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On the Cutting Mechanism of bce Metal Single Crystals
Hidemi Yamamura and Kazuyuki Kikuchi

Abstract

Many works have been done on the cutting mechanism of polycrystalline metals, but a few works were
reported on the cutting mechanism of single crystal which involved plastic anisotropies due to the crystal
structures and orientations.

To investigate the influence of crystal orientations on the cutting forces and the chip formations, Fe— 3
1/2% Si alloy single crystal was cut two dimensionally. The cutting forces and the shear angles were deter-
mined as a function of the angle (8) abcut the normal to the side plane. For the crystal orientations with the
maximum and minimum cutting forces, the distributions of cystal rotation angles and slip traces in the shear
zones were observed. The slip mechanism in the cutting process is discussed, and following results are
obtained.

1. The cutting forces change periodically with the angle 4, but they invert the phase with the shear angles
The maximum value in the force (A) is about 4 times that of the minimum (B).

2. The ¢— (B—a) relationship is out of the solution by Merchant or Lee~Shaffer.

3. In the case of (A), the narrow plastic zone agrees well to the simple shear model.

4, No quantitative relation is obtained between the rotational angle and the displacement and the stress,
containing the distribution and the magnitude of them.
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BL, HEEEOMHE, FRREETMOERICL->TELIBHERFEL L LI LRI
LinwkoicBbnsg,

bz h s bee, fec &BHIEERIZ DO THEMEDE & VIRIME 2 B 5 129,
bee #E ) Fe-Si 435 L Uicc & Al 2 Fno Bl & 8iEM & L COETI %47 -
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K2 ¢=30"12 8B BFp,Fots,d, 15,050,870 R—3 a=15"12 BT % Fr, Fot 5,4, 75,05,1,8, r NME
6 uzr 36.5° | 59° {81.5° | 104° {126.5°| 149" [171.5° 61 14° |36.5°| 59° 81.5°J 104> ]126.5°| 149° | 171.5
{7;? 12.76| 24.86| 27.06] 42.90| 16.72] 22.22| 42.9G 37.18 Fr| 23.76] 31.46] 38.94| 50.38] 22.44| 29.48| 56.10| 56.10
Fo| 6.15) 8.40| 8.40) 14.70] 6.90] 9.45 7.80] 9.75 F, | 15.75| 16.35| 17.70! 25.35| 12.30] 15.60| 25.35| 24.00
fe 1 0.158| 0.158] 0.164} 0.305| 0.141} 0.148] 0.360 0.351 £, | 0.181] 0.183] 0.208| 0.465! 0.158| 0.181| 0.445| 0.496
jf,g 40° 46" (40°46' (397 11" |19° 48’ [45° 46" [43° 35’ |16° 29" |16° 58" ¢ 132749 |32°27 |28°46' 113°07 |37° 10’ |32° 49 |13° 23 |11° 58
kgf 30.72( 72.56] 82.49| 99.98| 40.18| 54.98| 92.13| 79.57 z | 29.40| 79.53(102.76| 81.94; 52.63| 73.66| 93.80} 86.08
0.
k{ 70.68/122.94]124.35| 80.16]100.41{127.18| 46.53| 49.10 o2 {117.98]137.35|137.30] 68.34|117.56(131.35| 72.43| 60.53
# | 1.47) 1.12| 1.08{ 1.00| 1.30] 1.33| 0.87] 0.99 « | 1.13/ 0.915| 0.82| 0.89| 0.96| 0.93| 0.82] 079
ﬁg 55° 47 |48°15' [47°13' |45°00" |52° 26’ [54°04' |41° 02" |44° 43’ £ 48730 |42°28' |39°22' 41°41' [43° 50 |42°56' |39° 22" |38° 19’
r | 1.35] 1.35/ 1.39] 2.60| 1.26] 1.29] 3.14| 3.05 | 1.87| 1.89| 2.07| 4.26| 1.73| 1.87| 4.18| 4.67
R—4 a=0" 2B 5 Fr, FeM i E£-5 ¢=—10° 1287 B Fp, Fofl
g . J ol . f o o, e .
14° |36.5° | 59° |81.5° | 104> |126.5°| 149" {171.5 14° | 36.5°| 59° | &1.5°| 104 }|126.5°| 149° |171.5
Fp | 86.24| 73.04] 61.60] 80.52| 42.24| 36.96| 61.60] 76.64 Fr| 87.12| 66.88| 84.48] 66.00| 36.96| 49.28| 69.52| 55.44
Fo | 50.10] 45.00{ 35.70| 36.30/ 27.60| 24.90, 30.60| 35.40 Fo | 58.20| 43.20| 47.40| 33.00| 28.20| 38.40| 37.20| 31.80
e’ﬁﬂﬁ Ts, Us,%ﬁﬁﬁ%k?’k%bi()ﬁ }J‘jj (kg)
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TOHABRINT Y 2479 20, UHEE T bt {2101 Hom@EaIcBEy 20ERz %5 &
FEZThv, B—10 EF—11 » & LET 2 S OEHEEI O K E WA, KW-EIEHEETTIC T
BiEAkE o TR B2 Edbh b, DIkt b b 6=157.5 1= 54 T EEL 7T~ 1)
DAL bz L9, 72, =157.5 DFA, HREOEDEE L Z2D5HIIEL DL LD
HAbNb, ZOZEIIHETET AN FEICELL TVwEZEE2RLTWEEEZ LILE,
P EOBEIES & CBREHERD S UHIER OB 2 R T O LA W L » T ZEh R

