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mm O & X, E XN 6 mm2 5 OPIZ 9 mmDHAEOWT R
DEBREHFECHLREBKOMMTH o, WHIES HDIELR
Lk, IEHECcCoLtoO MR ISV ELS D LR
BFilcTs « A7l e e o@EfmBERAEMNT LI L
T, BEBERCOINERAE I 220 Tb b EEX D,
B 250 mm, B & 12mm 7 4 A7 CTOERKEO, 2K
DY =T AL — oMY EHFTEEBLTWDEK 2.8
R T T =Y AR A — oA RS XOERSEFM
X, T4 A7 0UHEBIBZHEMFT LI o0 THEAD L,
Lo ZFBREMECTCHLRKOBMTH >,

TEE S HICE L T, K 2.7/ Lk X 9 ElE
SAHEMI 2o T, T4 AZICERT 2 EES MDY
MEMT 5, F2K2.8IR" LIy =Y FA—
CIER T 2EEFMAODITIEAT 5, 2DFE0, T 4R T L
B =Y R A — )L TXELIWE2=v b&KOEHAN
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Mo 5 b, 7 27 oI L2EERIHEMT D LI
Y, F—=YRA - VOBEBRBFMAOBED T DL, T O
RV AA—LroEmEBRYVEIALIH DT 2L E5E 260
AR

W RO EREMFECHL, UHERIPEMT S LK 2.9
AT X2, T4 RAZ 0T AUGERE STV HRA— 1
DEDNIVEREZADLDYEZALA VY =27 % a=y F&FKIZ
fEH 3 2 & 8, 5t iX

2R ZTY — S 2T EDODT 4 AT 2=y M, 1E

M 52 ERXHLMNITR o=, T 4

¥MEICb X228 2030 2=y FEFEIN, F—TFA
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=7 ZRCERT 228055, 7 422703 A5 K5
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MRE D2 ED D EFE R D,
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2.3.2 TAAERBDIFTABNIBERIZERETREE
2.3.2.1 ES 0 REE

B 2.10 12 EE 250 mm T 4 A 7 TO, JE SO EWIZX
57 4 A Z7ICHENT L2 T A EZxRT L OHES
B LT, 74X 70FEIPENIFEERNS K& LR
St , WHIE SN 60 nm D L X, EX 6 nmT 4 AT D
JAUBIESIX 13T NTho7e, BEES 9 nmmdDT 4 AT D
JgABIEE 167 NIZXx L T, 8 18.3 %/ < o,
T, BES 12mm DT 4 A7 OF ABIEH 193 NI xt L
TH 29.3 /b 7pofl, £ 2.2I2x7FT X 5112, HEKE
200 mm & 300 mm ® 7 4 A 7 WL THLELCMME R
e TN T 4 A7 O0ORSISPEVWIEEEET LZE, 7 4
A7 It eoEMmmE” KRRy, £ihE T X
DAl OHNEBY A2~ LR AEET DD,
FJABIEE S EMT 5 Lt BERT D EE XD,

2.2 LM BELY, UHE S 60 mn O &, H
£ 200 mm THE I 6 mm O ¥ HRT 1+ 27 0T A5l B
149 NThHVH, EX 12 amDFEWRT 4 227 O 241 N LY
92 N /h& L hole, FEXERBIZH X D208 T 4 A7 B =R
V—A v V=27 2DOTFT 4 A7 2=y hT 20~30 2= v
FPEE SRR TWD, 2FD ,302=y FEF/FS IR TWSD
X ABIES A 2760 N A T 5 Z LN T X D,
FEERBMAT L ET A ER BTN, 27U —
FEAAT LA, 27U —oERICE o T, BAKERKV
e HEranwb oo, bbb CoE B OIRANRLE
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DEENEZOLNDDO T, 2TNNOLDODERLZ EEL -EY
RIEBE AR T OLEND D,

250
OZX6mm ®WEX9mm ®EI12 mm

200

= 150
1=

100
iﬁ_\f_l

50

0

20 40
B S (mm)

K 2.10 JEZXO0OEWVWIZIED T 4 2 Z7IZEHT 5T A

Sl Pt o £ (E £ 250 mm)

