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STRATASYS OVERVIEW

For more than 25 years, Stratasys has been at
the forefront of 3D printing and additive
manufacturing innovation.

HEADQUARTERS OVER 1,200 GRANTED OR

EDEN PRAIRIE, MN PENDING ADDITIVE

AND REHOVOT, ISRAEL MANUFACTURING PATENTS
GLOBALLY

OVER 30 TECHNOLOGY AND

D LEADERSHIP AWARDS

PUBLICLY TRADED ON $696 MILLION
NASDAQ (SSYS) REVENUE (2015)
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2,700

EMPLOYEES

260+

RESELLERS

€ stratasys



l— ' | [

« STRATASYS ECOSYSTEM HELPING CUSTOMERS TRANFORM
BUSINESS MODELS

Customer
Strategic Partners y N Appllcat:ons_
Stratasys Direct Manufacturing & -
3 Materials

Strategic Consulting

3D Printers







We are Entering an Era of

Specialization




YESTERDAY

One size fits all

o— o— G b — Db —b»

TODAY

Specialized solutions for business critical applications
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Our Solutions

e A D = N & M

Automative Aerospace Medical Educztion Oental Comrrercial ConsLmer
Hraducts Products

Industry-Specific Applications

» Investments in advanced applications spark innovation in targeted industries

Custom solutions, such as certified materials, are developed to fit unique
needs of each industry

Dedicated personnel have deep expertise in education, dental, medical,
aerospace, automotive and manufacturing

& stratasys
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Customers
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Helping Customers Requires an In-depth Understanding
of Their Value Chain and Business Processes




Why Do Industries Like Aerospace Care?

LIGHTER PARTS CUSTOMIZATION INVENTORY SAVING

Additive manufacturing Additive manufacturing enables Additive manufacturing enables

enables lighter parts, lighter economic low volume production, distributed manufacturing, which
paris save fuel, saving fuel which enables cost effective upends a restrictive aftermarket
increases profit customization, which enables and eliminates billions in static

passenger differentiation inventory
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Changes in the Economics of Production

Conventional

Conventional 4 manufacturing
manufacturing
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Supply Chain Flexibility, Improved Buy-to-Fly Ratio, Weight Reduction




Composite Tooling

Source: “Tooling for Aerostructures 2014”
report from counterpoint market intelligence
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High Temp
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Construction
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FDM: Applicazioni
per | compositi
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Applicazioni per la produzione

Linea di Assemblaggio ed Automazione Formatura lamiera

NAVAZA IR

Termoformatura

STRATASYS [ THE 3D PRINTING SOLUTIONS COMPANY

g stratasys



Applicazioni per la produzione di Compositi

Stampi per il lay-up di Compositi Famiglie di attrezzi coordinati

&z stratasys
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Composite Tooling

FDM Composite Fabrication Applications

Consumable Tools /

B oo Jigs & Fixtures

Patterns Lay-Up & Repair Tools

Intensifiers
Caul Plates
Sacrificial Tooling
Printed Cores
Integrated
Interfaces
Trim Tool
Drill Tool
Check Fixture
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Composite Tooling — Presentation Focus

FDM Composite Fabrication Applications

Consumable Tools /
Cores

@)
=
E
|_
©
O
=
j —
O
©
7))

; stratasys



Panoramica
dell’applicazione

v



Anime sacrificali e mandrini

Produzione di parti cave complesse in
composito

« Condotti e tubatismi

« Serbatoi e contenitori

« Membri strutturali tubolari o cavi

-7 stratasys



Anime sacrificali e mandrini: panoramica

Processi supportati

 Filament-wound

« Pre-impregnate, wet lay-up,
resin-transfer

STRATASYS / THE 3D PRINTING SOLUTIONS COMPANY



Stampi incapsulati: campi di applicazione

Componenti in Composito a geometria cava
Supporto interno incapsulato nella geometria

L'anima deve essere rimovibile
« Materiale solubile
* Materiale collassabile
Compatibilita con i processi per compositi
« Temperature
* Pressioni

