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Abstract

Mobile phone holders are widely used to support portable electronic devices including mobile phones
and tablet computers, with a rich variety of structural forms available on the commercial market.
However, existing products generally suffer from redundant structural mechanical properties, in-
sufficient lightweight design, and poor functional adaptability. Taking a sheet metal mobile phone
holder used 6061 aluminum alloy as the object, this paper proposes a parametric multi-objective
optimization design method based on the SolidWorks Simulation. Static finite element analysis
(FEA) was performed on the 3D model of the initial holder, and the stress, displacement, and safety
factor (SF) results were obtained, which confirmed that the original structure had significant light-
weight potential. On this basis, the single-factor test method was adopted to conduct parametric
sensitivity analysis. The influence weights of key parameters (including sheet thickness, support
angle, backplate angle, and heat dissipation hole diameter) on the structural mass, deformation,
and safety factor were calculated. Accordingly, 4 core optimization variables were screened out, and
their reasonable design intervals were determined. A mathematical model for multi-objective opti-
mization was established, with minimum mass as the optimization objective, and safety factor rang-
ing from 1.2 to 2 and maximum deformation < 2 mm as the constraint conditions. Iterative solution
was completed to obtain the optimal parameter combination. Finally, performance verification,
functional design, and manufacturability analysis were carried out on the optimized structure. The
optimization results show that the mass of the holder is reduced from 0.189 kg to 0.083 kg, with a
weight reduction rate of 56.1%. The optimized structure features a maximum deformation of
0.4609 mm and a minimum safety factor of 1.463, which fully meets the design requirements. Mean-
while, the optimized scheme takes into account ergonomic functional requirements such as heat
dissipation and charging, and satisfies the manufacturability requirements for mass sheet metal
processing. This paper provides a feasible analytical framework and engineering implementation
path for the lightweight design and performance optimization of small sheet metal support struc-
tures.
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Figure 1. Initial structure and basic parameters of the mobile phone holder
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Table 1. Results of grid convergence verification

1. PRSI IR R

W% R~ /mm HITHE BREHSLII/MPa BAZY/mm GIRAMIIRE %
3 32,572 2.894 0.03010 0.10
2.5 55,253 2.874 0.03011 0.07
2 82,820 2.860 0.03013 0

A 1AL PR RSN 2 2 mm I, 7 AR R % /T 0.1%, LIRS il
B, A B A DT E AT IR 2 mm (A RO, SR FAS S T RACR
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Table 2. Core simulation results of the initial structure
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B K von Mises S5 245 /1 3.156 MPa
PN 0.03015 mm
N RE 8.7
Ay 0.189 kg
SERRTR 69845.177 mm?
A RHE RO 275.7 MPa
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Figure 2. Contour plot of initial simulation results
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Figure 3. Mass parameters of the initial structure
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Figure 4. Structural optimization parameters of the mobile phone holder
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Table 3. Design parameters and value ranges
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Table 4. Results of the influence of support angle a on structural performance

F 4. IER o EHMEERTMER

X#f a 30° 45° 60° 75°
wANZERE N 7.344 8.026 8.727 7.814
A E & 5/mm 0.04573 0.03628 0.03015 0.03820
ghif R m/kg 0.189 0.189 0.189 0.189

&SRR T3 o MRS EE R BB TCRMT, X RSN, XA T & S R e
WA R M a=60"R, ZWBILER/D, 28RS, ReEttitt, 5%0=Mmutoettaihm
M. KMH, HEA o 2 RBNBURE ) 0312, SR EMBURE N 1.033, L6 HUK
JEH 0.448, B 5 HLERAK.

BRI A B ISR

R p B E & TICE A, FR RS2 IPRA, AR WKVPAN o b 52 1 25 5
%5 B

Table 5. Results of the influence of backplane inclination angle f on structural performance

5. B p NS RERIF ISR

B p 90° 105° 115° 125° 135° 145° 155°
wANZERE N 7.082 9.583 8.762 7.021 7.021 4.684 3273
BRABI & 5/mm 0.08285 0.03288 0.03015 0.03854 0.03854 0.09225 0.2210
SRR mikg 0.189 0.189 0.189 0.189 0.189 0.189 0.189

g R e WREA B BT R E TR, EXR). BRES %4 R0 &M,
M B> 135°0), SEMe e REUR T, BRI, HAB AR OSSR, 40T
105°~125° X [A] i, Siffase by, B E/N, RS . &iH5E, SIRBUA p 524 REUNBURE N 1.793,
X AR TR B UK N 18.197, LREBUREEN 6.663, AUH (5 HAL IR THRABEJE o

