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Seats: 150-200 passengers

= ARJ21

Seats: about 100 passengers
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m Materials used in Airplane manufacturing

Percent of Structural Weight Carbon Fibers (IM7) Used
F/A-18C/D F/A-18E/F Increased Carbon Epoxy BLWing Sl TAR S
49 - 31 Usage in Center and <%
1514 Aft Fuselage / o
y - [FE— | | vl [
S A . g
A8 —15

100 100

High Strength/Durability Improved Toughness

Resin (977-3) Used in
(AERMET 100) Used in All C/E Structural

and Flap Transmissions Applications
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Steel 5%

10%
Il carben laminate tanium Comsp;o:ms
[B carbon sandwich 15% L
[ Fiberglass
[l Aluminum Aluminum
[] Aluminum/steel/itanium pylons 20%




Lighter weight materials for lower fuel burn

B Glass Fiber Reqnforced Plastic TDASSO firsts
I ‘Quartz Fiber Re-inforced Plastic ﬂ
B Carbon Fiber Re-inforced Plastic

Materials used in Boeing

B747 *R* em
(19684F

Al: 81% — 78% T o—— 70%

Ti: 4% ——m 0% _—— 7%
Composite:1% — 3% ——  11%

2p £




Materials used in turbine engine

Composite
Aluminium
Titanium
Steel
Nickel
Kevlar




F-18 Titanium Landing Gear Fitting

CALEITE

Saab Grippen Spar

r B ea 767 Aluminum Side Load Fitting
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Forces Shaping the 21°° Century
Manufacturing Environment

o . -
/\Mdespread Availab'\l'\ty,\ﬁ/ Accelerating \
| & Distribution Technological

JE—

{ Rapidly Expanding Increasing

; Workforce
Technology Access Diversity
21st Century

_ Manufacturing

e \ Environment o ‘\
Increasing Customer Globalization of \

L Markets &
Expectations Competition

2/ Envirnnmenm\\ ﬁrea'sing Knmm
( Replenishing & Intensity in Products,
Resource Limitations = Technology, Workforce
1598-03

) B Ml =29 SR K K

United States
I Germany
Japan

China
Mexico

Average Annual % Growth

2%

204 1980-1990 1990-2000

FIGURE 11-1 Average annual percentage growth in manufacturing for five countries in the periods 1980
to 1990 and 1980 to 2000. SOURCE: The World Bank 2002 World Development Indicators. Available at
http:/fwww worldbank.org/data/.
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2004
high-speed cutting with

an industrial robot > :
reconfigurable

machine tool
2000
optimized milling machine
with linear motor drives

"""“; = ' European High
ed Machining Award

1992 1996

o R, huge 5-axis-HSC-machine - - .
i . e first 3D-milling-
Fﬁ fpr thelfmlshmg of ; d % g machine for die and mold

fiber-reinforced plastics . P
making with linear motor

feed drives
1985
first line of , 3
HSC- machlneﬁ f"
(with frames
out of reaction o 1
resin concrete)

first industry-fitting motor spindle
with active magnetic bearings

1980 start of PTW's HSC research
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A o . ] H H:35-40%,
SN B2
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ap: JIHHA2K3-4%,
ae: JJH FHA£1120-40%,
fz: 0.05-,15 mm/iki
X I T AGERE bn T
Ve:  200-250 m/43,
a,: 0.1-0.2mm, a,: 0.1-0.2 mm,
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Process Rationalistion

@

A0 T Ao, FEK EDM70 T A s 48 EDM #0445 2R 881 AF KM 0L | L F Ik

B) HSM

(DBFEEK ; (2) HIL; (3) FHIL; (4) BLE5@%mNIT

most often applied in all operations (especially in small sized tools). Reduction of
three process steps. Normal time reduction compared with process (A) by

approximately 30-50%6.

BB R

SHEE AR TSR .

m HEEME, VEEERENR, RaRITEZE
s MBI RS ) 95%

N &% E.0.305mm
JEAR JF0.381mm
EHEE2000 kg
M EE22.7 kg

-
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MIEEE 2mm
JEAR B 2mm
_ ANE R ~F 3912 x 820

X 120mm

EIREE1246 kg
B EE26.1 kg

B b

Ti6AlI4V, Slotting Dc 76 mm

Slotting Cutter
Machine |Waldrich 90 kW, 1ISO60/HSK100, horizontal
Tool F2338-100080
ae mm 76
ap mm 50
vf mm/min 81
Q cm?min 308
Remarks soft cutting
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®  Roughing and finishing of 737 and 757 Titanium Landing Geat Beams
® 10 indexable cutters to replace present solid carbide endmills

m  Estimated monthly savings of : 737 = 272 hours/month

179 hours/month

Blisk milling
Material: TiAl6V4

Cutter diameter 16mm, solid carhide,

roughing profile with special edge preparation
z=5

Cutting data:

ae=16mm (slotting)  ap=12mm
we=43mimin

wf=150mm/min

fz=0,035mm

tool life: 180 minutes
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_vertical
" miller

Thin-walled  'materials to be cut
workpiece away

CY SRR R ET Y

FEM results

Side wall deflection
fo T 40| B¢ F 75
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Cutting Toals
%,

Workpiece

Materials

Buildings and ™%

Administration
2

Because machine and labor
costs are so large, faster cutting
offers the best chance for
significant savings, even if the
tool cost increases.

| 30% Discount | 20% Increase Cutting Speed

Variable Costs

* Cutting tools

21 45

« Workpiece materials

Fixed Costs

* Machinery

* Labor

* Building & admin.

Cost Per Part

Savings
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Total performance related to possible
manufacturing cost reductions = Productivity

reduction

ost reduction
5ing: Inserts
-15%

Xpar NS

(Q cm3/min)
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