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Influence of Hardness on Machinability of Quenched and Tempered Bearing

Steel

Synopsis :

Shigeo YAMAMOTO and Hirooki NAKAJIMA

Machinability of a bearing steel of which hardness was changed in a wide range by quenching and temper-
ing was investigated. Sawing, drilling and turning were carried out for work materials of the hardness of
HV180~770 and cutting time, thrust force and resultant cutting force were measured respectively.

1) In all machining methods the minimum cutting resistance (cutting time) was observed at the hardness of
about HV350. Multiple regression analysis was applied between the above measuring values and the

mechanical properties of work materials.

The regression equation indicates that the cutting resistance in-

creases with increase of the tensile strength, hardness, the elongation and reduction of area.
2) It was suggested that the minimum in the cutting resistance at the hardness of HV * 350 was brought

about by the formation of the strong built-up edge.

The cutting resistance increased in the hardness range

of HV180~ 250 and 430~550. The former is due to an enlargement of the chip shear region and the latter
to an increase of the deformation resistance per unit area of the chip shear region.

3) Sawtooth like chips were produced, when work materials of the hardness of HV550 ~ 700 were
machined at high speed. The mechanism is considered that.the chip shear region is subjected to the shear
deformation by softening arising from the concentrated generation of heat.

Key words : machinability ; bearing steel; quenched and tempered samples; sawing; drilling; turning;
mechanical property and machinability ; cutting mechanism ; sawtooth like chip.
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Table 1.

Chemical composition of sample (wt%).

C Si Mn P S Cu Ni Cr

SuUJ2 | 0.96 0.24 0.39 0.008 0.016 0.05 0.03 1.37

AT 62 4 10 AAZBEHARICTRE FHE 3 A 27 B3 (Received Mar. 27, 1989)
*  SEMEHWTZEAT (National Research Institute for Metals, 2-3-12 Nakameguro Meguro-ku, Tokyo 153)
*2 EEMEHEMAFZEAT T8 (National Research Institute for Metals)
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Fig. 1. Mechanical properties and hardness at

room temperature of samples tempered at various
temperatures.
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Fig. 2. Deformation resistance values measured at
elevated temperatures with high strain rate.
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Fig. 3. Sawing test of tempered and spheroidized samples.

and machine saw in (b).

0 30 m00 500 600

olgp—— ' ' ' "
" 200 300 400 500 600
Hardness of tempered steel (HV)

Load: 18kgf
Saw blade:350Lx25Wx1.25T, 8T, (SKH)

Hand saw was used in (a)
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Fig. 4. Drilling force of tempered and spheroidized samples with drill of different point

angle.
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Fig. 5. Resultant cutting force (R) of tempered
and spheroidized samples in turning.
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(b) Tempering temperature : 650°C
(c) Tempering temperature : 500°C
(d) Tempering temperature : 350°C
Cutting speed : 20 m/min
Feed : 0.1 mm/rev
Photo. 1. Chip forming state
of tempered and spheroidized

samples in turning.
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Fig. 6. Micro-Vickers hardness (Load : 50 gf) of
chip forming region in Photo. 1 of tempered and Photo. 2. Appearance of chips of as quenched and
spheroidized samples in turning. tempered samples in turning.
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Fig. 7. Relation between hardness of chips and
hardness of work materials in turning.
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Calculated value by multi-regression equation

» C.T=-1173,9-1,39(HV)+10.73(T,S)
+15786(E)+5,79(R.A)

(Cutting speed:15m/min in Fig.3(b))
* T F=-132,9+1,42(T.$)+4.98(E)
(Cutting speed 7m/min in Fig.4(a))

+ R=-25,9+0.067 (HV)+0, 854 (E)

Fig. 8. Relation between ob-
served value and calculated
value in sawing, drilling (a)
and turning (b).

-0.058(V)+757(F)
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B (F) o#McXoTHELIML, VOERIIHEST
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BWXEDLTHEIH R EDHBEH LTS, Y
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L3O AVCERNZHBEEZIT > TWwWaEd, 20
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5-2 YIEIEHR & YIEIEE)ORSE

s DRLBHMOYIHIKIL % LI 2E) & DFETEE
+ 5. Fig. T12/RLZ2EI1Z, & D/ WERIRIEA
DOFEHIE I TR EATK & S HHIM O S KD b
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EVHEHIM TR ES K E CBBILD 7200 0 < 35
SEWHIM X D/ADE B, BIFETIRYD K FTREII
BYFETHLHH, HEOUH S FTRELOH L itk
KTad % (Photo. 2). T DEALIZH AHE & DL E D HEH|
MCZRAET S SO Th YHIERIC B 2T & 5
BEOBEENLELICE S EBbR7. Photo. 1 @
)Y FHEBRIKEE TR L7z & 5 ICEKRIRILH R SRk b &
L U7 #kHIM o Bl <, €10 < 378 ARTHESATA V.
FZCORMEFEY ) OBEM (Fig. 2) 3/hs(<
Th, TABFEBOKE W LHERE % - THEIEH
ML Twa (Fig. 5). ThiCHBELT, b L& LR
i 350°C OHEHIF TIEET 0 < 38 ARTEATHE/N L T
% (Photo. 1). LA L, WHIAEMLCH Y (Fig. 5),
R K FRAWEIC B ABAMEEL D 0T

