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Table 0-3 B M NAuvh7al =/ NCB A M MEAEE M (1, 000 )

- CTERR z o - o
BB wmw (e | % n ype e om [MET I REE gy
" % . e s @

21,826 |[75,326 1,698 7,200 62,130 (69,845 12,311 (33,716 |106,548 |390,599

Tk & 7 () %

Ko7 >N 15,597.5 38.0%
N T T N 9,652.5 23.5%
fig & T.%F - /NF 25,250.0 61.5%
OB &b R 2,050.0 5.0%
ER R 2,038.0 5.0%
o RS 4,655.5 11.3%
ok 299.0 0.7%
pE S E It [ OFE 296.0 0.7%
JE AR XN AL £ 2,376.0 5.8%
ZOH K W Br E 3,314.0 8.1%
O fth S yE L FE 805.5 2%
% il 41,084.0

-38-




Table 0-5 fif &k 7' m & 2 O %

% e M (R, A M) e W
fift A -
. - JV-v g %
\ 72 sy
R ng A A 5B & (e % # & &t & [NVZ t/h |[t/m.d | h/t
1 A ) W g, Rt il ’
-2 B )
giﬁﬁ% 77 13,035} 7 |645 2,613 | 4 6,370 5,761 | 0.90 7.23 [ 1.11
\
@ ;rls e 57 12,070 i 6 | 185 923 | 3 3,235 2,431 |0.75 6.01 |1.33
=]
@ M B\ W 40 891 41101 344 1 1,376 1,207 [0.88 7.02 |1.14
@+ ® +
® ok 13 461 | 6 58 226 | 2 758 1,218 [1.61 |12.86 [0.62
IR 16 ~ - - 355
Hh
B 203 | 6,457 989 4,106 11,739 10,972 | 0.93 7.48 | 1.07
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172 0) MOAOH E OB (Hr
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BB XD | EE, W LEL— B OB AT HEH (77—, =
mok g T Xk, T2 F
INRT HA, TR T f— 4= —5F)
3 —
H A T =0, TNRTT 4
— 3y —

Figure 0-5 H 3 350ZX %! 4 #
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Table 0-7350K-3/ZX350LCK-3 fi# {& f- ¥ #

STk sF Ok

(A7 : mm) (B ff : mm)
A % > 7 7 H LR 3,730/4,050 |H & & # & & 500
i
B 712 —35%4k 4,650/4,950 |1 F % 77— 2,590

Vg

C Jg Il & % & T ¥ 1,160 |[J ¥ = — I 600
mE
D #% m & & 3,370 |K 7 =& 7 A& 3,190
E % ¥ b€ | £ 3,390 |L & 11,000
F € Bl & 2 g 2,990 |M 42 & 3,190
G ¥ ¥ 7 & & 3,160 3,290 | N 4 & 3,270 3,290

7= G
560mm)

g — A

(& &8

Figure 0-6 & & m v ¥ — (d & W)
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FEFE E Br BN 2y NETLVEFEE
(5 H &= (LPG A +HEHKE (70 7 4
) —))
) W ol 3.2 b v [11,406 b /15,98 BE[H (KN T v
( # & /1.8 K [ 11,406 ~ > /9,652 B[ (/N T &
11,406 ~ > /25,250 W [H
B M Y4 7~ v |1.78 b > /B [0.73 b /B (KN T v)
tH K | A 1.18 F /B (/X T )
0.45 k v /HF 8]
Table 0-9 E Ml XA v hET L FE ¥ fif (K T %
" % /N X % N7
1F 2% T % N &tk
~—F 71.5 0.5%
ERERIN 990.0 6.3% 3.9%
A Y) K 6,457.0 41.4% 25.6%
+ B 7 2,495.0 16.0% 9.9%
C = M e — 20 A 0.0

N -

9 ME R ZE 2,749.5 17.6% 10.9%
WLtk 7L — 734.5 4.7% 2.9%
M OE B /200t 7L — 894.0 5.7% 3.5%
=249 NN =) 77
;f”&‘ﬂ/i///%ﬁ* kT 1,206.0 7.7% 4.8%