THE 3D PRINTING SOLUTIONS COMPANY



Soluzioni Tradizionali
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Soluzioni tradizionali

Diverse soluzioni
Dipendenza da processo produttivo e geometria

Comuni metodi tradizional
« Sali eutetici
« (Ceramiche solubili
e Uretani flessibili
« Stampi a conchiglia

SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS F stratasys



Anime con Sali eutetici

Vantaggi
* Molto resistenti
« Alte temperature
 Alte pressioni

Svantaggi
* Richiedono stampi in metallo
« Difficili da rimuovere
Acqua ad alta temperature

Getti ad alta prtessione
« Scalpelli

 Alta incidenza di scarti

SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
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Anime in Ceramica Solubile

Vantaggi
» Resistenti alle alte temperature
* Rimozione delicate in acqua
« Buona finitura superficiale

Svantaggi
* Richiedono stampi in metallo
* Fragili
» Pareti sottili o dettagli delicate sono impossibili
« Scarsa compatibilita con processi produttivi

SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS 2 stratasys



Uretano flessibile

Vantaggi
* Rimozione delicate in acqua
« Buona finitura superficiale
 Riutilizzabili

Svantaggi
* Richiedono stampi in metallo
« Coefficiente di espansione termica eccessivo
» |deali per geometrie semplici
* Richiedono inserti solidi e removibili

SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS 2 stratasys



Anime e mandrini: processo tradizionale

Produzione di anime
« Dallo stampo lavorato alle anime fuse
« Anime removibili multiparte lavorate

Problemi
« Limitazioni geometriche
« Parti inconsistenti
« Scarsa ripetibilita

SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS




Stampi Clamshel (a conchiglia)

Produzione degli stampi a conchiglia

* Opzione 1: stampo ricavato dal modello
Estrarre lo stampo dal modello

* Opzione 2: stampo lavorato
Vantaggi

« Riutilizzabile
« Buona finitura superficiale esterna

Svantaggi
« Limitazioni sulla geometria
« Lead time degli stampi
« Stampi con diversi componenti
» Richiedono giunzioni, quando l'accesso e limitato

- Finiture superficiali interne, grinze e e
STRATASYS / THE 3D PRINTING SOLUTIONS COMPANY * Stratasys




Anime sacrificali FDM
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Anime sacrificali: il processo & stratasys

La creazione di anime solubili FDM richiede due modifiche principali al processo FDM standard.

Insight :

Primo: il termoplastico standard di una parte FDM viene sostituito g;cgc; ;‘j;gf

con un materiale solubile, normalmente utilizzato per la o
costruzione delle strutture di supporto della parte.

Secondo: la struttura interna e realizzata principalmente cava per  /nsight : the toolpa

ox P - ! ; will automatically
renderne piu facile pulizia e rimozione. create a hollow
Due strade: interior reinforced
% : . . . a . with structure that
 Insight - il software Fortus di preparazione — € in grado di dlssoives qulallis

implementare I'opzione di riempimento parziale per creare
automaticamente una struttura interna che riduce al minimo il volume

interno del nucleo The final shape of the

 Creare nello strumento CAD una struttura interna che mantenga il inner structure ( | |
nucleo stabile sotto I'azione delle temperature e pressioni del Sparse double dense y
processo di stampa del composito option)

ix stratasys
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Anime sacrificali: la scelta FDM & stratasys

Un nuovo approccio offre sostanziali miglioramenti, sostituendo lo stampo con un nucleo
solubile FDM.

Le anime solubili riducono sostanzialmente lead time e costi di
manodopera, eliminando la necessita di fare lo stampo e
riducendo anche il tempo richiesto per la preparazione del
composito.

« metodo tradizionale: realizzare le due meta dello stampo, stendere la
fibra su ogni semiguscio, e poi incollare le due meta,

Engineers had only three days to design

« metodo abilitato FDM: il tessuto composito pud essere avvolto and manufacture a new air-duct outlet.

attorno al nucleo solubile. A polimerizzazione avvenuta, 'anima e
semplicemente sciolta. —r

concept model is made.

