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Please check that this examination paper consists of EIGHT [8] pages of printed 
material before you begin the examination. 
 
[Sila pastikan bahawa kertas peperiksaan ini mengandungi LAPAN (8) muka surat 
yang bercetak sebelum anda memulakan peperiksaan ini.] 
 
INSTRUCTIONS : Answer ALL FOUR [4] questions. 
 
[Arahan : Jawab EMPAT (4) soalan.] 
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1. [a]  Give TWO (2) examples of standard that normally used metrologist 
when performing a measurement process.   

(20  marks) 
 

[b] Ali wants to perform a measurement of plastic material using a 
micrometer. Determine THREE (3) main of causes that contribute to 
the measurement errors. 

(20  marks) 
 

[c] The diameter of an aluminum rod was measured using a micrometer 
in a laboratory where the temperature is 28°C. The reading shown by 
the micrometer is 53.725 mm. If the coefficient of thermal expansion 
of aluminum is 26×10-6/°C. If the different temperature between the 
micrometer and specimen is 8°C and the error of the measurement is 
7µm. Calculate the coefficient of thermal expansion of the micrometer 
material.  

 (30 marks) 
 

[d]  Figure 1 shows the fringe patterns formed when a polished surface is 
viewed under an optical flat with the aid of monochromatic light 
source. State ONE (1) main factor that determines the density of the 
fringes observed. Is the surface shown on Figure 1 (b) perfectly flat? 
Provide justification. 

 

 
 

                        Figure 1 
 

 (30 marks) 
 
  

 
 

(a) 
 

(b) 
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2. Figure 2 shows part of a trace measured over one sampling length. Each 
horizontal grid spacing represents 0.125 mm, while each vertical grid 
spacing represents 0.1 µm.   

 
       Figure 2 

 
Table 1 

 

 
 

[a] From the Table 1, determine the evaluation length and cut-off length 
(Lc) used in Figure 2? 

(40  marks) 
  
[b] Determine the Average Roughness value of the profile (in µm) 

measured from the reference line shown.  
(30  marks) 

 
[c] Determine the Maximum Peak-to-Valley Roughness value? 
 

(10  marks) 
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[d] Based on your answer at [b] and [c], if the customer set the maximum 
value of the surface roughness of the machined surface is 0.9 µm, is 
the both Average Roughness and Maximum Peak-to-Valley meet the 
customer requirement? Provide justification. 

(20  marks) 
 

3. [a] (i) What are the relationships between Quality Control and 
Metrology? 

 (20 marks)   
 

(ii) With the help of sketches, list and briefly describe the FOUR 
(4) statistical process control (SPC) tools. 

(20 marks) 
   

[b] List TWO (2) types of Control Chart (CC) and their sub-control charts 
respectively.  

(10 marks) 
 

[c] Inside diameters measurement (mm) for automotive engine piston 
rings were measured for its roundness and tolerance limit study using 
a micrometer vernier as shown in Table 3.  

 
(i)   Construct and interpret the 𝑥̅𝑥 and 𝑠𝑠 control charts using the given 

values and Appendix A. 
(30 marks) 

  
(ii)  Give ONE (1) chance assignable error and TWO (2) on the 

errors of the measurements. 
(10 marks) 

 
(iii)  If the measurements need to be revised, how many additional 

data needed to be measured to conform to the specification of 
+/- 95% acceptance readings? 

(10 marks) 
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Table 3 
 

Sample 
number 

X1 X2 X3 X4 X5 

1 74.030 74.002 74.019 73.992 74.008 
2 73.995 73.992 74.001 74.011 74.004 
3 73.988 74.024 74.021 74.005 74.002 
4 74.002 73.996 73.993 74.015 74.009 
5 73.992 74.007 74.015 73.989 74.014 
6 74.009 73.994 73.997 73.985 73.993 
7 73.995 74.006 73.994 74.000 74.005 
8 73.985 74.003 73.993 74.015 73.988 
9 74.008 73.995 74.009 74.005 74.004 

10 73.998 74.000 73.990 74.007 73.995 
11 73.994 73.998 73.994 73.995 73.990 
12 74.004 74.000 74.007 74.000 73.996 
13 73.983 74.002 73.998 73.997 74.012 
14 74.006 73.967 73.994 74.000 73.984 
15 74.012 74.014 73.998 73.999 74.007 
16 74.000 73.984 74.005 73.998 73.996 
17 73.994 74.012 73.986 74.005 74.007 
18 74.006 74.010 74.018 74.003 74.000 
19 73.984 74.002 74.003 74.005 73.997 
20 73.982 73.984 73.995 74.013 74.013 

 
 
4.  [a] Plot a diagram of operational curves (OC) indicating the normal, tighten and 

reduced curves.  
(20 marks) 

   
[b] A process is in statistical control with 𝑥̿𝑥 = 199 and 𝑅𝑅� = 3.5 . The control 

chart uses a sample size of 𝑛𝑛 = 4. The specifications are at 200 ± 8. The 
quality characteristic is normally distributed. 

 
(i)  Determine the estimated process capability, Cp. 

(30 marks)   
 

(ii)  Determine the actual process capability, Cpk. 
(20 marks)   

 
(iii)  Calculate and compare the Process Capability Ratios (PCRs). 
 

(20 marks)   
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(iv)  How much improvement could be made in process performance if the 
mean could be centered at the nominal value? 

(10 marks)  
 
 
 
 
 
 
 
 

- oooOooo – 
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Appendix A 
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