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Summary:  This paper investigates some of the influences on electrical equipment that might 

be caused by air borne carbon fiber materials in the production environment. Electrical 

experiments were performed on 10 V electrical polarities. It is clear that material 

contamination can create short circuits in low voltage equipment. Only small amounts of 

network material contamination across polarities are needed to create a short circuit, in the 

worst case scenario. Carbon fiber volume fractions as low as 0.10, can potentially cause this 

problem. An important thermal ageing mechanism has been confirmed, which can generate 

short circuits after some operational time.  
 

 

1 INTRODUCTION 

The effect of carbon fiber contamination in electrical equipments is important to 

study, to ensure the systems reliability. Some industries have reported suspected problems 

with short circuits while others have not observed any problems. This paper uses some 

measurements to study this issue. 

 

2 COMPOSITE MATERIAL ELECTRICAL CONDUCTIVITY 

 Electrical conductivity is the reciprocal of electrical resistivity and is a measure of how 

well a material conducts electric current. The electrical conductivity is generally defined as  

      σ = J/E         (1) 

where σ represents the electrical conductivity (S/m), J represents the current density and E 

represents the electric field strength. The electrical conductivity for resistors with uniform 

cross-section, see Figure 1, is specifically defined as 

                                                       σ = 1/ρ = L/(R·A)                                                        (2) 

where ρ is electrical resistivity (Ω·m), R is the electrical resistance in the material (Ω), L is 
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the length (m) and A is the cross-sectional area of the specimen (m
2
). 

 
Figure 1: Resistor with uniform cross-section. 

 

The electrical conductivity of a two-phase composite material, which comprises an insulating 

matrix and conducting filler, is highly dependent on the volume fraction of filler and the 

conductivity of the constituents. For discontinuous fillers such as particles, platelets and short 

fibers at low volume fractions, the conducting fillers are isolated by the matrix so that the 

conductivity of the composite is more or less the same as the conductivity of the matrix. By 

increasing the filler volume fraction, the conductivity of the composite will reach a critical 

point called the percolation threshold. Further increases in filler volume fraction will cause 

drastic increase in the conductivity of the composite. This sharp transition from insulating to 

conducting behaviour is due to progressive formation of continuous conducting paths in the 

form of chains and networks as illustrated in Figure 2. After this sharp transition region, the 

conductivity of the composite levels off and a further increase in the filler volume fraction 

will lead to a proportional increase in the conductivity. At high volume fractions of 

discontinuous filler, the conductivity of the composite will be bounded by the conductivity of 

the filler material. The highest conductivity that can be reached is also dependent on the 

attainable volume fraction of filler and other physical properties of both the filler and the 

matrix [1-5]. A similar behaviour for network formation at the percolation threshold is 

assumed in the current work on pure carbon fiber materials, with the matrix replaced by air. 

 
Figure 2: Network formation in a composite material with spherical filler, electrical resistivity as function of 

volume fraction filler [1]. 
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3 DC LOW VOLTAGE EXPERIMENTS 

3.1 Experimental Procedure 

 DC low voltage experiments were performed at room temperature 22 °C assuming that 

the materials behave as a linear resistor, see Figure 3. One polyethylene (PE) tube, was used 

as outer housing for the samples. Dimension was Ri = 4 mm, Ro = 5 mm, length = 120 mm. 

PE melting temperature is around 150 °C. The electrodes were made of brass. Copper paste 

was applied to the electrodes contact surface. Electrode dimensions were Ro = 4 mm, length 

= 50 mm. The electrodes axial insert distance can be varied. The material samples axial 

length L can hence be 30-75 mm, with corresponding variations in sample material volume 

fraction vf. The performance during the first 10 seconds for each instantaneous sample length 

was recorded. The electrode distance was then decreased and a new measurement performed, 

enabling the use of the same material sample for measurements with increasing vf. 

 

 

Figure 3: Setup of the DC low voltage experiments. 

Measured parameters: 

 Sample weight: m (kg) 

 Sample radius: Ri = 0.004 m 

 Filler density:  ρf (1790 kg/m
3
 for carbon fiber. Carbon/epoxy materials are 1495 

kg/m
3
 with a volume fraction of 0.5)  

 Applied sample voltage: U = 10 V 

 Instantaneous sample length (The distance between the electrodes): L (m) 

 Instantaneous sample material resistance: R (Ω) 

 

Calculated parameters: 

 Instantaneous volume fraction of the tested material (carbon/epoxy or fibers): vf (-) 

 Instantaneous electrical power generated in the tested sample: P (W) 

 Instantaneous electrical conductivity of the tested material: σ (S/m) 

      vf  = m/(π·Ri
2
·L)/ρf     (3) 

      P = U
2
/R      (4) 

      σ = L/(R·π· Ri
2
)     (5) 

A thermal camera was mounted to measure the temperature in addition. The camera measures 

the temperatures T (°C) on the outside of the PE tube, see Figure 4. The real temperatures are 
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likely to be somewhat larger, due to shielding effects from the PE material. Sometimes the PE 

tube also melted, indicating > 150 °C in PE temperature. 

 

 

Figure 4: Thermal camera image of sample during an experiment. 

 

3.2 Materials 

 The used materials are in Table 1. The carbon/epoxy is a typical laminate material with vf 

~ 0.5. A range of pure fiber materials are included (0.06 mm, 0.1 mm, 3 mm and continuous 

length). The fibers are all PAN based carbon fibers with 7 μm diameter. The short fibers are 

similar to the T300 type while the continuous fiber is T700S. Measurements of the viscosity 

in a material sample consisting of fluid epoxy with filler can probably be used as an indicator 

for the percolation threshold, since the creation of a material network will rapidly increase 

the material systems viscosity. A viscosity of 10000 mPas was here used as the percolation 

threshold vc. Carbon/epoxy particle fillers can be added to a fluid epoxy without dramatically 

increasing the effective viscosity. Fiber fillers in a fluid epoxy on the contrary rapidly 

increase the viscosity. The percolation threshold vc, for PAN carbon materials consisting of 

particles and short fibers, is here assumed to occur when the materials electrical conductivity 

increases above σ > 1.0 S/m. It might not be a strictly correct definition of the percolation 

threshold but aligns well with the measured initiation of temperature increase in the samples, 

indicating that the PAN carbon fiber material can conduct significant electrical currents at 

this material state, see Figure 5 and Figure 7 as examples. Table 1 show large differences in 

vc as indicated from viscosity measurements and the electrical measurements. The principal 

behavior is however consistent, except for the 3 mm long carbon fiber. 
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Type 

(-) 

Name 

(-) 

Fiber 

Sizing 

(-) 

Fiber 

Length 

(mm) 

Aspect 

Ratio 

(-) 

1
vc 

(-) 

2
vc 

(-) 

3
vc 

(-) 

4
vc 

(-) 

Carbon/Epoxy Machining dust Yes 0-0.5 0-71 
6
~0.50 >0.44 <0.10 - 

0.06 mm Fiber Tenax®-A HT M100 No 0.06 9 0.03 0.32 0.32 - 

0.1 mm Fiber Tenax®-A HT M100 No 0.1 14 0.02 0.16 0.16 - 

3 mm Fiber Tenax®-J HT C261 Yes 3 429 0.01 0.27 0.21 0.19 

Cont. Fiber T700S Yes ∞ ∞ - 
5
0 - - 

1
Percolation threshold, estimated from viscosity measurements. 

2
Percolation threshold, estimated from electrical measurements. 

3
Percolation threshold for thermally aged material, estimated from electrical measurements. 

4
Percolation threshold for humidity treated material, estimated from electrical measurements. 

5
T700S 800 tex roving gave an instant short circuit. 

6
As spherical particles. 

 
Table 1: Used materials and measured percolation thresholds in the experiments. 

 

3.3 3 mm Carbon Fiber Sized 

The results for this pure fiber material are presented in detail, as a typical example. The 

mean value results are in Figure 5 while Figure 6 contains measurements on three samples. 

The scatter indicates sample variations in the materials electrical conductivity. The measured 

temperatures (°C), generated electrical power (W) and sample electrical conductivity (S/m) 

results versus volume fraction material (-) are consistent. It can be observed that the 

generated temperature increase is not negligible, with the potential to degrade the sizing and 

hence increase the electrical conductivity. The percolation threshold is vc ~ 0.27, for this 

material type using the assumed criteria σ > 1.0 S/m. The measured temperature and 

generated power also initiate increases at vc ~ 0.27. 

 

Figure 5: Mean value of T, P and σ versus volume fraction material vf. 
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Figure 6: Electrical conductivity σ versus volume fraction material vf. 

 

3.4 3 mm Carbon Fiber Aged 

 The pure carbon fiber samples were aged 4 h at 300 °C, to completely erase the sizing. 

The mean value results are in Figure 7 while Figure 8 contains measurements on three 

samples. The percolation threshold is vc ~ 0.21, for this material type. This is a reduction 

compared to the un-aged fiber, which significantly increase the temperature compared to 

Figure 5. The measured temperature and generated power also initiate increases at vc ~ 0.21. 

 

 

Figure 7: Mean value of T, P and σ versus volume fraction material vf. 

   

Figure 8: Electrical conductivity σ versus volume fraction material vf. 
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3.5 Repeatability 

 Three samples were used for all the measurements, with mean values calculated for 

these. The measured differences between the samples are fairly small, considering that this is 

short fiber composites with limited control of fiber directions etc. The only material type that 

shows huge variations is the carbon/epoxy machined dust material. The reason is that carbon 

fiber fraction and length varies hugely in this material from machined dust. The 0.06 mm and 

0.1 mm carbon fiber is un-sized. This is proven by the results in Figure 9 and Figure 10 

which show similar conductivity after the thermal ageing treatment, indicating that the 

thermal treatment has indeed erased all the sizing. The repeatability of these results is good. 

The repeatability of the 3.0 mm carbon fiber after humidity treatment is also good, as can be 

seen in Figure 11. 35.3-40.4 % of the samples weight was dry carbon fiber, with water as the 

rest. 

 

 

Figure 9: Mean value of electrical conductivity σ, for 0.06 mm fiber length, versus volume fraction material vf. 

 

Figure 10: Mean value of electrical conductivity σ, for 0.1 mm fiber length, versus volume fraction material vf. 

 

Figure 11: Mean value of electrical conductivity σ, for 3.0 mm fiber length with humidity treatment, versus 

volume fraction material vf. 
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3.6 Fiber Length 

 Continuous pure carbon fiber T700S 800 tex was tested and gave an instant short circuit, 

as expected. The results for the different short pure fiber lengths are however unexpected. 

The percolation threshold is theoretically expected to decrease with increasing fiber lengths. 

The sequence here is instead 0.1 mm, 3.0 mm (aged) and 0.06 mm fiber length, for earliest 

creation of a fiber network material structure. The thermal ageing treatment (to erase the 

sizing) of the 3.0 mm carbon fiber significantly reduce the percolation threshold vc. A 

randomly oriented 3.0 mm fiber sample should however theoretically have a much lower vc. 

An explanation for this deviation might be that the relatively long 3 mm fibers get oriented 

inside the sample tube due to the constraining tube wall. The sample tube diameter is 8 mm 

which might be too small for this material type. 

 

 

Figure 12: Mean value of electrical conductivity σ, for different fiber lengths, versus volume fraction material vf. 

 

3.7 Humidity 

 The pure carbon fiber samples were placed in water during 1 hour. 35.3-40.4 % of the 

sample weight was dry carbon fiber. The results in Figure 13 show that large (more than the 

sample carbon fiber weight) amounts of water will increase the conductivity. The 

conductivity will however increase similarly for a dry but aged (to erase the sizing) carbon 

fiber. The less than expected influence of large amounts of water is probably due to the fairly 

low electrical conductivity of the water compared to the carbon fiber. Drinking water, as used 

for the humidity treated carbon fiber, typically has an electrical conductivity σ of 0.005-0.05 

S/m, while continuous carbon fiber here is measured as 383 S/m. The water is hence a 

relatively poor conducting material. 

 

 

Figure 13: Mean value of electrical conductivity σ, for 3.0 mm fiber length with different treatments, versus 

volume fraction material vf. 
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3.8 Thermal Ageing 

 The results in Figure 14 show that the effect of thermal ageing on electrical conductivity 

is as expected huge for carbon/epoxy machined dust, indicating that all the epoxy matrix and 

fiber sizing have been erased by the thermal treatment. The material switches from an 

insulating material to a conductive material. Dataset Nr 1 differs a lot from dataset Nr 2. The 

reason is that machining dust from two different laminates was tested. Large differences in 

fiber length distributions were hence obtained. 

 

 

Figure 14: Mean value of electrical conductivity σ, for carbon/epoxy machining dust with different treatments, 

versus volume fraction material vf. 

 

3.9 Results 

 The experimental results for the materials electrical conductivity, indicate the following: 

 Virgin carbon/epoxy machining dust material is not likely to be conductive even for 

high material volume fractions.  

 Not all un-sized short pure carbon fibers seem to follow the theory regarding 

percolation threshold, as the results show for the 3.0 mm fiber versus the 0.06 and 0.1 

mm fibers. The explanation might however be that 3 mm fibers get oriented due to the 

constraining tube sample wall used in this experiment. The 3 mm long fibers might 

hence be too long for the used sample geometry.   

 The lowest percolation threshold is obtained at 0.16 for short fibers (0.1 mm) and 0.10 

for thermally aged machining dust (containing fibrils with partly longer fiber lengths).  

 Thermal ageing has a large effect on pure carbon fiber with a sizing. The thin sizing 

can be expected to disappear when subjected to + 180 °C temperatures during some 

hours. 

 Thermal ageing has a large effect on carbon/epoxy machined dust. The epoxy and 

sizing can be expected to disappear when subjected to + 180 °C temperatures during 

some months. 

 Humidity treatment, using large amounts of drinking water, will affect pure carbon 

fiber with a sizing. The effect is similar to thermal ageing. 

 

4 CONCLUSIONS 

The results in this paper indicate some possible conclusions: 

- The materials can age thermally and switch from electrical insulation to electrical 

conduction, if a number of conditions are fulfilled. This is easiest avoided if the maximum 
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ambient temperature in the electronics is reduced to give a sufficient margin to prohibit +180 

°C from occurring locally in the contamination. This includes the temperature increase 

generated in the contamination itself, due to its electrical resistance.  

- It is assumed that carbon fiber materials can give short circuits in both low- and high 

voltage electrical systems. The pure carbon fiber constituent is however so controlled that 

this contamination rarely occurs. Carbon/epoxy material contamination is assumed to give 

potential problems mainly in high voltage systems, which might operate at higher ambient 

temperatures. 

 

These results might potentially explain the following: 

- The electrical systems do not show sensitivity to contamination during testing:  Explanation 

might be test performed during too short time for material thermal ageing to occur. 

- The electrical systems works perfectly during delivery check but not after a few months 

operational service: Explanation might be thermally aged material. 

- Some industries believe that carbon fiber dust can disturb electrical systems. Other 

industries have not seen any problems: Explanation might be differences in electrical 

architecture and achieved local temperatures in carbon fiber contaminations. 

 

Procedures and inspections should be adopted to ensure safety for the worst case scenarios: 

- Ensure that continuous carbon fibrils cannot be placed across two polarities. Assume that 

the material contamination can lose its electrical insulation during long term operation. 

Hence ensure that material contamination across the polarities is < 0.1 in carbon fiber 

material volume fraction, since the percolation threshold for un-sized short carbon fiber as 

tested in this paper is larger than this. 
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