
ROHINI COLLEGE OF ENGINEERING & TECHNOLOGY 

DEPARTMENT OF MATHEMATICS 
BA4201 / QUANTITATIVE TECHNIQUES  FOR DECISION MAKING 

UNIT IV  : REPLACEMENT MODELS 
 
Model 1 : Replacement of items that deteriorate with time, ignoring the time value of money 

Question 1:Small Battery operated trucks are used in an industry for material handling purposes. The operation cost , 
maintenance cost and resale value for six years are given in the table for one of these trucks. Determine when the truck is to be 
replaced by a new one? If the initial cost of truck is Rs.75000 

  

Year of Service Annual Operating Cost Annual Maintenance Cost Resale Value   

1 10000 6000 45000   

2 12000 7500 40000   

3 15000 12500 20000   

4 19000 17000 10000   

5 27000 20000 10000   

6 33000 21000 5000   

Solution :          

Year of 
Service(n) 

Initial  
Cost  
( C ) 

Resale Value  
S(t) 

Annual 
Operating +  

Annual 
Maintenance 

Cost   f(t) 

∑ f(t) 
Total Cost 
T = C - S(t) 

+ ∑ f(t)  

Average Annual 
Cost 

TA = T/n 

   

1 75000 45000 16000 16000 46000 46000    

2 75000 40000 19500 35500 70500 35250    

3 75000 20000 27500 63000 118000 39333.33333    

4 75000 10000 36000 99000 164000 41000    

5 75000 10000 47000 146000 211000 42200    

6 75000 5000 54000 200000 270000 45000    



          
At the end of second year the machine has to be replaced. 

 

Question 2:Following table gives the running cost per year and resale price of certain equipment whose 
purchase price is Rs.5000. At what year the replacement should be done. 

   

Year of Service Running Cost Resale Value      

1 1500 3500      

2 1600 2500      

3 1800 1700      

4 2100 1200      

5 2500 800      

6 2900 500      

7 3400 500      

8 4000 500      

          

Answer          

Year of Service(n) Initial Cost ( C ) Resale Value S(t) 

Annual 
Operating +  

Annual 
Maintenance 

Cost   f(t) ∑ f(t) 

Total Cost 
T = C - S(t) 

+ ∑ f(t)  

Average 
Annual Cost 

TA = T/n    

1 5000 3500 1500 1500 3000 3000    

2 5000 2500 1600 3100 5600 2800    

3 5000 1700 1800 4900 8200 2733.333333    

4 5000 1200 2100 7000 10800 2700    

5 5000 800 2500 9500 13700 2740    

6 5000 500 2900 12400 16900 2816.666667    

7 5000 500 3400 15800 20300 2900    

8 5000 500 4000 19800 24300 3037.5    

At the end of fourth year the machine has to be replaced.    



Question 3:The cost of a machine is Rs.16,100 and its scrap value is Rs.1,100. The 
maintenance costs are given below. When should the machine be replaced?  

      

Year of Service Maintenance Cost           

1 300           

2 450           

3 600           

4 800           

5 1000           

6 1200           

7 1500           

8 2000           

          

Answer          

Year of Service(n) Initial Cost ( C ) Resale Value S(t) 

Annual 
Operating +  

Annual 
Maintenance 

Cost   f(t) 

∑ f(t) 
Total Cost 
T = C - S(t) 

+ ∑ f(t)  

Average 
Annual Cost 

TA = T/n 

   

1 16100 1100 300 300 15300 15300    

2 16100 1100 450 750 15750 7875    

3 16100 1100 600 1350 16350 5450    

4 16100 1100 800 2150 17150 4287.5    

5 16100 1100 1000 3150 18150 3630    

6 16100 1100 1200 4350 19350 3225    

7 16100 1100 1500 5850 20850 2978.571429    

8 16100 1100 2000 7850 22850 2856.25    

          

At the end of eighth year the machine has to be replaced.    



Question 4:A desktop publisher finds from his previous records that the cost per year of 
using an ink-jet printer whose purchase price is Rs.7000 is as given below.At what age the 
ink-jet printer should be replaced?        

