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ABSTRACT

Nutplates are commonly used on aircraft to allow installation and removal of com-

ponents and panels for maintenance and repair. The use of bonded nutplates over 

riveted ones reduces manufacturing complexity and leads to weight savings. In this work, 

plasma surface preparation has been examined for bonding stainless steel nutplates to 

aluminum structures. Preparation of these bond surfaces is often accomplished through 

an abrasion process or using only a solvent wipe. These methods are difficult to control 

and can lead to variation in the performance of bonded nutplates. Successful installa-

tion of bonded nutplates requires the generation of a highly clean and active bonding 

surface. A small, portable plasma device was used to clean individual nutplates within 

a few seconds. In addition, a handheld plasma tool was used to prepare the nutplate 

installation site. The plasma process eliminates operator variability by removing surface 

contaminants in a matter of seconds with no other cleaning steps required. The bond 

surface is rendered active for bonding and converted to a high surface energy, hydrophil-

ic state. This new technology eliminates interfacial bond failures while increasing push-

off strength from 441±34 lbs to 845±74 lbs and torque-out strength from 100±18 in·lbs to 

159±27 in·lbs when compared with abrasion. Furthermore, the plasma has been shown to 

reduce preparation time, decrease variability and lower the instances of nutplate failures 

both in manufacturing and in the aircraft service environment. Transitioning to a plas-

ma-based surface preparation thereby offers the potential to save millions of dollars over 

the life cycle of an aircraft.

Plasma Surface Preparation for 
Optimum Nutplate Performance

Thomas S. Williams, Graham Ray, Demetrious L. Lloyd and Robert F. Hicks

Surfx Technologies, LLC, Redondo Beach, CA

FEATURE 

Optimum  Nutplate  Performance
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INTRODUCTION
Bonded fasteners, such as nutplates, are used ex-
tensively in aerospace manufacturing. Nutplates 
are bonded to an aircraft structure and receive bolt-
type fasteners to hold removable components on 
the aircraft. Significant effort has been expended 
in recent years to understand the surface prepara-
tion mechanisms and bonding properties of these 
nutplate assemblies. Throughout the industry, fail-
ures of bonded nutplates have been reported as a 
significant source of unscheduled maintenance on 
modern aircraft1-3. Subsequent failure analysis in-
dicated that surface preparation is a critical factor 
in the performance of bonded nutplates.  

Although bonded nutplates eliminate the need 
to drill extra rivet holes, the typical surface prepa-
ration processes used prior to installation are still 
somewhat labor intensive. Prior to applying adhe-
sive to the nutplates, they must be cleaned. This 
often involves the use of solvent wiping, sanding 
or even grit blasting. The structural component to 
which the fastener is bonded can consist of a vari-
ety of materials including thermoset and thermo-
plastic composites along with a variety of different 
metals. These structural elements must also be 
prepped prior to installation of the fastener. One of 

the most common surface preparation methods is 
hand sanding. This process is subject to operator 
variability, which can lead to improperly prepared 
surfaces with weak bonds that fail after installa-
tion and result in time consuming and expensive 
repairs.  

Among alternative surface preparation tech-
niques, atmospheric pressure plasma has been 
shown to be an effective method for forming strong 
adhesive bonds between a wide variety of dissim-
ilar adherend materials4-12. Plasma treatment can 
reduce the water contact angle of metal and com-
posite surfaces below 20o, yielding a high energy 
surface which is ideal for bonding. Plasma activa-
tion was explored as a method for surface pretreat-
ment prior to the installation of adhesively bonded 
nutplates on BMI and epoxy composite substrates 
using CB301 and CB200 adhesive9,10. Plasma ac-
tivation of the BMI substrates showed a number 
of beneficial results when compared to surface 
preparation by solvent wiping and abrasion. Plas-
ma activation of the BMI was shown to drive bond 
failure away from the interface and to increase 
the strength of the BMI-nutplate bond. Plasma 
treatment increased mechanical loads by 25% for 
push-off and 23% for torque-out tests on average6. 
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Similar results have been observed on other sub-
strate materials including bare metal, anodized 
and primed aluminum 70758.  

