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Preface

The aim of this proceedings book is to present recent advances in the field of
Mechanism and Machine Science (MMS) that originated in the IFToMM Italy
community and its international network. The book contains the contributions,
ranging from theoretical contributions to experimental and practical applications
that have been accepted for presentation at the Fourth International Conference of
IFToMM ltaly, IFIT 2022.

The Fourth International Conference of the IFToMM ITALY association has
been held at the University of Napoli “Federico II,” in Napoli (Italy) on September
7-9, 2022. The conference is under the patronage of IFToMM, the International
Federation for the Promotion of Mechanism and Machine Science. IFToMM as the
International Federation for the Theory of Mechanisms and Machines (TMM) was
founded in 1969 during the Second World Congress on TMM in Zakopane, Poland.

Italy has been one of the founding member organizations of IFToMM, and
IFToMM Italy, as a IFToMM Member Organization, was founded in 1970.
Therefore, during the IFIT 2022 Conference, a special celebration of the 50th
anniversary of IFToMM Italy has been held. Since its establishment, the Italian
Member Organization has been very active with many contributions at national and
international levels.

The Fourth International Conference of IFToMM Italy continues a series of IFIT
conferences that has been started in 2016 by IFToMM Italy with a very successful
event in Vicenza. A second event was held in Cassino in 2018, and, then, a third
event was held online in 2020 with only a remote tele-meeting mode because of the
COVID-19 pandemic circumstances. The IFToMM Italy association board is cur-
rently formed by Alessandro Gasparetto (president), Giuseppe Quaglia (vice
president), Vincenzo Niola (secretary) and Giuseppe Carbone (treasurer).

The book content includes papers belonging to a broad range of disciplines in
the field of MMS: history of mechanism science, biomechanical engineering,
robotics, mechanism design, sustainable development goals, tribology, gearing and
transmission, vehicle dynamics and control, mechatronics, vibrations, dynamics of
machinery, multibody dynamics, computational kinematics and rotor dynamics.
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These contributions are provided as a collection of 104 papers that have been
accepted after a blind peer-review process. Among them, the best evaluated papers
receive award recognition in the three IFTOMM categories: research, applications
and student. Springer awards in research and student categories are also given since
the IFIT proceedings series is planned within the Springer book series on MMS.

We would like to thank all the members of the Scientific and Organizing
Committees for their strong contribution toward the success of IFIT 2022:

Honorary Chair: Alessandro Gasparetto (University of Udine)
Conference Chair: Vincenzo Niola (University of Napoli)

Scientific Committee:

Alessandro Gasparetto (University of Udine, Chair)
Nicola Pio Belfiore (University of Roma Tre)
Massimo Callegari (Pol. University of Marche)
Roberto Caracciolo (University of Padova)
Giuseppe Carbone (University of Calabria)

Marco Ceccarelli (University of Roma Tor Vergata)
Enrico Ciulli (University of Pisa)

Raffaele di Gregorio (University of Ferrara)

Pietro Fanghella (University of Genova)

Andrea Manuello (Politecnico di Torino)
Arcangelo Messina (University of Salento)
Domenico Mundo (University of Calabria)
Vincenzo Niola (University of Napoli)

Paolo Pennacchi (Politecnico di Milano)

Giuseppe Quaglia (Politecnico di Torino)

Rosario Sinatra (University of Catania)

Alberto Trevisani (University of Padova)

Organizing Committee

Vincenzo Niola (University of Napoli, Chair)

Paolo Boscariol (University of Padova)

Giovanni Boschetti (University of Padova)

Giuseppe Carbone (University of Calabria)

Chiara Cosenza (University of Napoli, General Secretariat)
Flavio Farroni (University of Napoli)

Riccardo Russo (University of Napoli)

Aleksandr Sakhnevych (University of Napoli)

Sergio Savino (University of Napoli)

Francesco Timpone (University of Napoli)

We wish to express our sincere gratitude to the authors and reviewers for their
valuable scientific contributions and useful feedbacks in due time to ensure a high
scientific quality of IFIT 2022. We also thank the support of the IFToMM
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Permanent Commission for the History of Mechanism and Machine Science, the
IFToMM Technical Committee for Sustainable Energy Systems and the [IFToMM
Technical Committee for Robotics and Mechatronics.

The editors are also grateful to the IFToMM Italy association to coordinate the
conference organization as well as the IFToMM federation for its patronage of IFIT
2022.

Finally, we thank all the staff members at Springer for their valuable editorial
support.

