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What is Mechanical Design? ' -rl

* The design process of
mechanical components and systems
(natural and artificial)

* This consists of mathematics,
material science, mechanics
(and sometimes biology)
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Examples of Robot Designs

Walking / Running Driving Hybrid Crawling Climbing Non-Robotic
bipedal more legs wheels tracks

Sl
Spaceclimber

MINOAS
Magnet Crawler  Trustep Prosthesis

Rimres Sherpa Asguard TET-Walker

IMPASS

Mars Rover Spirit

(Rocker Boogie) Rezerg packbot Strandbiester Poerskip

% &
B
o Y

Honda Walking
Assist Devices

Rollin Justin

Gyrover

Adelopod

Warrior

Hirose Mini-Whegs
Helios Carrier

Tekken

Chembot

Waalbot

WSL: Whole Skin
Locomotion

Switchblade = Uncle Sam

(Source: RIC Mechanics Collection)
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DFKI Robots for space applications

ARAMIS

4-legged robot ,ARAMIS*

* 6 Degrees od Freedom (DOF) perleg/2 DOF @
Head

* Laserscanner and camera

Inertia measuring unit and foot pressure sensors

Y
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SCORPION

8-legged robot ,SCORPION*
3 DOF per leg

1 linearer passive DOF per leg
Camera

Foot pressure sensors

. ) 4
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DFKI Robots for space applications

* Heterogeneous robot for the exploration of
extraterrestrial planets

* Modularity, payload elements, robot
cooperation (SpaceClimber)

* Versatile drivetrain

e Successors: SherpaTT, Sherpa UW,
ATER
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SpaceClimber

4 DOF per leg
Extremely versatile
foldable

Camera & pressure sensors |
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DFKI Robots for space applications ' -:

Charlie

* 36 DOF in total
e Spine with 6 DOF

* Biological inspired feet,
48 FSR-Sensors per feet

¢ Locomotion-study

Universitat
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Mantis

Locomotion- & manipulation-system for
rough environments

6 extremities / 2 usable as manipulators

Stereo-camera system
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Hauptmerkmal  Beispiele

Geometrie GroRe, Hohe, Breite, Lange, Durchmesser, Raumbedarf, Anzahl, Anordnung, Anschluss,
Ausbau und Erweiterung

Kinematik Bewegungsart, Bewegungsrichtung, Geschwindigkeit, Beschleunigung

Krifte KraftgroBe, Kraftrichtung, Krafthaufigkeit, Gewicht, Last, Verformung, Steifigkeit,
Federeigenschaften, Stabilitdt, Resonanzen

Energie Leistung, Wirkungsgrad, Verlust, Reibung, Ventilation, Zustandsgréfen wie Druck,

Temperatur, Feuchtigkeit, Erwarmung, Kiihlung, Anschlussenergie, Speicherung,
Arbeitsaufnahme, Energieumformung

Stoff Physikalische und chemische Eigenschaften des Eingangs- und Ausgangsprodukts,
Hilfsstoffe, vorgeschriebene Werkstoffe (Nahrungsmittelgesetz u. a.) Materialfluss und -
Transport
Signal Eingangs- und Ausgangssignale, Anzeigeart, Betriebs- und Uberwachungsgerite, Signalform
Sicherheit Unmittelbare Sicherheitstechnik, Schutzsysteme, Betriebs-, Arbeits- und Umweltsicherheit
Ergonomie Mensch-Maschine-Beziehung: Bedienung, Bedienungsart Ubersichtlichkeit, Beleuchtung,
Formgestaltung
Fertigung Einschrankung durch Produktionsstétte, grofite herstellbare Abmessung, bevorzugtes
Fertigungsverfahren, Fertigungsmittel, mogliche Qualitat und Toleranzen
Kontrolle Mess- und Priifmoglichkeit, besondere Vorschriften (TUV, ASME, DIN, ISO, AD-
Merkblitter)
Montage Besondere Montagevorschriften, Zusammenbau, Einbau, Baustellenmontage,
Fundamentierung
Transport Begrenzung durch Hebezeuge, Bahnprofil, Transportwege nach Gré8e und Ge- wicht,
il Versandart und -bedingungen
Lieduen Gebrauch Gerduscharmut, Verschleifrate, Anwendung und Absatzgebiet, Einsatzort (z. B. schwefelige
Atmosphdre, Tropen, ...)
Pahl/Beitz Instandhaltung ~ Wartungsfreiheit bzw. Anzahl und Zeitbedarf der Wartung, Inspektion, Aus- tausch und
Konstruktionslehre Instandsetzung, Anstrich, Sduberung
Recycling Wiederverwendung, Wiederverwertung, Entsorgung, Endlagerung, Beseitigung
Grundiagen Kosten Max. zuldssige Herstellkosten, Werkzeugkosten, Investition und Amortisation
7 Mlage Termin Ende der Entwicklung, Netzplan fiir Zwischenschritte, Lieferzeit

