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Structural Analysis and Topology Optimization of an Automotive Pedal Arm
Considering Qualification Test Specifications

Boo-Youn Leet and Hyun-Woo Leex*

Abstract :

Finite element analysis is performed to evaluate structural reliability of an

automotive pedal arm under conditions of the stiffness. the load and the endurance test
specifications. Results of the analysis shows that the pedal arm is safe enough under
the tests. A topology optimization is numerically implemented, overall shape of the
pedal arm being verified to be reasonable. A design concept to insert holes in the arm is
established, which may be used to reduce its weight.
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Load test: F; - 588 N
Vertical stiffness test: F; - 294 N
Transverse stiffness test: F» - 98 N

Fig. 2 Loading conditions of the test
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Table 1 Material properties
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ate (MPa) | (MPa) (GPa) | @
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?g;ﬁ‘g)t 2275 | 3260 | 2525 | 0.3
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(sleZSﬁD) 278.8 | 409.9 | 2305 | 0.3
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Table 2 Results of displacements of load steps

Load step| 1st | 2nd | 3rd | 4th | 5th
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Pisp. B 1 g 437 | 0.043 | 0.045 | 0.048 | 0.051
(mm)

AR E A9 4 AFAE= Table 20 v}
Elich Table 2914 9l Ast ¥4 Be 2z
FEaANA FE S A% A L 7
g& ZA(B)Y He guRe HAE Yehhe
v, SA52AN AREFE G7HdEd 28 Wy
7t Fbee RS B 5 R Fig' 11e um‘%‘
T 5 WA Fg te 3 O 3FEE A
AstE e Wy BEE Jegln Hg "E}‘E"‘;
Foldel HeE 0.051 mmE AE F79 10
mmkrt ZFouz g o] GAIe] HFHEA

g e TR USRS AN F ok
w1 = =2

NODAL SOLUTION I\N P
OV 14 2003

ﬁp::" 20:03:52

TINE=10

usun (AVG)

RSTS=0

DMX =, 05054

SMX =,05054

011231 Ta2z462 033654 044925
005616 .016847 028078 .039309 05054

Fig. 11 Distribution of sum of displacements of the
assembly at last load step

43 Y+ sl A

A Polls QA A FHE) S w
208 718A HER mZakEd] i ehdA
< 23] 93 WFAFe] 2380 WEAR
AME g go] #33HA 0~196 N9 w¥s}
& 100%H3 shely FARE dFR
mm$ 2EZAE AdAsA 75HA "t

!

TAS AT A g FEANF A4AH a1

WA R sl RdgEE WY go] 3Ee w
o 150 mm®] o} ~2EZAE o|Fdto HFES
< WY AF HIGHE ALESAT. WFAE
FAANME 150 mm AEEAE ol Hg ¢
of ¢ AR Q&) PFEE Hol glon )4
ANME #HE ¢o] 150 mm LERIATE o535
el A B AMEste] 972 o 98-S
g YEF A FFS WTEAE 749 F
o 3hF<l 196 N& #Alg griie 302 7138
Ak g A% AAZAL FAZAANGY &
A A9t BUEA s,

Fig. 12& W748 =4¢ 3

245

8 A4 A3

9] Von-Mises stress HXE yehdth FHu)
Von-Mises stress= BEE EdolA Jehygto
o 1 2 69.7 MPa°lth. sl4 Ax Hog

o] d&EALT 278.8 MPakltt Zopmz,
9 FHEHNNME Y-l E(stress-life
theory) !0 18g xlg3lel Fzsws Aay
. Fig. 132 9% & A=) dish 73 3-N
A=E Jeplxz ok, WFdE(endurance
limit) S.= 205.0 MPaZ g ¢teo] Ao
2 69.7 MPaol ®l&) roltk, 18 ®
2 A9 ¢2 WFAE A HZdgo] HAER

Ag &

2R3 =2

Be RAE AT £ den, ot WEAEY 4
e} g X3t
1nupusm_unun AN\

p— ¥0Y 14 2003
B o1 20:17:27
TINEsL

sEQv (ave)