May 2022 Giuseppe Carbone
Alessandro Gasparetto

Vincenzo Niola

Giuseppe Quaglia
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IFToMM as the International Federation for the Theory of Mechanisms and Machines
(today for the Promotion of Mechanism and Machine Sconce) was founded in 1969 with
an act on 29 September 1969, during the Second World Congress on TMM in Zakopane,
Poland, Fig. 1a), [1]. Among the IFToMM founding fathers, who signed the foundation
act, Prof. Giovanni Bianchi represented the Italian community, Fig. 1 b), being Italy one
of thew 13 founding communities.

The historical evolution of the Italian community in IFToMM can be recognized
in three phases, namely pioneering, aggregating, and associating aspects as formalized
over time within different associative forms up to the current legal association IFToMM
Italy, Fig. 2, [2, 3].

During the first phase 1969-1971 the community was started as [IFToMM Commit-
tee of Italy with few members coming from the main Universities only. Soon during the
second phase 1972-2003 a Group of study was established within the national Society
AIMETA. The activity in the IFToMM disciplines grew with more and more impact
also at international levels so that in 1995 the IFToMM Congress was planned in Milan.
Consequently, to the growth of the community, a need of proper well-defined aggrega-
tion matured into the GMA, Group of Applied Mechanics, within which a section was
specifically devoted to IFToMM Italy. At the beginning of the third phase the Italian
community referring to IFToMM was widespread in all the Italian universities, even
with contacts in industrial and professional frames, requiring a legal identity with inde-
pendent associative activity that was founded in March 2014, Fig. 3. Today IFToMM
Italy as a well-recognized association is organized in working groups running activity in
all the topics of MMS in theory, design, formation, practice, and technological transfer
and with a biennial conference IFIT with international participation stared in 2016, [4].
Figure 4 shows the chairs of the Italian IFToMM community overtime to indicate a con-
tinuous activity with individual participation from all the Italian universities as linked
to the industrial and professional world with a significant contribution also to the world
IFToMM community.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
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Fig. 1. The foundation of IFToMM in 1969: a) the foundation act; b) prof. Giovanni Bianchi as
Italian representative near right to prof Erskine Crossley addressing to the audience.
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The 50-year anniversary should have been celebrated in 2020 in occasion of the third
IFIT, International conference of IFToMM Italy, but due to the COVID-19 restrictions
the event was postponed to this year 2022. This is a note to remind the fifty years of
activity of the Italian community with the hope and wish of growing success with the new
generations preserving and augmenting the original IFToMM spirit for collaboration and
improvement in technological fields for the well fare of mankind in peace and prosperity.
A commemorative plate, Fig. 5, is planned to be posted at the University of Naples
‘Federico II” in occasion of IFIT 2022 conference.

IS start of IFToMM
{CIGETITOn Italian Commitee WC1995 1stIFIT 4thIFIT

AIMETA GMA IFToMM ltaly
‘ ‘ IFToMM Grouyp IFToMM section society
I I
1969 1970-71 2003 2014 2022
first phase second phase third phase

Fig. 2. Historical phases of the Italian IFToMM community

IFToMM
ITALY

Fig. 3. The logo of IFToMM Italy as a legally recognized association
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. ’ .

N v g

Y 1 pom
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B‘a_”d“ (Milano) (Padova) Valle Parenti- (Napoli) Gasparetto

(Milano) (Napoli) Castelli (Udine)
(Bologna)

Fig. 4. Chairs of the Italian [IFTOMM community over time
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50 anni \./ 1970-2020
IFToMM ITALY

Associazione Italiana per la ricerca e lo sviluppo nella Scienza dei Meccanismi e delle Macchine.

affiliata a IFTOMM, the International Federation for the Promotion of Mechanisms and Machine Science

a ricordo delle celebrazioni per 50 anni di attivita

Il Presidente Il Presidente del congresso IFIT 2022
Prof. Alessandro Gasparetto Prof. Vincenzo Niola

Napoli, 7 Settembre 2022

Fig. 5. The commemorative plate for the 50-year anniversary of IFToMM Italy
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Abstract. Figures and technical dissemination work of Italian Jesuits are revised
it to highlight main aspects that have produced introduction of all machine design
with western characters in China. Results are presented from an investigation using
illustrations and literature documents with the aim to emphasize the technological
transfer in terms of conceptual and cultural aspects. The paper presented review of
work activity and influence of early Italian judgment missionary in technological
transfer on machine design to China. notes are reported also to explain the white
vision of the missionary combining technology and culture in their mission. A
specific analysis is reported by referring to main publications and cultural heritage
of that pioneer activity.

