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ABSTRACT 

Modeling industrial objects needs the formulas of curves and surfaces to construct a precise shape of real goods and 

simulate some process of form creations. For this reason, the study of the equations of curves and surfaces for objects 

modeling is essential for resulting in a required shape and feature of the goods. This study aims to enhance the 

instructional materials of differential geometry for fourth-semester college students. Learning materials help students 

to be able to design a real object using some parametric formulas of curves and surfaces with the software Maple. The 

method of research is as follows. (a) Instructional materials design for constructing objects; (b) Formulations and 

evaluations of graphs for goods modeling; (c) Modeling and simulating to realize these items. The research found some 

instructional materials and parametric formulas of curves and surfaces to equip students to design and evaluate real 

objects and home industry goods. The use of Maple can help them to present the graphs and the simulation process. The 

contributions of this study support the students to learn autonomously and creatively with their knowledge, technological 

skills, and experiences in implementing some differential geometry formulas (especially the curves and surfaces) for 

designing objects using the Maple tool. 

Keywords: Development, Learning materials, Curves and surfaces, Modeling, Parametric formulas, 

Maple. 

1. INTRODUCTION 

Modeling industrial objects and some mechanical 

components can use curves and surfaces equations in the 

form of parametric representations [1,2]. Developing 

computer-aided design and manufacturing technologies 

needs the curves and surfaces formula to construct a 

precise shape of a real object and simulate some process 

of form creations. For example, using the curves can 

create many models of pipes [3-5], and the surfaces 

formulas can apply to design the shape of car bodies, 

electronic equipment, or cottage industry objects. On the 

other hand, we can implement the developable surfaces 

to draw surfaces of big objects constructed by plywood 

or plat-metal sheets, for example, aircraft, ship hulls 

industries, and trains [6-8]. For the reasons, the students 

learning formulation of curves and surfaces with software 

skills are vital to understanding the creating surfaces 

forms of the designed industrial objects [9-11]. It is to 

provide practical experience for the learners in modeling 

various industries' object shapes.  

Object modeling is an activity to select, describe, and 

create a shape to meet a required function. This shape 

selection means the geometric modeling in the design 

process included graphics representations and analytic 

formulas of curves and surfaces. For this reason, it needs 

some equations of parametric curves and surfaces in the 

instructional materials of differential geometry that can 

use to create many different forms of surfaces of objects.  

The use of these formulas can produce an aesthetic shape 

of the designed goods. This paper discusses the 

development's learning materials for modeling the real 

goods and cottage industry objects using parametric 

representations supported with software-Maple. 

This study aims to enhance the instructional materials 

of differential geometry for fourth-semester college 

students. Learning materials help students to be able to 

design a real object using some parametric formulas of 

curves and surfaces with the software Maple. This study 

contributes to students learning autonomously and 

creatively with their knowledge, technological skills, and 
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experiences in implementing some differential geometry 

formulas (especially the curves and surfaces) for 

designing objects using the Maple tool. 

2. METHOD 

The method of research uses development research. 

This study deal with the understanding of learning, the 

design of learning contents, and the development of tools. 

The research results may find models, constructs, or 

instantiations that can significantly enhance the 

understanding of learning subjects matters [12,13]. In this 

case, we identify and explain the process of object design 

and development of teaching materials of the differential 

geometry courses using Maple [14,15]. The steps of 

research are as follows [16]. (a) Instructional materials 

design for constructing objects; (b) formulations and 

evaluations of graphs for goods modeling; (c) Modeling 

and simulating the industrial goods. The use of Maple is 

to support the students to obtain some design experiences 

during a simulation. Additionally, this software Maple 

may help the learners to immediate feedback to alter the 

model, re-test it quickly, and evaluate their modeling 

processes and results. 

