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A. DEVELOPMENT OF IMPACT DETECTION 
METHOD USING CF SENSORS

• Verify possibility of impact damage 
detection using CF sensors – find 
appropriate CF tow.

• Determine following influences to damage
detection:
• the influence of cyclic mechanical loading 

of the structure, temperature and  
positioning of the sensor in the stacking 
sequence of the composite

• Propose inspection of CF sensors and verify 
the proposal.

• Quantify the influence of the length of the 
sensor to change of electrical resistance 
after impact.

• Describe the relationship between electrical 
resistance change measured on integrated 
CF sensor after impact and mechanical 
response of the structure to the impact.

B. METHODOLOGY OF DELAMINATION 
DETECTION USING ELECTRICAL RESISTANCE 
MEASUREMENT ON THE CFRP COMPOSITE

• Based on experimental investigation and 
numerical simulation determine the 
appropriate procedure for electrical 
resistivity determination in longitudinal and 
through-thickness direction. 

• Determine the electrical resistivity of CF 
composite with thermoplastic matrices and 
compare it to the electrical resistivity of the 
CFRP composite. 

• Specify the influence of temperature change, 
electrical resistivities of the material and 
electrical contact configuration.

C. EXPERIMENTAL VERIFICATION ON 
COMPONENT LEVEL

• Propose and verify the method of electrical 
insulation of CF sensors incorporated into a 
carbon fiber composite structure.

• Propose and verify a methodology for 
electrical contact preparation for ERCM 
method on the filament wound components.

ELECTRICAL RESISTANCE MEASUREMENT FOR 
STRUCTURAL HEALTH MONITORING OF 
COMPOSITE MATERIALS

AIMS OF THE THESIS

CF SENSOR

MOTIVATION

CONCLUSIONS

• The aims of the thesis were accomplished.
• The main contribution of the thesis are:

• Verification of possibility of impact damage detection using CF sensor and mapping the effects influencing
the feasibility of the detection (temperature, positioning in the lay-up, length of the sensor). 

• Determination of the influence of the methodology of electrical resistivity determination on delamination
detection using ERCM method. Specification of the influece of temparature change and electrical contact
configuration.

• A novel approach for electrical contact manufacturing on the inner side of CF filament wound profile was 
suggested and verified for ERCM method.
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Carbon fiber composites - used for structural components across the aircraft, automotive, manufacturing industries and in civil 
infrastructure (reinforcement of bridges and roofs), because they excel by their high strength, rigidity, low density, damping 
properties, and fatigue resistance. They have also notable drawback - tendency to exhibit minimal signs of damage before failure.
Structural Health Monitoring for imapact damage detection, cracks and delamination detection is needed.

In this work we focus on two specific approaches: carbon fiber roving for damage detection (CF SENSOR) and the measurement 
of the electrical resistance response of the whole composite (ERCM METHOD), because these methods have sveral advantages:
• They utilize the intrinsic bearing material of the structure. 
• The methods can be tailored to specific applications, which are known to be challenging for other methods (e.g., impact 

damage detection, delamination of complex shaped structures).
• The equipment and materials required are available and relatively inexpensive, a factor often decisive for practical 

applications.

Carbon fiber tow + nickel coated
ends + soldered copper wire
contacts. CF sensor shows
piezoresistive behavior. Can be
used for strain sensing.
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• Seven types of carbon fiber tow were
investigated in three experimental campaigns.

• Best results for PAN CF tow Toray T300 1000-50A

Thermographic inspection of the integrated
CF sensors in GFRP composite was verified.

Influence of cyclic loading on CF sensors

Influence of temperature on CF sensors

Bottom side of the specimen after 2J impact 

Influence of the values of nominal resistivities was studied using numerical simulation of delamination growth. Numerical 
simulations were conducted using the nominal resistivities obtained by several methods published in literature.

Influence of the temperature coefficients 
of the rezistivity and temperature change

Influence of the electrical
contact configuration

Influence of the electrical resistivities

CF sensor 
installed on 
the surface 
for detection 
of cracks

CF sensors 
with braided 
sleeve 
during
integration

CF sensors of different 
shapes before integration 

CF cloth 
with 
deposition 
of copper 

The electrical contacts were integrated into the composite structure during filament 
winding process → ERCM during torsional and flexural loading of the component.
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ERCM METHOD

Electric Resistance Change Measurement method –
electrical resistance is measured directly on the
composite material.

cyclic
mechanical

loading

impact
loading
(BVID)

cyclic
mechanical

loading

Detail of 
connecting wire 
of CF sensors 
with braided 
sleeve after 
manufacturing
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