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A Study on the Development of 6DOF Vibration Simulator for

Human Vibration Experiment

Chun-Kyu Woo*, Soo Hyun Kim*, Yoon Keun Kwak*, Wan-Sup Cheung**

ABSTRACT

In this paper,

we introduce a modified six-degrees-of-freedom parallel-link

manipulator, which will be applied to the human vibration experiments. We analyze the

inverse kinematics

and workspace of this manipulator

and comprehend the

characteristics of kinematics analyzed. Additionally, solutions of forward kinematics are

obtained through the iterative Newton-Raphson method known as one of the most used

numerical analysis. Finally, dynamic equation of the manipulator is derived in closed

form through the Newton-Euler approach, which will be used for the development of

control software.
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Fig. 1. Structure of the 6DOF Vibration Simulator.
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Table 1. Requirements and Specifications of the
6DOF Vibration Simulator.

3. Zidzie Jieet

Description Specification
Moving Platform Size | 1200 mm x 1200 mm
Excitation Frequency 0.1~60 Hz
s | Maximum Stroke +135 mm

T |_Neutral Length 1453/1473 mm
S | Maximum Velocity | 1000 mm/s (rm.s.)
< " Dynamic Force 20/40 kN

= X Motion 100 mm
£ o GEJ Y Motion +100 mm
gE g | ZMotion £100 mm

% 52| Roll Mation +15°
=0 @ | Pitch Motion +15°

o Yaw Motion +15°

< |__X Motion 5.0 g (g=9.8 m/s’)
Eog Y Motion 359
g E & ZMotion 809
% S 3| Roll Motion 131 rad/s” (peak)
= O g [Pitch Motion | 125 rad/s” (peak)

Yaw Motion 73 rad/s’ (peak)
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Fig. 2. 6DOF Vibration Simulator and Its
Coordinates. (» : Universal Joint)
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Table 2. Dimensions of the 6DOF Vibration

Simulator.
Symbols { Values | Symbols | Values
a4 600 mm ag 670 mm
a, 300 mm ar 2193 mm
as 500 mm ag 1663 mm
ay 210 mm ag 2123 mm
as 720 mm

Fig. 22] A(i=1,2...6)= 7|2 ZaYs ztzte] o
Follolele] AZAE BAISH B(i=1,2..6) &3
ol ERER Lz dFcoolEg dFFE U
EbdTh L(i=1,2...6) Z12te] AFoolele] Heolg

- 145 -



Yehdlg, a(i=1,2...9)E 0.2 Op 281 d@AQ
At BAtolel AEE Yehdv] Table 291 yehd
utg} ot
62H-E 7121719 4 717 E(Inverse Kinematics)
L ad dE BAYezRE 459 F A 6
AfE EREY +F HFE %, y, 2, o, B, yEt &
I ZJAE WHFE |(i=1,2...6)2 3hd, dFoolg
o} Zo| WY La[ly Ly Lo]'E oleis) o] EEE
T At
L, =0,B, -0 A,

. . 1)
OABI = O;\O. +R O,Bl (l = 1,26)

17141, OxOs=[x, y, z+1663]"E HEA {X, Ve,
Z}e 940z 8E FHA X Yo Zo}2 A4
HE Jeghdn] R 237 X-Y-Z(o-py)E AHRE
HEA X Yo Zo}oNA BEA (X, Yo, ZJ2S) §
A g3 Y (Rotational Transformation Matrix)®lg
vrebdch

A ()& olg3td Zrzte] odFejolele] Holx
ol#f g} o] FaA & QUrt.

I =L| G=12..6) @)

627 % 711719 4 717 8(Inverse Kinematics)

& YehdiE 4 (2)= ofdig #o] EHE + itk

1=1£(X) (3)

A7IM, 1=l lslylsle] = Z2te] Fofo)El g
dolE JehyE= FJE wW<r(Joint Variables)E U
Ble, X=[x, ¥, Z, a, B, y]'E T4 929 244
£ EASHE &% W4 (Working Variables)E HE}
. 4 (3)& Alztel di# vEE F3Y ot
Zol 3EE Ut

Xy dX of(X),
B ] X
X dr X )
= J(X)X

A71A, JX)= 6ARFE 71719 ZQUE #H=9]
&T ol £F W £299 YAE BEd:E &
FH]Qk(Jacobian)& YEbATh olE]d B L-E

o] &3 Uy 3 &Y 3§ Aol #AE B
&+ AT 1=ty 12, T3, Te, 15 ) B L2 AFo]
olglo] 23 ERFA FHEse= Yol dx
Fx=lFT M8 7% #EAL] 2339 Y(F)9
2AEM)ZRT Bl 4 (4)8 olgstd Zzy
dAFololEle] wlx MY Al ZRAEY vk WY
AX2Fe] BAE Y3 ol BEE 4 U
Al
A1 = JOAX or 3(X) = lim,, , — (5)
71442l A (Principle of Virtual Work)2} 4] (5)

g AHE3HE ofds) e g dE F U

7 Al = F,AX

[TI00-F|ax =0

b, dFelolee 98 Yn ERE 29
YESAE Apolg] BAE clesh go| HUY
F e

6

F =J'1 )

4 ()8 (MHEHREH *FY9Y(Workspace) Aol

Eo]&(Singular Point)o] EA3tE 7131719 &%

9 3 RegES] Ay BEAHL vmzcEs A
£ ¢4 $ U

Workspace of 6DOF Vibration Simutator
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Fig. 3. Workspace of the 6DOF Vibration Simulator.
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2 2
Q= [m. (l+ 2er1 )— P4y l;m,ru ]ss'

2 2
mri+mr m r
pdd dL’ Cl E,—-—-—L" (sr,, +rusr)

=l (58, ) (sxx, ) +m, (sxx,) (oxr, )
_i(ld+lu)§]
f=C,(W-0)
W=sxS/L
.o T
a)=[a B y:l
T=[% § Z ]
where %=s; §=(kxs)/[kxs|; Z=%x§y
s: Axial unit vector of each actuator.

S=@xr+p
where, a)=[d B }’]T
. ST Y 4
p=[* 4]

Lo =32
u=s-U,+Z(S-—Ls)

U, =ox(wxr)

U, =%(st‘ -2Llw)

U, =U,xr, +ox{(wxr,)

U, =us+ U, xr, +@x(@xr,)+2Lw
I, =TI, T

I, =T[1, +m,diag(0,1, 1)]T’
V=(m“s-U4+CPI;—m"s-g)s—%st5

where, Us=m;r,xU, +mrx xU, +(I, +1,)U,
+ox{, +1)o-(mr, +mr,)xg
+C,W+f
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