£ 2.2 BEILUHBEBIWCELDT A AZIZEHT S
0 A5 BT o b g

T 4 AT T A AT o)l S
E £ (mm) E & (mm) 20 mm 40 mm 60 mm
6 50.0 104 149
200 9 73.5 125 194
12 96. 4 161 241
6 45. 8 92.1 137
250 9 64.0 110 167
12 70.8 135 193
6 36. 3 73. 4 121
300 9 45. 8 85. 6 137
12 52.5 106 160
(B fr : N)
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2.3.2.2 EBORE

2.11ICE E 12 mm D FHRT 4 227 TO, HKEDE
WIZ XD T ARz T, W UBHIEE TIX, 7 4 R
JOBEBREDKEVIEFEEBERBIEBS NS R o, OHNGE SR
60 mm DA, EE 250 nm D FRT 4 27 O A5l K
PLix 193 N T, £ 200 mm & HL#&E L T 20 % B A L 7=,
F o, ERE 300 mmOFHRT R T 0T GBI 160
NTHDY, HE 200 mm & T DH & T A5 EHTIT 34 %
AL, 2.3 FT X512, EX 6mm & 9 nm D F
W7 42271 LTCbREKOMBME R o7,

F23ICaA LR ELY, HAIE S 60 nm O 3 &, &
X 12 mm CER 300 mm O FEHRT 0 227 DT A sl F I
160 N Th vV, EAHE 200 mn ®FERLF 4 227 ® 241 N &
D 81 N/h S o, FERBIZL XD2NBT 427 82X
ZYV—SA P 27 XADT 4 A7 2=y bt 20~30 2 =
F#EE SRR TWD, 2F D ,302=y FEfHEIhTW
EE T ABIESE 2430 N A T H BN TE D,
M LCUWHRS CT 27 ERERPRELS DL, BB T

A7 M EEFHEFHNA~HST N —-ETHDLEEZIE
LA, Mmoo EmmEA NS 2720, flmToEBIK
mnEmT2EExohd, IHFCcCoOOH KR IE, 7
4 A7 HBEMNRELSC D ELEEMT S I&EBHIN R
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ELl< b, BiigEEmME CoMH T D7 0 27 ~0D ik
OB /NSy, UHERESN NS D EE LN D,
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il

OFMeMEOa 2 N EEFEEL T, BERBEEET DM E
» oD,

2.3.1 CTbdE =N, T 427 OUHBEENPEL D
EABEE oA L Mmoo EREEKLLO BN E R
bILd.T 4 A7 THEET DI IETHTLEE AT D
IR EET H DD, Ak E oA o K R I
cecbhbhdrEEZXD, LL, T 427 MmO EEIKH
TR mEAEML 2T NET, B TE D LEE XD,
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(DR VACTIE: iV 7 N0 = ol

TARYT T 4 R T o)Al 'S
& (mm) B £ (mm) 20 mm 40 mm 60 mm
200 50.0 104 149
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300 36.3 73.4 121
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300 45. 8 85. 6 137
200 96. 4 161 241
12 250 70. 8 135 193
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4) 27V —=—A vz 2EMNKEOT 0 27 ITHHENT
DT AUBI B AR AL T s x, EE N E,
ERRXREWT 0 272 B3 A% ThosZ ERH LM
o, LrL, MBEXEEOHE N, 50
F2AZ72 UV —oMRKEEELEETT 27 0 EBK
IBEBET HIENPMLETH DH,

5) TA4ATJORIELEREEEZEELEET, T 4R

lm s+ E&EEML2ZNVEEETNIT, T 40 27 M4
mHa TOEBERLZEKEB Tx 5 & &2 5%,

Uk XS, KECTIE, BT 4 27 BKROD
BEWVWHT 4 A7 T ASIEE S RIE T REEIC O W TR
L7z WRICHE 3ETIE, T4 A7 OHEMBT 4 227 T A
FIEREAEALCKETTERIZOD W THENT T 5,
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3.1 #&
B Tk, BHHT 4 A2 BRF U —o V=27 2D
JABIEImAEAKRB T2, UHIEI T 27 BRK
N TFABERICEETTEEZRAXTZ, TOHR T, T 4 A
I NIEE T ORICHEAETLIEIIL, 7 0 27 O ABFEE L
MmHH TCHEAEL WD EEHLNLITLE, AETIT,
T 4RI A 7 BICHERHENDERT o
EH T 20 A5l B2 Ml m & 8 5t & H k&% s
T Zz47 v, MlmE & AFETBICHENT 285m0
Ko, T 4 27 HEEN T AGIEHRICEITTEREIZ DWW
L B R

