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Abstract

This research has presented an alternative method to obtain the flow stress curve of low carbon
steel sheet (SPCC) with thickness 1 mm. The objective is forming simulation result from Hydraulic bulge
test to utilize Hydromechanical deep drawing process. By comparison flow stress curves that is obtained
from 2 experiments as 1) Uniaxial tensile test is according to the standard of ASTM E8/E8M-09 and E646-16
that has the K value is 512.29, the n value is 0.159 and the r-Lankford value is according to the standard
of ASTM E517-00 that is 1.29. And 2) Hydraulic bulge test which is formed under biaxial condition. This
research did proof the mold from the research of Suwat that formed under biaxial condition is according
to Membrane theory. Therefore, this mold is a reliability to use experiment data. Later, formed Hydraulic
bulge test and measure parameters were employed to calculate the effective stress and strain were
about 0.85 of strain level. But the Tensile test were only 0.3 of strain level. It is consistent with review
other literature. When finding compatible with power law of flow stress curve from Hydraulic bulge test
of low carbon steel sheet show the influence of anisotropy. It is high stress values cause that have to
reduce the influence of the r-Lankford value. But due to this cannot make to find the r-Lankford value
from the Hydraulic bulge test. Moreover, this have to use the r-Lankford value that is obtained from the
Tensile test to the reduction of the aforementioned influence instead. This gets the K value and the n
value that is equal to 665.04 and 0.3007. However, this brings the parameter values that are obtained
from 2 experiments to simulate the forming of the parabolic work piece via Finite element method.
These are compare with the forming of the real parabolic work piece. Then, this comparison is found that
the parabolic work piece simulation has the distribution of the thickness in side wall of the work piece
is conformed to the real forming that is the value approximate 0.755 mm at the most that this is the
result of the simulation of forming with the mechanic property from the Hydraulic bulge test. It is the
distribution of the thickness in side wall of the work piece simulation approximately at 0.759 mm. But the
result of the simulation of forming with the mechanic property from the Tensile test has the distribution
of the thickness in side wall of the work piece is approximately at 0.605 mm. This is different from the
result of the real forming at 0.15 mm.
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y = 0.9992x

emm@um Strain

0 T T T T T T T T T 1

0 0.050.10.150.20.250.30.350.40.450.5

5UN 6 nyvlaun1siBadu (Linear Equation)

