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A Study on Quenching Speed Prediction Method of Specimen for
Evaluating the Oxide Layer of Uncoated Boron Steel Sheet
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Abstract

Hot stamping is widely used to manufacture structural parts to satisfy requirements of eco-friendly vehicles. Recently, hot

forming technology using uncoated steel sheet is being studied to reduce cost and solve patent problems. In particular, research

is focused on process technology capable of suppressing the generation of an oxide layer. To evaluate the oxide layer in the hot

stamping process, Gleeble testing machine can be used to evaluate the oxide layer by controlling the temperature history and

the atmosphere condition. At this time, since cooling by gas injection is impossible to protect the oxide layer on the surface of

a specimen, research on a method for securing a quenching speed through natural cooling is required. This paper proposes a

specimen shape design method to secure a target quenching speed through natural cooling when evaluating the oxide layer of

an un-coated boron steel sheet by Gleeble test. For the evaluation of the oxide layer of the un-coated steel sheet through the

Gleeble test, dog-bone and rectangular type specimens were used. In consideration of the hot stamping process, the temperature

control conditions for the Gleeble test were set and the quenching speed according to the specimen shape design was measured.

Finally, the quenching speed sensitivity according to shape parameter was analyzed through regression analysis. A quenching

speed prediction equation was then constructed according to the shape of the specimen. The constructed quenching speed

prediction equation can be used as a specimen design guideline to secure a target quenching speed when evaluating the oxide

layer of an un-coated boron steel sheet by the Gleeble test.

Keywords: Gleeble Test, Hot Stamping, Un-coated Boron Steel Sheet, Quenching Speed, Regression Analysis
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Fig. 4 Temperature history of dog-bone type specimen

Table 2 Quenching speed of dog-bone type specimen

under the natural quenching condition

Test No. Quenching Speed [-°C/s]
1 12.5
2 12.6
3 12.5

il il

E 9138}o] Table 3, 44/} z

o A AYPE At o, Fig. 6°ﬂ 7}
_Fi ‘301]1\1 A AT =YT

Asrgom, S48 94 &

(a) Dog-bone

25 L

5 el

(b) Rectangular

Fig. 5 Parameters for the specimen shape design
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Fig. 6 Specimens for the oxide layer evaluation of the

uncoated boron steel sheet

Table 3 Quenching speed measurement according to

the design parameter of dog-bone type specimen

uenchin
L W, w, Q &
No. Speed
[mm] [mm] [mm]
[-°C/s]
1 20 6 20 47.5
2 10 6 20 84.0
3 30 6 20 30.6
4 20 4 20 53.0
5 20 8 20 45.0
6 20 6 30 43.7
7 20 6 10 46.8




Main Effect Graph

Table 4 Quenching speed measurement according to

20

NMEET T EYT HAPAE TN W
o Foae BERWETH o 0N
R = F 2 o< WL k2
< g oo T R ET T b T
B o e T _Hxr oo g W
E 2 = 2 T T oy oo T oo Mo I i T
£ = S 6 — N0 T =
S c & o = Mo o ﬂo»ﬁowﬁe%EﬂEWd;{@
N ju— !
. SF g o W TR A g T
& - ~ S 7 ey —_ O X2
s S £ o I ) e N o 7xO S AT
: 9 TL£E ARG LEMTNESTIC W
£ : B s BEE P2oIRBYUT T Ty SE g
E o & & s 5 & § = W W s e m S o
S S w S 2 & (Y Njo ﬂmovbo B - — 9 ~—
= )
= P z2 3 s o Ty T F A0 e TR Mo X S R
-~ £ ” ¥ > B = L _— p!
- = @ RES BN T " =
T &5 . 28 weEPRNETIL T E LT g AN
= SR I E RSP S BEET
m @ = Nr N ! —_— !
B ) o Fg TR AVLIEZALEwTHgoy
£ m SE THPaRC CmETpame
S S.ﬂ —_ \.m.o‘l_/ _rEJE _ ,Ia.\_-o ‘_ﬂo
. 5 L IhdepiTazmsPac
2 9 8 8 & g = R § 2 8 R — @ = T o 2 r e -~ wr B JE w o) R
R § 2 8 R 8 8 5% = Nogr o RN me B e A W
[s/2] PO . = =1 oo Ar - b (el o| o o of o Hr
= g TR ® " BN F H
WM xR o B W WX T W ok o
5 oy KW T gl @ S L& PgREo
g B X e W s w3 = 2 T R oy
E=a ) —_— qo ]_ldlL,l _IT ) < .,ﬁﬁ q
b L.<1ml e B = —
3 3 <p o T 2 B0 2w < S B S B 35
2l 2 A R I AN y = S — = 9
2l & =L s B s < 0 EQ T S e G
S EREEREEEEEEE T X R TR | N
WMO_ Al ||l v v v B S _.._I M,ﬁo#e%i,_ﬂﬂlﬂoﬁe@; B oF W1 W NFL ﬁLo
=l g — r = © < N X
5| g _ R I ORI . T oo B
& & <r ﬂou]t W = orMﬂﬁco_ r ﬁWz < B o
g K ﬂ?mm..mymﬂ?mﬁu R Ty Ly mel<
£ g yohmtEr L ey =8 B3 a¥%s
5 T PEYNTE R g 5 22 nmias
B E = 2 ph Bl E e Tow  F dd T8 ywl
eWmloo6loo6loo6 qr —_ A et —o W Y e _)Aﬁo
g = W%73LﬁcToz%au7__gW s OIS L =®iT
— L = W : : N -
: RO %oaw%ﬁgoﬂwmAaTo T oaf g TE g
o o~ To S —_ N K o — S N = o
< = X 5 il X _eX7A —_ =) I o _
2 — ! ﬁ.ll g ™ %0 — o — = o TS o= A= X
|~ E| 55 a8 s 22z . PTESmuMe lTILEL 1. L& SELF
g = <+ % oo T g T2 SR S
5} <0 sz.L]ﬂw_ —_ — X S X Q =
3 o N BN R ko R 2 S o oo .
p e N S TG S i = W =
gl . R NG N ) Fogr ok
P Et EA A B B Bl B el Nm.xﬂﬂﬂﬂ%ﬂﬂe:ﬂﬂﬁo%%qr o ny
THE®HmTANNE WY w LA

o W, AR GFEI} S

3

R4

i

Al

I



W1 [mm]

20
L [mm]

(a) Dog-bone

W [mm]

20 25 30 35 40
L [mm]

(b) Rectangular

Fig. 8 Sensitivity analysis result according to the

specimen shape parameter

Table 5 Verification of the quenching speed prediction

equation for the dog-bone type specimen

Predicted Tested
No. L W, W, Quenching | Quenching
[mm] [mm] [mm] Speed Speed
[’-C/s] [’-C/s]
1 13 6 20 70.99 70.49
2 14 4 20 72.55 72.18

Table 6 Verification of the quenching speed prediction
equation for the rectangular type specimen

Predicted Tested
No. L w Quenching Quenching
[mm] [mm] Speed Speed
[’-C/s] [’-C/s]
1 75 8 60.18 60.78
2 75 6 60.48 60.83
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