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Lenovo was

_____ po—— THE FORTUNE

 MIEDION'
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Lenovo is...

- i . Z
A $30B global personal technology company - . :‘; '

with 30,000 people and customers in 1§O+, countries.

-

&



Lenovo R&D

Beijing, China

" Largest team for Lenovo
mainstream products

QESJ

= Defines future technologies and
products, specify performances

* R&D Budget for FY11/12: USD 453M in R&D 2 lenowo.mx3
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Integrated Structure

Market Demands

THINK LENOVO
BUSINESS GROUP (TBG) BUSINESS GROUP (LBG)

e Premium PCs Mainstream/Entry PCs
e Tablets Tablets
* Enterprise Smartphones

TV

INTEGRATED
OPERATIONS

lenovo.z3
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LBG Laptops
UItrabook Entry Ultrabook

Game Player

YOGA

A
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Colorful

MIIX

Flghting boxes

Ultra slim

Mainstream

Convertibles

lenovo.z3
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CASE Study: Applying Composites as Laptop Enclosures
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Ultrabooks

C pspress 1-35 kg > Weight of A, C, D covers: 412 g
Ideapac;-%g%\(;z 1.34 kg \\\
E Ultrabooks Q
—> Total weight of U300s 1340 g
il ASUS

Zenbook x31 1-90 Kg

= All 15t Gen. Ultrabooks used metallic enclosures (Al-alloy)

= The weight of metallic enclosure is 30%-40% of the total weight of the system.

lenovo.z3
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A bottle of coke ?

1.25I E

A

1.35 kg =
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Q: Load
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Thickness

Width

Elastic Modulus
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Thickness [mm]
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Stiffness ~(1/Thickness)’

PC+IMD

PC/ABS+IMD

PC+40%GF

PPA+50%GF Venues ||

Stamping Al+Anodizing | US00s
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Ultraslim # Ultralight

75

100

125

150

Part Weight * [g]
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200

A T T T T ]
* Estimated based on a Mg-Li Alloy —
.14 inch-sized A cover ®
J CFRP:
a ‘ PPA+50% GF o
 PCIABS
® Stamping Al Alloy .
>
2.0 1.8 1.6 1.4 1.2 1.0 0.8
Thickness* [mm] lenovo.:
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Benefit

B A, C&Dcovers

[ Others
1340¢g
“ Al Covers CFRP Covers
[g] [g] _ 1165 g

LCD Cover 152 97 %
i

B - - — — — — .
Top Cover 117 55 g
Base Cover 143 85 le_g
2
Others 928 928 @

= Data calculated based on geometry of U300s

U300s U300s
Al Covers CFRP Covers
lenovo.:3
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Successful Stories
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DEVELOPMENT of
CFRP PARTS




e

Thermoplastic Thermosets

I:l CF Composite

THOSE
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5
S0t

6
60t

Tensile Modulus [100 GPa]
Commercial grades

lenovo.z3



Processing of CF Plates (Thermosets)

CF X
IR Heatin E
GREE — Prepeg
— o ]
time
—
A T
. P T
Resin T —
: —
CF Uniform Direction (UD) Tape Impregnation Process j— =
(R
CF\\AA
/ Pressing
IR Heating
s MBHED : — Prepeg
[—

O |

CF xk Woven
Part
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Powder Impregnation Process ﬁ

Pressure

lenovo.z3
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Pressing

Typical fiber orientation:
0/90/-45/45

S AME
SCHEREMRHBIERAR
() HIERMrE
A A
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Changing of Elastic Modulus

1/2E,,+1/2E,,

©
N
»

/

3/8E,,+5/8E,,

Angle [°]
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Thermo-pressing

[ — w\‘, = tooling Heating Curing Cooling
— _— _— — 15mn i 12 mi ,
18 min min 15 min
tooling Heating Curing Cooling Total: 60 min
5 A i . Double Cavity: 45 min
=150 : £ =
o ) 2
S E E) Tooling+Heating
— : I —
© ' cl
E Tg 1 )] i
Q ' S : W
£ E ? { =
= 25 ' o A
: o Hot-in Curing Hot-out tooling
: - 0.5min 12min 0.5min 1mn Total: 12 min
0 15 30 45 60 : :
Time [min] :
v
Cooling

lenovo.z3
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Development Strategy

Mechanical Stable

| R
E
w
=
U300s
U310/410
et
=
U430
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FOam

UD T7 00
UD M55
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——

e D300

e
3K T300

U300s
Trialed

LID M55
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Fixum
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Wavan
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D Traa

R&D Portfolio 1:
3D Stamping
CTQ:

» Appearance

» Cost

» Antenna

R&D Portfolio 2:
Insert Molding
CTQ:

» Performance

» Flexibility

lenovo.z3
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PRACTICAL
EXPERIENCES




3D + bonding

CNC

3D Press

Advantage:

e High Efficiency

e Unique surface appearance, no knit-lines
e Good match to ID design

* Relative low part cost

26 2011 Lenovo Confidential. All rights reserved.

