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Embraer is privatized, fusing technological 
and industry expertise with an 
entrepreneurial approach.

Embraer is one of the world’s leading manufacturers 
of commercial and executive jets, with substantial 
and growing operations in defense and security.

Federal Government creates Embraer to 
develop aeronautical engineering and 
manufacture aircraft in Brazil.

Brazil launches a national 
strategic aerospace initiative 
via the Aeronautics Technical 
Center (CTA) and the  
Technological Institute of 
Aeronautics (ITA).
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One of the Largest Aerospace

Conglomerates in the World
TODAY
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EXECUTIVE JETS DEFENSE & SECURITY SERVICES & SUPPORTCOMMERCIAL AVIATION

BUSINESS
UNITS
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A GLOBAL LEADER IN DEFENSE & SPACE
DEFENSE & SECURITY

FULL SYSTEM 

INTEGRATION 

CAPABILITY
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Our future first passes through our people. They are the ones who will lead us to a promising future.

Electrification, industry 4.0, internet of things, virtual reality among so many extraordinary technologies.

TECHNOLOGY AND PEOPLE

T
h

is
 i
n

fo
rm

a
tio

n
 b

e
lo

n
g

s
 t
o

 E
m

b
ra

e
r 

a
n

d
 c

a
n

n
o

t 
b

e
 u

s
e

d
 o

r 
re

p
ro

d
u

c
e

d
 w

ith
o

u
t 

w
ri
tt
e

n
 p

e
rm

is
s
io

n
 f

ro
m

 t
h

e
 C

o
m

p
a

n
y.

P
R

IV
A

T
E

 I
N

F
O

R
M

A
T

IO
N



1,800
In our subsidiaries

17,800
All around the world

WE ARE MANY
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THE GREAT QUESTION!!!
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AIRCRAFT 
MAINTENANCE

• Corrective maintenance is used after the item breaks

down or presents malfunction. It includes all

unscheduled maintenance actions.

• Preventive maintenance is used to prevent failures,

safety violations, malfunction, or unnecessary

production costs and losses of the item. It includes all

scheduled maintenance actions

• Predictive maintenance is to predict when failures

will occur and to take preventive measures

accordingly.
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CURRENTLY

photo: West Star Aviation
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MOTIVATION
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For Embraer, Structural Health Monitoring (SHM) can

provide facilitated damage detection in areas with

restricted access with early detection of structural

damages and reduction of maintenance costs for current

and future aircrafts, besides minimizing the effects of

“human-factors” during an inspection.

Main goal is to assure the continued airworthiness.

STRUCTURAL 
HEALTH 
MONITORING
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STRUCTUAL HEALTH 
MONITORINGSHM

- 5 Technologies developed

- 1 Technology under development 

- 2 Technologies in qualification process 

- Application on Full-Scale Fatigue Test

Direct Detection

(Damage Detection Systems)

Assessment

(eSRM)

- eSRM - Phase 1 and 2 finished and 

transferred to Commercial Aviation

- eSRM Composites  under development

Management

(SHM Portal, AdHUMS)

- SHM Portal was a proof of concept developed 

- AdHUMS is a upgrade under development and 

in transfer process to Embraer Defense & 

Security  

SAE/ARP 6461
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SHM Potential Benefits

Airplane Operation and Maintenance:

• Reduction of inspection time.

• Minimized “human-factor” effects (that may also lead to safety enhancements).

• Elimination of disassembly processes.

• Less costly repairs.

• Reduction of operating and maintenance costs.

Airplane Design:

• Structural efficiency improvements and weight savings.

STRUCTURAL HEALTH MONITORING
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• Scheduled SHM (S-SHM)

The act to use/run/read out an SHM device at an interval set at a fixed schedule.

• Automated SHM (A-SHM)

That relies on the SHM system to inform maintenance personnel that action must take place.

STRUCTURAL HEALTH MONITORING
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EMBRAER 
BACKGROUND

Damage

R&T Metallic Barrel Test 

(CVM)
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CVM
EMBRAER BACKGROUND

Ground Tests since 2007

E-Jets Full Scale Fatigue Test

Fuselage Splice

• 260 Sensors Installed (Silicone and Sheet Sensors)

• Periodic/Scheduled inspections

Wing Stub

Window Frame

Forward Fuselage
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On-ground scheduled data acquisition using 

the PM200 equipment

* Courtesy Structural Monitoring Systems Ltd.

CVM
EMBRAER BACKGROUND

Flight Tests

Forward Fuselage

PAX Door

Wing Spar Window Frame
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LW
EMBRAER BACKGROUND

Ground Tests since 2008
Thickness reduction in aeronautical 

aluminum

Delamination detection in CFRP
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LW
EMBRAER BACKGROUND

Periodic inspections

E-Jets Full Scale Fatigue Test
Rearward Fuselage

Wing Spar
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LW
EMBRAER BACKGROUND

Flight Tests

* Courtesy Acellent Technologies Inc.

