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INSTRUCTIONS TO STUDENTS 

 

 

QUESTION 1 

 

Figure Q1 shows a flexible automated manufacturing cell with two machine tools and a 

robot. The two CNC machine tools can be loaded and unloaded by an industrial robot with 

parts from a carousel.  

a) Management has asked you to give a detailed report on all the automation features 

that you have considered when designing this flexible manufacturing cell.    

 (20 marks)                 

b) Design an appropriate robot that can be used in the flexible manufacturing cell. 

            (5 marks) 

c) Design the robot interlock system.      (10 marks) 

[Total Marks 35] 
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Figure Q1: Automated manufacturing cell with two machine tools and robot. 

 

QUESTION 2 

 

Robotics Engineers at DKK Precision Control would like to establish parameters of a 

positioning table, such as control resolution, rotational speeds, and the corresponding 

pulse train frequencies. There are two axes of an x-y positioning table and each is driven 

by a stepping motor connected to a lead screw with a 10:1 gear reduction. The number 

of step angles on each stepping motor is 20. Each lead screw has a pitch = 4.5 mm and 

provides an axis range = 300 mm. There are 16 bits in each binary register used by the 

controller to store position data for the two axes. Their desire is to drive the table at 500 

mm/min in a straight line from point (30,30) to point (100,200). Ignore acceleration and 

deceleration.                     (20 marks) 
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QUESTION 3 

Thabelo Robotics is a small engineering company that is into the design of 4IR’s 

Autonomous Robots. Engineers at Thabelo Robotics are working on an industrial robot that 

performs a machine loading and unloading operation. A PLC is used as the robot cell 

controller. The cell operates as follows: (1) a human worker places a workpart into a nest, (2) 

the robot reaches over and picks up the part and places it into an induction heating coil, (3) a 

time of 10 seconds is allowed for the heating operation, and (4) the robot reaches in and 

retrieves the part and places it on an outgoing conveyor. A limit switch X1 (normally open) will 

be used in the nest to indicate part presence in step (1). Output contact Y1 will be used to signal 

the robot to execute step (2) of the work cycle. This is an output contact for the PLC, but an 

input interlock for the robot controller. Timer T1 will be used to provide the 10 second delay in 

step (3). Output contact Y2 will be used to signal the robot to execute step (4).  

 

a) Design a ladder logic diagram for this system.    (10 marks) 

b) Develop the low level language statements for this system.   (10 marks) 

[Total Marks 20] 

 

QUESTION 4 

Trainee Engineers at Thabelo Robotics are running some experiments were they are applying 

a voltage of 26 V to a DC servomotor whose torque constant = 0.117 N-m/A and voltage 

constant = 0.087 V/(rad/sec). Armature resistance = 1.85 ohms. The motor is directly coupled 

to a pump shaft for an industrial process. What would be the operating point of the motor if 

the torque-speed characteristic of the pump is given by the following equation: TL = KL1 + 

KL22, where TL = load torque/(N-m);  = angular velocity/(rad/sec); KL1 = 0.006 N-

m/(rad/sec), and KL2 = 0.00022 N-m/(rad/sec)2.               (15 marks) 

 

 

QUESTION 5 

The following data was gathered by Thabelo Engineering employees, in an effort to establish 

manufacturing lead time and plant utilization. An average part is produced in a certain batch 

and is processed sequentially through five machines on average. Twenty eight (28) new 

batches of parts are launched each week. Average operation time = 5 min., average setup time 

= 8 hours, average batch size = 50 parts, and average nonoperation time per batch = 11 

hrs/machine. There are 18 machines in the plant working in parallel. Each of the machines 

can be set up for any type of job processed in the plant. The plant operates an average of 72 

production hours per week. Scrap rate is negligible.               (10 marks) 

 

 

 

 

 

TOTAL  =  100 
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-----The End---- 

 

 

 

 

 


