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Hardware Design of 3-Axis Motion Platform with Load Compensation
Mechanism
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The motion platform supports the trainee in experiencing a sense of reality in virtual space by performing a motion on the
available degrees of freedom for a motion that mimics a specific motion in connection with a virtual reality content or a
simulator. The required specification of the motor and driver of motion platform is determined by the target specification for
the upward motion of the motion plate. The reason is that the weight of the upper plate always applies gravity in the
direction of the downward motion. As a result, the downward motion has an excessive specification compared to the
upward motion specification, resulting in an unbalanced motion specification. Additionally, a problem may occur in which a
volume increases from the application of a high specification driving unit. In this paper, the motion platform was designed
capable of three-axis motion in roll, pitch, and gravity directions using a compression spring to apply a load compensation
mechanism. Based on the design results, the specifications of the compression spring for motion platform to satisfy the
operating specifications do not excessively move the upward and downward direction derived by the analysis.

Manuscript received: December 31, 2019 / Revised: March 4, 2020 / Accepted: March 12, 2020
This paper was presented at KSPE Spring Conference 2019

o2 54 e S29S 2 AE3 s e s
NOMENCLATURE W ABAR st 7o) BN E Aghe =2 4= A 3t
= SHEoIth 2§ Bxof upet YU, 2 S99 A, AA
B = Center of bottom body A, 37 g SOl e a7 AEE 247 2ejstel EE
D = Center of top body & Afgeldl Bk SR Yok Al mES ZEEs A
rp = Radius of bottom body Zz o Julels AL ufe 0134 Qojt}. 1A HE A
= Radius of top body ERFL AASIIA & v e Ba Al 2o aY
6. = Angle of actuator joint (I = 0, 1, 2) h= AR O] Bl ]741411:4 Z2of BH= Al E2Z}o)| T
Ks = Spring coefficient T B Aol 24 Wko] AR Hr. ol A
Z210] 28 AJFS 7|2o R 517 B2 Tt ALRS: TR

A =, o]o]] whE EY Ao theh &Ao] WY 4= it
1. M2 o] ZAIE sidstr] Hsff Az ol S FAY = A=
& 5= 28T 4 Stk S0l 23 sks} o] dAR '
WA ERES PR Zazcl st 2% ARl FBOR A§he Fol i) o] £ES Bl A HAsku

Copyright © The Korean Society for Precision Engineering
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/
3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



452 / June 2020

wito] o st TS WEY 4 YES 717 wAUSe] 4
o BRI B 0] BAS st

S MAHE 5 Qe o]

op Ef
ot poh IN o
g5k |
e H X o
éf X
mﬂmnlx%
4 =t 2
;202:‘1{]110{.
_g°1>r31ml;_l
‘_Holﬂmlu iy
Jﬁ)ﬁm{}]
Oj)lm‘olj}ﬂ ol
o 2y
o]-rloZI: i
o N
N i
£ x
L
b =
He
>
2
tlo o2
Nuﬂﬂg
~

= L 3} Wpsko 2 3hwst E2) ARRS Eo|al
A2i) Bl7F B2 thElo] AR H|ZE AJOFO 2 kR 2= 9w
T o=

2. 3% 2 SHEF2| 7|7 7= ZA

21 3% 2M SAHE| HFHUE

3% BAH ZE 7|E FxRe AL ARAR UE 4
=l sHEAlE AHol| 2ol El= FES sk, A=
T SEol oJate] mAMo] dojubs BES wheich ARA|
= sHEAILt AdE F329 S gsf mAo] dojub=d] o]
B39 A4 FL2E Fig. 1(0)9} 2o sHA-3] ATA (F55)-
SATE AL ARA F2E 7RI o] xR sHEAe
AEA Atole]l FUgh Ao R 3 Weko R WY wjX|sh= A
o2 AA WAYSE DA o]t WAUZ R dASHH
ARA E, 94, z5%(F 9 YR 3% wAHo] 7Hssicht

gt B HAUSS A58 54 T A FAOl olste]
o FHHO 7 MEFE ARES ZHAA] Pl ol ARl ARRE
71 4= Qlojof gttt o] HAUSS 98 Axga s AR
HE &8 = Utk 45 A™-HQ 9 Stewart Platform3t}
ol Ay 15712 AEdhe Bk of +571¢}t vl
AR Hgato] AMgshs A9t ot TEa Axo)

|

Lo

(i
(]
Y,
o

Front 4+ Mo
Load D

compensator Tu
Ej
X

(a) Top view
E; E;

Spherical %> Revolute
joint JPIf\t

C ) M, 15‘ N | M, LE |

N

/~{ Revolute
C Joint(actuator)
M;

(c) Structure of joints & links

Fig. 1 Structure of 3-axis motion platform with load compensation
mechanism
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Fig. 2 Design of 3-axis motion platform with load compensation
mechanism
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Fig. 3 Design of 3-axis motion platform with load compensation
mechanism

Table 1 Specifications of designed 3-axis motion platform

Total: 1279 x 1458 x 534 mm

Size Link 1: 155 mm/ Link 2: 313 mm
rg=480 mm/ r,=480 mm
Mass Top body: 380 kg / Bottom body: 300 kg

Motion workspace  Top body: Roll: 10°/ Pitch: 10°/ Z: + 80 mm

Actuator spec. (Each)900 W / Max. 286 N/m / Max. 30 RPM

Target motion spec. Z axis: 1 G(= 9.81 m/s?)
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Define of Spring condition based on design result

- Spring length: Min. 160.7 mm / Max. 356.7 mm

- Spring workspace A(max-min); 196 mm

- Initial position(center of spring workspace) of z-axis: 370 mm
- Angle of actuator about Initial position of z-axis: 33"

Fig. 5 Derivation of Spring coefficient
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Table 2 Minimum acceleration value of -z and +z direction and
actuator angle according spring coefficient

Min. -z Acc. (m/s?) Min. +z Acc. (m/s?)

(N/mm) & Actuator angle & Actuator angle
- -22.8 at 22° 3.19 at 22°
25 -11.5 at 0° 9.45 at 43°
27 -10.4 at 0° 9.81 at 44°
29 -9.4 at 0° 10.17 at 45°
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