DKX =.747584

SHN ».096253

X 69,736

-096253 15.572 31.047 46.523 61.999
7.834 29.31 38.785 54,261 69.736

Fig. 12 Distribution of Von-Mises stress under
endurance test condition

FmutA x| o}y etax] A30d 55, 2006. 7/ 567



300 \

204 .9

Alternating Stress, S (MPa)

1.E+00 1.E+01 1.E+02 1.E+03 1.E+04 1.E+05 1.E+06 1.E+07

Life to Failure, N (Cycles)

Fig. 13 S-N curve of pedal arm material

foh

5. 2l abA(H

t

A4 el el Foid
£ 99 uolA 243 it
3 EE HoEAgE

2P E 2 ANg BE
g 7 UEY BAZ 43T 5 9o
mEba & dgelA fHHE F4E 4 (DA
Zre) HEgolAdxE HASEe R IR
(internal pseudo-density)E ZAA3}7] g
A A A2 F9aag’Y

Find n, ;=1N

minimizing U,= UTKU (1)

subject to 0 ( n; <1

V < V- V'

7M., AAESF = N9 frded 2z &

g & MRS BAESE s FAETl
28 Us AA 39 9H (global displacement
vector)®, A= AA A4 FE(global
stiffness matrix)< vebdth 2 ()9 A%z
AH Ve B Ve B9 23 Ve
AH3E AA] FIE detdh °I9Jr 7ol "é
o8 A4HH3 EAANME BHE
AL o Hie HEFHIANLE Ze s
T2 AMsA "o B dFdME B giaE

568 / gIwAAAYARHH A ANA 55, 2006, 7

- ol@

o wWE HAHY JMIEE BEXE AME ¥
-1‘]5}'051 AAL 2 V'E 1, Wyl 10%14
0%NA 10% TDHALE ZaANe 9| 7HA 7
—°r-°4 AdHHst FAE sAsan. 3245
A o Aol ANSYSH
Optimization ARg-3FA o}
A3 H3E A% 27] T2 Fig. 14(a)9
Type 13 (b)9 Type 29 2 7FAE A&
ok Type 19 ST #8 o9 o238 4
AES7 AT Edol, Type 2v A% 2
FE 71EL] e & AAY FYEA 2
of

it

Topology

=
I5E

FoE AARF Rdoly. F By BF 7
o BdF FAA FAF e LT Ao
Foz 18°9 Ao ZAxE v AL &
ZHAE LAY & B AF 14 2219 Y
Fe g, dAdHAgNME He & 1 2Y
ot sl gt

—_— =

18°

(a) Type 1 (b) Type 2
Fig. 14 Two initial types of the pedal arm for
topology optimization

(a) Type 1

Fig. 15 Finite element models for topology
optimization

(b) Type 2



ANE #AE

Fig. 15(a)%t (b)= ZZ Type 13 Type 2
o YAAAE ZAE sl Y3 §LeA B

95 Jeldt £ 2d BT #Hg g9 ARG
FARE dZ48E /& 2d3 B 24 2
sl ANSYSS 433" 4 249
SHELL93 24E& A3t} Fig. 15904 A&
Aol 2A4E FFo] A HE FARE A
BOEA AFAREY Q4AZA, ANSYSHA 24
Z 5% (element type)E ET=28 dAslo 3}
HA3zle] MAHSFANAN APz = sy} 3=
2 FAHARAAANE 24E HEIHeY, FARE
AAR HAL v Wgog FEIFYN FA
AARe] dH2 9 Wy = wegoz &3
Fea=
[— AN
e R
(a) 40% volume reduction
— AN
fom=r i = e

(b) 80% volume reduction
Fig. 16 Results of topology optimization (Type 1)

52 fIatx|3t ol M ZI}

Type 19 o8 7}xle] AFAH s A9 a4

2AG ASR AP g PR G4H A 8

A FolA B3 Pagel 747 40%% 80%9
WEA T A9E £EHYEE, Fig 16(a),
(D)E F 35 A9 /HgEE TS ehich

