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THE LUNBREAKABLES’ TEAM

ANGELA
ALLERGIC TO SHORTCUTS AND NONSENSE. THE STUDENT. NEW TO THE FIELD,
THE ONE GUIDING JOVI THROUGHOUT THE QUICK TO ASK THE QUESTIONS EVERYONE
EXPERIMENTS AND MAKING SURE LEON'S ELSE STOPPED ASKING YEARS AGO.
JOKES ARE UNDERSTOOD. TAKES THINGS A LITTLE TOO LITERALLY
FUN FACT: ONLY TRUSTS AN ADHESIVE AFTER SOMETIMES. )
TESTING IT MULTIPLE TIMES. SAME APPLIES FUN FACT: STILL HASN'T FINISHED
TO PEOPLE. READING THE BOOK.

|
g >/ OLIVER

DATA-ORIENTED, CALM THE PROFESSOR. BELIEVES NEVER DRY, DEADPAN AND OCCASIONALLY

AND PATIENT. LOGS DO TOMORROW WHAT YOU CAN DO TODAY. INTIMIDATING IN A WAY THAT'S
EVERYTHING, CROSS- DELIVERS DEVASTATING SENTENCES SOMEHOW REASSURING. HAS AN
REFERENCES STRESS WITH A COMPLETELY STRAIGHT FACE. EVIL GRIN RESERVED SPECIFICALLY
CONCENTRATIONS FUN FACT: HE 1S ALWAYS RIGHT, FOR TERRIFYING JOVI.

AND SPEAKS FLUENT CAD. FUN FACT: IF THERE'S NO MACHINE
DOESN'T MIND TAKING FOR THE JOB OR IT'S TOO EXPENSIVE,
THE TIME TO EXPLAIN TO JOVI. HE HAS PROBABLY ALREADY BLILT ONE.

FUN FACT: HE HAS A FAVORITE
POINT ON THE STRESS-STRAIN
CURVE. IT'S THE YIELD POINT.

HE FINDS FRACTURE
o AMGO’S COMPANY

AMGO'S REPRESENTATIVE, CAUGHT

BETWEEN THE BOARD'S DEADLINE AND

AN ENGINEERING PROBLEM THAT DOESN'T

CARE ABOUT DEADLINES.

FUN FACT: HAS LEARNED TO SAY "WE CANNOT SHARE IT"
IN AT LEAST FOUR DIFFERENT TONES OF VOICE.

PORA
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RIVETS?
WE'D JUST
BE TRADING

ONE PROBLEM

FOR ANOTHER.,

fuseLabe
Dgno-lﬂ““’* |

EXACTLY.

G L : LET'S THINK
WELL, 2 . - : 2 ABOUT WHAT
RIVETS HAVE : HAPPENS LP
BEEN RELIABLE, \ THERE.
BUT THEY DO AT 30,000 FEET,
HAVE T\ WE'RE
LIMITATIONS. - PRESSURIZING

THIS CABIN LIKE
A BAL

M w

INTERNAL PRESSURIZATION.

WL
074

EVERY FLIGHT,
THAT PRESSURE
TRIES TO RIP
THE SKIN OFF.
AND THESE TINY
HOLES? THEY ARE
BEARING
MOST OF IT!

27
K 4

ALL THE LOAD IS
CONCENTRATED ON
THESE TINY HOLES.

A
D
H
E
S
|
v
E




BEFORE

WE PACK,
BROKEN LET'S ESTABLISH
WING BEATS THE BASICS
A THOUSAND '
PAGES. Joun

GIVE ME

ADHEREND,
ADHESIVE,
APHEREND.

AT
FIRST SIGHT,
THREE LAYERS
LOOK COMPLETE.

THE OTHER

ot i TWO LINKS ARE
By , THE ADHESION.