Keywords: History of mechanism design - History of machine technological
transfer - Jesuit figures - Mechanisms

1 Introduction

The transfer on machine technology from West to East started with Jesuit missionaries
in 16th century as part of a cultural means to support the Christian religion diffusion. The
Jesuit mission in China has been extensively studied even looking at the science and tech-
nology transfer and main figures are identified with their activity as in Michele Ruggieri
(1543-1607), Matteo Ricci (1552-1610), Johannes Schreck Terrentius (1576—1630),
Giacomo Rho (1592-1638), Adam Schall von Bell (1592-1666), Ferdinand Verbiest
(1623-1688) and other Jesuits, [1, 3].

The success of the machine transfer from Europe to China is documented by the
latter Chinese literature in machine design with clear reference to the original source of
inspiration, as for example in [4-6].

Today a renewed interest is addressed on the Jesuit work with machine transfer both
torecognize in modern legacy and full understanding of the contributions and procedures
of such an early link at world level frame not only in scientific literature like for example
in [3, 7], but even in information communications with public as in newspapers, like for
example in [8].
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This paper is a contribution to recognize the above characters and legacy in machine
technology transfer also within the current Italian mechanical engineering. In particular,
the paper presents also minor Jesuits as recorded in the historical cemetery in Beijing
[9], whose contribution activity supported the success of the more famous leaders who
are known as main contributors for the early machine transfer from western countries to
the Chinese word with such education legacy.

2 Italian Jesuits in China and Their Activities

The European Catholicism started to open its religious career in the Chinese empire
since 16th century. After the Reformation in Europe, the Pope actively sent religious
missions everywhere in the world. Portugal suggested the Church sending Christian
missions to China in 1540. With the influence of European navigation and trade coming
to the east, the European missionaries took business ships and came to Asia one after
another. European businessmen were allowed by China to inhabit in Macao after 1557.
Jesuits arrived there to open chambers in 1562, but they could not disseminate their
religion in the inland of China. Alexandre Valignani (1538—1606), an inspectorate from
the Society of Jesus, who was in charge of missionary business in India and the Far
East, arrived in Macao before 1578. He planned new missionary strategies, consisting in
starting their mission with learning Chinese and adjusting to Chinese customs. In 1579,
the Italian Jesuit Michele Ruggieri was invited to Macao by Alexandre Valignani and
prepared to go inland by learning Chinese. In order to promote missionary activities,
Ruggieri suggested Alexandre Valignani sending another Italian Jesuit Matteo Ricci to
China. On August 7th, 1582, Ricci arrived in Macao with a large clock made in Europe
from India [10, 11].

Jesuits noticed that Chinese officials and scholars were very interested in European
mathematics, astronomy, and technology, so that they carried out a strategy based on
the introduction not only of religious contents but on a broader cultural vision in which
science and technology play an important role. Actually, European science and technol-
ogy became missionaries’ walking stick for missionary work in China. This character of
wide-spectrum cultural transfer can also be recognized by considering the great variety
of skills and expertise of the Jesuits, who have contributed to the mission since the first
days of their arrival in China. This broad cultural approach had an important aspect in the
technology of machines or even better said in the theory of the mechanics of machines
with the related applications concerning the design and functionality of machines that
have been presented as the fruit of Western culture to Chinese culture for its absorption
more than anything else of a cultural nature.

A significant number of Italian Jesuits contributed to this wide-ranging cultural
activity with their personalities in various disciplines, even if not always linked to the
above-mentioned science and technology of machines. Below we recall Italian Jesuits
with their expertise in order to characterize this multidisciplinary framework in which
the technological transfer of Western machines and above all of the Italian Renaissance
machine culture played an important and even successful role both in attracting the
attention of the Chinese cultural community as well as the imperial leadership. Figure 1
shows examples of such an integration at wide cultural level by the Jesuits using Chinese
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cloths and up to get Chinese names, like for example Matteo Ricci was called as Li
Ma-dou.

In addition to Matteo Ricci, whose figure is well known and his activities in in-depth
studies under various aspects such as for example in [1, 2], in this paper the attention
is addressed to the figures of Italian Jesuits considered of lesser interest in order to
characterize the aforementioned broad spectrum culture transfer strategy.