A 7 AZ

o

7
& &z

3.2 T 4 A7 lEEDEREDBRN

3.2.1 EREBLERF &

3.2.1.1 ZEREE

EREBEBTIMEZON 2.3 I 7 LEHEEELRLTTH D,
T 4R mBoOERZBERAEZNET 272012, 3FFMm0
WMEH (7T y 7R )zmECcCHRALEZAS Y =227 X
2=y FO¥WRT 4 27 oM m AT, 3w
o LW T A FE 3 LI T WEREEGOKEF A
T X #h, EOE G M Y, BIXOBMBETmITZEE R D,
SHmHhWEROKEME W IXTEZ 6 nm Th O, KHE
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CTER T 2 KESFm ), ME Fm kB X OG0 H
EMNCTE D, M 3.1 3 kFmAhWERONINE % RT, 3
HmAhMERIT, T A7 MmET T A ABETMIL,
X 4.5 mm O ICH D AATL, BB UI RS IE -
EEEfRL ey X DT, 3 5 m )l GE & A o L E A
bE#HRICKZ T, BRAEH O N EETLH I SIT
LTLeHuwgikzm Tz, K3.2107 4 A7 ToH#kAE
L@, 720 RIZK 3.3 ICHE%HoOEERZ T,

TAARAITOHABRBOEIFIERERFIFM T 10 nm T D
7=, 3 m W E R LN &R E A M o Mmoo B,
B AR oL b A AN E CoEREILT 20 nm & 72 o

S Fm AWM EZRMND T 4 A7 o ELEE®EBTDHEE
0 ° L ChHEEAEsPZRELEZ, B, T 4 A7 O #5A
TS 2EBEAEZEH W TOKREL .,

#F 3.1 3 m 1Ml E SO FE HEE T

i
B

USL-H5-500N

Fx+ Fy: £250 N
Fz + 500 N

s
o
i
o

120%

EH"
o
=
pu
S

FEE R +1%RO LL W

t 2T U YR + 1%R0 L W

I BE A &R D 10~ 60C

#e 5 FD N E E 1~ 3V DC
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3.3 3 m N WE & O EE R

SHFMmMAOWMER CHMELET — XX, 7 v 7 HRMHE
M7 v 7 DSA-03A TR L7, O T %7 v & iz
L7, B EREEE L A/D LB KB LR DR
B Y L (AL ¥ T2 —RADF —Fu H —PCD-3204A
FHWE,MELEOCT AT — 21X 7T v riELl, &l
M=y F rarva—XITkR1FL, BT EI1T o0,

3.2.1.2 EBR F &
AKERIZBWTIWET 0 27 BBRICK 2T AGEIOD
BRI W THRFgT 2200 E@EER CH Lo T, Hl E
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A

T =~ E OEEERES T ICENLEMT
B a2 iT o7, R T 4 27 FEROL O THEHEIT 250
mm , ®IX 9 mm Tbob D, VHI R IITEMBH A ¥ = 7 #

I

DIEHEH® S % £ E L T 20 mm, 40 mm, 60 mm & 3 Bk |
RE LR, ETEREZILEREOY S v FOoBREOBAE L,
FEB A W@ L T O0.17 m/s & L =,

e BT, W 48.0 %, v F 37.5 %, ¥+ 14.5 %
TEHBELIEZ2SECLI2e - A THDH, LE T B LYF
h,m— 7 CTHELE.ZERTOFHEZKEIT12.6 %,
S 15 cm £ T oM HEFE HI1X 349 kPa, k2, i

O R BB E X 1,33 g/em® T hH o 7,

3.2.2 ERFBREBIVEER

3.2.2.1 3 M APEHRDERT — ¥
3HFMAMERTIERT — X I HKREE T T 4 R
sMmEICEMRLE3IFHFmMOEN Px, Py, Pz 72 b N IT Px,
Py #&5M LEEN P ZRkODE, M 3.4 3FHFUWHEID 3
HFmAOWERF S EEEE LD D EE T HFEEMHR 0 ° L
L CH &M 90 ° 5 270 ° @ 3 K moDJESN Px, Py, Pz
b YW Px, Py A LEIENPERLEZL D TH D,
B 3. 406 FWHIBBE TCOT 4 A7 MmN T = 3F
M AW ERCERT2E DO RKRE S L —27 088050
2o, £, WES D KIG L TV 5B EMIT, 94
EoOHEMEELEBIZEN> TWVWDHI ERGN>T, I 1
JUHEEEAIEMNT L2 Z b, 3FHFmHHERD L
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3.2.2.2 A ho=ET N