Through this work, it has been observed that 
proper preparation of the nutplate surface is essen-
tial for achieving strong, reliable bonded nutplates.  
Analysis of the specimens after mechanical testing 
indicated that the nutplate interface is often the 
weak link of the bonded assembly. Consequently, 
there has been a need to develop an alternative 
nutplate surface preparation technique. Prepara-
tion of the nutplate via solvent wiping consistent-
ly resulted in interfacial bond failures when using 
CB301 adhesive6,7. While grit blasting was capable 
of producing strong bonded nutplates, this meth-
od is time consuming and impractical in most nut-
plate installation settings. Meanwhile, plasma was 
shown to rapidly produce strong bonded nutplates 
and to eliminate the occurrence of interfacial fail-
ures at the nutplate surface.  

In order to improve on the drawbacks that are 
inherent in manual abrasive preparation methods, 
Surfx Technologies has produced two purpose-built 
plasma devices for optimal surface preparation of 
the nutplate and structure. In order to establish a 
dependable, high quality bond, a portable plasma 
device has been developed that cleans a nutplate 
seconds. Used in concert with a handheld plasma 
source for the substrate, a fast and reliable surface 
preparation technique is realized for installing 
bonded fasteners on aerospace structures.  

Additional work was needed to expand the 
scope of these previous studies by exploring ad-
ditional substrates and adhesives as well as opti-
mizing the plasma process conditions. This work 
continues the examination of atmospheric plasma 
cleaning and activation for bonded nutplate instal-
lation.  The novel plasma devices have been used 
to demonstrate this plasma technique as a replace-
ment for abrasion processes. The plasma process 

can also be tailored to any specific combination 
of adhesive, fastener type and substrate material.  
Below, results are presented for the surface prepa-
ration of unprimed, stainless steel nutplates and 
aluminum substrate coupons using atmospheric 
pressure plasma.  

EXPERIMENTAL METHODS
Materials
Dome-style (CB6010 CR3) and open-end style 
(CB6003 CR4) nutplates were used along with 
CB301 epoxy adhesive from Click Bond, Inc. and 
Epibond 1544-1 epoxy adhesive from Huntsman.  
Aluminum sheets made from alloys 7075, 6061 
and 2024 were used for substrate materials. The 
substrate materials were machined into 2” x 8” 
coupons. A schematic of the test coupon with the 
locations of the five holes is shown in Figure 1. Five 
equidistant holes were drilled into the center of the 
rectangular coupon.  

Solvent Wiping
Substrate surfaces were cleaned with Dysol DS-108 
solvent or isopropyl alcohol (IPA) using DuPont 
Sontara lint-free cloth wipes. This process consist-
ed of three steps: a one directional dry wipe, a one 
directional wipe with the cloth saturated with the 
solvent, and a final one directional dry wipe.

Grit Blasting
Prior to bonding, one subset of the nutplates and 
substrate coupons were grit blasted using a King 
#4004-0 grit blasting cabinet. Grit blasting was per-
formed using fresh Elfusa ALR 240 grit aluminum 
oxide media with an air compressor regulated to 80 
lbs. of pressure. Each item was grit blasted with the 
gun nozzle kept between 45 and 90 degrees to the 
bonding surface. An approximate distance of 10 cm 
was maintained between the nozzle and the sur-
face. Samples were abraded until a matte finish was 

Figure 1. Schematic of nutplate test coupon with dimensions.

FEATURE / OPTIMUM NUTPLATE PERFORMANCE
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achieved. Residual debris was removed with clean, 
dry air. Grit blasted parts were finally wiped with 
lint-free towels soaked in DS-108 prior to bonding.  
The surface was solvent cleaned until no residue 
came off the surface, and finally dry wiped with a 
clean cloth.  