Fig. 1. Jesuit Matteo Ricci (1552-1610) in Beijing with Chinese cloths near an imperial dignitary

In particular, with reference to the Italian Jesuit cemetery in Beijing, Fig. 2, [9],
considered a place of Cultural Heritage to be preserved, the Italians mentioned in the
funerary stones that have been preserved give an indication of a significant presence
of Jesuits in the imperial Court but also in Chinese culture during the period of the
Jesuit mission. Below are brief biographical notes and information on the activities and
expertise of the Jesuits passed away in Beijing who are mentioned in steles n. 4, 7, 12.
15, 25. 35. 45. 54. 54, and 60 in Fig. 2 b), which curiously give sometimes information
on the birthplace of each Jesuit, as in Fig. 3. Most of the following data are found from
the Jesuit Archives as in [12, 13], and in [14].
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Fig. 2. The Jesuit historical cemetery in Beijing, [9]: a) the site with funerary stones; b) a plan
with stele identifications
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Fig. 3. Examples of inscriptions in the funerary stones in the Jesuit historical cemetery in Beijing:
a) for Giacomo Rho (1593 - 1638); b) Ferdinando Bonaventura Moggi (1684 - 1761)

Giacomo Antonini (no. 4 in cemetery plan) (27 May 1701- 7 November 1739) was
born in Venezia and he became Jesuit priest in December 1738 while in Macao He died
in Beijing in 1739.

Ludovico Buglio (no. 45 in cemetery plan) (26 January 1606 — 7 October 1682) was
born in Mineo near Catania from an aristocratic family. He studied in Palermo where he
became Jesuit priest. In 1636 he arrived in Macao and spent most of his time in Chengdu
in the local court with activity on humanistic interests with philosophical and theological
studies and analysis of European lifestyles.

Giuseppe Castiglione with Chinese name Lang Shining (no. 60 in cemetery plan)
(19 July 1688 — 16 July1766) was born in Milano and he was a very successful court
painter for more than 50 years, particularly appreciated by the Qianlong emperor.
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He used his technical knowledge on the use of oil colors, on the principles of geo-
metric perspective, on the use of chiaroscuro and lights to give body and materiality to
the figures and objects portrayed not only for artistic woks but also to teach to Chinese
painters. At the same time, he studied the Chinese techniques in painting absorbing them
very successful so that he was well appreciated also with those his works.

Crescenzio Cavalli (no. 7 in cemetery plan) (1754 — 24 December 1791) born in
Ivrea, he was Vicar Apostolic of Hukwang, Shansi, and Shensi.

Giovanni Giuseppe Costa with Chinese name Luo Huaizhong (no. 15 in cemetery
plan) (6 August 1679 — 28 February 1747) was born in Maglie near Lecce, arrived
to Beijing in 1715 where he carried out activity of medicine and surgery also with
consultancy at the Imperial court.

Ferdinando Bonaventura Moggi with Chinese name Li Boming (no. 44 in cemetery
plan) (14 July1684 — 27 August 1761) was born in Firenze and before becoming Jesuit
priest he was appreciated painter, sculptor, and engraver. Once arrived in Macau in 1721
he was called to Beijing by emperor Kangxi as architect designing and constructing the
Saint Joseph church.

Giacomo Rho with Chinese name Luo Yagu (no. 12 in cemetery plan) (1592- 26
April 1638) was born in Milano where he was well formed in Mathematics up to teach
the subject also in Rome, being Jesuit priest since 1614. Since 1624 he was involved
astronomy with construction of instruments and writing of more than 150 texts even in
Chinese in scientific subjects related to his expertise in mathematics.

Angelo da Borgo San Siro (no. 35 in cemetery plan) (1671-1723), Eusebio da Cit-
tadella (no. 54 in cemetery plan) (1700-1785), Francesco Giuseppe della Torre (no. 25
in cemetery plan) 1741-1785) with no information.

In addition to the Jesuit missionaries mentioned above and remembered in the funeral
stones in the historic cemetery of Beijing, there were obviously many others who gave
their contributions both in limited periods of stay and in periods that ended with their
death still in China by carrying out activities in the fields as varied as the examples
mentioned above. The activities related to the technological transfer of the machines
are linked mainly to the interest of the Imperial Court in sophisticated machines such
as clocks and automata but also in applications especially in astronomy and agriculture.
Emblematic is the astronomical cabinet that was developed within the imperial court with
a location also inside the forbidden city with a regular attendance of Jesuit missionaries
not only for astronomical studies but also for the development of further mechanisms
useful both to the calculations and the interpretations of astronomical observation.

