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1.  (a) Define the meaning of uncertainty and tolerance in measurement. Give 

ONE (1) example of each term.  
         (30 marks) 

 
(b) Abu wants to perform a measurement of plastic material according to 

ASTM D638 using a micrometer. State TWO (2) main causes that 
contribute to the measurement errors. 

 
          (20 marks) 

 
(c) A dial comparator was used to determine the dimensions of a specimen 

block. Each dimension was compared with the length of a combination of 
block gauges wrung together. The readings obtained are as Table 1 (c): 

 
Table 1 (c) 

 

Dimension Dimension of block 
gauges (mm) 

Comparator 
reading (mm) 

Length 50.000, 2.500, 1.080 -0.052 
Width 20.000, 1.800, 1.120 -0.102 
Height 15.000, 2.500, 1.020 +1.150 

 
Calculate the true value of each reading by analyzing the calibration graph 
as shown in Figure 1 (c). Assume that the reading of the comparator was 
set to zero using the block gauges. 

 
Figure 1 (c) 

 
(50 marks) 

 
 
 
 
 
 

...3/- 



SULIT                                                       -3-                                           EPM212 
 

SULIT 

 
 
2. (a) Figure 2 (a) shows part of a trace measured over one sampling length. 

Each horizontal grid spacing represents 0.2 mm, while each vertical grid 
spacing represents 0.1 µm. What is the sampling length used? 

 
(b) Determine the average height of the profile (in µm) measured from the 

reference line shown. 
 
(c)    Determine the values of the following roughness parameters: Ra,Rq and Rt 

 

 
Figure 2 (a) 

                    
(50 marks) 

 
 

 (d) Autocollimator utilised optical laws such as Law of reflection and Snell’s 
Laws to function. Explain the basic principal of autocollimator and its basic 
build. You may use drawing to illustrate your answer.        
         

(20 marks) 
 

(e) Optical tools are simple yet accurate for measuring flatness. To understand 
the contour of a surface, identifying the fringe pattern is essential. Sketch 
the fringe pattern of a surface for a given cross sections. Figure 2 (a) (i) 
show the example of the solution.       
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Figure 2 (a) (i) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 

(30 marks) 
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Cross Sections Profile Fringe Pattern 

(ii) (iii) (iv) 
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3. (a) Estimate the roundness error for the trace shown in Figure 3 (a) below if 

the magnification is 100X using the LSC method. Choose any point within 
the trace as the initial datum. Use APPENDIX C to sketch your answer.  

   

  
Figure 3 (a) 

(50 marks) 
 
 

(b) Figure 3 (a) shows an indoor drying house for dried product such fish and 
meat. In Malaysia, manufacturers of food products are required to obtain 
certifications and adhere to standards such as MeSTI or GMP. This is 
important not only to ensure safety but also quality. Elaborate on how 
customers, company managers, and MeSTI accreditation officers define 
and view quality in these manufacturing activities. 

            

                 
 

Figure 3 (a) 
(30 marks) 
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(c) Trace of oxidised metal were found in the packaged product and most likely 
coming from contact with corrosion. As an engineer, you suspected the 
corrosion come from the drying house. Construct a cause and effect 
diagram that are focusing for the drying house. 

 
(20 marks) 

 
 

4.  (a)  List TWO (2) types of Control Chart (CC) and their sub-control charts 
respectively.  

(10 marks) 
 

(b)  In an air-cooled engine cylinder simulation study, a circular cooling fin was 
heated in the central region and placed in an air stream as shown in Figure 
4. Ten thermocouples were placed at equal distances radially on the fin for 
temperature measurements. During a test run, the following data were 
obtained as shown in Table 4. 

 

 
Figure 4 
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Table 4 
 

Radius, R, (cm) Temperature, T, (oC) Radius, R, (cm) Temperature, T, (oC) 
2 75.5 12 62.1 
4 73.1 14 59.4 
6 70.5 16 57.2 
8 67.7 18 54.8 
10 64.2 20 52.2 

 
From the data given, determine the coefficients for the curve of the form, 𝑇𝑇 = 𝐶𝐶0 +
𝐶𝐶1𝑅𝑅, using: 

 
(i)  Graphical method.              (30 marks) 

   
 

(ii) Method of sequential differences.            (20 marks) 
   

 
(iii) Method of least squares.             (20 marks) 

   
 

(iv) Comment on the differences between using the data in (i), (ii) and (iii) 
is statistical process control?  

(20 marks)  
 

 
5. (a)  Sketch a diagram of operational curves (OC) indicating the normal, 

tightened, and reduced curves.  
(10 marks)   

 
(b) A set of machine bearings of a particular make were tested for wear at 

different operating temperatures controlled by an oil bath. The following test 
results were obtained as shown in Table 5. 

 
Operating temperature x, 
(oC) 100 150 200 250 300 350 400 

Amount of wear y (in 
mg/100 h of operation) 3.2 5.2 5.8 7.9 9.6 11.7 13.2 

  
(i) Plot the points on a graph and verify that a linear relationship exists 

between x and y data. Is the data in control? 
(30 marks)   

 
(ii) Find the linear least square curve regressing y on x (i.e.  assuming 

that the temperature values given in the data are without error). 
 

(20 marks)   
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iii. Estimate the amount of wear at 325 oC and 0 oC.  
 

(20 marks)   
 

iv. Comment on the estimated amount of wear given by the equation for 
an operating temperature of 0 oC. 

 
(10 marks) 

 
v. Give ONE (1) chance assignable error and TWO (2) on the errors of 

the measurements. 
 

(10 marks) 
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APPENDIX A 
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APPENDIX B 

 
FORMULAS 

 
Difference ∆𝑦𝑦𝑖𝑖 = 𝑦𝑦𝑛𝑛+1 − 𝑦𝑦𝑛𝑛 
 

Difference ∆𝑥𝑥𝑖𝑖 = 𝑥𝑥𝑛𝑛+1 − 𝑥𝑥𝑛𝑛 
 
  
 
Slope, 𝑚𝑚 = ∆𝑦𝑦𝑖𝑖/∆𝑥𝑥𝑖𝑖  
 
Internal estimate of the uncertainty, 𝜎𝜎𝑛𝑛2(𝑦𝑦) = 1

𝑛𝑛
{∑𝑦𝑦𝑖𝑖2 − 𝑎𝑎1 ∑𝑥𝑥𝑖𝑖𝑦𝑦𝑖𝑖 − 𝑎𝑎0 ∑𝑦𝑦𝑖𝑖} 

 
 
Uncertainty of y,𝑈𝑈𝑛𝑛(𝑦𝑦) = 𝜎𝜎𝑛𝑛(𝑦𝑦)/√𝑛𝑛 − 2 
 
Internal uncertainty of slope 𝑎𝑎1 values 𝑈𝑈𝑛𝑛(𝑎𝑎1) = √𝑛𝑛

√∆
 𝑈𝑈𝑛𝑛(𝑦𝑦) 

 

Internal uncertainty of 𝑎𝑎0, 𝑈𝑈𝑛𝑛(𝑎𝑎0) =
�∑𝑥𝑥𝑖𝑖

2

√∆
𝑈𝑈𝑛𝑛(𝑦𝑦) 
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