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1. Introduction

Carbon fibre reinforced thermoplastic composite has been an alternative to

conventional materials in aerospace industry (major benefits)

For the competitiveness , it is crucial to predict manufacturing costs of new

product in design stage

In research study a cost model has been developed to evaluate manufacturing
costs of two types of parts (flat plate and concave part) made of carbon/PEEK

by two compression moulding processes

This study aims to use DFMA software of Boothroyd and Dewhurst Inc. to
estimate the tooling costs for the parts made using these processes and to
Investigate the ability to extrapolate the moulds costs estimation to other part

geometries



2. Composite parts manufacturing processing

Flat plate
» Flat plate dimension: 280 mm x 185 mm x 6 mm
» AS4/PEEK UD prepreg tape dimension: W = 304.8 mm
» Strands dimension: 25.4 mm x 12.7 mm X 6 mm
» Flat plate manufacturing cycle:
Press | |
\.; ‘ L
@ o= s I[& "'"--.... Heating of platen
& -
) (2) (3) @ B (6)

(1) placing material in the cutter, (2) cutting of material into strands (manual cutter),
(3) distribution randomly of strands in the mould, (4) closure and transfer of the mould to the press,
(5) heating of platens and compression moulding of flat plate, (6) demoulding

> Mould manufactured in IMI- NRC
Mould material; carbon steel P-20
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a) Two halves of the flat mould b) manufactured flat plate 4



a) Flat mould manufacture processing

1. cCut off from stock
2. Machining

Face milling

Punch

’ (fixtures and

Rectangular bar stock - Parts cut from stock Holes drilling
thermocouples

- Parts geometry import from
solidworks to DFM program

Ih

. E A3 Pocket milling Cavity .



Flat mould features data

]}:'II:I‘_'I.EI:I.Ei-I:IIl REPEE'
Machinine . Remarks
Mould Features . W L: D D: | L | A | D4 count
operation
in in in in in | im® in
Li=19=x2
Fough and +T=2=352
Punch Facas finish faca 4 32 275 1 in
milling Breakdowmn
{u] E L L
Dirilling _
Holas - - - 0.5 4 4 -
multipls holes
Fough and
finishing A=11xT=
Cavity Poclket - - - - - 17 3 1 o
single pockat 77 in®
and milling
Dirilling _
Holas - - - 0.5 4 - - 10 -
multipls holes
Al
Polishingand ATl bined _
. i F. B facsa
Cavity machinad buffing machinad surfacas
and fzaturas
punch All Inspaction _
machinad ) All surfacas the mould
visuallv
fzaturas
L,: Total length of surface to be milled (faces and slots),

W: With of surface to be milled,
D,: Total depth of material removed (faces and slots), L,: Length of drilled holes, D,: Diameter of drilled holes, A : Area

of pocket (in?),D, . Total depth of material removed from pocket
6
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b) DFM costing results

- Mould material is high carbon steel
- Labor rate used in the software is Cad $75/hour

Cavity block costs Punch block costs
Total cost par | Cost rate Total cost par | Cost rate
Process chart Process chart
part ($) (%) part ($) (%)
machining /cut from 1009,23 100 machining /cut from stock 1769.5 100
stock process Orocess :
Stock 272,62 27,01
2 process Stock process 272,62 15,4
Worpiece 268,71 26,62 :
_ Worpiece 268,71 15,18
Abrasive cut off 3,92 0,38 -
BRETECNC machining Abrasive cut off 3,92 0,22
i ini
677,16 67,09 i .
center Generic CNC; machining 1429.73 80,79
Set up/load/unload 52,08 5,16 bl
o Set up/load/unload 40,23 2,27
Rough and fln!sh pocket 584,79 57 04 e :
end mill Rough and finish face mill 1367,12 77,26
Drill mutiple holes 35,91 3,55 Drill mutiple holes 14,18 0,8
Polish and buff 53,94 5,34 Polish and buff 57,78 3,26
Inspect visually 551 0,54 Inspect visually 9,37 0,53

ETS :




Flat mould costs vs. mould production volume

Production volume

Production volume

Punch block Cavity block

1775 1010

1765 1000
™y & 950
22
- 1755 %%
= -
= =
5 S 980
?; 1745 %?
3 = 970
= { A

1735

~ 960 S
1725 . . . . . 350 . . . . .
0 100 200 300 400 500 100 200 300 400 500

Starting from 100 components there is no variation of mould costs. There is approximately

509% of costs reduction.

