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A Study on High Speed Machining Distortion Characteristics of
Aluminum Lithium Alloys Wing Rib
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ABSTRACT

Aluminum lithium alloys are new materials developed for lightweight aircraft parts. However, as compared with
conventional aluminum alloys in high-speed machining, problems such as tool wear, machining distortion, and
cutting ability arise. This study presents the machining distortion characteristics of an Al-Li alloy wing tip in
relation to the cutting heat in high-speed machining. A machining experiment was conducted with high-speed
machining equipment for an evaluation of the machining distortion characteristics, with each machining stage
temperature change of the workpiece machining surface, and the inside and outside temperature changes of the
equipment measured. By measuring the amount of distortion of the workpiece before and after machining, the
cutting heat was analyzed with regard to its effect on machining distortion in the product.

Key Words : Wing Rib(g &), High Speed Machining(22%713), Machining Distortion(7t=81&l), Minimum
Quantity Lubrication(MQL: =02 &)
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Table 2 The mechanical properties of Al2050-T84
aluminum-lithium alloy

Thickness(mm) Direction 50mm  100mm

Tensile strength(MPa/ksi) L 520/75  520/75

Yield strength(MPa/ksi) L 490/71  490/71

E[tension] (GPa/Msi) L 76.5/11.1

Toughness Klc(MPa/ksi) L-T 40/36 35/32

450/65 350
(LT) (ST)

SCC min(MPa/ksi)
ASTM G47

Density(g/cm’/Ibs/in®) 2.70/0.098
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Fig. 2 High speed 5axis machine(Ecospeed2060)

Table 3 Specification of experimental machine

Items Details Specification  Unit
X-axis 6,300 mm
Traverse Y-axis 2,500 mm
Z-axix 670 mm
A/B-axis +40 degree
X-axis 50,000 mm/min
. Y-axis 50,000 mm/min
Axis speed Z-axix 50,000  mm/min
AJ/B-axis 1sec/80 degree
Pallet size Width 2,000 mm
Length 6,000 mm
Machining XIYIZ-axis 1,500 N
force
. Capacity(100% ED) 120 kW
Spindle Speed, max. 30,000 rpm
CNC control SINUMERIK 840D
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Tip type E'M PCD Cutter

o _.,'. ’:"‘LH
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- D50-R4-L100-EAML other 3 kinds
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'only OML Finish)

Solid type E/M
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(ShrinkFit Holder)

4}6/ +
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- DIN 69803-1, HSK-A63/80 Special type

Fig. 3 Cutting tools
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Q Inside temperature

rpm Feed rate ap
(rev./min)  (mm/min) (mm) (cm3/min)

@50/CR4 21,000 1,1340 10 5,670
@25/CR4 28,750 10,350 20 5,175
@20/CR5 26,500 9,540 8 1,526
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Fig. 4 Process of wing rib machining

-115-



o]Ql=,

AaA - F=T7)A TSI A, A13E, A6

02
I

o}

eEEE

Y] 7MEFEAe e Fa 2=
35 AuEd g3y 2o FAhy FHNC 1
stage)oll A= Fig. 7914 RE mlel o] Ik 71
T Ao &5 217CoA AFEte Ha EHLE
7} Folxa, 160E9 7HE AlHC Hul 29T7HA
EH257F EolRth 7Y E AR 7208004 =
71€=Ql 22CE A Yolxth Anl yRe 3

S5 23TColAHE Ho 258T7HA ¢ 28T=E

N

Z7t Eolxom, Auleie] AP
ol AEHoE FAFHAL

A2 TVE FANC 2V stage)o] A FTA
7ol & AAME E(Z50mm, CRAMM)EFTT= AL-&3h]
&Aooz ot 71g-& Y3 A Fig 84 H

21~23TC

as f’
:; [ —Workpiece(P4) |
32 b —+lnternalsensor L Machining finish
OM e tenap.
30
B9 | - Oulside mmplk
Exm ~=-Outside tem)
£17 P

——CMM block

o 0 40 60 80 100 1M 140 160 180 70
Time{min)

Fig. 7 Temperature result of NC 1% stage machining

as
34 —=Warkpiece(P8)
33

_ 32
Ea

Alachining Mnish

~s—Intermal semsor

——laside temp.

; 20 == Outside sample

20 ~5-Ouiside temp,

% 8 = CMM Block
7

26
28
24
bx1 — = =
12 p= = = = 2
"
20

i . . " N " N - — .

19

o 0 40 & 80 100 120 140 160 180 T
Time{min}

Fig. 8 Temperature result of NC 2™ stage machining

T =
'\9:—‘—1_

= Hke} o] I2tA o] 7bE A9 21.3Tel
AFE At Hak E7F wobxa, 1602 7h
T AAo A 338T7HA F4sHA FHEV =
ol olF AHarby YA AaAFge] fAa=
257t HA goldE & 4 Aok A Uy &
A2EE 215TCAAFE AN 26.7C7HA ¢F 52T
257t Folxlon, AneRe FAHLEE 20~23T
Aol A A&HoZ {FAFHAT

#AF A27E FANC 3¢ stage)e] 7
7FEAIZk0] 840%-C. 2 FHAUtE A bl )
Atk Fig. 9914 Hi= mpe} o] oF 1808 %t
2449l EHLEE A3 F2AY] 7t
o] THLXEE 19.7ColARE A3t HA}
Fom, 51089 7HF AlMA Hd 232C7HA &
A=t Tolxth. 18y 3tE FR e vlmst
of ¥HS 2% wWskE mHg AolE YERATH
A Yo e xE= 206 CoAAEE Ho 216T
74A muEEA Eol o, FulejRe] AT =
19-21TC WHYeA A&H o= FA YT

o
2
R

o

X
e o
O N

—=Workpicce(P9)
—+Intermal simsor
== Inside temp.
=i Outside sample
33 | 5 Outside emp
== CMM block.