Year of Service Running Cost Resale Price         

1 1100 3100         

2 1300 1600         

3 1500 850         

4 1900 475         

5 2400 300         

6 2900 300         

7 3500 300         

8 4100 300         

          

Answer          

Year of Service(n) Initial Cost ( C ) Resale Value S(t) 

Annual 
Operating +  

Annual 
Maintenance 

Cost   f(t) 

∑ f(t) 
Total Cost 
T = C - S(t) 

+ ∑ f(t)  

Average 
Annual Cost 

TA = T/n 

   

1 7000 3100 1100 1100 5000 5000    

2 7000 1600 1300 2400 7800 3900    

3 7000 850 1500 3900 10050 3350    

4 7000 475 1900 5800 12325 3081.25    

5 7000 300 2400 8200 14900 2980    

6 7000 300 2900 11100 17800 2966.666667    

7 7000 300 3500 14600 21300 3042.857143    

8 7000 300 4100 18700 25400 3175    

          
At the end of sixth year the machine has to be replaced. 

    



Question 5:The cost of a machine is Rs.6,100 and its scrap value is Rs.100. The 
maintenance costs are given below. When should the machine be replaced?  

      

Year of Service Maintenance Cost           

1 100           

2 250           

3 400           

4 600           

5 900           

6 1200           

7 1600           

8 1800           

          

Answer          

Year of Service(n) Initial Cost ( C ) Resale Value S(t) 

Annual 
Operating +  

Annual 
Maintenance 

Cost   f(t) 

∑ f(t) 
Total Cost 
T = C - S(t) 

+ ∑ f(t)  

Average 
Annual Cost 

TA = T/n 

   

1 6100 100 100 100 6100 6100    

2 6100 100 250 350 6350 3175    

3 6100 100 400 750 6750 2250    

4 6100 100 600 1350 7350 1837.5    

5 6100 100 900 2250 8250 1650    

6 6100 100 1200 3450 9450 1575    

7 6100 100 1600 5050 11050 1578.571429    

8 6100 100 1800 6850 12850 1606.25    

          

At the end of sixth year the machine has to be replaced.    
 



Model 2 : Replacement of items that deteriorate with time, considering the time value of money 

          

Question 1:The cost of a new inkjet printer is Rs.5500. The running cost of nth year is given by Rn=550(n-1), where n=1,2. If the 
discount is 0.4 per year. Determine after how many years it would be economical to replace the printer by a new one. 

 

Answer          

C = 5500 Rn=550(n-1) V=0.4        

          
Year  

of  
Service 

(n) Vn-1 Rn Vn-1Rn ∑ Vn-1Rn C 
P(n) = C + ∑ 

Vn-1Rn ∑ Vn-1 X=P(n)/∑ Vn-1  

1 1 0 0 0 5500 5500 1 5500  

2 0.4 550 220 220 5500 5720 1.4 4085.714286  

3 0.16 1100 176 396 5500 5896 1.56 3779.487179  

4 0.064 1650 105.6 501.6 5500 6001.6 1.624 3695.566502  

5 0.0256 2200 56.32 557.92 5500 6057.92 1.6496 3672.356935  

6 0.01024 2750 28.16 586.08 5500 6086.08 1.65984 3666.666667  

7 0.004096 3300 13.5168 599.5968 5500 6099.5968 1.663936 3665.764068  

8 0.0016384 3850 6.30784 605.90464 5500 6105.90464 1.6655744 3665.945298  

          

At the end of Seventh year the machine has to be replaced.    

  

 

 

 

 

 

 

 

 

 

 

 

 

 

        



Question 2:A machine costs Rs.5,000. The maintenance cost of nth year is given by Rn = 500(n-1). If money is worth 5% per year, after 
how many years will it be economical to replace machine? 

