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Abstract. In historical literature various depictions of technical solutions in the field of motion systems can be found.
The form of the stored knowledge may be different. For example it may be represented as textual description, image
or diagram. Those sources of knowledge are spread all over the world in libraries, museums, companies, universities
and other institutions. Today it is at least in general possible to have fast access to some of these sources, because a
lot of digitization projects present their results online. Some of the projects concern common (possibly technical)
literature and patents whereas other projects are focused on the special field of motion systems (e. g. DMG-Lib or
KMODDL). The main problem is, that the solutions described in the different sources can not be found efficiently by
the engineering designers because usual search techniques supplied in the Internet are text-based and the textual
descriptions have a certain language which is in the older literature often not English. But even if the key words are
entered in the correct language a lot of solutions will not be found, because the author uses terms according to his
personal context (e. g. determined by time, region and community). Furthermore solutions described in images and
diagrams will only be found, if an attached text can be found. Thats why new approaches are needed. Projects like
DMG-Lib and KMODDL try to develop such approaches which reactivate the rich cultural heritage in mechanism
and machine science. Combined with modern materials, manufacturing processes and areas of application the old
solution principles can lead to new innovative products. Because of the world wide demand as well as the world wide
location of the sources international cooperation is needed. A network of interested persons, institutions and
companies must be build up, which collects the different sources, extracts the solutions and makes them accessible.
The presented paper deals with a concept, the possible realization and necessary tools for such a network. The
emphasis lies on meta data, handling of multilingualism, extraction of solution principles, representation of solution
principles and search techniques.
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1. INTRODUCTION

The design of more or less complex motion systems for the solution of kinematic as well as dynamic problems is
one of the basic tasks for design engineers in mechanical engineering and tool building. In this field mechanical
solutions are still adequate. Even in future mechanical solutions will often be used, probably in conjunction with new
materials and technologies or in new fields of application.

Even though the knowledge concerning motion systems is not only important for mechanical engineering and tool
building, according students are provided only with the basics of mechanism structures, analysis and synthesis. The
growing lack of experts in mechanism and machine science leads to the need for a fast access to the knowledge which is
relevant for motion system development. A modern possibility for such an access is the use of a digital library in which
the digitized knowledge is stored. One of those digital libraries is the “Digital Mechanism and Gear Library” (DMG-
Lib, see Brix et al. 2007). The DMG-Lib is continuously growing and contains very different sources like books,
articles, drawings, images of machines and physical models, biographies, interactive objects etc. The different sources
are collected, linked and indexed for a fast retrieval. To allow more than finding the words supplied by the authors of
the sources, some of the described mechanisms are handled in a special way. They are analyzed and enriched with the
gathered meta data. This way in the last years a set of over 1400 mechanism descriptions was collected. The set of
mechanism descriptions will be enlarged because a uniform description of a large set of such descriptions is the basis of
a solution repository which can supply design engineers with various solutions for their problems. Figure 1 shows
several mechanisms collected in the DMG-Lib.

2. PROBLEM
2.1. Differences between digital mechanism collections

Besides DMG-Lib there are only a few other specialized digital libraries dealing with knowledge about motion
systems in a more or less detailed way, e. g. KMODDL, TAMTM, DMD, LEONARDO, DELFT, BMSTU. We expect
that in the near future the number as well the quality and the quantity of such digital collections will grow, because
there is a need in industry as well as in teaching. Furthermore there is the intention of authors or institutions to present
content in the world wide web because this leads to a better public perception which e. g. causes more citations or
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attracts clients with development tasks. Another growth indicator is the rising budget for the development of digital
libraries which is supplied by institutions like the European Commission or the Deutsche Forschungsgemeinschaft.

