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Table 2.1.1 Geometries of cutting tool”
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FHRRFICHITD y PRI

Blade angle 6, 10°
Edge angle 6, 30°
Blade width BW 2.85 mm
Supporting distance | 22 mm
Tool tip radius R 4 um
Coefficient of friction on blade 0.2
Coefficient of friction on edge x> 0.25
Tensile strength of the pipe o 55 MPa
BW
Yedge1
Yedge?
| y

JAN

Ra Ra

Remain Area Ar

Fig.2.1.1 Schematic illustration of cross section of the tool

—HRFRERR

T B %

Edge



FEERIF AL A L 72 NI EZE LR OEA TR HNE/N A TERDHIE T M- THRY, KA
BB CIX B BRI 6 L CHEE T AT ERIE A3 R D DI L, /N NER ClddB B L% 45 D 7 M
FESIL TS0, FHRICEV T, RINIRT IR DB R AR A L.

FT, LEARRLGAT NIZE > THRAET LENE S MOEEET) F L890ED 8971 Raa K
D701, M 211 (ORTIORIRIEZE 25, DR eimOEREE y LU, RADORhESZ
Yedger L, RKIIBE/NFEREDIZRD y JENES Yeager & 5. TEAUNHENZAE T 2K NS5 1010 F7

Fige 13, ARBIWTERIC 6, DA FEAY /N RO AT A N2 72088 A ICHEIOBIIRVIRS o %
BTTobD LGS TNDEE XD,
Fyige = 0Ag (2)
UL, Gl e SA IS MR O T RN AVIATe 728, FEFRITIEK 2.1.2 [TRT 89T
Wriki 23 N CHIL AT HiD. EDTOICHEREEN AL 5D, IFEHRIC > THRRS LS. 20
[FIHAEENC Lo THELD NI AT IHER T HIT IR N DO IR A HZENTE, TORESIT

SAT O RIFTHIPEENICE L Z T HEE ZHILD.

Blade

/ U X i
Support

direction




2T, Fuge \REWTEROTAR DT —UeE— A hE, BEMIHITHI T IR

DOWH —IRE—ANDL flyim ZHNT DB LT, ZHUDICEEER R w 2T DT, AT

SFHICAE 2] RaDEHND.

I,
Ry = u1Fsige I_
z,ini
EWY)
I
Ry = #1GARI
Z,ini

3)

(4)

I, B0 S REICE ST, MBNENICRAET DT o 2KDD. 22T, Yl

IR ZIIRAES, /DI B L ORSERBD B D AAT LML TNDHEE LTS, RIEA

TERNTATICADAATERE, A EEEARL COZRWEEIIEIRIZE DR LT L.

N
N

Compression Blade
IIIIIIIIIIIIIIII] / yedge]_
|
>
y
| h l -~ _) \ ]
T l i YG
Tension
yedge2

Pipe Edge

Fig.2.1.3 Schematic illustration of cross section of pipe

“HEHARFTRTR LR



ZIZT, Yo RODEXITRIGRET DM IRIL, RADO—EHNELEMELOINCHLSE1E, [
BARTHL AT OWERIREL, KRHAFBTERIT AT HNENCAST G EE, ZOEE Yedger F
TORKET D, X 213 1R T I Y 1T Yo EORRETHY, NIROAE y EOBfRE
Y=y-Yo £ 2L, I o @) FUTTREIND ) Ra lK L THAMUZEIVE IS T EEZTNDTZ
B, TEOELREDIRITBEL TR, D7D, ZO5AIRIEIXFEZEEO TN TR O

DETIIRD.

Y —Y,
JX=MI—=My—G

z IZ

)

PSAT O RFEERE T | 72D T, B—AUF M IFRAUTTREND.

l

FoT, @)=Ly

o =£ oA y ¥
x 2#1 RIZ,ini

()

BT, 02 TEFENTHD R ADMRIE &/ A7 D3Rl TODEEIEN TOMUNmFE L(y)dy &
BT, HEAEL CODESO X TS T528128- T, TEHOMMmIC/ERN T 2HEIS ) Fiy &2k

A TRDHIENTED.

