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WHAT WE WILL COVER

« DMI Technology
e Tests to detect crack initiation and growth
« Tests validating cold-working in rivet holes

« Technology as an inspection tool
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Overview of Presentation ..

1. Technology: Gages, Software, Sensor

2. Testing Results

- Northrop-Grumman (DARPA/SIPS
Program)

- Testing with Fasteners
- NAVAIR/FTI/DMI Testing Initiative
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Figure 1. Stress distribution near a hole im a plate
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Measures Total Strain -E

Log Strain
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Log 2N,

Figure 2. Total Strain and Elastic and Plastic Strain
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Uniform Distortion of an
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uniform deformation
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Figure 4a. Element
before deformation
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Figure 4b. Element after
non-uniform deformation
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Theory Translz
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Figure S5a. DMI Figure 8b. Sides of gage
proprietary gage deformed non-uniformly
centered on open hole and DMI Technology

detects the difference in
strain on opposing sides
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Gage Strain Data _E
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Figure 24. Boundary element strain sensors
in the DMI strain gage
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Technology at a Glance — Gages/Soft
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Encoded Data Visible Gage Number 45
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Figure 7. DMI gage encoded imformation
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Technology at a Glance - Gages/Software/SensHﬁ‘ﬁ

Technology

e Self-contained strain measurement system —
two orthogonal and shear strains

e Uniform AND non-uniform strains across the
gage/sensor

* Wire free for lab or field applications
* Detects crack initiation

 Monitors crack growth

 Validates cold-working

 Real-time measurement
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DMI Gage Utili
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Figure 8. Comparison of strain sensors
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Easy to Use — No Age Discrimination
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DARPA/Northrop Gru
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Figure 12. Fatigue test coupon
with DMI gages
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Thin AL plate i i o

 Readings at specified fatigue-cycle counts

e Four simultaneous strain-element readings
taken by SR-2 at each ‘hold point’

« Anomaly detected left side — crack eventually .
formed in that location 005 %
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Zero Load Measurement

 Readings taken zero load

 Top, right, and bottom returned to near-zero
strain

« Left side (crack location) shows large-
magnitude fixed strain
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Visible Fatigue Crack SR-2 Readings at ZERO LOAD
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Gage 70 Cycles vs 3353 Ib.Load Fatigue Data Gage 70 300 Ib. Load Cycles vs Strain Fatigue
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Strains E2 & E4 vs Crack Length

Gage 70 Crack Length vs Strains E2 and E4 _
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Al 7075-T6 Doubler Serialized
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Photoelastic pattern of a plate
loaded through a rigid pin.
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Al 7075-T6 Doubler ' ts -
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Typical Observation

CRACK EACH SIDE 'CRACK ONE SIDE
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DMI Gage Outer Boundary Residual Striain Readings

NAVAIR/FTI 5-Hole Specimen

NAVAIR/FTI 5-Hole Specimen

DMI Gage Inner Boundary Residual Striain Readings
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Example of DMI gage
for rainbow fitting

Copyright © 2006, Direct Measurements, Inc.

Close-up view
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Gage Application Technigu

LASER BOND - metals

POLYMER — multi-purpose

LASER DISCOLOR - composites
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Test Shows DMI Ga
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Figure 18. Fatigue coupon after failure
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DMI SR-2 TECHNOLOGY i %

GAGE:
[NDEPENDENT OF ORIENTATION

TO LOAD .
« EASY AND QUCIK TO APPLY
e« LONG-TERM DURABILITY :

« DEFORMS AND STORES CUMULATIVE DAMGEE
 FLYABLE

SR-2 READER/INSTRUMENT:

« EASY TO USE WITH DIRECT READOUT

« SELF ALIGNMENT OF SENSOR TO GAGE
« STORES AND TRANSMITS DATA
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What was covered _E
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DMI gage permanently
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As part deforms, so

affixed to AC Eart does the DMI gage.

DMI software interface:

« Runs on arugged tablet
PC

 Handles
data collection,
analysis, strain
calculation,

display, logging,

remote-access

Strain measured directly
from DMI gage.
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hl :
WYEEEEE Direct Measurements, Inc. www.directmeasure.com



Overall Value w

Accurate data (+/- 5 microstrain)

Field and maintainer friendly

[ ow cost
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What can be done- Inspect ]
Anomalies & Validate Cold-Working to
Extend AC Life
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Dr. Bill Ranson- President

Dr. Reggie Vachon- Chairman

Dr. Gregg Hovis - CTO

Mr. Lex Pavlo- V.P. Sales & Marketing
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Circular Gage
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Typical circular gage serialization geometries
US Patent. Pending
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