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Composite materials — Definition EX
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Composite materials — History 752

'Fibreglass’, as we know it today was invented in
1938 by Russell Games Slayter and it is now
marketed as Fibreglass, ® the trademark.
WIEAHE GEIEW) , F19384 HHRussel Games
Slayter%& FA, MM 7E{FFibreglass, ® {fE A &E#xr

Carbon fibre was invented in the early 1960s at
the Royal Aircraft Establishment at
Farnborough, Hampshire (England).

A4, 1960F X ¥EXEBIFarnborough,
Hampshire ER= % A
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Composite materials — benefits L =

Composite material benefits compared with other
materials: "ﬁ;\ ﬁ
hh
EEMRESEMMBEER S M “M THL
« | => eZEEE
e et s W s
* Reduced weight B3t E = C!J? @

- Corrosion-resistant fif & {4

« Recyclable material AJ{&¥5F|
- Very high tensile strength 3E% & B HIRE Adhesive Facing
* Very low thermal expansion rate IEE {8 # B Rk R &

SECO = :



Composite materials - industry trends {7 #&%%

Composite industry trends / demands 8 §# #}{TA #58/FEK:

« Reduced material and manufacturing costs B&{X#F#IF04 7= B A
- Larger commercial usage ¥ X & 5z F

- Improve repair and maintenance 4 1& 5 4P

- Adaptation to automation X FH B z{LE 7=

- Components with more complex structure = & Z245# T 44+
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Composite Solutions Applied
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Other
Steel 5%
10%

B carbon laminate Titanium | Composites
I Carbon sandwich 15% .' 50%
[ Fiberglass
B Aluminum Aluminum
|| Aluminum/steelititanium pylons 20%
rgj&_mw
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P i A350 — Material Breakdown

Wing
Ti: Landing Gears,

Empennage Fuselage Pylons, Attachments

Al/Al-Li: Some Frames,

Belly Fairing Ribs, Floor beams, Gear
i bays,..
A350-900 XWB
Material Breakdown (%)
including Landing Gaar Steel
Composite
Titanium

A350 XWB puts the right material in the right place
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‘CFRP
materialtidentification W
and cutting processti #1 E X 5115 TZ 8
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CFRP - material identification #1flENX




CFRP — work piece quality demands THREZEX

Quality demands on CFRP parts to determine machining
operation strategies — methods

AR THHREEKRNRE TMIIZ-H&E

« Breakout & de-lamination of composite when machining
mIERPHREGHES S E

 Splintering &5

Part crumbling or flaking T {4 B5 R 55 fi% i%

«  Melting 1514

« Sub surface damage X RHIR %




CFRP - operations JITTZ

Besides drilling (50%), milling represents an estimated (40%) of the operations on
CFRP components; BB TFLANT (50%) , $EHIAXLERRS4E T 40T AY40%

Drilling $47L

Milling &4l
- Side milling, or trimming flash, remove excess material (after moulding)
sk, 2¥L, EZREEEE (&R
- Face milling JE%tH!
- Edge routing [Eia%tHl

Turning 4l
Orbital drilling 9P§T44

Reaming %:Hll




Milling CFRP, the SECO offer $tllE &+, WLSEH
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The SECO offer — DURA coating LL512{t-1%it Dura i& 2

The Jabro SECO carbide grade provides an excellent bonding for the DURA
coating (CVD process)Lli S JabrofE R & R M 7B SDURASK EHEF 1£8E (CVDIZ)

« DURA coating is a high wear-resistant diamond coating for extended tool life
DURA R EREMEBMRENALE RENRHTIASES

- DURA has a relatively low friction coefficient DURA ;2 EE B HM IR (KEE R

« DURA is not as thick as normal Diamond coati

DURAREIILEBENAFEEHE
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The SECO offer — JC800 series L 52t-JC800Z7

Tool selection based on workpiece materials

Name
Typeof Seco material group
Coatin
Shank Qullngdrkal c F RP
Weldon CFRP
Number of flutes
il Stacked(Al)*
& CFRP
5 Stacked(Ti)*
— Honeycomb
(non ferrous)
PMC
wm
T hleR: [ ] L ] (o] L ] - ] (@] - GRP
sashodiay . . o . . o o .
| sucudmr \' . o . . o - . GRP
iy & Stacked(Al)*
{non farrous) - = = e =
N GRP L] o L ] [ ] o o [ ] % G‘RP
N sujm;.u' . . Q L] . o o . StaCkEd(Ti}*
- . /' . = s N 2 & i
A\| [ ot / e | o o | oo Honeycomb
'qu?’:l-'-gnﬂ')-:ﬂ a',a'sﬂan}z/;:oass (nnn ferrous)




The SECO offer — JC840 geometry LLIEZ{it- JC840

This double helix cutter is initially designed to machine stacked (sandwich) materials.

