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New Extremely Low Carbon Bainitic High-strength Steel Bar Having Excellent
Machinability and Toughness Produced by TPCP Technology
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Synopsis :

A non-heat-treated high strength steel bar for machine structural use through a
thermo-mechanical precipitation control process (hereafter, referred to as TPCP) has
been developed. The newly developed TPCP is a technique for controlling the strength of
the steel by precipitation hardening effected with the benefit of an extremely low carbon
bainitic microstructure. The carbon content of the steel in decreased to below
0.02mass% for realizing the proper microstructure, which improves both the notch
toughness and machinability. In order to make the microstructure bainitic and to obtain
effective precipitation hardening, some micro-alloying elements are added. The
developed steel manufactured with these advanced techniques showed a higher impact
value, higher yield strength and better machinability than those of the quenched and
tempered SCM435 steel. The impact value of the steel is 250J/cm2 or more at room
temperature. The problem of the reduction in yield ratio, inherent to non-heat-treated
steel, was overcome by strengthening the extremely low carbon single-phase bainitic
microstructure with Cu precipitation which was minutely dispersed by nano order in
the base-phase structure, attaining the high levels of 85% or more in yield ratio of the
steel. The considerable improvement of the durability of the tools, leading to the

significant advantages of machinability through the suppression of the abrasion of tools,



was also achieved.
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Synopsis:

A non-heat-treated high strength steel bar for machine structural use through a thermo-mechanical precipitation control
process (hereafter, referred to as TPCP) has been developed. The newly developed TPCP is a technique for controlling
the strength of the steel by precipitation hardening effected with the benefit of an extremely low carbon bainitic
microstructure. The carbon content of the steel is decreased to below 0.02 mass% for realizing the proper microstructure,
which improves both the notch toughness and machinability. In order to make the microstructure bainitic and to obtain
effective precipitation hardening, some micro-alloying elements are added. The developed steel manufactured with these
advanced techniques showed a higher impact value, higher yield strength and better machinability than those of the
quenched and tempered SCM435 steel. The impact value of the steel is 250 J/em? or more at room temperature. The prob-
lem of the reduction in yield ratio, inherent to non-heat-treated steel, was overcome by strengthening the extremely low
carbon single-phase bainitic microstructure with Cu precipitation which was minutely dispersed by nano order in the
base-phase structure, attaining the high levels of 85% or more in yield ratio of the steel. The considerable improvement
of the durability of the tools, leading to the significant advantages of machinability through the suppression of the abra-
sion of tools, was also achieved.
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Table 1 Chemical compositions of steels examined

(mass%)
Steel C Si Mn P S Al Cr Mo Others
Extremely low carbon bainitic steel 0.009 0.26 1.99 0.015 0.015 0.034 Tr. Tr Nb, T3, B
Conventional low alloy steel (SCM435) 0.34 0.22 0.80 0.016 0.014 0,026 1.08 0.21 —
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Transformation starting temperature (°C)

Fig. 2 Relationship between transformation starting tempera-
ture and hardness of the extremely low carbon bainitic
steel
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Fig. 3 Effect of cooling rate and Cu content on hardness of
extremely low carbon bainitic steels
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(a) Coaling rate: 0.4°C/s
(b} Cooling rate: 0.04°C/s
(¢) Cooling rate: 0.01°C/s

Photo 1 TEM micrographs of Cu precipitates in Cu-bearing
extremely low carbon bainitic steel
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(a) Cooling rate: 0.4°C/s (b} Cooling rate: 0.04°C/s {c) Cooling rate: 8.01°C/s

Fig. 4 3DAP Cu maps of Cubearing extremely low carbon
bainitic steels with different cooling rates
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Fig. 5 Effect of Cu content on precipitation hardening on self
aging process
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Fig. 6 Relationship between cooling rate and hardness of Cu-
bearing extremely low carbon bainitic steels
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Table 2 Chemical compositions of steels examined

{mass%)
Steel C Si Mn P ) Al Cr Mo QOthers
TPCP steel 0.007 024 2.01 0.015 0.016 0.036 Tr. Tr. Cu, Ni, Nb, Ti, B
SCM435 0.34 0.22 0.80 0.016 0.014 0.026 1.08 0.21 —_
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Table 3 Mechanical properties of the TPCP steel bar and the quench-tempered SCM435

" Steel

Position 0.2%P5S (MPa) TS (MPa) YR (%) El (%) RA (%)
Surface* 730 840 87 26 74
TPCP steel 1/4D 708 818 87 25 72
/2D 689 813 85 22 66
Surface* 644 820 79 23 62
Quench-tempered SCM435 1/40 638 811 79 22 59
172D 636 807 79 20 52
*15 mm inside from surface
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Fig. 7 Temperature dependence of Charpy impact value and
crystallinity of the TPCP steel and the quench-tempered
SCM435

Y, BREIL, 680MPa LI Lo 029 fif 1, 810 MPa LA EDF|
SESR X AL, MO, K0 & EID SCMA35 AL Y L ED
LRBALEHERL A, FEINESE, FFAEMTHOANS
85% LI EORERIEAR L TWHETHS,

Fig. 72, 2mmU / » FHEBRICL S & v 0V - HRHERESR
AT, BRI, 300]/om? L Lo FEEREEH L, T
HEREA L —40°C OEIHMEELTL TS,

Fig. 8 (ARG T ARIZL > THRE SN BEET T,
PR, frehiibic &L OFERE X A8 2o SCM435 AU
LE LIS TERIEHFRE LWL T4, 5B & L Adadh
S AR BT BB R OBIR A MRS AREL S L
ML T Fig. 9 1I55RT0, BEROF — 2 ditkfilo s — ¥

NI 5258 Vol. 34 No. 12002

Number of cycles to fajiure

Fig. 8 S-N diagrams of the TPCP steel and the quench-
tempered SCM435
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Fig. 9 Relationship between tensile strength and fatigue limit in
a rotating hending fatigue test

Table 4 Conditions of turning test

Item Condition
Tool Sintered carbide, JIS-P10
Cutting speed (m/min} 200, 250, 300
Cutting depth {mm} 2
Feed (mm/rev} 0.25
Lubricant Dry
Criterion for tool life Flank wear (V) = 0.1 mm
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Fig. 10

Relationship between tool life in turning test and cutting
speed of TPCP steel, as rolled SCM435, and quench-
tempered SCM435
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Photo 3 SEM micrographs of TPCP steel, as rolled SCM435,
and quench-tempered SCM435
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Table 5 Conditions of maximum hardness test

“item Condition
Method Bead on plate
Shield gas Ar + 20%C0,, 20 ¢ /min
Welding wire JIS Z 3313 YGW23 (KM-60)
Current {A) 300
Voltage ) 34
Welding speed (mm/s) 5
Heat input  (kJ/mm) 2

Wire: KM 60, Gas: Ar + 20%C0,.—O—TPCP steel
Heat input: 20 kJ/em & Quench-tempered SCM423,
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Fig. 11 Hardness distributions of the heat affected zone of the
TPCP steel and quench-tempered SCM435
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