SkiPo:
A sketch and flow based model to
develop mechanical systems
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System development

Supporting Models

Requirements, SysML
(abstract, discipline-independent)
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Mechanical Engineering
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System development
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Degree of abstraction
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Gap in the Mechanical Engineering Chain of Models

Pump unit
«Function»

«Formulaarea»

Ey = Eg — Ewaste heat e——

N~




Abstract Models in the early Stage of System Definition

The oil-pump has to pump 5l per minute
pumping capacity

The oil-pressure has to be 3bar
oil-pressure

In no modes a fire has to be possible
safety

every 20000 hours of operation
maintanance

100000 hours of operation
endurance

max. 1kg
weight

jet propulsion oil
oil

200W electrical power
connection power

bdd [Modell] functional model[ supply oiIApressureJJ

«functional block»
supply oil-pressure

|
| | |

«functional block» «functional block» «functional block»
convert electricity into m echanical energy convert m echanical energy into hydraulic pressure regulate overpressure

«functional block» «functional block»
filter oil route oil




Morphological Box

Function Solution Principle 1 | Solution Principle 2 | Solution Principle 3

Generate ol
pressure

Separate oll
from foreign
matter




Morphological Box

Function

Solution Principle 1

Solution Principle 2

Solution Principle 3

Actuate flap

Electrical actuation

Pneumatic actuation

Hydraulic actuation




Auxiliary Functions

Function Solution Principle 1 | Solution Principle 2 | Solution Principle 3
Actuate flap Electrical actuation Pneumatic actuation Hydraulic actuation *
Store oil

Generate oil pressure
Regulate oil pressure

Limit oil pressure

Dampen pressure peaks

Indicate oil pressure




Consistency of Overall Solution

Function Solution Principle 1 | Solution Principle 2 | Solution Principle 3

Actuate flap Electrical actuation Pneumatic actuation Hydraulic actuation

 (many) Auxiliary functions
 ltis difficult to assess the consistency/completeness
* No formal assessment method available

* Properties of item flows are not considered



Modeling Ports and Flows in the Systems Modeling Language (SysML)

ibd Context

Distilled
- Radiator Water - Water
[] <+ — —_L1 Distiller

- P1

bdd Port Types

«block» «block»

P1 P20

/\

flow properties flow properties T
in p1f : DistilledWater out p2fo : Water

\
/ N\
«block» «block» T

P2i P3 DistilledWater

flow properties flow properties

in p2fi: Water out p3f : DistilledWater

[Usage example of item flows in internal block diagrams from the SysML specification]




Modelling Ports

. Pumpunit
«Function»
pressurize oil

«Structure»




Valid connection

transmission oil transmission oil

liquid liquid




Possible connection

transmission oil lubricant

liquid liquid




Impossible connection

gasoline

liquid




Impossible connection

hydraulic oil hydraulic oil

liquid liquid




Possible connection

hydraulic oil hydraulic oil

liquid liquid

undefined




Scalability

. Pumpunit |
«Function»
pressurize oil

«Structure»




Scalability

. Pumpunit
«Function»
pressurize oil

«Structure»

«Function»
Convert mechanical energy into oil pressure
«Function»
Convert electrical into mechanical energy

«Structure»

«Structure»




Scalability

Oil supply

«Function»
supply and store oil
«Structure»
Tank
«Function»
Store oil
L «Structure»
qu
uid -
51/ Mir
Pump unit
«Function»
pressurize oil
«Structure»
quid uid quid
51/ Min - 51/Min 51/ Min
Oil-pump
. «Function»
E|ECtI'IC motor Convert mechanical energy into oil pressure N
«Function» «Structure» be D 3bar
D 110 Convert electrical into mechanical energy =
«Structure»
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Sketches - Lingua Franca of Mechanical Engineers




Elaboration of Design Details in Sketches with Systematic Annotations

bdd oil pump [allocation of requirements] bdd oil pump [allocation of functions

bdd oil pump [geometric constraints

weight < 1,9kg

pressure: 3 bar

flow rate: 5 [/min

bdd oil pump [materials selection bdd oil pump [joining technology]

aluminivm _ —
=)
= feather key

plug

copper screw fitting

adhesive bond
therwoplastics

concentricity

—_—

parallelism

50mm

bdd oil pump [kinematics]




Physical Product Structure Definition

Pump unit

Electric motor
U1

Outlet

g =)
LCL )L:) Feather key

Impeller blade

Offset cam

Housing

bdd oil pump [physical product structure] ]

Pump unit

¢

Electric motor

Pump

¢

Impeller blade

Offset cam

Housing

Feather key




Next Step: CAD Model Creation

lconic
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redundancies | from original ! (virtual, real)




Create Product Structure in CAD System

bdd oil pump [physical product structure]

Ap— ’} Pump unit

T )} Electric motor (Electric motor)

2 )} Pump (Pump)

%9} Impellerblade (Impeller blade)

t—azi Offset cam (Offset cam)
L a}n Housing (Housing)
3)3, Outlet (Outlet)

T ))J.Inlet (Inlet)
T\az}. Feather key (Feather key)

Anwendungen
= Feather key




Detailed Mechanical Design in CAD System

bdd oil pump [allocation of requirements] bdd oil pump [allocation of functions bdd oil pump [geometric constraints

R,16

2 80mm

[ \ 7 concentrlmyl (O) \

R

1]
copper screw fittin

therwmoplastics

oil flow




CAD accomplished

3D-CAD-Image,

Stereoscopy
Scale

3D-Image
(virtual, real)




Model Synthesis: SkiPo-Model (bdd with ports and sketches)

Pump unit
«Function»
Pressurize oil

«Sketch area»

Electric motor

«Function»
Convert electrical into mechanical energy

«Sketch aream-—\
i I El)
‘/

«Structure»

«Formula area»

«Formulaarea»




Traceabilty

bdd oil pump [allocation of functions]

bdd oil pump [kinematics] bdd oil pump [geometric constraints] bdd oil pump [allocation of requirements] bdd oil pump [materials selection] bdd oil pump [joining technology]
R 16

@ 80mm

parallelism

oil flow 50mm




SkiPo - APU




Summary

Consistency check of system design

»  Port model helps specify and check
properties and consistency of internal
& external item flows

Systematic documentation of Design

decisions in sketches

»  Sketches improve communication in
teams and reduce misunderstandings

Sketches are no longer thrown away
»  Sketch integration in the SysML
model facilitates traceability




Discussion

Thank you for your attention!
Questions?



Please do not hesitate to contact us

HEILMUT SCHMIDT
UNIVERSITAT

Universitat der Bundeswehr Hamburg

Martin Grundel M.Sc.
martin.grundel@hsu-hh.de

Prof. Dr.-Ing. Jutta Abulawi

jutta.abulawi@haw-hamburg.de



