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SECTION A : DISCRETE  SIMULATION

You are advised to spend 90 minutes on this question

1. (a)
In a simulation, why should several repetitions be carried out?
(4)

    (b)
An assembly line is expected to produce 100 units in one hour. The line produces three products as follow:


    PRODUCT

%

STATION 1

STATION 2



1

20

   0.7 min.

  0.8 min.



2

45

  0.75 min.

  0.6 min.



3

35

      --


  0.6 min.


The assembly times are normal with a standard deviation of 0.1 min.

(i)
Draw the Microsaint network diagram to model the assembly operation including a queue at each task.
(10)

(ii)
How would you ensure that the model processes the correct product mix, and how would you check it was doing so?.   
(8)

(iii)
How would you ensure that the correct processing time is used for each product at station 2.
(4)

(iv)
If the line was manned by operatives who could do any task, how would you ensure that a task did not commence unless an operator was available.
(4)

(v)
How would you set the maximum number of operators available?
(2)

(vi)
What pertinent data do you think should be recorded, and how would you record it?
(8)

   (c)
The following data was recorded as output for the above simulation run with two operatives.   Manually calculate the expected value for runtime and number of operatives in use using the output data.   Then calculate the confidence interval at 2.5% significance (value of t = 2.776) and the resultant upper and lower limits. 



Runtime:


Mean: 56.33
Std Dev: 1.27



Operators used:

Mean: 1.95
Std Dev: 0.29



(10)

SECTION B : CONTINUOUS  SIMULATION

You are advised to spend 90 minutes on this question

2. (a) What is the effect of sample rate on simulation of continuous-time physical systems?
(5)

(b) Explain how you would create a simulation of projectile motion for a golf ball on the surface of the moon, given the following data. Write down the code that you would write to implement the simulation.

The golf ball has a mass of 75g and a radius of 1.5 cm. The initial velocity is 50 m/s at an elevation of 45o. Ignore any frictional drag forces. Assume that g =1.62 ms-2 and that the surface of the moon is flat. 
(10)

(c) Given that the above first-order simulation predicts that the golf ball travels 1,248.043 metres before it hits the ground, using equations of motion, calculate the exact distance travelled (to the nearest mm) and explain why it is not exactly the same. Describe, in detail, the reasons for the difference.
(5)

(d) Describe three ways in which you could improve the accuracy of the simulation?
(5)

(e) Show how the above simulation could be modified to include an atmospheric frictional drag force FD  given by:

[image: image1.wmf]F

C

v

A

D

D

=

1

2

2

r



where:

CD = 0.15

(  = 1.12 kg m-3

v = speed in m/s

A = cross sectional area in m2
FD = force in Newtons


Draw a diagram to show the forces and how you have incorporated it into the code. 
(10)

(f) The following code is from a continuous time simulation. Describe what the simulation is about, and how it works. Draw diagrams, if necessary, to help your explanation. Draw the result of what you would expect to see on the screen as the simulation was running.
(15) 

Dim xp, yp, sp As Double

Dim xm, ym As Double

Dim t, tp As Integer

Dim vx, vy As Double

Dim dist, mindist As Double

Dim speed, maxspeed As Double

Dim lookahead As Double

Dim level As Integer

Private Sub Command1_Click()

    Timer1.Interval = 10

End Sub

Private Sub Command2_Click()

    t = 0

    tp = 0

    xp = 0

    yp = 100 + Rnd * 2000

    sp = 5

    xm = Picture1.ScaleWidth / 2

    ym = Picture1.ScaleHeight

    maxspeed = 11

    mindist = 20

    Timer1.Interval = 0

    Timer2.Interval = 10

End Sub

Private Sub Form_Load()

    level = 1

    lookahead = 0

    Label1.Caption = lookahead

    Label2.Caption = 0

End Sub

Private Sub HScroll1_Change()

    lookahead = HScroll1.Value / 100

    Label1.Caption = lookahead

End Sub

Private Sub Timer1_Timer()

    t = t + 1

    Call calculate_position

    dist = ((xp - xm) ^ 2 + (yp - ym) ^ 2) ^ 0.5

    If (t < 260) Then

        Picture1.PSet (xm, ym), RGB(255, 0, 0)

        If (dist < mindist) Then

            Picture1.FillColor = RGB(255, 255, 0)

            Picture1.Circle (xm, ym), 200, RGB(255, 255, 0)

            Timer1.Interval = 0

            Timer2.Interval = 0

        End If

    ElseIf (t = 260) Then

        Picture1.FillColor = RGB(200, 200, 200)

        Picture1.Circle (xm, ym), 50, RGB(200, 200, 200)

        Timer1.Interval = 0

    End If

End Sub

Private Sub Timer2_Timer()

    tp = tp + 1

    xp = xp + sp

    Picture1.PSet (xp, yp)

    Label2.Caption = t

End Sub

Private Sub calculate_position()

    vx = 0.01 * (xp + lookahead * (ym - yp) - xm)

    vy = 0.01 * (yp - ym)

    speed = (vx ^ 2 + vy ^ 2) ^ 0.5

    vx = maxspeed * vx / speed

    vy = maxspeed * vy / speed

    xm = xm + vx

    ym = ym + vy

End Sub
















� EMBED Equation.2  ���
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