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Abstract

The orthogonal cutting method of the nodular graphite cast iron in the lathe turning, whose
structure were formulated under two Kkinds of annealing conditions, has been experimentally
studied and the results investigated. The various characteristics of machinabilities of the nodular
cast iron, depending upon its structure, have been obtained from the results as follows.

(1) As depth of cut increases, the shearing strain decreases and tends gradually to increase
with increase of ferrite matrix.

(2) As depth of cut increases, the shearing stress slightly decreases for p;, but it tends to
increase for both of p, and p; under the same condition. The annealing effect in the process of
light cutting was found to be greater than heavy cutting.

(3) The cutting energy slightly decreases with the increassing of the depth of cut, and the
effect of decreasing the cuiting energy by the annealing is higer the light cutting than the heavy
cutting.

(4) The cutting equations as follow.

P 26+1.58(f—a)=92deg.
D21 29+1.40(8—a) =84 deg.
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b3 :2¢+1.37(8—a) =82 deg.

(5) The machining constants for p,, p. and p; which are the test-pieces in this study and
classified according to the containing quantity of ferrite matrix given respectively in 78deg.,

70 deg., and 68 deg.

From these it can be known that the machining constants slightly decreases with increasing of

the quantity of ferrite matrix contained in the nodular graphite cast iron.
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Table 1 Chemical composition of nodular cast iron

(wt %)

C'Si\Mn\Mg[p}s

3.6 | 24| o4 | 0.046 | 0.027 | 0.028

P,
Fig. 3 Microstructure of test piece(x200)
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Table 2 Matrix and mechanical properties of test piece

Matrix (%) Mechanical properties
Sample - - — .
: . : Yield stress|Tensilestren-| Elongation | Nardness
Graphite Ferrite Pearlite (kg\mm?) |gth (kg\mm?) %) | H,
P, 7.62 28.88 63.5 — 61.72 6 | 268
P, 8.10 49.7 42.2 39.3 56. 59 8 IV
P, 6. 44 71. 26 22.3 33.6 53.45 1.5 | 187
Table 3 Cutting tool angle (deg.)
Back rake ' Side rake ‘ End relief ’ Side relief ' End cutting ‘ Side cutting ~ Nose radius

angle angle angle angle edge angle edge angle | (mm)
0 10 | 6 | 6 | 8 | 8 | 0 ‘} 0.5




78 2 X

BAE AEg e A FA e vholzzue 10
B JUES e o] FiHER ARdgdes PRTA:
BEASK20G:, #H# 13X19x5mm, W:86.4,
CO:5.75, Ta:2.0, C:58%, Hp 92)¢ 4351y
28] TAML Table 33 o] Wl =3 4
Bel sk TR Ji& Ad 87 et 3%
b 1A el TAE udsigdch. Wi
YHEES 77.36 m/min 02 —585] stm A4tze]
£ 0.13,0.16,0.17,0.19,0.21 ¥ 0.23mm 2 k4]
3 Pflile AR grgtet

4. RBRER U B

4.1 BESED MRS

Fig. 4 = Axtadol4 Adatgo) dojg v 3o 3
EEpERL X 23 Tilo BRI Qo Mg
R Agkze] Fa (p—a)9 3ol T4F AL
FozA agdlAd 2 ule)l o] ByETEIpAsL A4t
Zol & WmAYnzd Z4Han gov e Az
A& Szl ]l M B FY43 ol Fmk
Z Qe AFE ez 9o Ay dyy #HEL A
A7l A Fol A€ 9IS 20x =24 ¢
2 Az E 4 glv, Fig 5 Axiade] g45t:
WEIRE N BEENY e R @Q=4%E Tad B
T~ a¥eRA Addd Fgite mEEHS R4
Aol & SHIAE AY —ETL e 482 A
Fig. 544 2. s} zto] A 4Zlo] & 0.13mm 2 8
€ il Pl Povl Prucl 28%v da = Q4g
o€ 0.23mm =z F7H7 & W& 23% Bz g
of Ankdol A A= BEEHLS oY LR} 2

4 1
| |
£ R
8 o
Silae
_g M
(%) 2 \r\T\1
o P .
o = 10
- O P2 ]
X P3 V * 77.36 m/min
1 ! —~
!
o

0.3 0I5 017 O 0.2I 023
Depth of cut(mm)

Fig. 4 Depth of cut vs. Shearing strain

~l00

£ 90|

®
[e]

-
(o]

Shearing and normal stress ( Kg/mm?
g &§ 3 8

»n
Q

V=77.36 m/min

)

bl
BRE
0.3 0% 0.7 019 02 023
Depth of cut{mm)

(o]

Fig. 5 Depth of cut vs. shering and Normai stress

+ &+ gk

2y Pool Pyo] #51 H2 ez mob 2% o
UdA#Re 28 a4 ¢g5¢ ¢ % ok

R slglol iyl A Piod: x4tz
o[7t 5 I Fiste] P, W Pre #instm g
5 AAFZ ek ol & "L Helol Bk} IR
nshe] BHke] =7 W E Ao ARy Bal o
vzl d4tgde] 0.13mmelAE P, 9 Pyy} Py uy)
38% vt ZtASt . A4pgde] 0.23mme A E3l 10%
Bhell Z4x] ol A4zlelrl 42 oJJUd sl
HAE5E 2dFa ek =g Ao st .17 mm o] 4
P37t P vl 35%v zhaste] 2w oy g AR}
7t AL YEE ¢ 5 U

