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Study on the Effects of System Parameters on the High Cycle Fatigue Life Based on
Structural Dynamic Analysis of a Turbine Blade System

Sk ATl D . == SOoOSE
HE S S R*x- Y B+ RE 5]t

Sung Hun Kwon, Pil Gon Song, Jong Hyun Park and Hong Hee Yoo

Key Words : Quadruped robot(4 <5 Z4), Galloping(Z #13), Multi-body dynamics(t}= A &

H), Contact modeling(H 5 =2 &)

&8}, Statistical method(%& 7] 7]

ABSTRACT

The effects of the statistical properties of the Coulomb friction coefficients on the dynamic responses of a galloping
quadruped robot are investigated in this paper. In general, the Coulomb friction coefficients are assumed to be deterministic for
a controller design to achieve required motion characteristics. However, the friction coefficients between the ground and the
robot legs are not constant in reality. Therefore, statistical characteristics of the friction coefficients need to be considered for a
multi-body modeling of the robot galloping on the ground. The effects of the statistical properties on the dynamic responses of

the quadruped robots are investigated.
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k:Spring Coefficient

¢ :Damping Coefficient
o0 : Peneration

ml :Stiffness Exponent
m?2 : Damping Exponent
m3 : Indentation Expont

friction coefficient
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-V, =Y, relative velocity
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Fig. 1 Relationship between relative velocity and friction
coefficient in commercial codes

g Aaks SlE ARgske 2E vhE 2E
= 39 A717F 0 o 7k FelM FAE e
de wAAE 4 9lermE, RecurDyn ofuf
ADAMS ¢} & 4 TR Figl o ¢
deje] wdor vpEAFE AUEEY FrE
geofstol AbgStrh o Rt whEAle deesh 4
(DellA At =24 1t E-'%‘% ARgso] vk 2
o] mtEY & Aursict @

Fy = u(v)F, 2)
7] A ,u(v)% Fig.1 I 7Z& 3 FdolH
F,& 4 (DA AN 54 wgol F, &

u} 22 o] o}

3. SAH Z|¥e HE

&% mlajolefe] M

AR AW BAAE 5T Bwd LEA
A% M BAHY FAEY A¢oE 44

4 otk mebd A5 el Awe 2447
e EA sst AgeolEe 1E ww
oA H AEAtE £ g} wpdE o] 57]7)
2ekaA gk B AjeiE 1E £ wge
787 sk A (D k% u(v)el diw Fig.2
AN p, e Fo AEF FepEZ 1FEsol
it s 7 7T Zpged. 2EH7E
2lE ol on s Fege 47 9
1,000 7He EE(sample) & AMg3lo] xHe] ¥
ol whE A4 e FaT ol fa $4 3
T REEZE ME BEE g F oolE AF

shebulel o 8k,

[o

L2 F

Fig. 2 Falling ball with contact

A% AebvlEe AFo] dojd weik 1 3
N BAGeR vH ook st HEo] Jojuh=
TFol Aok et Fig.2 & Awe] Wojx
£ 7% RecurDyn & AH§3te] malst Zlojth,
ol Wl A P sk }EF AW Abelel Ael: Fig.3 3
2o FeE yehinh o714 T d%e] A%
AP o AW Arsre ¥
k2 FrE vhHE ARE T,e 2%
By AR, n e gE0] dold d5E A
o mekA A% e g wre AR (7,
3 (T)),,, Arol7k Holok slmz A<
bk A TAA T, 004 T2 wl
wrh 2 Qoo AAN T, F datel 4 (3)
3 o] ARE 4 Atk

b
N Lo
-z
N ol

(]; )n = (]; )n + (];elay )n (3)



Ty o 8 27 Thgat gk,
(Tdelay)n Z( f)n _( t)n (4)

‘ Time

[ (o | (T

(Ton (Te)n+t

(T (Tn+1
Fig.3 Displacement of Point P
H g oHEA FS A ZRIRelA o]
ot W AHFHE TSl 54 WP HE
= AAEY. 2 AFex s FA4 ABEFE Fig
4 8 22 duggs A&kl HFo] dojd
shth 4= shebvE S e ok
S4 RS EE v gaAE S et
NEE uRE Ake Aok @k o2 ¢4
2.2.1 ol A7 WS Fal ol Ay} vlw

sto] A&7t SolA SR v of 7]
A AAIZE Timegeny & Hato] J5 bl E vt
= A7 Time. & ZAAsta s d2hv g M
of ‘0’o] obd #HS diYdstth 7|A = 1S A
g3t} o]% AlZF Time ©] Time. XY A1
M o] <1’ ¢ 7% Random(N) ¢ %<& Temp ©l
9o 5 Rkd AHE v g7 0ol 273k
tisdstar ofy™ oA 7% Temp = WSt}
ol¢9} 22 A& T AF dHvHES W A

Sne o % .