U Universitat
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obvious %jkt. T
C|eal’ Anforderungsliste modularer DGG-Filter
Ander. Fn Anfordernun
CO m plete 28.1.04 Geomelrie = Beck, Brumm,
' F [Tl <120mm Fehres
= F |500-1000x200: 350mm Cuerschnitt Follmann
" F | Hoba wird in den Stufen 200, 250 und 300 ange boten, Fraundt,
/. F |Die Breite wird in dan Stufen 600, B0D und 1000 angeboten. Hack
" F [aktive Offrungsfache =7T0% Hamglmann,
" F |Da= Fikerprinzip wind auf einen Massensirom von 550 L's ausgelegt : u;l:—
/ F |Die Schnittstellen des Fﬂ?amn an Vossioh-Kiepe DGG (Lufkanal, | Kymecke,
DGEG-Aulermvand) T,
when?
what? who?
(to blame...)
requirement = has to be fulfilled
wish = ,Would be nice if..."
Tip: Tip:

A picture says more that a thousand

O words. Add photos and sketches!

Universitat
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The more of the wishes you realize the
O Dbetter the product will be in the end.
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Principle solutions _

1) Document ideas fast and unbureaucratic
2) Systematic aftertreatment

1) sketches 2) ,morphologic box"
Part-solutions

Wirkprinzip T
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Total solution

Viehbahn Roth
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Layout

1) qualitative: find forms and variations
2) quantitative: determine measurements

3) Modeling and drawing

gualitative shape synthesis

guantitative shape synthesis

31.

drawing T

EICHNEN

Universitat
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Jystematische
‘ormgebung
ur Industrieprodukte

Konstruktions-
Roloff/Matek elemente der
Maschinen- Feinmechanik

elemente

Normung
Becechnung
Gestaltung

=
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Erasmus Bode

Konstruktions-
atlas

Bargel - Schulze (Hrsg.)
Werkstoffkunde

Pahl/Beitz

Konstruktionslehre

Grundlagen

7. Auflage

Tabellenbuch

Metall

14/ 71
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1) qualitative design ' 2R

* Machine elements: use buyable standard parts!
* vary shapes I ——

* stick to the rules . ryes of design: “EREEE ] O o O

simple, clear, safe "|EEEEL | o o
* -principles: short force leads, etc. g vn e 11 o - | ] E

* -rules: weldable, manufacturable e T a6 7 gm

FORMKONZEPTE uf et@*K o fi

STANGEN

a ke un .. by v | H: L ’4,
. f ; i I - AN
FLACHEN . fent .
:@ > _ L
MASSVES" - . -2 (L i
= £ T 2 , g 2 A T |7 N5 ]

|
KOMBIMNATIONEN |

@@

Bild 60 van 8ild 5% und einer Variation von
Far
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_ -y
Machine elements - screws ' _ ;I

* Screw connections are nonpostitve, detachable connections
* The thread pitch is the distance between two adjacent threads
* Most of the screws are standardized

Mo x1-20

_— /T~

Metric 1SO- Nominal diameter Thread pitch Thread length
thread 6mm 1mm 20mm

i | ™% UAAALALAUALANLANLA

Hexagon sdcke heéd cap‘ Outside diameter of Mié | Thread pitch M6
screw thread screw

Universitat
Bremen
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Machine elements - screws

 Different thread types
(Metric, fine-, cone-, Trapezoidal-, pipe-...)

* Right-hand and left-hand thread

* Different materials and strength classes | .
g Screw-head disc nut

* Different head shapes
Cylinderhead screw Countersunk screw head-shapes
20mm long ) 20mrrlolong P
II\II\Illl\Il\II\II||\Il\ll\ll\II\Il\Il\II\II\III il Sotedserew
Strength class 8.8 Phillips screw

Yield strength 640 N/mm?
Tensile strength 800 N/mm?

