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Abstract

ODbjective: An enterprise applied study was conducted to evaluate the coupled effects of plate thickness,
longitudinal ribs and rounded cut-outs on a non-standard handling fixture. Methods: Six representative
structural schemes and 36 test specimens were assessed under static loading, dynamic positioning
disturbance and 20,000-cycle durability conditions. Descriptive statistics, one-way ANOVA, linear
regression and a weighted composite score were used for decision-making. Results: The 8 mm plate with
12% rounded cut-outs and bilateral longitudinal ribs achieved the highest composite score (92.6/100), with
a mean deflection of 0.87 mm and a cycle retention of 96.72%. Conclusion: Within the defined testing
boundary conditions, load-path-oriented ribbing combined with controlled lightweight cut-outs provided a
better stiffness-life-cost balance than either conservative thickening or isolated material removal.
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Key words: non-standard handling fixture; lightweight design; plate thickness; rib; cut-out; durability
retention; enterprise applied research; experimental validation
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% Rt | Aocmi/m | (Red | SHERER ) @EREE | gugs | BRRET ) paws
A 6 mm SEAR 18.43+0.13 1.9140. 06 183.67+1.21 | 92.8840.62 88.1540. 48 42.74 1.50 10.0

B 8 mm SEAR 20.98+0. 16 1.2940. 06 152.50+4.55 | 94.9840.42 92.0740.77 55. 20 1.66 47.8

=

:&10 s 24.14£0. 14 0.94+£0. 04 140.17£4.31 | 95.9740.49 93.524+0.82 65. 87 1.84 64.0

D 6 mm 19.1840. 19 1.0940. 05 145.67+£2.42 | 95.82+0.59 94.50+0. 25 71.97 1.68 72.3

E 8 mm£7% 20.32+0. 23 1.3940. 06 158.33+4.76 | 94.45+0.39 90. 87+0. 46 53. 30 1.63 39.4

F 8 mn #7%

N 21.27+0. 14 0.87+0. 04 135.33+£4.50 | 97.05+0.30 96. 72+0. 69 81.54 1.75 92.6
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A 36 RGN R G5 . FBE X SamplelD AFEESS, Scheme NJ7%, Thickness mm ANARJE, Rib AZENH, Hollow pet NEETH, Mass kg A
Ji&E, MaxDeflection mm Nf KFEE, PeakStress MPa NUEEZERN /1, ClampStability pct AN¥FFfaEE, CycleRetention pct 2N 20, 000 IXTEIM LR,

10 36 FFHEHLIRK IR HR

SampleID Scheme T/mm Rib H/% Mass/kg Defl. /mm Stress/MPa Stability/% Retention/%
A-1 A_6mm AR 6 0 0 18. 49 1.91 185 94.0 88. 4
A-2 A 6mm SEHT 6 0 0 18. 36 2.01 185 93.0 88. 8
A-3 A 6mm SEHT 6 0 0 18.32 1. 89 183 92.2 87.5
A4 A 6mm SZHT 6 0 0 18. 30 1.86 183 92.7 87.7
A-5 A_6mm AR 6 0 0 18. 66 1.91 182 92.5 88. 2
A-6 A_6mm AR 6 0 0 18. 42 1. 85 184 92.9 88. 3
B-1 B_Smm SZHR 8 0 0 20. 89 1. 40 154 94. 6 92.6
B2 B_Smm SZHR 8 0 0 20. 78 1. 30 145 94. 4 92.2
B-3 B_8mm SR 8 0 0 21.13 1. 30 153 94.9 91.2
B4 B_8mm SR 8 0 0 20. 87 1.26 159 95. 3 91.0
B-5 B_8mm SR 8 0 0 21. 06 1.27 151 95. 4 92.7
B—6 B_Smm SZHR 8 0 0 21.17 1.24 153 95. 3 92.7
-1 C_10mm SEHR 10 0 0 24.01 0.91 134 95. 4 94.5
C-2 C_10mm SEAR 10 0 0 24. 34 0.92 144 96. 2 93. 6
-3 C_10mm SEAR 10 0 0 24,17 1. 00 139 96. 8 92. 4
-4 C_10mm SEAR 10 0 0 24. 25 0. 92 138 96. 0 92.8
-5 C_10mm SEHR 10 0 0 24. 06 0. 94 146 95. 7 93.5
-6 C_10mm SEHR 10 0 0 24.01 0.97 140 95.7 94.3
D-1 D_6mm JfH 6 1 0 19. 32 1.12 144 95. 4 94.3
D-2 D_6mm JfH 6 1 0 19. 04 1. 08 148 95. 6 94. 4
D-3 D_6mm 1 6 1 0 19. 05 1. 03 145 95. 2 94. 4
D4 D_6mm 6 1 0 19.37 1.17 148 95. 7 94.5
D-5 D_6mm 1 6 1 0 18. 95 1. 06 147 96. 8 94. 4
D-6 D_6mm JfH 6 1 0 19. 35 1. 06 142 96. 2 95.0
E-1 E_8mm 8% 8 0 12 20. 34 1. 36 167 93. 7 91. 4
E-2 E_Smm 2575 8 0 12 20. 59 1.35 158 94. 4 90. 7
E-3 E_Smm 2575 8 0 12 19. 92 1.41 156 94. 6 90. 4
E-4 E_Smm 2475 8 0 12 20. 48 1. 36 160 94.8 90. 3
E-5 E_8mm 8% 8 0 12 20. 24 1.49 154 94.5 91.2
E-6 E_8mm 8% 8 0 12 20. 34 1. 34 155 94. 7 91.2
F-1 F 8mm £ 751075 8 1 12 21.35 0. 86 129 97.3 96. 5
F-2 F 8mm 751075 8 1 12 21.17 0.93 134 96. 6 96. 7
F-3 F 8mm 751075 8 1 12 21.12 0.88 137 96. 8 96.9
F-4 F_8mm 4% il 8 1 12 21.37 0. 88 141 97.1 95. 8
F-5 F_8mm 4% 75 Jl il 8 1 12 21. 14 0. 80 132 97. 4 96. 5
F-6 F 8mm 751075 8 1 12 21. 45 0.84 139 97.1 97.9
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R 11 HKEWPORE

H E P85

WIE R I —K K_norm 0.30 STy N ey L
VEAE N 1 A )H—4 o _rev 0.25 NIRRT o3

PEIRERR L_norm 0. 20 PRI A F e 1

S FfaEE P norm 0.15 S R ASD S e R E T
A A H—4k C_rev 0. 10 ARS8

normalize(x) = (x - min(x)) / (max(x) - min(x))
normalize_reverse(x) = (max(x) - x) / (max(x) - min(x))
Score = 100 x (0.30K_norm + 0.250_rev + 0.20L_norm + 0.15P_norm + 0.10C_rev)
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