A15197 3 HANTTILASITNALRAYNISNAFBUANIL

A5199 2 NaNT IO IVARDUAN1IZLSIAEDI7IANIg USIAIADITIFNG
S2AU o y p -
» ITAUNIIIA| LLUILNU mU'\ﬂLaumuquanaN (3y.) P value .
NAE . Yadunismeassanuigiuil 1
SEAY di | 22182218 | 2.220 | 2.220 FEAUAUGY — -
o Y . duriuudnany/
mnugs | MIInd 1 d, 2.218 | 2.220 | 2.220 | 2.218 WEURIUAUENaIS (n) v .
5 1, —y d, | 2208|2211 | 2.208 | 2.206 3EAUMTIA (V)
AS3A7 2 d, 2208 | 2.206 | 2.206 | 2.211 ANES 5 L. 0.589 0.553 7/ 0.000
AU d, 2.330 | 2.332 | 2.328 | 2.332 ANUEN 10 3. 0.362 0.154 / 0.000
pwge |MSIAL | 4 | 2328 | 2332 | 2.325 | 2330 A 15 . 0.100 0.912 / 0.000
10| sydy d 2319|2316 | 2321 | 2321 ALER 20 L. 0.252 0.558 / 0.000
M2 | d, | 2316|2319 | 2319 | 2316 ARG 25 31l 0.537 0.621 / 0.000
o1 d, . . . . .
e L 1243212435 | 2857 12852} o 30 sl 0.740 0.573 / 0.000
AwEe | N9IAn 1 d, 2.432 | 2.437 | 2.435 | 2.432
¥ - AILE 35 3. 0.277 0.527 / 0.000
B | sudy d, | 2368 | 2368 | 2.368 | 2.363 v
n5iad 2 d, 2.368 | 2.366 | 2.368 | 2.366
ey d | 2599 | 259 | 2.599 | 2.601
arwge | MsIAL| | 2599 | 2.599 | 2.594 | 2.594 d,
¢ " g =In| — (6)
2083 | szey di | 2537|2542 | 2.537 | 2.537 d,
mstaii 2 | d, | 2540 | 2542 | 2.537 | 2537 J
S¥6U d, 2.720 | 2.720 | 2.723 | 2.720 gzzln[_zj 7)
arge | NsTAA 1| 4, | 2723|2723 | 2.720 | 2.720 d,
2501 | syey d, | 2592 | 2594 | 2592 | 2.594
Mswnz| d | 2592|2594 | 2.587 | 2.592 NFUT 6 wandliiiuinnueseALLILNUAEN
SYfy d | 2963 | 2970 | 2.965 | 2.968 ) ) e e
o | msi 1 [ 2985 | 2968 | 2968 [2070| (@) WAZHUIMNUTEN () UNANULTB LGN UBEINNLAE
Y < 1% . o o X0 v
30 | sy 4, | 2861 | 2861 | 2858 | 2861 | n3IMTwFUAS (Linear) viyu 45° Jevinnsasuladn
MIN2 | d | 2866 | 2863 | 2858 | 2858 | moqyaSHAUUILAULNEN () WAYWULILAUTEY (5,) LUT
SYfy d, |3.218 3215 | 3.218 | 3.215 e o X
o AULANANAULN (5, = &,) tHasananElun15TUSY
ANge | N9Ian 1 d 3.213 | 3.218 | 3.215 | 3.213 . 3
Y [ = a o ' v
35 | sy 4| 2938 | 2939 | 2939 | 2034 |  BYUANTITLIFABINANIG TUNLNEAIINTT ADILAL
M2 | dy | 293729342939 2957  yyaunuvian (o,) WaLWLNUTE (0y) Tdfianuuansneiu
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JUN 7 Faukuaininesyndndauasnuasduauds

WU (o, = o,)

Tudruauuigiud 2 I laudianudunsinay
AUUINTIDULNUNABAYS BN NAFBUMIENITINTUIIU
VMR 7 SEAUAINGY naunu 3 JF (3D-Scan) Live
MmnsinasAdlanuualnuran (R,) WasLUILAUTDY
(R,) BSunnvinsinukuaininesynensdslilianuyae
mauﬁmﬂugﬂa’mmﬁEwaaﬁ’uuuLLsiu%uwuLLazWu
aUsduais (Spotcheck SKD-S2) dwsuanen1nyii 3D-
Scan AaguTl 7 udminisaunulaseasianieuentuau
AIUNITHILEILARNNTENURILUILA U IVDITUINULAY
gen N YN AR UYRRLUANUNTUBIILERNNDS

Y a da & a Y = o a

A9 NDINAALTUFUALUAENLAI9YIIN1TLUR B UYL
PUNTUAI5018UTBUTUINY INATUIUTHNTUILES
Fua1u 3 15 uandluguwuunguiiinga 3 @ (Clouds of
Point) lumsiiudeyasumisveuvesinguiiia X, Y, Z
ielfussananarulusunsumereuiamesiely fagu
A ° o & o aa a Y] a

1 8 wagyMsfinuuIaes 3 Taluwwita faguin 9

PndwihnsuTulinguitingadunueglusyunu
X, Y, Z Winiu 0, 0, 0 Lald9as193anaulailousians iy
A998 NS A AUALEULAIRTR LNBYINNNTIRS AT
TALLUILAUAN (R,) LAZLUILAUTOS (R,) 113 35 LI
) ~ a Y =~ o a & aa
AagUR 10 wagm139 4 udReINTIAIzineata

a ~ M v yvy v X a
snuanuRgiun 2 Alaaslidesiuin Inuvaegduguiiny
Wunsananauunssausnuvisell 9nsnaaaunui
ANRALSATlANLLILALNEN (R,) WATUUILAUTEY (R,)

