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	a) The descriptions of design are often called models of the design process. This can be illustrated by the French’s model as follows:

i) Market specialists-design brief

j) Product designers-detailed instructions

k) Design analysts-analysis +simulation

l) Development engineers-experimental

m) Research engineers – detailed refinements

n) Process planner-processes+operations

o) Production planner, controller – parts of the production, schedule

      The design model is to model the function of a design, its structure, the form of the component parts, and the materials, surface condition and dimensions that are required. The design model can be illustrated by a drawing.
b)  Computer aided conceptual design is to provide the outcome from the process of applying computer technology to obtain the solution concepts. A number of methods are currently devised. They include the Akiyama’s Function Family Tree diagram, Function Means Tree, Morphological Analysis, Decision Matrix, and Pugh’s Concept Evaluation Matrix.
c)  The evaluating actions are taken to assess the properties or merit of the design and the generative actions that generate information from the model for use downstream of the design process, usually in order to progress its manufacture. In each case the actions involve the extraction of information from the design representation and the combination oft this with further information to form a new model.

The design intention, manufacturing process data, manufacturing system data, and environment, load case/duty, materials data are required to complete the activies.
d)  The table can be relisted as

Function
First Means 

Second Means 

holding 


Stopwatch style 
a1 
Calculator style 
a2 
Entering numbers 
Keypad b1 

Voice 
b2 
Power supply                     Mains only  c1 
             Rechargeable Battery 
c2 
Sound output                     Speaker 
d1 

Earphone
d2 
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	Option 


Remarks on the option 

1. a1b1c1d1 


Old mobile phone 

2. a1b1c1d2 


Old mobile phone 

3. a1b1c2d1 


Conventional 

4. a1b1c2d2 


Current style 

5. a1b2c1d1 


old 

6. a1b2c1d2 


old 

7. a1b2c2d1 


new type 

8. a1b2c2d2 


new type 

9. a2b1c1d1 


old 

10. a2b1c1d2 

old 

11. a2b1c2d1 

current 

12. a2b1c2d2 

current 

13. a2b2c1d1 

old 

14. a2b2c1d2 

old 

15. a2b2c2d1                      new 

16. a2b2c2d2 

new
The analysis identifies possibilities for four types of new mobile phones. 
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	a)  Explicit drawback: numerical problem (slop of a line)

Implicit limitations: Unbounded geometry; Multi-valued, given x, two values of y; No-orderly sequence, incrementing x gives a very uneven sequence.
b)  u=0, x=a1=0, y=a2=0, and 


[image: image4.wmf]du

dx

=b1+2c1u+3d1u2,  
[image: image5.wmf]du

dy

=b2+2c2u+3d2u2,
thus
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, when dy/dx=(, b1=0.

Further, when u=0.5, 

x=0.25 c1 + 0.125 d1 = 1.5, and 

y= 0.5 b2 + 0.25 c2 + 0.125 d2 = 3

and when u=0.75,

x=0.5625 c1 + 0.421875 d1 = 3, and 

y= 0.75 b2 + 0.5625 c2 + 0.421875 d2 = 4.56
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gives     0.75d1+c1-0.75d2+c2+b2=0
Hence the following equation is given

0.25 c1 + 0.125 d1 = 1.5 


(1)

0.5 b2 + 0.25 c2 + 0.125 d2 = 3

(2)

0.75d1+c1-0.75d2+c2+b2=0


(3)

0.5625 c1 + 0.421875 d1 = 3

(4)

0.75 b2 + 0.5625 c2 + 0.421875 d2 = 4.56
(5)

from (1) ,        c1=-0.5d1+6
(6)

subs (6) into (4),                   0.140625d1=-0.375

d1=(2.67

c1=7.335                     Thus

0.5 b2 + 0.25 c2 + 0.125 d2 = 3

(2)

b2+ c2(0.75d2 =(12.6675


(3)

0.75 b2 + 0.5625 c2 + 0.421875 d2 = 4.56
(5)

(2)-(3)x0.25,          0.25b2(0.0625d2=(0.166875   (6)

(5) ((3)x0.5625,        0.1875b2+0.84375d2=11.685   (7)

from (6),            b2=0.25d2(0.6675,                from (7)

d2=6.2

b2=8.473
c2=-7.5335
(from (2))

Thus the PC curve is,       x(u) = 7.335 u2 (2.67 u3 ,          y(u) = 8.473 u ( 7.5335 u2 + 6.2 u3 ,
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	c)  Let the parametric equations be

x(u) = a1 + b1 u + c1 u2 + d1 u3 ,

y(u) = a2 + b2 u + c2 u2 + d2 u3 ,

z(u) = a3 + b3 u + c3 u2 + d3 u3 .

