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Effect of Retained Austenite Characteristics on Burring in TRIP steels

NAGASAKA Akihiko, Osamu HARA, Masateru MARUYAMA,
Ryo AMAKI and Tohio MURAKAMI

Effect of retained austenite parameters on burring of (0.1-0.4)C-(1.0-2.5)Si-(1.0-2.0)Mn (mass%) ultra high-strength

TRIP-aided sheet steels with porigonal ferrite matrix (TDP steels) having different retained austenite parameters was

investigated for automotive applications. Thermal drilling is a process that uses friction to produce bushing in steel tubing

and sheet. The combined rotational and downward force of the thermal drilling tool bit creates friction heat. The height of

the bushing was roughly 3 to 4 times the original steel thickness. The bushing are ideal for thread applications, as the

strength of threads was significantly increased. Hole notches of Smm diameter were produced by mechanical punching for

hole-expanding test. The stretch-flangeability was evaluated using hole-expanding ratio. The hole-expanding ratio of

burring were completed in TDP steels. The higher tensile strength, the lower hole-expanding ratio of mechanical punching.

In TDP steels, the burring resulted in much higher stretch-flangeability than the mechanical punching. We found that

compared with mechanical punching, the burring contributed to the improvement of the tensile strength of 1100MPa class

TDP steel with porigonal ferrilte matrix.

F—TJ— K : TRIP §fiiK, BEA—ATF Ak, "=V 7

1. #8

AR, RAEORHA L= TN 7 L Ak
& AT 2 R AR A 6 TRIPVSIR 038 1 2317 S
NTWE. ZHETIE, U7 T M RIET L—
VOO MBI ET D W 2 ShTE M 19,
TRIP S D/N— ) > ZITBT 2| IE & A L7
15)

% ZTAMIIETIE, TRIP $ilfRD/ =1 > 7 O

(Fy FLR) ZAME LT, BEMBKEERY 50
Z7x7A4 M& L7 TRIP & (TDP i) o x—1V 2 7iZ

2009 4E3 A 30 A A ARSI 157 BFH#BEARRITT—H
*] AR TR

*) A a—x 7 URRREHE (PR 20 42 T8 25 35)
BAFMRFLE A CFA 20 4 MR TR 2 3)

*4 BRI APIBRLERT

*5 Atk R RERT

RSz ft 2009 45 A 20 A

FIETHREA—ATFA by FEOEBERE LT
2. RERAE

= 1 ICHEREA DL Bk 2o, (a2 1 3 A A
W (BRE r=12mm) % A\ 7=. TDP 8%, 2 fHiskEzs
FLH%, A—RAT UMM EE L2 P D%, Zhb
D§f% TDP-L~TDP-P §fi & FES. Wil LT, 7 =5
AR =T A NMEAERE (MDP 8) b AV

12)

®1  HRABO(EFHEL (mass%)

steel C Si Mn P S
TDP-L 0.10 1.49 1.50 0.015 0.0012
TDP-A 0.21 1.51 1.00 0.015 0.0013
TDP-B 0.20 1.51 1.51 0.015 0.0011
TDP-C 0.20 1.49 1.99 0.015 0.0015
TDP-E 0.20 1.00 1.50 0.014 0.0013
TDP-F 0.18 2.00 1.50 0.015 0.0013
TDP-G 0.19 2.48 1.49 0.014 0.0013
TDP-N 0.29 1.46 1.50 0.014 0.0012
TDP-P 0.40 1.49 1.50 0.015 0.0012
MDP 0.14 0.21 1.74 0.013 0.0030
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el TS TEL | TSXTEL | £, C,o
(MPa) (%) | (GPa%) (mass%)
TDP-L 651 37.2 24.2 0.049 1.31
TDP-A 742 323 24.0 0.058 1.51
TDP-B 825 36.0 29.7 0.079 1.38
TDP-C 984 229 22.5 0.137 1.26
TDP-E 767 290 222 | 0076 141
TDP-F 911 31.9 29.1 0.085 1.31
TDP-G 966 28.8 27.8 0.103 1.29
TDP-N 895 32.2 28.8 0.132 1.41
TDP-P 1103 32.8 36.2 0.170 1.45
MDP 783 13.1 10.3 - -

TS: tensile strength, TEI: total elomgation,
TS X TEl:strength— ductility blance, £, ¢: initial volume fraction
of the retained austenite and C, (: carbon concentration in the

retained austenite.

