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Effect of Silicon Content and Lubricant on the Machinability of Hot Working Tool Steel

Masahide UMINO, Tomoaki SERA, Yasutaka OKADA, Daisuke MURAKAMI,
Reizou MURAKAMI and Harushige TUBAKINO

Synopsis : Influence of silicon content of hot working tool steel (4mass%Cr-Mo—V-Ni) on machinability at milling process has been investigated. The

effect of silicon was compared with that of lubricant, concerning tool life, cutting forces and temperature, chip detachment from a tool, tool

damages, surface oxidization, microstructure and shapes of chip.

The observation of the chip detached from the tool by high-speed video camera showed that increasing the amount of silicon resulted in

suppression of adhesion between the tool and the chips. This lubrication effect of silicon coincided with the effect of lubricant sprayed. The

suppression of adhesion by increasing silicon content prolonged the tool lives, probably because the scale of Fe-Si~O formed on the surface

of the chips of high silicon steel lubricated more effectively than that of Fe-Cr—O formed on the surface of low silicon steel.
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Table 1. Chemical compositions of hot working tool steels
used (mass%).

Steel C Si Mn P S NI Cr Mo V
1 032 [ 0.02 | 064 [0.010[0.003| 1.06 | 405 | 1.55 | 0.56
2 033 | 010 | 064 | 0.010{0.002| 1.06 | 408 | 1.55 | 0.57
3 032 | 019 | 064 {0.010(0.002| 105 | 410 | 155 | 0.57
4 033 | 029 | 063 | 0.010|0.002| 1.05 | 409 | 1.53 | 0.56
5 032 | 048 | 063 | 0.010| 0.002| 1.05 | 410 | 1.53 | 0.56
6 035 | 1.10 | 066 | 0.012|0.003| 104 | 408 | 154 | 0.59
7 035 | 160 | 066 | 0.012}0.002| 1.04 | 409 | 1.55 | 0.59

Table 2. Milling conditions.
Cutter Diameter of cutter: 160

Axial rake angle : 5

Radial rake angle: 0

Number of cutter : 1
RDEN2004

PVD coated cemented carbide
cemented carbide: K20

PVD: TiCN layer

Insert grades

Cutting speed 50m/min
Feeding speed 0.18mm/tooth
Cutting depth 3.0mm

Cutting method
Cutting fluid

Down cut
Dry , Spray lubricant on work

EHIPMEERER 1S, Wil 100X 100mm, & & 300 mm D R ER
FraEmT, YIRFL, 100X300mm®DAi% 7 54 ZMTLLL
HFma iUz, Fanid TEY O BEFEA 300 um 12
FETBEL, FoBVY, JL—Fr kot b
& »FL KT L 22 UIHIEESE (mm) TERR L2, 754
Z T4 % Table 2 1277F,

RICUIHBRE AR S 22T 5 20T O Ak E W,

(1) HEBMOBR: 754 ZAMT IR TERL -

2, HEEIREWS 22T 5 BT —HOMRERT 12D T,

B RIAl % &4 U 22 BEEm & S Ic g H L =& T
EEEL 72,

(2) UL THAMOEEEE  YUn{FLTHLD
BEMAEBEBETIHNT, MeAEEIML Skt 2H%
B < FOHPH R E EHE H 4 5 THE L 72, Fig.
VISR IE 7 2 712K 5810 < TP BER ER  fAX %
7NN

(3) UIHIHEHT © UIHIB It & F o TYIEHH 4 HlE L
Foo 774 ZAMIIZEH T A UHEESUL, BETEO 0]
HIHRI D A hiesfl & & IS8T 54, BANhORKlE
IR 7z,

(4) VLT LUCILROEE  UNvIY, THFam
DFOYIHIFEEE, XU, TBHERICE->BRTIA
EBERELBRT AL LITRELATD < T AL
7zo LENEOBEIRIE I FIAMSE & EARIE 7 HEMEE
(SEM) THIR L, MHENTHEZ PVD)BO BN E %
BT — TN (EPMA) T L7, X5ICTAY
SVHEHANOHEHHIMOBERIE 284 4 Y EE Sk
SIMS) THH L7z, 810 < B ZFizH>nWT, 5
HAMEZH, EoFEBlELR, $/-, BIBIIHDAAR,
WD XFEFAROMEHRISBERE L 55 &5 ICHEL
7etk, HFFEMBE TUI D K TEFME OB A% BIET 5 &

