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Design of Structure Model and Virtual Instrument of Six-axis Accelerometer

YOU Jingjing” ,TIAN Suhui' ,ZHOU Wei' , WANG Jin',YIN Zizhen'
(1. College of Mechanical and Electronic Engineer, Nanjing Forestry University, Nanjing 210037, China;
2. Jiangsu Key Laboratory of Precision and Micro-Manufacturing Technology, Nanjing 210016, China)
Abstract ; Aiming at the problem of distortion of the output signal of the traditional six-axis accelerometer, a 12-
branched and preloaded six-axis accelerometer model with parallel mechanism is designed in this paper. By adding
sub-plates on the shell, preloading screws, locking plates, the preload and anti-loose function of all the branches are
realized. The results of the virtual test show that the axial forces of the branch are positive pressure after the pre-
load, indicating that the scheme is effective. From the decoupling characteristics, the elastic hinge material is deter-
mined to be 65Mn and its minimum diameter is 1.5 mm. By calculating, the maximum stress is 388. 31 MPa, and
the maximum deformation is 0. 009 mm at operating. Finally, the design of the virtual instrument, including data

acquisition module and data processing module, provides a software support for the follow-up test of the sensor.

Key words: structure model; preload device;signal simulation;digital filtering; smoothing processing

0 5=

7N LTI AR SR AR AR HIL 28 N UL RS | M 8L B
SR BT AU AR A )RR B ST RT R .
Bl ATEIEC AR I S 7 T BRAS P I 9 52 ) 5 2
R T TC L (9 7S 4 e 2 AR BOF OB g i R 4L
SR o T 22 A0 A 22 i i R T 5 RS Y
P RS 2 B Z IBIAFAE 0 J& » H R 7S D3 S 1% e
9 A9F 52 30 AN 5 B 7 it TP PR 8 Y B AR 22 SR R ) o
[ RS A T fifp e

Vladimir Chapsky 242 H T — Bl 5 355 56 AL BN
o AR RS VIR R T AR T
Gough-Stewart HLIH ¥ 7S 4 02 BE 2 & 2 . A fT]

Y75 B #5:2017-05-23

AR AN 2 22 Ao 0 2 A foge R o A P 220 T T B e R A
R XTIZ By, 25 75 2 BE ) g ARG B Al R AR K
MR . % R3] & R R IE BN B 450 505, 5
ARG L 4% 1 R P A 0 R R R T —Fh
9-SPS AR TT AT I BEHLA , I I H 78 24 5 4
B AL AR I TR AR A L L ST T RGN B Sy 2R
W, BRI 3% 07 A7 78 TG 15 U 2 % Sl 26 7 10 3t fin 49
R T B R, S 2 A Ry i BT R Y
i S S 2 O L T R ) B g 2 1) ARG
b AR SCH T —Fh - S8 B IR BN
O Fi T AL SRR (14 S5 KBS L it T S Ak LA )
L, I HEAT T B AR AR PR UE . BE A, 7E Lab-

EEWHE EEKARPAEE R ITH (51405237) ; VLIRAE AL A AR BRI 5 2 & B8 B I H (14KIB460020) 5 VL3548 4 % 5 1040 il 3 £ A
o e S 0 2 TR B B B 5 Il 2 TR 2 A B I e i < BE B 0 H (201510298110X, 2015 sjex051) 5 VT 95 1o 5

Ji b % TR 3k 4 W Bh 30 H (PPZY2015A062)

FEZE B A JU A A (1985-) . 55 VL IR g 8 N, IR UM A0 2F ST, 1, F2 B0 3T R ML 2 A B oS 4 i 3 12 A% 843 07 T B AT S . & R R PR E
3C 20 K ARAFRAUL WL F 5 W, E-mail: youjingjing251010@126. com. @ AE1EH : MM (1993-), 5, ZHEHA, F =

M B A S R TR RS



48 B B 5 & 2018 4
VIEWSISE & F 3 T 7S 460 o B4 18R 8s 19 /e #U4L |
2T o £ R 0 KO S 4 T b ! | momamer
1 ZER LI -
L1 R TIERE - 4T

