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Solution 5.2.1: Optimization, Search & Exploration 1

Solution 

a. System of reduced constraints

	Relations and constraints
	Reduced constraints

	

(1) 


(2) 


(3) 


(4) 




	
(1) + (2) + (3) + (4)









 (1)’   

(the maximum deflection constraint is independent of the thickness t)


	

(5) 


(6) 
	
(5) + (6)





 (2)’   


	

(7) 

	

 (3)’    


	

(8) 

	

 (4)’  




· The system is made up of 4 constraints:

1) Deflection requirement (relation (1)’, which is independent of thickness when considering self-weight only).

2) Strength requirement () (relation (2)’, which is a function of type t  f(1/d)).

3) Validity of the formulas (3), (4) and (6) (relation (3)’, which is linear with respect to d).

4) Fabrication requirement (relation (4)’, which is independent of d).

· Relation (2)’ is a relation of type t*d  constant.


b. Graphical representation of the domain for the following situation:

	L [m]
	P [kN]
	 [kN/m3]
	
 [kN/m2]
	E [kN/m2]

	8.0
	1500
	78.5
	150’000
	210 E6



· Representation of the Objective Function as a function “t*d” and constraints of the same type.




FO: 


(2)’: 

 

The minimum Objective Function, which is limited by constraint (2)’, has multiple solutions because the product (d*t) is equal to 0.003183 [m2]. The OF always yields 6.28 [kN].

c. Representation of the limits on a 2D graph with « d » on the x-axis and « t » on the y-axis, taking into account the set of constraints. 

min OF= 6.28 kN


with:

	
 [m]





The minimum Objective Function is the segment of the curve limited between constraint (3)’ () and the OF as well as constraint (4)’ () and the OF. Therefore, there are several optimum solutions. 

The use of stochastic algorithms is justified when there are several optimal solutions and a research space with exponential complexity exists. In this case, an analytical method is more appropriate since we can determine the optimal solution easily by solving the equations and determining their intersection points.

d. There is a requirement that is not active: constraint (1)’ (d > V(1)’), which does not influence possible solutions.

e. By changing the span of the beam, the possible solutions will be changed. The only requirement that will change is constraint (1)’. The new domain is as follows:

d > V(1)’



with:
	
 [m]



Constraint (2)’ is no longer active in this case. The minimum value of the OF is at the intersection of constraints (1)’ and (4)’:


(1)’:  [m]


(4)’: [m]


If d = 0.78 and t = 0.005, Objective Function is: [kN].
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Objective Function vs d*t
FO [kN]	0	5.0000000000000034E-4	1.0000000000000028E-3	1.5000000000000029E-3	2.0000000000000052E-3	2.5000000000000057E-3	3.0000000000000057E-3	3.5000000000000057E-3	4.0000000000000105E-3	4.5000000000000014E-3	5.0000000000000105E-3	5.5000000000000014E-3	6.0000000000000114E-3	6.5000000000000136E-3	7.0000000000000114E-3	7.5000000000000145E-3	8.0000000000000227E-3	8.5000000000000006E-3	9.0000000000000028E-3	9.5000000000000067E-3	1.0000000000000005E-2	0	0.98646009322719497	1.9729201864543899	2.9593802796815849	3.9458403729087768	4.9323004661359748	5.9187605593631734	6.9052206525903781	7.8916807458175597	8.8781408390447787	9.8646009322719568	10.851061025499144	11.83752111872635	12.823981211953534	13.810441305180751	14.796901398407924	15.783361491635082	16.769821584862289	17.756281678089508	18.742741771316652	19.729201864543889	dt min [m^2] 	3.1830988618379245E-3	1.9729201864543899	dt [m2]

OF [kN]


