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Abstract

High-speed tensile testing is now being recognized as a standard testing method for evaluating the impact strength of
engineering materials. The impact speeds of 1zod and Charpy tests cannot be controlled and therefore do not correspond to the
real failure of real products. The brittle—ductile transition of structural materials is affected by the temperature and loading
speed. In the high-speed tensile test, it is necessary to obtain the strain rate at the notch root accurately to understand the effect
of impact load. For smooth specimens, the strain rate can be determined from the tensile speed u/t and specimen length [ as
Esmootn = U/tl. For notched specimens, however, the strain rate at the notch root &,,.., Should be analyzed accurately. In
this study, therefore, the strain rate concentration factor defined as K;; = €,0tcn/Esmooen 1S Studied with varying the notch
geometry. To predict the strain rate concentration factor K,. accurately, the relationship between K;. and the stress
concentration factor Ky =04, /04r0ss 1S investigated. Here, ., IS the remote tensile stress and P is the tensile load. It is
found that the strain concentration factor K, can be estimeted from stress concentration factor K; when the relative notch
depth 2t/D =0.5 (t : notch depth, D : the specimen diameter).
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T EBEZ LD, —RITHEEMEIOEERRER L LT, vV E—EHRRBRNA AnsiTng (iR, EX,
1982) (Tanguy etal., 2005) (Roebben etal., 2015) (Wang and Splett, 2005). L2>L, ¥/ /LB —fEEERER TN
ANF—LWM AT 2 O TH Y, LERMOBRGHOMIEICHE L SNDGIRIRE, TR IREZR &
SREEICERRITIIBIR L. Ei, BREEALEICHRET 2 2 LN TE RN, BRIZER S 2 dE ik
BT DRI CE 22V, 2O X 5 285 - MPBIBARE OB G, I IR S LT, 1)
REEB/TDHPRABOEES BEREEN L HWH D L9 1C-T\d (%3, 2014) (Huh et al., 2008)

(Noda et al., 2015) (fFH, 2008). YK ZJETOOT HIHEEE, R OIREE & [FERIZZE OEEFREDERIZK
SREE AT, mE R TR EEOOTHEEZND Z ENEETH L. ERWICHIREED
OTHHEEZHES 2 Z L IIFEFICRNETH D720, UIREHBEA OOT HREEETRE L RO D Z LN TER
X, SHEHRENSUIR EIEOOT M EDE N AIGEL 725,

BIR Z3lBR R OIS EFRENZBI L Tl < OB SN TEY, LEOUIXREEEZ b >Rl 1Bl
HIGCHEPREOHAXNbIRES N 1D (BFHfh, 2010), L2cL, OFHsEE PR (B, 2013) (%
JERML, 2014) ICBIL TIE, ZO X9 R E AR LRV, & 2 TR TIE, UIREPEREUIREHES
DOT HIREEE PRI RAT TR BIZ W TR, BRI OIS BRI L OBMREZTARD Z L2 k- T, £fkx 72
V FROIR ETGIRICEB T 5, OT HRHEEEMRERO TRIZ FREICT 2 2 2 AL T5.