AT EE R ¢ I BURE AT

PO BEJE ¢ 2 5o 2540 i & . WIS SR E R O 28, STFNISCAER G T2, SRR EmEM
BHERERSE, HARIE FRAR s i 25 R a0 3E 6 i

Table 6. Results of the influence of plate thickness ¢ on structural performance

6. IRMEEE ¢ ILEEMMERERIF LS R

RAEEE /mm 1 1.5 2 25 3 35 4 5
RNEREFRE n - 0.961 1.614  2.460 3.389 4.510 5.751 8.666
O RAF R §/mm - 1.229  0.5049  0.2544  0.1453 0.09051 0.0600 0.03015
ZEM R mikg - 0.058  0.077  0.096 0.115 0.134 0.152 0.189

HE: t>2mm B, SMRERENT 1, KRR TTHMEER.
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TUAx. B, WORBEE S FALIX BN 2~3 mm. L1, WEEIE ¢ 0 4 R BN BUREE Ny 1.358,
X AR T B I BURE R 26.243, X B HIBBURE N 0.988, LEARURIE 9.529, & FTA SHFRE R & %
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Figure 5. Improved product structure
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I

Table 7. Results of the influence of heat dissipation hole diameter d on structural performance

7. BURFLER d WM RIS INLE

B#AFLESR d/mm 40 45 50 55 60 70
WANZAERE 0 6.208 5.618 4.955 4.237 3.480 1.809
BRI 6/mm 0.05053 0.05738 0.06616 0.07787 0.09437 0.1648
ghif R & mikg 0.167 0.162 0.157 0.152 0.146 0.131

AR BEALER 4 58MIE R FUHK, fURBKR, BERCLERES, (Hgih2e 250
TR, DB ZIE K M d>60mm i, FMACaREEE 1.809, BRI R, AR R EH A
M d JbF 40~60 mm [XIAIN, AT FEEURE SR 54 )R, ST E, BUONLER d WA BB
RIEN 0.945, XARTLEMBURE N 3.015, WHRERBUREN 0287, LR BUKEN 1.416, BUE LA
TR

e
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Table 8. Core optimization variables and design intervals

F 8. MU EESIRITXE

AR Giae) Bt TR wit B
B B JE t 2 mm 3 mm
AR B 105° 125°
BILER d 40 mm 60 mm
AR a 45° 75°

4. FNHES ERRLIEHT SR
4.1. ZEFMUIBREHFIER
% H AR AL I 8 Ao 2 SRR 22 AN AH EL PP SR I E AR BRAE L) S84 T s L, ARSI A
min F (x) =[ £, (x), /2 (), £, (x)]

s.t. gi(x)SO,iZLZ,-'-,m (4_1)
hj (-x):Onj :1927"'3p
X, <X<Xy

Ko, x WRHERAE, 7 (x) WEAREEL g (x) WASREAEIE, h (x) BRI, x. x,
AR AR RS ERR.
BT BUBTE S TEIR, SE RO ER, B THSORNE B e Bea i, gt B, it
G Y FFA =)
URASEY
ASCHIRZ AU AR 2 SEBLEs R A, RN/ MU TR m(x) s [N, CAPRIES M RIE RS,
W EOA B AR A B MU R R R TR R 5 (x) » B ER 2 B AL 18 A T e R 0N
min F (x) = [m(x),é‘(x)]T 4-2)
Kb, x=[1f.d,a] WEHERRR,
LR F A
MBI EOR MU A58, 456 2 HARIAL M B A S SR AR, B T PSR =400k
R R EE AR NI RS T UL 2R, RiEAN:
g (x)=1.2—n(x)£ 0
2 (x)=n(x)—2£ 0
g3(x):5(x)—2S 0
2mm < ¢ < 3mm (4-3)
105°< f<125°
40mm < d < 60mm
45°<a <75
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Ref, n(x) NEHIRADEE T, ¢ (x). g (0) NEAREAN, BREARIMT 122 20,
g (x) AWIBEL R, ZRBERAZTE BT 2 mm; &5 4 BUAR LB UATIA R L0
4.2. KRR

