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Structural Optimization Course litterature:

Covers

Sizing, Shape, TOpOlogy An Introduction

1o Structural

Optimization

for linear, static elasticity

Mainly taken by students from

Mechanical Engineering M (200 ECTS)
Mechanical Engineering master’s program MEC (120 ECTS)
Aeronautial Engineering master’s program AER (120 ECTS)

Year 5

Prerequisites:

Basic solid mechanics, FEM, Optimization (removed from 2023 since optimization no longer mandatory on M)



Organization and Examination

19 lectures
1 guest lecture from the industry (Saab)
Computer lab sessions

3 computer tasks
1 written exam

UPGI Laborationsuppgift

TEN1 Skriftlig tentamen

1.5 hp

4.5 hp

UG

U 3,4,5



S8}

Lecture plan

F Introduction and terminology. (CJT)
L Exercises: minimize weight subject to constraints on stress, (CJT)
L Exercises: minimize weight subject to constraints on stress and displacements,

or constraints on stress and instabilicy. (CJT)

I Convexity, Lagrange duality in structural optimization I (PC)
F Lagrange duality in structural optimization 1. (PC)

L Exercises on the above., (PC)

I Formmlations, sequential explicit approximation (SEA). (PC)

F' SEA: CONLIN and MMA. (PC)

I Example of the overall procedure. (PC)

I Sensitivity analyvsis [ (PC)

I Sensitivity analvsis 1 (PC)

I Shape optimization. (PC)

I Caleulus of variations and optimization in cquilibrinm principles. (C.
L Exercises on the above, (CIT)

I Maximum stiffness: theory. (CJT)

L Maximnm stiffness: exercises I (CJT)

L Maximum stiffness: exercises IL (CJT)

I Topology optimization (T0O): variable thickness sheet problem. (CJT)
I TO: Numerical solution, SIMP-penalization and robustness. (CJT)

I Course closure. (CJT)



Occasion  F/L  Covers . . . A
1 F Introduction and terminology. (CJT) Structural Optlmlzatlon .

2 L Exercises: minimize weight subject to constraine

3 L Exercises: minimize weight subject to constraints on stress and dis
or constraints on stress and instability.

4 F  Convexity, Lagrange duality in structural oNimization I. (PC)

5 F Lagrange duality in structural optimization I1.
6 L Exercises on the above. (PC)
7 F Formulations, sequential explicit approximation (SEA\ (PC)
N F SEA: CONLIN and MMA. (PC) u
9 I Example of the overall procedure. (PC) ;
10 F  Sensitivity analysis 1. (PC) e
1 F  Sensitivity analysis 1. (PC) 5 i
: Contributors include: T Borrvall, P Christensen, H Alm Grundstrm, G
12 F Shape optimization. (PC) Haveroth, E Holmberg, D Hozic, A Klarbring, J Torstensson, 1 Bite, F [ Sk g
Kantojirvi, J Peterson, S Suresh, C-J Thore, B Torstenfelt, J Torstensson, N - | ¥
13 F  Calenlus of variations and optimization in equilibrinm principles. (CJT) Wikt
14 I Exercises on the above. (CIT)
15 F Maximum stiffness: theory. (CJT)
16 L Maximum stiffness: exercises 1. (CJT)
17 I Maximum stiffness: exercises 11 (CJT)
L
18 F Topology optimization (TO): variable thickness sheet problem. (CJT) N\ :
19 F  TO: Numerical solution, SIMP penalization and robustness. (CJT) \ . .
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Occasion F/L  Covers

1 F Introduction and terminology. (CJT)
2 L Exercises: minimize weight subject to constraints on stress. (CJT)
3 L Exercises: minimize weight subject to constraints on stress and displacements,

Maximization of the stiffness of a truss using MMA

or constraints on stress and instability. (CJT)

1 F  Convexity, Lagrange duality in structural optimization 1. (PC)
5 F  Lagrange duality in structural optimization II. (PC)
6 L Exercises on the above. (PC) We study the problem of maximizing the stiffness of
7 F Formulations, sequential explicit approximation (SEA). a truss given a maximum allowed volume (or weight)
8 F SEA: CONLIN and MMA. (PC) of the structure.
9 F Example of the overall procedure. (PC)
. F  Sensitivity aualysis L, (PC) The cross-sectional areas a; of the bars are taken as
1 F Sensitivity analysis I1. (PC) design variables.
12 F Shape optimization. (PC) With a simultancous formulation, the problem be-
13 F  Calculus of variations and optimization in equilibrinm principles. (CJT) comes
14 L Exercises on the above. (CJT)
15 F Maximum stiffness: theory. (CJT) , T
16 L Maximum stiffness: exercises 1. (CJT) min F < compliance
17 . Maximum stiffness: exercises I1. (CJT) o __ _
18 F Topology optimization (TO): variable thickness sheet problem. (CJT) st K(T)u=F
19 F TO: Numerical solution, SIMP penalization and robustness. (CJT) (P)sf < n
20 F  Course closure, (CJT) Z Lz < Viax

j=1
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Occasion  F/L  Covers

1 F Introduction and terminology. (CJT)

2 Exercises: minimize weight subject to constraints on stress. (CJT)

3 Exercises: minimize weight subject to constraints on stress and displacements,
or constraints on stress and instability. (CJT)

