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Static/Dynamic Stiffness and Strength Design of Dual-Arm Robot using CAE Technique
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1. M2 ol Atd A5 AHAESE 8 AFA 2A% =
Al E Q3

2 A7 BxE 42 AE3Y dx Fd HZ AdAe B FopollA xv] AA @A

ol 7hed T & BRAIAM MR z=EA AAR ol MEAQ AA Aot} Az} w]go HPRE
o B 9 58 B AL Fstd A )8} CAE(Computer Aided Engineering)'® 7] o] &
Z71d BT F A AT B4 A EA g gy 3 vy B AFE AA 27 dAel
He APl &t #A4, radgdozA A ME Z2YHAY A4 2 T4 AR A5 A
A BEE GEY RIS AgsHE Aot A AS37] $15td CAE 7S 8024 vt
TE ¢ ERE VEY AE o 2R ZF HHe 4 2 AFd 2ede vE 9 Ay
FAE SEHIIL, Aol AH F ES A& Azt AA F49 AFE o]F7] H3 FHo
e AT 2 FYHJY. A AE IS R A5 G

2k A o] EHIL JE 4 HNE st BRXE e Avs HEUE
FAlolt} olzigt w4 o ZHol mEe HUE HAe] ME A AXE 2D AASIL,
€ 7HAES Aldsr] AsiE ARy ZF 74 OEA 4% 7Eke] 53 AT A ST
BRE ol 4] Al FAA FEol Uid WEgs 24 BT skF olFE o83t nAdE FF
Aste] MR YTz MAZL o] Fo Aok 3 A fME Fds T2A dHAES FUEA
o 2R 4o FAe 4 Y A 2R 53 o aga AgdE EAE ARG A thEA
A7k AHE JFS vAEE TS = % 9 3k(Flexible Multibody Dynamics)® 7|4k} F<
dF FA BA/AEE RS S Folot o Rde EAslY 7Y oF B9 FF AF Al
o a3y 239 T3 FE HTE 4T BASE BRAE BeE BIEek AtdE MR
O REY A, I ARke] @l AREm W AAE Fzo AHHE AEIFIG vxgoz
o olde FAoIt FA A Age] BrtsHe Atd T oF 2EY AF A IF AHHE T
E MR FAE AAsI, X e FHY Fown Fug Ggere BR FAAHY W5
BRAAEE FREY] AslME AR 294 AA o #afAE HAESAT
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Fig. 1 Static stiffness analysis model of single arm

Table 1 Requirements of stiffness and strength analysis

Stitfness ' Strength
Load 20 kef at 10 cm from end point
Requirement| < 4.5 mm ’ No facture
Table 2 Material property
E [MPa] | o,[MPa] | os[MPa] | &[%]
AC4CH | 72397.8 197.2 271.6 3.1

2. 33 349 o4
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Fig. 2 Static Stiffness analysis for servo assembly
supporter structures
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Fig. 3(a) Local Modification lists; local shape change
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Fig. 3(c) Local Modification lists; width enlargement

Table 3 Stiffness analysis results of dual arm robot

part deflection part deflection
Frame 1 0.62 mm Housing 2 0.80 mm
Housing 1 1.86 mm Frame 3 0.22 mm
Frame 2 0.26 mm Housing 3 0.50 mm
* Total Deflection at end point 4.26mm (< 4.5mm)




S UT SR A 26 93 pp. 23-30

September 2009 / 25

om, Ty FRE R Tl Zolg Fidly
IR FAE Fol7] fd WHew I
B XARE e 9F Fz2 AA7E U

Ay T2E AT

3. 88 Zx diM

Aotd mHe 7w

= (¢} (o] (<ol —
O T4 Ar d4E B gotste Zo| o g7
vt a8EE oEd 599 &4 Zz g
ADAMS’ & o] §3lo] RE|Q BALw &) 7}
gk 3 58 183 398" A2 o 4 2y
< Fig. 4J+ 2ol F&E3FT 14 =L 17120 9 7@
£, 5~7 %2 1/80 4 FaE Hla 7HA 7} Fo

dHe® Agagla, 22 B #Ao] Y A
Ic =% 2719 A °ﬂ hate], 2 e A4
4% 3000 rpm | J&a‘f}% AZHE 05 22 443}
o s =Y AIZE 05 2 AA ARE A
ZRG B e Aoz Al AgnT o 2
BEEe sl o & EAE ANFeEA 3%
AR ETYYY A A5 okAEe FRE 2
RES Il Fig 5()F 9o ray Zrn
HEAE HoFH, 3 A9 8 AF A 1 ZH
HEA G L= HHY v ZWE §F o
¥ & Fig. 5(b)9Jr 5 22 JeEt A 3h$-A o
e 352 A 853.0N 9 35 207.8 Nm 9
EHEZ dEe 3oz Ve

ooz TEA F9s mde) I3 zAdA
T3 F3F o)L nlgow ANF 99 Hr F
H AT FHE SRR AHE FFes 9
A ZRae A 59 3Kimplicit dynamic) 7|
W& o839 Fig S(b)s} 5(0)9 e Hw sE3
EHUE ofdS 394 44 AHd dFste] 3
AR 5 2 o] PN E B F7he )
A H2 gl LA FAASH HE %L
FEE T F= Y 9A 6 2AAT AL

N

)

ST 6 = Fx F Y T AAHE F
F 38 A= A e Jy F
<3 o8 Mg Fig 6@ 6(b)ll 44 oz},
Az v FEE 2716 MPa Q1dl B3, 23 =
M= 1725 MPa o Ho 5 S o] T4se
Aoz fdstd e gle Aow AlgHEz
24 FF AT Ndx d¢An ZyYe F