2. WEARERPRBOEER AAIREZRY 5 TFRHEBRA)

ZZTEETERODEONIETIT 72, OTHEEETRBOEREZHIT L, TORMEREZRT. FEHIX
FEIZ, R Y I —AR R — N OREEEIRE % 5l 5 | 9RARBRIC L 0 SRR & IR 2248 % CREMNCRTm L 7= (42, 2014) .
Z LT, BIREEOOT HAEE L AHOT HOBMRICH LT, KRl —iREREREHT 2 2R L. Zh
KO~ A= =T ZAERT D 2 & CIREIFH DO OT Bk FEI e & ONTIRBEIRI i 9~ 2 JEME /P ERksE oo 11 &
AEEIC LT, FE DL, UIREDRAZISHEPREE A CEHET 254 L RIS, BB e N O O 7k
BEOMICIER LTS, £ 2T, UIREEICEW TIRRKOT SRS ) =g WRAET DI L IZBT 5, 0T A
TREESYA > B B/ NBTE D AR OT T E oy 23K D D . DV THIR XK TORRKOT HHEE ) & DA RO T,
O TR PIREIK, . = €4/ Epom & T LTz (BPHIiL, 2013). Kpp &€,y & EomPBIRE L (), (b) 1TRT
1 (a) |2, RO t TOEIRZEDOT HIRELE, 4 (¢) & /N DO AFROT B o (0 2777, 22T,
FEATICAE ] L= Y B — AR — F ORI E 2% 1 177, Hnsiz, FREIR &R ITEATHE S
[=50mm, i W=10mm, bBIR Zf£E p=0.2mm, BIRZHES t=2.5mm, LIRZDOBAOAE 0=00"Th%. 7z, H
FREZFEMHTIC L O SROTRERZ B 1 (b) 12, EEOKHH tIZIIT DK, (t) & p=0.2mm & p=0.03mm [Z%f L TR
9. K1 (b) IZBWT, BRAUIREEREINZIUCENT, KO)DFICE O THIC—ETHD Z LIRS
nNTnag., Z2C, OTHEETIEESOINAMEIZIER L TWD, K1 (b)) TOTHREEEPREuT —EL 7
STWA. BTFTYH, OFTHIEEDOIRIEICER L CEHEZIT-o T\ (B, 2013).
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(a) Maximum strain rate and nominal strain rate. (b) Strain rate concentration factor.

Fig.1 Constancy of strain rate concentration factor (Plate specimen).
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Table 1 Mechanical properties implemented in accordance with JIS K7161 and 7162.

Nominal strain at break
Material Yield stress | Stress at break Stiffness &y [%]
0
MPa MPa E [GPa b
oy [MPe] o0 [MPal] [GPal (Gauge length=115[mm])
PC 62 73 2.3 111

LD L, EORICE T 20T B EETREOERTIE, UTOMERAS D, OTHEEEPREK,, =
Eya/Enom BT, AT OTHHERPURILK 03372 TN T H, BIREEIZIBIT 5 OFHilifEe 23K 572
DITIE, T/ NETE OAFROT DI e o 2 N D ME R H 5. K2 () (TR T L 91, BHISHEPRE CIIAR
I pom (ITTEE P L WFEFE (W —2t) IC K D BITRE DD, AHOT A E e, T 2 () 1R T & 51
Wi DO R FE S50 2755y L O FEBEZ RO TND. ZOHETIE, YIRS IR D &S/ NI O O o
JEDARITEACT DT D pom & KD D Z L ITES TR\

= Tu(t)

- 2 WP (oax
nom w—2t

= =

(@) K: = Omax/Onom- (b) Ki: = €max/Enom-

Fig.2 Nominal stressa,,,,, and nominal strain rate¢,,,,, (Plate specimen).

Z 2T, BB O OT BT ORI D ISFEMICAE LA OTHIEEZ b > TREICTHZ L 2B 2 5.
FTIROHRNEDEy 4/ Epom (D> T, YIREM OUIRE KD HBROT B &R OOF AL & DIz & -
TOT R EE PRI AT ERT 5. X 3 ITH|9REE & I OOT B OBfR %, 3R & S 1=25, 50,
100mm (IZDW TR M 3ITRT L DL, M OOT B IE5 RS IO L CHpIRcgm L (1) °F
INd. 22T, u@®IFFBRAICETLENM (K2 () ), uw@)/tI5EEE, UIRBRAES, tIFHETH
5.

) u(t)/1
Esmooth = — @

4 IR EHERT (p=0.2mm) & B IIZBIT D& pcn & Esmootn S & VT AR EEE FIREK, . D7 [5E
BEERAEME R TRT . Engren !k FEM AT, Eomooenl 330 (1) 12 L 0RO, GIREM, SERE & b33 IR L
THHIL T ERT A0, ZORK, BRI KT ETh s, Tabh, ULk asK,,
X (2) DLITUIREIMEABM O E LTERT D L, UIREETOOTHBEIL5 | REE & OF Ak
RN SRED.
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Fig.3 Eqnooen VS. tensile speed (Plate specimen).
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} Esmootn Obtained from Equation (1)

Figd Kz = &notch/ Esmootn VS- tensile speed for different specimen length I.

