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Experimental estimation of effective strain on strength
of hydroformed engine cradle

S. M. Lee, H. K. Park, H. S. Yim, K. S. Kim, Y. H. Moon
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2.1 HAHS AX et HEo AMIH £&
£ Ao A18" AAE= HF370 3 HF440 7%

o2 FAE 25 2mmolth Z+Zhel A
s FAe] JNFAES FPSITE o] W FHo o
A7E olste] MFEA 5, 10, 15, 20, 25%2] ¥
B

HEo HAE | APE FEg oS 4y cradle

FEEZ UFE AEHY {588 E EHAY

Tga Zpzhe] MEER A" ANEHES H9s AT HEES FAYER MHASa, FR

o o @9 A= AT SHE Axg of Hojutgke] HPEL FHUIEE HAYsto Z

TEEE 2UZE ehdol FAME AT 7o) FAE AAes FRY HFES Fig 29 ¢

2 HF3703} HF440 %9 Zx9 #x9o Ad 2oz Allste FHEFEFN} FHEFEY £

wAE =Eaqc. Foz yehiYT 29w o W WFEL 24
o 2 RFoxe AFY g wAL: AR

22 HZQ HHEEO WE dx HEEH g SAs oW A Y 209¥5 Fig 39 4
AdFAHE AFL HAFAFTol HANA F o 2=

HE g, uagAdd, a8ln HSTAY4AF A

A 3RS AXA "l o @ Anjgd H7) 2.3 A &9 mEHlYEN OE Z4x Hat

A FERAHY Ao Fig. 13 2ol A% mm? M EE

A == dAS T o IA I AR UAN dEE FHIEF PEYES 24V Y

TAE AR Fo HPES FHsG o] o EF T ol&F oA s WiF HillY 2xFE
groll HBAIA AR FAE AXNE AFY
FE HYEES TIUY. aEln 53" AEE
HM EET Az A= I giYstd
FEE st A% AU FAE AAe
St AFol dis FEEYEN o Bxws
E a3z vedo] FAME FAHTE oS
FadE AFY FEAHIYE-AEHTANE =E5

Fig. 1 Circular grid technique of measuring strains pig=
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3.1 A2l HZot HEo A £

B Ao AME" &AE HF370 ¥ HF40 7
Fog2 FAE 25 2mmolth. zbzbe] Ao
3 FA9 AFAEE AT o] W Ho ¢
ARE olste] W B A 5, 10, 15, 20, 25%°) W
FEO HAULS 9 APL FTIT oS Ao W
FEE JFH AEAY F55ES AU
a9 Zzke] W EE AAE Ao ¢lgd
BEE AYsld 1 9 AxE A3 43
£ Table 1°] YeRIATH 22]3 oju) =3x8 7}
To A% @s 2Tz Yehde] FAME
A3 AL Fig. 40 JERUTE R wieh 2ol
HF370 Xt} HF440 $Ajof4 7FEgho] & W3E

ol disix 85-114MPa A% FA UERG

-

#e Axgol vsAE oF s0MPa A vebycoh

Table 1 Measured hardness and flow stress
at different strain of HF370, HF440 sheet

HE370 HF440
Strain Stress Hardness Strain Stress Hardness
Yo MPa HY Y% MPa HV
0% 310.20 126.70 0% 396.20 143.73
5% 372.07 151.17 5% 456.57 169.83
10% | 424.31 165.70 10% | 523.07 189.07
15% | 448.82 173.73 15% | 551.32 196.30
20% | 459.10 181.13 20% | 573.17 205.60
25% | 473.03 194.73 25% | 581.74 215.03
600 |
o n
=
Py 500
g = HF440 [
= [)
2]
2400} » HF370
30“:: P4

PR Y
120 130 14¢ 150 160 170 180 190 200 210 220 230
hardness, HVY

Fig. 4 Relation of hardness and flow stress
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HF370 : stress(o) = 2.55 * HV - 8.06
HF440 : stress(o) = 2.79 * HV ~ 6.58
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(a) effective strain and stress of HF 370
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Fig. 5 Effective strain and stress at different point
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3] 73_‘5 < A8t 1 xS %M
g A (2)o HEAA A=

o] w HF3703 HF440 A Af¢] tj3) Trﬁl_ﬁé‘gi}
fFrESE e WIS Fig So JERRIT BE
uho} go] FaEHFPE] %7}%*011 we ZFEghe
718t AL=E UrE]r 3, 53] Fig 39 #HI=
E o 13 2089 = H%} G4 ARG
HF370d2] -9 7+=7} 494MPa, HF4402] 7 $ol =
553MPaz UEN} 94 Ae] A5 gol] BlE HF370
Aol = 38%, HF440%) 73 9ol = 64%% 713 2
o2 YeEPET X, oujFy A 9FSHE Be
324 47,1318 9 ASolE HF3709] A$d=
455~489MPa= 51~63% 5 7}8F 31, HF4409] 74 $-
o= 556~565MPas YEN} 39~41% Z7}g Ao
2 UrE}‘)ft} 19 5,9,10,11,12,16,17,19 2] 241
AN FEHHEC] 24-38%F W3 st uz}
HF370¢) 73—?—011}5 398~500MPa, HF440%] 7 $-9]
470~535MPaZ LUIEFRETE o]9} o] A HFB
£ slol=2xv IFL FALslo dAFHAES
Az FAHNA AuFF, duAE, HFTA4Y
of o]27]7A] HF370¢1 7%= v%—oa o]
] 494MPa= 5718l 64%2] F7}8}% a1, HF440
9 ZAfolE= AW 553MPa® F7}8te] 38%%F 713k
Aoz vttt ol vehd FANPEEY A=
o ABBAE Fig 6o} JEMIQ L, 2 AL &
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Fig. 6 Effective strain and stress of engine cradle
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7} gt}
HF370 : stress( 0 ) = 248.08 * ¢ + 296.54 4)
HF440 : stress( 0 ) = 160.45 * £ + 444.42 (5)
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