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Packaging and transport of instruments – workshop report 

 

Markus Zepf / Sebastian Kirsch 
 



Markus Zepf, Sebastian Kirsch 

Packaging and transport of instruments – workshop report 



GERMANISCHES NATIONALMUSEUM 

MI 138 

2 

MI 139 MI 140 MI 211 MI 826 



GERMANISCHES NATIONALMUSEUM 

Radiation damages on paintings? Discussions in Technische Mitteilungen für Malerei 52 (1936)  

3 



GERMANISCHES NATIONALMUSEUM 4 



GERMANISCHES NATIONALMUSEUM 
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Measuring the Strain Distribution of Clarinets in real-time 
 

Christina Young 
 



Dr. Christina Young Reader in Conservation & Science 

Conservation and technology Department 

 

Measuring the Strain 

Distribution of 

Clarinets in Real-time 

 



Collections, Art History & Conservation 

 

 Playing Historic Clarinets 

 

 Paintings on Wood 

 

The Department of Conservation & Technology 
Postgraduate teaching, research, and studio based  conservation of paintings on canvas and wood. 



Panel Painting Deterioration 

Splitting  

Paint  Delamination        Woodworm Damage  

The Virgin and Child with Saints Lawrence, 
John the Baptist, Monica and Augustine 
by Gerino da Pistoia, 1510, 160x161cm 
Courtauld Gallery. 

paint layers 

  

  

  

glue/gesso 

wood panel 



Moisture induced fatigue in 

panel paintings 

  Replicating environmental conditions on historically accurate samples 

 

 Four point bend fatigue testing  

 Digital image correlation (DIC)  

 Modelling viscoelastic multilayers  

      to predict crack initiation and propagation 

 

  

Vertical displacement field at 40% RH equilibrium.    Ey distribution at 55% to 40% RH.  

paint layers 

  

  

  

glue/gesso 

wood panel 

  
  

  

  

    

  

DIC strain maps  



Properties of adhesives and fillers 

for woodworm damage 

Compression testing and thermo-mechanical (DMA) testing of fillers  

 

Development of better alternatives- Next stage needs micro CT? 

 

Replicated woodworm damaged wood 

 800N 380N 



Techniques Used So Far 

 Bulk mechanical testing over a range of Temperatures and RH 
 Fatigue Testing 
 Dynamic Mechanical Analysis and Differential Scanning Calorimetry 

 
 Electronic Speckle Pattern Interferometry 
 Digital Image Correlation 
 Flash Thermography 
 Profilometry 

 
 AFM  
 EDX 
 XRF 
 FTIR 
 Multispectral Imaging 

 
 Theoretical Modelling 
 



Playing Historic Clarinets 

1st blow 

Lower G 

1st blow 

Lower C 

Database of known damages in 
historic clarinets. 
 
Measurement of moisture 
gradient and air flow. 

Measuring and quantifying the risk 

Pre 1800’s clarinet splits along the bore- boxwood, ivory and African blackwood mouthpiece 

RH 



Measuring Strain Concentrations 

RH and Temperature Probe in barrel 

DIC  

DIC Strain Distribution  

Moisture breath 

Artificial breath 



Tomography? 

 • Evidence of interior cracks in historic 
clarinets. 

 

• Real time measurement of the expansion and 
contraction of interior and exterior– strain 
distribution. 

 

• Sites of crack initiation. 

 

• Type of damage to wood cell structure. 
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Micro CT applied to bowed stringed instruments: an industrial 

perspective 

 

Francesco Piasentini / Fabrizio Rosi 
 



MicroCT applied to bowed stringed instruments: an 

industrial perspective  

Ing. Fabrizio Rosi  (Sideius – TEC Eurolab Group) Industrial CT & Failure Analysis      

PhD. Ing. Francesco Piasentini  Violinmaking & Restoration Studio  

Francesco Piasentini 

Violinmaking & Restoration Studio 

Padova - Italy 



• Material Testing lab  Industrial CT 

 

• Nondestructive testing  Dimensional Analysis 

 