_ énotch . _ . _ u(t)/1
Kz = - s Enotch = Kt " €smooth = Kee
Esmooth t

)
X Q) DEHCOTHHEEPREK, 2 EFKT D &, IR EM /N OB OT B, gm 23RO D M E T
72705, BB AITRT LT, OFT Bl EEPREK, A FUIR SRS 2t/W DK 5T, BB ES/wW
WCHEEE TS, ZOMIIGHEPREK, S IZR RO TEENLETHDH. 0B, JOMIE Tl ERER
ORBREFHCTH D 10°mm/s LN TIEOT A E D[RR ICHHI L TW D Z EBH LN E > Tn D (BFHfil,
2013). Lo T, SENHMEH COMT 1T o720, @ COfTIZIHWTHIE TR S LB X bivd.

. UTHEEEPRBUEREFITUREFLBLEFRSOXE (AAURZEZET HAERHRN)

31 FARUIREZETHILERBRH LBTETILELUREHAZ

WHEOSIRERIS OREICIE, ERBRADPHOONLEOT, ZZTIEMENREEZHTLHEELHRET 5.
5 (CAMIE CTELET D IR ERERT OTIRHE & T OMTET V&R T. 22T, IS Z 2241 ITHES
TS EEREO SRR 22512, M5 (@) [T T X DI PTER S 1=40mm, [ D=8mm Z [EET 2.
F7o, UIREOHEMAIT 0=45 & L, UIREZ ¥ p=0.25mm & p=2mm (Z%f L C, IR ZHES % t=1mm~3.96mm
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EBREEIETELET S, 22 Tp =0.25mm L v /L B —EEBERER i OUIR Z BRICHST 5. £72, p =2mm X
PEELAIC T DR b B 3 —F— ORI IN T S (ML, 2016) (JISB0703). X5 (c) 1Zp =0.25mm
®, K5 (d) 1Zp =2mm ZNZNOFHTET L L UIREIEDIELRKZRT. UIREETOR/NA v 2t A Xe
T e=pl243 TH Y, K5 (), (d) &AWL IEPTREDOMATRERIL, FEO BRI NEICHEL 2 @O E L
A HEHEN (B, 2010) (2 &0 FH U7 EPERENTS L TR 1% N ER>TRY, +oEsf
T%. K5 (¢), (d) OEIFRFEM €7 /LD Oz [EE LT, — OBl ZEAr Imm,  515EEE 20mm/s
EBERGAERRE U CTIRIT A T o 7.

40
40

—=0 ! w=45°

l=

©
[
l

(a) Notch specimen. (b) Smooth specimen.

e

0.25

(c) FEM model and notch root detail (9 =0.25mm). (d) FEM model and notch root detail (p=2mm).

Fig.5 Geometry of specimens and FEM models (Unit: mm).

3-2 MRTHER

F2 LX6 (a) ITUIREFEROMEME2p/D =0.0625 £2p/D =0.5 (2O THIR & OFXRE D2t /D %21k
SR TOTBHHEEIRIK, . 2RO T-FE R A R~T. 22 T2p/D =0.0625 (p =0.25mm, D =8mm) [T ¥ /Lt
— BRI I T 5B OUIR Z HRp =0.26mm kMG L, 2p/D =0.5 (p =2mm, D =8mm) [LHHELIL
IZBT Dbl v a—F—Ep =2mm ka3 5 (L, 2016). X6 (@) XV, GIREMERES2t/DD
BN PENOT R PR ERK,, BEIIN L, 2t/D > 1 TK,, » 0 k72 5. D=8, IEHEFREK, LYk &
OFIRIES2t/D L OBREHE 3 L1 6 (b) ICADLETORYT. —J7, IS EPREKIIK, = 0pnax/Onet> Onet =
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4P /nd?> TR ENDHDT, 2t/D > 1TK, » 1&725. £z, 2p/DEEELTNDHDT, 2t/D=0 (X FIBMITFY
T5HDT, OTHEEEPREK,, =1, ISIEPREK =1 L7225,

Table 2 Strain rate concentration factor and stress concentration factor.