Consequently, composites parts production volume does not have a significant effect on the

mould costs.




Punch costs

Flat mould costs breakdown

Cavity costs

2000

1800

1768,5

1200

1009,23

1600

1429,73

1367,12

1400 -

1200

1000 -

8300 -

272,62268,71

Total cost par part ($)
Total cost par part ($)

600 -

772,62 268,71

53,94
3591 39 )

Process chart

= The total cost per part is strongly dominated by the machining costs of two studied cases due to
highest rate of milling costs
= The Machining costs for the punch are higher than for the cavity due to higher time to machine
the great features geometry made in punch
ETS 9
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DFM and workshop tooling cost estimation comparison

Material costs ($) 542,82 540,00
Manufacturing costs($) 2235,91 2325,00
Nickel coating ($) - 600,00

= The flat mould the costs estimated by DFM software are close to that
of workshop except Nickel coating costs which cannot be estimated
by the DFM software

10



2. Composite parts manufacturing processing
Concave part

» Concave part dimension: 6 mm x 152.4 mm X 4 mm
» Material: laminate of continuous fibre prepreg plies of carbon/PEEK
» Concave part manufacturing cycle:

@ Transfer

® (3) &) (6)

(1)preparation of flat plate, (2) placing the plate in the IR oven, (3) heating the plate in the IR oven, (4)
transfer of heated plate to press, (5) compression moulding of part, (6) demoulding of the cooled part

» Mould manufactured by
PCM Innovation company,
contractor of UQTR
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(a) Cavity block, (b) Punch block and (c)The top and bottom views of concave part 11



a) Concave mould manufacture processing

Rectangular Two parts cut S, -
bar stock from stock Milling Drilling
Parts geometry import from Faces, slots, pocket, o

Solidworks to DFM program punch oles
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Features manufacturing data
Punch block

Drimsemyion {Im) Repeat

Features 1h¢in_i“g — Femarlks
operabon W L, Dy I L. D dl L commt
4.1 25 1,568 2
3.1 3.3 1,568 1
20 3.3 1,568 1
Caloulatad

Fooush and —
finizh facs 0,75 25 o7 2 o iasioiodl

milling supposad o
e naglactad
To mill
0,722 1,00 1,568 1 remaining
) ) . spharical
Faces facas
To mill
O, T4 3,84 1,568 1 remsiming
slantad facas
3.3 5. 5 0,455 1 To mill tha
pumnch
W oand D), ara
changad
[LRCL L 1,25 0, 742 El bacarsa of
Slots fimizh multipl= curvatere
slot and milling 1.55 125 0,575 il
1.37
o, 25 0,25
. o .
5 5,13 12
Drilline 0,164 0,625 g
multipls holss:
0, 154 0 625 2
o5 2,175 1
Drilling singls 0307 | 0135 1
bol= 0,5 225 1
0.5 3.25 1
0,125 0,063 1.8 1
0125 [ENCE] 0, 7TE 1
Helas Coumrter—dri 1lins = i :
= [ 15 PR E] [VE=E]
singla holas 0, 125 0,063 0,03 1
0,125 0,3 1.55 1
0. BTS5 0,414 0,563 1
0,414 0,307 o, 1ET 1
machimad I—'-ahsﬁ!:ﬁr_g amed All mackined swrfacss
featirras buffAns
Al _ :
himad Ir_?pe:nr_g All surfaces of punch blodk
foaeras ismnally