T 1513 397 50 2 T A4 e 1 LA T P w77 ez,
SERPRII N BRI 1.2 775 » V2 20 Mg 2 i 1 — St Il |
A R T R e b B P L 5 — 1\//9/ s
ARFER T ) RIR ARG \

ek _
NI}
° Q AAMAMNMNTTTETTUDNAANNNN

|
f
| L]
|

| E—o

e A
AN

~
~
re

BT P SR IS 4 i s B2 A% RS B LA 1T ]
BURIRET

HlBR

WPk BT

B2 B RO I N e A S G A

it 5 2O 3 7S 4 o B A% B AR AE S5 PR TAERT,
A1 56 WM [ 2 78 R 0 2 A b — R AR e 42 B, 7R 1
PE T BVE T S 5 B 2 B A ol e 45 2 8% L T IE TR
FEL AU 5 s W s 1 P i 2 7 A E AT o L E A R K
ANFIVT 1] 55 15 I 5 R % D0 A oG

A DN S T e i B A s P R A
LA B B S B () AR T 1 5 SR L 32 FH T IR MLAE 132 3
PSR HR A X TAN e iE s S e .
T PR XS T A5 f AR SEARXT TR R iz sh =
AR T BRI TR TS % RNEh S8, I
A HE T R ARG B )2 O AR R R AR 2 AR
A = 2 A D B R = AR RN
1.2 BEEFEHEIT
1.2.1 U M PBhiksse &

R TR E R P — R R R A RS
THT AR KB E LK 3 s

B3 TR K B A ke

it Sh ot rh AR DL IR BUAL L A e S TR IR ET
M o R 0 2 O Tk A A s TR £ N A
R B AR B T 5 Ah el i SR T [ E I 4
I P A AT B A o 3l Ay SR A A AR
BT o 45 ) A 0T SZBEDE AT B e slBL A L AT 3k B S BE
BARIOCR . 2 BB B AR R B Ak R MRS L [ 4
B4 AIRET AT LIS B SR PR RO RCR . TR S By
PAZE B 0 SRS AN EL 4 B .

P4 B B DA s A A BUIR S
1.2.2 KA A
BT AT SRS 1) R A% SR PR A L R T —
2 HE ) B R IR T A . L R P R R B BR B
Vi) FH B 420 g e i 2 T s, il 5 iR .

LT3 G-

P S 7N 2 R A el 10 S 4 5 A



%13

Ut A N I T A A Y 2 A AR AL K AN R i 49

SV DAy | BV LS fY NS RS I
32 77 320 R v A T 1 728 IR T T M A R R s
BRECEE AT A% o 25 TR BN 2t n o B A% Jke g 1) g
Y B R st o TP R BB 6 A4 S 65 M, 4 )Y
JiE IR B s =785 MPa. 5 /NEHZ RN 1.5 mm. il

am:AE<[a]:% (1

T 2 o 17 P BR BB Fi N T 5 F A 9P BR B B
JTZ R 15 A S i Bk B R Y e /N R AT AR Lo ol
VHIRL 1 sn=2 M@ aFRH.

(o] :%:§: 392. 5(MPa) 2)
THERKE
6
Fo  A[y]_ 783X 10° X314

2
(0.75 X 107%)* = 693.253 1(N) ()
M Ansys {5 LA 0T 900 2R BCBE BE47 A R
JUOM T . AY U AN AR SCEERT L 0 W A R B9 Bl e Oy
[ R /NI B T B B e K T . 0 B 4 R
e 6.7 frs.

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

388.31 Max
345.16
302.02
258.87
215.73
17258

E 12944

| 86.29
43.145

[ |

6.3014e-11 Min

P 6 R B Y SRR T

Total Deformation
Type: Total Deformation
Unit: mm

Time: 1

00090479 Max .)
0.0080426

0.0070373

0.006032

0.0050266

0.0040213

u 0.003016

. 0.0020107

B

| O Min

7 b R B i AR T
S5 250 0 5 KAl ) g B SR R B BE

H s fw 118 388. 31 MPa, /N4 v /7 392. 5 MPa,
T34 ok BR B B B RS K RS 0009 0 mm,
JE T 2 I 16 S 2 B A% RS A T A R AR
FRO
2 MK B 5

