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Effect of Controlled Rolling and Cooling Process on Structure and
Mechanical Properties of Mushroom Cold Upsetting Steel
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( College of Materials Science and Engineering, Shenyang Aerospace University, Shenyang 110136)

Abstract The tested steel (/% : 0. 19C, 0. 17Si, 0. 44Mn, 0. 004S, 0. 007P, 0.041Als) is melt by a 60 kg vacu-
um induection furnace, forged to 120 mm x 140 mm billet, rolled to 80 mm x 80 mm billet and rolled to 4 mm x 100 mm
product. The effect of finished rolled at 950 °C and 800 °C water and air cooling process on structure and properties of steel
has been tested. Results show that the optimum process is beginning rolling at 1 000 °C, two passes of deformation in hot
rolling, finished rolled at 800 °C, water cooling with cooling speed 32.33 ~37.50 “C/s, best process, the performance of
low carbon steel with pearlite 89% and ferrite grain size 38nm is up to rating of mushroom upsetting steel grade MIA5, the
mechanical properties of steel with finished rolled at 950 °C water cooling is up to steel grade MLAQ and the mechanical
properties of steel with finished rolled at 800 °C air cooling is up to steel grade ML30.
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Table 1 Chemical composition of tested mushroom upset-
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Fig.1 Schematics of controlled rolling and cooling process of
mushroom upsetting steel
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Table 2  Parameters of controlled rolling and cooling
process of tested steel
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Table 3 Percentage of pearlite and size of ferrite grain in
controlled rolling and cooling tested steel

R %?L@E/ IS ﬂiﬁ’ﬁ{gﬁﬁ/ %}ﬂ?%a’%iﬁi

<}/ nm
1 950 K¥ 68 47
2 800 K¥ 89 38
3 950 = 27 86
4 800 =¥ 48 39

BEEP RIS ERN 48% , 5% E
PR R4, kB R BRI T R 5K 39 nm,

RELH FBEOLE L, WAtk R 1k Fhr 4l
B 2(a,b)]. EREMNERAHRANBEZAHE
FREMBAEHER, SRAH SR EHEERRN
MHEHEK (B 2¢,) , T T 4 R FEAE X BR AV IR
B, SRR Bk, SRtk g BN (&
2d,),

HFILFHHFE R AL B-ENRE R R RO
HHRMWERTAEMNZRAREE[E 2(a,,b,) 1o
Y ERE WA LR E RS B L EERE A
BHER, KErHEEBBABREE(E 22,), K
AR AR ELIR B DI B 1T, B ek
A& ERZE, i EEHEET , 7 LIRS B2k
FelkBZE FROER, REAERAHBREE RN
HET AT UL RK R EEE B/ SRR
(B 2b,) s HiAERRNAFLRESSE, Hi A
BT ATDAZE 3" T & BUML K M BROBAER 2 H R B
SRR REBRAR (B 2c,) ; T B 7S
BN, YR EEH BN, ERMEET
AFARETIAR AT LA R LA 2 BRI R AT X B8 40 ) R
EiRGER(E 2d,)
2.2 JiEtERE

YUEMAE 4 F LT, PENE S T RFIHS
HIGENIE FEAR SR (3R 4) o HIMENFER—T
RS 3 MR TR R B M RIRE, 59
TRENAREE SR X RN 3 fis . Hith ML20,ML30,
MILAO 1 MLAS ERAHTHIR B B ARS8 B AL 3R
FREER T FIFITFE 3(a,b,c) B, 1AM HLH
SREE | JE AR GR BE A IR IR B T MLAO 4N i 4 v
BOR 25BN MEREI A B T MLAS SAFRHEER
3MREE R HERERR AR, MM A 2] ML20 40 MFRHEE R ;
AMRRERHERENIAE] T ML30 N AARHEESR
3 RBERSTEITE

LIARETE 950 CHE MAFLBE B P ER
HmE, SRR BRI o BT LU 950 CHILK
SLRERE,Hl TAS UK T &R KRR
BLR TR 47 nm BARAE

YBSTE 950 C T ELJG , AELIEEE 4> 5K 950
CH800 C,BTREMRELEGRILH, BHHER
RiEBRhK,ERBE SR, R T A EHR, 7
TR EREFEREW, MR LER
BeEkpEma  ERA L RTE#E FERE
AL AR5 R B A , MR AR T Sk R ik S Ay a4k



E2 RIGPRNERTEIR R 1- L5950 T, K% (a)) (a;) ,2- 5,800 T, /K% (b, ) (by) ,3- B4,950 T, 558 (¢, ) (c;) ,4- K4 800
C, 2% (d))(dy)5(a)) ~(d)) ¥, (a;) ~(d;) SEM
Fig.2 Morphology of structure of tested mushroom upsetting steel: specimen Nol - finished rolled at 950 C, WC (a,) (a,), No2- finished

rolled at 800 °C, WC (b,) (b,), No3- finished rolled at 950 C, AC (¢;) (c;) and No4 finished rolled at 800 °C, AC (d,) (d;); (a,) ~(d;)
optical and (a,) ~ (d;) SEM
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Fig.3 Standard requirement for steel ML20, ML30, MLAQ and MIAS, and mechanical properties of tested mushroom upsetting steel
with different controlled rolling and cooling process
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Fig.4 Proeutectoid phase precipitated temperature and compo-
sition range
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