SUZRE R RGOt AMIER (ZR|) M8l

- Standard available with cylindrical shanks in
both METRIC (6mm-12mm) and INCH sizes ('.”, %”, '2”). #r/Er-miz B R~

(6mm-12mm)FARBIR T (Va”, %7, 7).

« Stable machining in unstable conditions (clamping, feed machines)
EARREFMHTEIHEBEYE CGeX, WK

* Very good surface finish in (stacked) CFRP, no finishing or rework needed

- Split line = ap =1/2*dc ZEE# RN I HLWEETFNRARE, THFH/MIN

SR EH1/2dc B

18



The SECO offer — JC850&880 geometryLLl & 12 {#-JC8508JC880

These general use cutters are designed for a variety of applications.

XA B T1 Bt AR T &Rz .

JC850 Standard available in metric (3mm-6mm) with ap 3 x Dc

JC850FR 4R~ A2 %] (3mm-6mm) , #7143 x Dc

JC880 Standard available in metric sizes (6mm-20mm) with ap 3 x Dc

and corner radius. JC880#x/ER ~F A2 #I(6mm-20mm) , 117143 x Dc
Low axial forces generated due to flat 20° helix angle, ideal when vacuum
clamped. 20 Z 2 A BRI R VIEI 51, HETXKEREMELE

Capable to do all machining methods in CFRP AJLAI T &fhE S+1#}

SECO = 1



The SECO offer — JC860 geometry LIS 12 {t-JC860

This cutter was specifically designed for side milling and slotting in

honeycomb sandwich materials Z& 7] & & 1%+ A M $£ 5048 st S #4 k E4F

« JC860 Standard available EX stock in metric with cylindrical shank
in diameters (Dc): 6mm-16mm with cutting lengths (ap) 3 x Dc
JC860tR/EER S EFAAHIR~TEM6MmM-16mm, JHI7]14<(ap) 3 x Dc
* LH helix to create downward axial cutting forces.
ZHEFEAE | RS 3@ YIEI 7
« Chip splitter to break the honeycomb material into smaller piece

BB RS R A NS

SECO = 2



The SECO offer — JC870 & 871 geometry L5 12 {t-JC870

These routers are multi-purpose cutters which operate in a variety of
materials and applications.

RZSHITIAZINRESRT], FTLUER T Z Mt fiFn i H

« JC870 & JC871 Standard available with cylindrical shank in METRIC (3-

12mm) and INCH ('4”, 3%”, 2"). sizes. Also available as a uncoated version.

More than a normal router;
JC870 & JC871 ﬁ)ﬁ%ﬁﬂ?ﬁﬂaﬁ#ﬁ’&%ﬂﬁ#(%2mm) FARFI R~ (1/4-1/2)
, HAREABRRIFERERS. HEEBEEESHT.
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Milling CFRP, the SECO offer #tHIE &+ #l, ISR

A full range of solid carbide end mills with specific geometries to machine
composite materials of all kinds. T2 RFIBRKXERS ST, EHAEIEIT
IMIZFFHESHE

- On stock FETFr~im
- Catalogue available AR {1t
- Cutting data in catalogue 1J]#I S #R 4t

q\:\'

i il

TOOLS FOR Al
MODERN MMERIAI.S
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MILLING CFRP
7 Teyogd

Applicai example

)77 /{,///f




Milling CFRP - application examples — 1 % FA25451-1

CustomerZF | German (Aero-) space centre EEfinz= 1

Part T {4 Diverse % #f

Machine#]l & 3-axis HSK 32A Spindle 3%h HSK32A £

Operations #£{E€ | Drilling, slotting, side milling, facing 7L, &, %k, @t

Materials#7 %3l (Stacked) CFRP‘'s EFRE &l

Coolant/2 %] Air =25
Tool7]E Flat helix solid carbide end mill JC880060R020Z4.0-DURA
Goal Bfr Find a versatile cutter for roughing and finishing (Stacked)

CFRP#E—FAMIF BN IEERESHHTIA

Current tool in use is a 26mm pcd tool. IFHJIE S 6 mm PCDJ]IH

SECO = 24



Milling CFRP - application examples - 1a . F%*{5l-1a

Aerospace CFRP, 60 vol. %. prepreg. Plunging and full slotting form.
Part dimensions est.: 200*100*3.5mm

