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 Problem review 

• Develop efficient and economic CNC machining  

– Control all process by computer 

– Meet the highly accuracies   

– Introduces flexibility in processing   

• Optimizing CNC turning machine parameter   

– Cutting speed  

– Feed rate  

– Depth of cutting 
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 Problem description 

• Problem  

– Optimizing CNC turning process parameters 

• Objective 

– Minimum production time 

• Decision variable 

– Feed rate  

– Cutting speed 

• Algorithms 

– An real coded genetic algorithm  

– Differential evolution  

• constraints 

– Decision variables’ lower and upper bound 

– Cutting force 

– Cutting power  

– Tool chip Interface temperature 

– Surface roughness 
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 Notations 
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 The machining optimization model 

 Machining processing is shaping of metal parts by removing unwanted 

    material. Should satisfy given quality specifications as accuracy, surface finish 

   and surface integrity with an objective of minimum production time. 

 

• The objective function: 

 

   where cutting time per pass is  

 

 

   Taylor’s tool life equation is given by 
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 The machining optimization model 

• Constraints during machining: 

– The bound of parameters depth of cut, feed rate and cutting speed: 

 

 

 

 

– Constraints imposed on required machining features: 

I. Cutting force(preventing tool chatter or deflection) 

 

II. Cutting power 

 

III.Working temperature 

 

IV.Surface roughness 
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 LXPM: A real coded GA 

• Chromosomes representation 
Decision variables are encoded as real numbers 

Individual:𝑋1 = (𝑥1
1, 𝑥2

1, 𝑥3
1, … , 𝑥𝑛

1) 

• Laplace crossover 

Parents: 𝑋1 = 𝑥1
1, 𝑥2

1, 𝑥3
1, … , 𝑥𝑛

1  and 𝑋2 = (𝑥1
2, 𝑥2

2, 𝑥3
2, … , 𝑥𝑛

2) 

Offspring: 𝑌1 = 𝑦1
1, 𝑦2

1, 𝑦3
1, … , 𝑦𝑛

1  and 𝑌2 = 𝑦1
2, 𝑦2

2, 𝑦3
2, … , 𝑦𝑛

2   

 

A random number 𝛽𝑖 =  
𝑎 − 𝑏log 𝑢𝑖 , 𝑟𝑖 ≤ 0.5;

𝑎 + 𝑏log 𝑢𝑖 , 𝑟𝑖 ≥ 0.5,
  

Where a is a location parameter and 𝑏 > 0 is a scaling parameter, uniform random 

numbers 𝑢𝑖, 𝑟𝑖  ∈ [0,1] 

 

Crossover operation: 
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 LXPM: A real coded GA 

• Power mutation: 
Let 𝑥  be a parent solution then 𝑥 is a mutated solution. 

 

 

 

𝑟 are uniform random number ∈ [0,1], s follow the power distribution 𝑠 = (𝑠1)𝑝, where 𝑠1 is a 

random number between 0 and 1,p is the index of mutation. 𝑡 =
𝑥 −𝑥𝑙

𝑥𝑢−𝑥 
 and 𝑥𝑙 , 𝑥𝑢 being the lower 

and upper  bound of Decision variables. 

• Constraint handling  

Penalty function: 

 

 

 

 

𝐹𝑤𝑜𝑟𝑠𝑡 is the objective value of the worst feasible solution currently available in the population. 

𝜑 
𝑗
(𝑥𝑖) refer to value of the left hand side of the inequality constraint(𝜑 

𝑗
(𝑥𝑖) = 𝑔 

𝑗
(𝑥𝑖) ). 
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 LXPM: A real coded GA 

• The other parameter setting   

a. Population = D*10 

b. Generation =200 

c. Run = 100 

d. Crossover rate(CR)  = varies from 0.86 to 0.9 

e. Mutation rate(𝑝𝑚) = varies from 0.006 to 0.06 
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 Differential evolution (DE) 

• Mutation  
• Produce a trial vector 𝑢𝑖(𝑡) corresponding to each individual of the current population by 

mutating a target vector 𝑋𝑖(𝑡) with a weighted differential. This trial vector is then used by 

crossover operator to produce offspring. 

Select a target vector 𝑋𝑖1 from population, random select two individuals 𝑋𝑖2, 𝑋𝑖3,such that 

𝑖 ≠ 𝑖1 ≠ 𝑖2≠ 𝑖3. The trial vector is calculated as: 

 

Where 𝛽 ∈ (0, 𝑖+) is the scale factor. 

• Crossover 

• Combines the trial vector 𝑢𝑖(𝑡) and the parent vector 𝑋𝑖(𝑡), to produce offspring as : 

 

 
• Where 𝑟𝑎𝑛𝑑𝑏 𝑗 ∈ [0,1] is the jth evaluation of random number generator.𝑟𝑛𝑏𝑟(𝑖) is a 

randomly chosen index ∈ [1,2,… , 𝑑], which ensures that offspring, has at least one 

component from trial vector 𝑢𝑖(𝑡) . 

• Selection 

• Selection operator decides which individual should be forwarded to next generation. 

 

 

smaller value of β leads to smaller step sizes that increases the computational 
time of algorithm, on the other hand the larger value of β provides faster 
convergence but may result in premature convergence. 
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 Differential evolution  • The other parameter setting   

a. Population = D*10 

b. Generation =200 

c. Run = 100 

d. Scaling factor(𝛽)  = 0.5 

e. Crossover rate(CR) = 0.08 
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 Computational experiment  

• Experiment environment  

– VC++ on Celeron PC 

–  1.4 GHz, 1.256 GB RAM 

• best parameter value obtained using LXPM and DE for different values of depth of 

cut  

 

 

 

 

 

 

– VC++ on Celeron PC 

–  1.4 GHz, 1.256 GB RAM 
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 Computational experiment  

• An Analysis for LXPM and DE for 100 runs 
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 Computational experiment  

• An Analysis for LXPM and DE for 100 runs 

 

 

 

 

 

 

 

 

 

 • Analysis : 

LXPM, PSO and DE perform better than other algorithms on 

the considered model.  

for different values of depth of cut, LXPM  and DE give 

significant improvement over Binary GA and other methods 

such as NMS, BSP, GA and SA. 

*BSP(Boundary Search Procedure) 

 NMS(Nelder-Mead Simplex Method) 

 Binary GA,  

 SA (Simulated Annealing )  

 PSO (Particle Swarm Optimization ). 
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• Optimizing machining parameters for turning process 

• Objective function is minimizing processing time 

• Take over the constrained machining environment ensure machining performance and  

    product quality  

• Suggested 

• A real coded genetic algorithm 

• Differential evolution algorithms 

• Adv & Disadv 
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