Abstract:

SFGHITEN® (super fne grain, high strength steel
sheet), which was developed recently by JFE Steel, is
strengthened by fne Nb(C, N) precipitates and grain
refnement, giving it excellent press formability suitable
for automotive exposed panels. The Nb(C, N) precipitate
shows a unique distribution which had not been
observed previously and tends to form precipitate-
depleted zones, called precipitate free zones (PFZ), in
the vicinity of grain boundaries. These PFZs lower yield
strength in spite of the small size of the grains. In com-
parison with conventional deep-drawing sheets,
SFGHITEN has a high r-value, combined with excellent
resistance to secondary embrittlement imparted by B
addition. Try-out pressing for an automotive front-fender
model was successfully conducted and demonstrated
that the new material has excellent formability, display-
ing a wider formable range than the conventional steel.

1. Introduction

JNTRODUCTIONIOFIHIGHISTRENGTHLSTEELISHEETSIWHICHIMEET
WEIGHTIREDUCTIONINEEDSC INJAUTOIBODYI PANELSI ISTPROGRESST
INGIRAPIDLY] ¥ MONGLTHESEIISTRENGTHENINGIBYIADDINGISOLID
SOLUTIONE STRENGTHENINGL ELEMENTSI SUCHI AST 3110 —NII AND
OTHERSII BASEDI ONI AN ) &[ DINTERSTITIALY FREEDI STEEL! CHEMICAL
COMPOSITIONIIISTUSEDITOIACHIEVEIHIGHI TENSILEI STRENGTHIIN
EXPOSEDIPANELSIINIVIEWIOFITHEIHIGHIFORMABILITYJANDISURT

FACET PROPERTY REQUIREMENTS] OF THIST APPLICATIONI I € OWE
EVERJITIISIDIF ICULTITOCSECUREIFORMABILITYIEQUALITOI THATIOF!
MILDISTEELIBECAUSEZADDITIONIOFISOLIDISOLUTIONCSTRENGTHENT
INGIELEMENTSIDETERIORATESIDEEPIDRAWABILITYCIr IVALUEIT'AND
THED WORK[ HARDENINGL INDEXI OnOVALUEL DECREASESI ASC YIELD
STRENGTHI INCREASEST] — OREQVERIT WHENL THET STRENGTHI OF1 THE
PARENTIPHASEIISIINCREASEDIIGRAINIBOUNDARYISTRENGTHISHOWS
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3&" ()4% - [ ANDI THET ADVANTAGEST OFI THIST PRODUCT. WHEN
APPLIEDIINIAUTOMOTIVEIEXPOSEDIPANELS!

