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Luminescent Strain-Sensitive Coatings
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The use of novel luminescent coatings and digital imaging to map the in-plane strain field on structural compo-
nents under static load is described. The technology, referred to as strain-sensitive skin by Visteon Corporation,
employs two different approaches: the first uses a luminescent brittle coating (LBC), and the second uses a lumines-
cent photoelastic coating (LPC). A coating consisting of a binder, generally polymeric in nature, and luminescent
dye is applied to the surface of a test part by conventional aerosol techniques. The LBC is excited with incoher-
ent ultraviolet or blue illumination, and the corresponding emission is imaged via a digital camera. The relative
change in emission intensity is related to the in-plane volumetric strain response for moderate strain levels. The
LPC is excited by the same sources after being conditioned with polarizing and retarding optics to create circularly
polarized light. The relative change in emission ellipticity, both in magnitude and phase as measured after passing
through an analyzing polarizer, are related to the in-plane shear strain and its corresponding principal direction.
These techniques offer quantitative, repeatable, and high spatial resolution measurements. Additionally, they are
applicable to complex three-dimensional geometries, cost efficient to implement, and suitable to be integrated in
the product design cycle in conjunction with finite element analysis tools. Results from a test conducted on an
automobile suspension control arm under static loads are presented and discussed.

Nomenclature
D = brittle optical sensitivity
h = coating thickness
I = intensity
K = photoelastic optical sensitivity
r = emission anisotropy
α = analyzer angle
γ = shear strain
� = relative retardation
ε = normal strain
θ = principal direction
λ = wavelength
φ = polarization efficiency

Subscripts and Superscripts

av = average over a sequence of analyzer angles
c = center
em = emission
ex = excitation
H = horizontal
max = maximum
ref = reference (no load applied)
V = vertical
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1 = primary in-plane principal direction
2 = secondary in-plane principal direction
* = effective

Introduction

T HE measurement of strain on structural components, whether
induced by mechanical or assembly loads, is an essential step in

the product design cycle. Nondestructive-testing tools are necessary
to 1) detect critical design areas and overstressed regions on a com-
ponent early in the design stage without sacrificing the expensive
and limited supply of physical prototypes; 2) validate finite element
analysis (FEA) models for quality improvement; and 3) predict the
analytical service durability for design optimization and six-sigma
robustness studies.

The current industry trend is to link physical testing and ana-
lytical methods accurately. This combined design concept enables
streamlining of the engineering processes, reduction of the number
of prototype builds, and minimization of redundant and expensive
physical testing without sacrificing quality. With continual advance-
ments in digital imaging and computing, optical-based techniques
offer many viable and cost-effective full-field measurement tools
to researchers and engineers. Advantages of such newly developed
experimental technologies over the traditional point-measurement
techniques, that is, strain gauges, include low intrusiveness, contin-
uous full-field measured data, reduced application time, high spatial
resolution, and lower cost per measurement point.

In the field of structural analysis, many optical surface measure-
ment techniques exist,1−10 including but not limited to interfero-
metric, geometric, Moiré, speckle, image correlation, thermoelastic,
brittle coating, and photoelastic coating techniques. Each of these
tools has useful applications for specific test conditions. This pa-
per focuses on the application of two new approaches to traditional
techniques that use compatible instrumentation and provide compli-
mentary information: luminescent brittle11 coatings (LBC) and lu-
minescent photoelastic12,13 coatings (LPC). The techniques provide
the full-field sum of principal strain and the maximum shear strain
on three-dimensional components, respectively. Both approaches
are presented in the context of a test performed on the aluminum
control arm component of a midsize sedan-class automobile. In
general, for each technique, a component is cleaned, coated, cured,
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tested, and analyzed over a period of three to five days. By the use of
in situ calibration with strain gauges, a strain dynamic range mea-
surement between ±4000 µε, with 2–3% strain resolution of the
full range, is typical. These new testing tools have the advantage of
being adaptable to different substrates irrespective of size (ranging
from a few centimeters to many meters). Test results are suited for
identifying potential design flaws of prototypes as well as validating
and modifying FEA models.