Results per page: ﬁ)l :_ @ Gallery D Kurzdarstellung Search Resuts: 4 4 [201 10 300 (of 1457) | I» ]
sort by [;-Z | éﬂ

List of all mechanisms (1457)

Figure 1. Preview of selected mechanisms in the DMG-Lib portal

Nevertheless, the worth of digital repositories for design engineers depends strongly on their ability to provide
solutions for movement tasks in an effective way.
Problems concerning the retrieval of solutions from a repository will probably arise from:
® heterogeneous types of sources (text, image, interactive object, etc) and different level of abstraction within
one source type (images could be e. g. solution principles, technical drawings or photographs) which can
make it hard to understand and compare different solutions,
e different terms in the describing texts (this depends on language, time, profession / research field, etc) which
lead to problems in text based search,
e insufficient meta data (then the solutions can not be distinguished in a problem oriented way),
@ small amount of solutions and narrow range of solutions (only special types) cause gaps in the solution space,
® alack of suitable search tools (text based as well as non-text based search is needed, it should be easy for users
to describe the problems) and
® last but not least, insufficient support of a solution export into analysis or design programs.

Current days libraries show a very heterogeneous description of included technical solutions. That depends on the
used meta data set (should fit the needs of the audience which shall be provided with the information), the scientific
background of the persons which were responsible for the gathering of the meta data and the analysis effort. A first
impression of the variety which can be found in the world wide web is shown in Fig. 2 ... Fig. 5.

The shown mechanisms come from projects with different background. There are nowadays solutions enriched with
information from the design engineers point of view as well as historical solutions usually described by historians.
Thats why the historical solutions have usually a great lack of information in the context of motion problem solving.
But the old solutions are still interesting for the engineers and may be the base for further inventions. For instance
Neumann (2005) shows examples for the reuse of old inventions.
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Mechanical loom

"This is second to the printing of
letters and just as useful. It is
worked by men, gives larger profits
! and it is a beautiful and clever

M invention.” : 9

Leanarde studies and describes

| many spinning and weaving
rmachines, He draws an automnatic
loom in which all the movements for
creating a piece of fabric are
supplied by a single shaft moved by
a crank. The loom slides the warp
and then coils the finished fabric maintaining the correct tension in
the threads, Leonardo introduces the mechanical shuttle, anticipating
an application of the industrial revalutian,

Codex Atlanticus, sheet 965
1495-1496

Hydraulic saw

This mechanical saw works with
hydraulic energy. Thanks to a
carnplex systern of cog-wheels,
which combines the rod and erank
with the pawl mechanism, the
hydraulic wheel transmits the
alternated mation to the saw and to
the tralley transporting the lags. This
is synchronised to move forward one
88 Lnit at the time, The functioning of
the saw is thus made as automatic Codex Atlanticus, sheet 1078
as possible, 1478-1480

Figure 2. Examples for the description of movement systems in the virtual model collection “The Leonardo Gallery” of
the Museo Nazionale della Scienza e della Tecnologia, see MUSEOSCIENZA

Ove rview - bevee crane
Depicted Machine Elements: ~Hotar, Transmission Kechanism; Acting Tools
of Image: Manuseript
Text: No
Commentary : The manuseriptto which this drawing pertains is a compilatien of sarlier sources. twa

finighed ahout 1500, See far the identification of mast of its sources Leng 20023, vol. I,
282-296. According to Leng, this drawing belonys o a set of similar drawings in the
JKiiegsbuch" of Ludwig von Eyb (c. 1510, Universitatsbibliothek Erlangen, B 26}, see Le
20023, vol. I, p. 294,

SOU rce Uncertainty in Years : terminus ante quem
Reasons for Dating : see Commentary
Location of Original Manuscript:  Sfiftung Weimarer Klass ik - Herzogin Anna Amalia-Biblicthek, Weimar (Germa
Call Number of Original Manuscript : Fol 338

. Device : Crane

DeVICe Type of Device : Lifting f Hauling Device
Field of Employment : Construction | Quary
Powered by: Animals
Depicted Machine Elements : Motor, Transmission Meehanism; Acting Taols
Machine Parts List : Click on link to ses example

Hauling Rope f Hauling Rod; Drurm;  Pincers / Tongs;

Gearing and Drive Combinations:  Drum-Rope-Pulley(s);

I age Device : Crane
1 m g Provenance of Image : Representational anuscript
G  Actual f Possible