Criterium: de-lamination <1.0mm, visual surface quality

ME=ESHH, RALESE60%, IEHEHIEMEL, THXK/7200%100%3.5 mm
WwE: MBRSEBE m, BLRERE

JC88006074.0-DURA
D. [mm] 6
Zn eff 4
a, [mm] 0.25
a, [mm] 6
v, [m/min] 200
n [1/min] 10800
f, [mm] 0.018
Vv; [mm/min] 760
Q [cm3/min] 1.14

agnification: 1 x m
|
| 25



Milling CFRP - application examples — 1b YV f255l-1b

Aerospace Stack CFRP-UD dry+ 1.4301 Plunging and full slotting form.
Part dimensions est.: 400*200*4mm

Criterium: de-lamination <0.5mm + Minimum spreading of steel layer
M= B BRI YE+304 55, MPtEEHMAE. THR~7400%200%4 mm,
R MRS E. 5mm, B/NARBINESE

JC88006074.0-DURA
D. [mm] 6
Zn eff 4
a, [mm] 1.4
a, [mm] 6
v, [m/min] 200
n [1/min] 10800
f, [mm] 0.04
Vv; [mm/min] 1400
Q [cm3/min] 11.8

SECO = 2



Milling CFRP - application examples — 1c V. FA%-1c

Aerospace Hybrid ‘CFRP prepreg + AFRP’ Plunging and full slotting form.
Part dimensions est.: 400*100*7.5mm

Criterium: de-lamintion top layers <0.5mm + Minimum AF pull out
MEEEMHBR “RAYE+HLAUE B EFERME, TH R~F400%100%7. 5
frfE: R4 E<0. 5Smm+ /NI 4 HERT H

JC88006074.0-DURA
D. [mm] 6
Zn eff 4
a, [mm] 2.5
a, [mm] 6
v, [m/min] 200
n [1/min] 10800
f, [mm] 0.018
Vv; [mm/min] 760
Q [cm3/min] 11.4




Milling CFRP - application examples — 1 FAZ54511

Observations and findings during machining with the
flat helix cutter JC880060Z4.0-DURA:

1% /N2 5E F 5k 71JC880060Z4. 0-DURA: SEBRIN T3 BR

« Efficiency increase in all materials compared with PCD
5PCDTIEMHLL, I ZMHe, WEHIFEREA

« no finish pass or manual re-work required I TEXEREFT

 Reliable process TZ A&

* No or light de-lamination and or splintering (<0.5mm)
To R s 4 53 2 (<0.5 mm)

* Smooth machining, no high vibrations. Much better than
V1B, JT¥Rzh, LEPCOMTIMRIZESAE

* Tool wear stabilizes at 0.08mm (measured on relief)
JIELEIRFAE T0.08 mm (A& /E JIHE)D

- Tool still not worn out, more tgm AESATEER, )T ENR



Milling CFRP - application examples — 2 [ FH%54512

Customer® 1 | 1st tier aerospace supplier, Belgium £—i#/Rfinzs, EbFIET

Part T 4 Test parti®t i {4

Machine#/lx | 5-axis Jomack 156 HSK 63A Spindle 53fiJomack 156 HSK63A = iH
Operationi{E | Slotting $t1&

Material#f#:l | CFRP 60% CF content, prepreg, aerospace 60%xF4 S 2 S+
Coolant/& %] Air + additional water flow to prevent debris becoming airborne
ToolJ]& Solid carbide router SECO Jabro JC870 20mm

Remark# it | Test was part of manufacturing process optimisationJliX i {t TZ

Cutter was challenged to side-rough for at least 15 metres to be competitive with pci

5PCDTIE RS b, T1 R4 FRES £ SRAE M R 2 AF R T H1H]15m
SECO = %



Milling CFRP - application examples — 2 v FA2545-2

Findings during side milling roughing with the JC870 router:
X FJC8703E £t 71 KRN TSR

« Feed increase compared with PCD #2458 *PCDISZEIIR S

 Reliable process TZiaE

* No or light de-lamination and or splintering (<0.8mmn

BN RFIAFLE S E (<0.8mm)

Smooth machining, no heavy or high vibrations1JJ#ll

Possible usage of multiple ap-zones (ap tool=55mm

Tool wear stabilizes at 0.25mn
J1EEE$50. 25mm CUNEEJIHE) _
Tool life exceeding expectatiol |

R
JIEE B L .

