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Comprehensive error modeling of real-time wear-depth
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Abstract: To improve the real-time detecting precision of the wear depth for spherical plain bearing
testers, a self-made spherical plain bearing tester was selected as studied objective, and its wear depth
detecting system was analyzed and molded. The testing principle of the wear depth of the spherical
plain bearing was introduced and the error factors affecting the wear-depth detecting precision were
analyzed. Then, a comprehensive error model of the wear-depth detecting system for the spherical
plain bearing was built by the multi-body system theory(MBS). In addition, the loading deformation
of the wear-depth detecting system caused by the varying loading was detected. Finally, according to
the above experimental parameters, the loading deformation of the related parts of the comprehensive
error model was calculated by Finite Element Method(FEM). By comparison, the maximum differ-
ence between the experimental results and the calculated values is 0. 028 mm, and the minimum differ-
ence is 0. 012 mm. On the whole, these values are closer, which verify the correctness of the compre-

hensive error model under the loading error experimental conditions.
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Fig. 1 Picture of spherical plain bearing tester
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Fig. 2 Schematic diagram of wear-depth detecting

system
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Fig. 3 Schematic diagram of error analysis of spheri-

cal plain bearing tester
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Fig. 4 Topological structure diagram of wear-depth de-

tecting system of spherical plain bearing tester
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Tab.1 Lower body array of wear-depth detecting

system of spherical plain bearing tester
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Tab. 2 Relative degrees of freedom of each parts

of wear-depth detecting system

AR X YHh  zi A% B Chh

0-1 0 0 0 0 0 0
1-2 0 0 0 0 0 0
2-3 0 0 0 0 1 0
3-4 0 0 1 0 0 0
4-5 0 0 0 0 0 0
1-6 0 0 0 0 0 0
6-7 0 0 0 0 0 0
7-8 0 0 1 0 0 0
8-9 0 0 0 0 0 0
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Tab. 3 Position and motion characteristic matrices of each parts of the wear-depth detecting system
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Tab. 4 Relative position and motion error characteristic matrices of each parts of wear-depth detecting system
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Fig. 5  Pictures of bearing fixture module and the

wear-depth detecting module
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Fig. 6 Relationship between the experimental loading
and the deflection of wear-depth detecting

system
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Tab.5 Cylindrical roller bearing designation and the

main dimensions of model
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the loading errors Az(D 5,

T, wE
MRt 4
(Mpa) (kg/m*)

44 B ok
A 7R AR 452  2.06X10° 0.3 7 850

R 45%  2.06X10° 0.3 7 850
B4R F R BhRE 2.07X10° 0.3 7 810

H T A AR A W T B R R B Bl R £ f
208 T IR BIA R A S8R R B FE AR AR R T L 200K
Rl X o7 Y fhor gL 8% R sl ik
W Z o7 1 sl (R S i A b R e B
el @ eI LR [ s ek A & s,
AP A ) R X 8 v B TR I 4 B el R K
I AT 5% 22 S 8 2 K0, AL S 6 RS el e B A VR
b 7 A P 3 TG 2 IE D7 1) 0 hn 2845 (LS KN

(M) _150E.04

- 141E-04

- 123E-04

LR M o6E-04
| -880E-05
" - T03E-05
-.526E-05

- 349E-05

- 172E-05

- S64E-07

7 7E 10 KN FE T Sl i )88 AR % 320 36 B 56 1k 1) 2
il 1 22 47 HL45 3R

Fig. 7 Simulation results of loading errors between
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Tab.7  Average value of dropping distance of 5 nodes on the

center line of the lower surface of the cylindrical roller bearing

i (KND - 348 (mm)
10 0.011
15 0.016
20 0.021
25 0.026
30 0.031
35 0.037
40 0. 042
45 0. 047