SO EVEF s 120 o
W S, TDP-L urring
REBN | - e A o
BTG & =L §0GPa-
", T e o s L AL - _  /60GPa-%
'”@,ﬁ;af?'}ll < AT A g
s ; o 40 _Punch 40‘
‘v"’;"_"fn\- 10 © mm T~ © - - - Y
AN B E -6 o 20
E2 <o N L
((a)TDP-L #, (b)TDP-N &, (c) MDP ], « ¢ ferrite 500 700 900 1100 1300
matrix, «y: bainite, « ,: martensite) . TS (MPa)
K3 NATFER A LFIERS TS OBR



TRIP Sl DX —V > TN RIETIRE A — AT F A ML D2

FA BV ERED SEM BEMNDL, AT A b ay
EYyrMBIRDE2HBPBHDO T =T A MRIF o B
WZH->Txy MU—270% G#FER) I2FET 5.

R 2ITHIRARE L IR A — AT )1 MRt R R T

TDP #i%, C, Si B IO Mn FIMEIZLE, BIIEM X
TS, f,0 (yrD&E) BLOE C, (yrDH) 1321k
THH, B TENE MDP #i & b, K& 0%
Y. F i, TVABRIBEOEIE CH HIRE - AEEN
T VA TSXTEL 1%, 25GPa%F2fE & E T v A& R
T K3 ICNRTEN EBIERS TS OBREZ R T

Fo, M4lTR—=Y o TH%DOM6 ¥ v 7 ERT.
NUFFHEED L 1E, &S TISHTKRTT S (X2) .

_ —

(2)

Smm

B4 N—UTH%ROM6F T
(ayx—=VU 7, b)Z v BT, (M6 R k)

—Ji, 7a—FRU LB =D 7D L 1%, 100%
LIRT LW, F, R=U 7 H%OX vy T HHA]
HELD.

i, 7a— RYLVOBEESNRE TS R T
WAER L, MTHEEGEZmEHT 52 enBZB1oNd. 7
a— KU, 7y hLAZRRRIC L.

B S5, K612 —1 v 7 %oOWiE LU OB
. [ s@IET Yy FETL, K 50b)yS—U v
i, X 5(c)¥ vy 7B chd. N—U T uEikEN
5 0.3mm ZHIFREIC E 7 — A SR (R : 0.98N,
TREFIER © 5s) Z2{T-o7lz. 22T, HENR—=U 05
SLT5h.

(a)

l. Smm
(b)
Smm
(©
Smm

— |
K5 N—U TBIOY v 7 %oOWm
(@ > MET N, (OS—V T HiE, (o) vy
7 i)



R « i O - JULEE - ok B - R RERR

TN —=Y 7@ & H%2R7. TDP HICB VT,
N=V 7 EE Hit 4.5mm Btk & HE ¢ O 4 [FFRREIC |
Bl ENnT-. £, M6 DX v ¥ &7 284, 3

~4INTT 22 RN TE (%53) . t/?_: T
- ELLLLN ¢ <> v
0.3

@
Q
B 82—V U VWE DY v I — AEE HV 53 % |, < 3
- 1.2
XE

@
L=

e

9. TDP-C $liZKBWTC, HV ALk, N—U 7 H
DFFIZLTD HY 8@ 720 2 & T, ILaE{k»
K& D EMbnD. 22T, Nol~4 £ TOM
OB E RIS HV,, No.9~12 DEN%EER#%
DS HY pe &L, HVg & HY o & DFEZTR S5 v
AHV 5. K6 N—Vrr7%olmosXK

9|2 TDP $MODRE S ¥4y AHV %79, 2 Z T AHV
X, HVy& HV o EDZEET 5. TDP-A~TDP-F i
IRWWT,  SiBEU Mn BEOBINNIEE, AHV 133
45, &<, TDP-A~TDP-C > AHV O
C,o (yrDE) DIRFR—HTHLEEZLND.