Fiy = Jo-x L(y)dy

l y—Y
= f ~uy0Ag — L(y)dy ®)
2 Iz,ini



i
o
i
i

!
11F1nC0s(64/2)
i

FlNSin(01/2)

[
[
i
I
i
i
i
i
i
I
i
i
i

i
Fig.2.1.4 Schematic illustration of F;
ZIZT, Fyy DMERLCOWAMNIENT 64/2 72HEWTWAT=D, $R1E 710 M ONEEER T OERE T [7)

%45 D F1% K 3.1.4 12T LT Fonsin(01/2) 38 KON Fay 11€08(01/2) &5 ESRIEL T [ D TRf

BHTHD FUIWEIZ)DDF 2 SERAT, IRNTRTIENTED.

F,=2-Fy <sin (%) + uy cos (%)) ©)
725, IR AL AT LD BRI THD. RITHIEHA R IZEVHEATDHAE Fp i
DNTHERD. AEBRTITILLINZIT> TS G X TEE T IO REAL 5. £z
HFED AL N B IR IO RESITRH U TIEF I NSRENE LD, ZOT0 R
T ER OB 51T 2 HL A OHEHR I 18] D BEHEE ) 3 Ui B RT3 R BRI LT/ <A
HI-OWATEHEE 2 1=, IHIT, UM ICHEITL CTRY, YOI TIC > TS B
LRSI L DB TBRA ) TH DT DM BHOREIED BT NS EE 2 T2, ZNHDIUE
EHEIZHIED RIS TIRAET DI Fld~ VY OB G LV E T D2 &Ic ULz, Mo iLAa
ITHEARTATEBRIE T REND T, B O AL TITFEET S, Lo, Sl LAY

R LB RSV OTEELE P B IO b ORRITKAD IS5,

b= (8PR)
~ \nE’

N

(10)



ENT SR A R L, TRBIUSATMEENENDO Y 7 RRT Y bR AUZT

BHENS. BHERCITER 212 IR TEERALL.

Ey

1 1/1-v,?
1 _< oy

Table 2.1.2 Young’s modulus and Poisson ratio®
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Young’s modulus GPa

Poisson ratio

Blade

206

0.3

PVC pipe

3.35

0.38
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Fig. 2.1.5 Schematic illustration of the Hertzian contact

Fig.2.1.6 Schematic illustration of F,
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1000
z
3
S
L
500
Q
20 10 0 -10 -20

Cutting edge position y mm

Fig.2.1.8 Load-displacement curve for the model
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Moving
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direction

Fig.2.2.1 Experimental set up
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1500 T T ‘ T ‘ T

r 21=22mm, BW=2.85mm, 14=0.2, 1,=0.25,
- 6,=10 deg., 6,=30 deg. 8

1000— ) — Experimantal ( R=3.3um)  _|
e Theoretical ( R=4pum)

-——

- Cutting force Fipry © % |

Cutting and friction force N

(o))
o
o
T { T
‘I
A
1
1
]
\.
]
1
'
'l
1
1
1
1
;
a
1
b
1
1
:
]
]
]
]
A
/‘7
\
<
‘h
1 l 1

Friction force F;

o= 1 1 ! 1 ! NRGEEEE
20 10 0! -10 -20

Cutting edge position y mm

Fig.2.3.1 Load-displacement curve for the experiment and the model
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No.1 Observe side No.1 Reverse side

No.2 Observe side No.2 Reverse side

No.3 Observe side No.3 Reverse side
Fig.3.1.2 Cutting blade



Surface roughness [pm]

16

e |

"No.1 Observe side

N

"No.1 ReVerse side

N

"No.2 Observe side

N

"No.2 ReVerse side

N

e

"No.3 Observe side

"No.3 ReVerse side

2
Position [mm]
Fig.3.1.3 Surface Roughness
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Table 3.1.1 Surface Roughness
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Cutting blade Ra
No.1 Observe side 0.4833
No.1 Reverse side 0.3851
No.2 Observe side 0.4172
No.2 Reverse side 0.2935
No.3 Observe side 0.4859
No.3 Reverse side 0.3243

