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Please check that this examination paper consists of NINE (9) pages of printed 
material before you begin the examination. 
 
[Sila pastikan bahawa kertas peperiksaan ini mengandungi SEMBILAN (9) muka 
surat yang bercetak sebelum anda memulakan peperiksaan ini]. 
 
 
Instructions :   Answer ALL FIVE (5) questions.  
 
[Arahan : Jawab KESEMUA LIMA (5) soalan.] 
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1.  [a] Differentiate the systematic error and random error in measurement. Give 
ONE (1) cause for each error and suggest ONE (1) solution to reduce or 
eliminate that error.  

         (30 marks) 
 
 [b] Ali wants to perform a measurement of plastic material 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 -0.205 
Height 15.000, 2.500, 1.020 +1.150 

 
  Calculate the error of the comparator readings for 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) 
 
 
 



SULIT  EPM212 
- 3 - 

 
 

…4/- 
 
 

SULIT 

2. [a] A sine bar of length L = 300 mm (distance between rollers) is used to 
measure angle θ on a specimen block as shown in Figure 2[a].  The reading 
of the dial indicator at point A is 0 mm and the reading at point B is -0.009 
mm.  The distance between points A and B, d = 50 mm.  The block gages 
have a stacked height of 56.780 mm. Prove that the correction to gage block 
height, Δh=Δ hAB  x (L x cos θ)/d where Δ hAB is the difference in dial reading. 

 

 
Figure 2[a] 

                   (30 marks) 
 

[b] Determine angle, θ to the nearest seconds. 
(20 marks) 

 
[c] Figure 2[c] shows the basic construction of autocollimator. Based on the 

laws of optics, (i) explain the light path from the light source until it hits the 
focal point and (ii) explain the light path from light source if the reflection 
surface is tilted.                               
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2[c] 
 

 (20 marks) 

Partial reflector 
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[d] (i)  The School of Mechanical Engineering is planning to purchase high-
spec equipment for nanofabrication. As an equipment engineer, you 
have been asked to inspect the straightness of the XY-table 
guideways. Table 2 show the reading you obtained based on the 
reflector position in Figure 2[d]. Determine the deviation (correct to 7 
decimal places) in straightness, Δh at each of the positions A to F 
measured relative to the reference line. 

 
 
  

 
 
 
 
 
 
 
 

Figure 2[d] 
 

Table 2[d] 
Position Autocollimator reading (arc 

second) 
A 0 
B 1 
C 3 
D 0 
E -1 
F -2 

 
                    (12 marks) 

 
(ii)  Since the equipment's purpose is to fabricate on a micro or nanoscale, 

the guideways must be straight with cumulated deviation, Δhcum less 
than 1 micron. Based on your answers at 2[d(i)], determine whether 
the guideways meet the specification or not? 

(18  marks) 
 
 
 
 
 

 

100 mm 100 mm 100 mm 100 mm 100 mm 
A B C D E F 
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3. [a] Estimate the roundness error for the trace shown in Figure 3[a] below if the 
magnification is 200X using the (i) LSC method, (ii) MCC method and (iii) 
MIC method. Choose any point within the trace as initial datum.   

 

 
Figure 3[a] 

(50 marks)   
 

[b]  What is the Quality means in the perspective of customers, manufacturer 
and government? 

         (30 marks) 
 

[c]  “Prevention is better than cure”, is the quote we usually heard from a 
medical doctor. However, this proverb is true for control quality too. (i) 
Explain how Traditional Quality Control (TQC) work and (ii) explain the 
drawback of TQC as compare to other quality managements techniques. 

 
(20 marks) 
 

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

(30 marks) 
 
 
 



SULIT  EPM212 
- 6 - 

 
 

…7/- 
 
 

SULIT 

[b] The hardness in 𝑁𝑁 𝑚𝑚𝑚𝑚2⁄  for ten samples of metal were received from two 
different hardening processes i.e. (1) Saltwater quenching and (2) Oil 
quenching. The data are as shown in Table 4[b]. 

 
Table 4[b] 

 
Sample Saltwater quench Oil quench 

1 145 150 
2 150 150 
3 153 147 
4 148 155 
5 141 140 
6 152 146 
7 146 158 
8 154 152 
9 139 151 

10 148 143 
 

(i) Plot a regression graph from the data given. 
(20 marks)   

 
(ii) Construct a 95% confidence interval on the differences in mean 

hardness.  
  (30 marks)  

  
(iii) Justify if the assumption of normality seems appropriate for this data? 

 
(20 marks)   

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

tightened, and reduced curves.  
(10 marks)   

 
[b] A process is in statistical control with 𝑥̿𝑥 = 299 and 𝑅𝑅� = 3.5 . The control 

chart uses a sample size of 𝑛𝑛 = 4. The specifications are at 300 ± 8. The 
quality characteristic is normally distributed. Refer Appendix A for 
references. 

 
(i)  Determine the estimated process capability, Cp. 

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

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

(10 marks)   
 

[c] Inside diameters measurement (mm) for ten piston rings were measured 
for its tolerance limit study using a micrometer as shown in Table 5[c].  

 
(i) Construct an appropriate control chart using the given data. 

 
(30 marks)  

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

the measurements. 
(30 marks) 

Table 5[c] 
 

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 
 
 
 
 
 
 
 
 

-oooOOooo- 
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Appendix A 
Appendik A 

 
Continued. 
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