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Topology Optimization Design of Machine Tools Head Frame Structures for
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Abstract

The head frame structure of a machine tool for aircraft parts, which requires machining precision and
machining of difficult-to-cut materials is required to be light-weighted for precision high-speed machining and
to minimize possible deformation by cutting force. To achieve high stiffness and for light-weight structure
optimization design, a preliminary model was designed based on finite element analysis. The topology
optimization design of light-weight, high stiffness, and low vibration frame structure were performed by
minimizing compliance. As a result, the frame weight decreased by 17.3%, the maximum deflection was less
than 0.007 mm, and the natural frequency increased by 30.6%. The static stiffness was increased in each axis
direction and the dynamic stiffness exhibited contrary results according to the axis. Optimized structure with
the high stiffness of low vibration in topology optimization design was confirmed.

x5

718 AUEe WA hEo] e EE daU|EEE 3AVAY A=zl FERE AW &)
TS 9el As W Hargo] o3 WEHH A3 ol B =Rox= ugdA AR x HAA
AZ Y8l FFerade F3se] 27 NS AAGAL, AZeo|AdAs Hizlele] B A
g ARE Tz A HAE AAE s HAsk dAEI Ty T 173% HAEUA,
A AR FES 0.007 mm ©]3F, LFNEFE 30.6% S7HEAY TR A 7 F wEo R FUty
A, L Fol wet e A3E YERdTE Y HAsE A FRelA AXNEY 1S
zh= HA3E x5 gt

Key Words : Topology Optimization($]/d# %] 3}), Static Analysis(’d %] 3ll4]), Modal Analysis(5.=3l4),
Finite Element Method(F+3$+ 2 4%), Compliance( =2Fo]A2)

1. M = 7hEA e e F40 dAG Al aqEHE

e A At T A S FAske] el

Az §9 2 AAA G e Fhw qp 0 9% NSIOR Shee b s el v
FERYE AFANY o] FAAA Fa 5 0 ord BECIR W AU e g
a2 ggss zaalos A ot alEHE o $REE AFEAE S AR a&c] U
AAE FAZIA o] dest. FATIA TERE

Received: Mar. 08, 2018 Revised: July. (4, 2018 Accepted: July. 08, 2018 HA3} = WHe oAU 2t e A-FAA
26?:0?;;?{)3?212505??&?E-mail: leess@gsnu.ac.kr = AN TEE Atk AdA st A
© The Society for Aerospace System Engineering HE Bty FHELA2aAE 4S5 5 YUl & A




A=z x| A3HAs 4 19

FoNE gy B
T2 AAN 27
e R R
sz le] =7|AdA Y f38
method) A& EAsa
H#A3s 7IHS ALk
ATE Kang2 H=d€
o= 4 AAAAS Seg oM [2], Lee

2715 REFA HHAA ARHE v

(m
4
rO
N
=2
2
ofo
i)
rlr
5]
1t
il
I,

o] 5 #917] 4
oz 7|F 2= ARGA v FARE G
g WEse Ang wEAAT3L B AFINE )
o A ALAA P

e PR LA B

7 g
e AASL 71EA Heake TSt B
Fogol Ulg AdxAL dAsel AH3 FAE 44
8 sws shovt

2. Z7|dA9] F=aiy

2.1 ZIHATFZ= R

2 =l RIS W= HolgS A9 CH
T2 AY o]FA TAVIAR Fig. 13 22 7=
o]Fojx glom, 2535 mm x 1,245 mm x 1,940

mme IA7|E Zta 9t}

ATC

COLUMN

SADDLE

HEAD FRAME

SPINDLE

Fig. 1 Preliminary Design Model of C-type
Structure Machine Tools
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Fig. 2 Preliminary Head Frame Model for
Applied Load
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Fig. 3 Preliminary Head Frame Model for
Boundary Condition
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Table 1 FE Modeling Data of Preliminary Model Table 2 Static Analysis Results for the Preliminary
Head Frame
Element type C3D10
FE model| No. of node 114,953 Value
No. of element 69,577 Static deflection Maximum 0.012
(mm)
Material Gray cast iron 300 ]
Maximum stress (MPa) 2.179
Material | Young’'s modulus 90 GPa
Property | Poisson's ratio 0.25 Weight (kg) 439.2
Density 7,300 kg/mm?*
: Table 29A = 7] AR fMAHRE HeR
Fixed edge nodes B )
Boundary | Atk g2 Aol B A ARE wpgoz 3
.. Displacement | on bottom plane of
condition the base sxeele) 94 AA5 AAS Faskoh
Fx = 1,000 N O|AL %x|XS
2
Fy=1,000N 3 'I'lo —'—Iﬁ I'
Applied load Fz = 2,000 N
cutting force at 3.1 |4t zH35 o|E
the frame surface 4 AXsE ol8d Aol AW Awgt
Table 1A% %7184 2ay dojgg vep 0w AT AEWE T/ mATEperiodic
- - [e e = O = AN
on pzBe AL §FA(grey cast iron 3000 microstructure)& Zte= AR T AERAFE
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Fig. 4 FE Model of the Preliminary Design Model
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Fig. 5 Convergence Process : Iteration 1

Fig. 6 Convergence Process : Iteration 9
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Fig. 8 Optimized Head Frame Design
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Fig. 9 Optimized Structural for C/Force
Inflow (section A-A)
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Table 3 FE Modeling Data of Optimized Model

Element type C3D10
FE model No. of node 124,077
No. of element 75,390
Material Gray cast iron 300
Material | Young’s modulus 90 GPa
Property | Poisson's ratio 0.25
Density 7,300 kg/mm?
Fixed edge nodes
Boundary .
. Displacement on bottom plane of
condition
the base
Fx = 1,000 N
Fy = 1,000 N
Applied load Fz = 2,000 N

cutting force at
the frame surface
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Fig. 10 FE Model of the Optimized Design Model
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Table 4 Static Analysis Results for the Optimized
Head Frame

Value
i flecti
Static deflection Masximum 0.007
(mm)
Maximum stress (MPa) 0.946
Weight (kg) 363
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Fig. 11 The 1* Mode Analysis of the Preliminary
Model (217.93 Hz)

Fig. 12 The 1% Mode Analysis of the Optimized
Model (313.91 Hz)
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Fig. 13 Optimized Head Frame for Applied Load
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Table 5 Comparison of Compliance Computed for
Preliminary and Optimized Model

Static Compliance |Dynamic Compliance
X Y Z X Y Z

Fx Fy Fz Fx Fy Fz

Preliminary
-5.6E-3|-6.5E-3| 4.5E-3 | 1.1E-2 | 1.2E-2 | 7.6E-3

model

Optimized
1.5E-3 |-6.7E-3| 2.9E-3 | 8.1E-3 | 1.4E-2 | 1.5E-2

model

Optimized
126.8% | -3.1% | -35.6% | -26.4% | 16.7% | 97.4%

results
Axdd o =zl Fde] AEgoldx &
A2 A4S ALtste] Table 60 WERATE.

Table 6 Comparison of Stiffness Computed for
Preliminary and Optimized Model

Static Stiffness Dynamic Stiffness

X Y Z X Y Z

Preliminary
-178.6 | -153.8 | 224.7 94.3 82.6 131.6

Model
Optimized . i i

666.7 | -149.3| 344.8 | 1235 73.0 66.7
Model
Optimized

473.2%| 2.9% | 53.5% | 30.9% |-11.6%|-49.3%
results
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