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1. SCOPE:

This recommended practice establishes generic reference standards that will accommodate
nondestructive inspections (NDI) on a broad range of non-metallic composite honeycomb structures
found on aircraft.

1.1 Purpose:

The purpose of this Aerospace Recommended Practice (ARP) is to describe the design and
production of composite honeycomb calibration standards to be used in ultrasonic, resonant, and tap
test NDI equipment calibration for accomplishment of damage assessment and post-repair
inspection of aircraft composites. These standards may also be appropriate for other NDT methods
but will need to be assessed as appropriate prior to their use. The standards are representative of
damage found in the field and include typical flaw scenarios such as disbonds and delaminations. It
is intended that these standards be adopted by aircraft Original Equipment Manufacturers within
procedures contained in their Nondestructive Testing Manuals. Depending on the nature of the
inspection, it may be necessary to compensate for variations in material properties through the use
of correction factors or by adjusting for these differences on the part or structure being inspected. In
certain instances, it may be desirable or necessary to design a new reference standard to
accommodate a specific inspection application.

Currently, the recognized number of composite honeycomb construction variables makes the
resulting number of specimens very large and unmanageable. Inspection characterizations and
equipment responses have been used to determine the important variables needed in a composite
reference standard thus eliminating unnecessary standard configurations. This ARP describes a
workable number of reference specimens that can meet the needs of a broad range of honeycomb
structures found on aircraft.

1.2 Background:

The CACRC Inspection Task Group developed this ARP in an effort to establish a single, generic set
of composite honeycomb reference standards that would accommodate inspections on the majority
of non-metallic honeycomb structures found on aircraft. The advantages of industry-wide accepted
composite standards include: (1) providing a consistent approach to composite inspection thus
helping to minimize false calls, (2) reducing standard procurement costs, and (3) aiding the
assessment of composite inspection technologies. The goal of this project is to develop standards
that will allow for repeatable, accurate inspections in light of increases in the number of composite
structure inspection tasks. Specific use of the honeycomb standards described in this ARP can be
achieved through the OEM inspection procedures found in Nondestructive Testing Manuals and
Nondestructive Testing Standard Practice Manuals.
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1.3 Supporting Data:

The number of construction variables encountered in composite honeycomb structure makes the
number of potential reference standards needed to support the inspections very large. In an effort to
reduce the number of standards needed with proper engineering justification, key construction
variables were identified and their affects on inspection results were assessed. The variables
evaluated were: skin material, skin thickness, core material, core thickness, core weight, and cell
size. Additionally, various methods of manufacturing flaws were evaluated to ensure repeatable and
accurate representation of disbonds and delaminations. A suite of 64 honeycomb panels,
representing reasonable bounding conditions of the construction variables listed above were
manufactured and inspected using a wide array of sonic and ultrasonic NDI techniques. In this
manner, the effects of each variable on NDI could be assessed in order to provide justification for
minimizing the number of calibration standards.

An analysis of the resulting data identified skin material, skin thickness, and core material as the key
variables affecting the inspection method used. A final set of minimum honeycomb reference
standards were designed and fabricated to include these key variables. A sequence of NDI
experiments were completed to demonstrate that this minimum honeycomb reference standard set
is able to fully support inspections over a wide range of honeycomb construction scenarios.

1.4 Use of Standards:

It is hoped that these honeycomb standards will be applicable to most composite honeycomb
structures found on aircraft, however, the specific range of construction variables certified in this
study are listed in Table 1. Reference [1] presents the NDI testing and analysis that was carried out
to arrive at the final set of honeycomb standards described in this ARP. Specific testing will be
needed to certify the use of these standards outside the type and range of variables listed in Table 1.

Furthermore, when using these standards, consideration needs to be given to surface coatings such
as paint or lightning protection plies. This is a reference standard construction document and not an
inspection document. Inspection procedures, from OEM or users' maintenance manuals, must
accompany the use of these reference standards for each unique family of composite honeycomb
construction.
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TABLE 1 - Range of Composite Honeycomb Construction Variables
Tested to Arrive at the Standards Listed in This ARP

Composite Construction Variable Bounding Conditions Studied
Laminate Material Carbon & Fiberglass
Laminate Thickness 3 plies - 12 plies
Honeycomb Core Material Nomex & Fiberglass
Honeycomb Core Thickness 0.25" - 2.0" thick (6.35 - 49 mm)
Honeycomb Cell Size 0.125" - 0.25" width (3.18 - 6.35 mm)
Honeycomb Core Density 2 - 8 Ib/it’

2. REFERENCES:
2.1 Applicable Documents:
The following publications form a part of this specification to the extent specified herein. The

applicable issue of the referenced publications shall be the issue in effect on the date of the
purchase order.

2.1.1 SAE Publications: Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.
SAE-AMS-C-9084 Cloth, Glass, Finished, For Resin Laminates

2.1.2 Other Publications:

Roach, D.P., Dorrell, L.R., Kollgaard, J., Dreher, T., “Improving Aircraft Composite
Inspections Using Optimized Reference Standards”, SAE Airframe Maintenance and Repair
Conference, Nov. 1998, SAE Technical Paper 98AEMR-34

Industry specifications are listed for information in 4.1

2.2 Nomenclature:

ARP Aerospace Recommended Practice

NDI Nondestructive Inspection

NDT Nondestructive Testing

NEMA National Electric Manufacturers Association
OEM Original Equipment Manufacturer
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3. TECHNICAL REQUIREMENTS:
3.1 Fabrication and Materials:

Fabrication of the honeycomb/composite panels (see Figures 11 and 12) consists of three tasks:
(1) fabrication of the composite laminate plates for the top and bottom of the sandwich assembly,
(2) preparation of the honeycomb core material, and (3) secondary bond of laminate to honeycomb
core to produce the honeycomb panels.