3. RESULTS AND DISCUSSION 

3.1. Instructional Materials Design for 

Constructing Objects 

We can present the parametric functions of curves and 

surfaces in 3D respectively in form C(u): ℛ1  → ℛ3 and 

S(u,v): ℛ2 → ℛ3 and the algebraic representation of 

these curves and surfaces are 

C(u)  =  <x(u), y(u), z(u)> = x(u) i + y(u) j + z(u) k  (1a) 

 

S(u,v) = <x(u,v), y(u,v), z(u,v)> = x(u,v) i +  

                                                       y(u,v) j + z(u,v) k (1b) 

 

with x(u), y(u), z(u), x(u,v), y(u,v), and z(u,v) the 

functions of real values. Developing instructional 

materials of the curves and the surfaces suitable with 

students' knowledge, learners skill in using Maple, and 

modeling objects form needs the investigation and the 

evaluation to the parametric formulas. Based on the 

instructional objectives of the differential geometry 

course, this research discusses to equip the students in 

designing the shapes of some industry objects. In this 

case, it evaluates some curves and surfaces formulas for 

constructing handicrafts and pipes shape. 

3.1.1. Some Parametric Presentations of Curves 

Some curves in the parametric form are presented as 

follows. 

1. The formula of line segment 𝑃𝑄̅̅ ̅̅  with the endpoints P 

and Q of the vectors position P<xp,yp,zp> and 

Q<xQ,yQ,zQ> is 

L(u) = <(1-u). xp + u. xQ, (1-u). yp + u. yQ, 

                                                          (1-u). zp  + u. zQ>   

(2) 

with 0 ≤ u ≤ 1. 

2. Consider two constant unity vectors perpendicular in 

space u1 =<a1, a2, a3> and u2 = <b1, b2, b3>. It can define 

an ellipse laid in the plane [u1,u2] of the center <xC, yC, 

zC> in the expression 

E(u) = <xC, yC, zC> + [p. cos φ u1 + q. sin φ u2]     (3) 

with p and q positive real values, φ = 2 πu and 0 ≤ u ≤ 1. 

If  the curves are a circle, a limacon, and a rose, then it 

can define the parametric formulas respectively [3] 

C1(u) = r1(u).[cos φ u1 + sin φ u2]                        (4a) 

C2(u) = r2(u).[cos φ u1 + sin φ u2]                        (4b) 

C3(u) = r3(u).[cos φ u1 + sin φ u2]                  (4c) 

with the real functions  r1(u) = p;  r2(u) = p ± q.sin φ or 

r2(u) = p ± q.cos φ;  r3(u) = p ± q.sin (n.φ) or r3(u) = p ± 

q.cos (n.φ). In this case, the values  p and q are positive 

real constants, φ = 2π.u and 0 ≤ u ≤ 1, with the number of 

rose leafs n.  

3. The heliks with the center (x1,y1,z1) is  

HL(u) = <x1 + p.cos u, y1  + q.sin u, z1 + u>.          (5) 

4. Let a regular curve C(u) of Equation (1a) differentiated 

twice in interval 0 ≤ u ≤ 1. In the natural parameter s, the 

tangent unit vector t, the normal unit vector n, and the 

unit binormal vector b of the curve C(u) are orthogonal 

to each other in the form [5]  

𝐭 =
𝑑𝐂(𝑢)

𝑑𝑠
=  �̇� =

𝐂′

|𝐂′|
                                              (6a) 

𝐧 = −
𝐤

|𝐤|
  and  𝐤 =

𝐝𝐭

𝐝𝐬
= �̇�                           (6b) 

b = t  n.                                                        (6c) 

3.1.2. Some Parametric Presentations of 

Surfaces 

Some surfaces in the parametric form are presented as 

follows. 

1. The parametric formula of sphere or ellipsoid of 

cente<xC,yC,zC> is successively 

Sp(u,v) = < r.sin u cos v + xC, r.sin u. sin v + yC,  

                                                               r.cos u + zC>   

(7a) 

E(u,v) = < r1.sin u cos v + xC, r2.sin u. sin v + yC,  

                                                             r3.cos u + zC >   

(7b) 

with r, r1, r2, and r3 positive real constants. 

2. The cylinder of radius r with the axe (xC,yC,zC) is 
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Cr(u,v) = < r.cos u + xC.v, r.sin u + yC.v, zC.v>         

(8) 

with r positive real. 