Fig. 16(a)lA 34 Ede #3171 40% 7‘5\_51
AA 712 A oM ERshs 58 959
e ' o en, ESE AN 439 ¥4 1
L FHERY FelA AsE D Abojdl 71
ol #4d As & & 3tk Fig. 16(b)olA 3y
g9 #3907} 80% ZAEHWA e 47 Ao
o FHol AL YAFAME o] AHE A
< £ F ok ol$ 2ol Type 19 a4 A3l
A uehd a7 9435+ Fig. 39 Foid 7€ A
A 2de g4 dAse FHE YERt. &

ot

ERON $20| 4w R3 24 10~30%
AL HA MEEZe 2/|EAEZRH Fig.
16(2)2 Wslsle 222 Ysigon, 23 7
2& 50~70%% 7%+ Fig. 16(a)oz2%H
Fig. 16(b)2 #Wstse £x2 Behinh

(b) 80% volume reduction
Fig. 17 Results of topology optimization (Type 2)

SantddA o] s3] 2] A30d 53, 2006. 7/ 569



B
_2‘

T
Ho

@, Type 19 A4ALs Aol verd
ST 299 4% 95E AT AN 4%
2

3 5 BAE M1 £ gle

80%% WEAHL * Zé-?—% TE3d =, Fig.
17(2), (b)= F A9 &4 7/Mdd= #3284

gt Fig. 17(a)elA 34 5@94 317t
40% BxHAA 71E A delA B ¢ e 3§
F 259 2% AR Y3 Ate] W 7=l
AdE ol §39 ZAAast o]RoiNE B F U
Fig. 17(b)ellA H-317} 80% ZHasWA Ah3t%
B Atelg) o] AANL FARANNE & 34
o] A4d, 71E dA Zdd dAe YuH<
5 A5 AR Y5 AL 2 £ Atk Type

19 A3} vpriA g, By Z4E 10~30%9
39 HA MEEs ZVEAEZRH Fig
17(a)2 Wste EX5 Jephgled, #9 7
a& 50~70%<% ZA+E Fig. 17(a)2ZHH
Fig. 17(b)& Wases ¥+ & Yehia.
ol¢h 2 A} AARFH NE 4A9
Y @] &R 95 ¥4 HEFo|d2E
state FAolH, A 4A EQ-J i‘é*c}O
?"elz‘iﬁ} e Aot dAT
71E *421194 T*ﬂ% °‘*4 *J—‘?— %EPJ

g9 31# 3&”‘0‘01 71E @7“9]' e %de" 7;‘1
o2 uyeiytth = A
oA g kel Ul -T“’é*‘—-”—
ZaAdle Aol 228 ¢ %1.0_31,
of 7 A4 Fejo] g FEE Fig. 179
Type 2 34 A &4 & J& 7oz #
e

570 / #Fupd Yol g aha) A H30H 53, 2006. 7

hu

6. &

2 dFoMe AFa Hg g g AF 7
e §324 AL Eslg )= A
Horekal, 9138 A3 ZAE Y
AAE TN AT AE g9 FH
E%dﬂq

dANFA AN 2d 8y 2
Fo Al #E e Hugyge ¥
AL g gl Aee A4E 9
ASZ Ut ZRIAE 229 #y
AN@ET AMA Al Hg gER] 249
?‘é°ﬂ 9% G+ ¥Hes A4S 9EIe ReE
Hebgdth WrAE 2249 $¥a49 $-7Y
ol el % V24T Wt A WTEE
HeA] FE AR UEsch 2 A7 A4
A" #F 219 WY AFE MEL HY &
S AL A9 FeFozN AL e @

Eh
>

N
£
mlo

o ¢ Y

o

ot &
_\9_(‘, oX.
L

K
tjo ol

ox

4r
ol
oy
).

&, A3

_lPﬂ Jj
Sk ol
rlr H
2 g a
o

r
it
B

FI AYHLE A 2L & AT AR R
Hrt
A o AH F4 =22 A F AR 9

FHAE ZAE st A An, 7
AL Ag 2 o FAdo] AR A ¥
3 dAe ¥EHdE $AY F AU 7]
AN =28 R Fs? 43 I AR
S g Rre 7y e A3 24 23
M 7 E ARY HE e LAl E&H2
2 H82 + 3g Aoln

1€ 4

1ka]

P

HO
o

{11 G. R. Son, A Study on the Reducion
of Clutch Pedal Effort in Automobile,
M.S. Thesis, National
University, 2000.

