TUTORIAL EMBUTIMENTO DE COPO
ABAQUS VERSAO 6.12

1. PART

1LiE A |7|_ OBJETIVO: Criar as geometrias e colocar o ponto de referéncia "RP"
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Module: |2 Part click create lines>segue
promps (parte de baixo da
tela) 2(0, 0) 2> enter =>(50
,0) 2enter>Esc
—>done—~>angle 90 20k

Base Feature

PR FL |

([ B | Approximate size: | 200

B R [Continue...] [ Cancel

ﬁ'| __________ | Pick a starting point for the line--or enter XV: 0,{1

b) PRENSA CHAPAS:

Part—>Create—>name: BlankHolder—>3D —>analyticalrigid—> revolvedshell>aprox. size 200

- continue = cliquecreatelines—>(39.83, -1.2) 2 enter—(39.83 ,0) 2 enter—>(70.18, 0)

—enter>Esc>cliquecreatefillet2>radius (2.0) 2 enter—=>clique nas duas linhas

—enter>Esc>Done—>

Tools  Plug-ins  Help
Query...

I BeliEnEEiRuIe *E importante a criagdo dos RPs pois posteriormente iremos usd-los
Attachment * | na criacdo das inércias e na Assembly (Montagem).

tools—>reference point 2 select point.*

c) PUNCAO:

Part—=>Create=>name: Punch—>3D—2>analyticalrigid>revolvedshell2>aprox. size 200
- continue = cliquecreatelines— (0, 0) 2 enter—=>(25,0) 2 enter—>(25, -49)



—enter2>Esc>cliquecreatefillet=>radius (5.0) 2 enter=>clique nas duas linhas
—enter>Esc>Done—>tools > reference point 2 select point.

d) MATRIZ:

Part—>Create > name: Die 23D —analytical rigid=>revolved shell = aprox. size 200

- continue = click create lines = (29.83, 15.5) 2 enter—>(29.83,0) 2 enter = (62.80, 0)
—enter 2 Esc 2 clique create fillet 2 radius (5.0) 2 enter = cliquenasduaslinhas=> enter
- Esc>tools2>reference point 2 select point.

= Model-1 _L.A_.N_—d.t
Sy Parts (4) .‘,',‘ Create Inertia e) DEFINIR MASSA:
£ CHAPA . o
R e ) Name: | ETEEE] Part—>fazer para todas as parte rigidas
b sets Wi= —engineeringfeatures—>inertias>
R Sufaces L. .
# skins nenstuctaimass — PArA todas as partes rigidas clicar no RP.

ﬂ Stringers Heat capacitance
ﬂ} Section Assignments (1)
Es Orientations (1)

B Composite Layups

name->point mass/ inertia =2 continue 2 select RP 2> done

Bfﬁggineemg Features ->Mass (magnitude) 7.6e-9 > 0k.
}} Springs/Dashpots Canc
Bn Mesh C o =

2. PROPERTY
M i Parts (4)

OBJETIVO: Definir as propriedades do material. 8} Calibrati  Switch Context Ctrl+Space
a) Property=>material > create > name: steel & Drofiles  Fiter.. F2
R = -

b) General>density = 7.8e-9 (steel) [tone /mm3] -
c) Mechanical—> elasticity = elastic (ym = 210000 [MPa] = Pr = (0.3)
d) Plastic>Plastic

Yield Plastic
Stress Strain
1 400 a
2 420 0.02
3 500 0.2
4 600 0.5

3. Section
OBJETIVO: Definir as propriedades de um componente através das secdes.

a) Create—>name: blanksection—=>shell >homogeneous = continue = Shell tickness = 1.2
—thickness integration rule = simpson—>integration points 25 2ok

Assign  Special Feature Tool: b) Assign—>section—2>dois cliques na chapa na

;t arvore—>seleciona a chapa*—>done**->blanksection (linkar

EBeam Section Orientation - asecdo e achapa) >ok.
Material COrientation 5
Bebar Reference Onientation

Element Mormal

Element Tangent



F = =

*antes de selecionar a chapa * apds selecionar a chapa

I
= Select the regions to be assigned a section ( [ Create set: )

**Clicar no DONE e desmarcar a op¢Go CREATE SET.

4. ASSEMBLY

OBIJETIVO: Criar instancias onde iremos posicionar cada componente de acordo com todo o
sistema.

