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Abstract 
In 1893 the maiden flight of the glider Normalsegelapparat of Otto Lilienthal took place. One year later the serial production 
started and at least eight gliders were sold for 500 Mark. Today four are remaining. One of them belongs to the Deutsches 
Museum and it was flown by Otto Lilienthal himself. The present original fragments from the glider are in a poor condition state. 
The aim of this study is to visualize by Computed Tomography voids and deterioration of the inner structure of wooden 
fragments. Based on this scientific investigation the stability of the glider’s structure will be estimated and a concept for 
conservation treatment and exhibition will be developed. This interdisciplinary project was a collaboration between Deutsches 
Museum, Technical University of Munich, Airbus Materials X, Airbus Helicopters, and TESTIA. This paper will present the 
results from two fragments. 
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1 Background of the project 
The Deutsches Museum in Munich had contacted Airbus Materials X via the Technical University of Munich with the request 
to support their joint research and preservation project of original remains of a glider (Normalsegelapparat) built and flown by 
aviation pioneer Otto Lilienthal in the years following 1891. The aim of this study is to visualize by Computed Tomography 
voids and deterioration of the inner structure of wooden fragments, which had been in storage for several decades.  Based on this 
scientific investigation the stability of the glider’s structure will be estimated and a concept for conservation treatment and for 
exhibition will be developed. This interdisciplinary project was a collaboration between Deutsches Museum, Technical 
University of Munich, Airbus Materials X, Airbus Helicopters, and TESTIA. The fragments were provided by the Deutsches 
Museum and the diagnostic study conducted by TU Munich. At Airbus Helicopters in Donauwoerth the μ-Computed 
Tomography (micro-CT) facility was made available to obtain high-resolution 3D images. Afterwards, the 3D data sets were 
evaluated at Munich by Airbus Materials X and Testia. The results were discussed with TU Munich and Deutsches Museum. 

1.1 History of the glider 
Otto Lilienthal was most likely the first aviation pioneer who came to an understanding of aerodynamics by studying the wings 
of birds. He published his findings and put them into the construction of his flying machines. These were the first gliders capable 
of sustained and controlled flight for distances up to 250 meters (Figure 1a). He kept improving the length, shape and airfoils of 
the wings, even experimenting with biplane configurations. His goal to achieve powered flight ended suddenly when he passed 
away after a flying accident in 1896.  
 
Lilienthal’s company built the first Normalsegelapparat (literally “Normal Gliding Apparatus”) in 1894 after seven years of 
research and experiments (Figure 1b). The term normal indicates the first standardisation of Lilienthal’s gliders. As the first 
aircraft factory in history to produce aircraft in series, Lilienthal sold the Normalsegelapparat to at least eight customers from 
different countries. 
 
Two crossed wooden beams formed the centre section of the glider holding the pilot. Each of them ended in a joint for the nine 
ribs that formed the wing shape. Profile rails running on top of the wings allowed a rigid airfoil. The glider was covered with 
cotton fabric, glued and nailed in place. It had a wingspan of 6.7 meters and a weight of 20 kilograms. After taking off, the pilot 
could only steer the machine by shifting his body weight, a task that demanded strength and endurance [1-4]. 
 
In 1904 one of Lilienthal’s Normalsegelapparat was given to the Deutsches Museum by the patent office Reichau & Schilling. 
It was exhibited from 1907 until the 1940s, after which the condition of the glider degraded dramatically (Figure 2).  
 
Since the reopening of the aviation exhibition of the Deutsches Museum in 1958, an exact replica of the glider is on display. The 
Museum wishes to exhibit the original in the future, but its fragility and historical value demand thorough investigation to develop 
an adequate treatment and monitoring plan. This is the premise for a successful conservation treatment and future exhibition of 
the glider (Figure 3) in connection with the modernisation of the permanent exhibition of historical aircraft at the Deutsches 
Museum (planned to reopen in 2024). 
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a)   b)  
Figure 1: a): Normalsegelapparat [5]; b) patent drawing 

 
 

Figure 2: Condition of the glider after World War II  © Deutsches Museum 
 

.  
Figure 3: Condition of the glider in March 2017 © Deutsches Museum 

1.2 Conditions of the investigated fragments 

The glider is made of sensitive organic materials and metals that are more than one century old. Due to the reaction with humidity 
and its variation, xylophagous insects [6], dust and physical forces, the textile and wood of the glider show severe losses and 
weakened materials.  
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The overall condition state of the wooden fragments was estimated by visual inspection. Deterioration forms (as bore holes 
produced by worms, brocken and fractured rods) and the sound of wood produced by gentle knocking (whenever possible) were 
assessed similar to the known coin-tapping test. Three categories (Figure 4) were defined based on their intensity: very poor = 
category 3: rods with several holes (Figure 5a); poor = category 2: with few visible holes (Figure 5b) and stable = category 1: no 
visible holes (example not shown) [7].  