Monday: First iteration of air-duct outlet

STRATASYS / THE 3D PRINTING SOLUTIONS COMPANY ; suatasys



Sacrificial Cores & Mandrels

,
Y Stratasys

10 WORLD
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Anime sacrificali: Materiali e Prestazioni in temperatura

« ST-130 ™ per anime sacrificali - materiale solubile per attrezzature incapsulate complesse
« ULTEM™ Support — maggiori temperature sostenibili al piu basso CTE

ULTEM is a registered trademark of SABIC or its affiliates or subsidiaries.

STRATASYS / THE 3D PRINTING SOLUTIONS COMPANY



Anime sacrificali (non solubili): Ultem Support

Materiale X 4

« Supporto per ULTEM® (S1) (alternativo)
» Break-away: rimovibile manualmente
« Maggiori temperature di processo
s <« 176°C
« Compatibile con inserti in alluminio i ,
Processo | —

« Supporto per ULTEM®
« Costruire il mandrino
« Sigillare I'anima
« Lay-up e curing
» Applicare acetone per rendere fragile la
struttura
» Rimuovere manualmente il mandrino
« Non si dissolve
 Richiede un buon accesso all'interno

STRATASYS / THE 30 RS INSEG1SYed trademark of SABIC or affiliates



Vantaggi degli stampi
FDM per Compositi
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Anime sacrificali FDM

Sostituisce gli stampi a conchiglia
« Elimina le giunzioni, per parti piu robuste
« Aumenta la finitura superficiale interna (controllata)

Rimpiazza | metodi tradizionali per le anime
« Eliminazione dello stampo delle anime e la fusione delle

anime
+ Realizzazione automatizzata delle anime
* Riduzione dei tempi e del lavoro richiesto
« L’'anima o il mandrino si dissolvono dopo il processo di
polimerizzazione del composito L 2

« Aumento di consistenza accuratezza e resistenza

« Rimozione agevole del mandrino (lavaggio o rimozione
manual assistita)

* Interno solido o con struttura lattice per ottimizzare tempi di
rimozione e tenuta

« Piena compatibilita con resine epossidiche

« Nessuna variazione ai processi produttivi

- .. -
Carbon fiber manifold.

STRATASYS / THE 3D PRINTING SOLUTIONS COMPANY * suatasys




Sacrificial Cores & Mandrels: Competitive Overview*

Low

Ease of Consistency Production Design Lore
Removal Freedom Strength
Labor
Water
L ANAA v 5 v v
Soluble
Removable vvvYv (Reusable) 2444
Cores
Shape
Memory v v = v Vv v
Bladders
Sand Cores v Vv g v
Eutectic o - v vV
Salts
DM vvv vv v Vv v vvvvy v v v
STRATS Mt BitiTye F_Q_Lu__'rlmgomag@_ Lai ‘/ ‘/ = Good, ‘/ \/ ‘/ - Great): * Subjective qualities based on expert analysis

Requires
Dedicated
Tooling

Yes

No

Yes

Yes

Yes

No
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Anime e mandrini sacrificali: Benefici FDM

Riduzione di tempi e costi
« Fino al 95% di riduzione
- Sino a 1 giorno dal concetto alla realizzazione della parte

Lavoro manuale
« Meno aggiustaggio dello stampo e drastica riduzione delle fasi manuali

« Assenza di incollaggi tra semicomponenti

Miglioramento della parte in composito
« Realizzazione in pezzo singolo
 Controllo sulla finitura delle superfici interne

Riduzione dei rischi
* Investimento minimo e modifiche facili ed economiche
« Aumento di consistenza e resa delle anime

Typical time and %ﬁ%%ig?g%ﬁgg o’irﬁe% S%%rﬁ? Zggqgé%gr analysis, testimonials and feedback. Actual savings may vary based upon numerous factors, w Stl’a(asys

including traditional fi nology.