T hizhErEZTAL, bec BBOT~NEIE, {110+, {1124, {1231 W 3METH
b, REBZHOWEIES R TH 2 0=112.5 TEWH { FEEEEIZIE {110 DabpE
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{112} HEAFERERS L, ZoEERESERTHL I EEWEL 2L,
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TN BIEOMREIZ DWTOEN L HIZFH 2 5,

TN ED TN BRI RIE RO I b, YHIG M2 ERMEGmE A% L7228
A, UBEIHE & 6 o {110 MO L THEO=45 DEEFHIIBEIbLELLND,
ZTOEARERME LS {110t Bokd, REAEERCETIAETH L, F2,
0" <O <90 D#iFIz2 2L o {110 EAHERET 2 & 5, 0=45 513 THEEAT
ZOTRY)FOEEE S EHPE L, DECUHHEICEE . FHEC BT 2 e {1104 @
DEBIERE L THOKRNI L > THRETLZEEZ LN, 2D E EZFERIE0=45"12800¢

JcliEr B I T EEZLNS,

0" <O <907z {110} WA —2 Ll vE&3ZEm {110} @22 eI (E
SHL, YIHESHIE RS B, 07 <0 <900z {110} WABEEL ZWad, {1121,
1123 W% EOMOT N EAT NN IZBE LA, 2ETN) Sr 52 LUHEE 2K E
Kb bEZLND,

M—12 13k A~ b 2 Bl CORRAYIC R L 22BN 5 6=112.5°, 6=157.5" D
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W, ZOZ EIER—11IC B B8 A KRS ToO R REES 207 & L BT 5,
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ERBET RO B v #ERICE ), -1 o REERIIEB T E v,
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FEHTNEDEDEBY) TH S,

L., WHHEIIES I EEA 610 & - TR EL, 6=22.5°, 112.5° TH/IMEL, 20

FHECEAEE R,

2. CAWA ¢ LEBRICEBECELL, YIRS, MKMEZ & 2 & X iEMHUMEC, WA

EIHHAMES & 5 & R I3BAEIC LS,

3. ¢& (B—a) DEERIZ Merchant $ & f Lee-Shaffer oRX» 6 ¥k, THEOHOT~Y

W L BMOFEFEHBIC L FEL v, YIHHESAVN S w & SFFFEHEO FIRL Y Fic
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