 

 
Figure 4: Mapping of different states of deterioration (categories: 3- very poor, 2- poor, 1- stable) 

 
This assessment should sustain the presence of different levels of deterioration with different needs for a consolidation treatment. 
However, since the inner structure of the wooden fragments can not be visualized by naked eye, Computed Tomography was 
used in some fragments to visualise the interior of specimens and determine the limits of the visual inspection. 
 
To evaluate the remaining inner structure three fragments in apparently different states of deterioration were chosen from the 
original glider to be investigated by Computed Tomography. In this paper two are described in detail. 
Fragment 1 (Figure 5a) consists of three different wooden parts that are held together by a cord. The small part on the left seems 
to be in a very decomposed state of condition, while the two other rods appear to be more stable. 
Fragment 2 (Figure 5b) was repaired with a metal sheet that keeps together a crack in the wood. The rod is still covered with the 
fabric which makes it harder to draw conclusions about the condition of the wood underneath [7]. 
 

a)                          b)  
Figure 5: a): Fragment 1 – estimated to be in very poor condition; b): Fragment 2 – estimated to be in poor condition 

2 CT-testing 
The micro-CT inspection was performed at Airbus Helicopters with two diffrent CT systems to gain the best possible scan 
resolution for each sample. For fragment No. 1 a GE VtomeX M 240 system was used (Figure 6a). Therefore, it was mounted 
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inside a tube of carbon fibre reinforced plastic (CFRP). Metal nails in the sample were a source for beam hardening. Several 
scans were performed to optain the best results. The second fragment had to be mounted onto a plain panel of CFRP as the textile 
could not be rolled up. To scan this bigger dimension, a RayScan 250 CT system was used to do the scans (Figure 6b).  
In contrast to typical CT-scans of aircraft structures, the main problem was not the CT scan itself, but the mounting of the fragile 
fragments without damaging them or leaving any traces of handling.  
 

a)       b)  
Figure 6: a): GE VtomeX M 240 for inspection of fragment 1; b): RayScan 250 CT-system for inspection of fragment 2 

3 CT evaluation and results 
The 3D data sets obtained with the two CT-systems were evaluated using VG-Studio Max from Volume Graphics. Tools 
dedicated to porosity and void analysis were applied to display e.g. the holes. For the later analysis, the data were made available 
as slice images and as 3D volumes to the conservators for evaluating the hidden damages and estimate more precisely the 
condition state based on the CT-results. Some results are shown in Figure 7 and Figure 8. 
 
Figure 7a is a 3D volume display of fragment No. 1. The surface is rendered and the wooden rods as well as the cords are shown. 
A 2D slice offers an interesting view of the inner structure of the sample and the two rods (Figure 7b). The wood structure is 
cleary visible as well as the woodworm holes. The holes are spread all over the sample in a high density and some are still filled 
with very fine wood slints. The most fascinating discovery is the adhesive bonding of the wood supported by a cord and by a 
nail. So possibly already in very early stage of aviation adhesive joining was used with further support (belt-and-braces 
approach). Still in todays’ airplaines structural bonding needs to be secured by a “chicken rivet”.  
 
The second example shows the repair of a cracked rod. It is not clear if it broke during assembly or at a flight test. The crack in 
the rod can be seen in the upper part of Figure 8a. As a repair method, metallic support and nails were applied (Figure 8a and 
8b). This is probably the oldest and first repaired flying component documented and inspected by Computed Tomography. 
 
The investigation of the fragments made it obvious that the parts where only few holes were visible on the surface were in a 
much more porous state than assumed in the beginning. Based on visual inspection it was contemplated to only consolidate the 
rods that were put into category 3. But based on the investigations made by AIRBUS it became evident that also parts of the 
wood that can be classified into category 2 must be consolidated to prevent further deterioration, cracks and loss of material. 
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a)  b)   
Figure 7: a): 3D display of sample showing the wooden rods and the cords; b): 2D display of the inner structure showing the 
wood structure, filled and un-filled wood worm holes and most astonishing an adhesive bond line supported by cord and a 
nail  
 

a)     b)   
Figure 8: a) 2D display of broken wooden rod; repaired with a metallic support and with nails; b): 3D display of metallic 
support and nails as a repair of broken wooden rod  

4 Summary 
The conservation and curatorial team learned from the CT scans that the wooden fragments are more porous and weakned than 
estimated by visual examination. This finding reveals that a future consolidation treatment needs to be optimized (product 
properties, application method, amount and distribution) to match the present range of condition states. CT will be paramount to 
test the efficacy of consolidation treatmetns in laboratorial specimens and afterwards on the original glider fragments. From 
aviation view point it is fascinating to perform NDT at such historical fragments and to evaluate the very early approaches of 
adhesive bonding and repair. 
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