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Abstract: To achieve early diagnosis and online real-time monitoring of faults for a bearing, a new type
of over constraint three-dimension force and moment sensor was put forward. By adopting six sym-
metrical distribution load branches which all did not pass their centers, the sensor could simultaneous-
ly measure the bearing radial load and axial moment. According to the static equilibrium equation, the
mathematical model of measurement was established. Based on sensor measurement model and per-
formance index, the performance of the sensor was analyzed, and the structure parameters were opti-
mized. Then a sensor prototype and its load calibration experiment system were developed. Mean-
while, the load calibration experiment was carried out, and the measuring accuracy of the sensor was

obtained. The calibration experiment shows that the radial force measuring accuracy is 2. 56 % , torque

r#s B H3:2015-07-14 ;4817 H#9:2015-08-20.
EE£WMB:FERARBFILETBTH (No. 51105322) ;b4 H SRRl 22 36 4 % BT H (No. E2014203176) . L4
AR B AR B R TF5E 342 T (No. QN2015040)



4

BRAE IR A5 < a2 ROV T I = 4k g/ A% I s B WF 955

measurement accuracy is 0. 92% ,type I error is 2. 56 % , and the maximum of type Il erroris 2.29%.

The work lays a foundation for the applications of new constraint planar parallel three dimensional

force/torque sensor to the online real-time measurements of bearings on radial loads and axial friction

torques.

Key words: bearing; parallel three-component force/torque sensor; over-constraint; performance anal-

ysis; calibration experiment
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Fig. 1 Installation example of three-dimension force sensor
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Fig. 2 Structure diagram of sensor
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Fig. 10 Force loading and calibration experiment
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Fig. 11 Moment loading and calibration experiment

InEAR E S R T ECT 15 S INER A Ek oE
B R U 2L e 5% 30 AN . |
518 43 5N 0~600 N, B 40 N fnzk— ik, Jf i
780 R AR ph g i 0 B0 T D2 45 4 SN
PAE A R L (B BE 5 1 n 2k 1 A5 Ak ik
L 12 FroR . RIEERY B 5 g, 45 8145 o
Oy 2, sl 13 iR,

JIHEIM BT L 7 B R Ry 150 N, W

B9 Jyhndbs e R G

Fig. 9 Calibration of diagram of force loading



55 4 1 RAIE Y 5 45« a2 RSP T O 156 = 4k 1 / 3 R A TR A ) B o 959
500 ;g%‘ii AT R B HEAT e AT B 0 2] 150 N 4
A -3 gl W% 10 N AN EE— U, SR e U B A, o 3 R O 48
§ 0 CSEEE Wi B ML 5 1R R 9 75 Al il
;j _10?)- g oM 28, MK 14 iR,
8§ -200
=
—500L . " . . " =1 PRk
0 200 400 600 400 200 0 500 . 2 PRk
Loading force/N ?gg /,_\ g iﬁgﬁz}i
200 # N 5 gt
Bl 12 Fo Ji i gy Ak 45 43 52 0 i 2 Al il 2 100] o e+ 6 Bk

Fig. 12 Force change map in each branch when lood-

ing force along F,

=1 &k
500 = o 2 PRk
400 S =3ﬁ§$
300 | : v o T 4 [ AII
200( T "5 ks
IOO',F’__’ E E'E‘ﬁ!ﬂ-}lhli'

Branch force/N
!
J
/

O-‘ -
=100
200
=300
400 |

000" 200 400 600 400 200 0

Loading force/N

& 13 F, Jy Il J7 gk Bt 43 32 7 09 % o 2B Ak h 2k
Fig. 13 Force change map in each branch when load-

ing force along F»

4,787 7.054 —4.518
G=1 4.761 2.035 —2.224
—0.007 —0.006 —0.005

THEA5 2 1 D0 A 158 2 0 R
0.0256 0.0187 0.006 0
Err=0.0131 0.0165 0.0027|. (14)
0.0229 0.017 2 0.009 2
ZARZEHE B BT AL LT B R T 2R
2 BRI 2R, nTH, G4 F,
MR2ZEN 2.56% . F, M2k 1. 65%, M, [ %
ZRO0.92%, IR T HKRERN 2.56%, HBAE
F, b, RI2KRER 2.29% .4 M. I ngknt
7 F, EiiRzE,

AR SCHR T ][] e o 2 S B N Al R Y

Branch force/N

0| e ———
-100}
200/
~300/
4 7

—400 0

Loading force/N

& 14 J5E I 43 32 7 i AR At 2k
Fig. 14 Force change map in each branch when load-

ing moment along Z axis

SR FH /IS 3 1 b R A5 B A b R
W

G=FV'(vwh) !, (13)

K I B % T AR BT o A, — AR

03 B . — A R hn 2R I s BE . AR P =X
(13) R GFREHFE G,

11. 777 4.763 —2.413
—3.216 —2.988 1.744
—0.004 —0.017 0.014

A 1) 230 Ay Rl 1] JEE 452 07 SR 0 i AR ok
T3/ T AL AR Y . R FH 43 STl 4 3 A o A% Ik
a6 S5 XTRR AN A B9 ) 43 3, X =4k T/ )
FEHEATON R . AE ST T DU R AR R Y SR L
XA B AT T YR o BT 5 S Ak AR T
DA EISFENL, IR TP T sk 5 hn e 505, LR

SEIR R W] AR BARAR 0] 0 R EE R 2. 56 %0, )
FEEAE B 0.92%; 1 KR 2ZER2.56%, B
fEF, LR INBHREN 2.29%, 8 M. g
BHAE Fo BiR2s . SO Br il AR O ¥ 328 28 it
YRIFIR =Yk 7/ 7 HE A% B A N Tl 2R A 2k S
A M B T A

o 29RO = 2



960

5 24 &

SE WK

(1]

(2]

(3]

(4]

(5]

(6]

(7]

HO D,RAND R B. Optimization of bearing diagnos-
tic techniques using simulated and actual bearing
fault signal [J]. Mechanical Systems and Signal
Processing ,2000,14 (5):763 -788.