EHEPZ LMK LTWEIEERLTWS., 2O
X Fig. 2 OZRRPEDOFE L VR E —HT 5. T4
bbb, RERERE 450°C X Y Al n#ibr HH#EE LT,
Photo. 1(d) D1V ¢ F° 8 AWK DEE X 450°C BLF
<, 2o, ILE LY < FHREEI & FFRE O
S CHRILINARAEITELTWA I LM S
7= (Fig. 6(d), Fig. 7).

WEH OB, BEL & LR 500~550°C THE & HV=
350 OHIM ZEIE N oWm/AMEE/R L. ZORRKE
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(Fig. 6(c)). BRI EXTESF AT L 5
THBLTEY, YL FEAMBL RO TnE I LI
X5,

Fig. 3i2B8W\WT, "y Fy—t=wry—%Hn
LTI BB O B/ IMEATRE 8 DR % HHHIM CHA
TWh, Ny FY—THHIL- & IR ABEBOE W=
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B CRER I LV RE LR R ERTFL VD20 L
Hpbhs. #0LC, FULPHHZIOWTH DL S 2k
A DR L HHIM O = O FE S n.

BEBIA A B8RRI D < a8k D & LIRAE 350°C
UTomEs HV550 LA EoSi % &@EHl Lz e &ic4 L
7z (Photo. 2). $EEIKYI D < ¥ A, Y < F4
EAFBIKETH A Z L LMD Y » FHHBWTH B
ZERS, Y10 TR AWIBUC B T BN 2 B
FELVEALB T L A ARERIC L B Z LSRR S
n7:. Fig. 9(a)~(d) QGMNMORK LML WEEEIRY) b
CTOERBREAERILLAZbNTHS. (a) 225 (b)
~NDOBETREITEOWD K FEANA (¢) 238800
L, Y10 < FtEE (Vo) 2L Twah, LaL, (b)
DIRFET YY) < T AR ME/NT X o TYIHEKITAS

Fig. 9. Schematic forming

representation  of
process of sawtooth like chips.
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AL L T AMBESEL, Fiohd 1200y

D < (Cn) BPERLEBDSD. (¢) 5 (d) DBET
BRIV A 72 Vg0 L F2F 72231 7200 L §F
L ETFo R, DD CTES ORI LT 5HE45
THE»EST S, 2L C, HilchHF Ao rofn {$i
VEHERE 2B L A5 Fig. 9(a) & 7% 5.

Photo. 2(a) D1 & FIEFREIKEE IZ3F L 72 5 0 %
THY, BLWEEHIH T NEDLA W, 20
RPHHEIB D X 9 REEHRIRI D { FOARBEIHEZE S
n7z. & 512, Photo. 2(b){c) IR L 728D & LiRSE
250°C B X UF 350°C o #HIM oY n < §7ik, Fig. 9(c)
VR L7AREC, BENSERTLEBICB W TEEER
LEEFICAE LD, YU FEMICAAIELL LD
LB bR,
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BEANLED & LIS K 5 THES % HVI80~770 2 %
R U O R HEE TN, R OVEIHEDL, b
HIL, ZhZNUIRIERE, 29 2 b, BESEERILE 7 % 3l
EL, ZLT, ThOOMBEHEMMWTYE L OBES
LY OB S5 L 7.

1) ZLIHIEEEIC B THEIM OfF & HV350 dfEc
YIHIEHT (YHIBER]) ot/ MEAH D, ZhoDExHE
WRITEE & OB CEYF S LR, HEIMoFER
BSOS BIOMUR D MY L X o TYIEIEE
PRI LEERAsE O N

2) WE HV350 BEOHHIH i WEIE o m Tt &
BLOESVIC L > THE BRI e AR s ¢, K
MAENOB/IN BT WD LRI s . —F,
s HV180~250 & HV430~550 Dk ElI# % Y1y L 7= &
EDOYHPIEI OB AR, FiE TEAMBEBOERICL S
A, HFE T AR B B BATERRY ) OB
EhoWAIC L 5.

3) W& HV550~770 O #EEIA < i3 & & VI8 ¢ ok
L ZZBEEIRED 0 < AR L7z, SBEIREI D < Tk
B, B0 S FRAMBICBWT, BEDEDIZL 5
THL BB T AMERI Gl &R Shbo L
gan.
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