LEM3

LABORATOIRE D'ETUDE DES MICROSTRUCTURES
ET DE MECANIQUE
DES MATERIAUX

DE LORRAINE Ecole Nationale Georgia

d'Ingénieurs de Metz Tech.

@ UNIVERSITE ehiM Cr

COE-3001;: Mechanics
of deformable bodies

Chapter 0: introduction

—
gy
c
o
=
+—
=}
(o]0}
|
()
c
o
)
c
©
=
2
2

Prof. Antoine GUITTON

Université de Lorraine, CNRS, Arts et Métiers Institute of Technology, LEM3, F-57000 Metz,
antoine.guitton@univ-Lorraine.fr

LEM3 @i @ N\ 2 ot Prof. Antoine GUITTON



Disclaimer

< 1 am neither English nor American...
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Disclaimer

< 1 am neither English nor American...

*» Therefore, | have a French accent:
o [th] = [Z]

[h] =7

[r] =7

no intonation

It's amazing! = C'est pas mauvais (that's not
bad)
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Disclaimer

< 1 am neither English nor American...

% Therefore, | have a French accent:
o [th] = [Z]
[h] =72
[r] =7
no intonation
It's amazing! = C'est pas mauvais (that's not
bad)
** Website:
o www.antoine-guitton.fr
o Password: gtecoe3001

O O O O

% Office hours:
o Tuesdays and Thursdays 2:00 pm to 3:30 pm

s Exames:
o 1 partial class exam: 60 min; 33%
o 1 final exam: 2h50; 66%
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Who am I?
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Who am I?

o From ~Cognac I

o Higher education in Poitiers I
o PhD in 2013 : “Deformation mechanisms of MAX phases;
| a multiscale and aexperimental approach.”
[’ |
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Who am I?

o From ~Cognac 11

o Higher education in Poitiers L1
o PhD in 2013 : “Deformation mechanisms of MAX phases;
| a multiscale and aexperimental approach.”
Q o Postdoctoral researcher 2013-2015 (~Zirich 8)

Ziirich
@ Poitiers o

Cognac (\ i
“Influence of strain-path
/ changes on metal plasticity”
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Who am I?

= o From ~Cognac I

LABORATOIRE D'

nnnnnnnnnnn

@ s 10T Metz o Higher education in Poitiers L1

o PhD in 2013 : “Deformation mechanisms of MAX phases;
a multiscale and aexperimental approach.”

Q o Postdoctoral researcher 2013-2015 (~Ziirich 8)

Zurich
@ Poitiers : : " :
o Tenured associate profesor at Université de Lorraine

Cognac
2015-2024 (Metz 1)

HDR 2022 : “Experimental, mesoscopic and statistical
approaches of plasticity in polycrystals.”
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Who am I?
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o Higher education in Poitiers 11

o PhD in 2013 : “Deformation mechanisms of MAX phases;
a multiscale and aexperimental approach.”

o Postdoctoral researcher 2013-2015 (~ZUrich &)

Zurich
@ Poitiers : : " :
o Tenured associate profesor at Université de Lorraine

Cognac
2015-2024 (Metz 1)

HDR 2022 : “Experimental, mesoscopic and statistical
approaches of plasticity in polycrystals.”

o Full Professor at Université de Lorraine since 2024
(Metz L)
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Who am I?

Q e \ o From ~Cognac 11

Georgia
Tech

Atlanta ¢
a: i, J

o Higher education in Poitiers 11

o PhD in 2013 : “Deformation mechanisms of MAX phases;
a multiscale and aexperimental approach.”

o Postdoctoral researcher 2013-2015 (~ZUrich &)

/ Zirich

@ Poitiers : : " :

Cognac o Tenured associate profesor at Université de Lorraine
2015-2024 (Metz 10)

o Full Professor at Université de Lorraine since 2024
(Metz L)

o Adjunct Professor at Georgia Institute of Technology
(Atlanta =) since 2023
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My laboratory

Laboratory for the Study of Microstructures and Mechanics of Materials (LEM3)
o Supervising institutions: Université de Lorraine, CNRS, Arts et Métiers

I E m E o 250 members
o 3 departments:

LABORATOIRE D'ETUDE DES MICROSTRUCTURES = Mechanics of Materials, Structures, and Living Matter
ET DE MECANIQUE o o o . o
DES MATERIAUX » Microstructure Engineering, Anisotropy, and Behavior

» Thermomechanics of Processes and Tool-Material Interactions

VILLE DE
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My research overview

Understanding and optimizing the physical properties of materials through the study and characterization of their defects.

