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Ultrasonic Vibration Cutting of GFRP
(Surface Generation Mechanism)
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Abstracts

Surface generation of GFRP(Glass Fiber Reinforced Plastic) under the Ultrasonic vibration cutting
was observed with SEM-photograph and considered on the cutting mechanism at the various fiber
angle. The summary of the results is shown as followes, (1)It is three types of surface generation same
as ordinary cutting which are Fiber buckling type, Delamination type and Fiber cutting type at
various fiber angle. (2)In the case of small fiver angle( # < 90deg), it occur repeatedly the tear of the
fiber fracture. The period was longer time than the Ultrasonic. It may be cycle of cutting system. (3)
At the larger angle ( @ = 90deg), the initial fracture of fiber is cut-off with the bending and conpress-
ion, named primary fracture. After, the machined faces of the fiver are rubbed over and deformed
plastically by the relief face of the tool, named secondary fracture. It is generated flat face of the fiber.
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Photo. 1 SEM photogragh of surface finish at the Fider angle
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Table 1 Condition of the Cutting

Cutting speed rpm 60, 120, 180, 240

m/s 0.42,0.85,1.27,1.70
Feedrate mm/rev 0.1
Depth of cut 0.1, 0.5, 1.0, 1.5
Cutting fluid dry
Tool material K-10(WC)
Rake angle deg -10, -5, 0, 5, 10, 15, 20
Fiber angle deg 0, 30, 45, 60, 90, 120

135, 150

Table 2 Condition of the Ultrasonic Vibration

Frequency 19.5+1.5 (KHz)
Amp !l itude 307" (um)
Pitching angle 0 (deg)
Critical cutting speed 1840 (mm/s)
High-frequency output 120 w)
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Fig. 1 Relation between depth of over-cut and
fiber angle
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N=60, f=0.1, d=0.1, «=2.5"
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Photo. 3 SEM photogragh of the chip

CHigEsh s,

() MEHEME E MAKRE R DICONTHEIR DT
FIZNE Lo TETW S, IR & ikl oo 3R
GOENEL o TETWD, HEHIANE S FOIC
%0, Blouk DI X B REMIED O I
fr 728800 (RENR) 2sa v 7Ly vav) vy
(compression lip) & LTHNTWS,

(d)  MEAEF60° DG b B RE T FEA Y 12 |7
UT, BB SRVBIEL 2Ny 7 b~ —2
BHeNG,

(e) MEAEF2390° DA, T HIZMEHE 2 & A M
TAHEIICHLH, TEOGFRPAMASNS
TNIHNEFHFO FHTH Do Hto TR MEHE

CEE R W TS, BRSSO E2 58

DT HIZEDPoTWDH, HEIEHTICX 55|50k

DR BT, ShE L RBIEETAE, RIS
MAHERIE DR & T o 728 O TERHIZ X 5 2
RBIENFEEL TV D, FHROE L R Z 585
FEHET, 2Ty v ar )y STV B,
ZEZE & M- A L AT T 048 IC X 5
T IN D & & HICTH L OBEEIC X - Tl
BIRLAEREINIZLDT, OIZBIFsY) vy 7rEid
B Do I OWDEHEIAZIENER R O YIHIEEZ A
ONB L) L2 VHRBALN, T ADEN
E— PO M7 IRAE AN S B A
OBIRIIBIER LI NTIE - TEB Y, H LT
MEIZEICBEL B,

(f) &t 0 25K & < &Y YIEIJTIm & [ —J5 1)
EH) 1272 &b BRI 25 T
BN%, TOEGBIITERS R LD, TEOMTIC
LD HEHTT OMHEATIT S B AY, BT A
A6 —5%A2 384 L, B 7 imic il A1
o T\Wh, MkHEEHIRE & D ITHIHT I

SNDHH, WHEITEERAT] SR ) BT LT
Wb RICHIIRHIA SR 722 JEaas, 2
KWEEL, T8 %55 258HIR & W — 0 iz H 5
CEDBIRTE 2, MWUHIE SIS HYE OB S
WCHARIEFITA R -oTwE,

FEDIIE D 0 DK E < 7 B & i OB G
HIEWHORMc Y Ny 72 vEar Ty
varyy TOMESKN R 5 ERRTWD
Y, I H LM S —KITEL, 2oBkoL
BEEmOTHICL-oTar Ly sy v 7z
BZ-BEIRSHEL L2 5D, 75 Ak
MECH 275, BB A TH EIFHIAA: R X
NLZOTIEZRLS, BEHEEZRLBE/RL WL EED
NnNb,

(g) MHEMAIKE {2 BI2ON 2 RFEE O
FHBMWRLTW5E, FAHOWHONZY b
27> TWnb,

(h)  #AEA150° DA FMEHEDTR & < HWTH
0, MEHERTI OACE R & b 8K 5 0 THRE)
(& B E s 2 Y, 2 K o R A
SHIZHML TV,

3. 2 RENDEFE

Photo. 41Z4RE) 7 L D& oL P H 0K kE %
RLTW5B, #ffEfAOZEIC X 5 H: EIF T IZIRES)
HYOYE EFEARMIZFE U TH o720 (a)didhiEsm
0°DYETH B WIHITIRE) D ) DA L X
INEV, THIRYEIBOHEOBENIE L0
ElbNL, ONIMAER150° DG TH B, M
D 2 FWIEH AR B D 1IZH~NE v, BB L
EAkHE A 1 SRS A2 TH DKL, WY
WARE O 355 T B A ke E 2 883 2720
WCKEL ozt EZ N5,

3. 3. §< VA

Photo. 5133 { WA —-10°L +20°DHE DS E
MERTH 5, MHEAIZNTRH60° DM ETH
bo —10° D5t MMER OBIR2SHEPEREE L T
BRESINmAHRBL, Wi E M REE o
TWb, THOUHIIAFO FHICImE, #iks
MEVEREE L 7272 DM D A0 - 72 & b b,
+20° DG, THOYNWEAZ X <, UHLH )
HIEC RV A &, TEORGIAARD L W
O THEHED WA A 2 — ZIZHEFT L, ke R o8
EDWEN VLol bnBbhLs,



G F R P ol JdRBh bl 11

Photo. 4 SEM photogragh without vibration
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Photo. 5 Effect of rake angle

N=60, f=0.1, x=2.5,
R " iz

Photo. 6 Effect of depth of cut
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