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Abstract

In order to realize the tensile-pressure fatigue test of micro and small components, a piezoelectric
driven micro load fatigue test device was designed. The structure of this device uses a horizontal
structure to avoid the effect of the fixture quality on the applied load. First, the structure design,
working principle and vibration mode analysis of the fatigue test device are carried out. Then the
dynamic analysis of the system is carried out, and the system displacement magnification is ob-
tained under the natural frequency and resonance state of the system. Finally, the experimental
prototype is made, and the experimental test based on Labview software is used. The experimen-
tal results show that the resonant frequency of the system is 211 Hz and the maximum output
force is 42.5 N. H62 brass is taken as the test object, and the fatigue limit of the test piece is 68 MPa
at the 1.21 x 106 cycle fatigue limit. It is proved that the micro load fatigue test device designed in
this paper can realize the feasibility of pulling and tensile-pressure fatigue test for small compo-
nents.
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Figure 1. Schematic diagram of a piezoelectric micro load tensile fatigue test device driven by piezoelectric actuation
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Figure 2. Grid partition model diagram
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Table 1. Size parameter list of prototype structure
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FIELFR SRR ZHE
g PZT5
- R~ D40 mm
B AR Mkl 60Si; Mn
Fasf D60 mm
g 0235
FEMIAR Ref 124 mm x 224 mm x 30 mm
M 45 4R
PUEES 2N R=F @118 mm x ®44 mm
JE 22 mm
. ek 65 Mn
AR 7 35 R 18 mm x 42 mm
1k 0235
Bk SR 25 mm
Hiz ®70 mm
M 45
1A S R~} ®20 mm
EPA[L\EE 156 mm
g 45 4
pIIE= A2 LR G B @100 mm
KE 220 mm
. e 0235
iR R 124 mm x 224 mm x 30 mm
, g AR
A F~f 46 mm x 10 mm % 0.15 mm
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Fokkkk INDEX OF DATA SETS ON RESULTS FILE Fokkokk

SET TIME/FREQ LOADSTEP  SUBSTEP CUMULATIVE
1 78.480 1 1 1
2 103.38 1 2 2
3 113.50 1 3 3
4 218.31 1 4 4
5 292.89 1 5 5
6 482.35 1 6 6

Figure 3. Modal simulation results of prototype
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Figure 4. The first order rnodal nephogram of the system
4. RGRITMRS S
Table 2. Detailed list of material properties
F 2. MRLBMERRAR
MR TR HE (kg/m’) CRE S {(€)) THAAEE
JEH A 7600 63 0.32
60Si;Mn 7800 194 0.28
65Mn 7800 197 0.28
45 7850 195 0.27
0235 7800 195 0.28
TR 8500 100 0.32
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Figure 5. Physical model diagram of system

Bl 5. RpinERa

DOI: 10.12677/0jav.2018.62003 22 R 5RE)


https://doi.org/10.12677/ojav.2018.62003

IR 5

G

2m,w,

(6)
o = [fka ks +koks
! m, (k, +k,)

At e MHPEBLER T, o, NEEHEER, NS RE.
ARG RS AR IR -

2 2
X, = ks ;4 2.§ﬁsin ot+1-| 2| |cos ot (7)
iy +hky ek [ Ve o,
a)n

wn

ALK B E YRR

x, = X, cos(wt — ) (3)
Y
Hrf, tang= @ .
o
-2
a)n
A
K A
()]

Y=k
12 +k1k3 +k2k3 272 2
w}’l a)l‘l

HIA ) FT A Y, BRI DR, mi SRR E R, R BRI, S R R
Fo [N, &0 LAR R R GECREEON:

k;
H(a))| :% — k1k2 +j€1]§3 + k2k3 : (10)
2] 2)
a)n a)n
MEL0YAT LU TBORASEAN 5 WU LR Wi ST AG 0%, 185 R4 BH JE be M s Ml 55 25

FE kyo BRBRSERIEE ky, SREERIEE ks 55
4. SERGMR

SR B AL SR, R B REE RIS & b, BUHERAN D 2 A SIS 520 . ARSI 1 B RR
HI Labview BAFHEAT I, SEI RAESLIGHAR AL . M) ESHOE RN RO ILIRIAR AN 4 21l 1
E R #E AT, Wl 6 Bos.

MRS, Eoek it R B R A L, SRR EAT I Labview MBI, 255 Feah in i3 o
AT TUME, 2R 52 B IR B FUE F AR, 8080 s P iy (4 55 e R ET o AR5 I BELT o3 M A3l
BUREHLE A B, - B AR SR SR 5 RELIE A R — B, R AR5 S i Bk iR 1 b, WU
BAF R AR 3 AR R B S I ] 7 B

DOI: 10.12677/0jav.2018.62003 23 R 5RE)


https://doi.org/10.12677/ojav.2018.62003

IR 5

59.238-
BAHE (N)
50~
|48>68
40 FanE N
25.00
30~
= Bl (N)
20-| l1.32
o |sooo
o
aEie
1012+ | Izc—.zzmz
14695 16581
B8]

Figure 6. Software interface panel
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Figure 7. The physical map of the test device
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Figure 9. Influence of voltage on output load
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Figure 11. Structure size diagram of specimen
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Figure 12. Physical structure drawing of specimen
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Figure 13. Tensile-pressure fatigue S-N curve of specimen
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Table 3. Horizontal table of tensile fatigue load
3. RIS EETK R
TEIRFIE R BRI Fax/N YA Fo/N BN Froin/N BAIRIE F/N TEIRRELWN)/IR
R=0.1 0.20F, = 6.54 3.60 0.66 2.94 1.02 x 10
R=0.1 0.21F,=6.86 3.77 0.69 3.08 7.86 x 107
R=0.1 0.22F,=7.20 3.96 0.72 3.24 9.26 x 10°
R=0.1 0.25F,=8.17 4.50 0.82 3.67 1.21 x 10°
R=0.1 0.30F,=9.80 5.39 0.98 441 9.62 x 10°
R=0.1 0.40F, = 13.07 7.19 1.31 5.85 3.68 x 10°
R=0.1 0.50F, =16.34 9.03 1.63 7.31 1.75 x 10°
R=0.1 0.60F}, =19.61 10.76 1.91 8.85 9.08 x 10*
R=0.1 0.70F, = 22.88 12.56 2.23 10.32 8.75 x 10°
R=0.1 0.80F, =26.14 14.38 2.62 11.76 3.62x10°
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