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Martensitic Steel Sheets of 1,700 MPa Grade
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Abstract

The application of high-strength steel sheets to automotive parts is being considered to improve the collision
safety of automobiles and reduce CO, emissions through weight reduction, and further strengthening is
expected in parts that already use 1,470 MPa grade steel sheets. The 1,700 MPa grade steel sheet developed by
Kobe Steel utilizes continuous annealing equipment with water quenching and has a martensite single-phase
structure despite being a low alloy. This solves the application challenges associated with strengthening, such
as bending workability, weldability, and delayed fracture resistance. One issue with water quenching is the
deterioration of flatness due to thermal distortion during rapid cooling. This, however, has been improved by
straightening with a powerful tension leveler, achieving flatness equal to or better than that of the 1,470 MPa
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grade. This report introduces the concept of material design and the characteristics of steel sheets.
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Table 1 Effects of tempered carbide and grain refinement on delayed fracture resistance

c . Prior Delayed fracture evaluation results
orrosion
Steel ot Tempered | gamma | Thickness| TS Bending radius : 10R | Bending radius : 10R
resistance
type | . carbide |particle| (mm) [(MPa) Applied stress Applied stress
elemen
size : 1,500 MPa 12,000 MPa
A addition increase 1.0 1,785 Ox0O X X X
B addition | increase fine 1.0 1,757 0O 000
C addition fine 1.0 1,744 x X0
O : No fracture X : Fracture
U-bending Stress loading Hydrochloric acid immersion
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Fig.1 Delayed fracture evaluation method using U-bending test pieces
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Fig.2 Microstructure of developed steel and conventional steel
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Table 2 Mechanical properties of developed and conventional steels
YS(MPa) | TS(MPa) EL(%) A (%) R/t
1,700 MPa Grade (Developed steel) 1,503 1,768 6 39 3.6
1,470 MPa Grade (Conventional steel) 1,332 1,544 6 47 3.5
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Fig.3 Relationship between welding current and nugget diameter
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Table 3 Spot welding condition

Electrode tip 1%Cr-Cu dome radius type

6 mm

5.0 kN

18 cycles/60Hz
60 cycles/60Hz
1 cycle/60Hz
5-12 kA

Tip diameter

Electrode force

Welding time

Squeeze time
Hold time
Welding current

2.2 EhBRE

BRI O T AREBIRINC L VPRSI S /-
O, HEFEHMTIIRE BT TAINEA S NS KB
MTHB LT T ¥ F 2 7 OB T S 7Y i
BOWTHAEDBREN DD, TS DOBEMEINIBIT5H
FEH O EIRENE 2 T 5 720, HBIEERG OB
T80 % 4546 L 72 U BT8R & 2 A WO T3 B2 v
TRl 2 206 L 720

66 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 73 No. 2 (Nov. 2024)



U Mo 258, om0 & A AR A R e L7
150 mm (EHES SIS 2 /510) x 30 mm (FEEEJ51A))
DR DTN DONT, IFBERIEE & 7% % X
AT AR 5 mm TUMITIN L 21TV, RV MR IS
L& am L CGREBR 2 ER L7 IEO0T AT
—VTME LT ARIIY v 7R EEE L EDHIE
DI &7 D X IRV MERICL D AT L7, 1ERL
7oA % 0.AN-HCLIZ 300 FEEIRE L, #Ehof % 5F
fili U7zo BFANE S % R 4 128 F o 1,700 MPa @ )it /] Tl
NORAERT, MERZBZ TELICEVOTAZNE
LCHENAREL W L Z2ERTE 2,

AW L3S O RN EME L, BFAEEH AN
FELHME RS EDIZ15mm X 30 mm (28 A KL
L7222 W, 0IN OXEEE I 24 Wy IR B4, U
WOENAMEZ B F 72 3 BAMEE I TR L TRl L
Too AWM LOBKXIX %R 4 (2R3 33 5 b I
WIS EE 2 e L, YRICTNE TS v
RN F =1 F N7HOIGTR % M L 720 & AW L
By —MmE0°, U7 I A%5, 10, 15 20, 25%
DGEMTER L 7o GG RERS ITRT &M

DWW, N=3%}i L2 VThOLEATHHRHTEE
®9, REFZENBENETH S 2 PR TE 72

3. WROFHELEANDOREH

KBEANTEIE L2~V T 94 Mg, 2asEne
P BOTARICED, BROFHENIET S, ET—
GEDRT =M TEE T ERENERINL 720,
SFHEEDEC 2 2805 5o ZD720, RBISHE
TOTHEBEICHELTOENRT 5,

WAL CLIBESIIL 1 B R LS O I A B % 55 1E T RE
EFTBBERNOB VT Yy a v LRF—RBALTY
bo TNFETIZ, FERENHLWVART—EHm~#EHT
&5 X9 14710 MPafh~ V7 ¥4 MRICB VT, ¥
BHERE & BT 70 SEAH BE A& G 37 0] RE 2 R AE Bl & i Sr L C
V%o 1,700 MPaf it &, 412, K7 —EBi~D#H
DHE SN B 728, 1470 MPa bt 12 TH o 7248 IEH by
% 1,700 MPaf M IC b #H L, FHEOWE LT 72,
X5, 612, 7> aryLRS—FIEICX B FEHEDE
LB L OHBEHZONEBIZRT, THEOHBEL LTI,
FEIEH MO EAH500mm & 7% 5 £ 9 128 L7z SiHKIC

£ 4 UM 5B B il ek Bt A
Table 4 Delayed fracture test results for U-bending part

TS Thickness | Applied stress | Evaluation
Steel Grade
(MPa) (mm) (MPa) results
Developed steel |1,700 MPa| 1,798 1.2 1,700 00
Conventional steel |1,470 MPa| 1,488 1.4 1,500 Q0O

Steel sheet

O : No fracture X : Fracture

S

A ___. Clearance

—

Shear angle

Shear edge to be evaluated

4 AR Lo
Fig.4 Schematic diagram of shear processing
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Table 5 Delayed fracture evaluation results for sheared ends

TS | Thickness Evaluation results
Steel Grade
(MPa) (mm) CL=5% | CL=10% | CL=15% | CL=20% | CL=25%
Developed steel [1,700 MPa| 1,755 1.0 Q00O | OO0 OO0 OO0 Q00O

O : No fracture X : Fracture
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Fig.5 Flatness measurement results
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Fig.6 Appearance of steel sheet after shape correction
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