Hexagon socket head
cap screw
Strength class A2-70

Stainless Steel
Yield strength 450 N/mm?
Tensile strength 700 N/mm? Hex bolt

Universitat :
Bremen
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Machine elements - bearings )=

Support and guidance of moving parts

Name according to direction of load

Radial bearing — load perpendicular to the axis of rotation

Thrust bearing — load in the direction of the axis of rotation

Thrust bearing

Radial bearing :

Source: SKF Hauptkatalog

Universitat
Bremen
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Machine elements — plain-bearings

*  Work with low slide friction materials
* Relative movement between shaft and bearing shell

) =

e Suitable lubrication can reduce the friction up to a maximum of factor 100

* Plain bearings are less suitable for very high speeds
* High surface quality is important for the life of the bearing
* Space-saving, inexpensive, light and robust

i

|
:

o]

\ °
ZAOZOV./;%
iy
|

ETTTATIE

$<
\—-"

f

la«— D1 /—D-I

Plain bearing without
collar

Universitat
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s
| A
.l A
ol o
r=max.
0,5 mm ?"—b1”l

Plain bearing with collar

.
A

source: lgus catalogue, 2006
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. . . 4
Machine elements — roller-bearings )= I

* Rolling friction —rolling elements on bearing rings
* Almost without friction, high rotation speeds

* Sensitive to impacts at low rotation speeds

e Sensitivity to dirt

* Naming of the bearing according to the rolling element shape
(ball bearing, cylindrical roller bearing, needle bearing, tapered roller bearing...)

Rolling element @ Kugel (Ball)

Inner ring E Zylinderrolle (cyinden

cage &=———-—3  Nadel (Needle)

Outer ring G Kegelrolle (Cone)

bearings - source: SKF main catalogue Rolling element shapes - source: Roloff / Matek

' ' Universitat
U Bremen
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Machine elements - sealings

radial shaft seal

Source: Simrit Technisches
Handbuch Simmerringe

Y

Static sealings
Dynamic sealings

O-rings (round rings)

Universitat
Bremen

Radial shaft seal (Simmerrings)

cross-section of a radial shaft seal

AuBenmantel

Hafiteil

Versteifungsring

Tugfeder

Dichtlippe Membran

Dichtkante Schutzlippe

Stirnseife Bodenseite

http://www.fachwissen-dichtungstechnik.de/

Robot Design Lab — Mechanics
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Machine elements - springs )=

* Springs store energy Hooke’s law

F=RXSs

Spring force [N] = spring rate [N/mm] x spring travel

* Tension, compression and torsion springs

Spring stiffness and travel

[mm]
F| progressive
Kennlinie o
gerade
Kennlinie

Compression spring

degressive
Kennlinie

e

5

Belleville washers Spring characteristics / Source:
Roloff/Matek

Universitat
Bremen
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Machine elements — DC motors )=

h

 Example: Faulhaber 3257 motor Motor characteristics

* 169 : 1 reduction gear m_;7/ldle speed
* Speed-dependent S e s 1

maximum torque o - B
q - v ~N
o

B T
o A

TR
5000

Rotary encoder oo

G -

Planet gear

2000 Dreh-

b : S moment
1000 4 \ | | M
; Sl e My = 10,70 mNm
lo M ope= 1,18 mNm B N s B
0 1 i : : e R —— e
0 i 2 3 4 5 [ a

Stopping torque

Electro-motor

EC-4pole 30 230 mm, birstenlos, 200 Watt
High Power

I Dauerbetriebsbereich
Unter Berlcksichtigung der angegebenen thermi-
schen Widerstande (Ziffer 17 und 18) und einer Um-
gebungstemperatur von 25°C wird bei dauernder
Belastung die maximal zuldssige Rotortemperatur
S h aft erreicht = thermische Grenze
Kurzzeitbetrieb
Der Motor darf kurzzeitig und wiederkehrend Uber-
lastet werden

Universitat = i Typenielstung
Bremen
23 /71




Machine elements - cylinders ' -:I

Linear actuators

The range of movement is called the stroke

Pneumatics — air pressure approx. 10 bar

Hydraulics — oil pressure approx. 210 bar

F=pxA !#\Z-“y/fﬁ

f N] = N/ 2 ist f 2 Piston .
orce [N] = pressure [N/mm?] x piston surface [mm?] Piston rod

1 bar = 0,1N/mm?

Pneumatic cylinder

HydraU“C Cy“nder (Source: Hanchen Hydraulik)

U Universitat
Bremen
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1) qualitative design

o
-
V N
—

* Information sources for mechanical engineers
Knowledge of others (ask them, Wikipedia)
Free search on the internet
DIN Norms
VDI-directives / VDMA-publications
Manufacturer-informations:
www.wlw.de "Wer-liefert-was,, (Who delivers what)
Local vs. global
Patents (Patentresearch: http://www.depatisnet.de/)
(teaching-) books

SuUB, library, (online) antiquarian books hops, flee
markets

Universitat
Bremen
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- g
2) quantitative design ' 2

e If you have to calculate, the construction is not good."
-> Observe proportions.

