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CMH-17: V3C3 Tutorial

“Aircraft Structure Certification and Compliance”

 Building on V3C3: A tutorial was populated as a 6-Hour short
lessen plan (2007-2008).

* First offered in CMH-17 Meeting in Ottawa (Aug/2008).
Tutorial well received (needed a larger room = 70+).

 Tutorial has been offered in every CMH-17 Coordination
Meeting since 2008. [missed Meeting in SLC (Mar/2015)]

« Tutorial was offered in the special CMH-17 European
Meeting in Delft/Netherland (Sep/2011).

« Tutorial had been offered on-site for Boeing and aroused
Interest of a few major concerns (e.g., P&W, NASA, USAF).

 Revenue from Tutorial has been used to support the
operation of CMH-17 Organization.

« Key instructors include: Charlie Seaton, Hank Offermann,
Simon Waite, Larry llcewicz.
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CMH-17: V3C3 Tutorial
- Organization & Lesson Plan Glance -

Tutorial Lesson Plan was structured/developed basically

follows the V3C3 outline and contents.

- “Module #” < “Section #”
e.g., Module X « Section. 3.X]
- “Objective #” for info contained in Sections & Sub-Sections.
e.g., Objective 1 « Sec. 3.1 (Introduction)]
e.g., Objective 3 <« Sec. 3.2.1 (Initial Airworthiness)]

- V3C3 Section 3.7 (Guidance and Reports) is included in

Module 6 as Objective 33.

Some contents were extended from Level | paving path for

Level Il courses.

Key instructors include: Charlie, Hank, Simon & Larry.
A typical tutorial organization is illustrated in a follow-up chart.

A tutorial registration fee of $500 is typically charged. This
fee covers also CMH-17 Meeting registration.
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Module 1 (Objective 2)

Tutorial organization

START END MODULE OBl V3IC3 PRESENTER
2:00 AM  8:10 AM OME: INTRODUCTION ! 311 >eaton
2 3.1.2 Seaton
3 3.2.1  Offermann
3:10 AM | 9:00 AM TWOQ: CERTIFICATION : 322 | Offermann
5 3.2.3  Offermann
] 3.2.4  Offermann
7 3.3.1 Offermann
9:00 AM | 9:35 AM THREE: REGULATIONS & 3.3.2 Offermann
9 3.3.3  Offermann
9:35 AN 9:55 AM BREAK
23 3.5 Offermann
24 3.5.1 Offermann
9:55 AM | 10:40 AM FIVE: PRODUCTION 25 3.3.2 Offermann
26 3.5.3  Offermann
27 3.5.4  Offermann

L




Module 1 (Objective 2)

Tutorial organization

START EMND MODULE OBl V3IC3 PRESENTER
10 3.4 Waite
11 3.4.1 Waite
12 3.4.2 Waite
10:40 AN 11:50 AM 19 3.4.9 Waite
20 3.4.10 Waite
21 3.4.11 Waite
FOUR: DESIGN SUBSTANTIATION i
22 3.4.12 Waite
13 3.4.3 Offermann
14 3.4.4 Offermann
11:50 AM| 12:20 PM 15 3.4.5 Offermann
16 3.4.6 Offermann
17 3.4.7 Offermann
12:20PM 1:20 PM LUMNCH
1:30 PM 2: 30 PN | FOUR: DESIGN SUBSTANTIATION 18 3.4.8 Waite
28 3.6 Offermann
2:30 PM 2:45 PM
29 3.6.1 Offermann
SIX: MAINTENAMNCE 30 3.6.2 Seaton
31 3.6.3 Seaton
2:45 P 3:30 PM
32 3.6.4 Seaton
33 3.7 Seaton




Module 1: Introduction
(Section 3.1)

* Objective 1: Background, purpose
and scope
* Objective 2: Organization




Module 2: Certification
(Section 3.2)

Objective 3: Initial airworthiness
Objective 4: Continued airworthiness
Objective 5: Product modification
Objective 6: Qualified workforce and
teamwork




Module 3: Regulations
(Section 3.3)

* Objective 7: Structure, design and
construction

* Objective 8: Production approval

* Objective 9: Maintenance and repair




Module 4: Design Substantiation

(Section 3.4)

Objective 10: Critical technical issues

Objective 11:
Objective 12:
Objective 13:
Objective 14:
Objective 15:
Objective 16:
Objective 17:
Objective 18:
Objective 19:
(3.4.9)

Objective 20:
Objective 21:
Objective 22:

Design and process documentation (3.4.1)
Materials and adhesives qualification (3.4.2)
Environmental exposure (3.4.3)