Fig. 6 ® 7% dlglel® o sl dafo] =il ol
Ab-ed e U3E EAYt 29024 slele] et}
7tz Hdelol Rkl Fae Wl Aghews)
T3gHo] FLT YL ndFm gk 43 o
ehol B 50% Ll L =l »lddsle) mikih 45% LT
dAe 2 &5 gl Azl A9 gs] Wi 2
g ojUdde & Hort gLe & 4 sl

4.2 YEioAX]

Ao BATEEE Uhldux s Add s 3§
Aok A8 EBHE VS F4 8w Alnke] 455
€ Al A ok mhAE o]7lEul gstE XY oz
el Fig 8% A4bgol o #fke] Wit Aoy
A vpd vl R @2EE TFiid @EwRsqad



T , On (kgf/mm? )

200
~ 180
€
£
~ 160
o
X
| 1401 R —
£ ]
E 120 o P — W I
= o P2 !
Z.i00{- X P3 Tt oW
% go|. (H=0 R —
V =77.36 m/min
60y — em i T
- et
Lo CICEES
40| — gt e
20p -

BREEE] EiffRel YRltkd vlx« BE 79

00; — 1
1
80- [
: M :
i \\ !
60L 1\\\\'\\4 :
a N
\‘\\\L
40__ \m:-‘—4
- XTg — depth of cut: 0.23 mm
20- 00y ---- depth of cut: 0. 13 mm

| S I, [ W WU
o} 20 40 60 80 100
Ferrite matrix (%)

Fig. 6 7s and o vs. ferrite matrix

100—————— — —
|
% 80-
3
> X
£ 60- N
b —_
& ' - _V
40- i 5
- e
N

xTs — depth of cut: 0.23mm
207 0Oy ---- depth of cut: 0.13 mm |

ﬁ_g L : \ _ 1
] 20 40 60 80 100
Pearlite matrix (%)

Fig. 7 ©s and ox vs. pearlite matrix

N N I
0513 05 0I7 018 021 023
Depth of cut {mm)

Fig. 8 Depth of cut vs. W, and W5

200- .
E leoL
= 160! \\\_‘
= 140~ ~

. ?

Seae

£ 120wy — depth of cut:0.23mm)|

- IOO‘T OWe -~ depth of cut 0.3mm
= 80~ |
- 60~ . !
@« . Q‘::\oh_o
; 40 ‘n_____o i
20 :
L . ‘ . )
0 20 40 €0 8 100

Ferrite  matrix (%)

Fig. 9 W. and W, vs. ferrite matrix

T &2 #@hstz dokh ol# ¥ {4 Fig 544
o] Awt-3# o wWalel A ddz glvh 43
E 4}@}_0] 0.13mmel 4 P, & P;& P,oxr} 33%4
Zaslm glow A4iglelst WhgrE Aol ¥

10% o]l 2 Holxla givh =hakellv]x] g4] &
HAE Holxm glom A4ze] 0.13mmef4 Py
P37} Prach A0%A X ZH4stn 0.23mmdl A=
Fago] AY ¢-&¢ B 5 vk webd gl
VRl gk oV PR B Ay oS By
Bl 4 23 BEURILFE 2 877 HAEE ¢+ A
o} Fig. 9 4 10 & slgtol = o Fdzlo] 2] o
B W, s W;A e BiRE owe=zA Fig g 2
73 7o SlzlslE M 50% LiE, =& sdzle]E
iy 5% Tl e & i #ksh A g

2007 ;

.eo—
E 16C~ //
E 10~ ~—-—4/
~§”120 T "
g 100~ *Ws — depth of cut: 0.23 mm
E o depth of cut: 0. 13 mm
= 60~ A
£ 401_ S

20-

L : L
o} 200 40 60 80 100

Pearlite matrix (%)

Fig. 10 W. and W; vs. pearlite matrix



80 KR % R-% #§ &
™ T
€0 ![ ' | — Theoretical value ( M.E. Merchant) [l ] T } ' |
50 T— : - Bsperlmenwl value o [
46i [ | ¥ o=0 N o ‘ i
40%,‘-—; T+ ey | 4 v o
%3 ‘3;%”0 J ? ‘ SIS :
TRl N N ) - ! | ' |
2N | i .| ! " S
10 NN S R K f\‘liﬁ, S 4?*&;,\?\__%
P > ’ LN | Pa]” |~
O 10 20 30 40 50 60 70, {0 20 30 40 50 6D 70, 1020 30 40 80 _60 7
(8- ) (/9 o-() (8- O\)?
Fig. 11 Relation between ¢ and (8—a) (V=77.36 m/min)
& + geh
4.3 ¢ (a—p)2to| BiF L VIBIEH