Experimental Technique
LBC Technique

Reference 11 describes in detail the principles of operation, in-
strumentation, and analysis procedures for the LBC technique. The
technique uses a luminescent coating in which the emitted intensity
is sensitive to the sum of principal strains. The coating consists of
a luminophor dissolved into a polymer binder, and the resulting so-
lution is sprayed onto the surface of the test part (∼60–80 µm). An
elevated-temperature, low-humidity curing environment induces a
randomized microcrack network in the coating. Ultraviolet or blue
light sources excite the electronic energy states of the luminophors
within the coating. Luminescence (the emitting of photons) is one
mechanism to relax the excited states back to the ground state. This
occurs at a higher wavelength (lower frequency) than the excitation
due to the loss of energy in the deactivation process. An applied
strain field on the component alters the microcrack morphology,
hence, it changes the relative amount of wave-guided luminescence
that is emitted (scattered) from the coating and detected by the im-
ager. Figure 1 is a schematic of the basic instrumentation of the LBC
technique.

Equation (1) represents the relative intensity change over a mod-
erate strain range:

I/Iref = 1 + Dεc (1)

where εc = ε1 + ε2 (the center of the Mohr circle), the terms I , Iref,
and εc are two-dimensional matrices of the spatial field, and the
brittle optical sensitivity D ranges between 0.005 and 0.007%/µε
for the coating described in this paper. Normal air-conditioned en-
vironments of 20–25◦C and 45–60% relative humidity are ideal for
testing conditions. The brittle optical sensitivity is relatively inde-
pendent of temperature, less than 0.01%/◦C, when the reference
and load images are acquired at the same temperature. If the tem-
perature drifts between the reference and load image acquisitions,
then the relative change in the brittle optical sensitivity increases
to 0.5%/◦C, inducing a larger error in the measured strain. Because
the application of the load is not cyclical, as in thermoelastic tech-
niques that measure changes in surface temperature, and the test
environment temperature drift is <1◦C during image acquisition,
there is negligible temperature-induced error. However, due to the
hydrophilic nature of the coating, it is in continuous equilibrium
with the moisture in the air; thus, the relative humidity is important
during testing. Previous tests show that the optical response plateaus
between a relative humidity of 45–60%. At lower or higher humid-
ity levels, the coating dries or swells, respectively, decreasing the
optical sensitivity.

Fig. 1 Schematic of LBC instrumentation.

A digital camera appropriately filtered at the emission wavelength
quantifies the emission intensity. Before imaging, initial preload-
ing of the specimen, usually three to five times, will initiate any
change in the permanent crack morphology from the postcure state.
It is necessary to acquire unloaded (reference) and load images in a
darkened environment to eliminate any background light that may
excite the coating or pass through the emission filter. Image post-
processing procedures include the following: 1) dark-field image
correction (subtraction of the camera offset intensity due to readout
bias, the thermally generated electronic charge accumulation during
the data acquisition, and background light unrelated to the emission
of the coating); 2) flat-field image correction (the normalization of
the camera pixel-by-pixel gain due to variance in sensitivity and
camera lens vignetting); and 3) illumination correction (the normal-
ization of excitation intensity drift between reference and loaded
states).

An image registration algorithm aligns (or warps) load images
to unloaded images by matching surface target points, determining
a six-coefficient second-order polynomial transfer function using
a least-square regression, and performing an image-wide bilinear
interpolation. The pixel-to-pixel accuracy ranges between 0.1 and
1.0 pixels. Normalizing images with the reference image [I/Iref as
shown in Eq. (1)] accounts for variations in spatial illumination and
coating thickness. Applying an a priori (with knowledge of specific
coating characteristics) or in situ (with corresponding strain gauge
data) calibration converts the ratio response to strain. Digital spatial
filtering, such as a 3 × 3 boxcar average, and false-color contour-
ing are useful post-processing tools to decrease spatial noise and
highlight strain gradients on the full-field strain maps, respectively.