Structural bonding (3.4.4)

Tooling and part cure processes (3.4.5)
Defect detection overview (3.4.6)
Structural conformity (3.4.7)

Structural substantiation (3.4.8)

Flutter substantiation (Aero-elastic stability)

Thermal 1ssues (3.4.10)
Lightning strike protection (3.4.11)
Crashworthiness (3.4.12)



Presenter
Presentation Notes
While regulatory requirements for certification apply to any material 
system, composite materials introduce an additional level of complexity. 
Critical technical issues are as follows:

Design and process documentation
Materials and adhesive qualification
Environmental exposure and fluid compatibility
Structural bonding
Tools and part cure
Flaws experienced in production
Structural conformity process
Structural substantiation (static strength and damage tolerance)
Flutter substantiation (aero-elastic stability)
Fire protection, flammability and thermal issues
Lightning strike protection
Crashworthiness



Damage tolerance
Composite vs. metallic behavior

-

‘§> A Possible long duration below UL

(¢D)

= Composite could remain here

- under impact forda long gmed f
- undetected or drift

Short duration below UL | §ouun with
Metallic environmental
under fatigue degradation

UL v /
. N

Damage detection and repair
to restore UL carrying capability

time

Comparison of Composite Non-Growing Damage and
Metal Fatigue Crack Damage (from CMH-17 Fig. 12.2.2.2(c))
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Load requirements
Overview

Minimum generic load requirements are (metallic and composites):

_ Ultimate

DeSIQn 1.5 Factor

Load of Safety

Level Limit

~ Maximum loa
per lifetime
Continued
safe flight
g - - - -
\ 4 )\ 4
Allowable Critical Damage
Damage Limit Threshold
(ADL) (CDT)

Increasing Damage Severit;‘

COMFOSITE M
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Damage types

Overview

Define damage and defects — terminology to aid communication:

Category

Examples (not inclusive of all damage types)

Category 1: Allowable damage that may go
undetected by scheduled or directed field
inspection (or allowable mfg defects)

Barely visible impact damage (BVID), scratches,
gouges, minor environmental damage, and allowable
mfg. defects that retain ultimate load for life

Category 2: Damage detected by scheduled
or directed field inspection @ specified
intervals (repair scenario)

VID (ranging small to large), deep gouges, mfg.
defects/mistakes, major local heat or environmental
degradation that retain limit load until found

Category 3: Obvious damage detected
within a few flights by operations focal
(repair scenario)

Damage obvious to operations in a “walk-around”
inspection or due to loss of form/fit/function that must
retain limit load until found by operations

Category 4: Discrete source damage known
by pilot to limit flight maneuvers
(repair scenario)

Damage in flight from events that are obvious to pilot
(rotor burst, bird-strike, lightning, exploding gear tires,
severe in-flight hail)

Category 5: Severe damage created by
anomalous ground or flight events

(repair scenario)
18.8

Damage occurring due to rare service events or to an
extent beyond that considered in design, which must be
reported by operations for immediate action




Damage types: Categories 3 and 4

Cateqgory 3: obvious damage

detected within a few flights by
operations focal
(repair scenario)

B Category 3
B S Limit C 4
'- — Maximum load ategory

Accidental Damage - per lifetime
to Lower Fuselage = S
’ safe flight

iy - g |
\4 v
Allowable Critical Damage
Damage Limit Threshold
Lost Bonded Repair Patch (ADL) (CDT)

Increasing Damage Severity .

COMFOSITE M
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Repair

Overview
Australian Air Design Load and Damage Considerations for
Force survey Durability & Design — Bonded Repair (from cMH-17 Fig.
(1992) - 42% of 12.2.1(a))
repairs where
actions to replace :
previous failed . to be d_etected_ and repaired —
bonded repairs! U|t|mate normal Inspection process

. 1.5 factor : e
Design of safety obvious within

Limit a few flights*

Load x / - * obvious to crew
failed bonded repair Max load Discrete 25.571(a) para.2.7.2
should be detectable per fleet Source / e.g. bird strike, rotor

within a few flights and Lzt burst, lightning
part maintain LL oL o

— unable to detect
weak and tight
disbonds* i

(ADL) Allowable (CDT) Critical
Damage Damage Threshold

Increasing damage size

»
»

*ref. “Bonded Joints and Structures - Technical Issues and Certification Considerations” M
Lost Bonded [PS-ACE100-2005-10038, September 2005] MPOSITE M

18.33 Repair Patch




Module 5: Production Essentials
(Section 3.5)