Presumable Purpose of Image :  Gopy of Other Gource

Graphic Technique : Dirawing

Pictorial Language

Complete Device : Pre-Perspective View

Figure 3. Example for the description of a crane shown in DMD

Schnecke

Funktion eines Schneckenradgetriches
Die Schraubenformige Konstrukion bezicht mehrere Zahne
i die Kraftberiragung ein, es entstett eine Verteiung der
Belasiung, d.h. eine Entlastung der einzelnen Zapfon Die
Sehnecke treibt ein Zahnrad an. Man verwendet diese Art
e von Getricbe dorf, wo auf engem Raum hohe
£ Unndrehungszahien herabgesetzt werden sollen, also dort wo

{ eine hohe Untersetzung in einer Stufe realisiert werden
) }* tmuss Bin Schneckengetriebe kann in Abhangigkeit der
Unterseizing und der Reibung sclbsthemmend arbeiten, 4.

das Schneckenrad kann durch die Sehnecke angericben
werden, aber in umgekehrter Richtung sperrt das
Getriebe. Schranken und Krane verwenden diese At von
Getriebe, weil hier die sichere Sperrwirkung der Schnecke
verhindert, dass die Schranke oder die anhangende Last den
Antrieb urickdrel,

Das Schneckenradgetriebe hat viele Vorteile:
+Es ist platzsparend
- Es recluriert die Umdrehungszahi des Anfriebs um ein
Vielfaches
- Es kann selbsthemmend sein
 Es steigert die Kraft des Anfriebs
- Die Wellen liegen um 90° gekreuzt

Die Nachteile:
- Teure Fertigung : Schnecke besizt gehartete und
geschiffene Flanien, die Schneekenrader werden aus
speieller Raderbronze gefertigt
- Schlechter Wirkungsgrad

Zurtick zur Modellubersicht

Figure 4. Example for the description of a worm gear in LEONARDO

The description of the models in Fig. 2 explains function and structure of the shown models in a quite simple way.
This matches the intension to attract visitors to the museum. In Fig. 3 a more detailed description is shown. On the
according DMD web pages search masks can be used to find certain categories of mechanisms. But the provided meta
data fits mainly the needs of historians. A design engineer may find interesting insights into the knowledge of former
times, but during a problem-oriented search he will rarely find a fitting solution. Figure 4 shows how some interesting
facts about worm gears are provided on the web page of the project group “Leonardo da Vinci” (LEONARDO). The
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description may be useful for students in the first semesters (given that they can understand German) but solving a
certain motion design task is not directly supported.

Model 11: quick return mechanism

Kinematic scheme: s
Dimensions: @ ,,,,,,,, B
N
Measured at model [m] h —{- v ]
a 0.042 s
b 0.194 i
d 0.084
r 0.06 b
h 0.10
Explanation:

The slider (green) performs a motion with approximated constant velocity and a quick return. The belt has been
added to show the property to escort products moving with constant speed, as can be required in production
machirery The mechanism is also known for its application as shaving machine.

Literature: s
P quickretum < FFy
) o B velocity hodograph.
"/mcfun Lpath

4

Remarks: Following the theoretical results of the literature,
the dimengion a = 0.5d s taken In the model.

=badk to collection=

ath of C
i o

Figure 5. Description of a quick return mechanism as shown in DELFT

The information shown in Fig. 5. from the web pages of the mechanism collection at the TU Delft seems to fit the
needs more than the other examples did. But fast problem-oriented search for a solution is here also not possible.

The examples have shown, that spread over the world wide web information about interesting solutions can be
found. But that information is usually not sufficient for design engineers tasks to efficiently find a solution for a certain
motion system problem.

2.2. Special problems in gathering meta data from historical solutions

Besides the fact that a deeper analysis of mechanisms is in general a cost intensive work which must be done by
experts, the analysis of historical mechanisms may lead to special problems. These problems arise mainly from the
historical development of scientific standards. Especially the formerly used drawing styles with ambiguities, incon-
sistent proportions and errors in the perspective can make it hard to find a fitting (3D-) model with a behavior as
described by the author of the historical document. Figure 6 shows such a problematic drawing. Often it is not clear if
such a model even exists, because it may be that the drawing is only a sketch of an idea which was never realized as a
or in a working machine.