—— - ;7
‘_ ; : ==
SECO = *




Milling CFRP - application examples — 2 [ FH%5512

PCD Tool JC870 router
D, [mm] 20 D, [mm] 20
Zn eff - Zn eff 13
a, [mm] 10 a, [mm] 10
a, [mm] 10 a, [mm] 10
v, [m/min] 150 v, [m/min] 150
n [1/min] 4774 n [1/min] 4774
f, [mm] - f, [mm] 0,019
V¢ [mm/min] 800 V¢ [mm/min] 1500
Q [cm3/min] 80 Q [cm3/min] 150
Toollife [M] 27 Toollife [M] 27

SECO = d



Milling CFRP - application examples — 2 v FA2545-2

Instant benefits when side milling roughing with the JC870 router
compared with PCD: 3 ] JC8703 2 ¢k 71 in T A48 3$PCDJ] B 35

——

 Increased feed, higher efficiency I G134, ESUFE

 Reliable process AT ITE

« Possible usage of multiple ap-zones (ap tool=50mm) 7] LI A E1] R X
(Y1H 714<-50 MM)

« Lower price level compared with PCD 5PCDJ] EfH L B KM H87KFE




Milling CFRP - application examples — 3 . FA545-3
RUSAVIAINTER

<> PYCABIAUHTEP ‘j
e

s R S L

Stringer
IR=g G

33



Milling CFRP - application examples — 3 . FA545-3
RUSAVIAINTER

JC840; D=12 mm; Z=9

L7 .
Contouring % Es$t Al
Ae=5 mm

Ap= part thickness = 8 mm
V=180 m/min

n=4777 rpm

Fz=0.02 mm

F= 860 mm/min

Climb milling Jli %k
Smoothly cutting #]H|FFa

SECO = o



Drilling CFRP E&##f.iNT

Drilling composites (CFRP)
EaMBFLmI

SECO =

35



Jdh)

Drilling CFRP Range FLINTL 1B

Seco Feedmax range

BIRERS EHERT

Single diameter drill

LN RES DS

Chamfer drill
(one shot drill)

T B Ak

SECO = s



Drilling CFRP Geometry fLAN T 71 & &i#gixit

Geometry 7] B &1t | OperationiE{E | Application / Materiallz f/#1 %3}
C1 geometry Drilling%i+L C1 geometry to be used when drilling in plain
C1i%it composite material. It should also be used when
drilling stack which ends in composite material.
CliZitEZERATMIESMRH . wATIATEEHH
B O# R A E#1ER .
Stacked applications, composite and
C2 geometry Stack drilling aluminum/titanium, exiting in the metal material.
C2ixit Y=t o P A Improved chip breaking will give good chip

W

Cl-geometry C1if

evacuation and secure surface quality of the
composite material. EE##1}, EMMEESE/HEE
BF, HOASEMRIER. BUHEERSEIEIFHRE
FRIEEESHRIMOREARE.

I‘

C2-geometr c2‘vr

SECO = o7



Drilling CFRP Hole Quality %#5¥Li=E

Delamination4 2 Hole quality-’ﬁﬁ?’l.lﬁ%
Spalling# 2 O Different parameters compare to metal
SE€RBMItBLEXE

O Delamination 432
0 Peel-up delamination (entrance)
MHEEE N
Q Push-down delamination (exit)
METR (WA
O Splintering &%
O Spalling #%¢
O  Uncut fibres and resin RiIBRAF4EFIE (K
O Surface finish RER=E
0 Marks from metal chips (stacked material)
Uncut fibers Splinteringf¥ % SMRERE (REHED
R O Melted resin E& 151k

SECO = o8



Drilling CFRP C1 geometry FLAD T C1# 1t

Application example: exit in composite

Tool J]1E
NMA: HAAEEaHH#

O Double angle point geometry W I = fi% it
O Reduce axial forces &/ %h[a /1
QO Delamination free drilling B4 2

QO Dura diamond coating Dura £RIA& 2
O Long tool life J1EHE#

Plain CFRP/GFRP (exit in composite
material)

BT UE/IRIBA YR (HOAESHED

Application [z

O Exit in composite material i Ok & &# £}

CFRP/GFRP Q Plain composite E & 114K

O Stacks with composite as last layer EE S A RIEE

CFRP

39



Drilling CFRP C2 geometry FLAR T C2i&it

Application example: stacked material

CFRP
R R=G: BEMH

Sandwich material (exit in Al/Ti)

Alu
=AM (BOAAI/TI)