TSE P W,PENG Y H, YAM R. Wave let analysis
and envelope detection for rolling element bearing
for rolling element bearing fault diagnosis-their af-
fectivities and flexibilities [J]. Jowrnal of Vibration
and Acoustic,2001,123:303-310.

Rueal. K TR T 0 A 09 IR 3 4 AR B 5 B AL
#9335 KA[D]. EK R K. 2013,

ZHANG X G. Design and implementation of fault
diagnosis of rolling bearing based on vibration sig-
nal analysis[ ] ]. Chongqing: Chongqing University,
2013. (in Chinese)

A&, 3 H L, T E K Stewart 4
A1) v F H
2962.

HA N YR T/ 10
% L A2, 2011, 19 (12): 2954~

ZHAO L, LIU W, GONG Y. Pre-stressed six-axis
force/torque sensor based on Stewart platform[]].
Opt. Precision Eng. ,2011,19(12): 2954-2962. (in
Chinese)

BmE, §EF A, F
RIS sh 1201 k& #

1594-1601.

. R E RN

M & LA, 2009,17(7)

Gl

HOU Y L,ZENG D X,YAO ] T,et al..

Dynamicts
of hyperstatic parallel six-component force sensor

[1]. Opt.

(in Chinese)

Precision Eng. »2009,17(7) :2954-2962.

WU J,HAN H J,LIU T. Resolution and precision
measurement of a three dimension force sensor
based on piezoresistive conductive ink [ C]. 2014
IEEE International Conference on Mechatronics
and Automation, Tianjin,2014,10:321-325.
X8 R B F TR R B S 4k )/ ) 5 AR Ik
AR L)) F

15

% T A2,2011,19(7):1569-
79.

LIU J,QIN L,LI M, et al. . Development of parallel

(8]

[9]

(10]

[11]

[12]

[13]

[14]

piezoelectric six-axis force/torque sensor [J]. Opt.
Precision Eng. , 2011,19(7):1569-1579. (in Chi-
nese)

KANG M K, LEE S.KIM ] H. Shape optimization of a
mechanically decoupled six-axis force/torque sensor [ J].
Sensors and Actuators A: Physical,2014,209:41 -51.
RIEG. REBRFRRIFRN G AEREZAMELE
AT AR LD]. 78 B 8L 5, 2009.

ZHAO Y ZH. Basic theoretics and system develop-
ment on wide range parallel six-component force

senror with flexible joints[D]. Qinhuangdao: Yans-

han university,2009. (in Chinese)
), R M AR Je AR S = YR/ AL A

SERYBETT B 4% ) [ PR A 5T L), AL B AL & K IR
2007,28(8) :100-103.
TAO Y, HU P H,DU X CH, et al.. Study on

structural design and isotropic of three-dimensional
micro force/moment[ ] |. Chinese J ournal of Scien-
tific Instrument, 2007, 28 (8):100-103. (in Chi-
nese)

RYR B 2, 15 7 A BT 0 RALE AR 22
FeHAMELTD. &% 4% T42,2015,23(5): 1331
1339.

YU Y Q,TIAN H. Error and compensation of par-
allel robot with joint clearances[J]. Opt. Precision
Eng. ,2015,23(5) :1332-1339. (in Chinese)

A e PRk, IO R IT I AN # ) 2 v e T
WE AL, % 4% £42,2012,06:1233-
1242.

RONG Y.JIN Z L. Five degrees of freedom static
performance evaluation and optimal design of par-
allel mechanical leg [J]. Opt. Precision Eng. ,
2012,06:1233-1242. (in Chinese)

Tk #. 6-UPUR B KXo~ il A F & #
EAFF[D]. 7 8 8 il K. 2010,
DING CH T. 6 -UPUR parallel type six dimen-

A MRk AR

sional force calibration research on the static per-
formance of the platform [D]. Qinhuangdao:
Yanshan University.2010. (in Chinese)

A M AT W AR, Wk 3 5L MLER T oS 4 i ) 5 I



%54 BRAE IR A5 < a2 ROV T I = 4k g/ A% I s B WF 961

AR EPILL]]. LB A L1997,19(1) 1 7-12.
CHEN X B, YUAN ZH S, YAO Y X. Study on
calibration of axis wrist force sensors for robot[ ] ].
Robot,1997,19(1) : 7-12. (in Chinese)

[15] &P #& KEREEENEMNAFEFTXEHAK

EER N

BXEETE (1981 —) . B i dL vk MO, 1
o BB W A R, 2003 4R L2009
AR T LD K a3 B 3R AT A
AL, W58 J5 18] 31 Bk 2 4 1 m 4% 5
OIFER AL IR 5 W . E-mail:
yzzhao@ysu. edu. cn

5 At 2 [D]. 8 2 5 1R, 2013,

SHI ZH P. Study on the key techniques and experi-
mental calibration of large range of flexible hinge
six dimensional force measuring platform [D]. Qin-

huangdao: Yanshan University,2013. (in Chinese)

SRR (1990 —) o Zo , W] AL A K N L A+
WFoEAE . 2014 4F T8I K% 313 % &
AL BT T 1) O Bk 22 4 0 A% I AR T
5% . E-mail: 1535002047 @ qq. com

(AE2B%H.F8F)