3. The hyperboloid of center <xC,yC,zC> is 

H(u,v) = < (cos u - v.sin u) + xC,  

                              (sin u + v.cos u) + yC, v + zC >.     

(9) 

4. The paraboloid of radius r and center <xC,yC,zC> is 

P(u,v) = < r. v.cos u + xC, r. v.sin u + yC, 

                                                                  r1.v2 + zC>.   

(10) 

with r, r1 positive real constants. 

5. The cone of radius r and center <xC,yC,zC> is 

K(u,v) = < r. v.cos u + xC, r . v.sin u + yC,  

                                                                    r1. v + zC>. 

(11) 

with r, r1 positive real constants. 

6. The circle-plane of radius r, height z1, and center 

<xC,yC,zC> is 

CL(u,v) = < r. u.cos v + xC, r. u.sin v + yC, zC>.  (12) 

 

7. The pseudo-sphere of radius r is  

PB(u,v) = < r/v.cos u, r/v.sin u, r1. v >.     (13) 

with r, r1 positive real constants.  

3.2. Formulations and Evaluations of Graphs 

for Objects Modeling  

Helping students plot the graphs and implement 

Equation 1 up to Equation 15 to design real objects is 

necessary for the learners to evaluate these curves and 

surfaces formula using software-Maple [11,17,18]. Then, 

they try to create more complex graphs by connecting 

some curves and surfaces for modeling the object shapes. 

This section will study Equation 1-15 deals with the 

presentation aspects of the curves and surfaces, and the 

formulation method with Maple. 

Line segment formula of  Equation 2 can directly plot 

the line segment 𝑃𝑄̅̅ ̅̅  from the vector positions P<xp, yp, 

zp> to the vector position Q<xQ,yQ,zQ> without  tangent 

line calculation and determination of paramater value u. 

For example, when  the vector position of the endpoint 

points P and Q are respectively P<5,2,1> and Q<0,8,6>, 

it finds Figure 1a.  Then, using Formula 3 and 4 can 

define an ellips, a circle, a limacon, and a rose that are 

laid in the plane of unity vectors u1 =<a1, a2, a3> and u2 

= <b1, b2, b3>. The plotted shapes, generally, are 

symmetric and closed curves. These curves type usually 

use to construct the shapes of flower vases' rack, plane 

decorations, and model various forms of pipes cross-

section.  If we pose u1,= <<3/5,4/5,0> >, u2 = <0, 0, 1> 

and the Equation (3) is in the form E(u) = <2, 2, 2> + [5. 

cos φ u1 + 8. sin φ u2], then it gets Figure 1b. When 

Equations 4a, 4b, and 4c are C1(u) = 6.[cos φ u1 + sin φ 

u2], C2(u) = (2+4. cos φ).[cos φ u1 + sin φ u2], and C3(u) 

= (3+cos (3.φ)).[cos φ u1 + sin φ u2], it can obtain Figure 

1c, 1d, and 1e,  respectively. In case the helix formulation 

of Equation 5 in the form HL(u) = <2 + 4.cos u, 1  + 6.sin 

u, 3  + u> with 0  u  4, it will give Figure 1f. On the 

other hand, consider a curve C(u) =<17u3 - 30u2 + 6u -

12, -39u3 + 51u2 – 36u + 10, 203u3 + 393u2 – 195u + 15> 

and the parameter u in interval 0 ≤ u ≤ 1. We can draw 

the curve C(u) in the form of Figure 1g and calculate the 

tangent vectors t of the curve C(u) at u = 0 and u  = 1 as 

shown in Figure 1h. These defined parametric curves in 

Figure 1a-1h are presented using Maple with the syntaxes 

as shown in Table 1.  

     

(a)                                    (b) 

                

(c)                                     (d) 

                

(e)                                          (f) 

   

(g)                                        (h) 

Figure 1 Some parametric curves. 
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Table 1. Plotting the parametric curves using Maple 

No. Equations Representation of Figures 1a-1h Using Maple Explanations 

1. 