Montando as partes

a) Instances: Bﬁ Assembly |
Instance =>create > sheet ok @M—Switch Cor
Instance —>create = punch—> ok Iﬂ Position E
Instance = create > blank holder 2ok @4 Features

Instance > create > die 2ok

DAamanarat

b) Constraints: restrigdes entre as pegas, arrumando o posicionamento delas na
montagem.
(1)Faceto face—> seguir prompts—> click nas superficies do pungdo e da chapa = (2)se as setas
estdo na mesma direcdo click Ok, caso contrario flip e entdo Ok. (se as setas estiverem para
baixo, os valores devem ter seus sinais invertidos, ou seja, para baixo sera positivo)

Puncdo = 0.6 em y 2 selecione o pun¢do e depois a chapa

Matriz = -0.6 em y = selecione a matriz e depois a chapa

Prensa chapas = 0.6 em y > selecione o B.H. e depois a chapa — neste caso estd em baixo da
chapa

Constraint  Feature

[ Parallel Face
Parallel Edge
Edge to Edge
Coaxial
Coincident Point

; Parallel Csys

(1)(2)



A configuragdo da montagem apds as contraints deve ser esta:

MATRIZ

PRENSA

PUNCAO CHAPAS

c) Set: set das geometrias (para especificar loads e boundaryconditions “BC’s"’)

Nome: Chapa—>continue—>selecione a chapa 2 done
Nome: Matriz = continue—>selecione RP - done

Nome: Prensa chapas = continue - selecione RP > done
Nome: Pungdo = selecione o RP > done

**Deve estar selecionado o referencial point (RP) e chapa.
d) Surfaces: define as superficies que entrardo em contato.

BLH ->continue >selecione a part->done—-> selecione a cor da parte de cima do blankholder
Die-> continue = selecione a part->done—>selecione a cor da parte de baixo da matriz
Punch—>continue - selecione a part->done->selecione a cor da parte de cima do pungdo
Lower blank—> continue = selecione a part->done—>selecione a cor da parte de baixo do
blank

Upper blank = continue - selecione a part = done - selecione a cor da parte de cima do
blank

5. STEPS:
n#g Assembly
ot Switch Context Ctrl+

E
E
# B2 Field (e
*STEP1 - Nome: BLH comes up >general = dynamic B Historm

explicit = continue->(description: push the blank e Time F Filter...

OBIJETIVO: Definigdo dos passos da simulagdo.

holder towards sheet) B ALE A Set As Root

Time period: 0.01 / Nlgeon>0n 9T Int Expand All Under
Mass scaling 2 use scaling definitions below = create nterd Collapse All Under
- scale by factor > 60 - ok 2ok B Intera

*STEP2 - BLH force - apply blank holder force general=> dynamic explicit = continue
Time period: 0.01 / Nlgeon=>0n
Mass scaling=> use scaling definitions below—>create—> scale by factor> 30 2 ok—>ok

*STEP3 - Punch comes up = Move the punch for top general = dynamic explicit = continue
Time period: 0.008 / Nlgeon=>0n
Mass scaling = use scaling definitions below = create = scale by factor 2 30> o0k 2ok



6. Fields output request

OBIJETIVO: selecionar as varidveis a serem analisadas e suas caracteristicas e relagdes.

Obs: Field output request e History output request (itens 6 e 7) podem ser deixados para fazer apds executar o Job
(item 11) e verificar que ndo ha erros na simulagéo.

O primeiro F.O.R. é criado automaticamente - fazer pelo menos 2.

a) F-Output 12>punch comes up~> continue >model~>interval 20 2 seleciona as
opcdesLE, PE, PEEQ, PS, RF, S, U = ok
Name: F-Output-1
Step: pungéo sobe
Procedure: Dynamic, Explicit
Domain:  MODEL
Frequency: |Evenly spaced time intervals 1| Interval: |20
Timing: Output at approximate times El
Output Variables
@ Select from list below ) Preselected defaults =) All ) Edit variables
LE,PE,PEEQ,PS,RF,S,U,
P ®Stresses i
Ml Strains

S| Displacement/Velocity/Acceleration

nn

4

»

} 5| Forces/Reactions
} Contact

} Energy

} Failure/Fracture
} Thermal

»
<

Porous media/Fluids
Tl »