Diffusion «= &

Crack
—~——
- » Properties » Performances
a4 Mechanical
B H sorption
= 0= Electrical
A:GB el
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My research overview

Understanding and optimizing the physical properties of materials through the study and characterization of their defects.
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My research activities

Understanding and optimizing the physical properties of materials through the study and characterization of their defects.

Deformation properties

o Optimization of engines

o Service performance after
irradiation

o Impact resistance

Metals, Ceramics
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My research activities

Understanding and optimizing the physical properties of materials through the study and characterization of their defects.

Deformation properties Hydrogen storage properties

o Optimization of engines o Optimization of storage/release

o Service performance after capacities
irradiation o Optimization of storage/release
o Impact resistance rates

Metals

©

Metals, Ceramics

s
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My research activities

Understanding and optimizing the physical properties of materials through the study and characterization of their defects.

Deformation properties Hydrogen storage properties Electrical properties

o Optimization of engines o Optimization of storage/release o Defect detection

o Service performance after capacities o Relationship between defects and
irradiation o Optimization of storage/release electrical conductivity
o Impact resistance rates
Metals, Ceramics Metals Semiconductors
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Mathematical tools
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Why units matter?

Mars climate orbiter (1998)

% Specifications:
o Use metric system for software
o Use metrics system for engines

LEM3 @i @ N\ S Fetiors Prof. Antoine GUITTON

A. Guitton, La Science en 4 Saisons - Hiver, EDP Sciences (2023);
R. Lloyd,(1999, September 30). Metric mishap caused loss of NASA orbiter. CNN Interactive.



Why units matter?

Mars climate orbiter (1998)

Non, Mycroft...
30 pouces c'est pas
presque pareil que

30cm...*

% Specifications:
o Use metric system for software
o Use metrics system for engines

+*Results:

P/
ﬁ -
>
T % o Metric system for software

o Imperial  system  for  engines
(British company)

o $300'000'000 for nothing...

* No, Mycroft... 30 inches are not
the same as 30 cm...

% An expensive mistake!
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A. Guitton, La Science en 4 Saisons - Hiver, EDP Sciences (2023);
R. Lloyd,(1999, September 30). Metric mishap caused loss of NASA orbiter. CNN Interactive.



The international system of units (ISU)

.y Name: kilogram e ﬁ Name: meter

- Sl Symbol: kg -S| - Symbol: m
‘e Quantity: mass ‘e Quantity: length

w e Name: second Al Name: ampere
= Sl 5‘ Symbol: s ;S| - Symbol: A
aE Quantity: time ‘ ’ Quantity: intensity of electric current

S|

BDYve Name: kelvin el Name: mole
-S| - Symbol: K 2 S| - Symbol: mol
. Quantity: temperature f e Quantity: amount of substance

A e Name: candela

- Sl - Symbol: cd
f e Quantity: luminous intensity
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Conversion to ISU

_____Name | ConversiontolsU

Tera- (T-) 1012

Giga- (G-) 10°

Mega- (M-) 106
Kilo- (k-) 103

Milli- (m-) 103 ﬂ k

Micro- (u-) 10-6 1 i ‘

Nano- (n-) 109 NanoRen MicroRen MilliRen CentiRen Deci Ren Kylo Ren
Pico- (p-) 10-12
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Some orders of magnitude

*Micrometer (1 pm = 0.000001 m = 10-°* m)
Scasic ‘ : - Hair diameter = 50-100 pum

- Size of a bacteria = 0.1-10 pm
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Some orders of magnitude

