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ABSTRACT

Hot Forging Molding Analysis of S/CAM Shaft to the

Commercial Vehicle Drum Brake System

By Young-Min, Jun

Adv. Prof. : Cha, Yong Hun
Major in Mechanical Engineering
Graduate School of Industry,

Chosun University

In the hot forging process, the forging faulty product due to strain and
temperature should be controlled in order to obtain sound S/CAM forging
products. The forging defects that are caused by metal were strain, temperate,
and inclusion. But the control of forging defects has been based on the
experience of the foundry engineers

In this paper, the computer simulation analyzed the effective plastic strain and
temperature behaviors. The quantitative analyses which proposed the effective
mold design of S/CAM shaft was executed. The parameters of forging shape
that affected on the optimize conditions that was calculated with simple
equation were investigated. it is expected that the developed analysis model and
design technique would greatly contribute to the drum brake optimal design

considering effective plastic strain and temperature affected behaviors.

From these test, we reached conclusion as followings ;



1. This papar study an analysis results of strain, stress, temperature change
and flow behaviors of materials using S/CAM shaft produced with pressure
forging by superforge2007, a computer applicative program. As a result, contact
with die occurs first at upper die rather than lower die and as 80% of
processing progresses, matching with die necessary for moulding occurs both
upper and lower areas and residual processing i1s analysed as a necessary

processing for moulding.

2. As a result of analysing strain in hot forging molding of S/CAM using
superforge 2007, it was reported that strain rate occurring in the materials
caused by pressure to the upper die may differ. As 50% of processing
progresses, large strain at the contact of materials with mold appeared. When
100% of contact of die with material is achieved in forging, high rate of strain

appeared in overall materials.

3. Through improvement of mold for production of S/CAM whose axis shaft
length differs, various kinds of S/CAM can be produced with a single die, and
after heating SM45C to 1100C- 1300C, not cutting shape techniques of

moulding products were applied with a use of hot forging.

4. When a new molding technique of S/CAM shaft was applied, more than
95% of recovery rate was achieved while 62-68% of recovery rate was
achieved when a existing techniques was used. For existing S/CAM production
processing, four processing stages were used, but working hours were too long
and productivity was low. According to the new molding technique of S/CAM

shaft developed, such disadvantages were resolved and current -conditions



centering on low-price policy could be improved through technological

development. As a result, the effect of cost saving was achieved.

5. This development could save more than 20% of production cost and
reduced failure rate to more than 30%. By improving the life span of mold from
15,000 to 25,000, financial difficulty of company imposed on a mold manufacture

could be overcome.
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* Navi-stokes %744 (Navi-stokes equation)



x o 1 X WA A (Energy equation)

0T 9 0T \, 8 0T\, 8 0T
P = o Koy )+8y (Kay)+8z (5 (2.10
*Volume of Fluid
oF  ouF | ovF | owF
(Bt = on + oy + 92 ) (2.11)
*Governing Differential Equation(F,D,E)
0 9 o ) =9 (p9e_
o Pv) + o1, (puyep ) o, (Fg;axj )+ 5, (2.12)
A g A= PDEE "R H = E7/H0E &S U53te e Favn
d Adrk
/// physicalspace [PDE]dV =0 (2.13)

olg gt 2 (25)= TWEIlE A E

)

% Weak solutiono]#tx F27|% 3t} 139

=)

v A0l FEselAl Foxl A Aelm® olE (212)¢ PDEC thYst

¢
¢

(2

2
/ Ateach node i [% — 88 ]; ldv =0 (2.14)
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2% 99 Finite volume(Z-2, Control

21(212) &2 (21405 AE5H7] A E 999

=

volume)o] o] ¥ ofof df=vl, 2/(214)¢] x-WFoz 134 A= BE b

&9 293 2o Aoy

}47 Control wolume —-{
i @ i @

i i+1

o
ks

Fig. 3.1 F.V.M Control volume

ol& A Aw Control voluneol ™3} 21(2.14)2 2 &34

.7:,-+A.7:/2 2
/ 2L 2T g — 0 (2.15)

o= Y ojuf i-HA NodeAY2EE v 22 Control volumeo] w3k 3

T2 Aestd vg 3y 2

1 x; + Az /2
T, =5~ Tdx (2.16)

z, — Az /2
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Aba] B,



z; JrAr/?
Term#l=—— /

(2.17)
— Az /2
371 ARFx, + Ar e A FE7F ohyBER 22179 AR nlRe %
g et gol npEs gl
d

e a2 T dx
Term#l =t -[xi—ﬂxm

(2.18)