JUT 9 AmFunuawny 3 SRLUUANTUNULAZLUY
AnA3sluLudn

JUN 10 MmsfmuadulAsiiin ievinisinsaiilay

v
o

4 7 SEAUANES TaifAuwAna1eY WodnNanIs
a s aaa | 1 0’.’} o

AATIUNEDAUAT p-value U1NNI1 0.05 M9 7 senU
ANNGY A9M13199 5 Fesanansarinisasuledn wifiad
[9] fvinmseenwuulianunsabilunisnegausuulys
51’:1aﬁwmzﬁwmﬁugﬂ%mmﬁgﬂiwLﬁumaﬂamaaﬂ
wazegneldnisiinanizusefsaesiianng Faduly

v

AINNG B LU AatuiiuR LR dianuieiagi
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M13°99 4 HansIALieNITNAABUNNTINYIFUTINSS

NANFUUIRNT
2AU AU | wun o -
I yunsriilay (ua.)
AU d, [295.271(295.082(295.250(295.155| 295.300
AE M53nft 1| d, |295272]295.217]295.407] 295 381|295.140
5 1. AU d, [295.345(295.507 | 295.205 | 295.555| 295.397
¥l 2| d, 295246295302 295.144]295.431| 295,172
36U d, |152.377|152.388(152.389|152.395(152.395
AUE m3¥ail 1| d, |152390(152.421]152.372|152.380[152.363
10 3. 53U d, |152.328|152.378(152.500|152.360[152.316
ns¥ait 2| d, [152.360]152.299]152.272]152.338] 152,318
53U d, |97.734 | 97.894 | 97.587 | 97.525 | 97.438
ALG ns¥ait 1| d, |97.714 | 97.583 | 97.079 | 97.660 | 97.902
15 3. 53U d, | 97577 | 97.382 | 97.394 | 97.220 | 97.490
ns¥nit 2| d, |98.035 | 97.631 | 97.740 | 97.324 | 96.980
U d, | 77.309 | 77.381 | 77.201 | 77.214 | 77.672
AL ns¥nft 1| d, |77.316 | 77.426 | 77.134 | 77.102 | 77.293
20 131, U d, |77.293|76.802 | 78.191 | 77.145 | 77.151
ns¥ait 2| d, |77.0a1 | 77.666 | 77.023 | 77.075 | 76615
S d, | 65.607 | 65.139 | 66.133 | 65.455 | 65.653
AL ns¥nft 1| d, | e65.643 | 65.866 | 65.677 | 65.730 | 65.598
25 3131, SEHiU d, | 6563265831 | 65.970 | 65.177 | 65.641
n5¥nit 2| d, | 65980 | 65.576 | 65.728 | 65.211 | 65.665
ey d, |58.449 | 58.794 | 58.290 | 58.581 | 58.408
AL ns¥ndt 1| d, |s8.015 | 58613 | 58.639 | 58.536 | 58516
30 3. 336U d, | 58595 |58.717 | 58.320 | 58.797 | 59.071
ns¥nft 2| d, | s8.756 | 58.302 | 58.509 | 58.792 | 58583
336U dy | 54785 |54.711 | 54.844 | 54.866 | 54.830
ALE n5¥nit 1| d, |sa.617]54.996 | 5a.625 | 54.766 | 58781
35 43, 336U d, |54.687 | 54.936 | 54.655 | 54.953 | 55.022
n53nit 2| d, |sa.544 | 54.740 | 50.405 | 56.600 | 54.629

A15197 5 HANTTILASIZIANRAENITNAABUNITI N

JUTINTINAUANINT
. p-value
FTAUAIINGS .
? Uaden1svaaesauufgIun 2
AES 5 . 0.151
AL 10 23, 0.064
ATINEY 15 33, 0.263
AIHES 20 3. 0.485
AINEN 25 3. 0.941
ATNER 30 3. 0.094
AIHES 35 L. 0.378