Customer Stories
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Alcuni nomi di riferimento

EE S ras QAurora  Chrasppion

CiIBRS Aerospace
RACING MOTORSPORT.om

Motorsports

Automotive - Performance

Aerospace Bicycles
et E.P I]LPIPEE IF'FE'I!B X = = ¢
S — w———— ASTON MARTIN Z—
BB S <</ e
aple \ N —

Motorspors e ASTON MARTIN

Automotive

(Numerosi clienti e service bureau,,che attualmente utilizzano la tecnologia FDM / Fortus per applicazioni nel campo dei mandrini solubili o degli stampi per il carbonio, non sono citati per accordi di riservatezza)

4z stratasys
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Customer Success Story — Sacrificial Tooling

Champion Motorsport

Porsche 997 Turbo inlet duct, Y-pipe, manifold
 Better airflow
 Lighter

Tried many approaches — none were sellable
« Bonded halves
« Molded sand core

FDM sacrificial core method
« Seam-free construction w/ consistent quality
« Control over interior and exterior

FDM composite core benefits
« ~85% faster
« ~85% less expensive

Carbon fiber inlet ducts.

STRATASYS / THE 3D PRINTING SOLUTIONS COMPANY

Method Cost Time
Traditional unusable unusable
FDM core* $150 1 day
Savings ~85% ~85%

* Produced in-house.




Customer Success Story — Sacrificial Tooling

Enabling an advanced product development team through ‘ o ok
e Swift Engineering Inc.
complex part fabrication

« Aero inlet duct with a complex, trapped-tool geometry

«  Wash-out tooling material (ST-130) used in place of multi-piece
bonded assembly and traditional wash-out tooling materials
« From concept design to composite part in < 1 week
¢ FDM build time is < 24 hours

« Default porous triangle fill pattern — optimized for autoclave
curing and tool dissolution

« Low temperature (<90 °C), 6 bar cure cycle

STRATASYS / THE 3D PRINTING SOLUTIONS COMPANY * Stratasys



Composite Tooling — Presentation Focus

FDM Composite Fabrication Applications

Consumable

Lay-Up & Repair Tools Tools / Cores

High Temp

SSSSSSSSS S 2 stratasys



Benefits of FDM
Composite Tooling
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Composite Tooling Today

Metal Tooling - ~75% of market

Model

Mold
$300-600K
6-12 months

Machining

Fixture
$100-200K
3-4 months

Part
Fabrication

FRP Tooling - ~25% of market

Model

Master

i $40-60K

7-8 weeks

Hand Lay-Up +
Machining

Mold
$40-60K
9-11 weeks

Machining Fixture
$40-60K
9-11 weeks

Current Pain Points

» High costs and long lead times
+ High levels of touch labor

* Lead time paces entire development programs, prevents
introduction of new technology, evolution, optimization, etc.

+ Costly design changes

» Large, heavy tools — difficult to move and store

Benefits of FDM

« Disruptive time & cost savings

+ Reduced lead times enable iteration, change, optimization
» Respond quickly to demand fluctuation

« Tailor the tool to the application vs. one-size-fits-all

» High temperature capable materials

« Handle tools with people, not cranes and forklifts

STRATASYS / THE 3D PRINTING SOLUTIONS COMPANY
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FDM Composite
Tooling
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FDM Composite Tooling Overview

Capable, cost effective lay-up tooling in days, not months

High temp, autoclave-cure compatible

« >350°F, 100+ psig
Eliminates the need for masters, machining, and assembly

lterate, change and modify designs with relative ease

Key Considerations

— Cure temperature — CTE impacts
— Tolerances, features — Surface prep/sealing
— Build orientation — Vacuum bagging, process details

STRATASYS / THE 3D PRINTING SOLUTIONS COMPANY




Key Development Partners

Industry Collaborators
* Novel application development
« Complex geometry evaluation
« Technical input and knowledge sharing

« Testing and characterization

Many other significant contributors not listed per non-disclosure agreements

Nurora

FLIGHT SCIENCES

Swift Engineering Inc.