2. Phenomena Observed in SFGHITEN and
Their Basic Mechanism

NI ACHIEVINGI HIGHI STRENGTHZ BASEDI ONI )&L STEELIT USE
OFZ THEL SOLIDT SOLUTIONI HARDENINGI MECHANISMII INI WHICH
STRENGTHENINGI ELEMENTST SUCHI AST 3111 —NLC QI ANDI OTHERS
ARETADDED! INILARGEIQUANTITYII ISTAICONCEPTIWITHIAILONGIHIST
TORYCD (COWEVERT] BECAUSED THESEI STRENGTHENINGI ELEMENTS]
ANDI PARTICULARLYT 3170 DETERIORATEL DEEPI DRAWABILITYT AND
THED QUALITYL OF THEI COATED! SURFACELI PRODUCTS! MANUFAC
TUREDIBYITHISITECHNIQUEICANNOTIBETUSEDI INIEXPOSEDI PANT
ELSIINJWHICHICOMPLEXIFORMINGLISIREQUIREDLI)NICONTRASTIIAS
THEICONCEPTLOFITHEIPRESENTIDEVELOPMENTIIHIGHISTRENGTHIIS
ACHIEVEDL BYIPRECIPITATEL DISPERSIONZ HARDENINGI USINGT INE
- BI#I . DIOWITHOUTIADDINGL3IIASIAISTRENGTHENINGIELEMENTI
INICOMBINATIONC WITHE FERRITET GRAINI RE INEMENTIIWHILEITHE
DEEPIDRAWINGIPROPERTYZISISECUREDIBYIIMPROVINGITHEICOLDT
ROLLINGI RECRYSTALLIZATIONI TEXTUREL BY GRAINIRE INEMENTL IN
THEIHOTCROLLEDISHEETIANDIENCOURAGINGIACHIEVEMENTIOFITHE
[COO]ITEXTUREICWHICHZISCADVANTAGEOUSIFORIDEEPIDRAWABILT
ITYIZ ¥ STATRESULTITHIGHI STRENGTHI ANDI IMPROVEDI DEEPIDRAWE
ABILITYZ AREL REALIZEDT SIMULTANEQUSLYID I NI )& STEELI COMI
POSITIONI DESIGNI WASI ADOPTEDXI WITHI . BT ADDED! FORT GRAIN
RE RNEMENTI 4HEL £ CONTENTI WAST SETI ATl MOREL THANZ DOUL
BLEZ THATL INZ ORDINARYT ULTRACLOWZ CARBON! STEELL IO PPMI OR
UNDERD INJORDERITOI STRENGTHENZ GRAINIRE INEMENTIZANDI - B
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TEMPERATURESL INCREASESTIANDIHIGH rIVALUESIEXCEEDINGICIO
CANCBEZOBTAINEDIBYIGRAINICOARSENINGIIEVENIWITHL) &ISTEELS!
ASISHOWNIINITHIST FGURED (COWEVERLITHISIISIOFILITTLEIPRACTIL
CALIVALUEIBECAUSEITHEISURFACEIDEFECTICALLEDThORANGEIPEELV
OCCURS. WHENZ SHEETST WITHZ COARSECGRAINEDT STRUCTURESL ARE
PRESSIFORMEDII&ROMITHEIVIEWPOQINTIOFISUITABILITYIJFORIPRACE
TICALIAPPLICATIONSITHEIRELATIONSHIPZBETWEENITHEIGRAINISIZE
AND rOVALUEIOFISTEELI **TIWHICHI CONSISTSI OF RINETGRAINSLTIS
GREATLYZIMPROVEDIFROMITHATIOFITHEICONVENTIONALI) & STEELS.

4HISTINEIMICROSTRUCTUREZANDITHEIEXISTENCELOF! - BIPREL
CIPITATES] ARED DISTINCTIVET FEATURES] OFT STEELL *'I Photo 3
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(9301 INCREASEDI FROMI OO0 —OAITOI 0D —OATASI THEIHEATL
INGL RATET INCREASEDLT 4HET GRAINI SIZET REMAINED!I VIRTUALLY
UNCHANGEDIISHOWINGIAICONSTANTIVALUEIDOND- 000 ge MITATIALL
HEATINGIRATES!

Photo 40 SHOWS! 4%—[ REPLICAT IMAGES] OFl THEL STEELS
ANNEALEDIATCHEATINGIRATESIOFID) #ISIANDIDO #0SI1 ¥ LTHOUGH
0& = ST CANT BET SEENT ONI ONEI SIDET OFZ THET GRAINT BOUNDARL
IEST Al HIGHERT O& - [ FORMATIONZ RATIOT CANI BEZ OBSERVED! IN
THEISTEELANNEALEDIATID #ISI Figure 8ISHOWS!Q3IANDITHE
WORKIHARDENINGL INDEXI InZVALUELTPLOTTEDI AGAINSTI THETVOLLD
UMEIL FRACTION OF 0& = I MEASUREDL FROMI THE[ 4% — 1 IMAGES!
OIELDISTRENGTHI DECREASESIASL THEL VOLUMEI FRACTIONI OF1 0& =
INCREASESTI&ROMITHISTITIISICLEARITHATIO& = TISITHEIREASONIFOR
LOWIO3L

