
Department of Electrical, Electronic and Computer Engineering – INFN/LNS

University of Catania

Author:

Ph.D. Student eng. Giuseppe Laudani

Tutors:

Prof. Michele Calì

Dr. Giorgio Riccobene

Digital twins for intelligent production of submarine optical 

fibers



Department of Electrical, Electronic and Computer Engineering – INFN/LNS

University of Catania
Study methodology

O.F. DIGITAL TWIN

Supported Full contact Basement

Linear spring Viscous damper

Combined

Natural frequencies

CONFIGURATIONS

METHODOLOGY

Real Model

E = 37.52 GPa

ν = 0.24

𝑫𝒏= 34 mm

Study Model
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Study Model: Supported

Linear spring: Viscous damper:

𝝏𝟐𝝎

𝝏𝒕𝟐 +
𝝏𝟒𝝎

𝝏𝒙𝟒 =
𝒇𝒎𝑳𝟑

𝑬𝑰
𝒇 𝒙, 𝒕 f = 0 (Free vibration)𝜔 𝑥, 𝑡 = 𝑋 𝑥 ∙ 𝑇(𝑡)

1

𝑇(𝑡)
+

𝑑2𝑇

𝑑𝑡2
= −

1

𝑋(𝑥)

𝑑4𝑋

𝑑𝑥4

𝑻 𝒕 = 𝑨 𝒄𝒐𝒔 𝝀 + 𝐁 𝐬𝐢𝐧 𝝀 𝑿 𝒙 = 𝑪𝟏 𝐜𝐨𝐬 𝝀
𝟏

𝟒 + 𝑪𝟐 𝐬𝐢𝐧 𝝀
𝟏

𝟒 + 𝑪𝟑 𝐜𝐨𝐬𝐡 𝝀
𝟏

𝟒 + 𝑪𝟒 𝐬𝐢𝐧𝐡 𝝀
𝟏

𝟒

𝒙 = 𝟎 →
𝜕2𝜔

𝜕𝑥2 = 0 𝑎𝑛𝑑 
𝜕3𝜔

𝜕𝑥3 = −𝛽𝜔

𝒙 = 𝟓 →
𝜕2𝜔

𝜕𝑥2 = 0 𝑎𝑛𝑑 
𝜕3𝜔

𝜕𝑥3 = 𝛽𝜔
𝛽 =

𝑘𝐿3

𝐸𝐼

Boundary Condition

𝒙 = 𝟎 →
𝜕2𝜔

𝜕𝑥2 = 0 𝑎𝑛𝑑 
𝜕3𝜔

𝜕𝑥3 = −𝛽
𝜕𝜔

𝜕𝑡

𝒙 = 𝟓 →
𝜕2𝜔

𝜕𝑥2 = 0 𝑎𝑛𝑑 
𝜕3𝜔

𝜕𝑥3 = 𝛽
𝜕𝜔

𝜕𝑡

𝛽 =
𝑐𝐿

√𝜌𝐸𝐼𝐴

Boundary Condition

𝑐𝑅 , 𝑐𝑠 𝑐𝑅 , 𝑐𝑠
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Study Model: Supported
Linear spring:

𝑘𝑠 = 1.5 𝑥 105
𝑁

𝑚

𝛽𝑆 =
𝑘𝐿3

𝐸𝐼
= 7.62𝑥103

Viscous damper:
𝑐𝑠 = 103

𝑁𝑠

𝑚
𝛽𝑆 =

𝑘𝑅= 5 𝑥 107
𝑁

𝑚

𝛽𝑅 =
𝑘𝐿3

𝐸𝐼
= 2.4 𝑥 106

Natural frequencies
𝛽 =

𝑐𝐿

√𝜌𝐸𝐼𝐴
= 𝑋𝑋𝑋 

Natural frequencies

[A]: Coefficient Matrix

det A = 0 → =0

𝜆𝑅 = 0.38, 3.99, 17.62, 40.51 → 𝜔 =
𝜆𝐸𝐼

𝜇𝐿4
→ 𝝎𝑹 = 𝟏 − 𝟑. 𝟐𝟒 − 𝟔. 𝟖 − 𝟏𝟎. 𝟑𝟏

𝒓𝒂𝒅

𝒔

𝜆𝑆 = 0.38, 3.71, 17.62, 40.51 → 𝜔 =
𝜆𝐸𝐼

𝜇𝐿4
→ 𝝎𝑹 = 𝟏 − 𝟑. 𝟏𝟐

𝒓𝒂𝒅

𝒔

𝑐𝑟 = 2 𝑥 104
𝑁𝑠

𝑚

𝛽𝑅 =

det A = 0 → 𝑊𝑂𝑅𝐾 𝐼𝑁 𝑃𝑅𝑂𝐺𝑅𝐸𝑆𝑆
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Future developments

• Finite element analysis to verify the analytical model

• If working, FEM analysis to the other case studies (faster analysis)

• Calculation of the value of f(x, t) in the different study configurations
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