WINONA

STATE UNIVERSITY

STRATASYS / THE 3D PRINTING SOLUTIONS COMPANY
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Composite Tooling

Key Considerations
« Cure temperature (and pressure)

« Coefficient of thermal expansion

* Accuracy / tolerances, design features

« Build orientation / design for additive manufacturing (AM)
« Vacuum bagging, structural integrity

« Surface preparation (tool sealing)

Design

STRATASYS / THE 3D PRINTING SOLUTIONS COMPANY



Design and Build Considerations

Tolerances
Fortus 900mc™: + 0.035 inch or 0.0015 inch/inch

Build orientation impacts

«  Surface finish, mechanical properties, build time S SoRe— '
“Shell” Style ' “Sparse” Style
Tool Tool

=~

Build style impacts
* Material usage, build time, mechanical properties

Design for AM (DFAM)

« Design for cost and function
» Tailor the tool design to the application

Cost VS. ——— Structural Integrity

Sparse Double-Dense Hexonal Sdli

; stratasys
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Vacuum Bagging and Structural Integrity

Envelope bag when possible

Surface bagging also effective with sealed tools

Tool Construction impacts bagging approach “'SheT'Eo?me
« “Shell” style tools :

»  Works well for both, easily handles 100+ psig

« “Sparse” style tools
* Envelope bagging — must be sized appropriately

« Surface bagging eliminates crushing concerns
(pressure evenly distributed on all sides)

2" Sparse. |
Spacing;

STRATASYS / THE 3D PRINTING SOLUTIONS COMPANY

“Sparse” Style
Tool




Vacuum Bagging and Build Construction

“Sparse” Style
Tool

Sparse Style Tool Construction
« Tailor raster spacing based on the application

« “Sparse” style tools
«  Surface bagging
»  Pressure distributes evenly
« Sparse fill spacing impacts overall tool rigidity

» Use uncapped (open) ends for venting and improved air flow V4" Sparse
Spacing_,_

* Envelope bagging — general guidelines per the table below:

Consolidation Pressure Max. Sparse Spacing ~Relative Material Use
Vacuum only — 40 psi 0.5 inch 1.0
< 60 psi 0.25 inch 13
80 — 100 psi 0.1 inch 2.2

Note — Sparse spacing is based on a wall thickness of 0.1 inch (thickness has minimal impact on pressure capability).

STRATASYS / THE 3D PRINTING SOLUTIONS COMPANY




Customer Stories
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Customer Success Story — Lay-Up Mandrels

Enabling innovation for a leading business-jet OEM

High-temperature, cost-effective lay-up tooling for an innovative
“single shot” composite aileron (patent pending)

« Guided material selection (ULTEM 1010 resin) and optimization
of the design and build parameters

« Leveraged experience to use a typical drawback (high thermal
expansion) as a significant advantage — improved compaction
and hassle-free mandrel extraction

« Cut tooling lead time from months to under 10 days

STRATASYS / THE 3D PRINTING SOLUTIONS COMPANY




Composite Tooling Success Story YAurora

FFFFFFF CIENCES

Addressed a rapid-response, critical customer need for a 9-foot-long
composite “belly pod” fairing tool

«  Multi-segment tool (seven unique sections)
*  Produced in < 2 weeks

« Used sparse filled sections and hollow sections with foam fill

-
=1
¥

. ; ¥ 4 . a 4
= _.a-‘ F-" v

Finished/painted fairing

« Tool segments joined with printed mechanical joints

«  Geometry produces a trapped tool — design of tool segments allowed for
“drop out” (easily removable) reusable tooling

«  Low temperature cure (200°F), no manual post-processing, quickly sealed
with Teflon tape to meet tight time requirements

- Featured in June 2015 Composites World magazine article Fiberg'ft‘ﬁ:’%ﬁ‘ﬁgring on

STRATASYS / THE 3D PRINTING SOLUTIONS COMPANY t s"alasys



Economic
Advantages
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Examples — Disruptive Cost Reduction

“Small” Tool Example (~6-ft long):

=

: Lift points <15 Ibs.
- Existing FRP Tooling FDM Tooling

Cost — $40-60K (master & mold) Cost — $2500

' Lead time — 10-14 weeks Build time — 40 hours

> 90% cost/time reduction

FDM Tooling
Cost — < $25K
Build time — < 2 weeks

“Large” Tool Example (~15-ft long):