Because both the LBC technique and thermoelastic techniques are
imaging techniques performed in a darkened environment and sen-
sitive to volumetric stresses, it is of interest to briefly comment on
the major differences between the two. Thermoelastic techniques
require less sample preparation time and no external excitation
sources. They are not sensitive to the ambient humidity conditions,
but they are sensitive to ambient temperature conditions. Commer-
cial systems are available offering near real-time analysis of compo-
nents. The cost of scientific-grade infrared digital cameras (12-bit
or greater dynamic range) is comparable to that of their visible
range counterparts used with LBC. The primary advantage of the
LBC technique is that it requires only static loading of the speci-
men of interest as opposed to dynamic loading, simplifying the test
apparatus. Additionally, as described in the next section, the basic
instrumentation for the LBC technique is compatible with the LPC
technique. The two luminescent techniques in conjunction can be
used to determine the maximum principal strain.

LPC Technique
Reference 12 presents the LPC technique in detail, describing a

new approach compared to traditional reflective photoelastic coat-
ings and providing a variety of illustrative examples on simple ge-
ometries subjected to tensile and torsional loads. The novel LPC
technique incorporates a luminescent dye either in an underlayer
with a photoelastic overcoat (a dual-layer coating) or directly into
the photoelastic coating itself (single-layer coating). The lumines-
cent dye, formulated to retain polarization of the illuminating field,
replaces the need for a reflective layer in traditional photoelastic
coatings. Benefits derived by the use of luminescence are 1) the sep-
aration of excitation from emission via optical filtering, thus elim-
inating specular reflections and angle-dependent reflection effects;
2) a diffuse emission field on the surface of complex geometries,
thus providing the ability to retrieve a much higher and, hence, more
spatially uniform, off-axis signal with respect to the imager optical
axis; and 3) the potential use of multidirectional excitation and/or
detection to decouple the full-field individual principal strains.

Considerable effort was devoted to the improvement of the ease
of coating application by development of a spray-on epoxy that
does not run when applied to vertical surfaces. The coating is thin
(<400 µm), cures overnight, and contains luminescent or absorp-
tion additives to account for thickness variation. The thickness of
the epoxy can be intentionally varied to 1) target the quarter-fringe
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value of the photoelastic overcoat, therefore, eliminating the need
for phase-unwrapping and fringe counting as discussed with tra-
ditional reflective-based photoelastic coatings10 and 2) provide the
ability to cover a wider dynamic range of strain measurement. Less
stringent than the LBC technique, nominal temperature and humid-
ity conditions typical of an air-conditioned testing laboratory are
suitable for preparation, application, curing, and testing.

In operation, the strain field on the component due to an ap-
plied load transfers to the coating, which in turn changes the stress-
induced birefringence of the overcoat. The circularly polarized exci-
tation, of wavelength λex, becomes elliptically polarized as it passes
through the overcoat. The luminescent undercoat partially retains
the polarization state, and then the emission signal of wavelength
λem > λex is further retarded as it passes back through the overcoat. A
digital camera, fitted with an analyzer optic (second linear polarizer)
and a bandpass interference filter (to reject the excitation signal),
measures the corresponding red-shifted emission intensity of the lu-
minescent dye. Figure 2 is a schematic of the basic instrumentation
for the LPC technique.

Emission anisotropy r is a ratio of the polarized luminescence
component to its total luminescence intensity. Equations (2a) and
(2b) (Ref. 14) represent the emission anisotropy:

r = IV V − G IV H

IV V + 2G IV H
(2a)

G = IH V

IH H
(2b)

IXY is the measured emission intensity with the excitation and emis-
sion polarizers adjusted to X and Y , respectively. For example, IV H

represents the horizontally polarized emission intensity recorded us-
ing vertically polarized excitation. An anisotropy of 0.4 is expected
for a randomly distributed ensemble of fluorophores that emit po-
larized light to the same extent as the polarized excitation. Higher
values are possible when fluorophores are partially aligned. Figure 3
is a plot of emission anisotropy for a developed luminescent coating

Fig. 2 Schematic of LPC instrumentation.