> with(plots): 

>spacecurve([(1-u)*5+u*0, (1-u)*2+8*u, 1-u+6*u], u = 0 .. 1, thickness = 3, 

               color = blue); 
Figure 1a 

2. 

>a[1] := spacecurve([2+5*cos(2*Pi*u)*3/5+8*sin(2*Pi*u)*0, 2+5*cos(2*Pi*u)* 

              4/5+8*sin(2*Pi*u)*0, 2+5*cos(2*Pi*u)*0+8*sin(2*Pi*u)*1], u = 0 .. 1):  

>u1 := arrow(`<,>`(2, 2, 2), `<,>`(3/5, 4/5, 0), width = [.2, relative], color = red):  

>u2 := arrow(`<,>`(2, 2, 2), `<,>`(0, 0, 1), width = [.2, relative], color = blue):  

               display(a[1], u1, u2, color = blue, thickness = 3, labels = [X, Y, Z]); 

Figure 1b 

3. 
>a[2] := spacecurve([7*(cos(2*Pi*u)* 3/5+sin(2*Pi*u)*0), 7*(cos(2*Pi*u)* 4/5+  

              sin(2*Pi*u)*0), 7*(cos(2*Pi*u)*0+sin(2*Pi*u)*1)], u = 0 .. 1): 
Figure 1c 

4. 

>a[3] := spacecurve([(2+4*cos(2*Pi*u))*(cos(2*Pi*u)* 3/5+sin(2*Pi*u)*0),(2+ 

              4*cos(2*Pi*u))*(cos(2*Pi*u)* 4/5+sin(2*Pi*u)*0), (2+4*cos(2*Pi*u))* 

              (cos(2*Pi*u)*0+sin(2*Pi*u)*1)], u = 0 .. 1): 

Figure 1d 

5. 

>a[4] := spacecurve([(3+cos((3*2)*Pi*u))*(cos(2*Pi*u)* 3/5+sin(2*Pi*u)*0), 

              (3+cos((3*2)*Pi*u))*(cos(2*Pi*u)* 4/5+sin(2*Pi*u)*0), (3+cos((3*2)* 

               Pi*u))*(cos(2*Pi*u)*0+sin(2*Pi*u)*1)], u = 0 .. 1); 

Figure 1e 

6. >spacecurve([2+4*cos(u), 1+6*sin(u), 3+u], u = 0 .. 4*Pi, thickness = 3, color = blue); Figure 1f 

7. 

>spacecurve([(17*u*u)*u-30*u*u+60*u-12, -(39*u*u)*u+51*u*u-36*u+10, 

              -(203*u*u)*u+393*u*u-195*u+15], u = 0 .. 1, thickness = 3, color = red, 

              view = [-50 .. 50, -50 .. 50, -50 .. 50]); 

Figure 1g 

8. 

>a[5] := spacecurve([(17*u*u)*u-30*u*u+60*u-12, -(39*u*u)*u+51*u*u- 

               36*u+10, -(203*u*u)*u+393*u*u-195*u+15], u = 0 .. 1, thickness = 3, 

               color = red):  

>t(0) := arrow(`<,>`(-12, 10, 15), `<,>`(2, -1.2, -6.5), width = [0.2, relative], 

               color = black):  

>t(1) := arrow(`<,>`(35, -14, 10), `<,>`(1.7, -1.7, -.6), width = [0.4, relative], 

              color = blue):  

              display(a[5], t(0), t(1), view = [-50 .. 50, -50 .. 50, -50 .. 50]); 

Figure 1h 

From Equation 7 to the Equation 13, it can 

demonstrate the parametric surfaces in this ways. The 

sphere and ellipsoid in Equation 7 of center <3,2,4> with 

the radius r = 6, r1 =  3,  r2 = 5, r3 = 8, and 0 ≤ u ≤ 1.8π, 

and 0 ≤ v ≤ π  produce the shapes in Figure 2a and 2b. 

