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Optimal Design of Thin Supporting Bracket Considering
Product Strength and Manufacturing Cost
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Abstract: Brackets are used to support shafts, or similar structures. For stable operation, brackets must
be designed appropriately considering the environment and conditions which they are used in.
However, when a design is overly thick or long for stability reasons or when manufacturing includes
cutting, binding, or welding, the economic efficiency generally decreases. In this study, a bracket with
low deflection and high safety margin is developed considering both product strength and
manufacturing cost. At this time, the amount of deflection is determined by comparing the maximum
deformation amount derived from the FEA results, and the safety is determined by comparing the
safety factor. First, a commercially available industrial bracket was investigated using structural finite
element analysis. Bracket thickness and rib shape, both of which govern product strength and
manufacturing cost, were used as design variables. Based on the design variables and factorial design
with two elements and five levels, 25 bracket designs were established. Finite element analyses were
run for the 25 models and their strength and manufacturing cost evaluated. The parameter pair that
provides the highest product strength and the lowest manufacturing cost was then identified. Although
compared with the existing bracket, volumexmanufacturing cost are 2.28 higher, equivalent stresses
are 46% lower and deflection decreased from 0.34 mm to 0.02 mm.
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[(23 1] 93 72 AEE Bl

[Fig. 1] Various Typed Commercial Brackets
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[Table 1] Major Raw Material Price Trends over the Past Five Years (Steel sector)

pee, | COUroled | ool | R SR TG
($h) (1,000 Won)
2017 900.5 680.5 651.5 335 2735
2018 1,049.5 912 7615 410 3115
2019 8425 660.5 7285 360.5 276
2020 849.5 655.5 605.5 336 232
2021 2,038.5 1,776 1,006 567 436
2022 1,960 1,459 1,135 653 577
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[Fig. 2] Boundary Conditions for Thin Supporting Bracket Case 0
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[Table 2] Mechanical Properties for FEA

Mechanical properties SS400 Structural steel
Density (kg/mq) 7,850 7,850
Young’s modulus (MPa) 206,000 200,000
Poisson’s ratio (-) 0.3 0.3
Ultimate tensile strength (MPa) 400 460
Yield tensile strength (MPa) 245 250
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[2¥ 3] Case 09] FEA A} Von-Mises &2 3

[Fig. 3] The FEA Result of Von Mises Stress for the Case 0
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[Fig. 4] Five Typed Ribs Considering Product Strength
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[ 3] AA ¥
[Table 3] Design Variables

No. of Case X1 X3 No. of Case X1 X3

No. of base [#] t [mm] No. of base [#] t [mm]
0 0 3.00 14 3 2.00
1 0 3.00 15 3 1.75
2 1 2.50 16 3 1.50
3 1 2.25 17 4 2.50
4 1 2.00 18 4 2.25
5 1 1.75 19 4 2.00
6 1 1.50 20 4 1.75
7 2 2.50 21 4 1.50
8 2 2.25 22 5 2.50
9 2 2.00 23 5 2.25
10 2 1.75 24 5 2.00
11 2 1.50 25 5 1.75
12 3 2.50 26 5 1.50
13 3 2.25 -
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[Fig. 7] The Distribution of Von Mises stress according to Thickness and Type of base from 25 FEA Cases
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[Table 4] The FE Results of Von-Mises Stress for the Case 2 ~ 26

) \Von-Mises stress (MPa)
Thickness (mm)
Base 1 Base 2 Base 3 Base 4 Base 5
2.50 Case 2: 16.2 Case 7:16.4 Case 12: 16.7 Case 17:16.9 Case 22:19.5
2.25 Case 3:18.9 Case 8:19.2 Case 13:14.4 Case 18: 18.8 Case 23:24.9
2.00 Case 4: 25.0 Case 9:21.7 Case 14: 19.5 Case 19: 20.6 Case 24:29.4
1.75 Case 5:24.9 Case 10: 29.9 Case 15: 30.0 Case 20: 29.4 Case 25: 35.4
150 Case 6:41.2 Case 11: 36.6 Case 16: 31.3 Case 21: 32.5 Case 26:47.0
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[Fig. 8.] The Distribution of VolumexCost according to Thickness and Type of base from 25 FEA Cases
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[Table 5] Volumex Cost Values of 25 Case Brackets according to Thickness and Base

) Volumex Cost (Won-mm?)
Thickness (mm)
Base 1 Base 2 Base 3 Base 4 Base 5

2.50 Case 2: 377,760 Case 7: 369,984 | Case 12: 363,300 | Case 17: 354,429 | Case 22: 343,389
2.25 Case 3: 281,155 Case 8: 274,498 Case 13: 267,838 | Case 18: 261,188 | Case 23: 305,448
2.00 Case 4: 247,250 Case 9: 241,338 Case 14: 235,415 | Case 19: 229,500 | Case 24: 223,595
1.75 Case 5: 183,441 Case 10: 179,001 | Case 15:174,561 | Case 20:170,130 | Case 25: 165,699
1.50 Case 6: 120,957 Case 11: 117,997 | Case 16: 115,038 | Case 21: 112,082 | Case 26: 109,130

44 BYA AF 7%, AZ v]{ AF3HNormalized constant) A<= 2 JF Alo)x AE
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B3 Al4(Scale factor)o]th. [ZH 9 (a)]= Von-Mises &3 o] A t3} Aol Byl x A%
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[Fig. 9] (a) Normalization Constant Graph according to Thickness and Base, (b) Intersection of two
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[Fig. 10] Relationship between Normalized Von Mises Stress and Normalized Volumexcost at Base 1
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