K XTI & 15,597.5 100% 61.8%
~—% 6.0 0.1% 0.0%
H &) ) W 66.0 0.7% 0.3%
77 A Y)W 6,296.0 65.2% 24.9%
+ B 7 70.0 0.7% 0.3%
- e — A0 A 0.0

N Z 5

5 RS 1,341.5 13.9% 5.3%
Z N T 4 ) W 109.0 1.1% 0.4%
%E:J:ﬁl/~‘/ 0.0
ME%‘%/zoOt gL — 317.5 3.3% 1.3%
O - ORE - A A 1,446.5 15.0% 5.7%

N RT N 9,652.5 100% 38.2%
fig & T F= -/ G 25,250.0 100 %
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Table 0-10 > v 7 U ¥ A4 7 v 2 X M HIB © 7= & O ) W 2 R £ i &

O PH A

o) e 2R A B P - FF B ) r o R SEO T S & o
¥ 2k
778 | RB X OYEELI | FET7 I |k K W O | EERE
Wr (z77°7 | b @ H v 150A i
A7) B 0~ 7hmm £ |[tl15 £ T 4 |20kW 7= 7= | F H /b
T, @ E, W | 70cm/% L iH k& T 60
HOE O W S /7B e I ]
O E E ORI #
SClas
LPG # A | T & »n & » FH o t25 T |FEH 70 H |K B O
g Wr VT TN GE W ¥ 25cm/ 4y |/m oA A
TN T R G N (— M % fE ) ( 5 Wl E B g
B H 50cm/m Bf) | 38
] H# :t25 T |B & : 51 H
e S| 27cm/ 47 |/m
(= ) ( 5 H
50cm/m M)
KEZEUW |7 > N BEWwW | FH :LPG o |F® : 85 M |H ¥ K
CO2 HEH 722 L, % |3 %8 L /m R
e, AT 7 NED (— % % fE ) ( 9 | A
2 50cm/m ) |
kXN ELSERYD |BE t25 ¢ |H & : 53 H
Wr m] HE ¥ 50cm/ %y /m
TN T R G N ] ( 9 S
I 50cm/m BF)
HWEDL Yy |[WEYa XL+ mEHEND, ¥ |¥v ¥ — D H | K
| ¥ — gHF Ny X — Yy — RE T | KXW E A
7] F Ny T 4 X 3
WHr o 1.2 m/ %y
K 2m/%

Table 0-11 M NAfuv T VHE ¥ H @) 4

Wr v

B ®) ) W
2RO W R (h) 901.0
2Rk E (m) 14,814.1
2R W el (m/h) 16.4
g W E (cm/min) 27.4
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Figure 0-9 &l # 4 A H #) U] b F &

Table 0-12 H B) ¥ AU Wric k20 Wi E K 07y 0 &

\ = = o) W H ) W 7 n
H & 4 2 4 W () AR W £ R E v 7
% % (m) £
Upp Dk | & F Ul W #t 158 13 7 0.8 11,502 119
No.7 Dk | £ J 17 8] Wr ## 30 8 7 0.8 1,344
No.6 , £ F U W % 100 13 2 0.8 2,080 50
5Dk & 07 1) O W ORR 30 5 2 0.8 240
& Bt 15,166 132
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Table 0-13 T &) U A Y) Wr k2B & 9 Wb &

FE N
- A g W F @ H
oy |y |y | E % %{i E/7 | | %8
v 7 £ (m)
(m)
R 6| 20,000 | 15,000 14,130
> v % F
S 7 100 75 18 3,462 6.3 415.8
T v % F
LS o= 12 400 100 4 2,826 4.0 264.0
& F 20,418 10.3 679.8
Table 0-14 F &) 7 2] Wr i K54 # & 9) B &
S B T B O X 4] KEIR | T v F | o =
N R B OF U)W 158m 2,844
A B fE 7 m Bl W 1.8m 13 421
BHD fth B &) I 32m 6 9 1,728
S FR 400mm | 100mm 32 288
s K FR 200mm | 100mm 188 1,015
& F 6,296
— ,f Sod # 80cm
1__\.:1‘:1.1-_;. R-I'::J,: ﬁ-:;'f ¥
- ",
'l'.___..-F"j

