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dX - 1)"Zam
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TN, X ORERL, VIZOIEGERE,  EBMTH
5. B—13i%, —fFl& LT, ZAKLEZEOE

FRETH-DICER LI-IEEBEKE f=20Hz i
BT DBEKREST F EEGEE V OBGRE TN

A o = n/9rad, YIHIEE z = 12em DWW T RLTE D
DTHBH. ZOBE, ZAHBEOHFMREEREZ RV

TT_TOVOEIZK LT Fr i3/ E72fEEZRLT
BY, TEZARCBLTI VICE WM RE
BRORRY. —IZ, 2T fOJEICEWTRE
REAEZTRL, ZAKE V OB X 5EELRIT
EAEZFTWRY., FOBEHBE LT, TREE
DEBNREZLND. BREIRIBIZET S E TORIE
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BRI V £ 2nfa £ CEGMIICELT 207 LT
CAECIR—EOTREE V+dafé V—4dafh
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(1) REBUIBIOA D =X L

EIRBIFIC BT ARV OMEEIZET 2 E TOKFE
FRIOGHIRFI TH 5 EH 1 Fx 1%, —RRIZ, 04|
BV (cm/s) @ 2 YRBE%L, GOHIFERE X (cm), YIHIEE
E z(em) B LI OT K WA o (rad) DIEEKEI% L LT,

Fx = c{(V+d)2— e}X/z8&(cosa)”
= 325 x 10-2{(V + 43.4)2 — 1.76 x 103}

X X1.044 ZOA968(COSQ)O4746 (R = 0.869) (19)

TExzbhD. R—14i%, —Fl& LT, PHEE v
=050 cm/s, BIHIEE z=12cm, ¥ < WWAa=n
/9 rad TOMEREIEIHNIC BT 2 RYIOWERE ST
F45 51 Fx L UIEIEERE X OERGIZRLELOTH
. ZOBRE X=0623 cm 2BV THABREC
ELTWDA, ARBUIHIERICBITS 1A 71
Y72 0 OEIHI N DOESTERRE VIf D1EIX 0.005 ~ 0.475
cm OFEFEICH Y, ARSEIHNIZ BV TIEHIHIREK
WEFEAE LT B B ERENREABREICE > TV
WeEZXLNBEY.
a) IE 5% R34 HIiRED

RENFFIZB T AAKEFROGHIER TH L ED N
FZOWTEETS. £7, AR (3) I -TEKK
ERRREIREID 1 A4 70 T IZBITDEHIH
OEEL, —HlIELT, ao/V=50150BFICE
BN X &R ¢ OBRER—15 (a) TRELT S
TENTED. HFERTITRO - ABLUC —
D TIXHEFFEL TH LW E A > B Z L ETIH]
TBM, TR A — B TRRHIIHEL 2L JHl%
To7, F-1T7T8R B — C TlR—EYHEI L8 %
BOBELYEITAZ L LD, I @) %0 LES
ZEiTL Y, WBEA, BDEZEIZZENZEI (th, X,
(s, Xo) E LTKRKDEDSICHET A ENTE B,

1
ta = —cos~!| ———
A . ey (20)
Xa = —cos—!|—— +arsin‘cos—l —_—
® aw
@1
2 15 1
g = ———cos~!|——— (22)
® ® aw
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Xg= —{2n—cos~!| ———|{—asin{cos—!| ——
aw aon
(23)
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<t < TOETHELTRDDLILENTES.

Xc = Vic+ asino tc

V
= —cos~! +a sin‘cos—1 ——”(24)
® aw

*77, WR{E D OEE (b, X) IZKXTHETSZ
LAREED,

2n 1 Vv
Iy = — i —eosl| ——— 25)
® ® aw
v .
Xp = —{2n+cos~!|——|[t+asinjcos—!| ——
® amn an
(26)
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B, Yo —Xe=2nVio = V[f THEZALND.
| A 7 AET 0 OEYE A OZEEEE ddr i
REB: b) iR L&k ik d 5.
BEVYAINVETEDOBEARICL>TEA FEN

SLOYEMAEERIIBR T ERETD L, 4.

PEITRIZBVTEI R (19 KRTHE-LFE
OBBEBEITH. oT, ZORXRD XIZT 1 A
INYEDDOEAE VL+ asinot — Xa (2 0) ZRA
THE, i eoBEE L TERRDLIKRTZE
BTED.

Fx(t) = c{(V+aw cosw t+d)?—e}
X (V t+asino t — Xa)/ zg(cosa}* 27N
IR, e d e f, g BEU h ZHEBIERTH
0, BREEEROERICL S TKODIIENTES.
#HoT, IIERTE (0 IR T L ICERTD.
L»L, AiR-5LVEALMNS, EA TS
AMIFEFAOEEOITRERIC L 3 ETHEREICL -
THEBICELTWA EEXLND. £2T, %A
INTOH Fx OBRIBAREIHMLTE A bEL
ZBHET 5 E TOITREIHE N LIEBERE O
PR ERD:Z. —HELT, a =02cm, ¥V =10.50
cm/s, o =n/9rad, z = 12 cm IZBIT BEEOEMR
FE-16127T. £, BROFTOERIKAT
HExohb.
N = 052/4+277 (r=0.993) (28)
TDBRE, BAVIFEAZADBEETEETOF
FADEARIT NVIfTEZLND. - T, REMD
BB DB KRES ST Fro (DT EAIZETR (19) OEAL X
WCNVIf #RATHZ LRIV KRR CEETHZ &
BTED. :

Fxm = c{(V+d)2—¢}

N—Ii]fzg(cosoc)h 29
7 29

BB, ZOBE, BREERICKT2RREDN Fu
BEATEZALND.

Fxmo = 0.653{(V + 0.451)2 4 6.88} z197(cosar ) 2.0°
(R = 0.847) (30)

- T, REGDBIFEORRES T Frn & EIRENY)
HIEFDBKES T Fro & DHBIE, RAXTHET
HILEBTES.
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B—174%, —Hl& LT, V= 0.50cm/s, o = n/9rad
BIOYEIEZz=12miZ2BWVT, a=01~10
cm T A—FZ L LT, BHEKXKEDN Fum =
5.43 kN &3 D IRENEIAIRE f = 2 ~ 100 Hz DE K
FEHHDHER FralFrao & RFEDOBREHEEIRIE co &
LIEEREE VDR ao/V DBEMREZEELZHLOTH
B, —RIZ, FxalFwo EEN ao/V OEME LD
RGBT 2EMBHY, a V—EDH
BrOEMELEBIIEPTEIENALNTHS.
b) = ARAHIIRE

AR (AR T ZAEEMBIREFREID | 31
2N TIZBT BEHIFOERC>VTiE, —Fl&
LT ao/VE3n/2 OFEITRITIEM X &R ¢
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l‘A=Z=m (32)
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XAZE'FH (34)
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¢ 20(nV+2a0) (36)
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g 20 G0
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o 5n
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X SnV +
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P 20 @9

PEo T, 1 A 7 NHET= b OEEI AR KREITIE
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1 YA 7B 0 OEIEIR OESNEE dXdr (X[F
R (b) SR L& D BT 5. KEFROL
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() D X IZEHD1H A I NVETZY) DEAERE Vi—
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Fld) = 4[V+ 49 vl —ellp| 22y
T [ ¢
T V)
—|5a+— g(cosa)h
[ 2m]2( ) (40)

- T, Fx TRARTE (6) IRT X ITET
5.

ZOBEEBE AL NEAZVTEF ORI OFTE
ERIC X 2 EITHEREIC I > THELTRY, T
El¥ N CIREBAEA RS f OBRKIE, —HlELT, a=
02cm, V=050cm/s, o =n/9rad, z= 12cm D
BEER—19 I RLIZE S, ROERATEZ
bihs.
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RATBZELICE-THEHETHIENTES.

- T, IREWIHIRORRKED N Fo & EREHY)
HIBF DI R ED T Frmo & DRI,

I

Fxmo

2a0 7
V+

z8& (cosa)h

T

Fxm _c[
e (42)
CLTHETBC LN TES.

LR, e B TEBBL, KOV A I NL~BITT
BZLED aolV>37n2 LRBBHTBOTHHEA
TR ENTED.



(¥=0.5cm/s a=n/9rad z=12cm)

SN\

\\ a=08 ;=06
0.4 ]
02 ‘ =
“hE Na=01 \a=02 \a=04
0 | ] |
0 20 40 60 80 100 120
aw/V

E—20 BAESHHE FulFm & EEL ao/V OBIE

R—20/%, AIEFLCEHETREELERRESSD
DR FxlFro & FAFOEBEE & YIHIHEE O R
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LIRS RO T R ERN H AL, ERED
BB L THIRVBVARPRKEN EHBHL
HTHBH. —HlELT, a=02cm, V=050cm/s, o
=n/9rad, z= 12cm IZBITHIERRK & = A HEEH
BENZT D Fao/Fxo & A DEFRZHE LI LD %
B—21 77, ZOHELITT TIZ Smith e al 'O
OHFEIL > THLMZENTERLD, B E—13
IRTARERDOERBLUAT I 2L — a3 VD
BIVHALMITEIZ ENTESR.
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T8 Q(ems) TIRT A Z LIk » T, BEEEEY)
BT 0N ERAERL LTRTIENTE S,
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RENDESFE M T 28, ZOHZRAX— &
DOEMP L v/ T, BEAEFEEOEIT 018
HERAEBESNENVEND Z &R, LVHFED
IWEIHITHD LHEITE S.

B—22%, —#Hl& LT, o =n/9rad, z=12cm, V
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REDIHIFEO T XA X — So EHETRLEDD
Thbd. Seldf=20~30Hz{(HEETro¥me &
bicEAP L, BAMEZ & D, TOH%, SeiXfomm
EEBHIEBONIIEMT ABEMICHS. —FiIZ, &
KEHER Fo ERRKEN T Fra BT 2RI -6,
8 L TDEMIIFEFICELLTWS. ZDFEEDL,
EIRBEIHIRFD Se & B LT, f= 10, 20 Hz fhiT
T, KR TTI0~80% DB BALNT. - T, f
= 10Hz, a = 0.6cm TOIRBHEIAIN, B {fEHFEZY)
HIT 50 4ERHEENRRE/MEEZRL, &LHRB
DBRWHHIGHETHD Z EBH15D.

B—231%, LEDOUBEIFEFIZSNT, S EiREa
OBGREEL O f 57 A—F & LT, EREYH
BED So LHETRLEDDOTHSE. WTFRO f O
EIER LT, Sk a DEME L HITBRROHICRE
LT HEMICHY, BRRKESN F (BT 1R —
9 L TD@EMITIFEFICEL LTS, —fKiz, h
FNO fIZxt T ARKOERE a ICBWT, S idE/h
Bz RLTWD. Z0H4E, & <IZf= 10, 20, 30Hz,
EFNEND fFITsHT BHRAROHEE a = 0.6,0.3,0.2cm
DEOLIRORWVIIBIEHETHD LHBICTE 5.

(3) EEL

AL NEAZAOERC X DIRGHTIHIEEICE
BERRFA—ZTHIREBBESR £ (15), Kifa
(cm), B I CYIHGERE V (em/fs) &3t LT, DIEIHD
REEE 2nfa % VCRLTZEER A ZRRAOL S
WCEETD.

2nfa
Vv

A =

“4n

LR, LOFERNIC L BIEEEIHIEERS ' oM E
KNy IR~ L HIREBHI CHEEFER I TE
TWAEEREFALEXFTHD.

B—24 %, —fFl& LT, EXNEMHEHIREGH T
HEEE V= 0.50cm/s, YIHIEX z=12cm ZBI1F
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B—-25 HxRAX—H SJ/So & HEER A DBF

HERBFOBRKESH Fu & ERSBOHIEORE AT
5377 Frao D Fin/Fxmo & BB A DBMRR, $< W
B a=19rad IZOWT, BiBa % /35 A—%4+ 1L
TERCTRTHEMZ2ERT S ICL>TRILE
bOTHD., —HIZ, BHFTISIE-KLTEY, A
DI Fra/Frmo OEZIEL LTV D, FralFreo
DERBLT B L5 Z &3, BEHOEIROREXE
237 Fra OEBEIHIFIZRIT AR RED T Fuo i
T AEERNEL Y, BRBYEICIZ2ED O
BOOBRERZERTHENTES. YIHRENIE
Wz=12 em iEBWTEOHMIZL VEECH-
7. SEENCIT, EEEH LA 40 B2 B L, BH
HRICLDEDNIT 50 % BERBENLD Z L34
B L7,

Wiz, B—251%, —@lE LT, EXEEHIED
TOYHBEE V= 0.95cm/s, PIPIERE 2= 12cm Iz
B RBFOLT R ILF— & L ERBHYHIHD
TR F— So DI So/Se &EEW A OREGEE Y
KW a=nM9rad IZHOWTHRLELDTHS. —
BRI, A OIS Se/See DIEIXED L TWA.
IOBE, 2 TOF—FIHT HERMTOREER,
RRITRT RBRAP KL L 7.