Plasma Surface Activation
A Surfx Technologies® Atomflo™ plasma con-
troller was used for the preparation of both the 
substrate and the nutplate surfaces. The Atomflo 
actively controls and monitors all plasma process 
conditions and logs this information for future 
reference. Plasma activation of the nutplates was 
achieved using the Nutplate Plasma Cleaner™, or 
NPC.  The NPC, also developed by Surfx, is a surface 
preparation tool specifically designed for nutplates 
and other bonded fasteners. An image of this tool is 
provided in Figure 2. Industrial grade helium and 
oxygen were fed into the NPC at 30 liters per min-
ute (LPM) and 0.2 LPM, respectively. The plasma 
was ignited using 80 W of RF power at 27.12 MHz. 
Unless stated otherwise, the nutplate was inserted 
into the NPC for 5 seconds and then removed.

Figure 3 shows an image of the NPC in use.  The 
nutplate is seated into the NPC and a plasma dis-
charge is generated beneath the bonding surface.  
Reactive species from the plasma rapidly remove 
surface contaminants leaving behind a clean and 
active surface. The high surface energy imparted 
by the plasma cleaning process is ideal for adhesive 
bonding applications. The NPC can be configured 
to treat any size and style of fastener. 

Plasma activation of the substrate coupons was 
achieved with the Surfx Aircraft Plasma Cleaner™, 
or APC. The APC features a hexagonal, showerhead 
plasma source affixed to a flexible handle. An image 

Figure 2. Surfx® Nutplate Plasma 
Cleaner™ with nutplate inserted.

Figure 3. Nutplate Plasma Cleaner cleaning a nutplate and exhibiting blue 
light from the plasma glow.
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of this device is presented in Figure 4. The handle 
contains integrated timer and status lights to assist 
the user by presenting all system information nec-
essary to operate the tool. A built-in timer function 
allows the user to initiate a 5 second blinking light.  
The width of the hexagonal showerhead pattern is 
1”. Standoff pins around the plasma head maintain 
a 2 mm distance when the APC is pressed against the 
material being activated.  The plasma was operated 
at 165 W of RF power using 30 LPM of helium and 
0.58 LPM of oxygen. To prepare the material surface, 
plasma is generated inside the source and the reac-
tive gasses flow out onto the substrate below.  The 
showerhead end of the device was placed directly 
onto the substrate and centered around the nutplate 
installation hole.  The plasma was kept over each in-
stallation site for a period of 5 seconds.

Hand Abrasion
A subset of the nutplates and structure coupons 
were prepared using manual abrasion.  Abrasion of 
the substrates was achieved using Scotch-Brite™ 
7447 pads. Prior to abrasion, the solvent wiping 
step was performed, and the surface was abraded 
by hand until a matte finish was visible. Following 
abrasion, another solvent wipe step was performed 
and repeated until no residue was observed on the 
wipe.  It was then given a final dry wipe.

Bond Procedure
All samples were bonded within 20 minutes of the 
surface activation processes. A set of at least five 
bonded nutplates was produced for each test.  Ad-
hesive was applied to the nutplates in a single bead 
around the elastic fixture of the nutplate. The fix-
ture was then pulled through the installation hole 
in the structure coupon until the nutplate sat firmly 
against the surface with a visible bead of adhesive 
around the edges. Coupons were then allowed to 
cure for a minimum of 72 hours before testing.

Water Contact Angle
Water contact angle (WCA) of the test coupons 
was measured using a Surface Analyst™ (model 
SA3001) manufactured by BTG Labs. The WCA of 

the nutplates before and after surface treatment 
was obtained using a Krüss DSA15B EasyDrop digi-
tal goniometer with DSA3 software package.