UM 11 Junungnédamelaiasinlagnaiasn

ynlglunisvneasu Weyinn1sAIANLELRUSTENING
ANULAULAEANULASEARIIENA LU TR LU

3.2 MIMAINISNB5YBINTNIAGBU
dlevhnsnaaeuudfianiin mmzﬁugﬂﬁamwmi
Fuguidulumumguiuiuunauds Tunuidovesin
[12] gvhnsmamsdweseneg fldlunsmen
FUNUSTENINAULAULBZAULATYAIINATTNAFDU
wuudlUegneth §mwou 35 Funu some 7 seu
ALE flgnanludiediu Farmnsiwesee Toun
A5Adlay (Dome Radius; R,) vi1n15insadilag
WUILAUMANAIIATALAY 3 3R Nunsinlaglusinsy
NIARNTINES UarinA1Auadlay (Dome Height; /)
selana (Height Gauge) menamiuniBuduvedasuiu
(Initial Thickness Sheet; £,) WAV 1 3. LAZAIAINNAUN
Ushaealau (Dome Thickness Sheet; 1) ¥11n1530
Lazdalduaingainanauinueenlauadu 2 v,
dmdudatunudieiniosinlansnataun (Plasma
Arc Cutting) é’agﬂﬁ 11 LA397NTINANUNUIUTII
gonlaumelulasiines (Micrometer) dmSuaLssU
(Pressure; p) Mwiﬁmﬂﬂﬁﬁwmmmqﬂmmﬁﬁfﬂﬁaa
lawnanufleuiunavosaugs LVDT Aginnsinda
fuutdfiant ievhnmsiieumeaussiilag vaginis
Juguiinrugunsiu delddmnfvesasudeuios
WIS iMsA AT LS SN
AALALLALANULASEA feazuandlumtadfuaely
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Flow Stress Curve with r-Lankford
350 800
T 300 o 750 g
2 20 S 700 —
=
fr 200 . Z(S]g ﬁ l Ty = 757.9x"3007
£ £ R*=10.9889
g 150 " 3 = 550 /‘(
£ 100 * o ‘e 3 500
k] ® 00 e 3 450
g % ? 400 o
0 T T T T T T T ) k-
g 350 —
0 5 10 15 20 25 30 35 40 £ 0 | = 512200049 ; ;cg.;.k
Height Dome, hd (mm) 250 Power (Tensile)
200 Power (HBT)

JUN 12 anuduiusseninanugdauiuiailay

1.10
T 1.00 »
£ 090 00—
< 080 >
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£ 040 (]
= 030
P
E 0.20
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UM 13 Aanuduiussenineanuadlauduainumul
Uilnigenlay

4. NMSAATITRHRANITNARDY
4.1 mswSeuiisunansnageunuuivednetiiy
ASNATDULTIALNULAY
dleldamsdmessieg 21nn1sVadeuRuY
Whllaghetuda hnsusuiteunudiuiugsywing
AugalauiuTasla éﬁ'ﬂgﬂ‘ﬁ' 12 wui1 mnANugalay
fenfiutuazdenaliadailaufivundnas uazile
AATIEvANLATUS TEnIeANgelaniuaIumn
Ushingenlay é’ﬁgﬂﬁ 13 WU mwm@amm%umuﬁm
s Fuavdwaldrumuiuinaeealauanas 99Nt
F9NNITMIAIANMULANUTEANTRNALALAINULAS YA
Uszavidua muaunsi (@) was (5) Aildnanundnegu
AR InNTI9T 6 [12] e AUl sy avEHa
wazALATEAUSEANSHaN I ey lugUresaunis
Power Law [10] fsaunisdi (8) wavad1ansinminy

v ¢

(U US TENT19ANULA ULASAIULATEAN LA IINAS

150
100

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90
Effective Strain

JUN 14 ANUFURUSTENINANULAULAZAULATEA
nmsnagaukuulnldeniginndanswaan
r-Lankford

nageukuuldlUenen fagui 14 lievnan K wag A1
n Fnen K fieninn ysdladnagdeddusdunsaugy
WnwazAN n Usinnuaansalunisdugy

o=K¢" (8)