ADAMS J& 3% [ MDI 2 & FF & 19 15 LR HL 4%
Br M HGSR A 2% R 2 W 22 55 3 0 2% B vh i
FEAS B H 7 R 7 10 A T EORG BE  E  ER
S . fE ADAMS 2 37 7 %0 05 RS 1 i LR
Bl AN 8 R, Hob, B BRI K N 42 mm.
5 N FORAS B e B R 0. 58 ke,

o~ ]

X% B0 AR 48 GX On QN IR WB

I

@ o Tool

Al

Fle®leRSR
|2l [EElm

fl

™ ERDE (RS

2

st
uzm
z'g;x
B8 T 5 I N A S A A S ) 1 LR L
TESN 5T Lt in oS 4k 9K 3h, fl 2V 0. 758 1,
—0.379 0,—0.530 ) J5 [a]*F-#% . [A] ] 47 (0. 655 4,
0.491 5 ,—0.573 5) J7 [n] Jiig % ; 232 3 R AL Al ffp 4
Bl PR A5 3 R : T=20 X cos(10) — 20,9 =0. 523 6 X
cos(10t) —0.523 6, Hr, ¢ Hut[E] .,
WERMAELK N 1000 ff HA (LB E K 2 s, 5
ARG M 12 FS28Emhm . AR —etE,
T A SR TR ) KN4 AL 10 NL2 NL3 N,
1 N.2N.3N.2N,9N.2N.2N.4 N, 1N, FKjim
% A 0 1% 7 B9 ADAMS 8 45 1K G sl

9.10 Fr7n,
10.0

0 0.5 1.5 2.0

1.0
I [A)/s
P9 SR n 15158 1 ik ADAMS 53 45 R 5]



=

HTIETJ/S
B 10 ST E i ADAMS %45 5 J

S5 R L Fr AT SCEE RO Bl e 3 ORI TR T

i1

Moot 2018 4F
2% BH 38 15 it o ) G T S DA R S G o AT IR AR

AT R IR T RRA T,
3 WAL & T

£ LabVIEW 5 Bt o< 4E ek B AL Jg2s 19
B R RS, A 11 R, I IR R,
WE 12 s, Horp, JE PR B LE (lowpass) |
E il Chighpass) (47 i (bandpass) . #5BH (bandstop) 4
PR T b e 8, FRIFAE R 2 L R R R
J W0 R0 45 113 43 T AR 4R T SR R R RE AR I
T2 0 B R A A

# BB S R

[man]| = V| e Wan | 202V | g
.

/

17'.|M

I ]

B/ w4 .ﬂﬂl wits N | s

20,
1659:31613

2016/4/20 BE=

2016/4/20
I fi]

171632590

e

I [

WA | s NV, Waw | oo [V

w7 Wan | v [NV
o BN —— H
L1 N b
SRERE Al 0n #iE ETRE
Jooooo  YJroooo | Y2 wll

01 100

& 12
1 G 1) FR IBORN A% iy o 8 v J i RS 2 32 31 4%
Fofr gt 7 %) e A PR T R R R O T cE R B
Jo L B G k1 M?/%Auﬂ ﬁﬁﬂ/'@zi%%ﬂ%fﬁ
XPECHE Ay A Ab B RZ . X BLiE H MATLAB i

. ]
PN AR A JER AR ) R A R

] " . ”Lh.ﬂnn.mnl.l |

R 0 K R S B

=1

smooth bR Ak BEIE U7 J5 A7 6 (19 Kot . X5 AR A5
SRR T PR RIS AE S i & A i R 13~

15 s .



%13 Ut A N I T A A Y 2 A AR AL K AN R i 51

0 004 008 012 016 020
B T /s

K13 iR fE S &

HLE/V
(=]

008 012 016 020
B T /s
R0 R

——
N
1.5 AN

0 004

-1.5 \

-2.5
0 20 40 60 80 100
$K/ms

15 PiAL USR5 i 2R

4 HRE

IS G T 3 A 8 00 1 T 6 X T AR RS R
RSB T R A AL, AR GEAG BUAH LG S T
P B E LA N A SRR . B AR
HE B RN Sy Ry 388, 31 MPa, /NT V8 HI N 17 5
KA B2 0. 009 mm, W & MRS L 25K . 18
ADAMS 47 1 HE AR 45 R B, 3l i 7 S 5%
it ) e R g RO T P A e ) AR A
EJE 1 RSO T7 Btk THE G T7 kPR 5 2k
HAR., ffa .l ad Wik oS 4 o B A7 88 19 B
PALHT » SEI TR0 A5 5 R A R FAL BT RE L O IS
S RERL Y 00 Rt T IR B
S 30K
[1] AHMED M, ABDUL-WAHED. Vibratory ring six-

axis motionsensor [ J |. Micro-system Technologies,

[2]

[3]

[4]

(5]

L6]

[7]

(8]

[9]
[10]

[11]
[12]

[13]

2015,21 (10):2133-2144.