Figure 0-10 F & lfr o 4
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Table 0-15 F &) U] B 80cm/ [0 Y] B B [ & &

At G0 W B R

1H oYW E S 80ecm & L 72 8 A @ 4 F [ %% 14,533 [
FTE+ BT v T B 1%
FE) U)W R E 20cm/ 4y B oo H) W B 4.0 5
& ot 5.0 %y
FE B FE 40% 13 4y
& B U W R R 3,027.7 BF
(2 58 1F 2 & WRE ) (3,496 BF [#)

* Table 0-16 ¥y 7 UH A7V IZB T L8 W F & & & R 7
A W Pk
ek F ik 2R W EFIE
Yl W & P ESH u) 7 o F ik o) W
Fo#k F # ¥ |LPG B @ |27.4cm/ | /K #F H AH & |50cm/%
W T v v |[LPG F & |[17.3cm/ | & ¥ ) W 1. 2m/ %y
DT NS S 97
o8 Wy
g% B Bl e LPG T # KFEFEBHUE [22.5cm/ %y
g Wr (LPG ®» 130%)
77932 ' F |50cm/ 4 (t =
g ) Wy 20mm &L T)
g8 W =B |LPG F B &g B e 1. 2m/%y
o8 Wy G e

Table 0-17 Kk ¥ B & 4 X U)W iZ X 5 Upp Dk~ No.5 Dk ) W K fH

e e BHE |9 W &, E (B 8 B W | bk
B Wr & At R
5 A | (m) B (h) B

= R4 g v bEF )L LPG 27.4 /
‘ %(i 7 7TVE 14.814.1 901.0 cem
¥ EHE 73
E@W N4 2 v NFEF LVE |LPG
B AN
¥ o0 9010 28.1cm/
Upp Dk ~ No.7 Dk , 5
No.6, 5Dk & #F 15,166
B ET — R VASE
Upp Dk ~ No.7 Dk , 505.5 50cm/ %y
No.6, 5Dk & &
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Table 0-18 F &) = 7 7 7 X <~ Kk O & £ U) B2 X 2 ) Wr & B

\ SWMo | DRK | OB E | £H | E8 K
A A - K ‘
= L = G FE | B2 | (m) £ | B (m)
EWH N4 2 v MEF |LPG FH | &K
vk ¥ B 7o s
Upp Dk~ No.7 Dk '
No.6, 5Dk & &t
S B FR G 4 3 ! B 1.303
s T 1,983.0 | 60% 3,305
S0 E F, Mt & O BHD ’ i?} 60% | 8 3922
i BE BB A R - 4,993 ‘ ’
JA 7
& &l 6,976 | 60% |11,627