The question is to find the 12 coefficients.

When u=0, x=(1 and hence a1=(1, y=(2, and hence a2=(2, z=(1, and hence a3=(1,


[image: image9.wmf]du

dx

=b1+2c1u+3d1u2,  
[image: image10.wmf]du

dy

=b2+2c2u+3d2u2,   
[image: image11.wmf]du

dz

=b3+2c3u+3d3u2 .

Also, 
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Therefore in order for both 
[image: image15.wmf]dx

dy

 and 
[image: image16.wmf]dx

dz

 to be constant, d1= c1= d2= c2= d3= c3=0.

Thus b1, b2, and b3 only remain to be found. This is found by substituting the conditions at the end point when u=1 as follows.

When u=1,  x=4 and hence b1=5, y=2 and hence b2=4, z=4 and hence b3=5,
Thus the parametric equations are 

x= 5 u ( 1,

y= 4 u ( 2,

z= 5 u ( 1.
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	a) The main differences are:


Lagrange interpolation is to fit a curve through points. Hermite interpolation may equally well be defined to fit two points and two slope conditions at the points.  The latter form has advantages where close control of the curve slope is desired and also as a basis of piecewise curves, and has therefore been widely used. The Bézier curve used a control polygon for curves. The polygon is formed by the start and end points. The mid vertices are defined to be 1/3 of the way along the tangent vectors at both points.

b)  Hermite blending function


[image: image18]
Bézier blending function


[image: image19]
c) p(u) = B0,3(u) p0 + B1,3(u) p1 + B2,3(u) p2 + B3,3(u) p3 

            = 3!/(0!3!) u0(1(u)3 p0 + 3!/(1!2!) u1(1(u)2 p1 + 3!/(2!1!) u2(1(u) p2 + 3!/(3!0!) u3(1(u)0 p3
            =  (1(u)3p0+3u(1(u)2p1+3u2(1(u)2p2+u3p3
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	d) From Bézier-Bernstein polynomials

p(u) = B0,4(u) p0 + B1,4(u) p1 + B2,4(u) p2 + B3,4(u) p3 + B4,4(u) p4
            = 4!/(0!4!) u0(1(u)4 p0 + 4!/(1!3!) u1(1(u)3 p1 + 4!/(2!2!) u2(1(u)2 p2 + 4!/(3!1!) u3(1(u)1 p3 + 4!/(4!0!) u4(1(u)0 p4
            =  (1(u)4p0+4u(1(u)3p1+6u2(1(u)2p2+4u3(1(u)1p3+u4p4
Thus substituting for the point values in the points we obtain

x(u)= (1(u)4+12u(1(u)3+30u2(1(u)2+28u3(1(u)1+9u4
y(u)= 1( (1(u)4+6(4u(1(u)3+7(6u2(1(u)2+2(4u3(1(u)1+1(u4 = (1(u)4+24u(1(u)3+42u2(1(u)2+12u3(1(u)1+u4
i) When u = 0.5,  p(0.5)=(5, 4.75).

ii) dx/du=(4(1(u)3+12(1(u)3(36u(1(u)2 +60u (1(u)2(30u(1(u) +84u2(1(u)1(28u3+36u3
dy/du=(4(1(u)3+24(1(u)3(72u(1(u)2+84u(1(u)2(84u2(1(u) +36u2(1(u) (12u3+4u3
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dy/dx= 2.5   when u=0.
when u=0.5, dy/dx=( 0.5
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	Question 4
a) The two commercially by far the most widely applied techniques for volume modelling are the boundary and constructive solid geometry techniques. 
The boundary representation models are also called graph-based models, because the face, edge and vertex data is stored as nodes in a graph, with pointers, or branches, between the nodes to indicate connectivity. The graphs are known as directed graphs, the direction of the links between nodes is important.