22179 [ 19 WiE 2(2.16)9 Ao ol Lxz

& Jonz A1

A oz gdgs gl
N
Term #1 = dt (2.19)
2(212)0 FHAZE At 2,
2
a2 o 8T e ol _ &
Term #2 = 432 Bz = 0% |y, 400/ O Iy -2 (2.20)
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ar BT
i X+ 2 Az (2.22)
21(2.22)5 ©A A@2D ddstd HEFHoe=2 tgi As e
- T _oo | T T T - T
At  Ax A Ax (2.23)

2(2.22) o] Foli & 79T AN FIAEH AH213)9] ol F ALt



RPN (2.24)
s

o]

= 2 - - = 3 .

o714 e£x & WILE(Rate of Effective Strain), o= %22 (Flow

Stress), o/,;2 W33 (Deviation Stress)olth. FHA AT ALY 4 Al 7MEES
1

0;;Tfi=0 (2.26)

21(2.26)°] WA 2] (Variational Principle)E 83t o5 Aestd oS3 2
< HMEYAAS 48 F AU
f 06edV+ K f e 6e,dV— f F60,dS=0 (2.27)
v v S;

2122701 A 3 ol A (Internal Energy)S W)W sw wlx= 3o 9



of oA A5l #&st= 9 Fd(External Work)E WERAT, 7Fed 82 A4
HEY o= Are FI/HEH g e ¥ YA A Incompressible
Condition)& A 7171 $1alA ® A 4=(Penalty Constraint)s % -§3fo] 314
FA} ev=cii o]3 K& MH45(Penalty Constant)® ¢ 2 FZolrh, B
TE ALToRA =

T= T

ev=eii =0 (2.28)

Vsl )t (2.29)

o] 714 m< vwp#E A 4 (Friction Factor), k& 1% HEHo A= AR o324

o

@& 5§ = (Shear Yield Stress), u, = | Vgl o w4 wj
]
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2295 F8aL FA3 6] fe S VE 2aWelM B3 (Shape
Function)& #&38td Q4o dofof Hely &S24 Ve 44 S= V=
o]-gsto] thdt ol yErd S glvh

Ny

o714 N BAE4E o] 8s

44 (Node)s Vi dwdom A4 A&% 423 425 wdste] T4 o

olu g 7t WAL AL A WE o, B.E NI FFo nRS o]
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€= Qu
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o714 K aB = B ia B IB°] 1, Q a¥x A& W& = (Volumetric Strain Rate)$ A



HAET AAE el = otk 99 FAAL A(2.33)q s}

E'_l

> 6v,l f (%f qudlﬂ—](/ QuQuupdV— f N, fidS) =0 (2.34)
m=1 vEo e

3 23, ol% A ks GEiY ohe s 2

f} [®(m)1+®(m)2+&(m)3] =0 (2.35)

olmf 2(2.35)x=

4

¢} |

Lo digt vAgYA AR HE HAA 7+ F floeng
o]2 M3 A# Newton-Raphson uHEHH (Iterative Method) S o] &

T @ ol A% Hu

(m) (m) (m)
0P 0P 0P

=] Av(n) (2.36)
QU XY QU

Y1
m=1 »

Z [¢(lm,)+43ém) +¢i(;m,)](n7 n

m=1

HEn o7 (n-Dell s Bt ol dE g oz R AN AT A7 o7 T F
il

ol gt sEd @A A A DA N =2 7= o

(2.37)

ol BE #Ho WAL LAY ANME JEHEA

als

(Deceleration Coefficient)
20 XY 23 1 B2 ZAAY 22 gho|t},



ne
ri
of{
o
flo
o
)
i)
rlr
i}
Ach
ne
=
lo
el
FOI'

)7 22 o5 u#sy] YT &
dlade] A4 ot} o] ko] A ATel o] 7 @A wirhe Az AT E

o

LA gojrdE A<£4 9 (Continuum Mechanics)o] 2 7}x] gt o] &
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Mo

ol warh A &4 DA o] ol szate] 2guA o WA
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fo
B>
oL
=
k
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d

thooj® AIZE tell A =AY A A e = W 5ol Y A (Interal Energy), SIE =3
(Entropy), NE Z3F ¢ F(Entropy Influx), @ (Heat) 52 g0z AHFEZ 9]
AES AFHEWMass Conservation), & FHE(Momentum Conservation)$d 2] £}

027-8;.7-'1' g+ pry—pe=0 (2.38)

I 2ok A4l Helmholtz Aol v =1 o] Fd4 (2398 sty 95 A1
Holl % AU AYAA LS & 2o

U=¢— Th (2.39)

oije'ij+ g, +or,—p(@+Tn+ Th)=0 (2.40)



o7)6] @olst A2y o Aezw RExl oo 0L WY

o

59 224w Bd Ho] A, o714 g A5 ¥WE (Heat Flux Vector), p=
W Te Ades, Ue 992 F9 Helmholtz AH-fol U, ne @9d7Fd dE

i

(2.41)

