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Abstract—TFor the stability and control demand of offshore small
floating platform, a 2-HUS/U parallel mechanism was presented as
offshore platform. Inverse kinematics was obtained by institutional
constraint equation, and the dynamic model of offshore 2-HUS/U
parallel platform was derived based on rigid body’s Lagrangian
method. The equivalent moment of inertia, damping and driving
force/torque variation of offshore 2-HUS/U parallel platform were
analyzed. A numerical example shows that, for parallel platform of
given motion, system’s equivalent inertia changes 1.25 times
maximally. During the movement of platform, they change
dramatically with the system configuration and have coupling
characteristics. The maximum equivalent drive torque is 800 N. At the
same time, the curve of platform’s driving force/torque is smooth and
has good sine features. The control system needs to be adjusted
according to kinetic equation during stability and control and it
provides a basis for the optimization of control system.

Keywords—2-HUS/U platform, Dynamics, Lagrange, Parallel
platform

[. INTRODUCTION

HE common offshore floating platforms are mainly oil

drilling platforms and wind power equipment platforms
[1]-[3]. These resource platforms mostly have the foundation
and large size, and work a long time at the same offshore
position. Offshore equipment likes unmanned ships and aircraft
carrier [4], have advanced control system and communication
systems, which can be able to complete sea area task, but their
range of motion is limited, and they are still large as targets,
which cannot be carried as detection equipment or protection
equipment. So, a small portable offshore platform should be
designed currently, which can be carried by aircraft of
submarine.

The offshore platform will produce attitude deflection of a
certain level because of the interference of marine environment
(including wave and ocean current). The attitude deflection
mainly includes roll and pitch [5]. For the load equipment of the
offshore platform, the attitude deflection will have influence on
the accuracy and stability of the information collected.
Therefore, the offshore platform needs a stabilizing mechanism
which can offset or suppress the sea platform deflection caused
by wave interference. Common stable platforms include
six-axis stable platform [6], [7] and less degrees of freedom
(DOFs) stable platform such as three-axis stable platform [§],
[9]. They are able to effectively isolate pitching and rolling of
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the waves. But, the sea floating platform referred here is
different from the common stable platform because of
limitations of size and sea environment.

According to the requirements of small sea platform, a small
offshore 2-HUS/U parallel platform is proposed. This space
parallel platform has two DOFs, and is driven by ball screw. In
this paper, variations of equivalent inertia, damping and driving
forces with time are emphatically investigated.

II. OFFSHORE 2-HUS PARALLEL PLATFORM ANALYSIS

A. Parallel Platform Structure Description

The structure of offshore 2-HUS/U parallel platform is
shown in Fig. 1. Its up-platform PA1A2 and base OC1C2 are
all shape disk, and are driven by two driving branched chain
and a driven branched chain. The driving branched chain
consists of one screw pair (H), one hooke hinge (U), and one
ball joint (S), and the driven branched chain consists of one
hooke hinge (U). The centers of ball joint (A1, A2) and hooke
hinge (P) are located on the up platform, and the points (Al,
A2, P) form isosceles right triangle whose Cartesian point is P.
The fixed coordinate system O-XYZ is established. The point
O is located on the base, and Z axis is vertical upward, and Y
axis is located on the angle bisector, and X axis is determined
by the right-handed coordinate system. The moving coordinate
system P-XYZ is established at the center P of the moving
platform, and the initial orientation coincides with the fixed
coordinates system.

Fig. 1 Sketch diagram of offshore parallel platform

B. Parallel Platform Location Analysis

Offshore 2-HUS/U parallel platform is a space platform and
it contains many components. From the amendment of
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Grubler-Kutzbach formula [10], it is easily understood that the
platform is a two-DOF mechanism. Therefore, the two Euler
angles (B,y) are selected as the generalized coordinates [11].

Suppose that the radius of the moving platform and the base
is R, and the length of the link B1C1 and B2C2 is L, and the
distance between the point P and O is H. Then, the coordinate
of points A1, A2 in moving coordinate system are:

According to the coordinate transformation, the equation is
established

A= (\/—R £R 0] A2=[—[R gR 0]

2

According to the coordinate transformation, the equation is
established

°A = OT’A +P (1)

where OT is the coordinate transformation matrix, P is the
distance between the moving coordinate system and the base,
and °A represents the coordinate of point A; in base.

cosf sinfesiny sinfecosy

oT=| 0 cosy -siny |,P=[0 0 H]