== /2 L.

Polishing

Disadvantage:

* Bonding strength,

* Assembling tolerance

e Solution to antenna performance
e Aging at edges

* No chance for sandwich structure

=
—

Bonding —— Painting —>

lenovo.z3
[WHOJDO.,



Prototype

Prototype: U300s
March. 2012

27 2011 Lenovo Confidential. All rights reserved.

Dimension stability [%] +0.5-1
) i Z-direction warpage [mm] 03-05
Dimension
Undercuts MNot recommended
KB frame / thermal vents MNot recommended
Mini. Radii R0O5
Mini. Side wall-thickness for [mm] 1.2
Processing Mini. Hole diameter [mm] 0.15
Mini. Hole edge distance [mm)] 2
Recess in-depth [mm] 0.35
lenovo.::
[WHO|DO.



Appearance

Ay o
Ay | (intel)

Patterns | N

3D Features

lenovo.z3
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ID Design & Antenna Solution

Kevlar
=] |
[ |
'.jg—_—ls_rl:;—h—‘:—ifi lmj el :
i | i s | B S s | S |
J:r_l_ i ' !:E _ _]-l: "_-_ _— Kevlar /
= R et CF

—

T RO woven

A Kevlar |
| HiE | By
| Bl J Kevlar woven /

Gen. 2 Kevlar/CF Woven ———— Hybrid thermo-pressing

Gen. 1 CF/GF Woven

Haoninag & voudt Patent Disclosure Haoning & Youdt Patent Disclosure

Risks: High Cost | Appearance & Color Difference

lenovo.z3
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2D + Insert Molding

Cutting

Prepeg — 2D Press

Advantage:

e Solution to Antenna

e Cover all edges with plastic

e Able to apply sandwich structure
e Good assembling performance

e Good assembling strength

30 © 2011 Lenovo Confidential. All rights reserved.

WAVA

nlllr;?j::g Polishing - Painting —_—
Disadvantage:
* Design flexibility
e Knitline
e Technology complexity
e Limited resources
* High processing costs
lenovo.:n
[WHOJDO]




Insert Molding

CFRP

e CFRP Stiffness/thickness contr.
Tooling and Processing * Foams
e  Tooling design * Adhesives
. Tooling costs Plastic
e  Design of conjunction Instruments e Plastic Material
. Clamping system/logo « Adhesion
. Cooling system e CTE

Design Details
e Antenna cover
 Coating . .
e Form factors Processing Conditions

° Appea rance ’eno
31 ©2011 Lenovo Confidential. All rights reserved. [WHO|DO.|



Current Progress

Gen. 1

* Non-transparent coating
e Thermosets

e Sandwich. d=1.5 mm

e Antennasolution

e S$29

32 © 2011 Lenovo Confidential. All rights reserved.

Gen. 2

Transparent coating
Thermoplastics
Sandwich. d=1.3 mm
Antenna solution
$35

Gen.3

Transparent coating
d=1.0 mm
$25

Gen.4
lenovo.:3
[WHOJDO.,



Decoration

A
$31
Yield Rate: A ,
— 30 50-60%: High Gloss UV coating Non-transparent Coating
E - 70-80%: High Gloss PU coating (Backup .3)
’::'3 20 ——  Metallic Coating
w
3 Yield Rate:  85-95% (Backup .2)
10
- :
Low Gloss UV Coating
Thermoset Resin CFRP (Backup .1)
—
= Using CFRP significantly reduced system weight High Gloss UV Coating
= ~$10 was spent for surface treatment (Original Design)
lenovo.:
THOSE
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Open
Discussions




CF and Continuous Sheet Processing

A
TW Plastic
s 4%, Y
31 Cytec
E‘;T; T—  mMitsubishi Toho
* - HEHEI/ b u
3%
=
© n
o Bonding
Py CNC
= 20
7]
O
O
10
Thermoset Resin CFRP
lenovo.:3
THOSE
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Cost Target

Material & Processing Mg-Diecasting CFRP

Thickness 0.8 mm 0.8 mm
Density 1.7-1.8 g/cm3 1.7-1.8 g /cm3
Antenna Performance Insert Molding Insert Molding
Internal Features Insert Molding Insert Molding
General Decoration Method Painting Painting
Appearance Plastic — like Premium
Resources Mainland China ?

Cost Estimated USD 17-20 ?

lenovo.:z
THOSE
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