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The Formability of Ti Stabilized Low C, N-17%Cr
~ Stainless Steel Sheets
Tadashi SawaTtant, Kunihiko SumMizu,
Tadasht Nakavama, and Takashi Hirax
Synopsis:

Press formability of Ti-stabilized low C, N-17% Cr stainless steel is evaluated by various model forming
experiments in comparison with- SUS430 and SUS304.

Ti-stabilized steel is superior to SUS430 but inferior to SUS304 in ductility, deep drawability, and second-
ary formability. Ti-stabilized steel achieves deep drawability almost equal to that of SUS304 when a new
ester type synthetic lubricant is applied.

Ti-stabilized steel is very supeior to SUS430 in ridging but this steel is not immune from surface wrinkle
after pressing because there is a tendency of easy grain coarsning. The surface wrinkle appears as a result of
simultaneous occurrence of ridging and orange peal and increases linearlly as the equivalent strain of the de-
formed part increases. The tendency is improved by a single cold rolling process with high cold reduction.

1 Table 1. Chemical analyses of vacuum melted
- stainless steel sheets (wt%).

7254 FRATFVRTEROMIEZI HIT 7 {HiIC Samples | C si | Mn P s ce | Ti N
XoTHEREND Z 2RI LA TWABY. R i
BT, K C, N-17%Cr 257 v 288z Ti i+ %
LEimky riEBELLGEESh, &iEtEcET R

oI

YF-0%Ti 0004 | 003 005 | 0.013 | 0.002 16.4 Tr 0.0058

VF-02%Ti| 0.006 | 0.4 0.41 0018 | 0.007 16.5 017 § 0.0037

IO 3 X CREMBOBTERIC oV T L [T 0900 00 ] oar | om9 focor | aes | odo | oonae
f:- Ifiiﬁ'@, Tl f?ﬁﬂﬂ@ C, N—l7%Cr 15—_:/ l/zﬁﬁa) VF-06%Ti| 0006 | 04 | 041 0019 | 0.007 165 064 § 0.0040
T DT SUS 430 3 X U8 SUS 304 & i Linhs

LR LI RIC>vWTHE T 5. Table 2. Chemical analyses of commercial stain-

less steel sheets (wt95).
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(1) ek

Materials C ISijMn]| P S [NijJC |Ti| Al N

Ti-LC,N-175Cr | 0.006| 0.21 | 1.39 ] 0.027 0.008 | 0.10 16.66] 0.26] 0.049|0.0075

Lo . e e s e R, SUS304 0.07010.66) 0.99| 0.029) 0.011| 8751851 — | - {00173
Ti RinEzE X/ EREEBEMV O LY R %,
Table 1 C’Cﬁ-‘?@_- Ti ?*ﬂﬂﬁ%ﬁbfﬁ%%@*/f@’ft% SUS430 0.0510.59| 0.49) 0.027| 0.005{0.14 | 16.76| — | 0.061}0.0250
4% Table 2 =i+,
(2) BREERRLE S ‘ bFHIT 3.8 mm DREDEIER A L3, Eh

BEEEEME BRI T 5 ke OfEy 58U, HEEZEHNE LEEROES 5.5 mm OREDE
1100°C ¢ 1h 524 110 mm Ao, 5H< DR L 2 HER A FAV .
BIOFIET 3.8 mm OREDBIENR & Uiz, BISRLEH (3) BEREESH
. * HEin 51 £9 882 (Received Sep. 8, 1976)

¥ H A RISk ($k) e Bek AT (Hikari Works, Nippon Steel Corp., 3434 Shimada Hikari 743)

R OB RS (BR) A EHGHIAA (Process Technology R & D Laboratories, Nippon Steel Corp., Kita-
kyushu 805)
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Hot gauge Annealing temp.

Cold reduction

Final annealing temp. Final gauge

2.8mm and 750,800,850,900

74,82 and 88Y%

850Cx 2min A.C. 1.0 and 0.7zm thick

Intermadiate annealing tcmp. 2nd Cold reduction

5.6mm thick and 1000Cx2min A.C.

Fig. 1. Single cold rolling processing.
Hot gauge Annealing temp. ist Cold reduction
38anthick |— 900Tx2min A.C. 48%

850Cx2min A.C. 65% f—

Final annealing temp. Final gauge

—{ 850Cx2min A.C. 0.7nm thick

Fig. 2. Double cold rolling processing.
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Fig. 3. Experimental method for forming limit
diagrams.
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Table 3. Testing condition for various formabilities.
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Ti, %
Fig. 4. Effect of Ti addition on tensile properties

and grain size of low C, N-179Cr stain-
less steels. (Single cold rolling)
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Punch dimension Die dimension Blank size| Blank
Formability test holder force Lubricant
punch dia. | shoulder rad.{ bottom |die dia. ] shoulder rad. () (TON)
mm
(=m) (=) shape (m=n) (=)
Rectmlar cylinder 1006 107 flat 103% 5r 210210 7~60 Johnson wax 122#: machine oil 1%
drawing =1:1
Circular eylinder 1009 10r round 103¢ 10r 190~230¢) 20 J.W.122#%: machine oil 18#=1:1
drawing J.W.122%
1009 5r round 103¢ 10r 190~230¢ S J.W. 7008
Ester type synthetic lubricant
100¢ 5r flat 1039 10r 190~230¢ 5
Double stage forming|{1st.>50¢ 5r flat 53¢ 3r 120¢ 1 Ester type synthetic lubricant
{2nd.>68¢ 107 flat ¢ 5r 1209 20 No lubricant
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Fig. 5. Effect of Ti addition on hardness and
recrystallization temperature of low C,
N-179Cr stainless steels. (Other variables
based on the single cold rolling of Fig.