—sinf# cosfesiny cosfecosy

Referring to (1), the coordinate of A1 and A2 in base can be
obtained.

g R(cos S +sin Bsiny)
2

2
OA = %Rcosy

H —% R(sin # —cos fBsin y)

% R(—cos f+sin Bsiny)

°A, = chosy 3)

2. .
H+§ R(sin #+cos Bsiny)

The screw cap of B vertically moves along the screw. Then,
the coordinate of points B1, B2 in base coordinate system are:

°B = [*/—R NER lj]T =[—J—R NER LZJT

2 2

The length of the link remains the same in the process of
platform moving, and so constraint equation can be obtained:

L =(°A-"B)’ “)

Bringing the coordinate of A,, B,in base system into (4), it
can be obtained:
, 1, . . Y 2
L ZER (cos S +sin fsiny —1) +5R (cosy —1)
+(H —gR(sinﬁ—cosﬂsin}/)—Ll)2 (5)

5 :%R2(lfcosﬂ+sinﬁsin7)2 +% R*(cosy —1)*

+(H +% R(sin B +cos Bsiny) - L,)*
By simplifying (5), it can be obtained:

L=H —gR(sinﬂ—cosﬂsiny)

i\/L2 —le(cosﬁstinﬂsin}/—l)2 —le(cosy—l)2

L= H+g R(sin # + cos fsin y)

1\/L2 f% R?(1 - cos f+sin fsin y)* f% R*(cosy —1)*

By taking a derivative with respect to (6), the movement
relationship between the input speed of the link and the
generalized coordinates of the moving platform can be
obtained.

(=2 Reprprspsyef-cperiva

SR @B s psy =D frfacsysfisperny)

—Rz(cy—l)(—s;/*y)]/\/LZ—%RI(cﬁHﬂsy—l)z—%Rz(cy—l)z ™

L, =gR(Cﬂ*ﬁ—SﬂS;’*ﬁ+CﬂC7*7)¢

SR A=c s Bsps o fre fsy » fvs fey )

—RZ(C}’—l)(—S}’*J?)]/\/L2 —%Rz(l—C/?JrSﬁS}’)2 —%Rz(w’—l)2

where ¢ represents cos(.), and s represents sin (.).

Equations (3) and (4) are the location and velocity
relationship between the driving screw cap and the generalized
coordinates of the moving platform.

III. DYNAMIC ANALYSIS OF OFFSHORE PARALLEL PLATFORM

Analysis of the relationship between generalized coordinates
and driving force of offshore parallel platform is related to
stress analysis of multi-component. For overcoming the
complex features of multi-binding analysis, Lagrangian method
[12], [13] is selected. Rigid Lagrange equation is:

doL oL
= 1. 2 8
o4 og =Q (=1. 2) ®)
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where L is the Lagrangian function, ¢, is the generalized
coordinate, Q, is the generalized force which is acting on the ith

generalized coordinate.

Therefore, the relationship between the kinetic or potential
energy of each part and the generalized coordinate is mainly
analyzed.

A.Analysis of the Kinetic and Potential Energy of up
Platform

The movement of up-platform has two DOFs around a fixed
point. R is the transformation matrix from the Euler coordinate
system to the coordinate system of moving platform. m,is the
quality of moving platform, and | is the inertia moments. So,
the angular velocity of moving platform in P system is
;=R - ¢ , and then the kinetic energy of moving platform is

T =20 oM, 0 ©)

where

_| Ly ecos’y+I, esin’y 0

>

0 I,

I 0 1

I,= Iy > R=| cosy 0
I, —siny 0

The up-platform rotates around the point P. Without
considering the friction, its potential energy remains constant,
namely Vg =m.gH .

B. Analysis of the Kinetic and Potential Energy of the Load

The load equipment is fixedly connected with the moving
platform, and so its motion state is the same with the moving
platform, without higher center of gravity.

m, is the quality of the load. I, is the inertia moments. d, is
the distance between the centroid of the load and the moving
platform. Then, the kinetic energy of the load is

1. .
Tf:EQToMfo(p (10)
where
Ifx+mfdf2
I,= I, +md,’ ,
Ifz
M. < (Ify+mfdf2)ocos2}/+lfzosin27 0
! 0 (Ifx+mfdf2)

The height of the centroid is converted to system coordinate
system.

H; =d; cos fcosy (11)
Then the potential energy of the load is

V; =m.gd, cos Scosy (12)

C.Analysis of the Kinetic and Potential Energy of Driving
Screw

The driving screw is driven by motor and transfers driving
force to system. So the screw only has rotational kinetic energy,
and potential energy remains constant.