• NDT Training   Welding Technology  



Academic Collaborations 

Metrological Evaluation of NSI CT System for Industrial CT 

• Development of metrological performance verification procedures and standards 

• Study of measurement uncertainty and repeatability 

• Accuracy enhancement 

University of Padova 

Structural simulation of real components based on the 

acquisition of input data using computed tomography 

University of Modena and Reggio Emilia 

Tomography applied to Bow Instruments: an industrial perspective 

www.tec-eurolab.com 

www.sideius.com 



Industrial CT – Our machine NSI X5000 www.tec-eurolab.com 

SCAN 

RECONSTRUCTION 

Tomography applied to Bow Instruments: an industrial perspective 

www.sideius.com 



Our markets: racing, automotive, aerospace, sport…and bowed stringed instruments  

Tomography applied to Bow Instruments: an industrial perspective 

www.tec-eurolab.com 

www.sideius.com 



● Applications: 

– Diagnostics 

– Metrology & Reverse Engineering 

– Advanced Restoration Tecniques 

– Creation of Multimedia Contents 

MicroCT applied to bowed stringed instruments: our services  

Tomography applied to Bow Instruments: an industrial perspective 

www.tec-eurolab.com 

www.sideius.com 



Diagnostics 

● Violin, Andrea Guarneri, ca 1670 

– Voxel size: 68 mm 

– Investigation  of previous crack 

restoration 

Our markets: racing, automotive, aerospace, sport…and bowed stringed instruments  

Tomography applied to Bow Instruments: an industrial perspective 

www.tec-eurolab.com 

www.sideius.com 



● Degree thesis In collaboration with Prof. 

Simone Carmignato (DTG, University of 

Padova). 

● Digital Replica: 

– Surface determination from MicroCT 

data 

– Surface determination with optical 

methods 

● Digital Replica comparison: 

– CMM points and profiles measurements 

Our markets: racing, automotive, aerospace, sport…and bowed stringed instruments  

Tomography applied to Bow Instruments: an industrial perspective 

www.tec-eurolab.com 

www.sideius.com 

Metrology and Reverse Engineering  



● Accurate 2D profiles for mould, scroll 

and arch template public sharing 

● 3D video and animation of surfaces and 

volume rendering 

● Interactive web contents 

● Educational contents 

Our markets: racing, automotive, aerospace, sport…and bowed stringed instruments  

Tomography applied to Bow Instruments: an industrial perspective 

www.tec-eurolab.com 

www.sideius.com 

MicroCT and 3D Multimedia 

https://vimeo.com/111830709
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Positioning and data acquisition 

 

Richard Schielein 
 



© Fraunhofer 

SIMULATIONS STUDY: CORNET CT-SCAN

Richard Schielein Fürth, 21.05.2015



© Fraunhofer 2

Howto find acquisition parameters:
A non historic example



© Fraunhofer 



© Fraunhofer 



© Fraunhofer 

MonochromaticPolychromatic



© Fraunhofer 6

Simulated Parameters

� X-Ray Spectrum

� Source Voltage: 200 bis 600 kV

� Prefiltering: 0 und 3 mm Kupfer

� Objectplacement: 0° bis 90° (horizontal  to upright)

0° 40° 90°



© Fraunhofer 



© Fraunhofer 

„best“ result „worst“ result



© Fraunhofer 9

A historic example: 
Červený Cornet

Picture: MIMO Database



© Fraunhofer 10

Modelling an almost full instrument



© Fraunhofer 11

Upright vs. 45° tilted



© Fraunhofer 12

Upright vs. 45° tilted



© Fraunhofer 13

Upright vs. 45° tilted
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Meta information, documentation and data formats 

 

Theobald Fuchs 
 



© Fraunhofer  

1 

MUSICES PARTICULAR ISSUES: 

 

 PLANNING & DOCUMENTATION  



© Fraunhofer  

2 

1. Description of the instrument 

 

Basic data 

Instrument‘s name  Additional denotation Owner 

Code of identification  e.g. GNM MIR240 (inventory)  

Date of production 

Manufacturer 

Preferred way of transport Recommended materials for packaging 

Particular requirements for storage and 

mounting  

Limits for vibration and acceleration 

e.g. airtight but x-ray 

transparent membrane 

Environmental conditions  Required humidity, temperature, 

temporal limits for examinations  

Photography e.g. link to Online-catalogue GNM 

… 



© Fraunhofer  

3 

Materials  Instrument, body and surfaces 

Transport container or case,  

Additional parts (mouth pieces, bows)  

E.g.  