Table 0-19 F &) & X Y Wby 58 40 @ U] Wr B 1 & &

RF U W BE

EW A By
5 B h® T L HEE MELES — R
5 AT
gl W £ (m) 11, 627 8,322 3,305
i =7 75 X~ O
gk ; LPG .
by Wr F ik T #) B
g % % (80cm/ 6,610
é)'ﬁ A 14,533 [A 10,403
T E 4+ v TS 0
1 % 0
R /[ 7
o) Wr R 20cm/ %y 50cm/ %y 1.2m/%
o) W R R 4.0 %y 1.6 % 25.0 ¥
& Bt 5.0 4 1.6 4 25.0
O 40% T D K 1.04 %4
i)‘ﬁﬁ‘ R 13 % 4.00 % 7
H.
& BBy B R 3,027.7 W [H 693.5 i i 114.8 W [
PN .3 K
g fE B R R a0 mm | X H‘;F; 808.8 15 i
S, H
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Table 0-20 B N A 0 v b ETFT IV HEMEE LK R KEICL D
E 2 T % b 8%
" = OE MK o E (R R &k E)
Wl A (1% 1)
<K NI >
it |~ — % o 71.5 71.5
NN 990.0 | & % 556.2
L7 = 9w 6,457.0 | E K /7 G4 < 1,721.9
F ol Ex @ 2,495.0 | JV-v i FI W 249.5
B E — 2 B 0.0
METE 3 2,749.5 824.9
W Bz v — 734.5 [ H & 7 0.0
WA OE /200t 7 L — v 894.0 | Jv—v1{HE H ¥ 89.4
R NEAARE B RN 1,206.0 | /&K F il £ 4 844.2
P NPANZ VI N 15,597.5 4,357.5
</ Z >
< — ¥ v 6.0 0.0
B & B 66.0 0.0
5 A )W 6,296.0 | E % F A 1,678.9
+ B T 70.0 7.0
B — 2 B 0.0 0.0
ME 1R E 1,341.5 402.5
7 N T 4 Y)W 109.0 109.0
mwmEr v — 0.0 |ff H & ¥ 0.0
A OE /200t 7 L — 317.5 | Jv—=v1iE H ¥ 31.8
O - B FE - TH A 1,446.5 | & 1% 1F % 723.3
AN N 9,652.5 2,952.4
N N 25,250.0 7,309.9
BROB kR - N E 2,050.0 |0 4L B H| 868.0
TR 2,038.0 | & % 72 L 644.3
— B EBIEE - NE 4,655.5 2,295.8
| 8 - b &t 299.0 0.0
Er B XEIEE - DNE 296.0 0.0
& &t 34,588.5 11,117.9
R&E/JE £ X fif (& PE BE L 31 2,376.0 |tk # 1,188.0
Sl m R oK B T3 e B B 41.5 29.1
e b /b 3k B A B 3,314.0 | 4 B4 1,657.0
K ik & # /R E HE 461.0 |72 L 0.0
KN E B /E MK BRDY 303.0 212.1
g3 - A 6,495.5 3,086.2
R 2t 41,084.0 14,204.2
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Table 5- 1 Chemical composition of specimens.

(mass%)
C Si Mn Cr Mo W Nb V Co Fe
5V-0Co 2.08 049 068 480 531 4380 - 536 - Bal
5V-5Co 211 048 0.62 484 535 494 - 551 551 Bal
S5Nb-0Co 192 056 061 531 572 517 341 - - Bal
5Nb-5Co 190 047 0.63 523 535 486 3.14 - 5.58 Bal.
P:0.020~0.098
S:0.010~0.063
80
&
\o
95
123
53
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Figure4-2 Schematic view of the testing machine.
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Figure4-3 Microstructure and Vickers hardness of specimens.

Figure4-4 SEM image of matrix and secondary carbides.
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Figured4-5 X-ray diffraction patterns of
5Nb-0Co and 5V-0Co.

(b) 5Nb-5Co
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(d) 5V-5Co 50pm

Figure4-6 EDS analysis of specimens.
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Figure4-7 Volume fraction of carbides of specimens.
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Figure4-8 Wear loss as a function of
reciprocating number of specimens.
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Wear depth 7. lum Wear depth 6.7um

Figure4-9 SEM image of worn surface of specimens.

(a) 5Nb-0Co
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(d) 5V-5Co )

Figure4-10 EDS analysis of wear surface of specimens.

-73-



(a) Fe-2C-5Cr-5Mo-5W-5Nb
Multi-component white cast iron.

(a) Fe-2C-5Cr-5Mo-5W-5V
Multi-component white cast iron.

Figure4-11 Schematic view of
abrasive wear mechanism.

Table 5-2 Chemical composition.

(mass%)

C Si Mn P S Ni Cr Mo \Y \\% Co Fe

SCI-VMn 3.00 0.70 12.20 0.040 0.010 1.60 0.50 - 1340 - - Bal.
SCI-W 340 090 040 0.010 0.030 290 - 0.50 12.70 - - Bal.
10%Co 2.04 045 0.61 0.036 0.016 - 473 473 537 471 1091 Bal
SKDI1 1.50 032 042 0.025 0.026 - 11.75 0.92 0.35 - - Bal.
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(a) Upper blade

Figure4-13 Shapes of cutting blade.
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Figure4-14 Microstructure and hardness of specimens.
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Figure4-18 Measurement direction using
a shape measuring machine.
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