Qutput for rebar: None

Qutput at shell, beam, and layered section points:
Use default section points

Include local coordinate directions

No filtering

b) F-Output 2 > punch comesup = continue = whole model —2interval 20
—seleciona as opg¢des: A, CSTRESS, LE, PE, PEEQ (maximum plastic strain), PS, RF, S,
STH(espessura), U, V, VE, VEEQ, VS ok

Name: F-Output-2
Step: pungao sobe
Procedure: Dynamic, Explicit
Domain: | Whole model H Exterior only
Frequency: | Evenly spaced time intervals [7 Interval: 20
Timing: Output at approximate times H
Qutput Variables
@ Select from list below =) Preselected defaults ) All Edit variables
A CSTRESS,LE,PE,PEEQ,PS,RF,5,5TH,UV VEVEEQ,VS,
M| Stresses
M| Strains

W Displacement/Velocity/Acceleration

[

M Forces/Reactions
Wl Contact
Energy
Failure/Fracture

Thermal

‘Crvwwvwwwvww

[ »
Output for rebar
Output at shell, beam, and layered section points:
@ Use defaults ' Specify:
Y| Include local coordinate directions when available
Apply filter: | Antialiasing M
Ondesao: Spatial acceleration at nodes, contact stresses, logarithmic strain components,
plastic strain components, equivalent plastic strain, reaction force, stress components, spatial

displacement at nodes, spatial velocity at nodes.



et Mg ——

Name Prensa chapas sobe Aplicacido da forca pelo prensa chapas puncéo sobe
¥ E-Output1 Created Propagated Madified
v (Fouput

Step procedure: Dynamic, Explicit
Variables: ACSTRESS,LE PE,PEEQ,PS,RF,5,STH, U V,VEVEEQ\VS,
Status: Created in this step

l Copy... I [Renameu.] [ Delete... I [ Dismiss ]

7. History Outputs Requests

OBIJETIVO: guarda na saida de memdria os resultados analisados.

a) H-outputl - criado automatico —punc¢do sobe >model>interval 200 >energy
(deixatudo selecionado)

Fazer os outros 10:

b) Chapa (lower blank) = puncdosobe—=> continua =>set =>chapa—=> check box strain
(importante é a PE, LE) 2 Interval 200

Name: Chapa
Step: puncdo sobe

Procedure: Dynamic, Explicit

Domain:  |Set H 1 CHAPA H
Frequency: | Evenly spaced time intervals El Interval: | 200
Qutput Variables
@ Select from list below ) Preselected defaults ' All 2 Edit variables
LE11LE12,LE13,LE22,LE23,LE33,LEP,PE]1L,PE12 PE13,PE22,PE23,PE33,PEP,
¥ = 5Tans
} ["JE, Total strain components
} [CIVE, Viscous strain in the elastic-viscous netwark
} PE, Plastic strain components
[]VEEQ, Equivalent viscous strain in the elastic-viscous networ
[C] PEEQ, Equivalent plastic strain

n

["]PEEQT, Equivalent plastic strain (tension; cast iron and cona
[T PEMAG, Plastic strain magnitude

} [C1PEQC, Equivalent plastic strains at multiple yield surfaces

’ ["INE, Nominal strain components

_ » LE, Logarithmic strain components -
« 1 b

] Qutput for rebar

Qutput at shell, beam, and layered section points:
@ Use defaults ) Specify:

[Oinclude sensor when available

Use global directions for vector-valued output

[ Apply filter: | Antialiasing W

c¢) Die 1> BLH comes up > continue >set > die = check box—>displacement and force
Die 2 = BLH force = continue 2 set = die 2 check box = displacements and force
Die 3 = punch comes up = continue > set - die = check box = displacements and
force

For all interval 100, RF2, U2 (reaction force, spatial displacement).