In constructive solid geometry (CSG), which involves the construction of a model by the set-theoretic combination of geometric primitives such as cylinders, rectangular blocks and the like, a directed graph is again used for the data structure for the model. In this case, however, the graph is of a particular type known as a binary tree, in which nodes are connected by ‘branches’ to a root node. Any node may have only one ‘parent’ node and wo ‘child’ nodes. The root node has no parent, and the nodes with no children are known as leaf nodes. In the  CSG model, the leaves are geometric primitives, and the root node and internal nodes comprise the Boolean set operations that construct the model.

b) i) 
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The 9 points give control polygons. The surfaces share a number of characteristics with Bezier curves, in particular that the surfaces pass through the corner points of the characteristic polygon only, and have edge curves that are tangential to the edges of the characteristic polygon at the corner points. Furthermore, the surfaces are variation diminishing, and have a convex hull property.
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	b  ii)  
when u=v=0.5, the coordinates of the point are

Patch 1 (1/2, 1, 1/4)

Patch 2 (5/8, 5/8, 1/16)

c) 
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	a) The matrix can be shown as 
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where R is the rotation matrix describing the rotation and t is the translational vector giving a translation of an object.

When the matrix is applied to transform a typical point, for instance (1,1,1) 
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this point is rotating about the axis defined by R by an angel defined by R and translates by t. 

b) Premultiplying A upon the unit vector u=(p, q, r)T proves that u does not change as follows
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It can be seen that premultiplying u with A gives the same unit vector u.
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	d)  
i)
The R matrix which completes the orientation is
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t= (5cos30(, 4,  +3+5sin30()T = (4.33, 4,  5.5)T 

The homogenous matrix is 
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ii) 
Hence, point A in the cylinder local coordinates is (-1, 0, 0)T can be transformed to the global coordinates as
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point B in the cylinder local coordinates is (0, 0, 6)T can be transformed to the global coordinates as
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	a) stage 1A: confrontation: not a mere problem statement but rather the actual encounter of the engineer with a need to take action.

Stage 1B: sources of information. Info data bases, catalogues and design info.

Stage 2A: formulation of problem: clarify the real need and define it in concrete, quantitative terms.

Stage 2B: preparation of information and assumptions.

Stage 3: Generation and selection of design conepts. 

Stage 4: synthesis. The selected design concept is a skeleton. Must give it substance: fill in the blanks with concrete parameters with the use of systematic design methods guided by intuition.

Stage 5: analysable model. Typical models are simplified physical versions, mechanical electrical analogues, models based on nondimensional equivalence, mathematical models, free-body diagrams, and kinematic skeletal diagrams.

Stage 6: experiment, analysis, optimization.

Stage 7: presentation

b) Function generation ( coordination of input and output position, velocity, and/or acceleration)

Objective: the output angle (4 is to change in a prescribed manner with respect to input position (2; that is, the function (4 =f ((2) is to be generated.

Rigid-body guidance (motion generation) 

Objectives: a body, coupler, not directly jointed to the ground, must pass through specified positions and orientations.

Path generation (coupler curve generation; position, velocity, and/or acceleration at points along a point path)

Objective: some point on a link, P3 is to trace a desired path, L, on another link (usually the fixed link)

Static forces (transmission angle, mechanical advantage)

Objective: 1) attainment of desired magnitudes of the driven output force at specified corresponding input positions (2 ; the driving torque is to be a specified value; and /or 2) the forces transmitted through the joints must be held below the load capacity of the bearings.

c) Type synthesis is to predict which combination of linkage topology and type of joints may be best suited to solve a particular task. Type synthesis consists of topological synthesis, topological analysis and number synthesis. The first step in type synthesis is to determine the number and type of links needed to form linkages with the correct degree of freedom. This can be done by using a modified form of the Gruebler equation. The next step is to generate kinematic chains BKC. Further step is to generate all topologic inverstions of BKC. The final three stpes determine how drivers and different types of joints can be chosen and distributed throughout the mechanism.     
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	d)
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Fr and p are binary links.
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