o a a o wa I [
e Inentnus msAne Inseadeganianaautianenaveuranna luseunad
2 v
Msvugilsou
NN 12
9 A Aa
e W@l uuunag
oA a o

910156M1/3 N1 MR, A5.393 gondIgy
nangag AINTIUAMAATUM T DN
10179 ARINTTUIATOING
AT ARINTTUATOINA
ARy Aranssumans
= =
Unsfnm 2557

UNAAYD

4 E4
=< o o I A <

9
nszaumsvuzlSeugnihmnlfimugaiudmsunisnans udiueueudninund s g

U

v

o 4 Y J

v
WAY N1TaAUINUNAITDIUALALIN Nﬂ’J'IiJG]'IHTI'IH!LiQﬂi%Lmﬂﬂl@\iﬁl'll!W'l‘ﬂl!g?u‘l’HN Qﬂﬁ@ﬂ'l

Y
ao

[ < a
Tiwdouq fu 9uidell AninsiugiSounnuasweurannd1 1usouINNITNAADITI AL

e

a

o d a = ~ A ay ra 4 dsl 9
mstaean W luddwud Angurginuasunladlus uauuazuinuiyaz Iugliou

U

= v o 4 a d a 4 9
nnmsnaaeulieuieusunissiuinn liludedmud Ansizdlasaienmegania

3 = a ~ ay A dgl 9
NAFTDUAITNLUUY LASNATDULLTIAN mnmﬂﬂuazmaﬂmwawuqm‘wmummugﬂiau 1N

]
a

Y A ~ A A 9 o 9 A a dy
ellmallaellﬁNlLNL!ﬂ'I‘WLL’d@Nﬂ'lilﬂaﬂuLWﬁﬂqmﬂﬂﬂJﬂﬁ/]LﬂEJ‘lJl,’Jaﬂ‘]ﬁ/HiHEJIﬂﬁ\‘Iﬁi%‘Ifgaﬂ1ﬂ1/]l,ﬂﬂellu

U
F

& o o 3 A = a A ds! 9
FINOUVAUDINUNITNTLI8AIVDIANVLIIM doun)asvesd uaruimiunsyuzliou
{ ] o ' < o o '
NN NaaeUM BTN luan1Iza19 vearannd Tuseu a5 aNNFUI LTI

I o 0 a <3 o [2)
IRUANATIADINENIZNITIIUAIAI BT UIBA0TUNITVDINTIVDITAQUDI I Lazai1g
v o ' o N 7 o A 4
ANUFUNUTTENINANUUTURE T ITNBT A1) NFUNITVDII0% 1NUUNAUITUNITIND
a A Qy d‘l dﬂl Y 1 a o
1¥lumsdsziivantianenave sy unudmmsiuglionlundaz uSnuninwansiiuim
s a s ' o v o ' P a g =i
210 I Tudedmud numsmuIans MaNNFURUT s EHINANVAUANUAT IAYDIF WU

[ 4’3 9 v a = YA v
mumiﬂmgﬂiaummxmagmnmnmm“lﬂammﬂuwami‘wﬂam

o o w 2 ¥ < ) @ v o ' v
Aeanagy - ﬂ'liﬂlugﬂi’f]u/ mannalluseu / IN!@@GUEN’J@“B/ ANUAUNUDITIECUINANUIAU
~

AULATYA



Thesis Title Investigation of Microstructures and Mechanical Properties of Boron

Steel Sheet after Hot Stamping Process

Thesis Credits 12

Candidate Mr. Pawut Namklang

Thesis Advisor Asst. Prof. Dr. Vitoon Uthaisangsuk
Program Master of Engineering

Field of Study Mechanical Engineering
Department Mechanical Engineering

Faculty Engineering

Academic Year 2014

Abstract

Hot stamping process has been increasingly applied for producing automotive parts with ultra-high
strength property. Reduction of car body weight and increasing crashworthiness of new generation
vehicles could be hereby achieved at the same time. In this work, direct hot stamping of a boron
alloy steel was investigated by experiment and FE simulation. Temperature evolutions of blank and
dies were gathered during the experiments and verified with FE results. Metallographic analysis,
hardness measurement and tensile test were performed for different locations of formed samples.
Based on Time-Temperature-Transformation (TTT) diagram, local emerged microstructures and
corresponding distributed hardness values of the stamped parts were predicted. Additionally,
quenching tests by various media were carried out for the examined boron steel. Determined tensile
stress-strain curves from each cooling condition were described using Voce hardening equation.
Relationships between hardness and Voce model parameters were established. Then, developed
constitutive equations were used to evaluate local mechanical properties of the samples after hot
stamping with regard to obtained FE results. It was found that calculated stress-strain responses of

different sample areas fairly agreed with those from the experiments.
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