Name: matriz 1
Step pungdo sobe
Procedure: Dynamic, Explicit
Domain:  MATRIZ (Geometry)
Frequency: | Evenly spaced time intervals H Interval: | 100
Qutput Variables
@ Select from list below ) Preselected defaults ) All ) Edit variables

RF2,U2,

P [stresses
P [Istrains
} (W Displacement/Velocity/Acceleration
W [H Forces/Reactions.
W (8| RF, Reaction forces and moments
CIRF1
RF2
CIRF3
CIRM1
CIrRM2 o

< i 3

1

Qutput for rebar: None

Qutput at shell, beam, and layered section points:
Use default section points

Do not include sensor

Use global directions for vector-valued output

No filtering
d) Holder 1 = BLH comes up = continue 2 set 2 holder = check box = displacement

and force
Holder 2 BLH force = continue 2 set 2 holder = check box - displacement and
force
Holder 3 punch comes up = continue -set = holder = check box
—>displacement and force
For all interval 100 and RF2, U2

e) Punch1 - BLHcomesup = continue =set = punch - check box
—>displacements and force
Punch 2 = BLH force = continue = set = punch—>check box = displacements and
force
Punch 3 2 punch comes up 2 continue 2>set 2punch >check box 2>
displacements and force
For all interval 100 and RF2, U2

Name Prensa chapas sobe Aplicacio da forca pelo puncio sobe
+{Chapa
v H-Output-1  Created Propagated Propagated
v matriz 1 Created Propagated Modified
¥ matriz 2 Created Modified
v matriz 3 Created
« prensa 1 Created Propagated Propagated
v prensa 2 Created Propagated
v prensa 3 Created
+ puncéo 2 Created Propagated
¥ puncdo 3 Created
+ puncao 1 Created Propagated Propagated
< 101 3

Step procedure: Dynamic, Explicit

Variables: LE11,LE12,1 F13,LE22,L E23,LE33,LEP,PE11,PE12,PE13..
Status: Created in this step
[ Create... ] [ Copy... ] IRename...] l Delete... l [ Dismiss ]

8. INTERACTIONS

OBIJETIVO: as interagGes definem condi¢des de contato entre componentes de uma
montagem, ou reagdes de certa superficie a um ponto, superficie, esforco ou regido.



a) Criar duas propriedades de interagdes:

Interactions = property =>create =>name: friction punch and BH = contact = continue
—>mechanical 2tangent behaviour—>penalty = friction coefficient =0.12 > mechanical
- normal behaviour=>default = Ok.

Interactions = property > create > name: friction for Die=>contact = continue->mechanical
—>tangent behaviour-> penalty 2> friction coefficient ©0.0225 <> mechanical 2 normal
behaviour->default>Ok.

b)Criar as interacGes:

As interagées que iremos criar sGo do tipo contato entre superficies, no caso uma superficie
deformdvel (chapa) e superficie rigidas.

Interactions - create>name: Holder - low blank 2 BLH comes up = surface to surface
(explicit) 2> continue - Selecione a opgdo “Surface” na parte de baixo do programa (mostrado
na imagem abaixo) = Escolha a superficie BLH->continue 2 clique em surface novamente na
parte de baixo 2 selecione a superficie Lowerblank = penalty = contact interaction property
—>friction punch and BH>Ok.

6] [X] select the fist surface [individually [¢] ( [7] Create surface: ) 2 simuLia

Interactions = create = name: Punch — low blank = pungdo sobe = surface to surface

(explict) = continue > Selecione a opgdo “Surface” na parte de baixo do programa—> Escolha
a superficie Punch = continue > clique em surface novamente na parte de baixo 2 selecione a
superficie Lower blank = penalty = contact interaction property =>friction punch and BH>Ok.

Interactions - create 2> name: Die - upper blank 2 BLH sobe = surface to surface (explicit)
- continue = Selecione a opg¢do “Surface” na parte de baixo do programa—> Escolha a
superficie Die = continue = clique em surface novamente na parte de baixo = selecione a
superficie Upper blank = penalty = contact interaction property 2> friction for die 2 Ok.

2 Region Selection

Eligible Surfaces
Surfaces below may contain faces.
Name filter: [ Q

Name
MATRIZ-1.MATRIZ

PUNGAO-1.PUNCAO

¥ Highlight selections in viewport

Continue..

Superficie o Holder da primeira interagdo



45 Region Selection

Eligible Surfaces

Surfaces below may contain faces.

Name filter: 9

Name Type
| | MATRIZ-1MATRIZ Surface
| | PRENSA CHAPAS-1.BLH Surface

PUNGAO-1.PUNCAO Surface

45 Region Selection

Eligible Surfaces
Surfaces below may contain faces.

