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Abstract. Sunda Strait of Indonesia needs a technology to find out information on the bottom of Sunda Strait, and the
suitable technology is ROV. The existing ROVs have limitations; those are in design structure and hydrodynamic
response. An early research on design concepts has been conducted to develop existing ROVs. This research has a
purpose to develop existing ROVs and to continue preliminary research on design concepts of the ROVs, and also to
obtain the best front surface geometry modeling of the ROV body. The method used was the Granville method which
determines parametric profile on ROV body which had streamlined body geometry. The result of the research was to
obtain Ki(curvature at xm) and 1, (radius of the curvature at front end part) modeling, so that the best front surface
geometry modeling curve on the body of the ROV Observation Class can be found.

INTRODUCTION

Remotely Operated Vehicle (ROV) is underwater observation equipment used to collect information in a form of
visual image or data obtained from sensor. Sunda Strait is a strategic strait in Indonesia which connects Java and
Sumatra Island. To support Sunda Strait, Remotely Operated Vehicle (ROV) was developed to gain access to
information around Sunda Strait, especially on its lower surface, where ROV uses a propeller as an observator .
Sea floor of Sunda strait is working environment of liquid for moving object on it, in which it gives hydrodynamic
effect toward outer surface and hydrodynamic moment. The effect requires the moving object in liquid which has
hydrodynamic friendly design. The existing ROV used in Sunda Strait had less optimal results, especially in the
design structure of the hydrodynamic response’. The hydrodynamic response is affected by the geometry that moves
in the fluid*. Preliminary research had been carried out to overcome this problem, by doing optimization the design
by developing the initial concept of the ROV body using the method of concept screening and concept. The result of
the preliminary research was to gain the best concept, where the best concept was a small ROV with a streamlined /
half-streamlined body geometry®. This research is a development of the existing ROV and also a continuation of the
previous research, which aims to obtain the best front surface ROV geometry modeling®*.

METHOD

Important consideration in designing sub marine vehicle is the equipment of fore body geometry. A good design,
considered from fineness ratio L/D, has linear correlation of drag coefficient. In addition for body geometry has
contribution toward drag value and prevents cavitations. Fore body geometry is required because it gives good
pressure distribution and low drag. From the literature, methodology used to regulate geometry curvature. This study
used parametric method>® in literature consideration’. Parametric profile of ROV body which has streamlined
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geometry body was determined using Granville method>3. In determining parameter definition of ROV body,
general equation of Granville method was used.

Y(x) = Y(ZL, a;: £ (X, 6(X)) (M

Analysis of parametric profiles and body design of the ROV was conducting by suing fixed variables that have
been used by Wiryadinata (2017)°. Assuming that the number, dimensions and requirements of the components used
are the same and the configuration of the components in the vehicle is ignored. The parametric profile of the ROV
body that has the streamlined body geometry is determined by the Granville method (2006)°. The streamlined
hydrodynamic was classified in two classes; Five-parameter Rounded nose, Pointed-Tail Body; and Eight-Parameter
Rounded-Nose, Tailboom Body. In this research the design of the ROV body uses five parameters to simplify in
manufacturing and analysis. The example of a body with five parameters is shown as in Figure 1. Forebody or the
front part (0 < X < Xm) is defined with -4 degree polynomials, meanwhile the rear part (Xm < X < L) defined with -
5% degree polynomials.

FIGURE 1. Rounded-Nose pointed tail body?

Six dimensional parameter defined in figure are: % (curvature radius at the front end), D (maximum diameter),
% (axial location of maximum diameter), k; (curvature at x,y), L (total of length). These six parameters can be
reduced to five parameters which are non-dimensional parameters (non-dimensional), so that it is called as five-
parameter: %, (non-dimensional curvature radius at the front end), f (fineness ratio), x, (non-dimensional axial
location from the maximum diameter), and k; (non-dimensional curvature at %y, ).

YE) _ 1,

= L‘,r [ A () + kB () + 6(x)] (2)
whence:
3 X
Tk

F(x) = 2x({x — 1)®
Fy(x) = —x(x - 1)°
Glx) = x¥(3x% — 8x + 6)
Equation of x, Fi(x), F2(x), and G(x) were formed from equation (1) by expressed quadratic polynomial equation
from non dimensional boundary condition. Equation x, Fi(x), F2(x), and G(x) were substituted general equation of

parametric geometric (1), and by knowing the fineness ratio the general equation of parametric geometric for
determined size was obtained.
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RESULT

The limits used in solving the vehicle geometry differential equations are as follows. Y{0) = 0, Y’(0) = o or
dX/d¥]5x=p =0, 1/d2X/d?¥]3p = 0, Y(x ) = D/2, Y’(xm) = 0, Y’( %) = ky. Completion of equations refers to
the assumption of vehicle geometry, there is no infected forebody (Noninflected), there is no change in the shape of
the curve, there is an undesired inflection, so the value of 7, and k; has a solution to the inflection limit. Analytic
equation for five parameters of geometry formed from the multiplication of -4 degree polynomial equation for fore
body of vehicle and the combination of fineness ratio of body dimension. The -4 degree polynomial equation was
accomplished by substituting equation. Thus, the -4 degree polynomial equation for the front part of the vehicle is
defined as follows;

vy =nF G + kR0 +6(x) 3)
v = —2x(x — 1% + k(2P lx — 103 + 2732 — 8x + 6))] 4)
By substituting the prerequisite of analysis of L= 500 mm and D=180 mm which fulfilled the value of fineness

ratio it was obtained geometry parametric equation of ROV body. The basic parametric equation was use to form
streamlined geometry suitable for length to diameter ratio of major streamlined body.