Fig. 3 LPC undercoat: ——, measured anisotropy and – – –, absorp-
tion/emission spectra.

with good anisotropy. Values higher than zero (∼0.3 as displayed
for wavelengths between 500 and 700 nm) indicate the retention of
polarization and the viability of the dye.

The in-plane shear strain and its direction are related to the mea-
sured subfringe intensity response I , as shown in Eqs. (3a) and (3b)
(Ref. 12) when the angle dependence of the excitation and emission
transmission through the coating is neglected:

I/Iav = 1 + φ sin(�∗) sin(2α − 2θ) (3a)

�∗ = (2π K hγ /λ∗) (3b)

where γ = ε1 − ε2 (the diameter of the Mohr circle), h is the coating
thickness, and λ∗ = λexλem/(λex + λem). The optical sensitivity K of
the coating described in this paper is approximately 0.12 and is a
function of the epoxy birefringence and temperature. Temperature
sensitivity is −2%/◦C, but thermal curing can decrease this sensi-
tivity to −0.5%/◦C. As with the LBC technique, the application of
the load is not cyclical, and the test environment temperature drift is
<1◦C during image acquisition, which induces negligible temper-
ature error. The polarization efficiency φ is approximately 0.2 and
depends on the specific coating formulation and luminescent probe
concentration. Preliminary results show that it may be mildly tem-
perature sensitive. Relative humidity effects are not of issue because
the working binder is epoxy as opposed to the moisture sensitive
binder of the LBC.

At any given load state, the user acquires a series of images at
various analyzer angles with the digital camera (generally four an-
gles at 45-deg spacing or eight angles at 22.5-deg spacing). Sim-
ilar to the LBC technique, it is necessary to acquire the images
in a darkened environment (except for the illumination lamps) and
to apply dark-field and flat-field corrections. Numerically fitting
Eq. 3a, by the use of a nonlinear Levenberg–Marquardt routine, to
the sequence of analyzer images at a specific load state results in a
pair of maps (two-dimensional matrices) representing the amplitude
φ sin �∗ and phase θ of Eq. (3a). The amplitude, also referred to
as the optical strain response (OSR), and phase relate to the magni-
tude of the maximum shear strain and the principal strain direction,
respectively. OSR and phase maps exist for each load level. For a
specific applied load, a change in excitation intensity will propor-
tionally increase the image intensity I and the average intensity of
the analyzer image sequence Iav. Hence, correction for load-to-load
excitation drift of the OSR and phase maps is not necessary because
the calculations of both are based on the normalized intensity I/Iav.

Image registration, described in the preceding section, is neces-
sary to align maps between the load and unloaded (residual) states.
For low strains, the relative retardation is much below the quarter-
fringe value and �∗ ≈ OSR/φ. For higher strains, but still below the
quarter-fringe value, �∗ = sin−1(OSR/φ). Above the quarter-fringe
value, which is dependent on strain, thickness, optical sensitivity,
and excitation-emission wavelengths, the OSR is multivalued. As
shown in Eqs. (4a–4c), the vector subtraction of the residual relative
retardation from the load relative retardation results in the relative
retardation due solely from the applied load [Eq. (4b)]:

�∗ei2θ = �∗
L ei2θL − �∗

Rei2θR (4a)

�∗ =
√[

�∗
L sin(2θL) − �∗

R sin(2θR)
]2 + [

�∗
L cos(2θL) − �∗

R cos(2θR)
]2

(4b)

2θ = tan 2−1

[
�∗

L sin(2θL) − �∗
R sin(2θR)

�∗
L cos(2θL) − �∗

R cos(2θR)

]
(4c)

where the subscripts L and R represent the load and residual states,
respectively.

Finally, due to an inherent weak luminesence of the photoelastic
overcoat at wavelengths lower than the luminescent dye, the emis-
sion of the coating exhibits wavelength-dependent information. A
ratio of the nonpolarized emission intensity at two different wave-
lengths that use narrowband interference filters shows a linear trend
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with thickness. (The calibration by the use of this technique appears
to be dependent on the specific test configuration, making it un-
suitable as a general technique. Current efforts are toward a more
robust thickness correction process.) This dependency is useful for
thickness correction of �∗. The resulting maps are proportional to
strain and can be converted to strain by the use of an a priori or in
situ calibration of K/λ∗.