Name filter: g

| Name Type

| M| MATRIZ-1.MATRIZ Surface

PRENSA CHAPAS-1.BLH Surface
PUNGAO-1.PUNGAO Surface

Superficie do Matriz da terceira interagdo

9. Loads & Boundary Condition

OBIJETIVO: Definir carregamentos e condigdes acerca destes. Deveremos definir em qual(is)
steps eles deverdo ser aplicados.

a) BC's para o step 1 (prensa chapas sobe):
BC - create 2 Fix punch 2holder comes up 2 mechanical > displacement/rotation

- continue 2 select RP 2> done—>restringe todos os movimentos (tudo selecionado e zero)
—>amplitude > create 2 punch > smooth step = continue

Time Frequency (same time period of step) Amplitude
0 0
0.008 1

—>amplitude 2 select punch (ndo instantaneous) 2ok

BC - create 2 Fix blank holder > holder comes up - mechanical = displacement/rotation

- continue 2 select RP > done 2 restringe todos os movimentos porém coloca u2 = 0.00012,
vai andar para cima- positivamente (pequena pressdo no BLH para causar um pequeno

movimento para cima e fixar a chapa, serve para evitar vibragdo)=>amplitude > create>BLH
—smooth step = continue




Time Frequency (same time period of step) Amplitude
0 0
0.01 1

—>amplitude—>select punch (ndo instantaneous) 2ok

BC - create 2 Fix die >holder comes up 2>mechanical 2> displacement/rotation = continue
—>select RP > done 2 restringe todos os movimentos (tudo selecionado e zero) BC - create
—>amplitude 2 instantaneous 2ok

BC > create 2 Fix blank1 x-sym—>holder comes up > mechanical
->symmetric/antisymmetric/encastre=>continue—> selecione a linha do eixo Z na chapa
—>done > restringe movimentos XSYMM (ul = ur2 = ur3 = 0) BC 2> create

BC > create—>Fix blank2 z-sym—>holder comes up 2> mechanical

- symmetric/antisymmetric/encastre=> continue—> selecione a linha do eixo X na chapa
—>done 2 restringe movimentos ZSYMM (u3 = url = ur2 = 0) BC - create

b) BC's para o step 2 (aplicacdo da forca pelo prensa chapas):

Remove as restrigées para mover o blank holder para cima. O blank holder deve ser liberado
totalmente no movimento na direcdo y. Para fazer isto desmarque a caixa u2 usando o
boundary condition manager. Ele ird aparecer como modificado.

BC > manager = BLH force > Edit > desmarca a caixa u2.

c) BC's para o step 3 (puncdo desce):

Move the punch up to forming operation.

Using boundary condition manager 2 Edit punch specifying 70 for u2 (vaiandar 70 paracima -
positivamente) 2 select amplitude punch.

4= Boundary Condition Manager Ié
Name Initial Prensa chapas Aplicagao da forga pelo pr pungao sobe Edit...

v m Propagated Propagated "Move Left
v’ Fixa chapa em Created Propagated Propagated —
v Fixa matriz Created Propagated Propagated \M
+" Fixa prensa ch Created Modified Propagated
v’ Fixa puncio Created Propagated Madified

Step procedure: Dynamic, Explicit

Boundary condition type:  Symmetry/Antisymmetry/Encastre

Boundary condition status: Created in this step




d) Criar o LOAD para o prensa chapas:

Name: Forga do prensa chapas Load > create > name: Blank holder force = (step) BLH force

;“; ;gtgd(;ym wwy 2 Mmechanical > concentrated force > continue >RP do holder ->done
Region: PRENSA CHAPAS [ ->CF1 =0; CF2 = 10000; CF3 = 0 »amplitude >select BLH (ndo

csvs: (Glapal) B L instantaneous) 2ok ( deveestar propagated for step punch comes up —
Ditrbution: | Uniform © ™ load manager). Deve aparecer o carregamento do holder no RP — seta
Ez jm para cima.

CF3: 0

Amplitude: | BLH M e

[T Follow nodal rotation

Note: Force will be applied per node.

10. Malha (Mesh)

Objetivo: criar uma malha de elementos finitos. Aqui definimos a técnica que o Abaqus ira usar
para criar a malha, o formato do elemento e seu tipo.

a) Primeiro selecione somente a chapa.

Part = duplo click chapa = mesh > mesh controls =2 quad = free 2ok

b) Criar a malha.

Mesh = element type = explicit 2 shell D verificar se estd com reduced integration (S4R)
- 0k.