F2 2ANAYY FYE I (Heat Loss)oll &) W3l soh 424

(Recrystallization) ® %™ 3}(Phase change)”} f1thal 7FA st Zpfoll v =] 9] w3t

= 49 devwtow yeErt, 1832 9 d %A S5 (Thermal Conductivity)7F 5 A4
3]

o]l Lo #AJel ATk ZEAH st olo] o $19 2(2.40), (241 v
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3.2 S/CAM AFZE AAF T2 AA 9D FFJ A

Fig. 3.3°14 9} #o] S/CAM AFZE wWxaAo AL LA ojm AR
A AE FIHA WS B TS AA AlFo] AakE Tk - oA e o
A2AYIZA ZIARGA D stEA g A 5
Jom AAATAldE Aoy duHe] g0
AEoll shA7F Ay skTh, ok Aok A] o] A &9l wE AsFQQlE FA|

st FEolth
1



e

ol
Rl

4

@

[0

X
XJ

Aol &

@

TRIMMING

FEXel

=]
Kk
B

B

ol

<

HEAT TREATMENT | <=

=)

SHORT BLAST

110
Ll

ok

KO
=

Fig. 3.3 Flow of forging process

i)l

HeAE W AR

)

_éo

o qtAe wet do 4

Eo] gy

Ay

= Aoz, B AF

=
Blas

CRIEEEE L

shbst 2

g

3

A
ol

%
¢+

—_

Njo
M

o

il

=
=

123 oA AAkEofd S/CAM Ak

Eo|t}. oju|

3z

[e]
R

3.5~Fig. 3.6

1= YeERigleh Fig. 3.8

o
=

(6]

!

B

X

wmr

ol
;OO

= gagd A

3z

S/CAM Af
| A FE AlE gike] o

[e]
R

Fig. 3. 9~3.26

o

717k A] v

=

O
K
R



, 22k A S/ICAM

AA™ 12 UPSETER

KeX
=

Mo
—

gl o
o}

o AEe Zws)

)

A o

S

Bbgoz Mamy oldnyS whe

Uo
)
T
afil

=
>

3y

2E

@130

<El

=0

g

#180

2170

i3

© mm)

(Unit

Fig. 3.4 Process design of Fist step forging

— 4:0 —



0
AL

(Unit : mm)

Fig. 3.6 Part design of first step process
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Fig. 3.9 Billet cutting machine

Fig. 3.10 Bar material of SM45C



.11 S/Cam shaft billet

Fig. 3
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Fig. 3.13 Pull out of heating billet

Fig. 3.14 Output of heating billet



Fig. 3.16 Forging



Fig. 3.18 First step forging part



(b) Forging machine of 1300ton

Fig. 3.19 Second step of 1300ton forging machine



(b) Forging machine of 750ton

Fig. 3.20 Second step 750ton of forging machine



Fig. 3.22 Second step process forging molding



Fig. 3.24 Triming



Fig. 3.25 Last forging part
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Fig. 3.26 Upper forging mold



Fig. 3.27 Lower forging mold

Fig. 3.28 S/CAM shaft forging setting



Fig. 3.29 S/CAM shaft

Table 3.2 Boundary conditions for the hat forging

No. List Process Value
1 Element size 2.0mm

2 Die temperature 250C

3 Material temperature 1200~1300C
4 Solver FV.M

5 Friction 0.1

6 Forging Hot

7 Press Hydraulic press
9 m/s 1




Superforge 2007014 912 7}5 3% STL (stereo lithography) 3= W3kslo] 7}
A A T (material group)< A4 Z3}E YeEFU Y. Superfuge2007+ F.V.MA 4
24 8ARTE Auzx 2o 9ste] AF SATES FIYsH, 8TV

st g A(metal celD= Ao sto] AHGEH. 449 2428 dS AFEEA

AN E¥E FRALYEVIS 44 Agsdn, vaRe 0.1¢ 27

FAt}. press® Hydraulic pressZ24 71 £ 52 Im/sE dAI}EE=E 7S 3}
L& 2018 FA 4 2o o A4y e %2 st 10%4 ur o
A A s AEsEA T



Z

A4ZdAR L 0

4.1 Effective Plastic strain 34

Ho

0|

F82 S/CAM AFZE F3E

Ton
xr
o
el
ad
ym,.o

T

ruze]

X
Mo

7heberx

LE o

482 S/CAM Ak

SECECH

mﬂo_.o

nze)

Mo

Ho

S Effective

H 3¢
E 5%

Ay

F8A Beola =19 S/CAM 4F

L
T

Fig. 41~Fig. 4.12

n.m.o

o

plastic strainel] o]

