fh
TR A BT B S O T AR T A R ER AL .

72 8B SRk G R AR Y R K MAE AR, TAE
SRR 3 AN A T BR O EE TE AN ST R AR R R
{oxyz) W7 E AL bR R B & A28 1. e
115350328 by b, A1 by, 38 F I B ML 0 IF 18] 18
BEBE T I 2O B R /N AR B R ) S A
% 2Z ] W55 G 28 114 AL B i
—fi/ks  — filks
— {2/ ke f5/ks—m
fi/ki—n  — fi,/k

fo/ke—n

— fs/ks |

— f1/ ks
7

(bysby, b)) =~

kRN 1 2R SCHE R E R AL

27

R =)
PR 1 ! S
\2“\ Mo Tt b, / ’!'
* ;-1)|

L

i’
" 3 T
’ |

\‘\ \‘ |1[ !

s s
.l
By
]
-..55/ l\

P4 IF 7S i i A5 A A 3 4 A 1

Topological configuration of parallel type six-

Fig. 4

axis acceleromeler

O B Bk B O [ R A R BR L L
B BRI RLRRAE R L . 3 A 5 5 5 SR B B
¥ sl bl Z T A AR X B B CRBED IR A PR B fE 2
UL AL S B I 156 2 S 2 o e A SR 1 ER A R 4
S ELAE B B AR 3 IR DR AR

J|b1b2 | :ﬁ77
|b—b, | =v/2n. (48)
sz*ba | :“/57’1

B UADRA (U8 I 2w i B /Nt e, B
HRAS ) 3 At R 4 T R O R
i/ kit fo) ket fi/ kit fs/ ks 20
Jfl/kl+f3/k3+f7/k7+f9/k9%0.
S5/ kst fo/ kst fs/ks+ fo/ky=0
KADFRY 9 4Bl Iy Z BIAFAE 3 A A
YR F A8 TR S (e KB H % T AR ML Y
TUARFE 3) B R g, T R B 9 {8 ] LA o
B UE R S Yl e (A A ok
HE— 25 A3 AT R AN 1 J% Sk H B L )
REMS MBS A A 9 A4 2 4% SCHE A B i Bl
B L B A A A 33 A4 3 ARk
[ B BB, U R BB RSB E AL A A 51 A
Wt UL, AT 93 AL A B RS S BE g6 SE B
AR IR, HARGE T Rk 4 iR .

(49)

T4 ATUFELENMELEAS
Tab. 4 Combinations of fault chains which can

be corrected

) ® ©) @ ® ©® @

®© 0o 0 0o 06 O0®
o0 0® 0®© 00 06 0BG 0O
0® 0O 0 0L G B 0O
Do 06 0o O® 0O G O
®©®e 0o 60 GO ©® 0O© v

OO® COG® VO VOO VO® VO® VO®
OO CO® CWE® DO® VO® VO® OO®
OO OO OO VOGY® VO® VOO® OE®
Q000 PG P0G OOV @OV PO® OGO
000 O0O® OOV VBV OB 1B BB
PO VLB O BOY GOO® GOY® OO
DOO® ®O® BOO® ®BOY® GOV YOO® G®O®®
OlIONOIGIO);




2530 e KBE TR o523 %

AR LA 3 o i AU [ S BE WS R ), ELR 4h
IR I 20 S 4 N o S RIS O A A PR
Y 4 O AR OT s S S PE s
TEBIE 25 [ BB 2k R R B i B R R
B, 0 R AR S T T B R f ) e
H s #b oE 47 o B e, 3@ 2 ok R 7 P R Oy R
(49) , S 4 % 7 3 R E TEAR T
ﬁ%—awl%+%+%+%+£+%.
(50)
M OMOQ PR oM B E S H 3
FERp et BT PR R (49) 4 B sl e
fi B f, IERMBTEN filfs:
e | S S S
fi h[h+h+@] G
oo (Lo Lo S5 S S
b”*ﬁm ek kT k)
M EEO . QRO RUR ST E S
et H B A R, [R) AR 35 1 7 U R O R (49) 43 5
Mm A fi. o BOf ERMETEN filfos S5

> Efﬂﬁﬁﬁﬁ]
g b@ S R

Pl
3.2 FEEBENEGRIE

A AT 905 N 2 o R A e Y S )
FENL, K 22 e A T H 4L A A7 BF A 1 2% 10U
1 B AL 9 bR E P A AT, R S
PR .

- R FC) PR P S
_ i

flehiéad

FS I B S 4 £ s i AR ALK 4

Fig. 5 Prototype testing of parallel type six-axis accelerometer
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