3HFMAMER T 4 27 Mmoo X#EICHEHLEEN
X Px, YHEIICIER T BHE DT Pr &b o T, Al EER
Do FmMAuERUCERE TS RZOIZKELFMmMEND PrE
‘EEHFMEND PricE#HEs LI, 2RI TOEERDY
T ®H D,

Ph = Px cos 8 + Pysin@
(1)
Pv = Px sinf — Py cos @

B 3.5 4 BIHI & o 3F0m )l ESICIERNL L P,
Pr BIXUOAKLEEND PRIERHLEFmZ T, KH
O EIT,HERN 180 ° OMBEICH HHEO XfE 0 °
DHHELEL LT ARLEDLD Th Db, K 3.506H#TFHFMAEIZ
L THICRERAPMERHLTCNNDZOR G ND, 2 D)
TEBBERL LD, T, TRTCOUHIBRE T, T 4 A
I N EH b D EETICHEAET DL TMETO NN KB T
D,
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c. U AHI % = 60 mm

A

3.5 MWERICMEHLEN DT MmO KK

3.2.2.3 ERBLIVGEE

WESNEEDO R XMBEIZ, UHHEZ 20 nm TH 35
kPa f2 &, 40 mm T 106 kPa, 60 mm T#J 124 kPa & 72
o e, WE 20 mm TUX, 35 m I ElE R OEME N SE
IV 20 nm OfBEBIZRDZEZD, LEEMTIEINE
X, hzEmLlhrolcE2bh b, 2nbo0hofk
A mzRd s &, MEmBICEHRAL WD ENITETS
Mo HmeERDENTHo BRI Z 20 nm 2> b 40
mm (2B Sl T WCENITE ML 22,40 mm 2 5 60
mm COHEMTEFHIFTEALEELELD 2o, T 722054

40



*(\\
il

HEr@EMLTL, 7027 MEEBICMHENT 2 HMME
BV oEBBERTOANDOR KMEIX, ®E DV EL LN
EZoOND A EOMBPICI VDA EESAEMT 5 &
4 A7 WZHERT 2T A A MT 5 8EMm N HL
7ot , T 4 A7 MmEICIERT 2EBRBEKILOA
DR RKBEIEMLEREWNW EIZXD, T 0 R7EHZ X
TWwWbd hoHEERNT A7 lEEB LY HAZBBTK
WwWEEx bh b,

3H M AW EEBEICK DT o 27 MmN E E R
EBERCTCAENDERH TCRLEDN, T 40 27 DM LT
L RO Eo hoRr s MELELZLDOTH DL, IE-

3 FmAOMEREB L YT 0 27 0B WK OBEBR™S,
MEICIER T 5AEBEEBEALOO M2 \Aficxr T 2 &%

CchHhbH, T, AkHoWHERZMEL, 5
FUHBER @S CHMELREZT 027 2K OT A S
i ZELel T, flmiBo EBEEBEILZ KD D Z &
o S bz, ZOMB LY T o227 0ofMlE#H & H®KE
FHTL2EMOEEGERDDZEDAHRELE R D,

[

o
=

3T AR AW LEAMEEESR O RN
3.1 EREBLERGE
.3.1.1 EREE

oRt

T4 AT OTF AR, T 027 OB X Al EE
KT ABBEN LT 0 A7 O NBE CHET DY
BHoAgidtEZOND MEHo EBERID R %K

41



(fF ~ A &

H S

%

il

A

frit

Mmoo A
g F & 4 4 N 4

b

[

N

&R
E T 5
%= & K

B
oA
S ok

N Cch b, Ak oo Hl #5428 L
cEenTERE, T A7 2K T AF KA
D HZ IRy, Mmoo ERBRERLE G D
o XKL, AP L OMMmE;BToOENZE

¥

BAERRZEZHALNMITTE D, 7T 4 A7 2K
ABIEB I, 8E e — 2L Tl ETE DN,
mEICERNT 5 1 BEEss o0 H 52 B 8
CXRECTCHL D, F T HBEBHOBEBE O AR E