Push-Off Testing
Push-off testing followed the requirements of 
NASM 25027 (reference para. 4.5.3.5)13. Mechanical 
push testing was performed on an Instron (mod-
el 3369). A custom push off tool sized for the nut 
element of the nutplate was attached to a 50 kN 
load cell. It was lowered into the nutplate until it 
engaged the nut. Load was applied at a rate of 0.05 
inches per minute until failure occurred.  

Torque Out Testing
Torque out testing followed the requirements of 
NASM 25027 (reference para. 4.5.3.4)13. The sub-
strates were placed into a test fixture which con-
sisted of a channel to hold the test coupons and 
fixturing for mounting a 0-100 ft∙lb torque wrench 
with memory needle made by CDI (model 1003LD-
FNSS). The torque wrench was attached to an ex-
tractor tool which allowed it to engage with the 
nut element to perform the toque-out test. Prior 
to testing, the torque wrench memory needle was 
set to zero, and then torque was applied to the nut-
plate until the joint failed.  

Failure Mode Analysis
Following mechanical testing, the failure mode 
of the disbanded assembly was analyzed. Images 
were taken of the bond region for each substrate 
and nutplate. Four different failure modes were 
identified: interfacial/adhesive failure at the sub-
strate, interfacial/adhesive failure at the nutplate, 
cohesive failure within the adhesive and mechani-
cal failure of the nutplate. Images of each substrate 
were processed through an internally developed 
computer algorithm, which overlaid the various 
failure modes as different colored pixels on the 
original image. These results were visually checked 
against the substrate and nutplate to confirm accu-
racy.  Finally, the number of pixels of a given color 
was compiled and divided by the total number of 
pixels to yield the percentage of each failure mode.  

Figure 4. Aircraft Plasma Cleaner with 1” wide hexagonal showerhead plasma source.

FEATURE / OPTIMUM NUTPLATE PERFORMANCE



SEPTEMBER/OCTOBER 2020     |      SAMPE JOURNAL    |      21www.sampe.org

RESULTS AND DISCUSSION
Water Contact Angle
Water contact angle measurements as a function of 
the nutplate surface preparation are summarized 
below in Table 16,7. The nutplates with no surface 
preparation exhibited a WCA of 139±2°. This is a 
very large contact angle that suggests the surface 
of the nutplate is contaminated during storage re-
sulting in a non-wetting and extremely hydropho-
bic surface. A solvent wipe of the nutplate surface 
results in a contact angle which is still hydropho-
bic. Plasma activation of the nutplate produces a 
hydrophilic surface by decreasing the WCA from 
114±2° after DS-108 wiping to less than 5° after 
plasma activation. The nutplates which were acti-
vated by the NPC exhibit super hydrophilic wetting 
behavior which is also significantly lower than grit 
blasting which yielded a 33±3° WCA.

Figure 5 shows images taken from the Krüss 
goniometer of water droplets on the stainless steel 
nutplates. The droplet on the left of Figure 5 was 
measured after solvent wiping with DS-108 and the 
droplet in the image on the right was after cleaning 
with the Nutplate Plasma Cleaner. The water drop-
let is observed to bead up on the solvent wiped 
sample. The water exhibits a very large contact 
angle that indicates a non-wetting, hydrophobic 
surface. This is in stark contrast to the behavior of 
the nutplate after cleaning and activation with the 
NPC. The water droplet spreads out on this surface 
due to the strong attractive forces between the wa-
ter and the nutplate surface. This is indicative of 
complete wetting and is a necessary condition for 
producing a strong adhesive bond. 

