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Triangular vibro-cutting of a bucket tooth for a tuffaceous rock

B ER - EE—
Tatsuro MURO* and Koichi KOHNO*

The purpose of this paper is to explore experimentally the characteristics of a triangular vibro-cutting of
rock material uéing a bucket tooth. This vibration assisted cutting of rock with toothed tynes and buckets is
emerging as a process of potential major industrial significance. Here, the effects of frequency, amplitude of
displacement of triangular vibro-cutting, cutting velocity and depth of cutting on a maximum excavation force
were investigated for a tuffaceous rock. It was verified that either ratio of a horizontal component of the
maximum excavation force or a specific energy at vibro-cutting and that at non-vibration decreased
hyperbolically with the increment of velocity ratio but increased parabolically with the increment of depth of
cutting. |

Key words :Vibro-cutting, Bucket Tooth, Tuffaceous rock; Frequency, Excavation force, Specific energy,
Velocity ratio
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2. RBAHE

2.1 HAERREE

Figl 1, EHENRBERONERZRLELOTHS., COEBIE, £&LT, HaOMES
EREIVBITIFax—%, Nryby—2X, BHEHZHUTIEZDOYMFEA-Y, BIU
BRUREESHIEI-DOMET—TVASHRINTVS, ZOT7I/FaT—Fik, ¥—=Ra
YhO—F—mhSDEBICEETH Y —FRAERAL T, EX M BBERNICEE TS50 OHMET
INF—ZEETHREZRLELTVS, Y1 FEA—YREKEINENTY NY—RE, 7I7Fa
I—FDER b EBICk> THERBZE SN, ZORMEERRIL, ETEHE—H B KX
1y FNRAD, BETF—TNVZHRESNEBREREENNT Y DY —ATEMWTETERICEMML
FBRENSHIAT A ENTES, MEIEE v I3, AAHEEZRELT— 7)) OREEEZHIH
TBZEWLDT035 ~ 1.00cm/s ICHABTHZENTES, Ny MY —ARERELETVFax
—&13, ENETE2PEETEE0OBHRN 7L —ARRBEINTVWS, ZOBHR 7L —L0HEE
ROMERDIZ, KRBREBOLBICRELAEHT—F A 2RHIVI LI THETZZ L
NTES,
2.2 Ny bY—REERTE

Fig2 1X, 18 10mm, & 100mm, £ 100mm OFYUFANSRINT v hY—ADRBB LU
ERHEZATYYFLEBDTH S, WC-Co B&F v TRERITHEERDIENT Y MY —2ADAY
Al n/drad THB. T VE a 1T x/6rad,
HRWTA 713 n/12rad TH B, Y1 FEA—F Side view
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- : Cutting blade
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Rock sample
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BEMTIE 1.63 £ 0.02, HEE1.71 £+ 0.04, Fig.1 Side view of triangular vibro-cutting apparatus
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0, 2, 4, 6, 8 10, 20, 30, 40, 50, 60, Fig.2 Several forces acting on bucket tooth
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DA MERIBEDENT A FERA—F 2 Fig.3 Variation of excavation force Fx and Fz with
WTEF v > RNRI—I L aI—FicERL time ¢ at non-vibration state ( f = 0Hz, a =
Fo F—BOYLTY IR, BRI Ocm, 2 = 1.2m, V7= 035 cmfs)
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REHEHIRRICBNWTIE, Fx BEUF: O Figd Variation of excavation force Fx and Fz with
REE(LIL, Figd ITRTEIIC, Bl ¢+ & &D time ¢ at triangular vibro-cutting state (f =
KENTNORBBAEKICHEL THNWD v > 6Hz, a = 0.6cm, z = 1.2cm, ¥V = 0.35cm/s)

EOVBESNRELTHSONERINS, ‘
T, BAKEHEEEIN Fxa 1%, FRICFx DE—7{H 10 ROFHETH D EERT D,
Table 113, #5290 B HRARBAREK S, Rifaq, HEEE Y, BHEZ 2z, <A DT
NZENOHABIIBNTEREENERRFEEZRLZDBDTH S,
HARRREICHTINT Y MY — X0 AEBEHHFBERIIAR TSI 5N S,

X =Vt—(—1)sX2an+(— l)"xzawt (n: 850 1)
‘fi—‘f = V(=) x 222 = py (=1 xaaf @)

