
 
 

 

LASER BASED REPAIR APPROACH FOR CFRP COMPONENTS

CONTACTLESS MACHINING AND 
PRE-TREATMENT FOR BONDED REPAIR 

A novel laser based method enables effec-
tive ply-by-ply removal and surface pre-
treatment of CFRP for structural bonded
repair, e.g. for adhesive bonding of clips and
clamps or structural stepped bonding. The
mechanical strength properties realized in
the process allow superior structural bond-
ing behavior e.g. for aviation industries.

Figure 1: Laser based machining of stepped

structure (ply-by-ply ablation) for bonded repair
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Features are:

• Excellent cleaning and ablation results
and speed

• Enhanced bonding strength

• Innovative robust diode-pumped laser
technology

• Very low running costs (generally 1-3 €/h)

• No gas consumption, 
“Plug & Go”-technology

• Flexible application due to portable tech-
nology

• Maintenance free technology

• High reliability, no “human error” factor,
potential for automation & certification

ECOLOGICAL EFFECTS

• No abrasives, no chemicals

• No waste except of removed CFAP plies

• Low noise application



The surface preparation of damaged areas on
composite parts is today a lengthy, cumbersome
and delicate process, taking into consideration
the detailed processing requirements specified
in the SRMs. This is due to the need for the
achievement of very specific and sometimes
complex geometries (i.e. gradually increasing in
diameter stepping or scarfing of the damaged
area etc.) on a very strong and brittle material,
such as carbon epoxy composites. Such process-
ing is today achieved by means of high perfor-
mance drilling equipment, fit on special (usual-
ly diamond coated) toolings that allow for 
delicate operations on the damaged structure.
Due to the hard carbon fibers the expensive
tools wear out very quickly, causing a non-
reproducible surface quality. Therefore, the
high fatigue requirements for a successful
repair process are often difficult to meet.

Grinding contaminates fibers and the fabric
structures with abrasive dust, therefore bon-
ding by a repair patch doesn’t show high 
resistance. Resistance of CFRP components
which are bonded using conventional methods
decreases by up to more than 30% compared
to the intrinsic fatigue resistance.

STATE OF THE ART 

CONVENTIONAL METHODS VERSUS LASER TECHNOLOGY

OUR GOAL …

… is to design a mobile, portable laser system
for repair of CFRP components. 
One of the outstanding features of the inno-
vative tool is its operational flexibility. The
tool will be mountable on aircraft structures
even in-field, which allows for repairs without
disassembly of the part itself. Consequently, 
a faster, more reliable and fully automated
composite repair method is possible for the
aeronautical industry.

In order to reduce the required area for the
repair, the step width can be varied easily.
Additionally, the new technology is environ-
mentally friendly and easy to operate.

Figure 3: Adhesive bonding preparation

by selective ablation of resin

Figure 2: Laser machining of stepped structure



Figure 4: Sheer stress of bonded CFRP flat test 

pieces after preparation with different laser 

parameters (P8-P21).

PROCESS DEVELOPMENT 

Parameter studies regarding removal in layers
and pre-treatment of CFRP surfaces were 
completed. On the basis of these analysis the
optimized and most appropriate parameters 
for CFRP repair were evaluated and selected.
An adapted laser system and a corresponding
machining optical system were designed. Both
are suited for optimized surface preparation.
Finally, the achieved outstanding results of 
the laser based technique were evaluated on
real parts. 

ACHIEVEMENTS 

Figure 5: CFRP laser repair tool:

The fiber coupled machining head is connected to 

a laser system. The head is put on the component’s

surface and fixed by vacuum grippers.

By means of powerful laser radiation the damaged

area is removed layer by layer (stepped repair) and

surface activated to ensure optimal bonding

strength.

The ablated material is directly extracted from the

tool’s environment and filtered by an adequate 

local exhaust ventilation connected to the laser.

CURRENT RESULTS 
OF THE STUDIES

CFRP components can be consistently
prepared with the presented innovative
laser based tool. Furthermore, signifi-
cant improvement of bonding strength
has been demonstrated. 

• CFRP plies can be selectively removed
by means of laser radiation.

• Cleared fibers are activated by means
of high intensity. Hereby, a joint
strength in bonding can be increased
by up to 20%. 

• Surface quality is reproducible and
can be generated automatically by
means of adequate laser technology. 

• A fiber coupled laser handling system
prototype was designed and created
(fig. 5) which can be applied for trials
of laser based repair.
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The project „PLASER“ was funded within
the EUREKA-program of the European
Union (reference number 01QE906). 
On the one hand the proximity of place
French-German consortium of two SME‘s
and one research institute enables effi-
cient team coordination. On the other
hand the experiences of the consortium
in the fields of composite repair, portable
laser systems and laser process develop-
ment promise a suitable repair tool with
the following main features: 

Mobile laser system 3 „in field repair“

Intelligent processing head 3 cuts cured boards 
and prepreg piles

Capability for automation 
and certification

Expected gain 3 time reduction
up to 80%

3 cost reduction 
up to 60%

EU-PROJECT: PLASER 

Portable LAser system for SurfacE
preparation of composite Repairs 
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Clean-Lasersysteme GmbH 

cleanLASER is both manufacturer and technology 

leader in the field of industrial laser beam surface 

technology. 

Dornkaulstr. 6 · DE-52134 Herzogenrath near Aachen

Tel. +49 2406 90970

info@cleanlaser.de · www.cleanlaser.de

Laser-Zentrum Hannover e.V. (LZH) 

LZH is one of Europe's leading institutes for laser 

technology. Its intention is to bring research and 

practical experience together.

Hollerithallee 8 · DE-30419 Hannover

Tel. +49 511 27880

info@lzh.de · www.lzh.de

(Subject: Composites Group)

GMI Aero Ltd. 

GMI is as well manufacturer as technology leader

regarding mechanical abrasive tools for repair of 

CFRP components.

9 rue Buffault · F-75009 Paris

Tel : +33 142821144

gmi@gmi-aero.com · www.gmi-aero.com
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