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For the hydraulic cylinder system of construction equipment to function normally, the hydraulic oil should not leak under high
pressure, and the leakage begins with various seals of damage. The frictional heat caused by the reciprocating motion inside
the cylinder increases the temperature of the oil, which affects the aging of the seal materials inside the cylinder, thereby
accelerating seal damage. The purpose of this study is to confirm the effect of reducing heat generation by applying umbrella-
type micro-dimples on the surface of a wear ring, and to find out the performance according to changes in shape and density
of the dimples. Dimples were manufactured by injection molding and the core for injection was made by profile grinding
processing. The structural safety of the wearing with dimples was examined by structural analysis, and the temperature
changes of the dimple were measured during pin-on-disc friction experiments. It was confirmed that the dimple was effective in
reducing the amount of heat generated, and the heat generation decreased as the size and density of the dimple increased.
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Fig. 1 Wear ring and seal position in hydraulic cylinder
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Fig. 2 Temperature distribution measured during hydraulic cylinder
operation
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Table 1 Models of dimpled specimen for experiment _I q
Dimensions of dimpled specimen
Model ——— TR e Q
o Dimple size  Density of dimpled Dimple pitch ] I
(D) [um] area (p) [%0] (D) [um] ;
1 200 20 447 ,
2 200 30 365
3 200 40 316 L0 =165+6.5, D =115+4.5, L = 57+2.25, G = 50+£2,
4 300 20 671 R=76+3, W1 = 13+0.5, W0 = 19+0.75, T =3.2+0.4
5 300 30 548 Fig. 5 Specimen for tensile test
6 300 40 474
7 400 20 294 0 s PAG6+GF30%_#1
160 L O PABB+GF30%_#2
8 400 30 730 L& PAB6+GF30%_#3
9 400 40 632 wr
120 | .
Ds 100 Egﬁ

Stress (MPa)
3

o
o

I . 1 1 )
0.000 0.010 0.015 0.020 0.025

Strain (mm/mm)

Fig. 6 Stress-strain curves of PA66+GF30 composite

Fig. 4 Design variables of dimple Table 2 Material properties of PA66+GF30 composite
I |
Table 13} 0] 9552 A|2Hsisict. o Values
nlo]AE Yol WA WE pi ubabve] FWA A, FolA Tensile strength [MPa] 155
1 0,
HZo] 2pxjeks WA A, o] H]E Aol A()F} o] Ue Elongation at brake [%)] 2.3
W 2 gl Young’s modulus [MPa] 8,848
5 5 Poisson’s ratio 0.38
Ay ND; Dy
P=X "7 M
t ND, D,

Remote displacement in X

2.2 A% QM

direction = 0.1Tmm
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Table 3 Structural analysis results for various models

Max. von Max. deformation Max. deformation

Model

No. Mises stress of dim.ple [um] of dimple [pum]

[MPa] (X-Direction) (Total)
1 61.77 0.041 0.503
2 82.38 0.033 0.910
3 104.11 0.022 1.403
4 61.82 0.203 0.460
5 73.82 0.111 0.863
6 105.28 0.118 1.378
7 62.11 0.386 0.483
8 73.31 0.260 0.883
9 132.11 0.348 1.447

mmn Min

0.000 0350 0.700 (mm)
[ S——— S

0175 0525

(a) Distribution of Y-directional deformation

X
0000 0500 1.000 (mrm) [}
[ S— S—
0250 0750

(b) Distribution of von Mises stress

Fig. 8 The points where the maximum stress and deformation occur
(200 um/ 20%)
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Dimpled surface Specimen Jig

Hole for C B )

thermocouple

Fig. 10 Dimpled specimen and holder

Table 4 Specification for pin-on-disc experiment

Section Parameters Condition
Material PA66+GF30
Specific gravity [g/cm’] 1.36
Specimen Hardness [Shore D] 84
Diameter [mm] 8
Quantity [EA] 3
Material SM45C
Disc Surface roughness [pum] Ra 0.1
Sliding track diameter [mm] 50
Contact pressure [MPa] 6.3
Cogzisttion Sliding velocity [m/s] 0.5
Lubricant ISO VG 46
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Fig. 11 Comparison of temperatures according to dimple density
(size = 200 um)
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Fig. 12 Comparison of temperatures according to dimple density
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Fig. 13 Comparison of temperatures according to dimple density
(size = 400 pum)
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Fig. 14 Comparision of the average temperature for specimens with
3-dimple size at the same density according to dimple
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Fig. 15 Comparison of temperatures according to dimple size
(density = 20%)

60 [
ST )
o 3 s BBM@M—@
B o
© Yo
~ 45 | 88 Pas
) A~
S =N A
5 40 G A
2 £
EX[ g a [~o - 2004m_30%)
- o~ 3004m_30%|
[ y& A 4004m_30%
25 Fg
20 1 1 1 1
o 1000 2000 3000 4000

Distance (m)

Fig. 16 Comparison of temperatures according to dimple size
(density = 30%)
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Fig. 17 Comparison of temperatures according to dimple size
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Table 5 Final temperature according to dimple shape and density

(unit: °C)
Dimple size Dimple density [%o]
[nm] 20 30 40 Average
200 544 53.8 52.8 53.7
300 543 54.0 53.4 53.9
400 54.5 53.5 52.5 53.5
Average 54.4 53.8 52.9
see A Dimple size(um)
4 B O— 200
542 [ o 300
O s40 o) 4 400
\S/ 538 | a
2 536 [
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Fig. 20 Final temperatures according to dimple size and density
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Fig. 21 Dimensions of micro-dimple measured before and after
experiment

324 A A3 2
ol Aol thgt A & A= v oA 4 kme| mhzk
Aol =gt & HE =9 2F¢k2 Table 59 Fig. 201}

th 400 um F W=7 20%Y o) 7HY S 2EgE Bl
400 um 5 W=7t 40%H o) 7P R 2% gk Helch UE
S5 ddeo] Aglen, 2 URoA= &9 277t
2 u}oaﬂaokol ZO O H A 011;]_.
gb‘__

TR

= =2 STv= = T M

YEmdo] thet ohAAY F 90| vhusl] A3t
W4 wiskE 1] $lstel BT ZAE @ AL W

1o
O
=



614 / August 2023

o

ZHLUSSSX| M40H Mss

Table 6 Change of dimple shapes before and after experiment

Model Before experiment [pum] After experiment [pm]

No.  Size(L) Pitch (P) Size Pitch
1 213 438 202(-52%)  425(-3.0%)
2 217 349 202(-6.9%)  339(-2.9%)
3 212 302 211(-0.5%)  300(-0.7%)
4 308 654 310(+0.6%)  651(-0.5%)
5 311 534 304(-23%)  531(-0.6%)
6 310 456 309(-0.3%)  461(+1.1%)
7 413 870 404(-22%)  857(-1.5%)
8 405 711 415(+2.5%)  706(-0.7%)
9 403 617 412(+22%)  609(-1.3%)
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