3.1.3, #3115, T _XTRUELETHHESN TOAD, 522 RCRIHSISM L4500

W CTHHZ LD RaAITIELDEDAEL TS,




18
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EEREZEHMAITEEZX I2.1LIZERT. Oy FIZIEA—KFEILENA LTS THARY FHohTWNS. -
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SNTLNA. Oy RE—FEREALOMM/sec) TR LAL Z E T AT ZMUATe i E F L\ AT Zdk A

AT E N ZE LT, ZS CEEBRE w IZLL IS5,

u=t &

Load cell Moving direction

Fig.3.2.1 Experimental set up
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322 BAFEEBDEE

3.2.2 [ZEBRTHRLIIZ T VIR EEBR OB Z R 9. BRI 3.2.2 (R85
(Z 10mm £HEDSE D EDSERID L E LTEAEOS 30mm AL £ TO VST 5.
1 DDORMZHE 2 [T ORMBREATV, TOVIEZ BB n 5.

03 T I T T I T T

on [1]
T
I

©
[E
I
I

Coefficient of friction

0 F-———-J . | . | . | A

0 10 20 30 40 50

Sliding distance [mm]

Fig.3.2.2 Variation in the coefficient of friction with sliding distance
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Coefficient of friction

(o]e)

20 40 60 80 100

Grinding angle [ 1]

Fig.3.3.1 Influence of grinding angle on coefficient of friction

Table 3.3.1 Average coefficient of friction

21

Grinding angle Average coefficient of friction
0° 0.139
45° 0.150
67.5° 0.178
90° 0.291

“HEHARFTRTR LR




22

34 AYDOEY TR E & EREFERHDRERF

AP OEOFF T & LR O BIRZ G 7. & 3.4.1 IZEBRIZHAW 2 O MO A&

PEART. Fe, K 34.1ITRT IO, AWOIOTTmEz A J5lH, B HREERT S,

Table 3.4.1 Relationship between plot name and combination of blade

Plot name Combination of Blade

A No.1 Observe — No.2 Observe

No.1 Observe — No.2 Reverse

No.1 Observe — No.3 Observe

No.1 Observe — No.2 Observe

No.1 Observe — No.2 Reverse

No.1 Observe — No.2 Reverse

No.1 Observe — No.3 Observe

No.1 Observe — No.3 Reverse

No.1 Reverse - No.2 Observe

No.1 Reverse — No.2 Reverse

No.1 Reverse — No.2 Reverse

No.1 Reverse - No.3 Observe

No.2 Observe - No.3 Reverse

No.2 Observe - No.3 Reverse

No.2 Reverse - No.3 Observe

No.2 Reverse - N0.3 Observe

<|Cc|d|0m|O|T|Z|rRNR|l«eldmMmmMm OO |m

No.2 Reverse - No.3 Reverse

“HEHARFTRTR LR




Direction of friction test

No.2 Observe No.1 Observe

No.1 Observe No.2 Observe

A
No.2 Reverse No.1 Observe
I
No.2 Reverse
B
No.3 Observe No.1 Observe
No.1 Observe
C
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Direction of friction test

No.1 Observe

No.2 Observe

No.2 Observe

No.1 Observe /

No.1 Observe

No.2 Reverse

No.2 Reverse

No.1 Observe

No.2 Reverse

No.1 Observe

No.1 Observe

No.2 Reverse
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Direction of friction test

No.1 Observe /

No.1 Observe

G
No.3 Reverse No.1 Observe
No.3 Reverse
J
No.1 Reverse No.2 Observe
No."2 bkﬁsé'rv"e % No.1 Reverse
K
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Direction of friction test

No.2 Reverse

No.2 Reverse

No.1 Reverse

No.1 Reverse

No.2 Reverse

No.1 Reverse

No.1 Reverse

No.3 Observe

No.3 Observe

No.1 Reverse
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Direction of friction test