Then, the cylinder of Equation 8 with the radius r = 5, the 

axe (0.5,2,2),  0 ≤ u ≤ 2π, and 0 ≤ v ≤ 12  presents Figure 

2c. Formulation of hyperboloid, paraboloid, cone, and 

circle-plane of Equation 9, 10, 11, and 12  in the forms 

H(u,v) = < (2.cos u – 2.v.sin u) + 2, (2.sin u +2. v.cos u) 

+ 2, 3.v +3> with 0 ≤ u ≤ 2π and -3 ≤ v ≤ 3 ,  P(u,v) = < 

3. v.cos u + 1, 3. v.sin u + 2, 2.v2 + 3> with 0 ≤ u ≤ 2π and 

-3 ≤ v ≤ 3, K(u,v) = < 5. v.cos u + 2, 5. v.sin u + 3, 7. v + 

1> with 0 ≤ u ≤ 2π and 0 ≤ v ≤ 5, and CL(u,v) = < 6. v.cos 

u + 1, 6. v.sin u + 3, 4> with 0 ≤ u ≤ 2π, and 0 ≤ v ≤ 1 give 

the surfaces presented in Figure 2d, 2e, 2f, and 2g, 

successively.   Finally, the pseudo-sphere of formula 

PB(u,v) = < 12/v.cos u, 12/v.sin u, 5. v > with - π ≤ u ≤ π 

and -1 ≤ v ≤ -5 presents the Figure 2h.  

 

                                            
(a)                          (b) 

           

(c)                            (d) 

                   

(e)                            (f) 

                 

(g)                         (h) 

Figure 2 Some parametric surfaces.
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Table 2. Plotting the parametric surfaces using Maple 

No. Equations Representation of Figures 2a-2h Using Maple Explanations 

1. 
> with(plots): 

> plot3d([5*sin(v)*cos(u)+3, 5*sin(v)*sin(u)+2, 5*cos(v)+4], u = 0 .. 1.8*Pi, v = 0 .. Pi): 
Figure 2a 

2. > plot3d([3*sin(v)*cos(u)+3, 5*sin(v)*sin(u)+2, 8*cos(v)+4], u = 0 .. 1.8*Pi, v = 0 .. Pi): Figure 2b 

3. > plot3d([5*cos(u)+0.5*v, 5*sin(u)+2*v, 2*v], u = 0 .. 2*Pi, v = 0 .. 12): Figure 2c 

4. 
> plot3d([2*cos(u)-2*v*sin(u)+2, 2*sin(u)+2*v*cos(u)+2, 3*v+3], u = 0 .. 2*Pi,  

               v = -3 .. 3): 
Figure 2d 

5. >plot3d([3*v*cos(u)+1, 3*v*sin(u)+2, 2*v*v+3], u = 0 .. 2*Pi, v = -3 .. 3): Figure 2e 

6. >plot3d([5*v*cos(u)+2, 5*v*sin(u)+3, 7*v+1], u = 0 .. 2*Pi, v = 0 .. 5): Figure 2f 

7. >plot3d([6*v*cos(u)+1, 6*v*sin(u)+3, 4], u = 0 .. 2*Pi, v = 0 .. 1): Figure 2g 

8. >plot3d([(12/v)*cos(u), (12/v)*sin(u), 5*v], u = -Pi .. Pi, v = -1 .. -5): Figure 2h 

Consider two parametric curves of Equation 1a in the 

forms C1(u) and C2(u) with 0≤ u ≤ 1. The connection of 

both curves are respectively a parametric continuity order 

0 and 1, i.e., C0 and C1, if they meet  𝐂1(1) = 𝐂2(0) = CP 

and 𝐂1
′ (1) = 𝐂2

′ (0). If the condition of tangent vectors  

𝐂1
′ (1) and 𝐂2

′ (0) are collinear, it fulfills the geometric 

continuity. In case the surfaces S1(u,v) and S2(u,v) with 

0≤ u,v≤ 1, they have to fulfill  S1(1,v) = S2(0,v) = 𝛒(𝑣) 

and  𝐒1
𝑢(1,v) = 𝐒2

𝑢(0,v) along the common curve 𝛒(𝑣). 