* Roughing calculations — survey orders of magnitude.
* Secure simulations with ad hoc tests.

e Built models or prototypes.

Often it is not the firmness, but the
stiffness that makes the design goal. Roloft/AS

Maschinen-

elemente

Light weight construction:
Homogeneous stress distribution in the
(O components.

Universitat
Bremen
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Loads ' '-:I

* The design of mechanical components depends on the type of load
* They are often combinations of different types of loads

* Tensile, compressive and shear strength essentially depend on the cross-sectional area and
the material proprties of the component

* Torsional and bending strength depend strongly on the geometrical shape of the component

tension compression shear torsion bending

]

T 1

Pl

!

Universitat
Bremen
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Tension, elongation and modulus of elasticity ’ ! ;I

* Components under tensile load undergo a change in length.

* Elastic range — components behave like a ,spring*

* Plastic range — components deform permanently

* The relationship between tension and elongation is called the elasticity modulus (E-modulus).
* The modulus of elasticity depends on the material.

cross-sectional area A O- — F / A

\ Change in length AL tension [N/mm2] = force [N] / cross-sectional area [mm?]
R

vl = e=AL/L,

elongation = change in length [mm] / initial length [mm]

-3 =

Initial length L,

E=0/¢

Example of E-modulus: lead = 19KN /mm”2 / aluminium = 70KN /mm”~2 / Modulus of elasticity [N/mm?] = tension
CFK = 150KN /mm”2 / steel = 200KN /mm”2 / diamond = 800KN /mm~*2 [N/mm2] / elongation

' ' Universitat
U Bremen
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Stress-strain diagram

* Determination of material properties in tensile tests

* E-Module, yield strength, tensile strength,

elongation at break,

Constricted tensile test
source: Werkstoffkunde — Bargel / Schulze

W\RUM ALLES KM’UTT GEHT

Ecg

New Science

Materials

or why you don't fall
through the floor

). E. GORDON

FORM U.N‘ VERSAGEN IN NATUR UND TECHNIE

Universitat
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Elastic deformation

— o=

A tension o
[N/mm?]

[KRAFT]
7 S ol

VIEL BRUcH -
ENERSIE

Tensile strength

v

V‘/

Stretch limit

Beginn der Einschniirung

Bruch

Permanent deformatlo

A

pitch = E-Modul

»

/ strain €
—

ource: Wikipedia

(7))

Robot Design Lab — Mechanics
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qualitative design \
(norms, shapes etc.)
quantitative design /

(material, strength, stiffness,
other desired parameters.)

modelling & drawing

Universitat
U Bremen
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3) Modeling and drawing ' . :

Historically, the drawing is the basis of the technical
documentation.

Nowadays the CAD file dominates more and more.

- 50 o A & ® 045,80 DURCH ALLES
LI® 11T 370 Fose 2 x45°
10
- 1 25 E
= { i ! [
o 3
[ [ - 8 [ I e
=1
] !
] c/ o
! ] B,
31.
N i :fjlr;rolr;rnmger - BE g%tﬁ:gges Fe:nrschungFmenLrum Wi Ktlnsﬁ%:ng I}iLelli;enz
,,,,, Eclelstuihl 1 4305 ) I . | rooerrorestane 5. 25358 bRmen - 042121844100 ECHNISCHES
_______ W || et derrabotic - fax042 121564150 EICHNEN
ichsfab Blaff Twveon T warva
. For t A4
11 messdiiamae |Flansch RDL
Varake 4L - 16064124 [ elix grimming er #dfii de Prawr [ fecheanamarnar Tk
s & sl gty 2t U7 G o a7 RDL 4065
Allgsrneintoleranz B0 238 - m -

LY =
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3) Modeling and drawing P '- [I

* 2-dimensional representation of 3-
dimensional components by projection

* Representation of the views in technical
drawings (in germany and most
European contries)

side
view

&

- Truncated —
symbol projection method f.e. Germany —
top VIeW cone Source: Tabellenbuch Metall

the USA, the views are shown on the

» Caution: In English-speaking countries like @
opposite side.

symbol projection method

.. f.e. USA — Source: Tabellenbuch Metall
Bremen

Robot Design Lab — Mechanics 32/71



Technical Drawings

Meaning of the line types

Y Center line — dash dot line

‘‘‘‘‘

I
:___

|
__r—
F=

________
_____

I
L
------- T3
|
-1

/ Dashed lines — hidden edges

—

|

-
——-
I

I

__— Hatching — cut surfaces

Y

i2

Universitat

Bremen
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- rotationally symmetrical part