T, HOAE N 30 ° O Rk o H & E O E
L, £ 21T - 7=,
TR E O 2.3 I s LE-EE LR LTH D,

A7 M miERMST 0 A7 2R L 2,

NN

DERERT . T HDOT 4 27 HH
B m ¢ 10 mm, M @IES T 0 27 XM

Y
NN
HA)E

1.5 mmZ#E<< L2, R LT 4 27

B X 250 nm, & 12 mm TH 5,

®{ A7
L &

- Ft

LT A

EERICERT 5T A8, o W E % A o
ML, T2, AIBBEILEZNE T 2720
Vo (LLTF, AH#HTea—Ftnr) 2R IMEL -,

R EELEEEZRT, T 4 227 0~ % KK

MWL, 427 F LB AKESBE — Ntz @ L

Mmoo, e —FE AL IZ/EHLZ WX S IZ

FE e — FE Ao HGMUSNTT 0 227 Mm i &V

oA A2 1.5

mm < L TChHhdD, ZTOHEEBEBITXTT 4 27 [H

s 5w oo~D J) Ft, L Fm~D ) Fn % fll £ T&X 5%,

4 2



3.8 W T Lo, ToO¥EEEFERT 0 AT D —

TH AR, —HO¥YERT 4+ 27 LT 5,

Koo Ul om i OE

X 3.9

Kt Lv»NnT 4 R TIZ

il

%%
b L o7 v Xk
2 M A AT BT,

o 1T B[R & R

=L
axX

B E A E M m

-

D, TE
T 4 A7 OoflmERUEIIWCRD X DI H N —

g e,

>~
—

DJN— T E S S ILTEML WX DI
TdH D,

W oEEBEIXT 4 A 7 [E I
M+ 2 7
7 1H#mZEEAHELEESLEL CE S X,
EHRICEDY, ZoRBIOEBNXZ KD,

g — K& IiZH
M E X

B # —

W, HMEMEIZEENAEL D, 20O

H € 7

IE —a— 5 o

. |
'y £
M 4
10 ‘ gh 1\ 10
LA\ | A
i S 1\
A F AT —
| " 1
-4 1 1
|1 |
1 | 1 |
b A - e .
A4 | | L
’ { | H1
-1 | 2 ]
4 | _+1
| r |
A | | g g |
3 A " 1
- | ~1
>t I St e
~ LA ~ A
A7 A
| A I
Pl A
4
,l-/ | P
| »_'4’ )
| -
[ |
{ - o
| A
|
A P
1" — i
- AW o
-+ \
v v

a. ik b BIEET

t®F o 2 7 Bk

43

#oE L

Iz R T

5]

WMo ZF LD, B —

T ®

X Mk

%

=L
AxX

B AF
& L

" {E
4 A
Uy =

% Al



3.8 H & E M E ¥ E M SN

4 4



3.9 MNEBEHHEEEMYLK O I KK

3.3.1.2 BEOMIE
KB EmOBEBEBHITH —oRzES cbH b, B — FH M

wt TR FT T ENTED, Lo T— AT,

f() = ag + a; cos wt + b, sin wt (2)

E b, LbEoX oM EXEZ RDHEEEZMET D,
WMIE# O RE FmAOQEFRLHFMmDIZKERMMODTSDH
HUIHI L G EE W HDICEBRLE, ABGRTRUEEBE O
A EIX 30 ° ok, LA E 30 ° FH L 1MHEEES
BT LD TR, T R B o HEE T O A
WA RDL2. 2 ET 4+ 27 2K T A5l &L LR,
Ml m oo BB ZEHLZ,

30 C O NBRBUNELEBOKMEL KD D DIz, AL
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X F 4 27l mEE LY 1.5 mm 23 < LM mEMNT o
27 %R MEL, 40y 7 2=y MZERAMNIT, @& o
—FEr iz H W ABIEE Z W E L, B @mEST o
27 FMEHERNERT 227 X0, HmEZEhEFh 1.5
mm Z E < L7eo T, Mmoo ERERERNITLEALULER

ALk ExbNRD, o T, Bl e — Ft/ TllE

L7 IE, T2 ABEMCoOUEELREE BN
5, ZOfEE, MEEMNT X7 L 30 ° O HN&K N E
EE B LEZEOERNNETHRIE, 30 ° 0 AR

sy
HAUMEEBEBOHEN&®H WE S 2 D,

e — P & IS EEE CHMELZERT
— X, B 2EOERICERA LA VX — T =2 — R PCD-
300 TTFTVHAALMEICEHR L, FHEIH A=Y T a ¥

=2 — 2R EFEL, BT 2T o 2,
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Summary

For the development and introduction of slurry
injectors suitable for Hokkaido, the distribution
condition, generating factor and the reduction
method of towing resistance acting on an injector
disk were analyzed. Experiments were conducted to
reduce the towing resistance of a disk type slurry
injector for the purpose of increasing working speed
and reducing fuel consumption.