Connection of these parametric curves and surfaces 

can use to model the shape of an object. So, it needs the 

calculation of common boundary point CP and the 

computation of collinear tangent vectors 𝐂1
′ (1) = 𝐂2

′ (0) of 

the curves joints. On the other sides, we have to evaluate 

the common boundary curve 𝛒(𝑣) and the derivation in 

direction u of the surfaces  𝐒1
𝑢 (1,v) = 𝐒2

𝑢 (0,v) or the 

unique tangent plane along the common curve 𝛒(𝑣) of 

the surfaces joints. For examples, let C1(u) = <2u2, 2u-1,  

3u-2>, C2(u) = <2u2+4u+2, 2u3+2u+1,3u+1> and 0≤ u ≤ 

1. We can calculate the common boundary point  𝐂1(1) 

= 𝐂2(0) = <2,1,1>, and the common tangent vector 𝐂1
′ (1) 

= 𝐂2
′ (0) = <4,2,3> as shown in Figure 3a and 3b. 

When the surfaces S1(u,v) and S2(u,v)  are  S1(u,v) =  

<(2u2+2).cos(2πv), (2u2+2).sin(2πv), 4u+1> and S2(u,v) = 

<(2u2+4u+4).cos(2πv), (2u2+4u+4).sin(2πv), 

2u3+u2+4u+5> with 0≤ u,v≤ 1, we find S1(1,v) = S2(0,v) 

= 𝛒(𝑣) = <4.cos(2πv), 4.sin(2πv),5>  as shown in Figure 

3c. The derivation in direction u of both surafces along 

the common boundary curve 𝛒(𝑣) is 𝐒1
𝑢(1,v) = 𝐒2

𝑢(0,v) = 

<4.cos(2πv), 4.sin(2πv),4>. The connection of these 

surfaces  is presented in Figure 3d. 

The parametric curves and surfaces formulas of 

Equation 2-12 are demonstrated in Table 1 and Table 2 

using Maple. These formulas may give some advantages 

to model various forms of home industry objects. Then, 

joining the curves and surfaces may also are used to 

construct the object components and the required goods. 

Based on these studies, we discuss, in the next section, 

the construction of the cottage industry and pipes. 

           
(a)                                    (b) 

                 
(c)                                          (d) 

Figure 3 Connection of parametric curves and surfaces. 

3.3. Modeling and Simulating Industrial 

Objects 

3.3.1. Design of Home Industrial Objects 

We show the use of these curves for creating iron 

trellis and frames, for example, to construct the flower 

vases' rack. Making the designed rack be symmetric and 

balanced form, it can reference from a cube or rectangular 

parallelepiped shapes ABCD-EFGH as follows. From 

Figure 4a, we determine the line segments KA=DK=KL, 

PB=PC=PO, and LM=MN=NO. In the plane KLOP, it 

alternately draws the semicircles with diameter LM, MN, 

and NO. In-plane AEHD and BFGC, it can plot the 

semicircles of radius KA and PB with the center K and P, 

respectively, as presented in Figure 4b. Then, it can pose 

some circles with centers at the points L, M, N, O, and the 

summit points of the semicircles to provide the places of 

flower vases. The design result may introduce in Figure 

4c, 4d. 

Advances in Computer Science Research, volume 96

129



 

 

                  
(a)                                  (b)                                   (c)                                 (d) 

Figure 4 Rack design (flower vase). 

  

Table 3. Plotting rack design using curves (Figure 4c,4d) 

Curves Formulas Using Maple of Figure  

> with(plots): 

p1 := spacecurve({[(1-u)*60+u*(-60), (1-u)*(-30)+u*(-30), (1-u)*0+u*0], [(1-u)*60+u*(-60), (1-u)*30+30*u, 

         (1-u)*0+u*0]}, u = 0 .. 1, thickness = 4, color = blue):  

p2 := spacecurve({[(1-u)*(-60)+u*(-60), (1-u)*30+u*(-30), (1-u)*0+u*0], [(1-u)*60+60*u, (1-u)*30+u*(-30), 