INSIDE THE YOU CAN
PLANE 7 SEE THEM
ouo [ AS HANDSHAKES
ReALLY |8 BETWEEN

WANT ALL

FIVE LINKS THE OTHERS.
CONSIDERED,

AFTER ALL,
IT'S NOT A
DEAL UNTIL

YOU SHAKE
HANDS.

AMGO HAD
STRONG
MATERIALS
(LINKS 1 AND 5)
AND A
QUALITY

ADHESIVE
CLINK 3.

THE
CFRP
HANDSHAKE
CLINK 2) HELD.
THE ALUMINIUM
HANDSHAKE
CLINK 47
DID NOT.

BOND DIDN'T
HoLD.




sloN
FAILED? '; ,‘Afff;\ Linmiom

How? —> Peel Load

THE
AS-RECEIVED
ONE... IT'S
BEADING UP.
LIK% WATER

N A
WAXED CAR.

AS-RECEIVED

|

SOLVENT-WIPED

BUT
THIS

ONE
SPREADS.

FOR
ALLMINILM,
THAT WIPE WHAT DO
ALREADY YOU THINK
IMPROVES HAPPENS
ITALOT. IF WE APPLY

AND IF IT
NEVER

T CAN'T SPREADS,
Spreio. IT NeveR
IT JusT THE

SURFACE.

siTs
ON TOP.




I PULLED THE
SURFACE
PREPARATION
AND HANDLING
RECORDS FOR
THE FAILED
JOINTS.

AMGO MANUFACTURING PROCESS SHEET

Step 1: Degrease aluminium surface —
solvent wipe, two-pass.

Step 2: Mechanical abrasion.

Step 3: Anodise (PAA).

Step 4: Apply Proprietary Primer
AMGO PROCESS A12
[chemistry CONFIDENTIAL].
Cure window per Process A12.

= |

Step 5: Apply structural adhesive. v

Handling log:
. Part on production line throughout.
. Total elapsed time between primer application

and adhesive: 5-7 hours (Process A12 cure + Step 5
staging).

EVERY BOX
TICKED. BY THE
BOOK. THEY EVEN

USED THEIR
PROPRIETARY
PRIMER
PROCESS
Az,
WHICH

STEP 1S
CONFIDENTIAL
TO AMGO.

WE CANNOT
SHARE IT. NOT
WITH YoU,

NOT WITH OUR
(OWN ENGINEERS,
OUTSIDE THE

WHAT PROCESS
Al2 1S,
WHAT WE
CAN SEE 1S
THE FIVE-
TO-SEVEN

THE PART IS
ON THE

DLICT ION

DURING

HOUR INTERVAL T -r| TERVAL.
BETWEEN HA N E VA
THE WINDOW

THEIR RECIPE WAS
RIGHT. SOMEWHERE
IN THAT INTERVAL
BEFORE, DURING,
OR AFTER THE

PROPRIETARY WE CAN SHOW THAT.
PRIMER A AMGO WILL HAVE
SURFACE THAT TO FIND WHICH
WAS SUPPOSED MOMENT
TO STAY THEMSELVES.
BONDABLE

STOPPED BEING
BONDABLE.

SOIT IS
NOT ‘THEY
CLEANED

WRONG’.

IT IS "SOMEWHERE
IN FIVE TO SEVEN
HOURS OF THEIR

PROPRIETARY
PROCESS,
THE ADHESION
AT THE INTERFACE

WAS
COMPROMISED.

THERE IT IS.

24



SUREACE PREPARATION PROCESSHES
(CLA?S\C\CMION)

PASSIVE
PROCESSES
REMOVE

CONTAMINATION
AND, IN THE
MECHANICAL CASE,
RESHAPE THE
SURFACE
TOPOGRAPHY.
THEY DO

NOT CHANGE
THE CHEMISTRY OF
THE SURFACE
ITSELF.

r
PASS|VE

ON THE
OTHER HAND,
REPLACE OR
T Sureace
sU
CLEAN UP, CHEMISTRY
BUT DON'T ENTIRELY.