2t/D Ky K,
2p/D 2p/D 2p/D 2p/D
=0.0625 =05 | =0.0625 | =05
0.00 1.000 1.000 1.000 1.000
0.25 5.581 2.554 3.550 1.619
0.50 9.490 4.145 3.185 1.420
0.75 18.50 8.334 2.334 1.204
0.90 38.00 17.19 1.610 1.086
0.99 167.0 63.06 1.070 1.008
—1.00 | —ow —00 —1.000 | —1.000

200 77— 6.0 ——r——
[ p I P
s L I 1t i i it 1
I [N I 50 R S A - .
150 | D @ i P D d e ]
: e F 40 | 45° ]
Lo [ w0 < | 2p/D =0.0625 ]
' 2p/D =0.0625 3.0 f .
50 | _
 2p/D=0.5 2.0 ]
0 T T P R 1.0 PR T S T H SRS S BSOSl W
00 02 04 06 08 10 00 02 04 06 08 1.0
2t/D 2t/D
(a) Relationship between K., and notch depth. (b) Relationship between K, and notch depth.

Fig.6 K;: vs.2t/Dand K, vs.2t/D.

F 3 X7 IO HEELEFRE & IS IETREE O L UIR AR X ORISR Z T, YR S FEE S 2t/D—
1°C, O B EEFREL & IS NEFRE DK, /K~ & 70 %, T 2C, ISTEPREITN 3) 1T X951,
BRI T Oy & B/ T D AFRIE 1000 £ DL TH D, X6 (@), (b) L TH0d L 912, UIR RS
2t/D—1 T, O HIEEEFIREK, o, IIEFIREK, —L L7025, 22T, RKIEN0pay & IR TONE)
0 gross £ DA (4) (TR T X DK = Omax/Ogross & BT L COT LRI L OBIRETHAD.

Kt — Omax ?)

Onet
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. O D\2 d\?2
Ki = —E =K - (_) s Ogross = Onet * (E) 4

O gross d

Table 3 Ratio of strain rate concentration factor and stress concentration factor.

Kee/ Ky Kee/ K¢
2t/D 2p/D 2p/D 2p/D 2p/D
=0.0625 =0.5 =0.0625 =0.5
0.00 1.000 1.000 1.000 1.000
0.25 1.572 1574 0.884 0.889
0.50 2.979 2.923 0.745 0.730
0.75 7.940 6.958 0.498 0.435
0.90 23.60 15.77 0.238 0.158
0.99 156.1 62.44 0.0156 0.00627
—1.00 —00 —00 —0.000 —0.000
250 j‘”lyl”“/)”“;””‘j LN,
200 & Zka ﬁ,_a&,/% 08 2p/D=0.0625t
LN A ]
3 % 45° % | K = Gmm 2p/D=0.5 1
= 150 L < P *o 06 gross .
ﬁtl I u(t) :': énotch
~ [ : 2p/D=0.0625 ey kee = 3
= L = _Snotch =204 L smooth A
100 : ke: ER 2p/D=0.5 e B ;'; : ,/
: o DRl
50 L[ _ Omax 0.2 B gD i - i
i e = Onet I ‘/é ,% o
0 0'0-...”?’)‘.|\|| R N T T
0 0.2 04 06 08 10 0.0 02 04 06 08 1.0
T M T 24/D
Fig.7 Relationship between K,:/K, and notch depth. Fig.8 Relationship between K,;/K; and notch depth.

# 3 L X8 IZOT BB EEFIRERK, . & K Db & BIR X FERHGE S 2t /D DR %7797 2t /D =0.5 O#iPH CTK, . /K]
DfilE2p/D =0.0625 £2p/D =05 T22WFRELINOFRZET—EH L TNDLZ ENbND. O Enb, K:/K:
DfEIX2t/D =05 O TR E FERIKFE T IR EFTHR S DIIKAFT 5D T, OF ol EEE PRI A K
DL, ISTEFREE RO TR 2D 2 LIk, X8 L O Ad LRI AE R TR 5 2 & A3A
HETHD.

3-3 VIFHEEEPRBOMELIE

2T, ISHERREK, BSREFRICB W TE LW Z E RN TW DD T, X9 I1253d & 5 IR 8K
BRI BT 2 O T HEEEFRIIZ OV TR, ZTOMREE 41 TRT. RAPSbOHLE1L, O
T AR L RIS IR TR & FIRRICAREL 3B i Cld— T 2 Z Endband. Tk b, OBl ES
REGTRBR A OINZ K 57202 E R S L.
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(a) Specimen 1. (b) Specimen 2 (Specimenl X 8).