BLAKE A P, OLOUGHLIN C D, MORTON ] P, et
al. Insitu measurement of the dynamic penetration of
free-fall projectiles in soft soils using a low-cost inertial
measurement unit[ J ]. Geot-echnical Testing Journal,
2016,39(2) :235- 251.

IBARRA M N.ESCAMILLA P J.RAMIREZ ] M. At-
titude estimation using a Neuro-Fuzzy tuning based a-
daptive Kalman filter [ J]. Journal of Intelligent &
Fuzzy Systems,2015,29(2) :479-488.

CHAPSKY V.PORTMAN V T,SANDLER B Z. Sin-
gle- mass 6-DOF isotropic accelerometer with segmen-
ted PSD sensors[J]. Sensors and Actuators, A : Physi-
cal,2007,135(2) :558-569.

PN T X T 6. — oS 4 s B AR R i DU
BT L) ] AR R 22,2016 ,37(2) :467-473.
SUN Zhibo, LIU Jinhao, YU Chunzhan. Research on
measuring characteristic for a six-axis accelerometer
[J]. Chinese Journal of Scientific Instrument, 2016, 37
(2):467-473.

WEI Feng.WEI Shimin,ZHANG Ying.el al. Al-gebra-
ic solution for the forward displacement analysis of the
general 6-6 Stewart mechani- sm[ ] ]. Chinese Journal of
Mechanical Engineer- ing,2016,29(1) :56-62.

JU Al 22 N 2R . 006 X7 A o o A IR Y
B 2 Sy 2T ] MU DR 22 3. 2012,48(15)  9-17.
YOU Jingjing, LI Chenggang, WU Hongtao. Research on
hamiltonian dynamics of parallel type six - axis acceler-
ometer[ J]. Journal of Mechanical Engineering, 2012, 48
(15):9-17.

T i kb kb 2R 2£F LabVIEW K7 48 0 i J 1%
SRR i RGBT ] HLE — 4R, 2011, 11(1) 1 76-79.
WANG Ning, YOU Jingjing, LI Chenggang. Design of six-
axis acceleration sensor testing system based on LabVIEW
[J]. Mechatronics,2011,11(1) :76-79.

X Y. K R e MBI B S 4k ) 1% B R A5 H T
[D]. jArdk & 1L K2, 2009.

U it ZE BRI S 5 U . S A R A% R 0 M e
B R S5 DAL L) . e 58 A 25 i R K 2% 24 4k, 2013, 45
(3):380-389.

YOU Jingjing, LI Chenggang, WU Hongtao. Perform-
ance modeling and structure optim-izing of six-axis ac-
celerometer[ J]. Journal of Nanjing University of Aero-
nautics & Astronautics,20 13,45(3) :380-389.

JC . T ICA I AL (Y e 2 7S 4 ek 3 £ JR%
a5 (D], g 5T g 5 A A R K%, 2013,

JU Af - ZE AW, St . T T DML A 1 7S 4 Jn B
IR I BTk @A ()], k3 TR 24,
2012,25(6) :658-666.

YOU Jingjing, LI Chenggang, WU Hongtao. Research
on scheme design and modeling of six-axis accelerome-
ter based on parallel mechanism[ J]. Journal of Vibra-
tion Engineering,2012,25(6) :658-666.

Ihi Bh. BT MATLAB 094k 3l 15 5 7 15 Ak 38 07 v
LI H 73 B R, 2007,30(6) :55-57.

SUN Miaozhong. Smooth processing methods of vibra-
tion signal based on MATLAB[J]. Electronic Meas-
urement Technology,2007,30 (6):55-57.