EE

4. AlEold &1t

Al SeilolH
) e B AEAoIE 2
u].El—OE xﬂx]—ﬂo-] th 1 7] o}-U 3l
%% Table 1 3 7t} Table2 = A= mdlo| 24
= B H =9 @ YEhde A7A S
a#3t7] 93l Spring Coefficient 2}
Dynamic Friction Coefficient 2] #kell &x& 11e 3}

=

=
=

877

START

S <0&8 >0

]

Time, = Time + TiMe&gglay
M=1

Temp = Parameter

Temp= RANDOM(N)
N=N+1
M=0

No

Parameter=0 Paramter =Temp

Paramter =IN|

END

Fig.4 Algorithm to change the contact parameter
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Table 1 Specification of 2D multibody dynamic
simulator of the contact parameters

Table 4 Power of Each Joint (12, = 0.8, MW")

Tolerance of 1,
Joint
0% 10% 30% 50%
Frontl 16.27 16.30 16.30 16.43
Front2 21.11 21.08 21.11 21.11
Rearl 26.86 27.03 26.98 26.96
Rear2 14.17 14.14 14.17 14.14

Component Value | Component | Value Table 5 Power of Each Joint (k =1.0x10°, M)
Frontlil | 012m | Rearlinkl | 0.15m Joint Tolerance of k
0.475kg : 0.569kg 0% 10% 30% 50%
Front link2 0.18m Rear link2 0.15m
0.479g 0.306kg Frontl 16.26 16.26 16.29 16.31
. 0.10m Rear link3 0.10m
21.1 21.12 21.12 21.12
Front link3 0.182ke 0.182ke Front2 0
Base link 0.25m Total mass | 20.01kg Rearl 26.85 26.87 26.92 26.96
17.71kg Rear2 14.16 14.16 14.16 14.17
Head and Neck Okg Tail Okg
Front spring 80N/rad | Rear spring | 80N/rad ) _ 6
coefficient coefficient Table 6 Power of Each Joint (kK =2.0x10°, MW)
Tolerance of k
R oo | 10% | 30 | sow
Table 2 Values of the contact parameters 0 0 o o
Contact Parameter Value Frontl 173.0 18.12 19.09 22.74
Front2 22.76 23.16 23.77 27.13
Spring Coefficient 1.0E6 ron
. . Rearl 28.04 28.49 28.94 32.28
Damping Coefficient 1.0E3
15.08 15.30 15.40 16.66
Stiffness Exponent 1.3 Rear2
Damping Exponent 1
Indentation Exponent 2 5. &8
Static Friction Coefficient 1.0 N " 14 P ]
2 EwolAe FAAQ S 7H AW B
Dynamic Friction Coefficient 0.4 _ -
e : Y A Bt AFdolEed A F o]
Static Threshold Veocity 0.01 AHIL 3= 4 = ZES 93t Ao]7) 9 &aA
Dynamic Threshold Veocity 0.015 S A=Y A= v g e 3 kY
et Zb el Al dhes A sl &
Table 3 Power of Each Joint (1, = 0.4, MW) I Sk ol g ARE Hol Alo7]= 50%9 ¥
Tol 0 A5 7hz Ao g s A A
olerance o - - y
Joint al & AT 5 Atk 2e el A7 A
0% 10% | 30% 50% A BAANME AHhsA eHE FAYS 7
sk 2= o] Ao kv %]
Frontl 16.26 16.29 16.29 16.42 = s pow J_ :
25 oleld Ame] P& maw e Aof]st A
Front2 21.10 21.07 21.10 21.10 A Ao A AAs| DEalxo] ta A=
Rearl 2685 | 27.02 | 2697 | 2695 8 2= 9= 9 F S Zovto] ® Flo|uh
Rear2 14.16 14.13 14.16 14.13
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