*Micrometer (1 pm = 0.000001 m = 10-°* m)
| - Hair diameter = 50-100 pm

- Size of a bacteria = 0.1-10 pm

‘*Nanometer (1 nm = 0.000000001 m = 10°? m)

s - Size of a virus = 20-450 nm

K
e A
i 2

- Distance between atoms = 1 nm = 10 A
- Atomradius = 0.1Tnm=1A

This is neither copper nor gold!!!
LEM3 @i @ N\ S¥oter Prof. Antoine GUITTON
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Weird units but useful sometimes

___ Name Conversion to ISU

Angstrom (A) 10-1° m
Electronvolt (eV) 1.60218:-10-19 J
Bar (bar) 10> Pa
Celsius (°C) T(K)+273.15 K

Degree (®) M
'IT
Liter (L) 103 m3
Calorie (cal) 4.18)

U For calculations, convert to S| units!
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Weird units but useful sometimes

 Name Conversion to ISU

Angstrom (A)
Electronvolt (eV)
Bar (bar)
Celsius (°C)

Degree (°)

Liter (L)
Calorie (cal)
Fahrenheit (°F)
Inch (In)
Gallon (gal)

JO 0  Fahrenheit
1.60218:10-1° )
Really cold
10° Pa outside Vs.
T(K)+273.15K .
(O 0 Celsius
rad x180
1-r Fairly cold
103 m3 outside Vs
418 ) .
. 0 Kelvin
Forget it...
Forget it... Dead
Forget it...

100

Really hot
outside

100

Dead

100

Dead

U For calculations, convert to S| units!
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Exercise 1: Homogeneity of an equation

What is the unit of the quantity A?

Mo,
Si| | M -
A=+2= P51

S\ .[PS19 N

(S1 and S,: surfaces; M: mass; p: density; g: gravity acceleration; h: height)
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Exercise 1: Homogeneity of an equation

What is the unit of the quantity A?

Mo,
S M S,

A=v22 2
52 \\|P519 N

(S1 and S,: surfaces; M: mass; p: density; g: gravity acceleration; h: height)

Correction:

[4] > (527 (ﬂ>

[ -s7]

141 - (5217 - (s23) o [s]

LEM3 O @ N\
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Exercise 2: Some orders of magnitude

Assign the correct orders of magnitude and units to the quantities below.

Atmospheric pressure

Surface temperature of the sun
Number of atoms in 6 g of aluminum
Volume of a glass of water

Number of moles in 6 g of aluminum
Power of a sport car

Energy content of a hamburger

L E ITI E @HE"B’UE,!‘EH&E @ \\ Qtrblétiers

® 210 @
® 110 @
® 5778 @
@ 13103 @
@ 37105 @
® 02 o
@ 2610 @

®.
® Pa
®ms
ow
oK
@ mol
® O
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Exercise 2: Some orders of magnitude

Assign the correct orders of magnitude and units to the quantities below.

Correction:

Atmospheric pressure @ ® 2100 @ @

Surface temperature of the sun @ ® 110° @ ® Pa
Number of atoms in 6 g of aluminum @ ® 5778 @ @ m

Volume of a glass of water @ @ 13102 @ oW

Number of moles in 6 g of aluminum @ @ 3710 @ @O K
Power of a sportcar @ ® 02 @ @ mol
Energy content of a hamburger @ @ 2610* @ ® O
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Trigonometry

Volume V of a pizza with radius z and thickness a:
V=mnz?a=pizza
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Trigonometry

Volume V of a pizza with radius z and thickness a:
V=mnz?a=pizza

“*Cosine:
adjacent side

cosa =
hypotenuse

“*Sine:
oppositeside

sina =

hypotenuse
*Tangent:

oppositeside sina

tana = —; — =
adjacentside cosa

“*Angle conversion:
a|deg|xm a|rad]x180
a|rad] =

g0 ¥ldegl = -

= cos?a +sin?a
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Review of Cartesian coordinates

% Coordinate system:

Z |~ o Defined by three mutually orthogonal unit vectors R =
(0,i,j,k):
» i:unit vector along x
» j:unit vector along y
» k: unit vector along z

o Suchask=ixjand ||l =|jll = lkll=1

= This is a direct orthonormal basis.

