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Synopsis :

Methods are discussed for the manufacture of high strength cold rolled steel sheets with
good formability. Steels that have not been subjected to any special annealing process
can be strengthened by controlling their chemical compositions. For this purpose, solid
solution and precipitation hardenings are employed. The relations between yield
strength, tensile strength and ductility are investigated on the steels to which Si, Mn, P,
Nb, Ti, V, etc. are added. When taking into consideration of formability and spot
weldability, the chemical compositions of cold rolled sheets having tensile strengths of
40-60kg/mm2 (APFC40-60) have been determined as follows; Low C-Si-Mn as the steels
of T.S. 40, 45kg/mm2, low C-Si-Mn-Nb as the steels of T.S.=50kg/mm2. The properties
of newly developed age hardenable high tensile strength cold rolled steel sheets are also

discussed.
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Synopsis :

Methods are discussed for the manufacture of high strength cold rolled steel sheets with goed
formability. Steels that have not been subjected to any special annealing process can be strengthened
by controiling their chemical compositions. For this purpose, solid solution and precipitation hardenings
are employed.

The relations between yield sirength, tensile strength and ductility are investigated on the steels
to which Si, Mn, P, Nb, Ti, V, etc. are added.

When taking intc consideration of formability end spot weldability, the chemical compositicns of
cold rolied sheets having tensile strengths of 40-80kg/mm?® (APFC40-60) have been determined as
follows: Low C-5i-Mn as the steels of T. S. 40, 45kg/mm? low C-5iMn-Nb as the steels of T. 5
= 50kg/mm?.

The properties of newly developed age hardenable high tensile strength celd rolled steel sheets are

also discussed.
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Fig. 1 Effects of chemical compositions on
tensile properties as box annealed cold

rolled sheet
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Fig. 2 Effect of Nb content on grain size of
box annealed cold rolled sheet
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Table 2 Pianar anisotropy in tensile propertles of Si-Mn steel and Mn-Nb steel
T Y5, (kg/mm?) ‘ Ts. wymmﬂ EL(%)
o | oase | a0 ‘ o0 45 ‘ 90° o0 | 450 | 9o
- _ _ | e : . —
Si-Mn 30.7 33.0 303 43.6 45.1 43.7 38 ‘ I )
steel | | ! |
TMoNb | g | ae | | b o
37.6 36.6 39.6 ‘ 44.3 | 433 44.9 4 | 38 34
steel | |
— R 7 # RESRIR 1 16007 ~700° C IR & THES X w0
hoat, Mn-Nb AR DN oBAGREL -
»
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Fi2 45° FROBEENE <, —RORLH &
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Fig. 4 Relation beiween El. and T.S. of cold

rolled or cold rolled and annealed low

carbon rimmed steel
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Fig. 5 Relation between El and T.5. of cold
rolled or cold reolled and annealed steel
sheets
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V- AR THATaRR YL TR, FoK a0 ‘ , N
RIGH & FIEM S O (BEtklt 0 TR i260~70 2E N e
THD, Fig. 8 Relation between Y.S. and T.S. of high

— 77, SR DS BRE R = o F —
RN Lo THRLER A fo b Lyt — e
T DI = Pt = KOl R i RO S

SRR EHTH B, 0L HicHMD s, APFC
o)~ K kG RO 3Bkg/mmE o i e
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strength cold rolled steel sheets

O o Y.S. TS ofHsy Fig. 8 o4,
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Table 3 Typical properties of formable high strength cold rolled steel sheets produced as

commercial grades

= | Chemlcal composntlon (wt/) Tensile properties YS* T.g* [EL (/)*mm
S o ] B LS  ckess
Grade ‘ : 5 Thick: ¥.8.| TS. ElL (kg/ |(kg/ . (lmm)
CC Si yMn | P ¢ § Al | Nb |ness ‘(kg/ (kg/ (%) mm?)| mm*).— —10<
i | | (mm)| mm*)| mm?)| *¢7 - min."| min. §t<1 01t<1 6
APFC40 ‘ 0.07 | 0.38 | 0.76 "o.021! 0.013 0.03 | — ‘ 0.830.6]44.1] 34 | 24 ‘ 40 ‘ 30 31
APFC45  0.08 ! 0.45 . 0,82 | 0_022‘ 0.011) 0,04 | ’ 08 |31.2|470] 33 | 28 ‘ 45 | 26 ‘ 27
_ - . ' | H 3 .
APFC50 | 0.08 | 0.80 ’ 1,43 ‘ 0.017i o_oosi 0.06 0,032‘ 0.8 |36.5(53.7] 31 | 32 ‘ 50 | 23 ‘ 24
1 0.09 084‘151‘0016‘0005'006 0040‘ 0?‘480 580\ 28
APFCS5 | 0.09 033‘150‘0017‘0005‘005 0045‘ 0.8 457|534‘ 27 | 36 | 55 | 20 | 21
008 084'151‘00170006‘005 0044‘ 16‘477‘586‘ 30
~ APFC60 10.09| 0.85 | 1.57 | 0.017 0.005 0.07 | 0.048 0.8 50.3 63.1| 27 | 40 | 60 | — | —
" DH35 loosl — 0.79‘0_014! 0.010 0.05'0_032 0_8‘36.4’45.4? 31 ‘ e

* Specification of Japan Automobile Manufacture Association
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Table 4 Tensile properties of age-hardenable special high strength cold rolled steel sheets

with low yield strength

Grade ‘ Y5, ‘ TS, | YR ‘ EL Y El
(kg/mm?) (kg/mm?®) i (%) (%> %) _
CHA0 | w0 | ws | w2 | @ 0
CH45 206 ; 46.8 ‘ 4.0 ‘ 28 i 0
CH50 ‘ 240 | s02 | a8 35 } 0
CH60 ‘ 36.5 63.8 ‘ 57.2 28 o
CH70 ‘ 42.7 ‘ 72.4 ‘ 59.0 ‘ 25 ‘ 0
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