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Article history: Creation of a stress relief groove is a fairly simple yet high-performance
Received 8 July 2013 method. During the application of this method, it is important to consider
Revised 26 August 2013 the location and size of thegroove in order to achieve better performance.

Accepted 25 September 2013 Consequently, this research proposes an approach for optimizing the

application of the stress relief groove method to a press-fitted assembly. In
a boss design, the position and diameter of the groove are configured as
design variables and the design of experiments is applied. Based on this
information, a 3D model is built and analyzed using the finite element
analysis software ABAQUS. Meta-models are created using back-propagation
neural networks. Then, deterministic optimization results obtained from a
genetic algorithm are compared with the results of the finite element analysis.
The temperature sensitivity of the optimized model is analyzed, and finally,
reliability-based design optimization is conducted for enhancing the design
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stress relief groove

(a) Total view

boss

stress relief groove
@ shaft | ‘ “ I

<Side view> <Front view>

(b) Side view & front view

Fig. 1 Stress relief groove on press-fitted assembly
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Table 1 Material of press-fitted assembly

Y ’ Poi
Material oung s 01s's0n Temperature|  Friction
modulus ratio
Shaft
207 GPa 0.3 20°C 0.6 L
Boss

Detail "A"

/—' Detail "A"

6.3

Fig. 2 Geometry of the press-fitted assembly
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Fig. 5 Design variables of stress relief groove
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Table 2 Result of Training data o2 B9 IZ3IE vHEES A9 13} 1R FFIA
Contact pressure| Von Mises stress|1st Natural frequency Frhstel  7HA e ARz nHde B9 HHst AvE
min 527.01 146.83 1155 R
max 823.29 714.93 29.22 Table 31| Wehd Aol A B9 v23ente nesiole 4
RMSE 373 12,51 1.50 So] A/} HEUHo] B Yo AL Folg 4= 9A|ut 12} 1
FAFSA UG ATEAL SHF Feiolth 13 THAFF
Range of design variables e AY 24 F7RE 450 Adks A&l st 271
0.7 mm <z, <2.5 mm A ABEAS BF BEIGT, AYEH WHOE g HHNE
0.3 mm=,=3.5 mm fekad S43tel 1 A%E s gkorl 1 AR} fATE
0.0 mm<z,;<1.5 mm o 4 9t
Table 4] UYebd sjA3tel|l 4 Adzds shit sk 2+
2.3 2A} Y % 5 HIE $9S B3 BF AEULo] 20%018 228 2
OF ARt AFYL o1§F 2ARE A FBLA HNS  HAY ok B Fo|W AFRAS BT UEse] 45
5o Bud AnE ol4ste] BAPre Azl o) A4 o P& A%E EEA.
858 SAsad?. 243 Age) AUTE 5o ALE 110
el HlolE olg] Bkgle 7} 4AH 1179 volEE ol 32 2F Zpel ga
o] RMSE(root mean square error)E 53 ASEE A&t 2 AL o] tokdt stgo] A&4 08 Agete 25
™ Fig. 73 Table 29 YERH 23} (a) Contact pressure, (b) A7l dojAl F2E] AHE 34 9 A5o 32 E4E FA
Von Mises stress, (c) Ist natural frequency+ =5 #3224 2 aeslof 3}, 53] S = A5 E4A7F fEl wet
B (Actual)? FARE SARLE HESAL %€ 30 S| olol thebl WA oAt $HoR F4
G &5 Wige] 2 A3 A5 5i0] PRIl H2L U
3. FEMA 2I1AG Aol AstE o] Hos . shd]ols A o
2ol 57C7A dsdtal AL @AM s 400 E27F &
3.1 #|={s} Ant oldtta gt} nkE exE ATAtEe] FHA XS A}
A LTHEL o) gato] Aujs 200, AT 200, el SH FRE aclolet S glon) Aed A7k WA da
30%, Hol &L 10%E AA & AA3E F3sigom Agtza A= YU E AT gl U= BAAE gukEel
SFA60} fAHsHT. 2= sto] uhe} @2bA| = SFA60 =W 3}
g Agale] 4884 ANS FUeYT Table 59 Ueh
Table 3 Results of Deterministic optimization SFA60¢] BEAXE RY 257} Waldle wle BASE Wals)
DO <1 | xo | xs Contact | Von Mises |1st Natural
pressure stress frequency Table 5 Material properties of SFA60
f(x), gi1(x) |0.91/2.50(0.14| 637.42 296.72 17.71 ' Young's ‘ .
f(x), gi1(x), 08823310.17] 65137 7801 2614 Material Temperature modulus Poisson ratio
g:(x) -40°C 217 GPa
Steel 20°C 207 GPa 0.3
Table 4 Result validation with CAE 60°C 190 GPa
CAE | Contact pressure | Von Mises stress 1;2;1122:;1 )
Table 6 Analysis results for the temperature change
Initial |829.42 {100.00% |173.86 | 100.00% |16.33 |100.00%
f(x), Temperature | Contact pressure | Von Mises stress Ist Natural
o1(x) 641.35 | 77.33% [302.54 | 174.01% [19.44 |119.05% frequency
), -40°C  |663.23]100.34% | 288.36 | 100.36% |26.10| 99.08%
g1(x), [660.99 | 79.61% (28131 | 161.31% |26.34 |161.31% 20°C  ]660.991100.00%) 287.31 | 100% |26.34]100.00%
22(X) 60°C 658.16| 99.57% | 285.86 | 99.49% |27.21|103.28%
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Table 7 Design variables of RBDO

Initial
Design

Lower
bound

Standard
deviation

Upper
bound

X1 0.088 0.7 0.88 2.5

X2 0.233 0.3 233 3.5

X3 0.017 0.0 0.17 1.0

Table 8 Results of RBDO

Von
Mises
stress
(MPa)

Contact
pressure
(MPa)

Percent
Variation
(%)

[Frequency
Method (Hz)

(mm) (mm)

0.875 0.172] 651.37 |278.21| 26.14

0.874 0.171] 672.31 |273.43| 27.73

0.893 0.167| 676.56 |270.04| 28.40

0.901 0.165| 678.08 |269.24 | 28.80
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