Surface Treafment Classification Tree

. contamnafion “e. -
_...J\, e et . sur(ace daemistr
(ewoved o/ / o wodified /)

' '.f‘érﬁ‘ﬁ?a PAS S E AChwE . surfuce vergy

yassed
nevJ chevvuis’rr)r Chemical
(f;;'r;;’f Sfp:3‘396\3?ﬂ§$ﬂ33 (etchng, anodisation)
Me chanical Physua(—Chemucm(
(obrasion, Shot blasting, (plasma, cokona flame)
wibratior ’

Chemical

FiRer. ® ! 45’ J
SOLVEENT azoss
THEN ABRADE. W'PE WITH ABRADE § WATEH
THEN CLEAN o

) 6:35
.

ABRASION

ROUGHNESS. THE
IT REMOVES  ROUGHNESS
IS A BONUS.

BETTER.
NOT BEST.

THE WEAK
OUTER LAYERS:

CONTAMINATION,
LOOSE OXIDES.

42



SAME
PROCEDURE.
NO ONE

WATCHING
THIS TIME.

SOLVENT WIPE.

EVAPORATION

TIME. 3 PASSES
WS

AT S .
8 MM STANDOFF.

¢ Shmdol} R

« ek oo e
- \r.ssta

-
AN
W

ALRIGHT.

n:48

o \’

f

|

WHAT TIME
plo You
TREAT IT?

NEXT MORNING...

ADHESIVE

ar=\
. &Q\ |

v
UNIVERSAL
TESTING
MACHINE

ADHESIVE
FAILLIRE.
BUT I HAD
28




STRUCTURAL BONDS NEED STIFFNESS AND STRENGTH, SO THE STRUCTURAL ADHESIVES (SHEAR
STRENGTH > 5 MPu) ARE ALMOST ALL THERMOSETS. THESE ARE THE MAIN FAMILIES:

[ MODIFIED ACRYLIC (MMA) |

- VERY FAST CURE;

- SERVICE TEMPERATURE

40°c¢ T0 120 °C;

- TOLERATES POORLY PREPARED
SURFACES;

- STRONG ODOUR;

- CAN BOND WITHOUT PRIMERS;

- WIDELY USED IN AUTOMOTIVE

- KING OF STRUCTURAL ADHESIVES;
- STRONG; M
- STIFF; WL
- DIMENSIONALLY STABLE;

- EXCELLENT CHEMICAL RESISTANCE;
- AVAILABLE IN ONE-PART CHEAT CLRE)

AND TWO-PART (ROOM TEMP) AND MARINE.
FRITTE LN 2SS MODIFIE
- D D,
- COMMERCIAL EPOXIES ARE TYPICALLY FHENCLHIC
TOUGHENED WITH RUBBER OR - HIGH TEMPERATURE RESISTANCE CTO 180°C);
HYBRID FILLERS; - BRITTLE;
- LOW PEEL STRENGTH;
- LISED IN AEROSPACE COMPOSITE AND - REQUIRES HEAT + PRESSUIRE TO CLRE;
METAL BONDS.
- HISTORICAL NOTE: THE FIRET ¢
STRUCTURAL ADHESIVE USED IN >
AERONAUTICS WAS VINYL-PHENOLIC Pt
POLYURETHANE Py (REDUX SERIES, LK, WWID.

HIGH TEMPERATLIRES; -
- BONDS SUBSTRATES WITH LOWER A e
SURFACE ENERGY (GLASS, SOME POLYMERS); - I

- THE MOST COMMON ARE POLYAMIDES,
BISMALEIMIDES AND POLYBENZIMIDAZOLES;

- EXCLUSIVELY AEROSPACE.

- USED IN WINDSCREENS AND VEHICLE BODIES.