4 F  Convexity, Lagrange duality in structural optimization I. (PC)

5 F  Lagrange duality in structural optimization 1. (PC)

6 L Exercises on the above. (PC)

7 F  Formulations, sequential explicit approximation (SEA). (PC)

8 F SEA: CONLIN and MMA. (PC)

9 F Example of the overall procedure. (PC)

10 F  Sensitivity analysis 1. (PC)

11 F  Sensitivity analysis 11. (PC)

12 K Shape optimization. (PC)

13 F  Calculus of variations and optimization in equilibrinm principles. (CJT)

14 L. Exercises on the above. (CJT)

15 F Maximum stiffness: theory. (CJT)

16 L Maximum stiffness: exercises 1. (CJT)

17 L. Maximum stiffness: exercises I1. (CJT)

18 F Topology optimization (TO): variable thickness sheet problem?

19 F TO: Numerical solution, SIMP-penalization and robustness, (CJT)

20 F Course closure, (CJT)
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Occasion  F/L  Covers

1
2
3

20
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Introduction and terminology. (CJT)

Exercises: minimize weight subject to constraints on stress. (CJT)

Exercises: minimize weight subject to coustraints on stress and displacements,

or constraints on stress and instability. (CJT)
Convexity, Lagrange duality in structural optimization 1. (PC)
Lagrange duality in structural optimization 11. (PC)

Exercises on the above. (PC)

Formulations, sequential explicit approximation (SEA). (PC)

SEA: CONLIN and MMA. (PC)

Example of the overall procedure. (PC)

Sensitivity analysis 1. (PC)

Sensitivity analysis 11. (PC)

Shape optimization. (PC)

Calculus of variations and optimization in equilibrinm principles. (CJT)
Exercises on the above. (CJT)

Maximum stiffness: theory. (CJT)

Maximum stiffness: exercises 1. (CJT)
Maximum stiffness: exercises 1. (CJT)
Topology optimization (TO): variable thickness sheet problem. (CJT)
TO: Numerical solution, SIMP penalization and robustuess. (CJT)

Course closure. (CJT)
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FO 18-20: Density based TO. SIMP, numerical issues, regularization. Discretization. Multiple load cases
Guest lecture (from Saab)



Computer task 1

Computer project in structural optimization:
sizing optimization using MATLADB
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Figure 1: A two-segment cantilever. 2T |

Understanding MMA. Effect of parameters sh N\
Intuition about level curves, feasible set, ... :




Computer task 2

Computer project in structural optimization:
shape optimization using MATLAB

’ T(W
Y (m) =g p=lor3 |
N n=g, P hickness €= 0.0l m X

3l
=T / =i Figure 1: A B-spline with n = 3.
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Shape optimization with B-splines
Introduction to spline-technology and solution of shape optimization
problems 10



Computer task 3

Computer project in structural optimization:
topology optimization using MATLAB

[o s e e pm e gty
3 B 1 B |

Design domain with loads

Guided tour of Topology optimization in 2D and 3D

Set up and solve basic problem

See checkerboards, mesh-dependency, non-global local optima

Experiment with density filter
Comparison between sizing, shape and topology
Multiple loadcases

3D

Compliance=0.070819. max(ux)=0.12317 max(uy)=0.141 64 Compliance history
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Written examination

NUMBER OF EXERCISES: 8 exercises on 1-+3 pages.

- o . , . — > Q _ y N T O \ o e o]
7. The picture shows an Euler-Bernoulli beam used to model a tall building PERMISSIBLE AIDS: A calculator (with memory erased).

subject to a wind-load varving linearly with height. from zero at the ground
to F' [N/m| at the top. Determine the width p = p(z) that maximizes the
stiffness of the building subject to the constraint

L
f hpdr =V,
0

GRADES: 6 points out of the maximum 16 is required for passing. For grades 4
and 5. 9 and 12 points are required, respectively.

where h is the constant height of the rectangular cross-section. The potential
energy is
L L Py
J(p,u) = —Eply(u")* dz + —udr,
0o 2 Jo L
where Iy = h3/12. (3p)

8. For all bars of the three-bar truss in the figure. Young's modulus is E. 1t
holds that A; = Ay = A3 = A

a) Show that the stress in bar 1 is

E|V3 1
o= |— —=|u,
20 | 2 2
where
_4pP1{1/3
EA [—1/5|°

are the displacements of the free node. Hint: calculate the global stiffness
matrix K for arbitrary values of Ay, Ay and Az before vou plug in the actual

cross-sectional areas. (2p)

Vo 801 . R .

b) Calculate using the direct method. (1p)
A

. doy . .. .

¢) Caleulate —— using the adjoint method. (1p)
A,
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Structural Optimization

Thanks for listening!
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