(2) 52 58 S0 ety R T Bl AR ) 3R T 1R 2% Az
(D5 E,
S 6 0 il AR X b R Y Z il ) ) 3 fer AR
T AxCo) 5 AH Y Tk e AL T BIAR T R
FEXT R T Z %l 5 1) i B B it TR A aR
22 Az(O 5 B K 5 ASEROE . T BMR 528
e R A E R R TROR N E .
oK SoildWorks = 4 #4F X%t T B e | 52 56 08
Bl L G i R 3 A B R R T bR P B R AT
iﬁﬁ?ﬁlﬂﬂ%& H TR A R 2w T
S0 N il AT B R | R A L RN ] A L G Al
AR DL R A RPN ER 8 s, Hkl =
YRR Ansys A FRICH B3R b, 2% K 3 8
R R FR P, OO — 2 HEAT PR3, A 5
B =4 20 97 /5 Solid186 BAyC, 1 A B AR F A
H DA% 00 3 1) 12 [ s 5 8 A R A R ST I
BT SENE 9 PR,
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Tab. 8 Spherical plain bearing designation and the main = (m)
i -548% 107
dimensions of the model ot
-463% 107
KA LEEEERT  THERKXIEX  JE#EER i
L379% 107
GiiRss K (mm) & (mm) K (mm)
-205% 107
MSI4104-9 @15 135 120X 20 X 165 10 31,5 TR
-zllxm"'
: — gl £ 3 1- 12610
R HEIRE AU ) LEBRTITEREM RS )
-421%107
Tab.9 Required parameters of FEM calculation for -
422x10°

the loading errors Az( 1)

wism e D ERE Ly B
(Mpa) (kg/m*)

T AR 454 2.06X10° 0.3 7850

SLE AT 45 % 2.06X10° 0.3 7850

HEHE  45% 2.06X10° 0.3 7850

KATHIA RN 2.07X10° 0.3 7810
[ 5 78 2 .

iR 4 WAH  2.07X10 0.3 7810

T S 36 3 A v 5 A VR B R OGE o U A R S
00 AR S AR L e F IR Sl R R O U E
JUART TR AR (8 249 5, 26 45 B0 v % [ A VR il 7K 9 el
RGN A F LR, KR AT IR E LS
B, B3 A 1 LR n 2R AT B R Sk ) T A A
R Z B OE Ty e R A (LA 5 KNy 1 g
10 KN ME 45 KN, A A £, 435/
TEZRAT A 10 KN, 52 50 0 1 R Tl 7K Je 1 286 £
B2 A=x(D 5 HEAE RN 8 iR,

& 8 i A5 .75 10 KN AEFH T T Bt
ZHHIEJy R A, T BUARCE 0 L Y A Y A
2494 2 T AR S8 KA MWD M TR
0. 044 mm, [FHAEFAL 7 HEMAEHT T

l|:ox|n‘
21 %107
B8 7E 10 KN /E R 52 56 ot b A X %l 24 )32 1) 28K o

DR FLA

Simulation results of loading errors between

R W i2494

Fig. 8
the testing spindle and the bearing block un-
der the action of 10 KN

FH = (10D AT 1, 5 75 Bl 7K 43 i 12 96 ML 28K e 5%
2% Aol byl R A XTI R AL IR AR Z F B A=
() T2 5 52 56 005 b AH X 3l 7 88 2 1 A8 T A=z s
ZM, MARICIHAEZIRE 7 5K 10 Al43 60
R AT IR ML AT IR 25 Al A BRICTTHSAE , [F)
PP LD 10 KN THEAE A S e o, % LAt 28 for 155
HIAT VI AL AL B, 25 & b — 40 0 1% 22 L
B G 47 il 7R 7 i A58 AL 28 ey 1R 22 A PR JT TR
S ansE 11 i,

K11 XTHAEGRENBETREERTITEESLRE
Tab. 11 FEM results and experimental values of loading

errors for the spherical plain bearing tester

AU T Zem iPO T i TR Q3R 3-10 iR,

x 10
Tab. 10

TERTREFOLPTRETEE
Dropping distance of central node on

the lower surface of T-type plate

i (KND 2494 (mm)
10 0. 044
15 0. 066
20 0. 088
25 0.110
30 0.131
35 0.153
10 0.175
45 0.197

B AMRICIHEE SLEE WEZE
(KN) (mm) (mm) (mm)
10 0 0 0
15 0.027 0.042 0.015
20 0. 054 0.08 0.026
25 0. 081 0.109 0. 028 (max)
30 0. 107 0.131 0.024
35 0.135 0. 155 0.02
40 0.162 0.181 0.019
45 0.189 0. 201 0.012(min)

M2 11 iR, B iR 25 Ll 7E 8 A4 fof 2
TR AT BRIC I S A L i S S 50 50
KAHZE 0. 028 mm, B 3N T HE 5 S50 E
H/MH2E 0,012 mm, S B8 5 9050 45
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