<odd number axis>

Maximum Length of Moment Arm

Initial state

<even number axis>
Gravity

Fig. 4 Dynamic analysis model for getting critical load
conditions of single arm model

Fig. 5(a) Local coordinate system of housing structure
under critical driving conditions
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Fig. 5(b) Reaction force history under critical driving
conditions
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Fig. 5(c) Reaction moment history under critical driving
conditions
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Fig. 6(a) Transient dynamic strength results under critical
conditions: Max. principal stress contour
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Fig. 6(b) Transient dynamic strength results under critical
conditions: Max. principal stress history
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Fig. 7 Transient dynamic stiffness analysis model based
on flexible multibody dynamics using ADAMS

Table 4 Inertia property w.r.t. body motor axis
Arm | Body

Motor Total

Inertia [kgm?] | 1052 | 0.83 | 10.9E-4 | 106.1

12 - 189
—=—1:100)

Angular Velocity of Body [rpm]

Torque of Body Motor [Nm]

Fig. 8 Angular velocity vs Torque of body motor w.r.t.
reduction gear ratio
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Fig. 9 Reaction force & moment at body’s arm point



ok

= HUSESX X 263 95 pp. 23-30

September 2009 / 27

4. 85 B9 s

4.1 17 AE 3l (Normal Mode Analysis)

3 ol g% Ax B3 08d Fx 4y
o B, T4 AT Al ZHdy A B
B7be Thesht 2R 4o Bg Folxe 34
B7ve EU7bssitie @iel gt agmE B
drAME 78 & BUY B4 A% A AAHL
ARH oz AH7tsr] 98 #9 9EA Yty
7] ¥ (Flexible multibody dynamics)*® & o] &3} c}.
wA fres B IF 2 E=(normal mode) 3
e Y5t A2 A g 8 (modal
matrix)E& 7/4J3+32 ADAMS €] MMF(Modal Neutral
File) & A%t fdAg FAsdc adq
Fig. 11 3} o] 4% A3 g o=z, A4z
o2 7dol o3 3709 A ()T} 3748 =
AdEtEH), 28z A5 FA@EGFNHE Fa4
2 WFsgn 2R 49 aF sy &g A IF
(chattering)S 1&#3}7] 3] 10 ¥x) IHIE
E7A e 2IAR oW, E ufESs
AME Table 5o YERASUT 2/47E 2= 3
A% ZE FAAY 712 DESF7E 1000Hz ©] 4
Z, AR 73 T 4 dEY A%

il

i fo & fo |1

PN

2 A7 w2 ol AEE ME 2

82y Zglo]) B (harmonic drive)E AME3ich &}
R=]

=
=
el A7y e & AEHE F
vl
h
=]

Y EgolHE |
 EIE dEgdoz 2 ZARD ol 3=
Egtold FW Fo] #3 wEH ZAA 5o

# &
At 2wz 54 44 A4 Al ol

A 74el A, AF viFL(Harmonic Drive
Unit Manual)® o 3141.6Nm/deg & 1 o] T
Wb, Ry SelolH W Fo] #I wEY
AL & F7F gtk a8Es B AFqNe =
olrel HEY Ao #I} A REE AFH
2= 34 7] (Experimental Modal Analysis)’® & 5
3 Tt 2 AR REF o] 93 &Y v
Y B4E doz A3 AL&sgTh Fig 12
o e A¥EY AAZREH U IR aidlEE
E 108Hz o]tk ol HA 42 e A 86kg
gt et o e A REela
T A & 94FgE vAE=

5-Steess componerts(Max P
g0

Max = 20006401 (PART-1-1
Min= 5 025€-400 (PART-1-1

ncipal)

73100)
60991}

a#3st7] St HEH
Table 6 ¥ 2 v %
: AR BEg R F71
Azt 2= YL Fig. 13 34 2o
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Fig. 11 Flexible multibody dynamics model; 7 flexible

Table 5 Fundamental natural frequency of flexible bodies

Body Freq. [Hz] Body Freq. [Hz]
Upr. Body 1064.1 - -
Frame 1 1781.0 Housing 1 1029.8
Frame 2 2603.3 Housing 2 1358.8
Frame 3 3383.2 Housing 3 1671.6

Fig. 12 Experimental modal analysis to find the torsion

stiffness of harmonic drive
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Table 6 Torsion stiffness of harmonic drive for analysis

Motor stiffness Motor Stiffness
Motor 1 3528.0 - -
Motor 2 3024.0 Motor 5 4536.0
Motor 3 4032.0 Motor 6 5040.0
Motor 4 4032.0 Motor 7 5040.0

Fig. 13 Rigid body mode due to torsion stiffness of
harmonic drive

Fig. 14(a) Stress contour of flexible single arm under
static deflection

Tip deformation [mm]
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Time [sec]

Fig. 14(b) Tip deflection of flexible single arm under
static deflection
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Fig. 15 Each deformation of flexible arm under body
motor’s driving and braking

Table 7 Maximum deformation of flexible arm under
body motor’s driving and braking

x-dir y-dir ‘ z-dir

Deformation

5.48 [mm] | 16.9 [mm] l 8.58[mm]

Fig. 16(a) Inertance response state: state 1(left),
state 2(middle), and state 3(right)
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Fig. 16(b) Inertance response due to lateral input, lateral
response
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Fig. 18(a) Developed housing structure

Fig. 18(b) Developed frame structure
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