H (mm)

4. $5E 1F

(1) 7=— KV, TDP S0/ S— U > 715 R PP e BT
fEAL, F v b L AEHEIC L. 7 =) 0

(2) TDP #D Mn DALY, v p DIRFFREE C, 0 450
PET L. 20y g DEOE F AN THIE ORI ]

WELLLEZLND. 400 = _
> 350 -

jant
Z X W 300 [~
1) EWBEAh - kL 48H, 94 (2008), 351. 250 |-
1) V. F. Zackay, E. R. Parker, D. Fahr and R. Busch:
23 45 6 7 8
0.

Trans. Am. Soc. Met., 60 (1967), 252. 200
2) O. Matsumura, Y. Sakuma and H. Takechi: Trans. Iron
Steel Inst. Jpn., 27 (1987), 570.
3) K. Sugimoto, M. Kobayashi and S. Hashimoto:
Metall. Trans. A, 23A (1992), 3085.

1 10 11 12

g 10 11 12
HVinax

K8 N—VUYIJWEDE yh—RAES HV 5370
(TDP-C 8l, HVy: MRS, HV oy s BIZ O S)

4) K. Sugimoto, N. Usui, M. Kobayashi and S. Hasimoto: 100
ISIJ Int., 32 (1992), 1311.

5) K. Sugimoto, M. Misu, M. Kobayasi and H. 80~ 7
Shirasawa: ISLJ Int., 33 (1993), 775. > 60

6) O. Matsumura, Y. Sakuma, Y, Ishii and J. Zhao: ISLJ "'2 20
Int., 32 (1992), 1110.

7) S. Hiwatashi, M. Takahashi, T. Katayama and M. 20
Usuda: J. Jpn. Soc. Technol. Plast., 35 (1994), 1109. 0 7

8) K. Sugimoto, M. Kobayashi, A. Nagasaka and S. TDP-A B C E B F
Hashimoto: IS1J Int., 35 (1995), 1407. Steel

9) Y. Hirose, S. Nakai, H. Fukuyama, S. Sudoh and K.

X9 TDP @D ¥4y AH
Ueno: J. Jpn. Soc. Technol. Plast., 35 (1994), 1071. = OB 4



TRIP itk D/ x— ) o I ETERE A — AT A NtEo e

10) A. Nagasaka, K. Sugimoto, M. Kobayashi and S.

Hashimoto: Tetsu-to-Hagane, 83 (1997), 335.

11) A. Nagasaka, K. Sugimoto, M. Kobayashi and H.

Shirasawa: Tetsu-to-hagane, 84 (1998), 218.

12) A. Nagasaka, K. Sugimoto, M. Kobayashi and: S.

Hashimoto, Tetsu-to-hagane, 85 (1999), 552.

13) A. Nagasaka, K. Sugimoto, A. Koyama, S.
Hashimoto, T. Kashima, T. Hojo and A. Mio: J. Jpn. Soc.

Heat Treat., 46 (2006), 25.

14) A. Nagasaka, Y. Kubota, K. Sugimoto, A. Mio, T.
Hojo, K. Makii,
Tetsu-to-hagane, 94 (2008), 351.

15) A. Nagasaka, K. Sugimoto and T. Murakami:
CAMP-ISIJ, 22 (2009), 274.

16) H.Maruyama: J. Jpn. Soc. Heat Treat., 17 (1977),
198.

17) PEILER =T 94 FERE AR, L,
AL, pl3(1971).

M. Kawajiri, M. Kitayama:



