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Abstract

Aircraft structures made from polymer-matrix composites are vulnerable to damaged
created by impact from ground vehicles/equipment, as well as from events such as hail and
bird strikes. These impacts can create internal damage that is not visually detectable and
thus of great concern from a damage tolerance and safety standpoint. The focus of this
study is on the detection of damage stemming from a variety of impact types and the
relationship between inspection capabilities and the damage resistance of carbon/epoxy
tape laminates. Panels of varying thicknesses were impacted with a variety of impactors
(hardened, hail, bumpers) where the input energy was derived from both high velocity-low
mass and low velocity-high mass scenarios. Impact location was also varied in order to
study the effect on substructure elements. Different nondestructive inspection (NDI)
methods were applied to damage stemming from impacts in the vicinity of the failure
threshold energies (FTE) of these composites. FTE is defined as the minimum amount of
energy required to create initial delamination damage in the structure. Relationships
between failure threshold velocity and the ratio of panel thickness to impactor diameter
were determined and the sensitivities of multiple nondestructive inspection (NDI) methods
were intercompared. NDI testing included both hand-held A-scan or meter response
methods, as well as wide area C-scan mapping techniques. Rapid, “Go/No-Go” NDI
devices were assessed to establish the viability of using gate-check inspections on in-
service aircraft to identify damage of concern. The inspection portion of this impact study
seeks to determine the ability of conventional and advanced NDI to detect hidden impact
damage that is at or below the level referred to as Barely Visible Impact Damage (BVID).
This study will allow flaw detection to be adequately judged based on the effects of impact
on the structural integrity of composites. It will aid maintenance engineers in assessing
whether an incident could have caused damage to a structure, and if so, what type of
inspection technique should be applied to resolve the extent of damage.
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| Sources of Damage in Composite Structure I
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Composite Impact Study - Background I

« Identify key phenomena that govern impact damage & relate them to
damage initiation
« Correlate parameters (impact energy, stiffness) to assess threat level of
an impact event — aid maintenance decisions
»> Panel geometry/design, impact energy & orientations, material of
impactor (metals, bumpers, ice)
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| Inspection Challenge — Hidden Impact Damage I
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« Impact damage is a primary concern (hidden subsurface damage)
« Composite Impact Study is:

> Identifying impact scenarios of concern

> Identifying key parameters governing impact damage

» Characterizing FTE & overall impact threat

i 9

threat to ilities of NDI

« NDI ability to detect impact damage was assessed in FTE ~ BVID range
- itivity, sizing, pr ,

« Multiple impact parameters must be studied — hardness of impactor,
low mass-high velocity impact, high mass-low velocity impact, angle of
impact, surface demarcations & visual clues, panel stiffness
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