\ Full lines — visible component edges

33/71



Technical Drawings

MaBstab

Scale
2 . ] enlarged
Fase 2 x 45°
chamfer
Radii
O
__. 25%0,10
Tolerances

2¢

Representation of threads

D I 1T 1 § \
v L L /
:ZLLLAJ
b €1 Source: Tabellenbuch Metall
i~

éx @ 5,50 DURCH ALLES
L 1@ 11 ¥ 3,70

\ S

Lowering

Pitch circle diameter

' ' Universitat
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Robot Design Lab — Mechanics 34/71



CAD - Computer Aided Design )l

* CAD has changed the way that engineers work

» Software for creating and displaying mechanical components
* Sketch the contour of the component on a drawing plane

* Definition of relationships (parallel, symmetrical, tangential)

* Dimensioning — Define the components dimensions

2D drawing Dimensioning

' ' Universitat
U Bremen
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CAD - Computer Aided Design .Fn

Create solid

Extrusion — parallel shift of the 2D sketch

Rotation — Rotation of the 2D sketch around an axis

The swept area defines the component volume

Extrusion Rotation

Universitat
Bremen
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CAD - Computer Aided Design )=

* Cuts, chamfers and bores — removing material
* Radii — adding material

* Patterns — regular repetition of features
(linear and rotated patterns)

Insert of a hole Insert of a circular pattern Chamfers and radii

' ' Universitat
U Bremen
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CAD - Computer Aided Design )=

* Combining individual components into assemblies

* Merging sub-assemblies into higher-level assemblies

Mirroring components

Linear pattern of components

Creation of the

Creation of an assembly Linear pattern production drawing
| [ = Qf_ﬁls(% ?]URWC:?AS_LES Fase 2 x45°
E . 28 !d_ﬂ E E
: :
&

SCHNITT A-A

' ' Universitat
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. il
Types of documentation ' 3¢

CAD, sketches & drawings

* 3D models for true-to-scale principle sketch
representations of concepts

* Freehand sketches for communicating and
documenting ideas

¢ Construction diary

* Technical drawings as manufacturing
documents

3D model

DURCH ALLES
11 % 370

design = A eI

=%=3

2
' o
x

0

@10

... |Flansch RDL
“—RDL |4645]™

Universitat
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Generative manufacturing processes

* 3D printer
“ New geometries

“ Less restrictions in shape through
manufacturing process (additive)

* Plastics (ABS, PLA, etc.)
* Combination of different materials

* Laser sintering

“ Different plastics

“  Different metals (Aluminium ..... Titan)
(up to 98% of the original ,massive“ material properties)

=8 Englnearing
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“ RepRap, Makerbot, etc.
“ Material: ABS, PLA, etc,
“ Ductile plastic characteristics

20 pamn
—— G

Extruder with heatable nozzle
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Photoactive 3D-printer ' -:

* Inkjet process with hardening via UV-Rays

Pw Roller UV Light

ﬁvQ
—- O—

L

Step 1 — Printing Step 2 — Rolling Step 3 - Hardening
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Bremen
Robot Design Lab — Mechanics 43171



Photoactive 3D-printer )= i

* Printing overhangs with support material
Fine mesh structure with gealtinous filling material
Removal via waterjet

Printhead

' ' Universitat
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Stereo Litography
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Design of the STL file =1

« STL->
stereo litography file

* The design of the model
has to be adapted
depending on the printer
and the process -

“ Oversize / undersize

“ Support structures

* Thermal structures
(f.e. ABS-process)

" reinforcements

* Division of structure
(if buildingspace is too small)

“ Qutlet openings

Universitat
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Mesh Repair Tools Add-ins Account Help A0 2 0 <O B Mon29Jun 1522 Q =

Decomposition of the object
Into individual layers

* Addition of:

" Support structures —
“ Thermal structures
“ Cleaning processes CHA T
= Base-plates

‘4
B 4

CRI. ="V 3K X Hekd

impt Vi Mesh ir Tools -ins: Help. E=3 ]
eve Machine Control Panel
u a.s.o e e
. . .
o
() Gonnect P prine 1l Pause X T zeox G‘m Ea
ort jcu Bluatoot Por B Refresn Y Za @
$T0%.
Baut 115200 Bl bitsisec forbos

P -Port nonn

s UL uu ho'¥
d Rate 8 ve =3
00 [ zeoz
Force Next
. _‘ 0 e ‘ O n ro G-Code Library  Communication  Temperature Plot [ [eeulI] Acewdacty Conleol
0

n
u

* Heating elements (nozzle, table) \
* @)
= X,Y,Z travels

i, B0 HeR
- TR
!
3

=
" Speed settings for diff. processes e — mm———
* adjustmenta.so. | . _ o e —17e e
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LaS e r C U ttl n g (subtractive manufacturing)

