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ABSTRACT

The purpose of this research was to investigate the use of polymer Additive Manufacturing for the 
manufacture of wind tunnel model parts suitable for use in the CSIR’s Low Speed Wind Tunnel 
(LSWT). A wing was designed to withstand the forces typically experienced in the LSWT. The wing 
was 800mm in span and manufactured from Nylon 6 by the fused deposition modelling process. A 
static test was performed using a whiffle tree; the wing was loaded with and without a metal 
reinforcing structure. The results of the test show that Additive Manufacturing produces polymer 
parts suitable for the LSWT.
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1. INTRODUCTION

The Additive Manufacturing (AM) technology (described in [1]), being an additive rather than 
subtractive manufacturing process, enables the manufacture of complex parts which would not be 
feasible to manufacture using traditional machining techniques. The technology also has the 
potential to reduce manufacturing times and to reduce the part-count of hardware.

Additive manufacturing technology has been adopted by various international aerospace 
companies, with Boeing, Airbus and GE making significant investments. Within the local aerospace 
industry, the Aeronautic Systems group at the CSIR, which operates four Wind Tunnels [2], is
investigating the use of the Additive manufacturing (AM) technology for the production of wind 
tunnel models. 

Polymer AM is being investigated for the manufacture of wind tunnel models for the CSIR’s 
subsonic Low Speed Wind Tunnel (LSWT) [2], under the Collaborative Program for Additive 
Manufacturing (CPAM) program. The use of polymers would be appropriate in this application as 
the polymer AM materials are cheaper than the metal AM materials, thus matching the cost range 
of LSWT tests. The LSWT has a test section 2.1m x 1.5m and the speed range of 5m/s to 120m/s. 
This paper reports on the mechanical testing of a wind tunnel model of a wing suitable for this 
tunnel.

2. NOMENCLATURE

CPAM Collaborative Program for Additive Manufacturing
CSIR Council for Scientific and Industrial Research
FDM Fused Deposition Modelling
LSWT The CSIR’s subsonic Low Speed Wind Tunnel
UAV Unmanned Aerial vehicle

3. OBJECTIVE

To determine whether the reinforced polymer wing model would fail under static tests at a 
maximum expected wind tunnel load of 65 kg.

4. TEST ARTICLE AND TEST PLAN

The maximum span of a LSWT wind tunnel model is 80% of the horizontal dimension of the wind 
tunnel i.e. 1.68m. The semi-span of such a model is thus 840mm, which it is possible to grow in a
Fortus 900mc Fused Deposition Modelling (FDM) polymer machine. This machine is operated by the 
CSIR’s TSO Research Group and has a bed size of 914 x 914 x 600mm.

It was possible, using the FDM machine, to grow the semi-span wing model in one piece thus 
eliminating the need for a joint in the wing, which would have been necessary if the wing was 
grown on a smaller machine. This is desirable because joints in materials under high loading are 
prone to non-representative, discontinuous deformation at the area of the joint. 

The wing, with a span of 825 mm and a root chord of 200mm was designed. The polymer materials 
have low strength and thus have to be reinforced, so provision was made in the wing design for the 
addition of a 50 mm x 10 mm metal bar [3]. The wing and support metal bar were designed to 
withstand loads that are typically experienced in the Low Speed Wind Tunnel (LSWT). The wing,
printed from FDM Nylon 6TM, is shown in Figure 1.
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Figure 1: Wing semi-span model grown using FDM

A static load test was then planned to determine whether the wing could withstand the loads 
experienced in the Low Speed Wind Tunnel. The test was performed using a whiffle tree which is a 
structural testing system used to simulate distributed static loading on aircraft wings. The whiffle 
tree is a mechanism that distributes the load evenly throughout the wing span. Figure 2 shows the 
test set up with the wing mounted on the test rig and the whiffle tree attached to the wing. 

Figure 2: The whiffle tree system for static testing of an aircraft wing

5. METHODOLOGY 

The static test on the polymer wing was conducted in the UAV (Unmanned Aerial Vehicle)
laboratory at the CSIR. The UAV lab usually conduct tests on much larger wings than this model, so 
some modifications had to be made to conduct the test on a smaller wing. A whiffle tree suitable 
for the wing of was constructed.
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5.1 Whiffle tree construction

A four-point whiffle tree was used for the static test load application on the wing, which meant 
that loads were applied at four stations along the span of the wing. The wing was divided into 
equal sections and an equal load was applied at the middle of each section.

Calculations were performed to determine the beam loads, the beam lengths and the beam 
strength requirements of the whiffle tree, in order to construct a whiffle tree suitable for this 
polymer wing. The whiffle tree beam lengths were estimated from the length of the wing and the 
number of load points required for the test. The whiffle tree constructed had two 250mm length 
beams and one 450mm length beam and was constructed from aluminium square tubes, cables, 
wire ropes and wire clamps.