Yo _
L if
Y(x) = 350 [-2x(x — 107 + &y (—x(x — 1% + 732" — 8x + 6)]}7 (6)

{r[—2x0x — 17 + &y (22 (x — 1)%) + x*(32® — 8x + 61317 5

The boundary condition used in geometric differential equation of vehicle body were Y(0), Y1(0), Y’(X), Y’ (X).
Those boundary conditions were used to obtain R, and K; values which was streamlined geometric curvature
equation. The differentiation equation (6) which was the basic streamlined equation, with boundary condition (X)
was needed for certain condition. This condition was critical point and maximum point (X)°. Critical point and
maximum point are the point where the value of x in boundary solution of inflection equal to 0 and 2 respectively.
Critical point of vehicle body geometry was used to obtain r, with the boundary condition of 1 to 3 based on
boundary of curve inflection, those are: x, ki, and r,.

By inputting-4 degree polynomial equation into the equation (2) it was obtained equation as follows;

V() = 3.50r, [~ 20 — 107 + k, (=% — 1)7) + x2(3x° — Bx + 6)]} /2 %

The critical point of vehicle geometry was used to obtain the r_n curve with conditions boundaries 1 to 3 based
on the inflection boundary curve solution as follows: x =0, % =0, &y = 4, so that the equation (7) becomes:

Y() = 3.5(—x* +2x) = (8)

The verification of Y(X) fulfill the boundary condition 1, by inputting the value of x into equation (8), Y(0) =0,
3.1/ .. . . .
¥(0) = 3.5(—0* + 02772, The value of Y(0) = 0, at critical point, axial axis-x has value of 0 (zero), Y(0), therefore
it fulfill the boundary condition, so that the equation can be used further as r, curve equation.

The equation can be used later as the rp curve equation. Furthermore, the first and second derivatives of the
equation Y (X) fulfill the predetermined boundary conditions.

———— .1 .32
z)—x? (xi-1) .;x*—j.:.*jl

ry = 3.3 (_ ®2 (x2-3) (9
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By describing the plot of the ry equation into the cartesian diagram, the geometry of the front of the vehicle body
was found to be effective against the dimensions of the vehicle due to the hydrodynamic effect®. Figure 2 is the r in
modeling curve in the Cartesian diagram?. Figure 2 is a modeling curve r in a Cartesian diagram.

FIGURE 2. Modeling curve Iy

Curvature Ky uses boundary conditions 4 - 6. The curvature solution K; uses the inflection boundary solution
maximum tpvalue at % was maximum: x = 1,#% =2, k3= 0. So equation (7) becomes

v(¥) = 35(—x* + 4% —6x? +40) 72 (10)
The verification of equation Y(X) fulfills boundary condition of 4, by inputting x value into equation (10).

fi)
VX, )y, = 3= 3.5, boundary condition of 4

V(X) = 3.5(—1% + 4212 — 617 + 4x1) /2
v(x,) =V (¥, )ps = 3.5 hence X,, has maximum value

Hence equation (10) fulfills the boundary condition of 4, This equation can be used later as the curve equation
K. Furthermore, the first and second derivatives of the equation T(X} fulfill the predetermined boundary conditions.

K, =35 (_ 2 e-132 (% — 427 + 6x? —4x-13) :] (1)

xlxi—ax? sex—4) -2 (27— vEx—1)

By describing the plot of the K4 equation into the Cartesian diagram, it is found that the geometry of the front of
the vehicle body was effective against the dimensions of the vehicle due to the hydrodynamic effect®. Figure 3 was a
modeling curve for K; in the cartesian diagram.

FIGURE 3. Modeling curve Ky
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By combining the two curves K; and %, formed from equations (9) and (11) into one cartesian diagram, we find
the curve of the front surface of the vehicle was optimal as shown in figure 4.

250(0.5L)

&|(0.5D)

233
FIGURE 4. Modeling of Front Surface Geometry of the ROV Body Observation Class curve

Figure 4 is the optimization of streamlined geometric curvature in accordance with dimensional ratio of ROV.
Parameter of second curvature of curve is shown by curve, equation (9) is shown in orange which represent rn and
equation (11) is shown by blue which represent K;. Both curves are formed by connecting the curves which allow
them to be connected to form desired geometry.
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