* Cutting of metals, plastics,
wood with a focused CO2-
Laser

* DXF 2D drawing + material type and
thikness - G-code and axsis speeds

* More than 13mm of steel with small
machines possible

* precision of a 1/10th millimeter

* Can produce poisonous gasses and
can catch fire when not observed

(rz-multitec.de, 2022)
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. . | - '
Wa.ter'Jet CUttl ﬂg (subtractive manufacturing) ' . A

* High pressure water jet with
abrasive substance

* Metal, stone, glass, wood, textiles,
glassfibre, carbon fibre

* DXF 2D drawing + material type and
thikness - G-code and axsis speeds

* More than 25mm of steel with small (wgm-maschinen.de, 2022)
machines possible

* precision of a 1/10th millimeter

(protomax.com, 2022)
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What is Biomimicry or Biomimetics ' l.:

* Bionik is an artificial word made out of BIOlogy und TechNIK (german ,,Bionik“
=/= US ,,Bionics*)

* Principle ,Learning from nature for technology”

* Approach

“ Plants and animals have solved many problems in the course of
development history

“ Engineers use these inventions for new technical developments

Leonardo Da Vinci (1452 — 1519)
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Work-principles of Biomimicry )=

* Bottom-up-Prozess

Grundlagen- Prinzip- Abstraktion 1echnische
forschung verstandnis Umsetzung

BASIC Research - principle understanding - abstraction - technical implementation

* Top-down-Prozess

Vorbild Prinzip-

in der verstand-
Biologie nis

Abstrak- Patent-
tion schrift

Technisches

Problem

Technical problem - role model in biology = understanding of principles - abstraction - patent specificatio
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abstraction application
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problem research

! f

abstraction elaboration solution & end product
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Application Areas of Biomimicry 3= |
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Example: Flying

* Problem: Vortex at the end of
the planes wing

* Role model:
arching feathers at birds wings

* Implementation: Winglets

Universitat PR oo = . ‘
Bremen
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Example: swimming

* Shape optimization for drag
reduction under water

Wright
Bt
RAFE

BAFIS5
8227

Joukowsk

{atnngen 430)1912 ~ - WACA 2300 K35

=14

. Fotlngen 387 199 ¢ - T
Clork ¥ 1922 €0 e,

77 R e =SSP 1076

208

1909

IS S DAL 3 K26 G e
d:h.k
1919 WACANIZ 1933

Gattngen 398 (919 (e e svons i35
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Example: functional surfaces )=

* Lotus effect

" Self-cleaning surfaces through hydrophobe micro-structures
and the use of natural adhaesion-forces

* Applications: paint & sealings
z.B. facades, glas, surfaces

Universitat
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Example: functional surfaces

* Air-holding surfaces ,Salvinia effect”

* Application:

Swimming fern repulses water

( local hydrophobe material properties of the structure)

reduction of drag

Y

Universitat
Bremen
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Example: Compound Materials ) -{I

* Compound materials * Applications:
*  Optimal fibre orientation for Aerospace industrys
compound materials from natural
~ouilding plans*

Werkstoffe im
Eurofighter

Kohlefaser-Verbundwerkstoff (CFK)
Aluminium

Titan

Glasfaser-Verbundwerkstoff (GFK)
Aluminium-Gussteil
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1IStruct — foot-module detalls -

6-DoF force-torque Local electronics FSR sensor array

_sensor (mdag2) |

(DoF = Degrees of

Absolute angular
SENsor

Distance sensor
=

Acceleration sensor

FT-sensor Front damper
Rear damper iC-MH position encoder
Light foam mdag2 board
Rubber sole = Force concentrator
I 195 mm I
Universitat
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Mantis — system design

ﬁ{ x86 CPU O System on Chip
OMicrocontroller unit  CFPGA

Head Torso
—High-Speed LVDS ----Low-Speed LVDS

(D =Rot.Typ1 (2)=Rot.Typ2 (3) =Rot.Typ3
@:Rot.Typ4 @:Rot.TypS @:Rot.Typﬁ O

@ =Lin.Typ 1 @ =Lin.Typ 2 @ =Lin.Typ 3

Extremities

motor units

Universitat
Bremen

logical units
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. 4
_ Q

Lidar (Hokuyo UTM-30LX) ’ . IMU (XSens MTi)

MU} (% .