>
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Review of Cartesian coordinates

% Coordinate system:
Z |~ o Defined by three mutually orthogonal unit vectors R =
(0,1,j, k):
» i:unit vector along x
» j:unit vector along y
» k: unit vector along z
o Suchask=ixjand || = [ljll =kl =1

= This is a direct orthonormal basis.

Ty % Position vector:

X
0M=xi+yj+zk=<y)
z

>

LEM3 @umm @ N\ A

et Métiers

Prof. Antoine GUITTON



Review of Cartesian coordinates

% Coordinate system:

o Defined by three mutually orthogonal unit vectors R =
dz 0,1, k):
,’f » i unit vector along x
dx » j:unit vector along y
» k: unit vector along z

o Suchask=ixjand ||l =|jll = lkll=1

= This is a direct orthonormal basis.

++ Position vector:

X
0M=xi+yj+zk=<y)
z

>

% Elementary displacement M - M':

. dx

l d? = MM' = dxi + dyj + dzk = (dy)
dz

% Elementary surface:

j dS = dxdy = dydz = dxdz

% Elementary volume:
dV = dxdydz
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Vectors

A vector is defined by:

y 1 o Its direction (vertical, horizontal...)
o Its orientation (from bottom to top...)
B (xg; yg) o lts magnitude (12 m).
Y | 5
ya | |
0 X4 Xp X
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Vectors

A vector is defined by:
y 1 o Its direction (vertical, horizontal...)
o Its orientation (from bottom to top...)

B (xg5;Vg) o lts magnitude (12 m).

< Coordinates of the vector AB (AB):

> along i

(xB — XA\ _
— along j

AB =Y —Ya

Zp — Zy)

——> along k
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Vectors

A vector is defined by:
y 1 o Its direction (vertical, horizontal...)
o Its orientation (from bottom to top...)

B (xg5;Vg) o lts magnitude (12 m).

< Coordinates of the vector AB (AB):

Xg = xg\ 2!
AB = — along j

VB~ Ya — > along k
Zp — Zy) J

<*Norm of the vector AB:
AB|| = (xg — x)2 + (75 — ya)? + (25 — 24)?
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Vector calculations in an orthonormal basis

aq b]_
a= (Clz) and b = <b2>
as bg

3

U -v= a1b1 + azbz + a3b3 = z aibi
i=1

% For two vectors € R3:

% Dot product:

& (vector 1; vector 2) — 1 scalar value
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Vector calculations in an orthonormal basis

aq b]_
a= (Clz) and b = <b2>
as bg

3

U -v= a1b1 + azbz + a3b3 = z aibi
i=1

% For two vectors € R3:

% Dot product:

& (vector 1; vector 2) — 1 scalar value

¢ Cross product:

a, bz — azb,
c=uxv=uAv=|\azb; —aibs |;c; = eijkajbk
aib, — abq

+1,if (i, ], k) is an even permutation
where €ijk =4 —1if (i,j, k) is an odd permutation (Levi-Civita)
0, if any two indices are equal

& (vector 1; vector 2) — 1 vector
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Derivative and integral

. f(z) =« sin (2?) + 1

/ M ° °
A = (~2,251) *» Derivative at point 4

= Slope of the tangent at point A.
o Positive when the curve is increasing.

/ o Negative when the curve is decreasing.
0
o\ 0 ] A o Zero when the curve reaches a local
de o extremum.
—2) = —5.99
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Derivative and integral

S =2 sin @) +1 < Derivative at point 4

|, A =(-2,251)
N = Slope of the tangent at point A.
o Positive when the curve is increasing.
/ o Negative when the curve is decreasing.
BN WA/ PR S B F(x) o Zero when the curve reaches a local
v A extremum.

“ Integral

= Area under the curve.

o Positive when the curve lies above the x-
axis.

flx) o Negative when the curve lies below the
x-axis.

o Zero when the positive and negative
areas cancel each other out.
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Mechanical actions

“* Force:
o Modeling an interaction.
o Resulting from the action of one object on another.

o Represented by a vector (a direction, an orientation, and a magnitude or intensity) with a point
of application.
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Mechanical actions

“* Force:
o Modeling an interaction.
o Resulting from the action of one object on another.

o Represented by a vector (a direction, an orientation, and a magnitude or intensity) with a point
of application.