W: With of surface to be milled,L,: Total length of surface to be milled (faces and slots), D,: Total depth of material removed
(faces and slots), L,: Length of drilled holes,D,: Diameter of drilled holes,L,: Length to be counterdrilled,D5: Diameter of
counterdrill,d : Diameter of hole to be counterdrilled,
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Features manufacturing data
Cavity block

Machining Drimsemsion (Gm) Repeat Bemark
operation W L, i A I L D d Lz A D connmt

Features

Fowsgh and Caloulated
Arish foce 0,750 2= 1.688 2 Curvahens ='|_I_'.ELE=
are supposad to
ba paglactad

Faces milling

Fough and W and D, ar=
Slots finizh 0,563 | 0,744 | 0,432 4 chamged bacase
multipla of swrfacs
=lot md coryahars
milline
Foush and | 0,25 5,348 0,25
firizh
single slot | 0,188 | 7,878 | 0,125
i milling

-

-

=]
|
-
[}
-
=]

2]
M

2o
0| af | i

(3]

Drilling
multipla
olas

|

5 '

2L
[=]
]
ta| £
o

0,063

= ok | ) k) uw

B W @) @ | W
| |

0,063

Drillins T,188
singla hola 0,3

')
[¥]

In
e
]

0,063

B
=
]

0,063

| o)

th| =] L

[N S]
| L

Haolas

En

L
1]
2
|
L]

b
=]
¥

2
1]
1
5]

Coountar-
drilline
singls
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5| bl s
|
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li.l

Countar-
drilline
multipla
Teolas
Fomgh and
fimizh
Paocko=t zingla B,
pockeat and
milling
P{:_uli shine Al machined surfaces
and baffng

&
-
,
o
=
=]
[
5]
&
7
=]
5]

Concavity foom iz
conveartad o
stameiord
Eecametry

[
W
-
(3]
-

All
machd- Inzpactinme All swrfaces of the cavity block
mad izl h
fostiras

W: With of surface to be milled,L,: Total length of surface to be milled (faces and slots), D;: Total depth of material removed
(faces and slots), L,: Length of drilled holes,D,: Diameter of drilled holes,L;: Length to be counterdrilled,D,: Diameter of
counterdrill,d : Diameter of hole to be counterdrilled,A : Aera of pocket (in?),D, . Total depth of material removed from pocket

ETS

Le géree pour INndustne



b) DFM costing results

- Mould material is high carbon steel
- Labor rate used in the software is Cad $75/hour

Punch block costs

Cavity block costs

Process chart

Total cost per

Cost rate (%)

Process chart

Total cost per part ($)

Cost rate (%)

part ($)
- machining /cut from stock process 1467,45 100
machining /cut from stock process 1425,33 100

Stock process 53,88 3,67

Stock process 67,15 4,71 Worpiece 50,02 34
Worpiece 63,28 4,43 Abrasive cut off 3,86 0,26

Abrasive cut off 3,87 0,27 Generic CNC machining center 1183,43 80,64
Generic CNC machining center 1167,5 81,91 Set up/load/unload 93,63 6,38
Rough and finish pocket end mill 149,07 10,15

Set up/load/unload 86,96 6,1 Roudh and finish face mill
. 84,15 5,73
Rough and finish face mill 631,96 44,33
Rough and finish single slot end mill
e . ) 32,12 2,18
Rough and finish multiple slot end mill
124,38 872 Rough and finish multiple slot end mill

. . 34,22 2,33
S ingle holes 2339 164 Drill single holes 232,46 15,84
Counterdrill single hole 25,05 1,75 Counterdrill single hole 77,01 5,24

- Counterdrill multiple hol 18,64 1,27

Polish and buff 183,56 12,87 e

- Polish and buff 222,78 15,18

Inspect visually 7,12 0,5 Inspect visually 736 05

= 15

E
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Concave mould costs breakdown

punch block costs Cavity block costs
1600
425,33 180 a7
1400
1400 -

11675 )