Description of Experiments
An aluminum suspension control arm, shown in Fig. 4 and sup-

plied by Visteon, was the subject of the test. The component was
lightly sandblasted, degreased, anodized, and finally coated with
the LBC: a melamine formaldehyde resin with rhodamine-B as
the luminescent dye (∼80 µm thick). The coating was cured in a
temperature–humidity (45◦C and 12% relative humidity) controlled
environment for 12–15 h to induce a randomized network of micro-
cracks resembling a dry lakebed in appearance. The resulting crack
density was on the order of 10–100 per mm. The control arm was
tested over a range of static loads from 0 to ±6670 N. Figure 5 is a
schematic of the loading fixture. The coating was excited with four
blue light-emitting diode (LED) lamps (λ = 465 nm), two on each
side of the control arm at a distance of approximately 2 m. Images
from two 16-bit charged-couple device (CCD) cameras, fitted with
a standard 50-mm Nikon lens and a 650-nm (40-nm bandpass) in-
terference filter, were acquired at load increments of 1330 N. To
improve the signal-to-noise ratio (SNR), an average of 16 images
was acquired for each load level by the use of exposure times of
2 s/image or less. A schematic of the LED and CCD position on the
right-hand side of the control arm is shown in Fig. 6. The second
LED/CCD configuration was positioned on the opposite side of the
control arm. After an initial test to identify regions of moderate to
high strain response, small patches of the coating were removed on
each side of the control arm and instrumented with separator gauges
(sensitive to the sum of principal strains) for coating calibration. A
subsequent test was performed following the same loading protocol
to measure the local strain with the gauges. The measured strains
were compared to the ratioed intensity response [Eq. (1)] at the same
location to determine a calibration.

On completion of the tests with the LBC, the control arm was
cleaned by scraping the coating off of the component after sub-
mersion into a bath of acetone diluted with water. The control arm
was then degreased and prepared for the undercoat and overcoat
application of the LPC. For this test, a fast-curing cellulose acetate
coating that incorporated the luminescent dye was sprayed onto the
degreased and black-primed surface of the control arm specimen.
After a room temperature cure, an epoxy-based photoelastic over-
coat that incorporated bis-(4-glycidyloxyphenyl) methane monomer

Fig. 4 Aluminum suspension control arm.

Fig. 5 Schematic of the right-side view of the loading fixture and con-
trol arm: maximum load ±±6670 N.

Fig. 6 Top view schematic of CCD camera and LED lamp position
(right-side system) relative to the control arm for the LBC test; same
equipment alignment (left-side system) was installed on the opposite
side of the control arm.

was sprayed on top of the luminescent undercoat in thin multiple
layers. The epoxy overcoat was cured by subjection of the speci-
men to ultraviolet light for a period of 20 min. Overnight thermal
curing at elevated temperatures as high as 100◦C is also possible
and reduces the temperature dependence of the photoelastic opti-
cal sensitivity. The nominal thickness was 350 µm, including the
undercoat. In general, less part preparation, paint application, and
curing time is required for the LPC as compared to that for the LBC.

The same blue LED lamps of LBC technique were used to il-
luminate the LPC; however, the lamps were coupled with a linear
polarizer and a wavelength matched quarter-wave plate to produce
circular polarized light. Only one lamp was placed on each side of
the control arm at a distance of approximately 2 m. A schematic of
the LED and CCD position on the right-hand side of the control arm
is shown in Fig. 7. The second LED/CCD configuration was posi-
tioned on the opposite side of the control arm. Because of the lower
raw intensity response of the LPC (additional optics compared to
the LBC), exposure times were increased to as long as 120 s/image.
Subsequent enhancements to the formulation have decreased typ-
ical exposure times, ranging from 2 to 30 s/image depending on
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Fig. 7 Top view schematic of CCD camera and LED lamp position
(right-side system) relative to the control arm for the LPC test; same
equipment alignment (left-side system) was installed on the opposite
side of the control arm.