Admissible domain for t and d
t	>	0.005	0	0.05	0.1	0.15000000000000024	0.2	0.25	0.30000000000000032	0.35000000000000031	0.4	0.45	0.5	0.55000000000000004	0.60000000000000064	0.65000000000000169	0.70000000000000062	0.75000000000000144	0.8	0.85000000000000064	0.9	0.95000000000000062	1	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	FOmin	0	0.05	0.1	0.15000000000000024	0.2	0.25	0.30000000000000032	0.35000000000000031	0.4	0.45	0.5	0.55000000000000004	0.60000000000000064	0.65000000000000169	0.70000000000000062	0.75000000000000144	0.8	0.85000000000000064	0.9	0.95000000000000062	1	6.3661977236758135E-2	3.1830988618379227E-2	2.1220659078919391E-2	1.5915494309189541E-2	1.2732395447351627E-2	1.0610329539459701E-2	9.0945681766797341E-3	7.9577471545947912E-3	7.0735530263064594E-3	6.3661977236758134E-3	5.7874524760689224E-3	5.3051647697298443E-3	4.897075172058318E-3	4.5472840883398714E-3	4.2441318157838814E-3	3.9788735772973939E-3	3.7448221903975459E-3	3.5367765131532297E-3	3.3506303808820137E-3	3.1830988618379245E-3	t	<	0.1*d	0	0.05	0.1	0.15000000000000024	0.2	0.25	0.30000000000000032	0.35000000000000031	0.4	0.45	0.5	0.55000000000000004	0.60000000000000064	0.65000000000000169	0.70000000000000062	0.75000000000000144	0.8	0.85000000000000064	0.9	0.95000000000000062	1	0	5.0000000000000114E-3	1.0000000000000005E-2	1.4999999999999998E-2	2.0000000000000011E-2	2.5000000000000001E-2	3.0000000000000002E-2	3.4999999999999996E-2	4.0000000000000022E-2	4.5000000000000012E-2	0.05	5.5000000000000014E-2	6.0000000000000032E-2	6.5000000000000002E-2	6.9999999999999993E-2	7.5000000000000011E-2	8.0000000000000043E-2	8.5000000000000006E-2	9.0000000000000024E-2	9.5000000000000043E-2	0.1	d	>	C2	0.12629016727048209	0.12629016727048209	0	0.1	d [m]

t [m]


Admissible domain for t and d
t	>	0.005	0	5.0000000000000024E-2	0.1	0.15000000000000024	0.2	0.25	0.30000000000000032	0.35000000000000031	0.4	0.45	0.5	0.55000000000000004	0.60000000000000064	0.65000000000000169	0.70000000000000062	0.75000000000000144	0.8	0.85000000000000064	0.9	0.95000000000000062	1	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	5.0000000000000105E-3	FOmin	0	5.0000000000000024E-2	0.1	0.15000000000000024	0.2	0.25	0.30000000000000032	0.35000000000000031	0.4	0.45	0.5	0.55000000000000004	0.60000000000000064	0.65000000000000169	0.70000000000000062	0.75000000000000144	0.8	0.85000000000000064	0.9	0.95000000000000062	1	6.3661977236758163E-2	3.1830988618379241E-2	2.1220659078919391E-2	1.5915494309189541E-2	1.2732395447351628E-2	1.0610329539459701E-2	9.0945681766797341E-3	7.9577471545947912E-3	7.0735530263064594E-3	6.3661977236758134E-3	5.7874524760689224E-3	5.3051647697298452E-3	4.897075172058318E-3	4.5472840883398714E-3	4.2441318157838814E-3	3.9788735772973939E-3	3.7448221903975459E-3	3.5367765131532297E-3	3.3506303808820137E-3	3.1830988618379253E-3	t	<	0.1*d	0	5.0000000000000024E-2	0.1	0.15000000000000024	0.2	0.25	0.30000000000000032	0.35000000000000031	0.4	0.45	0.5	0.55000000000000004	0.60000000000000064	0.65000000000000169	0.70000000000000062	0.75000000000000144	0.8	0.85000000000000064	0.9	0.95000000000000062	1	0	5.0000000000000114E-3	1.0000000000000005E-2	1.4999999999999998E-2	2.0000000000000011E-2	2.5000000000000012E-2	3.0000000000000016E-2	3.4999999999999996E-2	4.0000000000000022E-2	4.5000000000000033E-2	5.0000000000000024E-2	5.5000000000000021E-2	6.0000000000000032E-2	6.500000000000003E-2	7.0000000000000021E-2	7.5000000000000039E-2	8.0000000000000043E-2	8.5000000000000048E-2	9.0000000000000066E-2	9.5000000000000043E-2	0.1	d	>	C2	0.78000893487963552	0.78000893487963552	0	0.1	d [m]

t [m]
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