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ABSTRACT

In this paper, the design of a high-angle drive frame structure supporting a large load while con-
sidering the necessary variables such as hinge position and frame weight is presented; furthermore,
the geometrical design variables are solved through geometric boundary conditions and optimal de-
flection equations. This study consists of two parts. First, the mathematical model of the deflection
under the high load condition of the high-angle drive frame, boundary conditions, and design varia-
bles are selected, and the solution of the geometric deflection equation are then checked. The
cross-section of the frame has a rectangular shape, and the deflection model is a two-point support
simple beam model. The deflection equation and boundary condition equation of the high-angle drive
frame are determined using the hinge position and frame length. Second, the validity of the de-
flection equation is verified through finite element analysis; further, it is verified whether the hinge
position and frame length corresponding to the geometric solution satisfy the optimal deflection. The
optimal geometrical design parameters for designing a high-angle driving frame structure that can
withstand high loads are determined. Then the appropriateness of the optimal solution is demonstrated
through structural analysis. Finally, the validity of the geometrical optimization method is verified.
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(a) 1-D Model of high-angle drive frame
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(b) Cross section area of frame

Fig. 1 Schema of high-angle drive frame
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(a) The overall free body diagram of the frame
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(b) Local free-body diagram of the frame

Fig.2 The free body diagram of high-angle drive
frame

AAZ (6)S 2 3)~(5)l ddet Z# 9ol A
o ARE A (D 2ol =Y

4 =2
x2
g




Wan Ho Kim ; Optimal Design and Analysis according to the Hinge Position of the High-angle Drive Frame Structure

(Fig.3). o= 4 @)k (7), 2] 22} o] e
WAL o] gatd t}Sy) 7o) Hu mHlEe] x4
S =& 9
B (2) = 2 (L) — e
¢ ®)
L 3_ 3 _ 3_ 4
t 5el—a) (4al® =1 —21a® —a*)
1, 2 1,
=1—y/ = Flat+~ 9
T max l 31 3la+ 311 ( )

TE]aL o] AFelAE WA fAE Zegle] A
ol¢] Ak Hurh= Har o] o] nrhe Fria 7MY
shgith o]& Ao vehw thed) 2t

(10)

=z o] dols} 4] A S AL A WS
52 Table 19 A9 ue} 2ol o714 5,5 =9
Q9] Ao) = Aol

22 7|51 & =&
o] HoHx= 422 AAF = (Matlab)$}b 2.1 A
A 2 AA BA, 2o A MEEs
gto] HA 35 = UeS 71Edh A ()~
Table 19] W8-S 7Iwko = A3 2 AAWA
&t Table 2] W& o] =53 5 3l
Matlab®] ezplot 7]5< o]&3to] th&3}
AEs tardt 7ol 7]8t8H4]] sl (geometric

= : N

MO 2= 0 i

e to S oo

i }Ti o2
Ry

facs

=
solution)& =&%

Object: Flz) <20 ;
Subject to: Gy(z) <0 ;

Ga) <0 ; )
Side Constraints: =, = z; z, < 2z, ;

A Axt 2% AH 20mmz 7HEERS W, 4
= Fig. 40 Hlu #A1E G0l EAT o] 99
dli= Agrbset szt vile- ®7] diiel Al @7
olA A7 W5 AEskr] fleir= BAME Al o

o /\1

g ZolrluA dE dua . o Aol
b A2% g Auaginh Auw s e 2.

rl

W (Load)

.
v,
N,

Fig.3 Location of maximum moment & deflection of
the frame

Table 1 Design variables of the frame

Variable Mean Value | Unit
/4 Load on frame 20 000 N
M Width of frame 500 mm
H Height of frame 200 mm
E Elastic modulus of frame 340 GPa
1 Moments of inertia of area 33 mm*
0o Object deflection of frame 20 mm
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W (Load)
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Fix Fix
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Contact
(Frame — Hinge)
(a) Schema of load and boundary condition of finite
element model

Frame Hinge

(b) Finite element model of frame and hinge structure

Fig.5 Information of finite element analysis for
high-angle drive frame

Table 3 Information of finite element

Name Frame Hinge Unit
Element . . ..
classification Lagrangian solid Rigid -
Young’s modulus 340 000 100 000 000 MPa
Poisson’s ratio 0.3 0.3 -
Element size | 100 x 100 100 |10 x 10 x 100|™™ * mm
X mm
Number of 500 ~ 1000 40 EA
element

(b) Contour of deflection

Fig. 6 Picture of finite element analysis
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Fig.7 Analysis results of deflection equation model verification
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