Fig. 8 Calibration of LBC intensity ratio response to the summation
of principal strains at two gauge locations (data fitted with a linear
regression); corresponding slopes are 7 ×× 10−5 at gauge A and 6 ×× 10−5

at gauge B.

the specific test configuration. A 600-nm (40-nm bandpass) inter-
ference filter was used to detect the emission. Images were acquired
at analyzer angles of 0, 45, 90, and 135 deg. The uncalibrated OSR
was used to identify regions of strong response for the placement
of two rosette gauges for coating calibration. The loading sequence
was repeated to measure the gauge strains and calibrate the OSR.

Results and Discussion
LBC Control Arm Measurements

Raw images were processed as outlined in the preceding sections,
and intensity ratio values (I/Iref) were plotted vs the separator gauge
measurements (ε1 + ε2) to determine an in situ calibration. Results
from gauge A (right side) and gauge B (left side) are shown in
Fig. 8. A linear trend is apparent for each gauge. The error bars
shown for gauge A (4% of the relative change I/Iref − 1) indicate a
95% confidence interval based on the pixel-to-pixel variation within
the interrogated region.

Figures 9a–9c show processed strain maps for both CCD views at
the load conditions of +1330, +4000, and +6670 N, respectively.
The red color scale indicates a tensile volumetric strain, whereas
the blue color indicates a compressive volumetric strain. The pixel
density is 10/cm. The control arm was held fixed at the front and
rear bushings, and a positive load as defined in Fig. 5 was applied
at the ball joint of the vertical section. Key features for this loading
configuration are high tensile volumetric strain on the right side of
the vertical section approaching +2000 µε and high compressive
volumetric strain along the arc approaching −2000 µε.

For repeatability purposes, the loading test was duplicated on the
following day. Results were compared over four arbitrary sample
regions between the two tests. The measured difference was ±6%

a)

b)

c)

Fig. 9 Strain fields for the a) +1330-, b) +4000-, and c) +6670-N loading
conditions as viewed from the two CCD cameras; color scale ranges from
−−2000 to +2000 µε (blue–green–red).

of the local strain measurement. In general, a test object coated with
LBC can be tested again as long as the coating is not damaged during
the test. Over a period of weeks, the coating will still be responsive
as long as the environmental conditions are condusive to testing
(temperature from 20 to 30◦C and relative humidity from 45 to 60%).
However, a new calibration would be necessary to compensate long-
term age-dependent properties when the same optical set-up is used.

Quantitative full-field volumetric experimental strain results were
used by Visteon to validate and modify the analytical FEA model
of the control arm. Often, improper assumptions of FEA boundary
conditions or constraints result in solutions that neither capture the
actual failure locations nor predict the proper levels of strain values.
The FEA boundary conditions of the suspension control arm were
modified by employment of an iterative optimization process. For
accurate results, the FEA model calibration process required the
large number of well-distributed discrete experimental strain values
provided by the testing technology.

LPC Control Arm Measurements
The control arm with LPC was constrained in the same fash-

ion as the LBC test. As discussed earlier, a sequence of analyzer
images were acquired for each load application. The OSR was plot-
ted vs the in-plane shear strain (γ = ε1 − ε2) measured from two
rosette gauges, one on each side of the control arm, to determine
an in situ calibration. Figure 10 is a plot of the calibration results.
A near linear trend is visible for the range shown, which indicates
that the coating thickness is well below the quarter-fringe value.
Error bars (1–2%) indicate a 95% confidence interval based on the
pixel-to-pixel variation within the sampled region of interest. Accu-
rate evaluation of coating properties, specifically K and φ, before
testing could lead to the elimination of strain gauges for calibration
purposes.

The coating thickness at various points was measured with an
eddy-current coating thickness gauge. The measurements were com-
pared to the ratio of 650- to 600-nm nonpolarized emission intensity
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Fig. 10 Calibration of LPC response (subquarter fringe) to the max-
imum in-plane shear strain at two gauge locations (data fitted with a
linear regression); corresponding slope is 8.3 ×× 10−5 for both gauges.

