»

RBWAETRIL T T 2AF v 7 OBFEE - @il

BRI Tz B3 5 M4

201 65FE

BREBRBRFRFHE T 2R

H BA B

[~

Li




(U 3)

£ W X % B

wiEs | H 5 2 K 4 HEAEF

- A X H o
PR FARAE R T T AT 7 OEREEE « manLOIHDIN TSR3 5 i 5E

(NEDEF)

MZEHECHBN A2 X U D & T DS ss O 0B CIE, BELICI DA =R L X —(k
Z HRY & LTcBED O mm 2R R BBMERIL 7 T A F > 7 O HBEML TS, 2
DM, BEEIRORL T, —REERABRICOIAN > TETEY, 4% bZD
EHEOEMB AT TS, TFE, B bMEREEL~ Y 7 ZBRICEER L7z
i5 98 £ 72 CFRP(Carbon Fiber Reinforced Plastic)DAft, U o 7 L08E a2 X MTHF| 722
EAATYAVERTAR 243 F L 72 CFRTP(Carbon Fiber Reinforced Thermoplastic) % i H 258 T
Wb, — T, IREMHERILT T AF v 7 OMINT. TIX, TEHEMNENT &0,
J& R BE-C IR BAHE DR LR PO T ARBORAENREL 7> T 5,

Z 2 CAMETIE, mRBEMHEERIL T T AF v 7 O RIVIITRICRET DML
AERZIEIT D702, 2D T oM, EALRER T ALK E TR 2 O 7o AR T
OB EZ B E Li-. BRI, 1) BIKENT 2FEH T2 EEORRE, 2)
CFRP O =N T 0 EERIfENT, 3) CFRP OMMSIEI THAFDOBE%, 4) CFRTP
DRI THAT DRI IOV THFEE 1T > 7.

K SLOMERITLL T O LB TH 5.

B 1ETIE, A0 R L LT, CFRP/CFRTP O EHEMeHisi@hm 72 b NS
RN T B3 A 1ER DOBFZEENE I OV TR, ABFZE0 BRI Z B &Mz LT-.

B2ETIE, BREN T2 FER T L7200 E L LT, WLKEET A MG E L ik
RERMGIEEORBIC OV TR 7=, 2 LT, B3 L EEIC L D2mEWERE % R
AR L, & OICHKIBREIC X 2 TAREHEGE ORI NI TAEEIZ 5 2 52
IZOWTHHI L. F7-, BETAMEENT2EMRT s ETHnEL S, F¥R
BHOMBIEE~DEBELHEL, T 7 ax MIOWTHBE L.

% 3FETIX, CFRP ®= > K I VGIHEIIN T KEEMEGIE A 2 v 7= 18 200 T %
AL, XN E o217\, YIEIIN T Ao CFRP OIRE EH 2 T 52 L
IR FEFEHED T D 7% L O ~DZh R AR L, MITIEE~ORELI SN L.

H4FTlX, CFRP ®= > K I VYIHIIN TS LREE T A B L ONRIRZEF 2 -
IR T2 A L, YIHII T g RE SRR 7o B Z L ic k0, B4F
M TENSfFLNDZ EER L. o, MIKIRIC X DM EHRHE D2 T HEEFE~
FIETEELH LN LT,

5T, BVAIMEIE CHHRY 7 I K66 &~ hY 7 Z#ithg L L7= CFRTP @
x> R I VGIHEIINTAZ W T, HRALREE T A L iRIRZEH#Z 2 W IKIEm T2 mA L,
FEEUN Tk L OB EUN T COUIEIRRMEZ Sl U7, Wb IRER T A HKFIZIE, N
VRT 7 I —va UINERART, Bt EiFmtERA G2 2R L. OF
B THRKIESME T CToO~ MU 7 ZBIEOEMERZFH~N, ~ MU 7 ZBHEOEMR 5
2N, INTHFMEICEE L CWDZ EZHLMT L.

BOEIFMHTHY, FEONEEZE LD, AR TH LN EEZER LT,

YLk




(R 2CH 4)
SUMMARY OF Ph.D. DISSERTATION

School Student Identification Number SURNAME, Given name
Integrated Design Engineering HIG AINO’ Tasuku

Title
A Study on High Precision and High Quality Cutting of Carbon Fiber Reinforced
Plastics

Abstract

The amount of CFRP (carbon fiber reinforced plastics) used in aerospace industry and
automotive industry has been increased in order to improve a fuel efficiency performance by
reducing the weight. The similar trend in general machinery has been seen, and the market for
general machinery is expected to grow. In recent years, CFRTP (carbon fiber reinforced
thermoplastics) has been attracting attention because CFRTP can be molded at high speed and
can be recycled easily. However, these composite materials are known as difficult to cut
materials. Delamination of laminated films, occurrence of burrs and short cutting tool life are
problems to be solved for accurate machining of CFRP and CFRTP. In this study, a cryogenic
machining method was proposed in order to suppress the failure during cutting of CFRP and
CFRTP. Liquefied carbon dioxide and liquid nitrogen were supplied to cutting point and cutting
tool to obtain the cryogenic cutting condition.

The key research focus areas are: 1) Development of liquefied carbon dioxide spray device
and liquid nitrogen spray device for cryogenic machining, 2) Evaluation of end milling of CFRP
under wet condition, 3) Development of end milling of CFRP under cryogenic conditions by
using liquefied carbon dioxide and liquid nitrogen, and 4) Development of end milling of
CFRTP under cryogenic condition.

The thesis consists of six chapters as follows:

In Chapter 1, the research background and objective are described, along with material
properties, markets of composite materials and a review of recent relevant researches.

In Chapter 2, a development of spray devices for cryogenic machining using liquefied
carbon dioxide and liquid nitrogen are described. The performance of the developed devices are
evaluated. The influence of very low temperature on the thermal deformation of machining
center is also analyzed. In addition, oxygen concentration in working environment and running
cost are evaluated.

In Chapter 3, the end milling of CFRP under wet condition is analyzed. Comparing with
the dry milling process, the cutting temperature is kept at low level and the burrs formation is
suppressed.

Based on the results shown in chapter 3, the performance of end milling of CFRP under
cryogenic conditions is analyzed in chapter 4. The temperature rise of workpiece is effectively
suppressed during cryogenic cutting, and the improvement of surface integrity is obtained. The
change of material properties is also examined.

In Chapter 5, the performance of end milling of CFRTP, which consist of carbon fibers and
polyamide 66, is described. The cryogenic milling suppresses the burr formation and provides
the better surface integrity of CFRTP comparing with the dry and wet milling process. It is also
pointed out that the elastic modulus of matrix resin increases under cryogenic condition which
influences the performance on end milling of CFRTP.

Finally, the contents of each chapter are summarized and the results obtained by the
research are summarized in chapter 6.
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