Fig.9 Similar specimen

Table 4 Similarity of strain rate concentration factor K, in Fig.9 specimen.

Specimen 1 Specimen 2
Enotch 0.215[sY] 1.726 [s1]
Esmooth 0.0313 [s7] 0.250 [s7]
K, = —noteh. 6.896 6.902
Esmooth

4. VI HEESEPHRB OB A

BTSSR B —88 & UGl BTV 5 & Si BRIREBEN SRSk 2, O3 Al B TR D —> D 5]
ELTEST D (MEf, 2016). Z 2T, & Si KBS OMMIIMEE 2 %£ 5 1R d. 2 2 THEM 9 TET
R S 1=40mm, EAE D=8mm, U1K & DB DA 0=45" , HIK & 4% p=0.25mm, BIKRZVES Z t=2mm & [EE
LC, fEx OIRE & 5|REE TR Z1T o 72, 10 12, ZoHAouIREHBRA & R Dénotcns
Esmootn & BRI & OBIRI LY, OF B EEPIREK, . D5 [REE OBURZ 7~ .

Table 5 Mechanical properties implemented in accordance with JIS Z 2241.

Material Tensile strength | 0.2% proof stress Stiffness Fracture strain
os[MPa] op [MPa] E [GPq] & [%0]
SSFDI500 525 401 172 21
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Fig. 10 K, vs.tensile speed.

10 TR 918, EREOIR &R A OOT Bl EEHIREK, 13K, =949 TH LD T, TR VLEDL|E
B u(t)t OUIREJECTOOTHHEE peen 2 (2) LVRDDZENTE D, £612, @& Si kGRS O
BRIRE T=25°C L [EE L72HA D, TNENOSIEEE ut)t (29255 5B 0 orcn=4P/nd? DiRERAER %A, 1Y)
REETOOTIIREE  oren & PETRT. F2K 1112, BE—E CTOOTIEEE, ron & 5B 0000n P
AT M1 L0, SEEREITOFAEE L &L BICEF LT INRED, OFHEENRE L% 43[s)28iC
Maflb LTIRF L CTWD 2 ERmhnd. —J7, K12 130T HEEN—E T, IREA 2k S 725 iR SR O R
ThbH. 2050055012, 5IEREITR I F—25CEEICMbL, BERTE ELIIETLTNS.

Table 6 Results of high speed tensile test of

1000 —
high Si ductile cast iron (T=25["C]). = i
=9 L
- - : = 800 ,_.-———"*'”"_\
Tensile speed Strain rate atthe | Tensile strength s ,
u(ty/t [mmis] notch root Ganotcn [MPa] g 600 | T =z5ec wol SRy
Enotch [S-l] ; 4Py sh
0.0100 0.0024 762 g 400 TBrocah™hgr e R ;
0.8400 0.1993 836 2 0l P ]
18.1000 4.2942 876 E i s
46.3000 10.9847 786 Tl
0.001  0.01 0.1 1 10 100

Strain rate £,0pcn [S 1]

Fig.11 Effect of strain rate at the notch root on
the tensile strength.

WIZ, OTHIEE L IREORBEL ST 572012, X 6) (R TOTHRHE—RE T A—4% R E
(Strain rate-temperature parameter) %\, SRR 0popen ZFEBE L 72,

R=Tln(,A ) )

Enotch
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Fig.12 Effect of temperature on the tensile strength.

2T, TIEBRIEE, ASMENERTH S (LAY, 1999) (Bennettand Sinclair, 1966). R i, ONF A3 ED
WA RBREE OB LSOl LTESHEIT-HOTHS. Bennett 512X 0, Hilk72 ED bee &Iz
T, BREOOTHEE - {BERIFEEZ RIICK VEEBETE 5 Z AR &4 (Bennett and Sinclair, 1966), Z?
%, BOFSEORES (B, 1985) (80K, 1994) ICXL - TEBRMICHEMT SN TS, £z, BRI T
72 < SRR § [FARICEEBLIC X 5 Z ENEBRICHS ST Y (FEfth, 1998), #hgkbricis i, 7=74 b
FEHERIR BENSEER O [BRIREE, FRRA (MH)) b RIEE BWHBENH 5 2 L3 @iE ST\ s (LA, 1999).
1200 e

1000 [ ]
800 [
600 |

400 [

200 [
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