Existing FRP Tooling
Cost — $80-120K (master & mold)
Lead time — 15-20 weeks

> 75% cost/time reduction

STRATASYS / THE 3D PRINTING SOLUTIONS COMPANY
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Shaping What’s Next
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STRONGEST FDM
MATERIAL YET
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MARKET PROBLEM

« Some manufacturing tooling is heavy; need a strong, yet light material
» Need lightweight tools/parts that won’t deform

« Strong demand for composite materials

:; stratasys
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Introducing Nylon 12CF (Carbon-Filled) )
FDM Carbon fiber-filled thermoplastic material

Nylon 12CF delivers the highest strength and stiffness-to-weight ratio
of any Stratasys FDM material

« Unique stiffness and strength allows it to replace metal components in:
* Functional prototypes
« Tooling Applications
* Production parts

STRATASYS / THE 3D PRINTING SOLUTIONS COMPANY



NYLON 12CF,

STRONGEST FDM MATERIAL YET: TOP MARKETS

Automotive y '”*- . RS Industrial
Manufacturlng A= Manufacturing

-.. .\.. -
—~ “.‘ 1 ;ﬂ'.m ‘ e
W dIMI

F{ecreatlonal || = Aerospace
Manufacturing i Manufacturing

STRATASYS / THE 3D PRINTING SOLUTIONS COMPANY
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NYLON 12CF LIGHTENS THE LOAD IN WEIGHT AND COSTS
Converting metal to plastic

[ THEME = “CONVERTING METAL TO PLASTIC"

LEVERS

Nylon 12CF is strong enough to replace
metal parts, in order to lightening the

weight and reduce part costs. / CALIPER COVER
Metal parts produced in Nylon 12CF /
Brake levers ¢ %‘g’f—
« Caliper cover | // ] 3
- Chain guard
« Engine cover . |
- Stand
« Foot pegs
Benefits:

« Reduce part costs
« Lighten motorcycle, increasing

- : . - _' j :
performance V- FOOT PEGS




NYLON 12CF AVAILABLE ON THE FORTUS 450MC

FO rtUS 450mC (all versions)

Available in 0.010 in. (.0254 mm) slice height

Availability on other Fortus machines TBA

SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
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SCALE AND ENDURANCE FOR LARGE TOOLS AND PRODUCTION PARTS

x Size
Infinite Length
t(ﬂ”§5 Speed
4

>10x

o3 Functionality

@ Tool Change
Quality
@ Process Control

Infinite Build 3D Demonstrator

STRATASYS / THE 3D PRINTING SOLUTIONS COMPANY

& stratasys



Infinite-Build 3D Demonstrator

» Bigger Parts — Horizontal Build

 Better Parts — Better extrusion and In Situ process
control to increase reliability

 Tool changer

 Faster Throughput — 10x Faster Deposition plus high
acceleration motion system

« Unattended Production — Tool change to increase

reliability, introduce multiple materials, and automate
material replenishment

Scale and endurance for
large tools and production parts




STRONG AND LIGHT COMPOSITE STRUCTURES

$13 Billion

Aerospace composite
structures market 2016

7.1% CAGR

Robotic Composite 3D Applications

Source: Counterpoint Market Intelligence

& stratasys



COMPOSITE STRUCTURES WITH STRENGTH IN ANY DIRECTION

Strength
Directional Composites

Q Speed

Support Elimination

Flexibility
Hybridization

C@ 8-Axis Motion & PLM Workflow

SIEMENS

Robotic Composite 3D Demonstrator

STRATASYS / THE 3D PRINTING SOLUTIONS COMPANY
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YESTERDAY

One size fits all

o— o— G b — Db —b»

TODAY

Specialized solutions for business critical applications

s lo o 50 > (oo o>




Helping Customers Requires an In-depth Understanding
of Their Value Chain and Business Processes




stratasys

Uniquely Positioned to lead the
New Era of 3D Printing Specialization




THANK YOU!
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