 

Answer          

C = 5000 Rn=500(n-1) r=5% 
V=1/(1+r) = 
1/(1+0.05)=0.9523      

          
Year of 

Service(n) Vn-1 Rn Vn-1Rn ∑ Vn-1Rn C 
P(n) = C + ∑ 

Vn-1Rn ∑ Vn-1 X=P(n)/∑ Vn-1  

1 1 0 0 0 5000 5000 1 5000  

2 0.9523 500 476.1500 476.1500 5000 5476.1500 1.9523 2804.9736  

3 0.9069 1000 906.8753 1383.0253 5000 6383.0253 2.8592 2232.4708  

4 0.8636 1500 1295.4260 2678.4513 5000 7678.4513 3.7228 2062.5514  

5 0.8224 2000 1644.8456 4323.2969 5000 9323.2969 4.5452 2051.2332  

6 0.7832 2500 1957.9831 6281.2799 5000 11281.2799 5.3284 2117.1950  

At the end of Fifth year the machine has to be replaced.    

Question 3: A small workshop involved in sheet metal work is on the look for purchase of a small sheet vending machine. A 
manufacturer offers two choices namely machine A and machine B. The following details are supplied by the manufacturer. For 
machine A, initial cost is Rs.12000. Running cost is Rs.1920 for the first 5 years increasing by Rs.480 per year thereafter. Machine B 
initial cost is Rs.6000. The running cost is Rs.2880 for the first 6 years increasing by Rs.480 per year thereafter. The worth of the 
capital is 10% per year for both. As a consultant to the workshop you are required to suggest which machine is to be purchased and 
why.  

 

Answer - Machine A         

C = 12000 Rn=1920 r=10% 
V=1/(1+r) = 
1/(1+0.1)=).9091      

Year(n) Vn-1 Rn Vn-1Rn ∑ Vn-1Rn C 
P(n) = C + ∑ 

Vn-1Rn ∑ Vn-1 X = P(n)/ ∑ Vn-1  

1 1 1920 1920 1920 12000 13920 1 13920  

2 0.9091 1920 1745.472 3665.472 12000 15665.472 1.9091 8205.684354  

3 0.82646281 1920 1586.808595 5252.280595 12000 17252.2806 2.73556281 6306.665865  

4 0.751337341 1920 1442.567694 6694.848289 12000 18694.84829 3.486900151 5361.452144  

5 0.683040776 1920 1311.438291 8006.28658 12000 20006.28658 4.169940927 4797.738608  

6 0.62095237 2400 1490.285687 9496.572267 12000 21496.57227 4.790893297 4486.96536  

7 0.564507799 2880 1625.782462 11122.35473 12000 23122.35473 5.355401096 4317.576651  



8 0.51319404 3360 1724.331976 12846.6867 12000 24846.6867 5.868595136 4233.838956  

9 0.466544702 3840 1791.531656 14638.21836 12000 26638.21836 6.335139838 4204.835101  

10 0.424135789 4320 1832.266607 16470.48497 12000 28470.48497 6.759275627 4212.061549  

Answer - Machine B         

C = 6000 Rn=2880 r=10% 
V=1/(1+r) = 
1/(1+0.1)=).9091      

          
Year of 

Service(n) Vn-1 Rn Vn-1Rn ∑ Vn-1Rn C 
P(n) = C + ∑ 

Vn-1Rn ∑ Vn-1 X = P(n)/ ∑ Vn-1  

1 1 2880 2880 2880 6000 8880 1 8880  

2 0.9091 2880 2618.208 5498.208 6000 11498.208 1.9091 6022.842177  

3 0.82646281 2880 2380.212893 7878.420893 6000 13878.42089 2.73556281 5073.332932  

4 0.751337341 2880 2163.851541 10042.27243 6000 16042.27243 3.486900151 4600.726072  

5 0.683040776 2880 1967.157436 12009.42987 6000 18009.42987 4.169940927 4318.869304  

6 0.62095237 2880 1788.342825 13797.77269 6000 19797.77269 4.790893297 4132.376045  

7 0.564507799 3360 1896.746206 15694.5189 6000 21694.5189 5.355401096 4050.960612  

8 0.51319404 3840 1970.665115 17665.18402 6000 23665.18402 5.868595136 4032.512631  

9 0.466544702 4320 2015.473113 19680.65713 6000 25680.65713 6.335139838 4053.684336  

10 0.424135789 4800 2035.851786 21716.50891 6000 27716.50891 6.759275627 4100.514677  

          

At the end of 8th year the machine B has to be purchased.    
 