R 4 MR, §NMEERE 3 NKE, Lo HiRK A, FHRK AR 1 IKRERIT
THE, BRXNAmMNEEE. BEE. 22528, M EKTRMN 16 HiR5 S0 5wk o fE 10
F7R o

Table 9. Optimization variable level table

#=9. ivTEKEE
KF RMEEE /mm 2~3.5mm) EREA p°(105~125°) BHFLESR d/mm (40~60 mm) XM a/°(45~75°)

1 2.0 105 40 45
2 2.5 115 50 60
3 3 125 60 75

Table 10. Data table of orthogonal test with 9 groups of levels for optimization variables

F10. MUTE I HAKFEERREHIER
REES BEymm ik pr XM ol ffEdmm FEmkg ZREI/mm RZERH

1 2.0 105 45 40 0.063 1.862 1.205
2 2.0 115 60 50 0.059 1.638 1.272
3 2.0 125 75 60 0.056 1.915 1.218
4 2.5 105 60 60 0.079 0.928 1.468
5 2.5 115 75 40 0.081 0.852 1.598
6 2.5 125 45 50 0.077 1.103 1.492
7 3.0 105 75 50 0.094 0.488 1.728
8 3.0 115 45 40 0.092 0.535 1.708
9 3.0 125 60 60 0.096 0.622 1.736
WIS A5 R R

(1) WAMEEE  SHEEIEMKE. SAREEIMK. 5LeERMEIEMREUERR);
(2) HHRWIA pAE 115 I RTE RN IE BN LA RBEX s, i 5 PE RS B 35 T F%;
(3) SCHEA o fE 60T NMERERL, H=AEREEI® 2

(4) BIALESR d 5RER NG, LEERBRERIE . <4 R0,

IR EE R 5 ECEs A — 2.

43. REER I

IR AC IS 25 SRR B T A I8 N 2 4 R RIR BT AR, TS Hik, RS
HBHE(=2.5mm. f=115mm. a=75mm. d=40 mm)NENIRK K BHEK/IN0.852 mm). LR
i =1 (1.598)

4.4. Solid-Woks Simulation 3X{4{5 B L6
RIES R E S 52 UL E, S\ Solid-woks Simulation %4 #E4T 7 H 256 (1K 6).
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Figure 6. Setting optimization parameters in SolidWorks Simulation
6. ¥ Solid-woks Simulation i B &%

LIRSS R ey 27 AR A A, IR LA R 25 HovEfE, ZHS S 7.

27 B2 27 BRNEST R BAIRR: B

=1zl
t ' 2.5mm
2 ' 158
il ' 60
| ' 50mm
i1 < 2mm 5.318e-01 mm
2-ME fhZe 4 R ¥4 |(1.200000 ~ 2.000000) 1.28%e+00
BEE1 =t 0.081 kg

Figure 7. Optimization parameter combinations and the structure in SolidWorks software

7. R RERUSHA S REEH

45. hERLSHSMHRELE

BT URE RS AN 2 H AR IR KRB, 25 A AR, Sra s 57 s
TTZEIR, REWERMSHAEGEE 1), FFEMTHSCEREER, HTYPPRIE, 49k 8 fr
zi

Table 11. Optimization parameter combinations and performance indicators

= 11. MUSEES R IR
BF fmm i pr X  ABdmm  KEmkg EHEomm  ZERHn
25 115 60 45 0.083 0.4623 1.460

MEENE S = EUR B, B KN A7 47 B SR A I 25 A e e 21 1 U LIL 2, R4 2 Rl mT A,
52 NERIAE G TR B S B RAR 25 5 P2 N T LR . S5 AR B, EVIRGHITEESR, %
REERNL TR AAEGHITRRAL AL B I SCHE AT b, S SN T ERRIF Al i S RS A . ik —
AR SCHTT BRI, i T @ TR RT R A 2B 384, FLILZE 5T S B b o o ittt AT
T3> FURUIN A A%, SRS R LA O, FIRIIRAL A RS, AEFPRHIVF AT SR N, 755 TOLEDR, 4
10 JyBEI SCAREEH (1 i 1

e
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von Mises (N/mA2)
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4648e-02
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Figure 8. Initial simulation results of the optimal parameter group
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Figure 9. Refined grid simulation results of the optimal parameter group
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Figure 10. Mass properties of the optimized mobile phone holder
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Table 12. Comprehensive comparison of structural performance at each optimization stage
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Figure 11. Comparison of performance index change gradients at each stage of structural optimization
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Figure 12. Life cycle and fatigue load factor of the mobile phone holder
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Figure 13. Performance analysis of the structure under eccentric load condition
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Figure 14. Sheet metal structure of the mobile phone holder
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