         (1-u)*0+u*0]}, u = 0 .. 1, thickness = 4, color = blue): 

t1:=spacecurve({[(20)*cos(u*2*Pi)+40,0,20*sin(u*2*Pi)+30],[(20)*cos(u*2*Pi)-40,0,20* sin(u*2*Pi)+30], 

          [(20)*cos(u*2*Pi-Pi)+0,0,20*sin(u*2*Pi-Pi)+30]}, u=0.5..1, thickness=5, color=red): 

k12:=spacecurve({[-60,(30)*cos(u*Pi),30*sin(u*Pi)],[60,(30)*cos(u*Pi),30*sin(u*Pi)]},u=0..1,  thickness=5, 

          color= brown): 

C:=spacecurve({[5*cos(u*2*Pi)+65,5*sin(u*2*Pi),30],[5*cos(u*2*Pi)-65,5*sin(u*2*Pi),30]}, u=0..1, 

         thickness = 4): 

C2:=spacecurve({[9*cos(u*2*Pi)+40,9*sin(u*2*Pi)+9,10],[9*cos(u*2*Pi)+40,9*sin(u*2*Pi)-9,10]}, u=0..1, 

        thickness = 4): 

C3:=spacecurve({[7*cos(u*2*Pi)+20,7*sin(u*2*Pi)+7,30],[7*cos(u*2*Pi)+20,7*sin(u*2*Pi)-7,30]}, u=0..1, 

        thickness = 3): 

C4:=spacecurve({[5*cos(u*2*Pi)+0,5*sin(u*2*Pi)+5,50],[5*cos(u*2*Pi)+0,5*sin(u*2*Pi)-5,50]}, u=0..1, 

        thickness = 3): 

C5:=spacecurve({[7*cos(u*2*Pi)-20,7*sin(u*2*Pi)+7,30],[7*cos(u*2*Pi)-20,7*sin(u*2*Pi)-7,30]}, u=0..1, 

        thickness = 3): 

C6:=spacecurve({[9*cos(u*2*Pi)-40,9*sin(u*2*Pi)+9,10],[9*cos(u*2*Pi)-40,9*sin(u*2*Pi)-9,10]}, u=0..1, 

        thickness = 4): 

display(p1,p2,t1,k12,C,C2,C3,C4,C5,C6,view = [-75 .. 75, -45 .. 45, -5 .. 65]); 

Modeling handicraft and home industries objects with 

surfaces need to recognize various component features, 

the measure, the position of the parts, and the aesthetic of 

the goods [19-21]. In this case, Equation 7-13 and some 

modifications formula provide some facilitates to create 

the shapes and the model of the goods using stages as 

follows. First, we determine each position of the part 

object and its measures from bottom to top, from back to 

front, or from left to right, consecutively. Second, 

connecting some surfaces of Equation 7-13 using a Maple 

suitable with the arranged positions will create the shape 

of the part of the goods. Finally, showing naturally, the 

designed objects can use the Maple menu related to the 

presentation style of surfaces, color, or lighting. For 

example, implementing the formula cone and paraboloid 

(Equation 11, 10) ordered from bottom to top can model 

a hat shape (Figure 5a). In the same manner, it can create 

a model of Figure 5b and Figure 5c. Moreover, the 

application of many Equations 7-13 gives the complex 

shapes as illustrated in Figures 5d, 5e, and 5f. Table 4 

shows some equations used to draw Figures 5a, 5b, and 

5d using software-Maple. 

                  
(a)                                 (b) 

              
(c)                               (d) 

     
(e)                                (f) 

 

Figure 5 Simulation results of the object design. 
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Table 4. Objects design constructed with surfaces 

Figures Surfaces Formulas Using Maple 

5a 

> with(plots): 

T[1] := plot3d([(5*(-2*v+4))*cos(2*Pi*u), (5*(-2*v+4))*sin(2*Pi*u), 4*v], u = 0 .. 1, v = 0 .. 1):   

T[2] := plot3d([10*v*cos(2*Pi*u), 10*v*sin(2*Pi*u), -20*v*v+24], u = 0 .. 1, v = 0 .. 1, 

            color = red): 

display(T[1], T[2], view = [-25 .. 25, -25 .. 25, -2 .. 30]); 