Fig. 11& a4 3ol 0° 9 10°Y = PP, 4 P
ol dE do (B—a)8 BHEE BRT 2ot} Fig
1164 Eigel 24+ (B—a)=90°E ZRMHMEA A A
o] 233 g3 wx gz Auh-gHnte] 2}
St AesHE A%, & A dd bR
7t &2tz 5= M.E. Merchant &} E#to] ), o]
o A v fhddAs 2EHE g9 e
=45 ~L 1251 Aok e oBst R SREAKE
T WHY 7 e £BRY o ebabe] o8l <3
8ol T4l ol2lgt FFFL ol AwkeEH L &K
(M3 o] By e ®instAl "ok Fig 1144
Py Py g Poll dd g9k (B—a)ebd] BIRRL &4
2¢+1.58(B—a) =92°, 24+1.40(8—a)=84° T 24
+1.37(8—a)=82"% velgth o] B9 YIHIHERN
A TEERE] 7 SdE 1277 198 98 Py
AAE 0.79, Poll = 0.70 @ Poll A& 0.68 2 1}
ehdon (f~a)9] o] B WY ¢ L w2
RS A = 45°91E] vl8] Prell A& 46°, Pyl 4= 42°
B Poll e 41°24 s delo] Bt g2 RRE
HEHATE AT o W EelRgo] AXL ¢ F
o=t

Fig. 12 A 4fzlo]l 71 #d = Axtdo] g3t
Agdsl +38Ye e KX (2 T B
e A9 erA PL,P, 9 Psdl wg Yl C9
e &£% 78°,70° 2 68°=2 Jelgter] 7 B A
.9 g, F w9 e Pio| 55kg/mm? P, st
41 kg/mm* 9 P; = 32 kg/mm? 24 o] T2} g2 Table
29 glv BRENS st A —FEn gL &
% vk Fig. 12414 3E ubo} o] Hdgle] B3t
7t B3 dgo] Byl &4 A28 4149

_1 d= 10" |
—

201 ‘ v=77.36 m/min i
10— —— - + :

L i \

. i 1 | |
) |

10 20 30 40 50 60

Ox {Kg/mm?)

Fig. 12 Machining constant

WI gem WEIERS e
9ee & F Yok

BRRBHESS 2302 oudysle Hmass
BLA7 oS Rl ZRTDEL shel i
ol we} o8 R RIS BRI SR e 2
& e ddch

(1) BUBEY AR
I glom sjze] kit w2
F e U

(2) BYBES& AArgolst #indo) wal P& o
7t Z&dhd P 9 Py B@indke A dolm gl
om Aozl A& Wiyl Swinct oy QPG

2 4rgo) 7k el whek as
R EMERA S o

A=

(3) FIHlell v Al dAge]sl EEF5 i
AU AR MRE A4l AL W F &t 2
BR7}F Zet

(4) Py, P, 1 Psell o3 @AIHERS D8ERE



HRRESRERSY L] Rtk v B8 81

g3t 2o GRIERS] e slste) EXiisl weld
+5 47 F4&FTI ik

P, ;26+1.58(8—a)=92° C=78°

P, 2¢+1.40(8—a)=84°, C=70°
P;;2¢+1.37(8—a) =82°, C=68"

2 2 XMW

(1) H. Morrogh, W.J. Williams! J. Iron and Steel
Instit. Vol. 155, p. 321, 1947

(2) H. Morrogh, W.]. Williams; J. Iron and Steel
Instit. Vol. 156, 1948

(3) A.P. Gagnebin; Iron Aage, Feb., 1949

(4) A.P. Gagnebin, K.D. Mills; Iron Aage, 163, 1949

(5) @Kk ; “Pearlite Zsh IRRBHEHBEA BT
W, &BEaE $ 1B H1H pp.87~95,
1976

(6) KEK : "BRIRBIREEEAN A BESE Ao
&BEE3E, H1148, 1%, pp.24~33, 1973

(7) )| - gEeptids 11, 1962

8 BN : £EpRE 25, 1971

(9) RIFRFAE @ “BRIRBREHA B BH(1)", &
BEGH, $1748, #5%, pp.428~437, 1979

(10) FIMRITR © BRIRBLEEFMS BBAY B (1D, &8
Zaik, K184, 15, pp.61~62, 1980

1) PB4 3 A “BERTAITE”, BARIER, p.
50, 1979

(12) S. Kobayashi, E.G. Thomsen; “Metal Cutting
Analyser I, Trans of the ASME, pp. 63~70, 1962

(13) M.C. Show, N.H. Cook, I Finnil; “The Shear-
Angle Relationship in Metal Cutting” Trans. of the
ASME, pp. 273~287, 1953

(14) S. Kobayashi, E.G. Thomsen; “Metal Cutting
Analyser I ” Trans, of the ASME, pp.71~80, 1962

(15) E.H. Lee, B.W. Shaffer; The Theory of plastic-
ity Applied to a Problem of Machining, J. of App-
lied Mechanics, pp. 405~406, 1951