1 .
To=700 oM, ¢ (13)

where m, is the quality of the screw, Ig is the inertia moments,

H, is the height of centroid, and ds is the pitch.

1 1L 0 10
|\/|,__.J”{g :|0J1,I _{g ,V,=m_gH,
g dSz O lg g 0 lg g g g

-1 - . . .
where J7 is the inverse of Jacobian matrix.

D.Analysis of the Kinetic and Potential Energy of Screw Cap

The screw cap moves along the screw vertically, and only
has line speed along Z axis. Then, the kinetic energy of screw
cap is

T, = 3o oM, 0 (14)

where m_ is the quality of screw cap.

ot | My 0 1 My 0
M =J""e o] ., m_=
" 0 m, " 0 m,

Then, the potential energy of screw cap is
V, =m,g(L1+L2) (15)

where L1 (L2) is the displacement of screw cap.

E. Analysis of the Kinetic and Potential Energy of Link

On end of the support link is hooke hinge (U), and the other
is ball joint (S). The movement law of the link’s centroid can be
obtained by hooke hinge and ball joint of both ends. The motion
state of hooke hinge remains the same with the screw cap, and
the motion state of ball joint remains the same with the point Ai
on the up platform.

Vi =([Peg)xR, (16)
VBi:JB'Jil"/.’ an

and then,
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Vy=d, 00 (18)
Vy=Jg,0l " eg (19)
where
o o0 1] 0 sinf 0 ]
0 0 OfeR, |—-sinff 0 —cosf|eR,
J -1 0 0] | 0 cos 0 |
A0To 0 1] [0  sinp 0 ]
0 0 O|eR,, |-sinf 0 —cosf|eR,,
[[-1 0 0] | O cos 3 0 | ]
00100 0]
Jg =
00 0001
The line speed of the link’s centroid is
Vv, =(J, +J 017"/ 2e¢p (20)
Known from the theorem of rotation,
(Va—Vg) =, xL @1
Then, the rotational angular velocity is
@, :J"mZ o(V,—Vy) (22)
where
00 0 0 0 1 0 -1 0
J, =[/0 0 —1|eL |0 0 OfeL |1 0 OfeL
01 0 -1 00 0 0 0
Then, the kinetic energy of link is
1 .; o1 .
Tzzz(p oleo¢7+5(p .Mzz°¢ (23)

where m, (i=1. 2) isthe quality of the support link, I, (i=x

vy~ z)is the principal inertia moments of the support link.
m, =@, +Jg0d ) m I, +J,017")/4,
m,=J,-Jg oJ7) 'JileZ Iz‘]ilwz c(Jy-J; Jh,

m, =diag(m,, m, m m, m, m,),

zl Z1

I, =diag(l,, I, 1,)

The height of the link’s centroid along Z axis is

h =(L1+L2+°A(3)+ A (3))/2 (24)
Then, the potential energy of the link is

V, =m,g(L1+ L2+ *A(3)+ A, (3))/2 (25)

F.Lagrange Dynamic Equation
Lagrangian function can be determined from (9)-(25).

L(p,0) = %qu *M(p)ep+V(p) (26)

where
M (p) =M +M; +Mg+Mm+MH+MZZ,

V(@) =m,gH +m,gh cos fcosy +m gH  +
m_g(L1+L2)+m g(L1+L2+"A(3)+ °A2(3))/2.

Bringing (26) into (8), dynamic equation can be obtained.
M (@)@ +C(p.9)p+N(p,0) =7 (27)

where M (o) is the inertia matrix of the system. C(¢,¢) is the
Coriolis matrix of the system, which contains Coriolis forces
and centrifugal forces during movement. N(@,9) is the
potential force of the system. If friction is present in system,
N (@, ) also contains conservative force generated by friction.

The Coriolis matrix [14] can be obtained by the inertia
matrix.

n 1 [oM, oM, oM,
C(pp)=>T.¢ =— bk __ 83184 28
i (0, 9) ;:1 ik Px 2;_1{6% 20 o }wk (28)

j i

The inertia matrix is written as

ol )
Cy(9.9) =3 (A + D7) (30)
Culp.9) =5 (Df+2E7~C) (1)
C.(9.9) =5 (2-BF-D+C) (32)
Calp.) =5 (CH+F) (33)

where
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Aial\/l11 > B=LM217 CZaMzza D=7al\/lll > E=LM123
B op B oy oy
F_My
oy
oV
N El p) =— 34
(9,0) 5 (34)
. oV
N, (p,)=— (35)
oy

In (27), r is the generalized force corresponding to the
generalized coordinate. M (¢) is the equivalent inertia of
system and it is related to the shape and size of the platform,
thus it is affecting the dynamic characteristics of the offshore
parallel platform.