[2] J. C. Lee,
Clutch
Optimization of

Busan

"Computerized Analysis of
Hydraulic System and
Clutch Pedal
Proc. of the Center

Parts Technology,

Characteristics”,

for Automotive



[3]

[4]

(5]

[6]

(8]

N FAE TR ASR S el TN 4R 5

Vol. 8, pp. 7-11, 2003.

S. H. Lee, T. W. Park, I. H. Jung
and J. H. Seo, of
Automotive Performance

“Development
Braking
Analysis Program Considering
Characteristic,”  Trans.

12, No. 2. pp. 175-181,

Dynamic
KSAE, Vol.
2004.

S. S. Kim, H. K. Jang, Y. Cho, Y.
W. Park and J. B. Chai, “An
Experimental Study on the Stick-Slip
Vibration of the Clutch during
Starting of a Vehicle.” Trans.
KSNVE., Vol. 11, No. 3, pp. 461-470,
2001.

D. P. Hong, 8. S. Kim, 8. H. Tae
and T. J. Chung, "An Analysis on
the Vibration Characteristic of an
Automobile. at the Sudden Change of
Accelerator under
Trans. KSNVE, Vol.
353-364, 1994.

K. S. Kim, C. R. Joe and H. S. Kim,
Brake
and Tests

Traveling,”
4, No. 3, pp.

an

"Development of Composite
Pedal KTX-1
Structural  Certification,”  Trans.
KSME A, Vol. 23, No. 7, pp.
1104-1111, 1999.

J. D. Kim, A Study on Load Analysis

for for

and Durability Test Condition
Evaluation of Automobile Brake
Pedal, M.S. Thesis, Changwon

National University, 2004.

K. J. Park, "Application of Optimal
Design Technology in Automotive,”
Machine Design, Vol. 17, No. 9, pp.
82-89, 2002.

H M Shin and M. H. Im,
"Development of the Weight
Optimized Clutch and Brake Arms

Proc. of the Center
for Automotive Parts
Vol. 7, pp. 109-116, 2002.

for Automobiles”,
Technology,

[10] ANSYS User's Manual, Revision 6.2,

ANSYS Inc., 2002.

[11] J. A. Bannantine, J. J. Comer and

[12]

{13]

[14]

J. L. Handrock, Fundamental
Metal Fatigue Analysis,
Hall, New Jersey, 1990,

J. E. Shigley and C. R. Mischke,
Mechanical Engineering Designs, 5th
ed., McGraw-Hill, New York, 1989.

Y. J. Hwang, S. K. Kang, J. B. Kim,
S. S. Lee, C. G. Choi and J. H. Son,

of
Prentice

“Topology Optimal Design for
Lightweight Shape of the Vehicle
Mechanical Component.” J. KSPE,

Vol. 20, No. 7, pp. 177-184, 2003.

S. M. Wang, H. G. Moon and Y. S.
Kim, ‘“Topology Optimization and
Applications,” J. KSME, Vol. 40, No.
3. pp. 34-37. 2000.

b

o

0IFE (FEH)

19574 194, 1981 28 SMCistm
J|HBen EY. 19840 28 BHREISt
7|28 7|A Bt ZUBEAAD. 1991
g 88 a=Ensllsd JiHEEn &
A(SBterAD. 198444 38~ 1908 28
BERTZUF) JleTe MeldiTe

1998 38 ~3M AYNED 7| AXE

Ol (FEM)

19724 01244, 1999\ 28 Aychstm
MBI ZY. 2004 28 AWyt
n IIAZED BUSHAAD. 2000
68 ~20004 28 BE(F) ZEr|eAd
T4 AT, 2004 38~ A

ST XBHRSAR Y| S LM

et A Yol & eel 2] A30E 53, 2006. 7/ 571