3 Machinery Technological Transfer

The machine technology with western solutions was introduced from theory up to
machine designs by referring to published works mainly up to the end of Renaissance
as well-established literature that the Jesuit missionaries could have studied in their
formation before coming to China and even brought with them.

Figures 4 and 5 show examples of the science and technology transfer of west-
ern machines into publications in Chinese. Matteo Ricci translated the fundamentals
of mechanics of machines referring to Euclid’s geometry treatise referring also to the
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Archimedes’ machine mechanics as in the book by Guidubaldo del Monte. Even the
Galilei’s Le Meccaniche notes were used for those teaching purposes though other Euro-
pean books. In 1627, the German Jesuit Johannes Schreck Terrentius and Wang Zheng
(1571-1644) translated the Archimedean fundamentals of mechanics and machines
referring to books as Guidubaldo del Monte’s Mechanicorum liber (1577) and Simon
Stevin’s Mathematicorum Hypomnematum (1605-1608), which includes many illustra-
tions, such as Fig. 4b). In 1674, the Belgian Jesuit Ferdinand Verbiest illustrated some
examples of the principle of lever, as Fig. 4 a). The Chinese publications, like in the
example of Fig. 4 b), try to keep the western modelling but enriching it with Chinese
characters explaining as per the tradition of Chinese publications. It is to note that the
western pictorial representation is lost for full attention to the aspects of mechanics only.
This approach is more evident in machine presentations, as in Fig. 5 where the Chinese
drawings in Fig. 5 b) gives the machine structure with essential parts but somehow not
fully clear so that the machine design looks incomplete, if not even wrong, and the
operation is difficult to be understood. In fact, in the example of Fig. 5 b) it is not clear
the mechanism connections that make the wheel driving the piston of the pump and
the pump mechanism is not clearly outlined. Those machines were shown for teaching
purposes of the machine culture but also with attempts in practical applications for the
aim to improve the Chinese machine technology.

Fig. 4. An example of transfer of theory for mechanics of machines: a) from mechanics of lever
in Renaissance treatises; b) in a Chinese handbook

Emblematic example is the transfer of mechanics in clock mechanisms from the late
16th century to the early 19th century, since European clocks were imported into China by
missionaries and traders, and afterwards imitated by the imperial workshops and private
workshops [15]. Matteo Ricci asserted that Chinese clepsydras and water-driven clocks
were not so perfect as European timepieces (“they always make errors and can’t tell
time accurately”, [16]). In comparison, European mechanical clocks had complicated,
packaged and durable metal devices. They were easy to be used and became practical
timepieces and artistic furnishings toys in China. Actually, Jesuits realized that their
achievements depend on their good relationship with Chinese authorities. They found
emperors and other officials all liked clocks and other skillful devices. Matteo Ricci
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(2) (b)

Fig. 5. An example of transfer of machine designs: a) from Novo teatro di machine et edificii
bv Zonca Vittorio published in Padova in 1607; b) from Chinese handbook The Record of the
Best Illustrations and Descriptions of Extraordinary Devices of the West by Johannes Schreck
Terrentius and Wang Zheng published in Beijing in 1628

said, “These things are necessities in social communication. They are like lube filled
in gears of the progress of society.”,[16]. In January 1601, Ricci and his team finally
had the chance to visit the Wanli emperor, and won the favor of the emperor with two
mechanical clocks and other gifts, and obtained the authorization of living in Beijing.

In the reign of emperor Kangxi (1661-1722), the clocks became the important prod-
ucts imported from Europe to China. Emperor Qianlong was extraordinarily interested
in clocks and collected many clocks in the imperial court. In the 18th century, clocks
became the necessities for many dignitaries’ family. In order to adapt to the Chinese
culture and custom, Jesuits and craftsmen made adjustments to the design of clocks
and watches. For example, Ruggieri modified a mechanical clock, by adding a clock
jar and various decorations. He converted the European 24-h system into the Chinese
12-h system and replaced Arabic numerals with Chinese characters. In the early 17th
century, some Chinese tried to imitate European clocks. In the 17-18th centuries, small
clock workshops came into being in Guangzhou, Suzhou, Nanjing, Songjiang and other
places.

4 Today Legacy

The lesson that can be learned from the strategy of the activities of Jesuit missionar-
ies in China can be summarized in the approach of attempting a cultural transfer with
educational and social purposes also through scientific-technological issues related to
machines. In particular, the legacy of this activity in the field of machine science and
technology can still be recognized today in the fact that the theory and design practice of