AMUUA LA
K 79 Aduuszanianuudasa
& \ Ho o o g v &

n Ag AAYTNEINITINIALTS
A A o a a o o &
31n3UN 14 WevihniswSeuiisuaiuduiug
LUINIANULAULALANLASENINNTNAFRULUULN U
AYUINUNISNAFDULUULSIAILNULABITY AN K, 71
ALAANNNITNAFDULUULI AN UL TR B8N 31AN
K, n fleannmsnagauiuuinltemetn ms1gannis
NAFOULUULTIRMAUALD THusslun1sTuguiesnidn
AsnegaukuuiU et Taee K, n AkRannis
pagauwuutUUangwinaU 757.90, 0.3007 wavilen
seauANIASEAUTEINaL 0.85 Tudiuwasen K, n Ale

= al a 1 Y]

INNTNAFDUBUUBSIAILAULAEY TANVNAU 512.29,
0.159 wagiimsEAuANNASEAUTEIN 0.30 WBNAINUY
Fanwun AnanueuilaannisnegaukuulUsmein
T3 dilAngandIAIANUALYeINTNAAB ULIIAY
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A5199 6 NAVBIANRAYAINNITIAAINITILAD AN UATAIAIILLAULAZAIINLATYA

AN1sNAgeu HBT N3

Ansnageu HBT Nlud

AIRATIINMZIN 8n5waaAn r-Lankford | @nswaan r-Lankford

. AUES AUAUN

a1y | Part | A31uE9e o e - o - o - o

2| o, Us:u'm:ms vt | Sedilan | USad | useAu | Annuesen | Anutdu | A2nue3en | AduLAu

gonlnu gonlnu
1 21 5wy 4.66 295.330 0.963 1.710 0.042 264.129 0.042 231.768
2 15 5wy 4.63 298.441 0.959 1.885 0.038 293.011 0.038 257.111
3 30 5 uy. 5.20 268.535 0.954 2.102 0.047 296.918 0.047 260.540
4 8 10 w1y, 9.68 151.674 0.908 4.453 0.097 374.186 0.097 328.341
5 33 10 uy. 10.71 137.977 0.910 4.950 0.095 377919 0.095 331.616
6 35 10 uy. 10.82 137.445 0.910 4.999 0.094 379.974 0.094 333.420
7 25 10 4. 10.78 152.347 0.900 4.812 0.106 409.908 0.106 359.686
8 6 15 4. 13.70 110.227 0.877 6.789 0.132 430.169 0.132 377.465
9 13 15 4. 15.59 98.558 0.854 7.499 0.157 436.281 0.157 382.828
10 24 15 4. 15.68 98.045 0.852 7.545 0.161 438.169 0.161 384.485
11 17 15 wyl. 15.84 97.473 0.851 7.812 0.161 451.174 0.161 395.896
12 22 20 uy. 18.96 83.721 0.810 9.131 0.211 476.725 0.211 418.317
13 26 20 uy. 20.57 77.198 0.778 9.785 0.251 490.179 0.251 430.122
14 34 20 uy. 20.40 78.708 0.776 9.746 0.254 499.435 0.254 438.244
15 10 20 . 20.98 77.127 0.769 9.969 0.263 505.055 0.263 443.176
16 18 25 4. 20.93 65.843 0.671 11.042 0.399 547.499 0.399 480.419
17 23 25 4. 25.76 66.126 0.684 11.535 0.380 563.507 0.380 494.466
18 28 25 4. 25.61 66.436 0.677 11.410 0.390 565.306 0.390 496.045
19 9 25 4. 25.96 65.641 0.670 11.644 0.400 576.191 0.400 505.596
20 12 25 4. 26.01 65.806 0.648 11.420 0.434 585.387 0.434 513.666
21 5 30 uu. 29.63 60.480 0.590 12.088 0.527 625.164 0.527 548.569
22 19 30 uy. 30.64 58.657 0.561 11.949 0.579 631.125 0.579 553.799
23 1 30 H. 29.70 60.189 0.579 12.199 0.546 639.966 0.546 561.557
24 14 30 . 30.95 58.936 0.561 12.167 0.577 644.706 0.577 565.717
25 16 35 3. 34.41 54.717 0.499 11.949 0.695 660.729 0.695 579.776
26 3 35 . 33.84 56.201 0.499 11.917 0.695 676.754 0.695 593.838
27 32 35 wy. 35.11 55.141 0.471 11.746 0.753 693.410 0.753 608.453
28 31 35 . 34.83 55.382 0.469 11.923 0.756 700.889 0.756 615.016
29 20 35 wy. 35.92 54.581 0.426 11.647 0.853 751.946 0.853 659.817

e Junud 4, 2, 7, 11, 27 uag 29 amawny 3 Sadenisdouriu ldaunsamedmisdiwesle wanfialymmamada