4. Secondary Work Embrittlement™

JNIGENERALT) &ISTEELSTHAVEILOWIGRAINIBOUNDARYISTRENGTH
INICOMPARISONIWITHIINTRAGRANULARISTRENGTHIBECAUSELINTERD
STITIALJELEMENTSI DOINOTI EXIST] ATITHET GRAINC BOUNDARIEST )N
PARTICULARL INI HIGHISTRENGTHL STEELS] BASEDI ONI )&L STEELI IT
IS NECESSARYL TOT CONSIDERT MEASURESL TOT PREVENTI REDUCED
RESISTANCED TOI SECONDARYT EMBRITTLEMENT. CAUSED! BYT THE
STRENGTHIDIFFERENCEIBETWEENITHEIGRAINSTANDIGRAINIBOUNDL
ARIES[J4HEREFORET RESISTANCE! TO1 SECONDARYIEMBRITILEMENT
WASIINVESTIGATEDIINITHEINEW 4 3000 — OAIGRADEISUPERIINE
GRAINISTEELI3& ™ ()4% - lI4HISI3& ™ ()4% - IWASICOMPARED
WITHI THEC CONVENTIONALL - BJADDED! )& HIGHI STRENGTHZ STEEL
SHEETTIANDITHEIEFFECTIOFIGRAINIRE INEMENTIANDI **TADDITION!
WHICHI ISTEFFECTIVEL INI IMPROVINGIRESISTANCEL TOI SECONDARY
EMBRITILMENTOINT) &ISTEELS. ""WAS'COMPARED!

5SINGITHEICHEMICALICOMPOSITIONSISHOWNLIN Table 3.
WHICHI AREC BASEDC ONI 0IOOI3100I00 —NIOIOCOOOL STEEL
SAMPLET STEELST WITHL O LEVELST OFZ ADDED! **[ 1071 001 00T AND
J0 PPMIIWERET PREPAREDII 4HET PROCEDURE! USEDI INI PREPARL
INGI COLDIROLLEDT ANDT ANNEALED! STEELT STRIPSI WASL BASICALLY
THEJSAMELAST INI#HAPTERI U1 ¥ FTERI DRAWINGITHEICOLDIROLLED
ANDIANNEALEDISTRIPSITOJATCUPI SHAPELATIATDRAWINGIRATIOIOF!
OIOIANDIMECHANICALLYIGRINDINGITHEIEDGEITOIOBTAINIAICUP

Table 3 Chemical composition of steels investigated
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HEIGHTI OFZ 00 MM THEI DEFORMATIONI [FRACTURELTESTIISHOWN
IN Photo 5IWASIPERFORMEDIATI VARIOUSI TEMPERATURESIAND
THEILIMITI TEMPERATUREL FORT DUCTILET DEFORMATIONI WASTUSED
ASITHEITRANSITIONZTEMPERATURECFORISECONDARYIWORKIEMBRITE
TLEMENT!

Figure 9ISHOWSITHEIEFFECTIOF]" *IONITHEITRANSITIONITEMI
PERATURET &IRSTII WITHOUTL **T ADDITIONII STEELL ¥ [TWHICHIIST A
CONVENTIONALL 43000 —OAT GRADEL )&I HIGHC STRENGTHI STEEL
SHEETIIDISPLAYEDIATTRANSITIONITEMPERATUREIOF — O #IIBUTLIN
THEISTEELL""TIWHICHIISIANI3& ™ ()4% - [ITHEITRANSITIONITEMI
PERATUREIISIREDUCEDIREMARKABLY(ITO —00 #1I4HISIEFFECTIIS
ATTRIBUTEDITOIALLEVIATIONIOFISTRESSICONCENTRATIONSINEARITHE
GRAINIBOUNDARIESIDURINGI DEEPIDRAWINGL BYZRE INEMENTI OF!
THEZFERRITEL MICROSTRUCTUREZANDIFORMATIONIOFI 0& = S[T - EXTI
WITHC INCREASINGI AMOUNTSL OFI **T ADDITIONI THEL TRANSITION
TEMPERATURES. OFIBOTHL STEELS. IMPROVEDII ANDIWITHIAPPROXT
IMATELYI DO PPMI **T ADDITIONZ EVENL STEELI ¥ TSHOWEDIRESISD
TANCEITOL SECONDARYI EMBRITTLEMENT EQUALT TOU THATL OF STEEL
"*[WITHOUTI**TADDITIONII4HUSIITHEL RINECFERRITEISTRUCTUREZAND
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Fig.9 Effect of B content on the transition temperature
for secondary-work-embrittlement
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