Vol. 42. No. 3

ERBEIN
June 2021 - 47 -

7%
2021 4£ 6 A SPECIAL STEEL

TN pERETEEK-SHRS R
IENBARGMHEREES

%E%I,B ‘b&kﬁ%l's % 54\2 *i 3*1,3 %#5&1,3
(1 KIERHRERA T, BT 435001 ;2 Wb &A= R R RN ERRET, 87T 435000;
3 WA AMILE BALRE, A 435001)

i E RTRTEPERE(BE =30 mm) TLENE EXRIERENFE B EMASI5M, HK-SHEH
AHER T EcFEER Mo 0 BTN E L KAREMREEHERE, BdoTNA JKEREISEFK-Z
AL H N ME EAHLAMER, R NERIBAKE + BEERE" KAK-SEFLH R, BELEFHBAR
B WEREREE AR AR, RAREEREE + LR S HANER L, P ERERE E KB E =500 MPa,

~20 °C V #ppifizh =100 J fHERE

REWH LAk BHEE K-SHEHR PR Mo LT

A Water-Air Circulation Cooling Process Used for Normalizing
Structure and Performance Control of Hypoeutectoid Steel
Medium- and Thick-Walled Seamless Steel Pipes
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Abstract In order to study the normalizing cooling rate and the cooling uniformity of hypoeutectoid steel medium- and
thick-walled seamless steel tube with wall thickness 230 mm, the water-air circulation cooling model is used for the nor-
malizing structure and performance control of medium- and low-carbon Mn steel medium- and thick-walled seamless tube.
Based on analysis on struture and properties of normalized steel tube with fan cooling, water fog forced cooling and water-air
ciculation cooling, the water-air circulation cooling process-immersing part of the steel pipe body in water and high speed
rotating meanwhile, and controlling the depth of immersion, the rotation speed of steel tube and the total cooling time, of
medium- and thick-walled pipe, the performance of yield strength =500 MPa, —-20 °C V-iype impact energy =100 J
based on the stable structure of ferrite + pearlite are obtained.
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Fig.1 Typical structure of normalizing cooling curves () ; typical curves of water mist cooling of medium- and thick-walled seamless

steel pipes (b) of hypoeutectoid steel
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Fig.2 Cooling model (a) and cooling curves (b) of steel tube water-air circulation cooling

A —BEEEAEN, MEAERTBREER &
SR AR R AR S HEE R E, & it —
FMTEK-ZSPEFR R AT, AERE b E G A B
W IRE TRAMZERZ 0], LB E SR B
B, PREERERTBRATKET, BA
UREE h WTR SREBRREHEE V AT, Y A B ¢ W]
A, B X S LR EHEAN P RRERER
TH e HE B A v R, BRI S A R kSR,
2K-ERHEMEHBHRNEREREARAMLER
HIhZ,
1.2 K-ZEIEHRR A A

B H RGBT K IE B etk B 2
JoE e HEHE T Fek B 1 PO 90 LU B R AN (S AR A5 TR AR 4
KR B KRBV HIK NTEER R GEFIAE A% 50 B e
R, K-BEHRRHERELHKREAEZRLH,
HEARLHAIBENT:

(D) AFZRGEAH TAGHEEL TH43E BT
BRI KRR I T R R E R RIE

“HERFENAKE + FEIERE” SRRy
A, ZHAERHE YO ERR I IBREMS
HEREE , B HKE SIMNBR N R GG N EIRE
BHEEE  BRENS T BEFKBAETF 38 C,
QIBARE L FEREPEENERHE
B, RIEF WA HEE, THREARTE (B4
R F Bt « AEHIHRE Q).
q=%=h1(rs—m=hm (1)
R :hl- PFRRY, KD S THRERERT
A Ts F T1- THREMABIRE , HEEN AT,
RHEH T HRERE >400 C, & EXER
HikFE®REBR, XEARRELHEH 200 ~ 400 W/
(m® - K),SEHmMERNR 22 ~30 W/ (m® - K)P*,
Al LBAK BN HI BT K TS KPR HIH
B, AT LAKE7E 25 S I ) [B] BB 7 BN K8 1 R B9
T B e , B T4 P S 2R 1 1R B 5 BE IR [a]
BEST-BMIRE. BARE W BEEFWK-5



%38

BN AT PR R A K-SRI HI I I K R S P RE R

.49 .

TREFEAYOK B AN ] ty 53 S [EHEEE ¢, B E]
i b, BRI BRI TV

G)NEWHEE V EEREHEENELH
¥5tk, RERFEEE V EEERBYOK-ZEHF
RHIETE] ¢y e, BEEME, NERERE VE
BRBETHENBKIRELAHBLNE A
M, S HEED Al MBEAESHER, 23 XA
WINERE R A K- SRS AR ENR , I RN e
HE VRGN, LI EENSI SR TR,
SR HNE: B, BREBRIMBREES RN
FIE—RE T,

(4) Ve EnfE] ¢ W T ZE RN AR
B, REAEE : MKE, BRLERRAIME
—RE THEEEX, FETESPERIER.
2 EFTERRABAE
2.1 A£P=TZ

FRKIGFFRET B E Mo 4§ AISII340,
®180 mm x 35 mm (4B x BEJE) f1{K Bk Mn £
20MnV6 .®365 mm x50 mm PRl ch EEE L4550
BFEREKAR, REERS IR 1, 450 AIS[1340
2231 850 ~ 880 °C (20MnV6 2231 920 ~950 C) %4
BRI, R A XS KR ENAE K-SRI

®1 XRPAHEEUZND /%

Table 1 Main chemical component of experimental steel

grade /%
PFp C Mn Si P S Ct Ni Mo V

AISI 1340 0.40 1.69 0.26 0.009 0.004 0.13 0.05 0.03 0.03
20MnV6 0.21 1.48 0.26 0.011 0.007 0.22 0.06 0.02 0.11
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Table 2 Main cooling parameters of experimental steel grade
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20MnV6 $180 x 35 10 R x x 3 600 100 ~ 200
$180 x 35 10 AEERHAH x X 480 500 ~ 550
@180 x 35 10 K-ZEPEAEH 45 377 23 500 ~ 550
AISI 1340 @365 x50 10 EL?% jﬁ % 7 200 100 ~200
@365 x50 10 AKEBRFNEH x x 900 500 ~ 550
@365 x 50 10 K-BHEHRLEH 92 764 55 500 ~ 550
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Fig.3 Yield strength (a) and impact energy (b) of AISI 1340 steel pipe with (1) fan cooling, (2) water fog forced cooling and (3)

water-air circulation cooling
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Fig.4 Yield strength (a) and impact energy (b) of 20MnV6 steel pipe with (1) fan cooling, (2) water fog forced cooling and (3)

water-air ciculation cooling
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Table 3 Hardness comparison between three cooling methods for ®365 mm x50 mm AIST 1340 steel pipe
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Fig.5 Structure, optical (a)(b) (c) and pearlite lammellar spacing, SEM (d) (e) (f), of 365 mm x50 mm AISI 1340 steel pipe
with fan cooling (a) (d), water fog foreced cooling (b) (e) and water-air ciculation cooling (c¢) (f)
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