5b 

> with(plots): 

p1 := plot3d([(6*v*v-7*v+3) *cos(1.5*Pi*u), (6*v*v-7*v+3) *sin(1.5*Pi*u), -v*v+7*v], u = 0 .. 1, 

         v = 0 .. 1):  

p2 := plot3d([(-15*v*v+15*v+2) *cos(1.5*Pi*u), (-15*v*v+15*v+2) *sin(1.5*Pi*u), 11*v*v-17*v+ 

          12], u = 0 .. 1, v = 0 .. 1):  

display(p1, p2, view = [-7 .. 7, -7 .. 7, 0 .. 12]); 

5d 

> with(plots): 

T[1] := plot3d([4*sin(v)*cos(u)/(.866), 2*sin(v)*sin(u)/(.866), cos(v)+.25], u = 0 .. 2*Pi, v = 0 .. 

(1/3)*Pi): 

T[2] := plot3d([4*cos(u), 2*sin(u), v+.25], u = -Pi .. Pi, v = .5 .. 0):  

T[3] := plot3d([cos(u)/v, sin(u)/v, -2*v+3.5-4], u = -Pi .. Pi, v = -2 .. -.82);  

T[4] := plot3d([cos(u)/v, sin(u)/v, 2*v+3+4], u = -Pi .. Pi, v = -2 .. -1):  

T[5] := plot3d([.6*(cos(u)-v*sin(u)), .6*(sin(u)+v*cos(u)), v+3], u = 0 .. 2*Pi, v = -.5 .. .5): 

T[6] := plot3d([9*sin(v)*cos(u)/(.9), 3*sin(v)*sin(u)/(.9), cos(v)+6], u = 0 .. 2*Pi, v = Pi .. (1/3)*Pi): 

T[7] := plot3d([9*cos(u), 3*sin(u), v], u = -Pi .. Pi, v = 6.5 .. 7.5):  

display(T[1],T[2],T[3],T[4],T[5],T[6],T[7], view = [-12 .. 12, -12 .. 12, -12 .. 12]); 

3.3.2. Pipes Design 

Consider two perpendicular unity constant vectors v1 

and v2 with v1  v2 = v and the parametric curve (v) in 

the form of Equation (4).  On the other side, consider a 

curve C(u) with their normal and binormal vectors n and 

b shown in Figure 6a.  It can define a tube with a center 

of the curve, i.e., a line or the curve C(u) and the cross-

section curve of the pipe (v) in this way [3,5] 

Tv(u v) = [<xC,yC,zC> +  u. v] +  

                                      (v).[cos (φ) v1 + sin (φ) v2]  (14) 

 

T(u,v) = C(u) + (v).[cos (φ) b +  sin (φ) n]  (15) 

 

with  parameter constant, the value φ = 2πv and 0 ≤ u, v 

≤1. For example, if the unity constant vectors v1= 

<0,0,1>, v2 = <0,1,0>,  <xC,yC,zC> = < 5,0,0> and (v) = 

2+ cos (6πv), then we find Figure 6b. When the center 

curve of pipe C(u) =<17u3 - 30u2 + 6u -12, -39u3 + 51u2 

– 36u + 10, 203u3 + 393u2 – 195u + 15> and (v) = 3, 

using Equation (6) and Equation (15) will obtain the tube 

shape in Figure 6c, 6d. 

4. CONCLUSIONS 

This study develops learning materials to apply the 

parametric formulas of curves and surfaces to design the 

shape of cottage industry, pipes shape and modeling the 

handicrafts with software-Maple. In modeling these 

goods, software-Maple helps the students recognize  and  

 

implement the curves and surfaces formula, visualize and 

present the industrial objects naturally. Moreover, aiding 

Maple, the collegers learn creatively, visually, and 

responsibly with their knowledge, technological skills, 

and experiences in implementing the differential 

geometry formulas (especially the curves and surfaces) 

for modeling industrial objects. 

 

       
(a)                                        (b) 

 
(c)                                             (d) 

Figure 6 Pipes construction. 
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