Appendix A contains a series of photos showing the steps involved in the three major panel
production activities: (1) laminate skin preparation, (2) honeycomb core preparation, and (3)
honeycomb panel assembly. These photos should be referenced as the fabrication instructions
below are carried out.

3.1.1 Laminate: Prepare the laminates as per the specimen drawings CHRS-1 and CHRS-2 contained
in these instructions. Also see 3.1.4 regarding the engineered flaws. Place laminates on smooth
tool as per lay-up shown in Figure 1 and cure per the laminate temperature profiles shown in
Figure 2. All "pillow insert" flaws are located two plies down from the "peel ply" side shown in
Figure 1 below.

PEEL PLY (LEAVE ON TOP DURING LAMINATE
CURE AMD REMOVE PEEL PLY BEFORE SECONDARY
BOND'WITH THIS SIDE TOWARLD THE HONEY COME)

PTFE COATING OR EQUNALENT

ON TOOL SURFACE (THIS BECOMES

THE INSPECTION SIDE ON THE FINISHED
PRODUCT)

LY #

[1625 ]

e By OR BETTER

it

HIGHEST PLY NUMBER

SMOOTH TOOL

FIGURE 1 - Laminate Lay-Up on Smooth Tool
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350°F (177°C)CARBON LAMINATE CURE CYCLE 250°F (120°C) FIBERGLASS LAMINATE CURE CYCLE
TEMP TEMP HOLD 90 MINUTES MINIMUM AT 250°F (120°C)
. . )
?&"ED;\JE%%U;LﬂyEyS%{T]g?"#SE;?S%ES 1378 H%URS TIME AT 250°F {120°C) NOT TQ EXCEED 95 MINUTES
wor | T e | T
TIME > TIME >

DWELL TEMPERATURE TOLERANCE: PLUS/MINUS 10°F (6° C) OWELL TEMPERATURE TOLERANGE. PLUSIMINUS 16°F (6°C)
HEAT-UP RATE- 1° TO 5° F/MIN {APPLIES ONLY FROM 130°F TO 345°F) . Lm0 o NLY FROM 130°F TO 950°F}
or 1°C to 4°C/MIN (APPLIES ONLY FROM 54°C TO 174 °C) HEAT-UP RATE: 2° TO 8° F/MIN (APPLIES ONLY FRO »

N or 1°C to 4°CIMIN (APPLIES ONLY FRQOM 54°C TO 120 °C)
COOL DOWN RATE: MAXIMUM 5°F/MIN {3°C) /MIN COOL DOWN RATE: MAXIMUM 5°F (3°C) IMIN

FIGURE 2 - Laminate Cure Temperature Profile

3.1.1 (Continued):

Produce 16 laminate plates, two each of each material type (carbon and fiberglass) at 3, 6, 9, and
12 ply thicknesses. One laminate of each material type and ply thickness will contain flaws and the
other will not. Size and layout for laminates during cure cycle is shown in Figure 3. Use an
autoclave or automated oven and cure laminates in a vacuum bag at 11 to 12 psi (568.9 to 620.6
mm Hg; 75.9 to 82.7 kPa). Note: In order to create the proper attenuation and desired laminate
response properties do not exceed 12 psi in the cure pressure.
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FIGURE 3 - Summary of Individual Laminate Sheets
[Dimensions in brackets are in mm]
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3.1.1 (Continued):

NOTE: There are two laminate plates per specimen — one with flaws and one without flaws.
Laminates are cured first and then bonded to the honeycomb in a secondary process.

3.1.1.1  Laminate Lay-Up:

3 ply lay-up: [+45, 90, -45]

6 ply lay-up: [+45, 90, -45],
9 ply lay-up: [+45, 90, -45]3
12 ply lay-up: [+45, 90, -45],

3.1.2 Honeycomb: Prepare the honeycomb in accordance with the engineering drawings shown in 3.3
and summarized in Table 2. The honeycomb preparation consists of: (1) adding the machined
core flaws, (2) producing a potted core region, and (3) making a core splice using a foaming
adhesive. Before joining the laminates to the honeycomb ensure that the ribbon direction is on the
X-axis along the 12.00 inch (304.8 mm) dimension (see Figure 4). Join the laminates to the
honeycomb using a secondary bond per the cure temperature profiles shown in Figure 5. The "tool
side" of the laminate (see Figure 1) should face outward (inspection surface) and the "peel ply"
side of the laminate should be placed toward the honeycomb (bonded surface). For typical setup
of honeycomb to laminate bond see Figure 6. Note: actual peel ply should be removed from
laminates before secondary bonding process.

TABLE 2 - Summary of Laminate and Honeycomb Types with

Reference to Engineering Drawings for Fabrication

Full document details: SAE ARP5S606A

Engineering Drawing & | Laminate Material Core Material Number of Plies
Specimen Number '
CHRS-1-3 Fiberglass Nomex & Fiberglass 3
CHRS-1-6 Fiberglass Nomex & Fiberglass 6
CHRS-1-9 Fiberglass Nomex & Fiberglass 9
CHRS-1-12 Fiberglass Nomex & Fiberglass 12
CHRS-2-3 Carbon Fabric Nomex & Fiberglass 3
CHRS-2-6 Carbon Fabric Nomex & Fiberglass 6
CHRS-2-9 Carbon Fabric Nomex & Fiberglass 9
CHRS-2-12 Carbon Fabric Nomex & Fiberglass 12
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