- FLEXIBLE AND DEFORMABLE;

i sl @ Svnes houees i

- L URES;

- ' - MAXIMUM TEMPERATURE RESISTANCE
PERFORMANCE DROPS QUICKLY AT B CUP TO 280 °C);

THE SURFACE
CONTAMINATION
WAS NOT.

S0 EPOXY.
15 STRONG
BUT BRITTLE.
YOU CAN.
ADD RUBBER
PARTICLES,
BUT HOW

AMGO
WAS USING
AN EPOXY.

ADHESIVE
FAMILY

THAT
WAS
WoRK? CORRECT.

INSIDE THEIR
PROPRIETARY

BROKE THE
AGHESION
AT THE
INTERFACE.

TO A SURFACE

COMPROMISED

BETWEEN THE,
STEPS.

50



EMBARRA-
SSED,

OTHERWISE

ALRIGHT. |2

ARE
you
ALRIGHT?

\_éj\

EXPERIENCED
ENGINEERS.

YOU KNOW
THE LECTURE
S0 WELL
You
STOP
HEARING
IT.

THAT ONE

ey You ¢AN
\NOT A QUOTE.

SEPARATE

CHAPTER.

ot ¢

f.wwom‘“k

'SOLVENT

— AND

A PRIMER,
ALWAYS

\ INSIDE
THE
Hoob,

TECHNICAL INSET - HEALTH, SAFETY & ENVIRONMENT

SAFETY ISN'T A SEPARATE CHAPTER: IT'S EVERY CHAPTER, AT THE SAME TIME. i

UNCURED
EPOXY AND
PRIMER ARE
SENSITIZERS.
NOT

DANGEROUS
ONCE, BUT
DANGEROUS

WELL, NEVER
MIX WASTE
STREAMS.

APPLIES TO
ALCOHOL
AS WELL.

ALl OF
THIS OCCA-
BECAIEJ5E SIONALLY,

PRIMERS 50 ARE THE
ANI PI

D EOPLE
SOLVENTS  USING
ARE THEM.
VOLATILE,

60



AMGO HANGAR.
THE
b CORRECTED
PROCEDLRE
APPLIED TO
THE WING
ITSELF.

i

I'M FINALLY
GETTING IT!
ALUMINILIM:

BEAD
APPLIED
CONTINUOUSLY.

IN
AGREEMENT,

NO DISBONDS.
THE JOINT
1S SOLIND.

DAY 1, YOU
COULDN'T TELL
ME WHAT
PRIMER WINDOW
WAS. NOW,
DAY 19,
YOU'RE SETTING
IT AND
SIGNING OFF
THE NDT.
NOT BAD, KID.

THE DAY THE
PROFESSOR STOPS
TALKING 1S THE
DAY HE TRUSTS
THE ROOM.




JOVI CONTINUED AT THE
UNBREAKABLES’ LAB IN PORTO.
THE AMGO CASE WAS ADDED
TO THE SECOND EPITION OF
THE UNBREAKABLES — END. THE BOOK “INTROPUCTION TO
APHESIVE BONPING”.




Doing a Master's thesis is a lot of work, and Jovi knows

it all too well. At first, he thought everything he needed
wlas in the textbook. However, Professor Leon had other
plans,

When AMGO, an aerospace company, reaches out asking

for help lnveshqaflnq a mysterious failure in its first
fully-bonded primary structure, Jovi's theoretical thesis
turns into a hands-on mves’rlqahon The textbook doesn't
disappear, it just starts showing up exactly when he

heeds it.

Is AMGO flying too close to the limit? The company's board
wants answers, and they're ready to go back to rivets if the
problem isn't solved. Can the team find the root cause before
It's too late? And can Jovi keep up?

Grab your lab coat. Let's find out.

=7
ONE MIGHT THINK ACADEMIA ﬁ

AND INDUSTRY DON'T HAVE MUCH v
TO SAY TO EACH OTHER. THIS 2
STORY SAYS OTHERWISE.
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