A load-saddle (see Figure 3) was required to attach the whiffle tree to the wing. This saddle was 
made out of polystyrene foam cut-outs. The geometry of the load saddle was constructed on CAD, 
for the four different load locations, and printed. The drawing was then pasted on polystyrene 
sheet using Pritt glue and the aerofoil profile was cut using a band saw. Figure 3(a) shows one of 
the polystyrene cut-outs.

The load-saddle was attached to the whiffle tree via aluminium square tubes, the length of which 
was matched to the chord length at each load section along the wing. Figure 3(b) illustrates the 
tubes for the load-saddle.

(a) Polystyrene foam cut-outs (b) Square metal tubes and threaded rods

Figure 3: Components of the load-saddles

The wing load saddle and the whiffle tree were then attached to the wing, as shown in Figure 4.
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Figure 4: The polymer wing with the load saddles and the whiffle tree attached

The procedure was to load the wing while measuring the deflection of the wing at three load
stations, using the dial gauges shown in Figure 5. A stand was created for the dial gauges using an
L-shape bracket and the L-shaped metal bar. The dial gauge stand created, shown in Figure 6, was 
clamped on the test rig using two G clamps. The first gauge was located at the tip of the wing, the 
second gauge was located at 200mm from the tip of the wing, and the third gauge was located at 
400mm from the tip of the wing. Readings were taken from each gauge for each load applied on 
the wing. 

Figure 5: Three dial gauges used to measure the deflections   
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Figure 6: The dial gauges stand made from L-shaped bracket and L-shaped metal bar mounted 
on the test rig

5.2 Testing process

The wing model was mounted on the structural test rig via the interface plate and fastened by 
means of nut with washers on both sides of the plate. Two video cameras were used to record the 
test; each camera was mounted on the tripods and positioned at opposite sides of the wing.

The static test was performed as follow:

Switch on the two cameras that were positioned facing the test rig.
Positioned the three dial gauges while ensuring that the tip of each gauge slightly touches 
the wing; then set the reading of the gauge to zero.
Attach the load pan to the whiffle tree.
Take readings from all three gauges.
Start the test with the load of 0.5kg. 
Take readings on the dial gauges. 
Increase the load to a maximum of 65kg in 0.5kg increments, taking readings from each 
dial gauge at each increment.

The wing, loaded at a maximum of load of 65kg, is shown in Figure 7.
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Figure 7: The wing model installed on the test rig under maximum load

6. RESULTS

6.1 Simulation 

Before the whiffle tree test was conducted, simulation of the wing was performed using
SolidWorksR to predict the behaviour of the wing under static loading. The Finite element analysis 
conducted in SolidWorksR was done to predict the deflection of the wing up to a maximum 
distributed load of 65kg. A pre-test prediction was done on the wing and another test prediction 
was also performed after the test was conducted, shown in Figure 8. The test predictions showed 
that the polymer wing was not going to fail at this load.

Figure 8: Finite element analysis prediction rerun
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6.2 Test and Data Analysis

The whiffle tree test was conducted and the results from the three dial gauges were recorded at 
each load applied. The results of the experimental tests are shown in Figure 9 against the pre-test 
predictions. A linear relationship is observed.

Figure 9: Test results and pre-test predictions vs applied load

The deflections measured were significantly higher than those predicted by the simulation. The 
results obtained from test showed that the wing experienced a deflection of 51.77mm at a 
maximum load of 65kg while the predicted deflection at this load was 45.29mm. Re-evaluation of 
the predictions found that applying the load along the area were the load saddle are located does 
not resemble the actually performance of the whiffle tree. This was corrected by applying point 
loads at the quarter chord of the wing and the predictions rerun; these predictions are shown in 
Table 1.

Table 1: The test results obtained at the tip of the wing
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Gauge 1- tip
Load(kg) Prediction(mm) Loading (mm) Off-loading(mm)

0.4 0.264 0.3 0.43

5 4.25 4.16 4.5

10 8.13 8.02 8.29

15 12.81 11.92 12.17

20 17.24 15.84 16.14

25 20.71 19.74 20.09

30 24.63 23.84 24.17

35 28.35 27.75 28.07
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The test results with the prediction rerun results are illustrated in Figure 10. These new 
predictions are within 3.5%, which is deemed acceptable.

Figure 10: Test results and predictions vs applied load

7. CONCLUSION AND FURTHER WORK

The reinforced wing did not fail, nor show indication of imminent failure, at a maximum simulated 
distributed static load of 65kg. This means that the polymer wing manufactured from Nylon 6TM

could withstand the loads typically experienced in the low speed wind tunnels at the CSIR, under 
static conditions. This is a positive result with respect to the use of the technology and material.

Further tests, under dynamic testing conditions, would be required to determine the suitability of 
using this polymer material under load for LSWT models.
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