1)
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Fig. 6. Effect of [Ti]gree on Vickers hardness of
low T, N-179,Cr stainless steel with Ti.
(Recrystallization temperature : 900°C)

ag 34| olowC, N-I7Cr y22+164d] 2
£ *:T! stabilized « @(/&
~ 0 o
o 32 /4
2 5
o 30 7
= =23+
m /° s o’ 057d.vz
o 28 7 /jr:”
E / ¢ /.‘ s °
> 26—+F3 ;

1, %476 T 8

5 6 7 8 9
G.S. No.

Fig. 7. Relation between grain size and vyield
stress of Ti stabilized low C, N-172,Cr
stainless steel compared with low C, N-
17%,Cr stainless steel. (d : grain size
diameter)
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Fig. 8. Effect of Ti addition on Ericksen, coni-
cal cup, and r value of low G, N-179
Cr stainless steel. (Single cold rolling)
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Table 4. Tensile properties, formability, and grain sizes of commercial stainless steel sheets,

pole
figures
(ND)

i int Te il t th H ti .
Materials ! Er.|C.CV. size
L |45°} C L [45°] C L {45°] C L 43°f C L |45°| C T (Hv)
Ti—LCN-17%Cr| 29.2(33.1| 308 43.3[46.1}436/335]|300| 340/024}0.22§0.23} 1.80{1.36]2.26]{1.69[10.8] 455 6.2 142
SUS304 266|26.2126.51659]61.9|627153.0!58.0| 59.0| 0.50[0.48] 0.50] 0.92] 1.04 | 0.96| 0.99] 14.1 45.0 6.8 197
SUS430 33.437.1|359(51.2]53.1|51.8]28.0|245]|27.2(019]|0.18{0.19| 1.10} 1.80| 1.50| 1.05| 99| 48.2 9.2 171
L] .
materials| SUS430 Ti-LCN-17%Cr SUS304
inverse e

0.4

073

od0 o oos| s 204

.98

>
({00}

| 729 012

average

r
values .05

.69 0.99

Fig. 9. Inverse pole figures of the recrystallized textures of commercial stainless steel sheets.
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10. Relationship between earing and planer
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Fig. 1l. Forming limit diagrams of commercial
stainless steel sheets.
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Fig. 12. Effect
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of work hardening indexes on

limiting drawing ratios.
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Fig. 13. Rectangular drawing test of commercial
stainless steel sheets.
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Brank size
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synthetic lubricant
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Ti-Low-C,
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Fig. 14. Effect of lubricants on rectangular deep

drawing depth of commercial stainless
steel sheets.(W. B. : Wall breakage, a : a
breakage)
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Photo. 1. Deep drawing experiment of one piece
sink. (thickness : 0.7 mm)
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Fig. 15. The strain path of the point expected
to be splited in double stage forming
test. (Schematic)
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Fig. 16. Relationship between 1st drawing depth
and maximum 2nd stretching depth of
commercial stainless steel sheets.
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Photo. 2. Scanning microscope observation of
axially splited surface in secondary
forming test.
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Fig. 18. Surface roughness profiles of 209, tensile
specimens of SUS 430 and Ti stabilized
low C, N-179;, Cr stainless steel. (Double
cold rolling)
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Photo. 3. Optical microscope observations of
ridging of 209, tensile specimens.
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Photo. 4. Scanning microscope observations of surface roughness of 209, tensile specimens.
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Fig. 19. Schematic view surface wrinkle,
orange peal and ndglng on the surface
roughness profile.
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Fig. 20. Variations of surface wrinkles for speci-
mens at 0, 45, 90 deg to the rolling
direction in Ti stabilized low C, N-17
9,Cr stainless steel sheet. (Double cold
rolling)

U EokiHsEr o, Ti ko ildiid SUS 430
WA THEL LT L, MIERERL TV S DR
M &, E-MEO D —F—HTE—ETIR 45°
KD ) oo FBAEEINTEIDR LI A2 bD LS
o3, ZhoENERE LT, SRy or

L, MBI L TRNIEX T EAbn D Ak
BAMERT S X D, 45° HRAo Y o i {5541 (225)
B 70 = —TBFT 5 L 3hid, {354 2254
B FHEMES I LTohid, BEsh sy
ThH5.

Ti /hHs C,N-179,Cr = 5 o n/zaa@man@aﬁcaz
TOWT, AKESD LBMFILTRD, HFHEdimn
%WCuTtLT,%“mﬂ“ibm*mTéitKi
DIl rEESNLZ LERELTCWwD. KEBRTIE
HOEshiRE oMb Nic s X E 428 s | RSETH
st L7c. TORE Fig 23 (R A5, BAEMBESHIRE
1 900°C TLbNIIMNE D T Edbhh . BUEH
FeolinE o EFITHO TR ERESIRD ) o v FidtE S

[ ]
< 40| < upioxicifenss "
$ . ; °
2 30 &nmm ./%,
E o °/

- Iy
= 20 o S
3
£ ol
=3 Py
3
w
(0]

0l 02 03 04 05 06 07

Equivalent strain

Fig. 21. Effect of equivalent strain on surface
wrinkles developed by various deforma-
tion processings in Ti stabilized low C,
N-1794,Cr stainless steel sheet. (Double
cold rolling)
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Fig. 22. Effect of grain size on the orange peal
of Ti stabilized low C, N-179;, Cr stain-
less steel sheet.
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