Se/Seo = 9.04 X 101 A-0313  (r=0.822) (48)

EEMIC A 2 30 ~ 40 DEET, EHHEICL



D70 % BERLVEIEHILENTES. /2, AOD
EMRNEVEIRIC T S/Se DIER | 2BXDE08H
D, EREBYHIOT—FZ OIS DX MBRERTE S.
eB, YHITE QO #MEXE5-ICHEEE v
WM EZEBE, S48 &/hS E2IIREE
EE B IR o bRIICEKRIEILERH D
TERFTEIFETHAR. ’

(4) BRRF
EIREFFCBWTHIRIS DAY MELF T
HEHEVTRYBRETCOTANBERRET S
DICHERRLF RIS R E VD, KRBT LY
A %70 OEEIF OEITIRRE Xo — Xe = VIfIZ
HMISTBERICL 2 NEIOITEHIRERICL T, f
DM E & HITRHRR FRITHNL 2 5202,
B—-26 ik, —f#lE LT, ¥=065cm/s,z=12cm,
o=n/9rad 2 B&E CEZEFOERDEELE 1 I
M LTENENOEKNIRIE o % 5 % TERE LI-ES
U EBR DK T %, BRI FORESITEZITY, £
DRBEE LN R Do(mm) & FEK A OREE
BRLIELDOTHD. HLOALMNE, Do EE
oA o e & bICEEBEEMICESLTRY,
Dso = 1.46 exp(—0.004 1) (49)
RABEBRABB LN, Thbh, o VREZLH
L&, A OHEME L HICIRBERE FiIBXL,
BB FRIIPEL 2D, Thbb, BREITT
Lick iz fogme e bicERNCLE2BAL M E
WENOREE TOITEREIE N B2 5HICHK
R F OFERIE Do b/hEL< o EBELLN

5. &%
CLTFIC, BAY bEAFNIHT DEADREY]

BB LT, £& LT, EREHICELTAE
BRTEHLNEH-RAERIIOVWTHRRS.

(1) BERESDD Fo ZRENA LS £, GHIEE v
BICER o« TREINZEEL A OBME L BT
BAL, V=065 cm/s TIToAEROTHEMIC
BWUHEELNREKEZDA=58 (f=20Hz, a=
03cm & f=30Hz, a=02cm) (A TR/MEL 72
ofz. ZOBE, BRBYIHICE T A RKRES S Fuo

& DHER FuolFoo I XR/AMEZIRL, Fro 13 Foo &

BLTEKTO~ 80%HELT 5.
(2) BRESH Fuo BIGHZRALX— S 11,
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HIEED N EVWEBRICBWTERFNORIERE
BIoXIET A BERDIREICEWVTELEL L, &%
RIRBEENZITO Z & B TE B.

(3) bR V¥— Se i, f=10Hz, a = 0.6cm & f
=20Hz, a= 030 cm fHETR/MEZ LD, ZOH#M
EERBRLHEOIVGRIGHETHS. £, ZO
5E, ERHDYHBEOLT FAF— S LHELT
70~ 80 % B LTIy, REWGIHIOF REA FERR
TE 5.

(4) —#RIZ, L= FAF— S T WA o D
e & bITHDTEN, KERICBWTE, a =9
rad IZBWT S I3R/MEEZTRL, BRbERLTEIZ
HThHot-. -
(5) ALV PENANINIZHTIROLDIROBRWIE
BHEDHIE MR, BEREPHEILTRELTEIE
THY, BEEBIZELT, EXELY =g TO
REBUIBINED ThoTz. ARROHHE T, EH
BB #% f= 20Hz, 1RHE a = 0.3cm, BIHIBE V=08
cm/s, T VA a = n/9rad, HIHREX z = 1.2¢m (2
B BZAKTHD I LHHB LT

(6) RENVWDHNIZ X B A FEAZALOEHEIER
ThHERESAE, REMEKE & HITHMT 550
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fo, WRRIFOREEIZ, | YA 704D DEFH
DEARICHAIL, FEKICREHATS.
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EXPERIMENTAL CONSIDERATION FOR VIBRO-CUTTING PROPERTIES
OF A CEMENT MORTAR

Tatsuro MURO, Taizou KAMEI, Dang Thai TRAN and Weimin ZHAO

Several effects of frequency, amplitude, cutting velocity, cutting depth and rake angle of blade on vibro-cutting

properties of a blade against cement mortar were investigated experimentally. As a result, it was observed that

the ratio of the principal cutting resistance during sinusoidal vibration of frequency 20 Hz to that of non-vibration

state decreased to be 70 to 80 %. The ratio of the principal cutting resistance or the specific energy during

vibration to that during non-vibration was clarified theoretically and experimentally to decease hyperbolically

with the increment of the speed ratio defined as the product of the angular velocity and the amplitude divided

with the cutting speed.
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