Tdausayhnsmeaiwsessula
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wnWies kel wdnndasuausi SPCC
19 1.0 1. dlunismaseviuansdvsnanmaudh
arwilivifunniianeieanuanansalunistugy
Iaml,m'uﬁ'ﬁuag’ﬁuﬁﬂmmuﬁm FetmAnduly
nszvIuNsIatugUibu Femeiitsioninismen -
W39A1 r-Lankford uiilosanndsldaunsaviinism
i+ anmsnageunuuiletehldluvasnas
A3eE Fesududeddan - Aldannsvnaeuusis
LAULAYILNU AIEAITUIAIENTIEIUAIIULAILAY I
waraAnlukwILAL 0°, 45° wag 90° AULUILNLIA
WEIALRAETR AU R aNaNER LD
/1 7, 1vhmsuugUuuUlmitelflumsandviwasi
r-Lankford panaINAIANLAURSITlRaINASVIAdeU
wuui e Bonindananduais faaunisi 9)
iiothlumeanuiifudeaunisngonidavesniiy
FUNUSTENINIANULAULAEANLATEA [14]

o 2 o
rm +l biaxial (9)

ARUA LA

T e anudueSeiildannisusuandvisna
A1 DONKAD

Gy A AT INMSVIREEURUURNTNY
deh

PNNTNAN 7, THFRINNITVIAABULSIF N
flawiiu 1.29 danmuamnaanudussedilaan
MsUSuandvswaa r-Lankford aenuda famnsnedi 6
fien K, n Wiy 665.04 waz 0.3007 Femuduvaensiw
TnalAgIAUNIINNNSNAABULSIAILNULAY? é‘fﬁgﬂﬁ 15

mnlaviin1sandnsnaan r-Lankford @anainen
auduSildsnmsnaseuruuIsneth et
auth K, n Wihassanmenstugiudaisudieu
mis'fugﬂ%umuﬁﬂ IENUTHaNSAaAIAFaUIINNNS
%ugﬂ%umuﬁmm

Flow Stress Curve without r-Lankford
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JUN 15 ANUAURUSTENI9ANUAULAZAULATEA
nnsnaaeusuusU1lUen8unUsIAN
avswam r-Lankford

4.2 Mawisuiiisunanisinaesnisanndugudaeti

dlolgautien K, n fildannsvegeunuusdilvs
FrotuasiildainnisagouLsIRILIUAEILAD 9
ﬁwm'ﬁﬁi’wamﬂﬁiﬁﬂﬂ%ugﬂﬁaaﬁwaﬂﬂauﬁﬁﬁw K, n
i1 2 gndeyn wavthmafldurhnsusudey ey
§199991nuves [14] Aldvhnisnageuwuudilvs
Fetin wdahanautAlAuihns$aesnisandugy
FanasnifldTauaenndesiunisnaassd Faayld
nanalumvennun

4.2.1 M3draeswneanUaildainnismageuLuy
LSRR

n1sdasentsaintuglanzuiudaindugy
Fuaumsluan (Hydromechanical Deep Drawing)
Fesnouilnlufiefiuud wanauuuinagliuey
LazUUUSIYANTINY faguil 16 [15] ¥in1suszuna
NANITATUILUUNATRA8lUTUNTUNIIADUNILADS
LﬁaLLaméJﬂwmz{]z:ymmaq%mmmnmif\i’waaﬂmmi
THAMITTRDS K, 1, 1o, 745 WBT 1 TTLHRINAISNAGOU
WSIPLAULREINANUTN mmumﬁa&ﬁqwaﬁumu
Wiy 0.605 1. wasiivediduinuuse ity
NUARALINNGR 39.448% uansdsgUTl 17
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178.89 mm Fringe Levels
1.064e+00 _
0.759 . 10330500
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