Objective 23: Manufacturing
substantiation

Objective 24: Critical elements regarding
production implementation

Objective 25: Manufacturing quality control

Objective 26: Detect disposition
requirements

Objective 27: Modifications in the
production process

COMFOSITE M BOOK




23.3

Manufacturing substantiation
Issues in production and type design substantiation

e Fabricate and assemble the certification test articles
per design with specifications and processes ztended
for production

 Strive for manufacturing
process maturity priot
to large-scale tests

* Identify any process
problems or bad
design details




23.4

Manufacturing substantiation
Building block substantiation

Protect large non-recurring costs for
certification and production

Risk mitigation for design-specific
detail and complex internal loads

Establish material and process control
Design and manufacturing integration
Manufacturing process scaling
Analysis validation

Study variability, environmental,
and damage effects as part of
structural substantiation

NON-GENERIC SPECIMENS

GENERIC SPECIMENS

f‘ \
i § \

Integration
‘ of Design
\ & Processes

Increasing
Sample
Size
[ELEMENTS \
e e ) I

M

COMFOSITE M
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241

Module 5 (Objective 24)

Production implementation issues

Identify key manufacturing steps

Define manufacturing tolerances and

.......

any process limits, and sensitivities

Develop test plans that substantiate
manufacturing processes applied to

production

Develop test pyramids to best suit the |
material form and associated processes

Maintain thorough manufacturing
records of all products produced




24.2

Details of Production Implementation
for Composite Aircraft Structures

* Production conformity to type design must be performed
throughout the composite lay-up, cure and assembly process

— Essential for large integrated composite structures with reduced part
count, e.g., thick bonded structure may become inaccessible after
initial bond assembly (787 below: The nose and front fuselage shown
here are molded from a single piece)

M

COMFOSITE M




26.1

Module 5 (Objective 26)
Defect disposition requirements

Often difficult to forecast prior to production
Primary methods of avoiding defects:

» Regular quality control to ensure consistent raw matetials

» Close process control of manufacturing operations

» Experience and related training for specific part details
Defects, which may not be detected by factory inspections,
should be included 1n structural substantiation for type
certification

» Additional databases are often needed

with production experiences

Composite design and maintenance practices rely on
strict material and process quality controls, coupled

with thorough factory NDI

COMFOSITE




Module 6: Maintenance (Section 3.0)

Objective 28: Continued airworthiness

O
O
O

bjective 29: Substantiated repair designs
bjective 30: Importance of teamwork

bjective 31 Damage detection and

characterization

Objective 32: Bonded and bolted repair
processes

Objective 33: Guidance and reports by
regulatory bodies

COMFOSITE M BOOK




30.2

Team success depends on skills and
information of the participants

Skill limitation awareness
Where to find answers



Presenter
Presentation Notes
Three team-member roles
Engineers
Teammates used for engineering tasks require a minimum 
of an engineering degree, or equivalent, at an accredited 
academic institution, including some training in aircraft 
composite structural design and analysis.  The latter 
training is best received while gaining hands-on industry 
experience
Some engineers need a good understanding of the regulatory 
 repairs are beyond those given in source documentation.
Inspectors
Teammates used for inspection must have training in the use 
of a variety of composite inspection techniques.  
Inspectors trained for NDI require different levels of 
certification to be competent in specified methods.  
Inspectors must have good eyesight and hearing.
Repair technicians
Repair technicians on the team must be trained in composite repair 
processing, including the use of the associated tooling and equipment.  
Some hands‑on, product‑specific training is often needed.  
Technicians also generally need good hand‑eye coordination.



Detection and disposition of damage

OEM damage tolerance substantiation forms the basis
for detection and disposition of damaged parts

Detection of damage

A

Mapping of damage \ Complete damage characterization

\
|

/

Component records and source documentation consultation for ADL and RDL

M

COMFOSITE M
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Presenter
Presentation Notes
Disposition process after composite materials damage is discovered
Operations personnel (or pilots) are often the first to be aware of known service 
events that may have damaged the aircraft.
Any anomalous events must be reported to maintenance or engineering staff, 
whether or not exterior damage is visible.  
Operations personnel may also discover clearly visual damage during 
walk-around inspections, including damage not considered in design, 
e.g., (1) high-energy, service vehicle collisions, (2) flight excursions outside 
the design envelope, (3) severe landing loads, and (4) other abnormal 
flight, landing or ground events that are beyond those considered in design. 
Maintenance personnel should understand the limits of inspection methods 
used to disposition composite damage.  
Initial field reports will likely be by personnel that don’t have composite 
inspection skills.  Operators must take action to ensure ground personnel 
report anomalous events and avoid putting an aircraft with severely damaged 
composite structure back in service.