On-ground scheduled data acquisition

Wing Spar

PAX Door

Fuselage Frame
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S-SHM What do we need?

SUCCESSFUL

SHM
SOLUTION

Technical Feasibility

Certification  Approval

Consistent Business Case

Compatible Requirements

Acceptability by Operators

Certification Approval
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QUALIFICATION 
OF CVM AND LW 

After Demonstrating strong results on ground tests

and in an Embraer-190 flight test aircraft, Embraer

decided to step forward. In an effort to move S-

SHM into routine use for aircraft maintenance

procedures, a project was developed for the

qualification of CVM and LW technologies and to

validate the performance of such systems in real-

life operational environment.

The work aimed to develop and carry out a

qualification process for SHM damage detection

systems, which includes laboratory tests for the

assessment of detection capabilities in terms of

Probability of Detection (POD) and to verify

durability, and tests with systems installed on a

number of operator’s aircraft to check operational

behavior, survivability and stability of the systems.
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• Qualification (formal process) of two SHM damage detection technologies

• Comparative Vacuum Monitoring (CVM)

• Lamb Waves (LW)

• Laboratory Tests for Environmental/Durability and Probability of Detection (POD)

• Installation and monitoring of sensors and cables into in-service aircraft

• Close consultation of ANAC (Brazilian Civil Aviation Agency)

Objectives
QUALIFICATION PROJECT
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QUALIFICATION PROJECT
• Laboratory Tests – Detection Capability

Comparative Vacuum Monitoring (CVM) Lamb Waves (LW)

AL 7475

Comparative Vacuum 

Monitoring

AL 2024

Lamb Waves
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QUALIFICATION PROJECT

To determine crack length that corresponds to a level of 90% Probability of 

Detection with 95% Confidence (90/95 POD) – One-sided Tolerance Interval 

method

Laboratory Tests – Detection Capability

Comparative Vacuum Monitoring (CVM) Lamb Waves (LW)
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• Data captured is crack length at CVM detection

• Reliability analysis – cumulative distribution function provides maximum likelihood 

estimation (POD)

• One-sided tolerance bound for various flaw sizes:

POD 95% Confidence = X + (K n, 0.95, α) (S)

X = Mean of detection lengths

K = Probability factor (~ sample size, confidence level)

S = Std. deviation of detection lengths

n = Sample size

1- α = Detection level

OSTI
PROBABILITY OF DETECTION (POD)
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CVM
POD CURVE
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CVM
POD CONVERGENCE
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QUALIFICATION PROJECT

Environmental/Durability Tests
Laboratory Tests – Environmental

CVM

LW
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In-service Aircraft
• Service Bulletins for the installation of 

CVM and LW sensors and cables into 

Azul Airlines aircraft

• 5 Aircraft  (installation from 4Q/2013 

to 1Q/2016)

• Data acquisition: 18 months

QUALIFICATION PROJECT
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QUALIFICATION PROJECT
Installation into 3 of 5 Aircraft during Maintenance Checks

CVM
4 sensors 

per a/c

LW
6 sensors 

per a/c
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QUALIFICATION PROJECT

Installation into 2 of 5 Aircraft during Maintenance Checks

CVM
10 

sensors 

per a/c

LW
4 

sensors 

per a/c
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QUALIFICATION PROJECT
Periodic Data Acquisition during overnight interventions



E
ss

e
 c

o
n
te

ú
d
o
 é

 p
ro

p
ri

e
d
a
d
e
 d

a
 E

m
b
ra

e
r 

e
 n

ã
o
 p

o
d
e
 s

e
r 

u
ti

li
z
a
d
o
 o

u
 r

e
p
ro

d
u
z
id

o
 s

e
m

 a
u
to

ri
z
a
ç
ã
o
.

QUALIFICATION PROJECT
In-service Aircraft Results

Comparative Vacuum Monitoring (CVM)
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QUALIFICATION PROJECT
How can S-SHM replace traditional inspection procedures?

*SDI: Special Detailed Inspection

A traditional type of inspection according to 

the A4A MSG-3 methodology
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CONCLUDING 
REMARKS • In the short-term S-SHM has the potential to become a

reality, as Special detail Inspection (SDI) in a robust

Aircraft’s maintenance program;

• S-SHM can accomplishment of scheduled inspection tasks,

providing an alternative to traditional NDI;

• CVM demonstrates a high level of maturity;

• LW has also demonstrated good results on both laboratory

and in-service tests, but it requires further studies in

order to better understand variables which affect system

responses and to develop more robust installation and

operation procedures;

• In the long term, with the maturation of SHM damage

detection systems and their evolution to the Automated

Structural Health Monitoring concept will be the proper

tool for a CBM application;
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