Machining finish

Temperalure| T)

[

0

19

360 510
Time(min)

Fig. 9 Temperature result of NC 3" stage machining

- 116 -



Al-Li 38 999 14713 HEEA @

o
2

T @AV E A, A13Y, A6s

42 78 SYE MY 59 24
Fig. 1001X%E 7} 44 713 A7} 5o 7%
B MIFE 2AD ke vud Sl
VEEe] MEFS AW, Ga7tE Ao UAt

AGe A 5 A BAE FE@@)ol H 25mm
wEg ko] G oM, 7HE T TLF(b)ol
o 9.3mme] W Fo] LAYSFA T

HH 2 GAtEE A JFEES HAFel ¥
s AT A JHEFE FY SEEHACeA A
o 5.3mme] W o] HASIH oW, JtF & JhEH
P IuigFo g gt S AdR(d)el Ho
14mme] ¥ E o] WA H .

AT AA7MES 98 1EES A AR SA
3 A3 S NEEE)] A 7.0mme] WHE o)
HAEA T HE7HE & CMM AWEE ol AE

Alter machiningiFree weizhi)

©

Fig. 10 Result of distortion measurement

43 713 2zt WH Yy MuuA vl

Fig. 1o+ &40l W& 7hawel E9 253
st& YESIAL, Fig. 12914 349 ©e 7HF
o) WY FE ek Aot

FA7EE A FAA EHLE WS 2L
TCEFEAA), 29C (et 23T (HeEE) 522
FHe =W yehila, Hd 3co e=at
o7} HatAe] U= tﬂi]—ﬂ- WAES gelsh ot
7beEe] TheuEEge Tk @oﬂHL +2 5mmel| A

71E T AE +9.3mmE AW 6.8mme] JFEWE 2o

stol7h M-S SHlsgich
Fagarty A e 21.3TrFeAIA), 33
)
35
C1Before machining
30 EMachining
A After machining
25
23.2
20
15 .
NC 1st NC 2nd NC 3rd
Fig. 11 Surface temperature variation of workpiece
according to process
(mm)
15
O Before machining
10 - @ After machining
5
0.6
0 o . . S -
NC 1st NC3rd
-10 t
Fig. 12 Distortion variation of workpiece according

to process

-117 -



o214, AaA

: F=IIATFEEE A, A3, AT

8°C(7}1%7P) 30. 2°C(7W—%E) o maAe
Mer WsEs Yeua, Ao 125C9 Lx3jo]
7t 2 skATE 7HEE e 7}4—3164?#% 742 A A
-5.3mmellAl 7HE Foll= +14mme] gHF o] wAYE}
gom, At 19.3mme] 7t E el xlo|7t WAy
2 sy

AT BA7kE 3T 107COIBAR, 282C
OFE8F3Y, 212CPFe%E) 59 EHes WIE o
B, Ho) 35T ®He &% Zolrl Ay
< FAsan. HEE A ES HE Aol
-Tmme] g¥ o] Yoy, AArtE $ CMM A
B B4 24 A HE NFFL +06mmE ofFF

R CIE AL EE

9L Salo o
Fo wage gueAs glos, BAE A 9
AqAe) Y x| YeEo] 2543 NFEY 71
HMPLE wese] 3hEe & 5 Aok

5. 4 &

B Rl AL AL BE A OE
A TEB YYREF] DEHE A WS BALDe
Yol O T8 TARE 2T B

Az

BHY] F2ATtEe HAAZe
%%%‘%‘ol = FTH@25~@50mm)7F FE AL
o] & <laf @_&Xifz}ol ol H2AbmHo|

N
B ofN iy

o] EE2 20148 FEHerietistal 7143 3

A7l A el ofste] ATFEH A

REFERENCES

1. B. Ahmed, S. J. Wu, "Aluminum Lithium
Alloys(Al-Li-Cu-X)-New Generation Material for
Aerospace Applications”, Applied Mechanics and
Materials, Vol. 440, pp. 104-111, 2013.

2. Ph. Lequed, K. P. Smith, A. Danélou,
"Aluminum-Copper-Lithium Alloy 2050 Developed
for Medium to Thick Plate", Journal of Materials
Engineering and Performance, Vol. 19, No. 6, pp.
841-847, 2010

3. C. Giummarr, B. Thomas, R. J. Rioja, "New
Aluminum  Lithium alloys for  aerospace
applications”, Proceedings fo the Light Metals

Technology Conference, pp. 395-396, 2007.

4. U. M. Lee, N. K. Kim, J. H. Jang, Yulkok Ltd,
"A Study on th High Speed Machining of Major
Structure in Aircraft", Journal of the KSMPE,
Vol. 11, No. 1, pp. 119-124, 2012.

5. U. M. Lee, N. K. Kim, H. J. Kim, I. S. Lee,
"A Study on Machining distortion of MAJOR
Structure in Aircraft" 2009 Fall Conference
Proceeding of the KSMPE, pp. 17-19, 2009.

6. S. J. Lee, W. K, Park, S. T. Lee, W. Y. Lee,
M. K. Ha, "Characteristics of Heat Generation in
time of High-speed Machining using Infrared
Thermal Imaging Camera”, Journal of the
KSMPE, Vol. 2, No. 3, pp. 26-33, 2003.

-118 -