The Aircraft Plasma Cleaner (APC) has been 
demonstrated to activate a wide variety of the 
materials that are typically used as the structural 
components for nutplate assemblies. This includes 
multiple composite resin systems and aluminum 
70758-10. Data gathered previously using 7075 alu-
minum8 is presented alongside data for aluminum 
alloys 6061 and 2024. The effects of plasma surface 
preparation compared to hand abrasion and sol-
vent wiping are summarized in Table 2. The water 
contact angle on the bare aluminum 7075 was re-
duced from 71±7° to 45±4° following surface abra-
sion. The contact angle was improved by a 5 second 
exposure to the APC in lieu of the abrasion process.  
This yielded a wetting angle of 10±1°. Anodized 
aluminum 7075 had its WCA reduced from 55±4° 
to 42±1° following surface abrasion compared to 
25±1° after plasma treatment. It should be noted 
that the abrasion process has a damaging effect 
on the anodization layer which is removed during 
surface preparation. Meanwhile, cleaning and ac-
tivation with the APC uses a non-ablative process 
which leaves the anodization intact. For the 6061 

Nutplate Preparation WCA (°)

None 139±2°

Solvent Wipe 128±2°

Grit Blast 33±3°

Plasma <5°

Table 1. Water contact angle for nutplates 
following different surface preparation.

Figure 5. Images of a 1 mL water drop on a stainless steel nutplate after DS-
108 solvent cleaning (left) and after cleaning and activation with the Surfx 
NPC (right).
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alloy, the aluminum WCA was found to be 68±7° af-
ter being solvent wiped and 48±6° when abraded.  
When plasma treated, the WCA dropped to 25±4°.  
The same trend is observed in the aluminum 2024 
data. Here the water contact angle is 79±6° after 
solvent wiping which can be reduced to 51±4° with 
abrasion or further reduced to 28±4° when using 
the APC. While not as drastic as the nutplate treat-
ment, this reduction shows a significant increase 
in the aluminum surface energy following plasma 
cleaning and activation. 

Typically, poor bond performance is expected 
from hydrophobic surfaces especially those with 
large water contact angles like the ones exhibited by 
the solvent wiped nutplates. Hydrophilic surfaces, 
on the other hand, are indicative of higher surface 
energies which typically lead to increased bond 
performance. The wetting angle of the nutplate 
and the aluminum substrate surface after sanding 
is drastically lower than that obtained beforehand.  
However, only plasma exposure transformed the 
extremely hydrophobic surface after solvent wip-
ing (WCA >120°) to an extremely hydrophilic sur-
face with WCA <5°. Similar trends are observed for 
the aluminum substrates though the differences in 
water contact angle are less extreme. The extreme-
ly low water contact angle achieved by the NPC in-
dicates that the plasma has successfully removed 
any contaminants present on the nutplate bonding 
surface. In addition, the surface energy of the nut-
plate has been maximized by the plasma cleaning 
process. This ensures that the nutplate is optimally 
prepared for installation.  

Push-Off Testing
Push-off testing was performed using the dome 
style CB6010 CR3 nutplates. The maximum load 
before failure for the bonded nutplates was tested 
and is summarized in Figure 6. For push-off test-
ing, aluminum 6061 substrates were prepared us-
ing a consistent surface preparation by grit blasting 
all of the substrate materials. This was done in or-
der to limit the number of variables and ensure that 
any difference in performance was the result of the 
nutplate surface preparation. The nutplates with 
an IPA wipe disbonded at a load of 345±23 lbs.  This 
increased to 441±34 lbs following abrasion. When 
using only a 5 second cleaning with the NPC, the 
maximum load for the nutplates after plasma was 
845±74 lbs.  

Figure 7 shows images of the nutplate and 
substrate coupon after push-off testing. Nutplates 
bonded using the IPA wipe or abrasion exhibited 
a high degree of interfacial failure mode between 

Material Surface Finish Surface Prep WCA (°)

Solvent Wipe 71±7°

Aluminum 7075 Bare Metal Abrasion 45±4°

Plasma 10±1°

Solvent Wipe 55±4°

Aluminum 7075 Anodized Abrasion 42±1°

Plasma 25±1°

Solvent Wipe 68±7°

Aluminum 6061 Bare Metal Abrasion 48±6°

Plasma 25±4°

Solvent Wipe 79±6°

Aluminum 2024 Bare Metal Abrasion 51±4°

Plasma 23±4°

Table 2. Water contact angle of multiple aluminum alloys after surface 
preparation.