106

Feed
direction

Cutting
direction
Observation K
Cutting tool area of high wor

4 speed camera,/ ~P'€C€

Fig. 1. Schematic diagram of milling and observation area
of high-speed camera.
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Fig. 2. Influence of silicon content and lubricant on tool
life.
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Fig. 3. Influence of silicon content on tool failures.
(a) 0.1% silicon steel, cutting length 115 mm.
(b) 1.6% silicon steel, cutting length 3200 mm.
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Fig. 4. Influence of silicon content and hardness of work-
pieces on tool life.
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Fig. 5. Effect of wet cutting with lubricant of low 0.1% sil-
icon steel (43 HRC) on tool failures.
(a) Dry, cutting length 115 mm. (b) Lubricant, cut-
ting length 2342 mm.
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_ Fig. 6. Comparison of chip flow between dry cutting and
lubricated cutting of 0.1% silicon steel.
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Fig. 7. Influence of silicon content and lubricant on cut-
ting force.
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Fig. 8. Influence of silicon content on high-temperature
tensile strength.
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Fig. 9. EPMA analysis on nose of tool cutting 0.1% sili-
con steel piece.
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Fig. 10. Influence of silicon content and lubricant on chip
thickness.
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Fig. 11. Influence of silicon content and lubricant on spiral

inclination angle and pitch of chips.
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Fig. 12. SIMS analysis on surface of chips.
(a) 0.1% silicon steel. (b) 1.6% silicon steel.
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Fig. 14. Extraction replica images of 0.1% silicon steel
chip section.
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Fig. 15. TEM images and SAD patterns of 0.1% silicon
steel chips sectioned by FIB method. Distance

from surface of chip (a), (b) 2 um; (c), (d) 5 um

Table 3. Comparison of the effect of silicon content with
the effect of lubricant on machinability.
Influence of | Influence of

silicon content| lubricant

Decreasing in cutting ineffective ineffective

temperat'ure' i

Decreasing in cutting partly effective| effective

force

Decreasing in . .

adhesion of tool/ chip sffective sffective

Fo_rmatlon of flow type effective effective

chip —_—

D(I-:-creasmg |_n effective effective

thlckness chlp

Incr_easmg n curl ineffective effective

radius qf chlp '

!ncrﬁeagmg in spiral ineffective effective

inclination angle of

Ingreasmg in pitch of ineffective effective

chip
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Fig. 16. Influence of silicon content and lubricant on cut-
ting temperature turning.
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B GET E ZREEFHORE (F1300K 2# % T
BLHEE) »OESIH D S FREICHEETEIAr—0
BRIFISGEVEEEZ THRBEL TV A TREMEMNEL, L
BoTHILUBBEREE L LEETE 5, BRI
TF=LOBAPEREL D EE L B L ERmIRES T
B HBATE 31,

sk, BSi#TUD < FRROEN & UIHIER RG2S
HOEEAZBD o h - 72HEE LT, Esizlo
PHABGHT? S WHIM - TRBICHFEL TH S0, 1D
CF/ITET S VEOIEWEME CHEREE LTS
DIz L, U0 < FERENDFe-Si-0 2 7 — LDERKITR
HOIRE LHEARBAORERTH D, ZORRIT M
D—EIZBEVTERLTWE =D EELI RS, DEDL
D02, HEEMEm, SioRMO ELERRIIVL T/ TH
FOHERIEHATH 2 LELONE A, UHIEEMET LA
Mol ONTIEHE S B AMELVETH 5,

SIORRELTE, Tofh, —RR{EH (BEARIZES
LTuauwRibn) ORGIESITDOAE NP AL k-Th
D, KSiIfPEE LT VWEHREINS, 72701, V. Mo
EEALEY (—XRR{IEWMEERALEWY) 7254 b -
=4 FRIZEBWTESIBORPBRINTH D D,
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ZOHFERNEWEELIONS, b, ~RR{DHELE
IS L7=sun, BB TEHCIERIEMOENEMNT 5
CTHEHEMIET T EHME IR T H2,
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(1) BB TESPSiOMR e HEmERORRE T 7
A ZMTIZE O IR L 224658, OIn K TOLTENDEE %
KR L, BERMEA A L AEE, U FTOREICHES L
BI%nFyErreaigie, TEEGAE LT SR T
L,

(2) EsiglicmmEmzRmTsL, U < FHE
DZAL, P10 < FIEADRKD & UIHHEH (R icEE D 1)
DIEA R 5, EEHEAOMRIZTD < 3/ TERM
OTEME ESREALRTIENTE S,

(3) WL F&RE (F<OEAD 12327 - AR
Xh, 2o - L EBEREETSLELOND D,
S ESifTIFMRAREL D, BSIHlcAEK L 72 Fe-
Si-O A7 — L FRHICIEBICHKL e FEA LGNS, X
L, W < FHtiEee s ORI (FEE S ) ESigiS
REETEZEL XL TH O, SiOFRITEFHBMONR
EFTRTDETE—H L En o7,

(4) ZOMIZSIORHFEE LT, BREEDKTIZLD
HAWHERH AR T 5 R, U0 </ TERBMOIREH
KTL, BEXTHIINEZLEEL N0, AEERH
BT SivRm, FEEmER L & UHIRE DK MIED S
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