In order to analyze the effects on the disc towing
resistance by a change in the different disk shape
and the cutting depth, three thicknesses (6, 9, 12
mm) and three diameters (200, 250, 300 mm) of solid
disks were used in the experiments. The horizontal
and vertical forces acting on a disk and gauge wheels
were measured at 20, 40 and 60 mm cutting depths.
Experiment was conducted in loam soil. Towing
resistance was measured by a load cell for disk axis
which was installed between the disk and the frame.
Towing resistance of the disk was found to increase
with the increase of cutting depth. As the cutting
depth of a disk increased, the upward vertical force
applied by the soil to the disk increased, and the

vertical force supported by the gauge wheels
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decreased. This phenomenon is important in
analyzing the generation of the resistance. The
towing resistance was also reduced when the
thickness of an injector disk was thinner or the
diameter was larger. Towing resistance of the disk
thickness of 6 mm was 29% smaller than that of 12
mm when the cutting depth was 60 mm and the disk
diameter was 250 mm. Towing resistance of the disk
with a diameter of 300 mm was 34% smaller than the
diameter 200 mm when the cutting depth 60 mm and
the disk thickness was 12 mm.

Towing resistance acting on the disk is considered
to be the sum of cutting resistance by the cutting
edge and the frictional resistance by the side wall.
In order to <clarify the generation of frictional
resistance of the disk side wall, the experiment was
performed with changing the cutting depth with
three directional force transducer installed on the
disk side wall. When the cutting depth increases, the
maximum value of the frictional pressure from 40 to
60 mm acting on one point of the disk side wall was
almost the same as 124 kPa. The resistance increases
when the contact area of the side wall increases with
the increase of the cutting depth. Furthermore, in

order to analyze the generation of frictional
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resistance and cutting resistance, the cutting edge
resistance of 30 ° of the disk circumference (diameter
250 mm, thickness12 mm) was measured with a newly
developed transducer. The device only detects the
cutting resistance of the disk edge, so that it make
the towing force possible to measure the frictional
resistance and the cutting resistance separately.
When the cutting depth were 20 mm and 40 mm, the
cutting resistance by the cutting edge of the entire
disk was found to be almost 80% and the frictional
resistance by the side wall was about 20%. The disk
cutting edge 1s a part of supporting the injector
weight, so that the reduction of the cutting
resistance of the cutting edge 1s thought to be
difficult. If the frictional resistance reduces, twenty
percent of towing resistance could be reduced.

The reduction of the frictional resistance of disk
side wall would be effective to reduce towing
resistance of the injector disk. A side wall grooved
disk that the disk edge only comes 1n contact with
the soil was manufactured. The experiments were
conducted to compare the towing resistance of side
grooved and solid disks. Through the experiment the
towing resistance of the grooved disk was reduced

about 10% smaller than that of a solid disk. The side
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wall of the grooved disk does not come in contact with
soil, so that frictional force was reduced. However,
load bearing capacity in the vertical direction was
also reduced. Consequently the grooved disk easily
sink into soil and the cutting resistance was though
to increase. If a disk does not sink into soil more
than the setting cutting depth, towing resistance
could be expected to decrease 20%. From the above
results, 1t 1s effective to reduce the towing
resistance by grooving the side wall of the disk.
Dynamics analysis of disk type slurry injector was
conducted to develop the optimal 1injector for
Hokkaido. The towing resistance was reduced when
the thickness of an injector disk was thinner or the
diameter was larger. Furthermore, towing resistance
acting on the disk is considered as the sum of cutting
resistance by the cutting edge and frictional
resistance by the side wall, and the ratio of cutting
resistance to frictional resistance was found to be 4:
1. In addition, it is possible to reduce 10% of the
total resistance by the reduction of the generation of

frictional resistance with a side wall grooves disk.
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