Figure 6. A mechanism shown in DMD. The drawing style causes problems if a matching 3D-model is searched.
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3. SOLUTION
3.1. META DATA

A standardized set of meta data seems to play the most important role for an adequate solution. Meta data is the
basis for the problem-oriented search. Approved meta data sets from different web based projects as well as the sets of
attributes described in printed mechanism collections can be sources for the development of a common meta data
format. Figures 7 and 8 show meta data provided for an inversor mechanism in the DMG-Lib. Parts of the meta data set
stem from Niemeyer (2003). Figure 7 is a snapshot of a web based form for the meta data from the maintainers point of
view. In this case he enters the data using an interface in German language. Nevertheless, as shown in Fig. 8 it is
possible to provide the same information in an other language too. Here English is used to describe the mechanism in
the public areas of the DMG-Lib portal. The generation of both HTML-pages (Fig, 7 and 8) is based on the same
database entries.

Inversor (nach Peaucellier)

q 1875-01-01 -
| Technische Universitat Dresden, Institut fur Festkérpermechanik, Zeu247-06-04
[lns Portal._Msta W1 M [Qualitat OK. Meta || 1] [Hilfsdatensaiz ]
- Fiihrungsaufgabe:
- Dimension der Bewegun = Antriebsbezu ; =
Ub-Aufg wng [eben ] @ [nein -]
- Durchlaufsinn der Bahnkurve |wechselsmmg B Bahnkurve eines Gliedpunkies (aus alier DB)  gradlinig (Geradlinige Bahn, ganz oder bereichsweise)
- Orientierung der Glizdgeraden [2igemein | Drehsinn der Gliedgeraden [schwingend: unbekannter Bereich <]
- Bahnkurve eines Gliedpunktes e [ | e ey | o e offene und spezielle B
links lclo Bl kL k g

Tests
Figure 7. Web based form (German) for a database maintainer with the meta data for an inversor mechanism.

@ Bach to Search Resutts Search Resuts: M 4 P

Inversor (nach Peaucellier)

-

& | Function Die Kreisverwandschatt, auch Transformation durch reziproke Radien" oder ‘Inversion”, genannt, st sich durch
WMechanismen verwirkiichen, die man "Inversoren” nennt
| 3 « Inversionsgetriebe von Peauceller zur Verdeutichung der Verwandischaft von Kreis und Geraden
b « Filhrungsgetriebe zur Umwandiung eines exalten Kreises in eine exalte sines
* .

Hoppelpunktes
+ Ebenes achtgiedriges Kurbelgetriebe

Structur of mechanism

"8l ansicht vergrénerm
Verwandke Inversionsgeriebe:
« Inversor (nach Hart)
* Inversor (nach Sylvester und Kempe)
o Poaucelier-Inversor
« Geradfihrung, exakte (inversor, nach Peaucelier)

Wetere Informationen zu inversionsaetrisber:
* Lehrbuch der Kinemati: Die ebene Bewegung, Haupthand
. ismen zur Kre  mit einer Tafel

Dimension of mechanism planar

Number of links 8
drive movement Posttion
output movement Position
Degree of freedom 1
Fundamental mechanism -
Link containing mechanism
Number of inputs 1
Number of followers 1
Revolution ability yes
Revolution ability of input link yes

Relative position between drive  paralisl
and output

Guidance function
Direction of the path reversed direction
Orientation of eutput link general

Trace of a dedicated point on ]
follower < ol
Open trace Straight line motion

Dimension of mechanism planar
Input reference no

Progress of orientation oscillating: unknown area
respecting output link

pecified trace

Figure 8. Meta data of the mechanism from Fig. 7, now shown to the DMG-Lib users in English

Figures 7 and 8 show an example how language independent storage of meta data helps to make information
available for users all over the world. But Fig. 8 shows in its upper part also the problem of an appropriate translation of
free text. In the example only the German text describing the function can be shown on the English page, because the
text was entered only in German. May be that in the next years automatic translation of scientific texts improves, but
from the today's point of view the use of standardized text blocks will be a good solution for the multilingual presen-
tation of meta data as well as for language independent search.

