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Answer all questions. Tables of Normal and Poisson Distributions are allowed.

1- The number of patients admitted to a city hospital over 40 random days are as follows:

2215 |36(33(32]|19|28(31(33|20[30]30]35]29 39 (2220381727
31(21(23(39|38|20(36|17 |31 (2317311631 |16|21|18]|31]|30]27

(a) Construct a frequency distribution of these numbers.

(b) Construct a histogram, frequency polygon for the data.
(c) Construct a box plot of the data.
(d) Does the data set contain any outliers?

2- The diameter of a metal shaft used in a disk-drive unit is normally distributed with mean 0.2508
meters. ahd standard deviation 0.0005 meters. If the specifications on the shaft have been
established as 0.2500 + 0.0015 meters.

(a) What fraction of the shafts produced conform to this specification?
(b) What should the specification limits be so that the fraction of nonconforming bolts is no
more than 5%?

3- The following data are sample means and sample ranges of 25 samples of size 5 taken from a
production process for bolts. The bolts are used to mount wheels on a car, and the measurements
are the lengths of the bolts in cm. : '

X 10.37 | 9.71 | 9.58 | 9.71 { 10.41 | 9.88 | 10.52 | 9.55 | 9.39 } 10.68 | 10.09 | 9.82

R 148 [ 151135146 1.27 |157| 138 | 1.26 | 1.05 | 1.48 | 134 | 1.39 | 141

X |1024|9.42}926 (101 9.45 | 10.1 | 10.48 | 10.53 | 10.65 | 10.26 | 9.9 ' | 10.47
'R | 143 | 141|148 (133|104 |134] 1.29 | 1.35 [ 1.05 | 1.45 | 1.23 | 1.47

(a) Setup. X and R control charts for this process. Is this process in statlstlcal control?
(b) Estimate the process mean, u, and standard deviation, a.

4- Ateam of engineers is assigned to reduce the fraction of nonconforming units of an accelerating
pump lever (APL) shipped to them from another factory. The following table gives the number of
nonconforming APLs out of 400 inspected units each day during the study period.

(a) Setup p control chart.
(b) Consider a single sampling plan of N = 3000,n = 89,c = 2. Draw the OC curve for this
sampling plan and find the acceptance probability of a lot containing those APLs.
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QuestionOne b ity s Sy
A company manufactures two products, X and Y by using three machines A, B,
and C. Machine A has 4 hours of capacity available during the coming week. Similarly,
the available capacity of machines B and C during the coming week is 24 hours and 35
| hours respectively. One unit of product X requires one hour of Machine A, 3 hours of
‘ machine B and 10 hours of machine C. Similarly, one unit of product Y requires 1 hour,
' 8 hour and 7 hours of machine A, B and C respectively. When one unit of X is sold in
] the market, it yields a profit of 55 per product and that of Y is 7$ per unit. Solve the
problem by using graphical method to find the optlmal product mix.

Model this problem as a linear programming to maximize the profit then so!ve
it graphlcally and algebralc by 5|mplex method :

Determme the feasnble solution of vanables wuth usmg M techmque

‘Minimize Z= 4x1+xz
‘Subjectto  3x3+ Xz
4X1+ 3X2
X1 + 2%z
X1, X2

-Dlstlngwsh and discuss these cases graphlcally-and mathematlcally 3

Maximize -

Z=3X,+9X,

Maximize

Z=3X%1 +2X

Maximize

Z=2X1+4X;

- Maximize

Z=2X1.+ X;

-Maximize

7= 3X1+ 2X2

X1+4X,<8
X1+2X254
Xy, X220

AX1+3X; £ 12
4X1+ X258
4X1-X,<8

X1, X220

X1 +¥2X,<5
X1+ X354
: X1, X220

X1-X2<10
2X1 <40
X1, X220

2X1+ X2
3X1+ 4% 2 12
X1, Xz_Z 0
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To

‘ C
From

differentplaces,whichsupplywarehouses t . _ 1
14 175 L 10

A, B, C, D and E. Monthly factory capacities

2
are 220, 180, 150 and 280 units 3 13 12 15
4 10 13 11

" réspe’ctively. Monthly warehouse

requirements are 110, 190, 120, 230 and 160 units respectively. Unit’s proﬁts'are given |

| in L.E. Determine the optimum tranéportation to maximize profits.

Five wagons are available at stations

1,2,3,4 and 5. These are required at five stations

I, 11, 11, IV and V. the mileages between various

stations are given by the table indicat'ed., qu

should the wagons be transported (assign) so as

to minimize the total mileage covered?

~
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TANTA UNIVERSITY MPD4236 INDUSTRIAL ROBOTS
FACULTY OF ENGINEERING 2" TERM 2022-2023

PRODUCTION ENG. & MECH. DESIGN DEPT.  DATE: 1/6/2023  TIME: 3 HOURS
(16:00 AM-1:00 PM)

FINAL TERM EXAM

Question 1 (15 Marks)

The 6-DOF Stanford manipulator is composed of a spherical arm and a spherical wrist as
shown in Fig. 1. Tabulate the D-H parameters of this manipulator and then solve the direct

kinematics of its 3-DOF spherical arm only at the arm state ¢= [% % 5001 , given that d;=
d4=0 and d2=300mm

Question 2 (15 Marks)

=" Forthe 35DOF spherical arm of the Stanferd manipulator shown in Flg 1 derive the 6 %3 -
Jacobian matrix and then evaluate it at the above arm state.

b- Evaluate the differential change, d °T3 , for the differential changé in the joint coordinates

dg=[0.1 0.1 1]” at the above arm state.
¢- Find the new location of the end of the arm after the above dlfferentlal motion.

Quest ion 3 (15 Marks)

For the three-axis SCARA robot shown in Fig. 2, the first two joint angles are revolute while
the third joint variable is prismatic. Solve the inverse kinematics problem.

Question 4 (1S Marks)

The end-effector of the SCARA robot, shown in Fig. 2, is required to track a trajectory in the
X-Y plane z=300 mm given by »=600-160(x/200)' mm. Using the time parametric
- transformation ¢=x/200, find the desired joint space trajectory &,(H)only to satisfy the

above task space trajectory using three via points =0, 0.25, 0.5 sec. Take d;=700 mm, a;=400
mm and a,=300 mm.

Question 5 (15 Marks)

Derive the dynamic equations of the two-link planar manipulator (PP) with mass mz; and s,
respectively as shown in Fig. 3 using Lagrange's method. Formulate it in the general matrix

form using the generalized coordinates g=[q, ¢,] .
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