______ —— ‘:‘(XSEHS mm): PN
: 0% pIExTITig G@%‘r g E
AC . _-‘ Current '.. 2 |
[— ' Sensor 1 i (=]
b *. Board »
mEE Wy .. ooz .} B %ﬁ
[
oo 0 Absolut Encoder (IC-Haus MU)
0 Absolut Encoder (IC-Haus MH)
§ @ FT-Sensor (ATl Mini 45) §
@ FT-Sensor (ATl Nano 25)
Saxen O F-Sensor (Burster 8435) Saxa

=3 Tactile Sensor Array (DFKI)

¥ Absolut Encoder (Megatron)

& Pressure Sensor

[ Hall-Effect Sensor

e |Incremental Encoder (MR Typ ML)

B Temperature Sensor

Motor Current and Suppy Voltage Sensors on PCB

SENSOors
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Literature - must haves

31. "Hoischen"
Technisches Zeichnen

ECHNISCHES
EICHNEN

Broschiert: 490 Seiten

Verlag: Cornelsen; Auflage: 31., {iberarbeitete und
aktualisierte Auflage. (September 2007)

ISBN-10: 3589241306

ISBN-13: 978-3589241309
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Tabellenbuch
Metall

Broschiert: 336 Seiten

Verlag: Europa-Lehrmittel; Auflage: 43. A. (Juli 2005)
ISBN-10: 3808516739

ISBN-13: 978-3808516737
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Literature - tools

';I

"Krause" "Roloff/Matek"

Werner Krause

Konstruktionselemente i Maschinenelemente

Dicter
Joachim Voiek

Roloff/Matek
Maschinen-

Konstruktions-
elemente der
Feinmechanik

2.4 Berechnungsbeispicle 3

der Feinmechanik

T . _JuRiés

= =L Rz 3
8234 Kunststoffgleitlager [8.2.15] [8.2.25] [8226]
. fchkeiin, dicdic Kumsstofic bicten elemente ' V. s
cn wider
Normung o
ered] oy Ra 32
Berechnung a Y 1Y o
Gestaltung
Bild 215 Vercinfachtc Zeichnungseintragungen
a) bei gleichen Anforderungen an dic Mchrzahl der Oberflachen
b) Bezugsangabe durch cin Symbol mit Buchstaben, wenn der Platz begrenat ist
2.4 Berechnungsheispiele
B Beispiel 2.1: Fiir dic Toleranzklasse g8 sind mit den Werten der Tubellen
TB 2-1 und TB 2-2 fiir das Nennmals N = 40 mm dic Grenzabmalic es 20
und e Das Tc ist T im
HANSER 3
: b dar e » Losung: Nach TB22 wird fur dic Toleranzfeldlage ¢ das obere
. 2 ' ¢ Grenzabmali o T
i o = es = -9 um 0
L ermittelt, Das untere Grenzabmalh errechnet sich aus der Bezichung,
{ e =es—1IT =
BW8.1.22. Polyamidhuchse mit Lingsschiiz .
. (s TB22, FuBnote). Mil der Grundioleranz IT = 39 um nach TB2-1 -30
(Toleranzgrad &, NennmaB N = 40mm) wird somit das untere Grenz-
abmal =)
e = —9ym — 39 um = —48um. -0

W Beispiel 2.2: Fiir die Passung H7/k6 sind mit den Werten der Tabellen  Bild 2:16 Darstellung
TB 21 bis TB23 fir das Neanmall ¥ = 140 mm die Grenzpassungen  des Toleransfeldes g8
P, und P, sowie die Passtolerans Pr zu crmitieln und mafistabsgerecht  flf das Nennmati
darzustelien. N =40 mm

» Lisung: Die Grenzpassung P, wird mit GL (2.5) £, = ES — ei. Das Grenzabma8 der Bohrung wird
errechnet aus £S = EI 4 IT (s. Fuinote 1 7 TB2-3). Mit dem unteren Abmat der Bohrung £/ =0
(Toleranzfeldlage H) nach TB23 und IT=40pm (Toleranzgrad 1T 7, NennmaBbereich 120 bis
180 mm) nach TB 21 wird somit das obere Abmab fur die Bohrung £5 = 0 + 40um = 40 ym: das
malgebende Grenzabmall der Welle wird fiir die Toleranzeldlage k nach TB 2-2 o s0 dass

setaen sich aus cinem Metallricken, der dem Lager die Festighcit und Monticrbarket gibl, und des
bt mt guten Gleitcagensd

sich die Grengpassung aus £y = 40 pm — 3 um

3pum,
37jum exgibt. Darstellung der Toleransfeldiagen fur
7

Lot g sliovia .’?\,”.",'f.."f." b e e Welle und Bohrung der Passung HT/k6 < Bild 2. 17a.
o Gleichichi - Die Greazpassting P, wird soch G, (25) Py = BT — et Mit I =1, ¢f = 3 (5.0) uind TT =25 ko
ey 1e). intrn o el cho . b kisne L erduch inch TR 2.1 (Toleruntgrad IT 6, NeasmaBbereich 120, 180 men} wird nach dex FuBnote 2u TB 22

s cinfacher suf dic Zaplenfliche aufgebeach wird
Fr die Obe rI'IMn des Stahlzapfens wird cine Hirte v )mmdcm‘n\ S0HRC und
empfohlen. Kleinere Rauhtiefer