Tool J1E

O Straight cutting edge (180° angle) EETL A (180/EF)

O Good chip breaking and evacuation#F )78 f1HEE

O Secure good hole quality {#IFfLA R E
o

CFRP/GFRP

Surface finish of the composite intact, not damaged by the
metal chips. Z&EME AMERE, T&EBEEM
QO Dura diamond coating Dura £RIA& 2

O Long tool life ET1 A&
C2 geometry

Application [z F

O Stacks with exit in metal material material
EEVBEEHA
Q Aluminum £4%
Q Titanium $5%

SECO =
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Drilling CFRP Success Story .10 FA 2545
Tests — Medical JliR-Er 1Tk

Competitorz4xfF: TIiCN SC drill. TICN& ZE44k

ToolsJ] E: Diamond coated solid carbide drill with CFRP geometry, internal coolant
ENABREERE&8LkCLxt, WA

Machine#l/k: Hermle C30U
80 bar internal coolant pressure 80 E %L
EPB shrink fit 5803 EPBHuik 1%

PartTf4: Bracket for head fixation:k#z#L4E

Material#4%l: Medical CFRP Ej7ik4 4

Results®f: - surface quality outstanding; XHEENH
the roughness made with the Ref. tool could not even be measured.
FRIERRE B JL A R ASCGR A HE >R
- size & shape of the hole outstanding R~ ffLIERIL R
- Vc 600 m/min
- feedilt% 1600 mm/min
- 2800 holes without size degradation (within 0. 025 mm tolerance)
280011L/5 R~ B2/ (720.025K) 3
against 800 holes of the Ref. tool with far lower p
hole tolerances.

EFXNFIIREW8004L, HEIIHISE, LKRFAZEHLTLAIE

_ o A w8
SE. :. ' = 41



Drilling CFRP Success Story .10 W FA 25451

Test drilling specifications — Aerospace
shFLMIR-fin =

Hole dimensions¥LE %

? Dimension
6,14
6,12
6,1 _
& — Min
® 6,08 - e
£ ? Al
S 6,06 ? CFRP
6,04 -
DLC coated Soled carbide Dura coated solid carbide
drill (210 holes)DLCZEJ] A drill (910 holes) (std grad| 602
DURA % ETIHR
6 ‘ ‘ ‘ ‘ :
0 200 400 600 800 1000 1200
Number of holes
Dura coated solid carbide drill, optimized
42

grade and coating (+1200 holes, still 3
AT MG TR — | — e @
12007 /5 %R AT LU




Drilling CFRP Success Story .10 W FA 2545

Stacked material CFRP/Alu
BEMFICFRP/Alu

CFRP

Achieved results3£ 53R
QO Surface finish Al Ra<1,0 {ff&RmEERa<1

O Small exit burrs (much smaller than the g:::gg%ﬁg%lfécgﬁrgde drill
maximum of 0,2mm in standard) &/ O Test done in o H
ER/ (EL0.2mmAgEREZER/NMRE) TR

U no visually detected chipping/splintering g::ggi?i'

in CFRP JoR] L BH & /A AT 4E

SECO = “



Composite Machining AOB 5 &#¥i1 TAOB

Centre for Composite machining
SavrEmIApG

d AoB, France should become a Competence center
for round PCD tools for composite machining

AOBYS i A E{APCDTI BN T E SH#RIB T F il

AOB O With AoB, Seco will aim for becoming a leading,

e e T global supplier of PCD round tools for future

IBiZA0B, LUEIER A SBkEAFPCDR) £k MR

O With the R&D and manufacturing competence of
AoB and Seco being a certified supplier with
existing relations to several key aerospace

o f customers globally Seco will aim to become a

W e total solutions provider for the Aerospace

| A industry
BT ES L, ABFIE N, TG MA R E
FEPMERERE, LUSERAMS TR RR T ERME.

W\ JORTAGNE-SUR-SEVIRE

SECO = g



Composite Machining AOB Products AOB /=

Wood working Automotive
AT

Aerospace

gzl

45



AOB Offering AOB = fhig{it

PCD offering PCD/=
Q Drills $53%
O Optimized geometries i1t fAfE
O Configuration ik
O Chamfer drills %k
Q Step drills Frif$h
_ ' O End mills 37&:7]
PCD sandwich drills O Routing cutters JEE 7]
PCD=HR;&%h % O Double helix cutters Wk fsk 7]

Step drill Chamfer drills
B gh B Ash

CFRP end mills

_EAPRIEET]
SECO = &



Composite materials

here today.

Edward Su
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