No.2 Observe

No.3 Reverse

No.3 Reverse

No.2 Observe

No.2 Observe

No.3 Reverse

No.2 Reverse
[ ORI

No.3 Observe

No.3 Observe

No.2 Reverse
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Direction of friction test

No.2 Reverse No.3 Observe

No.3 Observe No.2 Reverse

No.2 Reverse No.3 Reverse

No.2 Reverse

NVO .73 Re'vé'rs' V

Y

Fig. 3.4.1 Variation of setting for blade
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k) : ﬂ | % A n : ) :
% | d U i
S I A i
£ 0.1F R
(@] » .
O - —
[ . | . i

0.3 0.4 0.5

Surface roughness Ra [um]

Fig.3.4.2 Influence surface roughness on coefficient of friction
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30
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Fig.3.5.1 Average height of roughness profile elements
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Table 3.5.1 Surface roughness and average height of roughness profile elements
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Cutting blade Ra [pm] Y [pum] Yg [um]
No.1 Observe side 0.4833 0.638 0.652
No.1 Reverse side 0.3851 0.621 0.638
No.2 Observe side 0.4172 0.658 0.739
No.2 Reverse side 0.2935 0.543 0.573
No.3 Observe side 0.4859 0.748 0.722
No.3 Reverse side 0.3243 0.44 0.481
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Fig. 3.5.2 Relation ship between coefficient of friction and average height of roughness profile

elements
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WICKEMERZ IV ILSETT2DIZ, Yo LY DEAEONEL, X13.5.4 12N LEEIREORERE
R TG, BRESBRICH W 2 o EELT-. N OfEICE ST, RIS 5 MM %
REFTDHIENTE, N DOEXIFFHTT MK DD T 2MEL72 V(X 3.5.3(a)), N=1 D&M
SHHRO (LRI T A A xFREZ2D(K] 3.5.3(b)), N>1 D EXITFHAIG x5 IO 3 m<ies
(X 3.5.3(c)EmEMRZTRLTND.

The direction of the friction
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Fig. 3.5.3 Representation of surface shape
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Fig.3.5.4 Influence of shape parameter N on coefficient of friction

Surface roughness Ra [um]
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(a) Press cutting (b) Actual cutting
Fig. 4.1 Direction of movement of the blade



38

41 EEBREE
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Load cell

Grip

Moving direction

Cylinder actuator

Fig.4.1.1 Experimental set up

U

Fig.4.1.2 Schematic illustration of tool
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Fig.4.1.3 Pipe cutter
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412 HEH

AREBRCIIRER A L L CKE IR =L (IS K 6742)% IV 7= JIS Hiks 270D VP30
THD. eV A7 (Z MRS DZ =, (RERER M A X 414 12, 7=, IS

(CRDIEHETER OZ DR AER 41118, RERRYIMEMEZR 412 1087, AT ORSIE

100mm &9°%.

gl
Fig.4.1.4 Specimen
Table 4.1.1 Dimensions and tolerance of VP30
External diameter (mm) Thickness (mm)
Normal Tolerance between min. and Tolerance of average Normal Tolerance
dimension max. diameter diameter dimension
38.0 +0.3 +0.2 35 +0.3
Table 4.1.2 Properties of specimen material (at 23°C)"
VP(For water pipe)
Density 1.43
Tensile strength (MPa) 54~56
Elongation (%) 50~120
Compressive strength (MPa) 88
Bending strength (MPa) 103
Degree of hardness (Rockwell R scale) 115
Linear coefficient of expansion (10°°/°C) 7
Strength in shear (MPa) 64
Longitudinal elastic modulus (GPa) 2.942
Poisson ration 0.38
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4.1.3 FEERH Y
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Fig.4.1.5 Cutting blade
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(2)A large amount of rotation (b)A small amount of rotation

Fig. 4.3.1 Pipe rotation

Fig. 4.3.2 Definition of cutting length
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Fig. 4.3.4 Cutting length ratio
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