Damage Types

Low Energy Impact Medium Energy Impact

N Local fiber/matrix crushing

= 0 8

// \\ . +45 +45

V4 [ \ -45 -45

/, T A— S et &

N r \_ 90 I, S NN = a 90

- N N o e~~~

- R AN i 2N a5

e L 0 A\ /TN 0

Z h 0 0

Pyramid Patftern Matrix Crack from impact.

=

Delaminations  Back side fiber fracture

High Energy Impact

Loose fiber ends

M
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Presenter
Presentation Notes
The differing types of damage in a composite component can significantly 
affect the residual strength of the structure and the resulting damage size 
that can be allowed.  The damage state cannot usually be conclusively 
determined from visual inspection of the part, nor can it be conclusively 
determined from in-service NDI techniques such as the tap test or pulse 
echo instrumented method.  While these NDI methods can map out 
delaminated areas, and visual inspections may determine the extent of 
through thickness cracks; damage such as matrix cracking, fiber breakage 
and multiple plane delaminations cannot be reliably mapped.  For this 
reason, various assumptions about the extent of damage in a part have to
 be made when determining if a given damage is acceptable for continued 
flight without repair.
The above diagrams illustrate potential damage based on impact energy.  
What is not shown in the diagrams is the additional effect of velocity 
associated with impacts.  For example, low speed, high energy impacts 
can leave large area delaminations and substructure damage without 
much exterior damage.  On the other hand, high speed, low energy impacts 
(bullets) penetrate without leaving wide area delaminations and potential 
substructure damage.

High energy blunt impact (e.g. ground vehicle impact, heavy landing, excessive gust events) 
where damage may not be readily evident
Ground impact is of particular concern, representing 30-40% of aircraft 
damage
Difficulties associated with visual damage detection in composites may make it easier for 
an individual to be convinced that they may not have caused damage following a serious 
ground impact event.  It is essential that operators work to encourage reporting of unusual 
events by minimizing pressures of a ‘blame culture’.



Selecting bonded or bolted repairs

Bonded repairs:

* Provide etfective load transfer - Capable of
restoring the original strength of the damaged part

*  More efficient for thin laminates (< 2 mm) — less
weight

*  Requires increased technician skills due to the
greater degree of complexity

Bolted repairs

e  More efficient for thick laminates — less material
removal from undamaged sections

*  More easily inspected for structural integrity than
are bonded repairs

* Bolted repairs do not require the same strict bond
surface preparation and controls necessary for

bonded repair

32.3


Presenter
Presentation Notes

Where a section of stiffened laminate structure has to be repaired , bonded 
joints are more effective for parts with thin laminates which have thicknesses 
of less than two millimeters. 

As an example, the required bolt pattern for a repair to a small 
through-penetration of a current generation commercial aircraft composite 
horizontal stabilizer covers more than the area of a bonded repair for the 
same damage, and there is the additional weight of the repair plate and the 
metallic fasteners 


Module 6 (Objective 33)
Regulatory reports and guidance

 FAA Regulatory and Guidance Library:
http:/ /www.airweb.faa.gov

e FAA Technical Reference and Research
Library: http:/ /actlibrary.tc.faa.gov

 EASA: http://www.easa.europa.eu
 TCCA: http://www.tc.gc.ca/air/
* SAE AIR Report: http:/ /www.sae.org

COMFOSITE M BOOK
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http://www.airweb.faa.gov/
http://actlibrary.tc.faa.gov/
http://www.easa.europa.eu/
http://www.tc.gc.ca/air/
http://www.sae.org/

CMH-17: V3C3 Tutorial
Current Update Plan & Effort

e« CMH-17 V3C3 Tutorial

- Update content reflecting regulatory changes
- Add content reflecting recent safety guidance

- Include value-added data from CSET/CMfgT/CMT
- Update content reflecting lessons learned

- Elevate presentation matching V3C3 Rev H

FAA / CAAs Composite Safety & Certification Meeting Federal Aviation

N\U/s/ Administration

CAA of Singapore, Singapore; Sep 01-04, 2015



FAA /| CAAs “Composite Meeting”
- CMH-17 V3C3 Development & Content -

 Thanks for Opportunity.
 Questions and/or Thoughts?
e Further Discussion.

We Meet Tomorrow (9 AM)
“AC 20-107/B”

FAA /| CAAs Composite Safety & Certification Meeting

CAA of Singapore, Singapore; Sep 01-04, 2015
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