—_
o

mﬂo_.o

T

%
R

¢+
ol

M
TR

A
jan

el
o°

o

o}

o

stress ol

A

)

effective

1’

|

—
o

olo

NI

—
o
ol
5

-

n.m.o

=t

o

1Ho

7 Ao

3

S

-
=

ol

plastic strain

il
o

2 effective plastic strain® 4]

S/CAM #F

o A=

&

3

)= i A
T e

}b]’

[e]
A5

=5
=

o] 20%7} A

Fig. 4.1 A

oA

1= =]
T

& Boln o]

—
o

o] 2424E+001& }gkom,

dE

Eﬂi%

%] O
=

°k30%7} Wt

L
T

Fig. 4204 = & Aol A

R

A

=

=
o

el

5

A

—~
o

—~
o

o}
s

~R

L
R

70% °ll A

6.371E+001,

4 & ]

H e

60% 01l A =

ugel

pZs

Lo]

N

4.6 A ¢t

Fig.

) 9]

% ¥ o]

=
=

8.689E+001 =

o FHo gtel 1.221E+001°¢] i1, #H 4

3

A 80%oll A= WHE

ar
o

Fig. 4.701 A 2} 7o)



gkol 7.895E-005= =74 o] 70%780%Alolel @Ado] 79 fu¥e= As &
A AT

Fig. 4804 ¢} o] &4 90%°lA= WP ES] Hol o] 1.522E+0000] L, 24
gro] 2810E-003% =74 o] 4ol 79 gdsds 2T Ao, Fig. 499

A19] 100% & Aol A Rto]l Hfgto] 3.619E+000%= FA 1 HAagS 002 FA =

- 0,185
0,138
0,092

= 0,046

- 0.000
Max, 1,847E-001
Min,

0.D00E+000

Fig. 4.1 Effective plastic strain of S/CAM shaft 20%



Effective Plastic Strain
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Fig. 4.2 Effective plastic strain of S/CAM shaft 30%
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Fig. 4.3 Effective plastic strain of S/CAM shaft 40%
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Fig. 4.4 Effective plastic strain of S/CAM shaft 50%
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Fig. 4.5 Effective plastic strain of S/CAM shaft 60%
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Fig. 4.6 Effective plastic strain of S/CAM shaft 70%
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Fig. 4.7 Effective plastic strain of S/CAM shaft 80%
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Fig. 4.8 Effective plastic strain of S/CAM shaft 90%
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Fig. 4.9 Effective plastic strain of S/CAM shaft 100%
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Temperature
E+d K
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Fig. 4.10 Temperature of S/CAM shaft 10%

Lemperature
1.186
1.182
1179

- 1176
- 1173
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Min,  1,173E+003

Fig. 4.11 Temperature of S/CAM shaft 20%



»‘-3F MSC. SuperForge
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Fig. 4.12 Temperature of S/CAM shaft 30%

Lemperature
1.188
1.184
1.180

- 1176
- 1172

Max. 1.188E+003
Min, 1,172E+003

Fig. 4.13 Temperature of S/CAM shaft 40%



Temperature
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Fig. 4.14 Temperature of S/CAM shaft 50%
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Fig. 4.15 Temperature of S/CAM shaft 60%
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Fig. 4.16 Temperature of S/CAM shaft 70%
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Fig. 4.17 Temperature of S/CAM shaft 80%



Temperature
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Fig. 4.18 Temperature of S/CAM shaft 90%
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Fig. 4.19 Temperature of S/CAM shaft 100%
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Material Flow
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Fig. 4.21 Material flow
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Fig. 4.22 Material flow
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m?::'i:al Flow & MSC.5uperForge
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Fig. 4.23 Material flow of S/CAM shaft 40%
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Fig. 4.24 Material flow of S/CAM shaft 50%



Material Flow
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Fig. 4.25 Material flow
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Fig. 4.26 Material flow of S/CAM shaft 70%



M?lerial Flow & MSC.SuperForge
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Fig. 4.27 Material flow of S/CAM shaft 80%
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Fig. 4.28 Material flow of S/CAM shaft 90%
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Fig. 4.29 Material flow of S/CAM shaft 100%
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Fig. 4.30 Effective stress of S/CAM shaft 10%
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Fig. 4.31 Effective stress of S/CAM shaft 20%
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Fig. 4.32 Effective stress of S/CAM shaft 30%
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Fig. 4.33 Effective stress of S/CAM shaft 40%
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Fig. 4.34 Effective stress of S/CAM shaft 50%
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Fig. 4.35 Effective stress of S/CAM shaft 60%
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Fig. 4.36 Effective stress of S/CAM shaft 70%
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Fig. 4.37 Effective stress of S/CAM shaft 80%
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Fig. 4.38 Effective stress of S/CAM shaft 90%
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Fig. 4.39 Effective stress of S/CAM shaft 100%
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