Fig. 11 Thickness calibration curve for LPC.

a)

b)

c)

Fig. 12 Shear strain fields for the a) +1330-, b) +4000-, and c) +6670-N
loading conditions as viewed from the two CCD cameras; color scale
ranges from 0 to +3200 µε (blue–green–red).

at the same points. The images were collected with 10-nm bandpass
interference filters. The thickness calibration results are shown in
Fig. 11. Figures 12a–12c show thickness corrected in-plane shear
strain results for both CCD views at the load conditions of +1330,
+4000, and +6670 N, respectively. The relative pixel density is
10/cm. Regions of high shear strain, approaching 3200 µε in some
areas, are visible along the arc of the control arm (left side) and
midway up the vertical section and underneath the horizontal sec-
tion (right side) as indicated by the red color scale. The LPC results
exhibited lower spatial noise as compared to LBC results (2–4%, re-
spectively) due to the continuous nature of the LPC and the discrete
microcracked structure of the LBC.

Repeatibility of measurements between successive days was
±4% of the local strain measurement. A test object, coated with
LPC, can be tested again as long as the coating is not damaged during
the test and the specimen is not under continous load. This makes the
LPC technique a possible candidate for monitoring the strain field
variation of components in service. Although epoxies are inherently
viscoelastic, creeping of the coating is negligible when applied to
substrates under short static loads (on the order of minutes). Tensile
tests on a continuously loaded specimen show no discernible change

a)

b)

c)

Fig. 13 Determination of the maximum principal strain from the LBC
and LPC processed strain maps.
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in the OSR outside the noise bands after 1 h and a 4% decrease after
18 h. Because the substrate bears the load, short-term creeping in
the coating is negligible. Tensile specimens fabricated out of the
epoxy only (not a coating on a metallic substrate) do exhibit more
significant rate- and time-dependent mechanical properties.

By the use of results from both LBC and LPC techniques, the
individual principal strain magnitudes, ε1 and ε2, were determined
when the two-equation–two-unknown system was solved, as shown
in Eq. (5):

ε1 + ε2 = εc : ε1 − ε2 = γ (5)

Results of such analysis are shown in Fig. 13 for the load case
of +6670 N. Highest tensile maximum principal strain values
(Fig. 13c) are observed to be on the left-side of the vertical sec-
tion near the front bushing. Along the arc between the vertical and
horizontal section is a large region of compressive strain.

Conclusions
Two luminescent coating techniques for measuring in-plane strain

have been developed and tested on an automotive component. The
first uses a luminescent brittle coating and is sensitive to the sum of
principal strains (ε1 + ε2). The second uses a luminescent photoe-
lastic coating that is sensitive to the in-plane shear strain (ε1 − ε2)
and principal direction. Both coatings are applied with conven-
tional aerosol techniques. To date, they have been applied to fer-
rous, nonferrous, and graphite/epoxy specimens, regardless of size,
and should be suitable to any substrate in which good adhesion can
be achieved. The two coatings require similar excitation and imag-
ing equipment and provide full-field strain results. Physical tests,
conducted with these coating techniques, are straightforward and
quickly performed within a few days. Strain resolutions of 2–3% of
the full dynamic strain range can be achieved. In conjunction with
each other, the individual principal strain magnitudes ε1 and ε2 can
be decoupled. Of the two coatings, the LPC is more environmen-
tally robust, durable, easier to apply, cheaper to implement, and has
a higher spatial resolution than the LBC. Additionally, it is suit-
able for test objects that undergo large displacements/deformations
and provides the additional principal strain direction information.
Test results have been used by the Visteon Corporation to detect
possible failure mode locations of the suspension control arm early
in the design stage, without permanently damaging the physical
prototype. In addition, the full-field strain data were used to estab-
lish proper FEA model boundary conditions, thus improving model
quality.

Color reproductions courtesy of Visteon Corporation, Chassis Division.
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