The meta data description used in the DMG-Lib project and meta data sets from other projects like KMODDL,
DMD etc as well as approaches described in the literature can be starting points in the development of a standardized
meta data format. But as shown below, a set of single describing properties may not be enough. Beside the database like
point of view (describing properties like the number of elements, the existence of straight line parts in the path of
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certain points, ...) an other kind of information should be part of the meta data format too: a more detailed description of
the mechanism structure and of its single elements. This will allow the use of simulation/analysis software, the
generation of animations/videos/interactive objects, the export into CAD formats and reparametrization/optimization
etc. The DMG-Lib uses an XML-based format to describe the solution principles of mechanisms as well as shapes of
parts and simulation results (see Doring et al, 2006). For instance the generation of interactive animations from a single
image (e. g. a figure in a book) is based on this XML-format.

3.2. WORKFLOW

Because entering/gathering high quality meta data for a certain mechanism causes a quite large effort, different
aspects should be taken into account:

® If more or less abstract models of the mechanisms are available, then appropriate analysis tools could
automatically calculate meta data. That would decrease the overall effort if the model generation costs are not
too high and the quality of the analysis tools results is sufficient.

® Automatic analysis could be useful to avoid interpretation problems or errors (e. g. if humans have to decide if
a certain section of a movement path is a straight line or not).

® Data entered by hand and / or data derived using tools should be compared to detect inconsistencies and to
improve the quality.

® As shown above meta data should be as language independent as possible. This is quite easy for properties if
they can only have one or more values which come from a predefined set of allowed values.

e Different kinds of search should be supported. Furthermore it should be possible to combine (free-)text-based,
property-based and sketch-based approaches (see section 3.3).

® In the meta data format it should be possible to keep redundant data representations in parallel, because that
makes it easier to fit the needs of different tools. In such cases the quality of the whole meta data set depends
on the equality of the alternative descriptions too.

® There should be one or more minimal sets of meta data as well as a kind of basic representation for certain
parts of the data, e. g. triangle meshes could be the basic representations for the description of single elements
whereas analytical descriptions are optional alternatives.

® Tools may be used to generate alternative meta data, derive new meta data, perform consistency checks etc. If
on a local system certain needed tools are not available, then web services could be started, e. g. to generate the
paths of selected points based on a solution principle.

® The interpretation problems described in section 2.2 can only be solved with expert knowledge.

Nevertheless, even if a meta data set is defined and according tools for model generation, analysis, transformation
and consistency checks are available, there is still a lot of work to do. This should be done in a network of interested
persons, institutions and companies. The partners have to collect the different sources, extract the solutions and make
them accessible in solution repositories. Here also tools are needed to coordinate the work and to synchronize the single
collections. Coordination of the work will help that the collected mechanisms in the repositories span a larger solution
space. Of course there will be always multiple descriptions of quasi the same mechanisms but coordination should
avoid the x-thousandth four-bar linkage in the repositories as long as other types of mechanisms have only view
representatives. Furthermore coordination should reach a balance between historical solutions from different times and
present-day solutions, whereby it seems to be obvious that the number of representatives will be on average higher for
newer mechanisms. A general survey about useful types of tools is given in Tab. 1. Such tools can be for instance
existing CAX-software, specially developed programs or parts of a web based applications.

Table 1. Types of tools which should be used in the workflow

Type/purpose of the tools Comment
generation of solution principles With an appropriate tool planar mechanisms can often be processed in less
than a minute. Even fast generation of special shapes or constraints and
coloring may be supported by such tools.
generation of models (esp. shapes) | This will allow dynamics analysis with collision detection or more realistic

for single elements animations. A higher degree of abstraction may be used to save modeling
effort/time. Triangle lists could be the most basic format.

degree of freedom analysis Based on solution principles abstract (graph based) degree of freedom
analysis can be done.

kinematic analysis Path of selected points should be calculated and stored in the format too.