Material 1: Wood  

Material 2: Brass 

Material 3: Leather  

… 

Geometrical description Shape, topology, mechanical properties  E.g. tube-like, box-like, hollow 

or solid, rigid or flexible 

Size 

- Bare instrument 

- Bounding Box 

- Case and packaging 

 

- Length, diameter 

- Height, Width, Depth 

 

Sorting in yet to define 

categories, 

e.g. A (< 40 cm), B (> 40 cm) 

1. Description of the instrument 

 

Information relevant for X-ray imaging  



© Fraunhofer  

4 

Complete system Name, e.g. „Micro-CT“ 

  

Description, e.g. compact CT 

scanner MSX 500 by 

MacroScience  

X-ray tube Manufacturer, type, possibly the serial 

number  

- transmission/ reflexion target 

- open / closed 

- Maximum voltage  

- Rotating anode? 

- Focal spot size 

- …  

Detector  Manufacturer, type, possibly the serial 

number  

Geometrical Size (width x 

height), number of pixels, 

dynamic range, spatial 

resolution, … 

2. Description of the X-ray equipment 

 

Technical properties & features of the CT system 



© Fraunhofer  
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Erfassungsdaten CT-Aufnahme 

Data acquisition 

procedure  

- Axial 3D-CT, helical CT, limited angle  

- FlyBy / Stop&Go-mode,  

- extended field of measurement 

Kreisringkorrektur,   

Gain-offset oder Multi-

Gain-Korrektur 

X-ray parameters  - kV and mA  

- additional filters  

- Distance focus – axis 

- Distance focus – detector 

- Magnification 

- Number of projections 

Anzahl Projektionen 

Integration 

Auflösung Detektor gebinnt, ungebinnt 

Kreisringkorrektur,   

Gain-offset oder Multi-

Gain-Korrektur 

 

Bildprüfkörper Kugelstab, 

Auflösungsmuster 

Referenzmaterialien 

Daten des BPK 

Messbereiche Komplett, Teilmessung 

Interessante Bereiche, I0 

Angaben vorab sowie bei 

der Auswertung 

Objektposition Optimieren Objektlage (Kippwinkel, Höhe), 

Befestigung gegen Verwackeln 

Check erstes und letztes 

Bild +1 

Messinformation XML-Datei Als Anhang, enthält alle 

Aufnahmeinformationen 

Bilddokumentation Aufbau, Objekt Foto 



© Fraunhofer  

6 

Auswertungsdaten  

Rekonstruktion Rekoverfahren, 

Binning, 

Dateiformate, 

Korrekturen, IAR, Streukorrektur 

Parameter (Faltungskern, 

Parker-Gewichtung, Hilbert für 

abgeschnittene Projektionen 

etc.) 

Auswertung Gesamt, Teilvolumen (TV), ROI 

JPG der Auswertung (Skalierung und 

sonstige relevante Infos) 

Bereiche mit verschiedener 

Auflösung 

Erkenntnisse Resultierende Bereiche von Interesse, 

Defekte,  

Anschlussuntersuchungen 

(Dendrochronologe ?) 

Beurteilung Erkenntnisse und Ableitungen Erneute Messungen notwendig? 

Was wird abgewandelt?  

Datenvolumen Projektionen, Rekonstruktionen 

Gebinnte, ungebinnte Volumen, 

Speicherbedarf 

Datenformate Rec-Dateien (FhG-intern) 

DICOM, Jpg 

Datenausgabe Formulare bezüglich Messparameter, 

Erkenntnissen 

Noch zu definieren! 

Archivierung Speicherung, Komprimierung 

 

Wo und was?  