Figure 6. Maximum load for nutplates bonded to aluminum for varying sur-
face preparation methods.

Figure 7. Bond failure interfaces after IPA wipe (left), abrasion 
(center) and plasma (right).

FEATURE / OPTIMUM NUTPLATE PERFORMANCE
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Adhesive Surface Prep Torque (in·lbs)

CB301 Abrasion 100±18

Plasma 159±27

Epibond 1544-1 Abrasion 90±18

Plasma 162±12

Figure 8. Change in maximum push-off load with plasma exposure time for 
nutplates bonded to aluminum.

the nutplate and adhesive. This points towards the 
nutplate surface preparation method being the 
principle processing step that determines the ulti-
mate failure load for these bonds. In contrast, the 
plasma cleaned nutplate shown on the right in Fig-
ure 7 exhibits cohesive failure as evidenced by the 
presence of large pieces of adhesive still bonded to 
both the nutplate and substrate bond area. The re-
flective metal of the nutplate is no longer visible, 
and instead the green color of the CB301 adhesive 
is observed on the nutplate surface. This demon-
strates that the plasma cleaning achieves a stronger 
and more reliable bond when compared to the IPA 
wipe or hand abrasion.

Figure 8 shows the maximum loads experienced 
for nutplates prepared with different duration of 
plasma cleaning prior to bonding. The push-off 
loads increase rapidly when going from the control, 
or 0 second exposure, which were IPA wiped. After 
only 1 second of cleaning with the NPC, the maxi-
mum load before failure was increased from 404±85 
lbs to 816±48 lbs. Plasma activation for 3 seconds 
more than doubles the bond strength compared 
to those that were IPA wiped. The maximum bond 
strength of 896±16 lbs is achieved after 3 seconds 
and then levels off for longer durations. Further in-
creasing the length of plasma exposure time does 
not lead to additional bond strength improvement.

For the nutplates which were given 3 seconds 
or more of plasma cleaning, the failure mode of the 
disbonded nutplates changes so that the nutplates 
exhibit predominantly cohesive failure (shown in 
Figure 7) along with some instances of mechan-
ical nutplate failure. Under these circumstances, 
increasing the load at failure is not possible. The 
bond strength is no longer limited by the interface 

Table 3. Torque-out load for nutplates bonded 
with CB301 or Epibond 1544-1 adhesive.

between the nutplate and adhesive. The weakest 
point in the bonded assembly is now a function of 
the cohesive strength within the adhesive, or in the 
case of mechanical failure it is limited by the me-
chanical strength of the nutplate itself.  

Torque-Out Testing
Torque-out testing was performed using CB6003 
CR4 nutplates. The maximum resistance to failure 
under torsional load for nutplates bonded to alu-
minum coupons is summarized in Table 3. Two 

Figure 9. Bond failure interfaces after torque-out testing for a nutplate and 
corresponding test coupon that was abraded (left) and activated with plas-
ma (right).
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different epoxy adhesives were used for the torque-
out testing. One set of samples was bonded using 
Click Bond CB301 adhesive while the other was 
bonded using Epibond 1544-1. For each nutplate 
test coupon, substrate and nutplate were either 
both abraded or both cleaned with plasma. Both 
adhesives exhibit similar results with the sanded 
sample having a maximum torque of 100±18 in-
∙lbs for the CB301 adhesive and 90±18 in∙lbs for the 
Epibond 1544-1. Plasma activation results in a sig-
nificant improvement in performance. The average 
torsional load at failure was 159±27 in∙lbs when us-
ing CB301 and 162±12 in∙lbs using Epibond 1544-1. 
As a result, plasma processing proved to be a viable 
way to maximize the bond performance of these 
nutplates. 