& 10 - ’ 118343
£
£ g
g 1000 - &
c 5
-
2 800 <
- 631,96 =
= o
S 60D - =
— -
5 =
= 40 770,07 e
= 183,56
38002,

o h
& ¢ &% Process chart

= The total cost per part is strongly dominated by the machining costs of two studied cases due to highest
rate of milling costs

= The Punch machining costs are close to that of the cavity due to the approximate machining time between them

E:ES) 16
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Concave mould costs vs. production volume

e Cavity costs (5]

il PLinCch costs

1480 L
1460

1440

1420

1400

1380

1360

1340 _;_. -

1320 T T T T 1
0 100 200 300 4040 300

Concave mould costs ($)

Production volume

= Starting from 100 components there is no variation of mould costs. There is approximately
50% of costs reduction.

=  Consequently, composites parts production volume does not have a significant effect on the
mould costs.
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Side lock manufacturing processing

- . . !
» 4 Parts dimension cut from stock (in): 1,625x 1,25 x 0,5 o
o
» 2 faces milling and 2 holes drilling operations g
. . 8
» Side lock material: carbon steel H -13
0.750
Side lock features manufacturing data U2 el |Ee e
Machinin Dimension Repeat Remarks
Features g W [ . T oo o, T o [ d L, count
operation i .
W changed Side lock costs breakdown
0,255 0875 | 05 - . - 5 2 bes‘fﬁ‘f‘;se(’f
A Material cost 0,214
R
Faces fir(:ii%hfigg
milling Qurvaturft fgrtm —_— l Reject cost 0,153
IS convertea to
o> e o 2 standard Process cost 10,339
geometry
Drilling
multiple - - - 0,171 0,5 - - 2 -
holes Total cost 56,286
Holes Co_un_ter—
dilling 0313 | 0171 | o164 2
multiple
holes
Al Polishing J
machined and All machined surfaces
features buffing
ma(l:zlilned e cton All surfaces of the part Piece part cost 56,286 Selupcost 45580
features RiElly :

ETS 1
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Mould base cost estimation
» The mould base costs can be estimated theoretically by Boothroyd and als:
C, =1000 + 0,45 A h, 04

» For comparaison of the quotations for the mould base to the theoretical costs, this
formula is adapted to the actual industrial Canadian costs by linear regression

» Using mould base costs for different standard mould sizes of both flat and
concave geometries.

Mould - o b 04 Canadian prices
C, is mould base costs ($), base Area (in%) p (IN) Achp ™ (2013)($)
A, is the area of mould base
cavity plate (in?) 15,875 x 20 2,375x 2 592,13 5810
h, the combined thickness of cavity Flat
and punch p|ate (|n) 15,875 x 23,5 2,375 x 2 695,75 6612
13,375 x 15 1,375 x 2 300,73 3942
Concave 13,375 x 18 1,375x 2 360,88 4456
13,375 x 20,750 | 1,875x 2 470,89 5296

» Mould base Canadian prices are estimated by:
C,=1239,78 + 7,72 A . h 04
C, =1575,7+7,92 A  h, %4



DFM and commercial cost estimation comparison
for the concave part tooling

Item DFM Commercial
Mould costs ($) 2892,78 -
Mould base ($) 4564,66 --
Side locks ($) 56,286 -
Manufacturing costs ($) 7513,72 15145,00

= The cost results show a significant difference between costs estimated by
DFM software and those of the commercial contractor.

= The commercial price of the concave mould comprised many elements such
as taxes, shipping, labour rate, return on investment of the company, etc...



3. Conclusion

» For flat and concave moulds, costs decrease with increasing mould production
volume

» The threshold of the moulds costs is approximately 100 components

» Due to the highest cost rate of the milling operations, the machining cost is the
most important cost element in the total costs for the two studied cases

» For the flat mould, the costs estimated by DFM software are close to that of
Internal workshop except Nickel coating costs which cannot estimated by the

DFM software

» For the concave mould, the cost results show a significant difference between
the costs estimated by DFM software and those of the commercial contractor

» The obtained cost results for the flat and concave moulds by DFM costs
estimating software can be extrapolated for other similar mould geometries.
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