The analysis of the paths can generate meta data describing the shape of the
path or the existence of dwells. Also the space needed by the moving parts
seems to be worth to be analyzed and stored explicitly.
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An SDK (software development kit) can reduce the effort of developing
import and export interfaces or converters for useful tools.

animation generators

Often the understanding of certain solutions can be improved if (possibly
interactive) animations or videos are provided. From a deeper understan-
ding of existing solutions, e. g. those which nearly fit to a certain design
problem, new solutions can be inspired.

statistics about mechanisms
described in the repositories and
search queries

Mechanisms can be categorized according to very different meta data
(properties). An active search for mechanisms with certain properties or
even property combinations which are underrepresented in the repository

will be important for a continuously enlarged solution space. Besides the
more theoretical database point of view the user needs should be also taken
into account when the next mechanisms are selected for deeper analysis.
Consistency checks between data entered by experts and / or data derived
by tools are important for a high quality of the stored data. After detecting
deficiencies tasks must be assigned to responsible persons. Quality
management may be local for one repository or global covering different
repositories.

Common digital libraries often offer “similar objects” or “these objects may
be interesting too”. Tools calculating similarity are in mechanism
repositories important too. They provide the basis for statistics tools and
allow to show alternatives to users (e. g. to inspire new/adapted solutions)
It is desirable to support a number of interface languages in a portal,
because this increases the user acceptance. Changes of portal texts as well
as changes / introduction of new items in the standardized set of meta data
terms must be propagated to translators. The contemporary translation
should be supervised.

A lot of other tools could be used to derive additional meta data, e. g. tools
for dynamic analysis, assembly analysis etc.

quality management

clustering / cross linking support

translation support

other

3.3. SEARCH AND FURTHER USAGE

At this point the origin of a solution (e. g. historical or not) will only play a secondary role for design engineers. Of
course the according meta data could be used to retrieve solutions from a certain time, e. g. those which allow patent
free designs, but in general the problem-oriented search should be supported with equal quality (should not depend on
the time a solution stems from).

If repositories use the standardized meta data format, it is possible to combine the solution spaces from different
repositories. Software or web portals can then use the solution space spanned by the used repositories in different ways.
The search interfaces presented to the users may be in general very different. They may be for instance:

® text based search, possibly improved by the use of a semantic network (describing synonyms, translations etc.)

® meta data based search, e. g. as provided in DMG-Lib (see Fig. 9) or

® sketch based search for mechanisms with e. g. certain paths of points or transfer functions, see Doring et al

(2006) for examples.

Typology of mechanism

Name of mechanism

Function Guidance mechanism

Dimension of mechanism | planar

o oo

Number of links

Input movement
Follower movement Rectilinear translation

Degree offreedom

IIRIRED

Relative position between
input and follower

Fundamental ! m
[EECHED = Link containing mechanism Gam mechanism
g ear containing mechanism E Friction based mechanism
& mechanism . Seraw eontaining meehanism
<
Belt and chain drives il Step mechanism
LB 112chanism, containing pressurizing medium

show all fields

Reset Start search

Figure 9. Meta data based mechanism search in the DMG-Lib Portal (English)
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An other useful feature would be the coupling with optimization tools which could fit the retrieved solutions to a
given motion problem.

Furthermore the integration of the search functionality into the tools used by design engineers would be good for a
more effective work. According to the problem a design engineer deals with, the CAX tool could automatically generate
search queries for the mechanism repositories. Matching mechanisms retrieved from the repositories could be converted
automatically into the internal model of the tool (as good as it is possible) and then serve as basis for further modeling
interaction of the design engineer.

4. CONCLUSIONS

The importance of digital solution repositories is undoubted. Historical solution should be part of such repositories
equal to present-day solutions. The upcoming digital libraries describing motion systems differ in quality and quantity
as well as in the target groups. To support the reuse of historical and present-day solutions a standardized meta data
format is needed. Such a standard promotes the quality and exchangeability of meta data. This avoids problems with the
search in narrow or too small collections, because networked search becomes possible. The meta data description used
in the DMG-Lib project can be one starting point in the development of a standardized meta data format. Because the
analysis of mechanisms and the gathering of high quality meta data is usually cost intensive a network of partners from
the mechanism and machine science community as well as historians should fill the repositories with mechanism
descriptions. A set of tools using import and export interfaces for the format can reduce the effort in model generation,
analysis, transformation and consistency checks. In future the mechanism repositories can play a role in mechanical
engineering and tool building which is similar to the present-day role of open access repositories which provide meta
data and content concerning literature, works of art etc. to a broad public. Historical solutions will be an integral part of
these mechanism repositories.
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