IV. EXAMPLE ANALYSIS OF OFFSHORE PARALLEL PLATFORM

The materials of each part are steel, and the material density
is 7800 kg/m’. The length of the link is 300 mm. The pitch of
the screw is 1. The rest parameters of the system are shown in
Table I. It is assumed that the moving platform rotates
continuously, and its movement is

B(t) = %Sin(a)t +1,)

(36)
T .
y(t) = —sin(wt)
4
TABLEI
PARAMETERS OF EACH PART
Part Quantity Ixx Iyy Izz
(kg)  (kg*m?) (kg*m’) (kg*m’)
Up platform 30 0.47 0.47 0.95
Screw 4.3 X X 0.00076
Screw cap 7.5 x x 0.02
Link 10 0.04 0.04 0.05
Load 140 20 20 25
C
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o
=
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Fig. 2 The position curve of the driving screw cap
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Fig. 3 Velocity curve of the driving screw cap

For the given movement of the up-platform, the movement
of the link can be obtained by the inverse kinematics. Figs. 2
and 3 are the position and velocity curve of the driving screw
cap on the up platform, respectively. From these figures, it can
be seen that the movement of two caps is in line with the sine
law, but the position of the cap 2 near the apex will generate a
certain degree of distortion, as the same with the velocity of the
cap 2. The reason is that the movement of the nut 2 is coupled
with two DOFs.

For the given movement, the curves of M,;, M,,, M,,,

M,, are shown in Fig. 4. Obviously, these equivalent inertias

are the function of the size and shape of the system, and their
values are constantly changing as the movement of system.
Compared to the M, , the equivalent inertia M,, changes

dramatically, and the maximum change is 1.25 times. But the
change characteristic of the primary inertia remains the same
with the movement of the system. In Fig. 4 (b), for the
equivalent inertia matrix is symmetric matrix, the equivalent
inertia M, completely coincides with M,, . Compared to the

primary inertia, their variation produces a certain distortion at
the extremes on the basis of the sine curve. The change
characteristics of the equivalent inertia also determine the
dynamic motion characteristics of the system. As shown in Fig.
5, damping curves keep good sinusoidal characteristic.
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Fig. 4 Equivalent inertia curve of parallel platform
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Fig. 5 Damping curve of parallel platform
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Fig. 6 Equivalent driving force curve of parallel platform

For the given movement of the up platform, the variation
curves of two generalized driving force (torque) of the screw
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cap are shown in Fig. 6. Fig. 6 (a) is the variation curve of the
driving force over time, and Fig. 6 (b) is the variation curve of
the driving force over angular velocity. During the movement
of the parallel platform, the driving force changes within 800 N.
It is easier to select the driving motor for the little range. The
phase difference of the variation curve is 30°, and the curves
have good sine law, forming a central symmetry, which prove
the correctness of derivation of kinetic equations and the
reasonableness of system architecture design. As can be seen
from the above analysis, within 30° variation width, for the load
of 140kg, the maximum driving speed of the system is less than
100m/s, and the maximum driving force is less than 800N,
which meet the needs of three sea conditions.

V.CONCLUSION

A small offshore 2-HUS/U parallel platform structure is
presented. For the two degrees of freedom hooke hinge, the
structural characteristics were analyzed, and the inverse
kinematics and velocity solution of the driving screw cap are
obtained. Using Lagrangian method, a dynamic model of the
offshore 2-HUS/U parallel platform is created, and then the
variation of the equivalent inertia and equivalent driving force
of the system are analyzed. Through the examples, the position
and velocity curves of driving screw cap are given, and the
variation curve of the equivalent inertia and generalized driving
force (torque) are given. The variation curve describes the
correctness of derivation of kinetic equations and the
reasonableness of system architecture design, and at the same
time, through a drastic change of the equivalent inertia shows
the strong relationship between the equivalent inertia and the
shape or size of the mechanism. Therefore, when selecting the
driving source and control system parameters, it should adapt to
the variation of the equivalent inertia and driving force.
Through the whole analysis of the system, the new platform can
meet the steady demand for offshore swing amplitude 30°.
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