I, XRNNT Y MY—RDEN, 0 BTV FaI—-YOARE, IRHMTHS.
Fig.5 1%, #EHIEEE v =035cmys, HEIEE z=12cm, <A a = n/6rad IZBIT 584 OfRiE «
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Table 1 Procedure of triangular vibro-cutting test

No. frequency | amplitude of displacement | amplitude of velocity | cutting velocity | cutting depth | rake angle
) a (cm) 4a f (cos) V (ca/s) z (cm) a (rad)
1 2 0.20 ~1.00 16 ~80
2 4 0.20 ~ 1.00 32 ~160
3 6 020 ~ 1.00 48 ~240 035 040
4 8 0.20 ~ 0.80 64 ~25.6
5 10 0.20 ~ 0.60 80 ~240
6 20 0.20 ~ 0.30 16,0 ~24.0 ! ¢ n/6
7 30 0.20 24.0
8 40 0.15 24.0
9 50 0.10 200 095 1.60
10 60 0.09 216
11 70 0.07 19.6
14
nLn-vibrat]ion ( a (cm)w
12 ® 007
10 | z=1.6cm v=035cmis | & oF
g 8 H 015 .
- 02
B 6 & 03
Ry a) <~ 04
4 -O- 06
2 M \ [ — 08
’ - 1
0 J
0 10 20 30 40 50 60 70
f (Hz)

Fig.5 Relationship between dynamic maximum horizontal component of excavation
force Fxmand frequency f for various amplitudes of displacement a

RS 2 BB AK T LRI 7] Fxn &IRBIBEE £ & DBILR % EIRSHEF O E0 R AOKEH HHEEI
Fxwo CHBELTRUIEHBDTH S, FKDHSMIT, Fxo 13, f = 20Hz, a = 030cm £713f = 30Hz, a
= 0.20cm KBVWTR/MAZEM> T3, £z, Fxa 13, f= 30Hz ICBWTHEME Fxo I2HLT
BR60~70%bEHPLTNB I LKL =,

4., ER

4.1 REBRR

EIRBIMAIFF B X = A BIRHIEIRF OB S /1 OKFEH BT Fxmo BE Fxo DRRERIEIZHE
THEBHNERL, TTCHRUIZBNTERL TWS, ZITRERERICEINVT, EBRICL
STERROELEIZEETHILLT S,

RIRBAIFF I BT 2 B KIEHI A7) Fuo(kN) DEKRKFH 571 Fxao(kN) B L FENICHET 55
RBEFGRR N FraokN) 1, BERBSHFORER, RRITRT XS ICHBIES z(cm) B L OMHI#E v

(cn/s) DR THEA 5N 5,
Fxmo = 5.75 z243(1—1.33X 10 10 / -206) (R=0977) )
Fzmp = 1.28 2383(1—7.81X 10 -9 ¥ -172) (R=0.942) @
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Fmo = 5912250(1—1.62X10-10 ¥-205) - (R=0.975) (5)
—7%, REBHIRICBT 2BRAMEHIE N Fa(kN) DERRKFESLAZ T Fra(kN) BLUTTNITHIET
BERBEHMS N Fa(kN) I3, BERIFTORER, KRITRT XD IIRBEEK f (Hz), &8 a(cm),
RIS z(cm) B K CHEBBEEE V(em/s) DB TEA 503,
Fxm = 1.13 f—0264 g —0.180 72597(1 42,64 }/1.086) (R=0.810) (6)
Fzm = 0.464 f —0354 g —0216 £2316(1 1,32 /1906) (R=0.763) 0)
Fm = 1.26 f —0267 g =081 72573(]1 2,38 V/1144) (R=0.820) ®
4.2 LT RINVF—LIEEL
EFRDOBRRKERMD T FxakN) DBNEGHBEOHBEEZITOTNBLEZIBZRETH
5, ZOHBR WNem) i, KX THET ST EMTES.

