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PROJECT INTRODUCTION
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Non-Contact Ultrasonic Measurement of Prepreg Level of Impregnation



DISTRIBUTION STATEMENT A. Approved for Public Release: Distribution is Unlimited. (Case no. 88ABW-2015-2066)DISTRIBUTION STATEMENT A. Approved for Public Release: Distribution is Unlimited. (Case no. 88ABW-2015-2066)

The Ultran Group is the pioneer of non-contact ultrasound 
and provides inspection systems for customers worldwide

Company Overview

*US and International Patents

1

ωThe Ultran Group was founded in 1977

ωHeadquartered in State College, PA

ωAdditional offices in Hoboken, NJ and 
Minneapolis, MN

ωDeveloped leading ultrasonic products, 
including transducers and systems for R&D 
and production quality control

ωInitial advancements in non-contact (air-
coupled) ultrasound were made in the late 
1990s and optimized through the mid-
2000s*

ωGlobal presence with exports accounting 
for over half of sales

ωSales to numerous fortune 500 companies 
and major aerospace corporations
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The Ultran Group supplies online NCU analysis systems for 
prepreg inspection 

Representation of Multi-Channel Online System for Continuous Inspection

Continuous InspectionContinuous Inspection1

Modular 4 -
channel 
NCU Array
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Aurora Flight Sciences

Continuous InspectionAurora Flight Sciences1
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Our project team is composedof inspection experts, 
composite manufacturing specialists, and leading statistical 
researchers

Continuous InspectionProject Team1

ωKashyap Patel, The Ultran Group 
(Principal Investigator)

ωKonstantine Fetfatsidis, Aurora 
Flight Sciences ςD30.03 
Subcommittee Member

ωAnuj Bhardwaj, The Ultran Group 
(Program Manager)

ωMcGill University, Center for 
Composite Research:  Professor 
Pascal Hubert, Marc Palardy-Sim

ωThe Pennsylvania State 
University, Statistics Department

ωHarvard University, Center for 
Nanoscale Systems

ωDr. Schenk of America, Optical 
Inspection Equipment & Analysis

Core Team Members Supporting Groups
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SBIR Project Overview ςSponsored by U.S. Air Force Research 
Laboratory ςTara Storage, AF Program Manager

ωThe Ultran Group was awarded a Phase I SBIR grant on August 1, 2014 to 
demonstrate feasibility of prepreg LOI measurement using NCU
Á Project conducted in partnership with Aurora Flight Sciences, Inc. ςmanufacturer of 

composite aerospace parts and UAVs

ωEffort includes establishment of ASTM standard method for prepreg LOI 
measurement
Á ASTM adopted methods will become industry standard for measurement and 

certification of prepreg LOI

Á Future work will ensure that standard method is applicable to a wide variety of 
prepreg products

Á SBIR effort so far has proven feasibility and accuracy of prepreg LOI measurement to 
greater than 1% accuracy

ωTests conducted upon Cytec OOA IM7/5320-1 prepreg material provided 
for the SBIR effort.  

ωDraft ASTM Standard has been balloted 
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METHODS OF ANALYSIS
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Non-Contact Ultrasonic Measurement of Prepreg Level of Impregnation
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Prepreg material was provided by Cytec for the SBIR effort

Continuous InspectionPrepreg Material & Prep2

Prepreg Samples provided at 3 level of impregnation -Ŏǳǘ ƛƴ ƘŀƭŦ ǘƻ ŎǊŜŀǘŜ мнέ Ȅ 
мнέ ǎǉǳŀǊŜǎΦ  aŀǘŜǊƛŀƭ /ƻƳǇƻǎƛǘƛƻƴΥ  Laтκронл-1
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Images were captured using the U710Imaging system

Continuous InspectionNCU Analysis Technique2

Ultran U710 Analysis System and Corresponding Imaging and Data

Test area imaged for 
each sample ςfour 
corners marked and 
orientation saved

Image Capture and 
Scan Statistics

Scan Statistics

Average Amplitude (dB) -13.57

Standard Deviation 1.71

Highest Amplitude (dB) -9.95

Lowest Amplitude (dB) -20.59
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The firstmain set of analysis was to determine the optimal 
frequency range for analysis

Continuous InspectionFrequency Analysis2

Settings and Transducer Types for Frequency Analysis

ω8 Frequencies analyzed  from 50 kHz to 2 MHz in through transmission

ω¢ǿƻ мнέ Ȅ мнέ ǎŀƳǇƭŜǎ ŀƴŀƭȅȊŜŘ ŀǘ ŜŀŎƘ ƭŜǾŜƭ ƻŦ ƛƳǇǊŜƎƴŀǘƛƻƴ όI[¦Σ 
ATL, AFP)

ï48 scans conducted for frequency analysis

ïSamples were also scanned with backing paper on at 3 frequencies:  
200 kHz, 500 kHz, and 1 MHz.  18 additional scans performed (66 total)
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Analysis was conducted in through transmission with 
transducers of varying size and frequency

Continuous InspectionFrequency Analysis2

Transducers used for analysis

T

R

Direct transmission route

Prepreg



DISTRIBUTION STATEMENT A. Approved for Public Release: Distribution is Unlimited. (Case no. 88ABW-2015-2066)DISTRIBUTION STATEMENT A. Approved for Public Release: Distribution is Unlimited. (Case no. 88ABW-2015-2066)

For the second set of analysis,additional variables were 
considered to determine the optimal test method