Following torque-out testing, failure modes for 
each nutplate were determined. Figure 9 shows two 
examples of the bond failure interface observed 
with Epibond 1544-1. It is apparent that the lower 
bond strength for the abraded samples reported 
in Table 3 can be attributed to weak interfacial in-
teractions on the nutplate surface. These bonded 
nutplates exhibited complete interfacial adhesion 
failure at the nutplate. Examining both the nut-
plate and aluminum coupon together shows no 
adhesive remaining on the nutplate surface and 
the aluminum coupon shows adhesive still present 
over the entire bond area. The image on the right 
in Figure 9 shows a dramatic difference in the fail-
ure mode exhibited after using the plasma device.  
Significant amounts of adhesive material are ob-
served on both bond surfaces. This is indicative of 
cohesive failure and means that in these regions, 
the interfacial strength of the nutplate surface is no 
longer the weakest point in the bondline. The in-
terfacial strength generated by the plasma surface 
preparation is high enough to force failure into the 
adhesive itself.

The failure modes observed in Figure 9 are con-
sistent with those that were obtained from push-off 
testing.  Torque-out testing has shown that sanded 
nutplate surfaces often exhibit interfacial failures 
at the nutplate indicating that the bond strength 
can be increased by improving the surface prepa-
ration process for the nutplate. Bonding the plas-
ma cleaned nutplates with either of the epoxy ad-
hesives yields high quality bonded nutplates. The 
mechanical strength exceeds that achievable with 
abrasion as shown in Figure 6 and Table 3. Also 
beneficial, is the ability of plasma activation to shift 
bond failure away from the interface.  

The push-off and torque-out results are in 
good agreement with the trends observed during 
previous testing when plasma was used to clean 
nutplates prior to bonding on BMI and epoxy 
composites6,9,10. Plasma cleaned nutplates bonded 

FEATURE / OPTIMUM NUTPLATE PERFORMANCE

to BMI composite produced bonds with 3.6x the 
push-out load and 1.9x the torque-out load as a 
nutplate bonded immediately after removal from 
its individual packaging. The push-off and torque-
out testing showed that plasma cleaning produces 
a bond strength which far exceeds industry stan-
dard minimum requirements13. This shows that the 
nutplate surface preparation is robust and can be 
applied to nutplates bonded to structural elements 
made from a wide variety of materials.  

CONCLUSIONS
In this study, two novel plasma devices were used 
to prepare the surfaces of stainless steel nutplates 
and aluminum structural coupons prior to bond-
ing. Using these devices, namely the Nutplate 
Plasma Cleaner (NPC) and Aircraft Plasma Cleaner 
(APC) from Surfx Technologies, eliminates operator 
variability from the surface preparation process.  
The entire process, including plasma activation of 
the aluminum substrate, plasma activation of the 
nutplate, application of the adhesive and nutplate 
installation, can be completed in less than 30 sec-
onds.  

This work has shown that atmospheric pres-
sure plasma treatment is a desirable method for 
replacing solvent wiping and hand abrasion when 
preparing fasteners and the corresponding sub-
strates for bonding. Using the NPC removes sur-
face contaminants in a matter of seconds with no 
other cleaning steps required. The fastener is ren-
dered active for bonding and converted to a high 
surface energy, hydrophilic state. Plasma signifi-
cantly reduces interfacial failure modes and leads 
to a dramatic improvement in bond quality. This 
resulted in nutplates which exhibited cohesive fail-
ure within the adhesive or mechanical failure of 
the fastener after push-off and torque-out testing.  
This means the bond created by the plasma can be 
stronger than the mechanical limits of the fastener!  

In addition to improving warfighter readiness, 
plasma surface activation offers numerous manu-
facturing advantages including increased bond re-
liability, reduced rework, lower materials costs, and 
better labor utilization. 
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