Contact force

)
0’0

Point of application: A
Direction: vertical
Orientation: upward
Magnitude: mxg

33

*

33

*

)
0’0
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Mechanical actions

“* Force:
o Modeling an interaction.
o Resulting from the action of one object on another.

o Represented by a vector (a direction, an orientation, and a magnitude or intensity) with a point
of application.

Contact force Distance force

)
0’0
)
0’0

Point of application: S
Direction: along (VS5)
Orientation: FromV to S
Magnitude: ?

Point of application: A
Direction: vertical
Orientation: upward
Magnitude: mxg

e
X3

*¢

)

*

e
X3

*¢

)

*

/)
o
X3

*¢
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Mechanical actions

< Moment;

o Physical quantity describing the ability of a force F applied at point P to make an object rotate
around a point 0.

o Represented by a pseudo-vector expressed as:
MF/O = OPXF
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Mechanical actions

< Moment;

o Physical quantity describing the ability of a force F applied at point P to make an object rotate
around a point 0.

o Represented by a pseudo-vector expressed as:
MF/O = OPXF

How to open a door efficiently?

% Let’s identify:

| e o Force
> F=Fi
» Application point: P
b o Lever arm
0 &F
k
T<;i
; o o s
L [ —
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Mechanical actions

< Moment;

o Physical quantity describing the ability of a force F applied at point P to make an object rotate
around a point 0.

o Represented by a pseudo-vector expressed as:
MF/O = OPXF

How to open a door efficiently?

> % Let’s identify:

P o Force
» F=Fi
» Application point: P
o Lever arm
0_____€@£ > OP = j
F +» Moment calculation:

k
Mpo = OPXF = ljxFi = —IFk
Jj = clockwise rotation when viewed from above.
; , Hoan»
Mg,
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LEMS @

“* Moment:
o Physical quantity describing the ability of a force F applied at point P to make an object rotate

around a point 0.

Mechanical actions

o Represented by a pseudo-vector expressed as:

>

| e

oF-———=%

p
S g

UNIVERSITE
DE LORRAINE

@.

\ 4
Mg,

Arts
et Métiers

MF/O = OPXF

How to open a door efficiently?

% Let’s identify:
o Force
» F=Fi
» Application point: P
o Lever arm
> OP =1j
+» Moment calculation:
Mpo = OPXF = ljxFi = —IFk
= clockwise rotation when viewed from above.

& Therefore, to open a door efficiently, you must maximize the lever arm. Apply the
force as far from the hinges as possible.

Prof. Antoine GUITTON



The static tensor (wrench)

“*The mechanical actions of a system,
expressed as a resultant force (Ry)
and a resultant moment (M) at
point A in a given reference frame, _
can be represented compactly using (T} = { Ra=RpxX + Royy + Ry 22 }
a table known as the static torsor My = My,x+ Myyy+ My,z

{Ta}.
RA,x MA,x
{7:4} — RA,y MA,y
RA,Z MA,Z
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The static tensor (wrench)

“*The mechanical actions of a system,
expressed as a resultant force (Ry)
and a resultant moment (M) at
point A in a given reference frame, _
can be represented compactly using (T} = { Ra=RpxX + Royy + Ry 22 }
a table known as the static torsor My = My,x+ Myyy+ My,z

{T4}-

“To move a torsor from point A to Rax Max
point B, the transport equation must {Th} =< Ray My,
be used: Ra, My,

. RB=RA=R
Ua) = ) = {MB = M, + BAXR}
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Thanks for your listening!

If you need further information:

Prof. Antoine GUITTON
Full Professor at Université de Lorraine
Phone (LEM3): +33 372 747 826

Email; antoine.quitton@univ-lorraine.fr

Website; www.antoine-quitton.fr

enim GCr

Ecole Nationale Ge.?.rgif
d'Ingénieurs de Metz ech.

LEM3 vegsie
LABORATOIRE D'ETUDE DES MICROSTRUCTURES DE LORRAINE

ET DE MECANIQUE
DES MATERIAUX
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