Seed > part 2size 24.0 20k 2 done
mesh 2 part >Yes

11.J0B

Objetivo: apds termos configurado nossa andlise, criamos um job (trabalho) que é associado
com o modelo e o submetemos a andlise.

Job 2 create 2 name: - continue > descricio—~> Ok

Job 2 submit 2name
Job 2 monitor 2name

12.POSTPROCESSING
a) VERIFICACAO:

File > open—>file.odb—> tools=> display group = create = partinstance—>replace
—>dismiss = click deformed shape options in the prompt area = animate: time history



Visualizar deformacdo plastica ou tensdes (Misses):
Results (menu principal) — Field outputs — PE — mdxima ou minima (escolher).

Visualizar 2 Tools > query 2 probe values = ok 2 select variables = passa o mouse pela
chapa deformada e pode visualizar os dados para cada nodo localizado.

Obs.: the file abaqus.rpt (gerado no temp) contém os dados para plotar em excel (pode abrir
com o wordpad).
Grava os dados comonome.rpt—> it will be saved at temp directory.

b) Para plotarem excel:

Go to results = History output = selecione o que vocédeseja(varidveis selecionadas em
file.cae history output).

Para plotar a forca do pungdo (deslocamento x forca):

Select = reaction force: RF2 PI: punch — 1 = save as 2 name - punch force

Ou
Posicdo do puncdo (deslocamento x tempo):

Select = Spatial displacement: U2 PI: punch — 1 — save as = name —2>punch displacement
—>dismiss

Report = XY data = chose punch displacement = ok

Report = XY data = chose punch force 2ok = create abaqus.rpt file at temp directory
Open excel =>file > open—>all >abaqus.rpt=>0k 2 delimited>next—=>select by tab

and space>next > —2>finish 2> multiplique a for¢a do pungdopor 4 (to compare with
experimental) = (C45*4) > Abaqus registra a forca em N (divide por 1000 para ter kN) >
select data

- plot = standard types = XY (scatter) = smoothed lines = finish.

To plot thickness by distance:

Tool = path—> create 2 name: thickness 2 node list 2 continue 2 blank-1-> add
before > select nodes 2>dones—> ok

Tools > XY data 2> create > path 2 continue—>select the path—>true distance v select the
step/frame —>Field output 2select STH - ok > ok—>save as = name: thickness = ok >
plot(in abaqus).

Ou

Report = XY = thickness & ok (create abaqus.rpt file at temp directory)

Open excel 2>file 2open = all files >abaqus.rpt=> ok 2 delimited 2> next-> select by tab
and space = next = general = finish 2select data =2 plot 2 standad types = XY (scatter) 2>
smoothed lines >finish.

c) To create a node list path:

1. Click the tool to display a contour plot of the model. Use the contour
options to display the node labels.

2. From the main menu bar, select Tools = Path = Create. The create path dialog box
appears.

3. Name the path displacement. Accept the default selection of Node list as the path
type, and click Continue. The edit Node List Path dialog box appears.



4. In the path definition table, PART — 1-1 field, and for example, 1:601:40 in
the node labels field and press [ENTER]. (This input specifies a range of nodes from 1 to
601 at increments of 40). Alternatively add before...or add after...in the edit
node list path dialog box. The selected path highlighted in the current viewport.

5. Click Ok to create the path and to close the edit node list path dialog box

d) To save animations:

From the main menu bar, select Animate—> Save As.
The Save Image Animation dialog box appears.
1. Use the Selection field to choose the viewports to save:
a. Click the arrow next to the Capture field to save All Viewports (the default)
or the Current Viewport.
b. Toggle Capture viewport decorations to control whether ABAQUS/CAE
saves visible viewport decorations.
2. Use the Settings field to specify the name and format of your animation file:
a. Click Select to filter and browse file names, or enter the file name of your
choice in the File name field.
3. Click the Format button to choose either AVI (the default) podeprecisardimuir a
width (clicarna AVI options) or QuickTime format for your file. To learn more about
these format options,
4. Click Apply to save your animations. ABAQUS/CAE captures canvas viewports to a
file according to your specifications.

13.ABAQUS/Explicit units:

Units:N,mm

Length=mm

Force=N
Mass=Tonne(1.0E3kg)
Time=second
Stress=MPa(N/mm*2)
Energy=J
Density=Tonne/mm~3
Conductivity=J/(s.mm.C)
Specific Heat = J/(Tonne.C)