Continuous InspectionMultiple Conditions2

Additional Variables Considered

Focused ultrasound vs. Planar:  The 
previous analysis was conducted using 
planar transducers.  Focused ultrasound 
will provide higher spatial resolution as 
the spot size is significantly reduced 
(potentially <1mm)

Surface reflection data:  Prior analysis was 
conducted using through transmission 
mode.  While through transmission may 
provide the core information regarding 
LOI, reflection data may prove useful 
complementarily 

Through Transmission (left), Reflection 
(right), and focused (bottom) Methods

T

R

Material
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The combinations of test conditions were arranged using a 
DOE test matrix

Continuous InspectionMultiple Conditions2

DOE Test Matrix

Factors Levels Values

Ultrasonic
Frequency

3 500 kHz, 700 kHz &1 MHz

Focus 
Parameter

2 Focused & Planar

Inspection 
Mode

3
Top reflection, bottom 
reflection, & through 

transmission 

LOI 3 High,Medium,& Low

ωTest matrix consisted of 4 variables at multiple levels with a single replicate (4 
samples)

ωTotal scans performed = 216

ωIncreased sample size to obtain more accurate correlation
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Initial testsconducted with paper backingto simulate inline 
test conditions  

Continuous InspectionAnalysis with Paper Backing2

ωUltran was advised to consider conditions where the prepreg paper 
backing is not removed

Á Analysis with paper backing is required for measurement online during 
manufacturing

ωMajority of analysis conducted has been performed upon prepreg 
with no backing to allow for ideal conditions which are viable for an 
offline test

ωInitial analysis conducted upon first set of IM7/5320-1 samples 
provided by Cytec (designated for frequency analysis)

ωAdditional analysis will be conducted a wider variety of materials
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SECONDARY TEST METHODS
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Non-Contact Ultrasonic Measurement of Prepreg Level of Impregnation
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Use of a guided water pickup test can be usedto create a very 
accurate correlation function between NCU transmittance 
and prepreg LOI*

Continuous InspectionGuided Water Pickup3

*US Patent Pending

ωLarger areas of samples are imaged using 
NCU 

ωAreas with high uniformity are selected to 
test for water pickup

ïTest accuracy of standard water pickup 
test is greatly improved by choosing areas 
of high uniformity

ïHigh uniformity allows water to flow 
unrestricted through sample 

ïAccuracy improved from +/- 5% to  
approximately +/-1%

ωFollowing water pickup the samples are 
weighed to determine level of 
impregnation

Guided Water Pickup Test
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X-ray MicroCT isused as another method to qualitatively 
analyze porosity of prepreg

Continuous InspectionX-ray MicroCT3

*Image produced by McGill University 

MicroCT Imaging System at Harvard 
University

ωAurora Flight Sciences has conducted MicroCT 
analysis at the Harvard University Center for 
Nanoscale Systems

ïMulti-layer laminates of cured CFRP have 
been successfully analyzed using MicroCT to 
detect porosity variation and delamination

ωWe have also begun working with Professor 
Pascal Hubert at McGill University in 
Montreal, Canada

ïProfessor Hubert and his student, Marc 
Pallardy-Simhave extensive experience 
analyzing composite materials using 
MicroCT

ïTheir research center, the Structured 
Composites Material Laboratory, at McGill 
has analyzed select material which we have 
provided to them

Cross Section View in MicroCT of 
IM7/5320-1 Prepreg Sample*
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We conducted experiments with Dr. Schenk, an optical 
inspection technology company, to study relationship 
between NCU and surface photography

Continuous InspectionOptical Imaging3

Reflection Mode

illumination in 

reflection

Transmission Mode

web

camera

illumination in 

transmission

Optical analysis conducted in reflection and through transmission modes 
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NCU LOI MEASUREMENT RESULTS & 
ACCURACY
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Following frequency analysis, it was determined that optimal 
frequencies of measurement are from 500 kHz to 1 MHz

Continuous InspectionFrequency Analysis4

Sensitivity of Ultrasonic Transmittance to Prepreg LOI Variation at frequencies 
from 50 kHz to 2 MHz 

-10.75
-8.30

-7.47 -5.60

-1.92
-4.88 -5.71

-19.69

-10.84 -8.67 -9.12 -7.74
-4.53

-8.07 -9.20

-21.83

-11.02 -11.16 -12.23 -11.18
-9.00

-13.84 -15.88

-23.30
-25

-20

-15

-10

-5

0

50 kHz 100 kHz 200 kHz 350 kHz 500 kHz 700 kHz 1 MHz 2 MHz

A
v

g
. 

A
m

p
li
tu

d
e
 (

d
B

)

High (AFP) Medium (ATL) Low (HLU)

-1.92

-4.88
-5.71

-4.53

-8.07
-9.20-9.00

-13.84

-15.88-18

-16

-14

-12

-10

-8

-6

-4

-2

0

500 kHz 700 kHz 1 MHz

A
v
g

. 
A

m
p

li
tu

d
e
 (

d
B

)

High

(AFP)

Medium

(ATL)

Low

(HLU)

Highest sensitivity 
and correlation  
to prepreg LOI 
variation found at 
500 kHz, 700 kHz, 
and 1 MHz

Lower frequencies 
exhibited some 
saturation in 
measurement and 
lower sensitivity to 
change in LOI.  2 
MHz exhibited 
some areas of no 
signal amplitude