W = f’; FxdX ©)

ZZIZ, L(em)id, HHLEE V(cm/s) EFRERE () OMTEA S BMHIEERETH S, £z, HH
871 P(kNemys) 13, BRSO OHTEE W ELTEBITDI I ENTES, 51T, BIFFMY
720 OEBILRE O(cm’/s) i, HHIEE z(cm) & HEEIEE V(cm/s) B L THEFIH O FE B(cm) DFTH
5zVBELTHETBIENTES, ’
T, BUARMYZDOAFRLLTERINTVA LI X)L F— Usg(kNem/em®) 1Z, HHEISHH
P(kNcm/s) % BLATRFR 2 7= 0 OHI L & 0 (cm¥s) TRLADBDEL T, KR TEEI IS,
P w

e =5 = ZBV: (10)

HIXNF—BAEThiENEWEERAENTRY D OHERNBLTHILE2BHRL TS
D, BIXNF—PRESVEEL VRN RAELZERTELLFMTEIENTES,

—%, TBEMBCHTSFEAORBEHIFEZFMETZ LTEOOTEHEL INIRHEEK
f(Hz), ZARIE a(cm), BXTHEEIEE V(em/s) I LT, FHOEERE aw = 2xfa ZMEIEE v
TRRLEZEER L LT, BPHIRRDLSITEEL K,

aw 2xnfa
TV T T 1y

—BIELT, Figé 3, BBRAKTHRAN EBRBAKTEHEH DK Fra/Frmo &EER ) OF

: ' (z=08em, r=065cus)
T e S e
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N

Fig.6 Relationship between ratio of dynamic and static maximum horizontal

component of excavation force Fxm/Fxmo and velocity ratio A
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SE/Sm0

(z—o 8cm, V—o 65 cm/s]

100 120
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Fig.7 Relationship between ratio of dynamic and static specific energy Se/Seo and velocity ratio A

%, ZEAHRIEa = 007 ~ 1.00cm, HHIEE V= 0.65cmys, HHIEE z=08cm, BLUT< VWfia
= n/6rad KBNWTRLEDBDTH D, BILKDHASMIZ, FxafFxao WEHEEH A OMINE & DITHHT
M, WHEE NI 3L MATH8MICHZ. BEEBMTOER, KRACRTERANESH
7o
:—xx‘:; = 1.61 A —0362 z0401 (R=0.647) (12)
Fig.7 i3, BIEIICRAL T, BRI R F—EBHEI RV F—DH Se/Se0 LB )\ ORR%E
L OEMBBICOVWTRLEDDTH D, ML DHASNIT, Se/Seo 1B A DWME L BITK
BIZEAOTHH, HEIES 2 AEMTZLMATEE8MICHZ. ERBIMOER, KRITRTER
ANBSNE.
SE
Sm
BEH, EREERHEEICBVWTIE, RN F—0EERIIHTI2ELOF81E, ZABRIRHIEN
RBIT32HDEHRLTHRIMRTZZENTTITHASMAITEThTNS BBLIE,
Dk, BRIV T BRIV F-EOREZED I T TRERHENIRGEZRET S
7eDiziy, —EOHEEE v i2BWTIE, RIBAEK f CEMIRE o« Z2RMFICHEMZEEZIRETD
BT ENHEAL .

= 124 A—03%7064  (R=0.604) (13)

5. B8R

Ny NY—R S AKRHES X TERAGREZRHEN T 3846, SRDMIIMROEEERN
PRIXNF—EOREETS Z EICk D EAKRHMNSEZERICZVASHITL. TORKE
BOSNEHLOAREUTREEDTRY.

1) HEIEE 12cm, FHIEEE 035cm/s, < WA w/6rad DNy bY—RICEL TR, RBHAK
# 30Hz, 3R 02cm TO=ARBIEHENIZ BT B BAKTH FEHE AR BT 2 Y%
BIAD65%ICETETIDIEMNASMITR .

2) SHABRBENICBWTIE, BRRAKYH N Y 2B RAK TS N 7 DI,
MBI A BRI L AREOMTEX SNHEELIMIMT 5 & & bITRERMITHDTS
A%, HEREE & & BICHYBRRIIRMT 2EMMNR SN, ik, ZOERITERER 63.1 + 27.5 O
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BET20%CETETTDIEAHEAL =,

3) BREIRNF—INTIHNE TN F—0MIZ, HELIEINT S & & HITWHRAIIZER
DB, HEIRE & & HITBYRIICHEMT 2 8MNR S hic, 2B, TORRITHE 54.8 + 39.1
DOWBEHT20% ICETET IS LAMBAL =,
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