Zusiitzlich zu den

.2.23 70

A Bild Be
‘\hluuuﬂhﬂi«.uund|Hnnhungc‘ml(ung( Abschnitt 8.2.3.2.)

nach Abschnitt 8.2.3.1. ist die Lagertempera:

turzu emmiticin.

Gebundene Ausgabe: 768 Seiten

Verlag: Hanser Fachbuchverlag; Auflage: 3., (Mai 2004)

ISBN-10: 3446223363
ISBN-13: 978-3446223363

Universitat
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dasobere Abma der Welle es = ei + IT = 3um + 25 um = 28 jim und damit P, = 0 — 28ym = —28pm.

Mit den Grenzpassungen P, = 37 um und P, = — 28 im ergibi sich die Passtoleranz nach Gl. (26) aus
Pr = Py = Py = 37 pm = (=28 jim) = 63 pm

(s Bild 2-17b).

Ergebuis: Dic Grenzpassungen betragen P, = 37 um und £, = —28 im; die Passtoleranz Py = 65 um.

Da P, >0 und P, <0, ist beim Fiigen der Teile sowohl Spicl als auch Ubermal mbglich. Die Pas-

sung H7/k6 ist also cine Obergangspasning.

Anmerkung: Die AbmaBe fiir Bohrung und Welle konnen auch TB 24 entnommen werden.

Gebundene Ausgabe: 802 Seiten

Verlag: Vieweg+Teubner; Auflage: 18., (August 2007)
ISBN-10: 383480262X

ISBN-13: 978-3834802620
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Literature - tools ' .':l

Bargel - Schulze (Hrsg.)
J Werkstoffkunde

S

9., bearbeitete Auflage

@ Springer

Taschenbuch: 442 Seiten

Verlag: Springer, Berlin; Auflage: 9., bearb. A. (August 2005)
ISBN-10: 3540261079

ISBN-13: 978-3540261070
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. . L 0 4
Literature - basics . ;I

C. MATTHECE

= | "Mattheck"
s (Schadenskunde)
Material- O =@
= WissenSChaft FORM E;ID VERSAGEN N NATUR UND TECHNII] I}\
or why you don't fall
through the floor
VIEL BRUCH-
ENERSIE
J. E. GORDON

Taschenbuch: 328 Seiten Taschenbuch: 208 Seiten
Verlag: Princeton Univ Press, Revised edition 2007 Verlag: Forschungszentrum Karlsruhe; Auflage: 1 (August 2003)
ISBN-10: 0691125481 ISBN-10: 3923704410
ISBN-13: 978-0691125480 ISBN-13: 978-3923704415
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n n iy
Erasmus Bode B O de :ystematlsche

Konstruktions- ‘onmgebtng 4] "Tj alve )
s Konstruktionsatlas tr e Systematische
iy Formgebung fiir
Industrieprodukte

RECY NG Instananalcung FORMKONZEPTE

STANGEN
= =

hort Course in %

Eskild Tjalve

FLALMEN

m 5 o

KOMBIMATIONEN

|
Bild 60 iﬁmndvo aild B8 und eine
Gebundene Ausgabe: 403 Seiten Broschiert: 237 Seiten =~ “ere e e
Verlag: Vieweg+Teubner; Auflage: 6., aktualis. u. erw. A. (1996) Verlag: VDI, Ddf. (Februar 1985)
ISBN-10: 3528149841 ISBN-10: 3184190536
ISBN-13: 978-3528149840 ISBN-13: 978-3184190538
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Recommended literature on Biomimetics

Grundlagen und Beispiele fir Ingenieure
und Naturwissenschafiler

2. huiflage

Newe Technologien
nach dem Yorbild der Natur
Prof. Dr. Werner Nachtigall
Kurt . Bluchel
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Summary of Key Topics )=

* Basic understanding of the
mechanical construction process
principle solutions - layout / design - CAD

e Basic machine elements

* Basic manufacturing processes
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thank you for your attention
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