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APPENDIX A: FACTORY MOULD SURVEY DATA

This Appendix explains the mould evaluation survey conducted in the Jonker Sailplanes
factory. The survey yielded valuable information on critical aspects of moulds. The survey

was conducted on the moulds of the following parts of the JS1 Revelation, as illustrated

below. The survey was conducted during the manufacturing of serial numbers 45 to 50.

Figure A-0-1: Evaluated parts of the JS1. (Coetzee, 2013)

Table A-1: Parts & moulds evaluated in the survey

1 Fuselage 4 Elevator auto coupler
5 Rudder 10&11 | Elevators

12 Tailplane 14 Wings

18 Flap 1 19 Flap 2

21 18 m Wing Tip 22 Flap 3 (18 m)

23 Flap 4 (18 m) 27 21 m Wing Tip

29 Flap 3 (21 m) 31 Flap 4 (21 m)

*Ale

o
) 4
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A.1. FUSELAGE & FUSELAGE MOULD

o
) 4

MOULD DIMENSIONAL DESCRIPTION

LENGTH:
WIDTH:

FLANGE WIDTH:
THICKNESS:

BACK SUPPORT HE

——

IGHT:

Glass fibre structure with Metal alignment pins and bushes.
MATERIAL ; ALIGNMENT Bushes are open at the back. Pin
tooling gelcoat surface :
diameter 20 mm, 15mm long, taper.
4mm gap formed by predesigned
INTERSECTION CORNER . I ont X
STRENGTHENING Metal strip for trimming DEMOULDING FEATURES | bonding !lne. None for section
demoulding step
E 6
_— = 7 g 5
1 3 4
iL | 1R | 2L 2R 3L | 3R | 4 | 4R | 5. | 5R | 6L | 6R | AVE
AVERAGE SURFACE ROUGHNESS MOULD [Ra] (um):
0.084 0.107 0.118 0.114 0.109 | 0.173 0.085 | 0.111 0.123 0.116 | 0.112 0.178
AVERAGE SURFACE ROUGNESS OF PART AFTER DEMOULD [Ra] (um):
0.118 0.156 0.167 0.163 0.162 0.244 0.117 | 0.158 0.165 0.167 | 0.160 | 0.247 0.169
AVERAGE SURFACE ROUGNESS OF PART AFTER PAINT [Ra] (um):
0.066 0.065 0.056 0.086 0.063 0.050 0.061 0.067 0.053 0.087 | 0.060 | 0.053 0.064
RELEASE AGENT USED ON MOULD 770NC Loctite Frekote 770-NC release system
BONDING LINE THICKNESS 4mm
INTERSECTION CORNER QUALITY Slightly damaged.
TIME USED FOR 87.4 P600 GRIT CALCULATED
FINISHING PART HOURS | SANDING 15.5HOURS PERCENTAGE | %%

(Coetzee, 2013)
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A.2. WING & WING MOULD

) 4

MOULD DIMENSIONAL DESCRIPTION

LENGTH:

WIDTH:

FLANGE WIDTH:
THICKNESS:

BACK SUPPORT HEIGHT:

10m
Between 700 mm and 900mm
80 mm to 200 mm
80 mm
800 mm to 1200 mm
= . |

il A\
¥ . '," 1 B '

Metal alignment pins and bushes.
MATERIAL Nuceron651, Axson F16 | ) \GNMENT Bushes are close at the back. Pin
surface layer :
diameter 20 mm, 15mm long, taper.
INTERSECTION CORNER . 2mm gap formed by bonding line.
STRENGTHENING Metal strips DELBIRILIS LS None for section demoulding step
1000 E

<

’i

A LA

12

fbdod

LA A
bdbdbe

[ 6T | 6B | AVE

AVERAGE SURFACE ROUGHNESS MOULD [Ra] (um):

0.402 0.352 0.280 0.354 | 0523 | 0.631 0.399 | 0.357 0278 | 0358 | 0.803 | 0.799

AVERAGE SURFACE ROUGNESS OF PART AFTER DEMOULD [Ra] (um):
1.579 1.916 1.748 1187 | 0.822 | 0.928 1573 | 1.916 1.748 1187 | 1.726 1.776 8

AVERAGE SURFACE ROUGNESS OF PART AFTER PAINT [Ra] (um):

0.051 0.060 0.052 0.045 | 0.056 | 0.057 | 0.050 | 0.060 0.046 | 0.045 | 0.056 | 0.057 Ll
RELEASE AGENT USED ON MOULD 770NC Loctite Frekote 770-NC release system
BONDING LINE THICKNESS 8 mm
INTERSECTION CORNER QUALITY Severely damaged, bad condition
FNSNGSET | ORS | Savows | 2MOURS | percemace | 1%

(Coetzee, 2013)
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A.3. TAILPLANE & TAILPLANE MOULD

o
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LENGTH: 2700 mm
WIDTH: average 560 mm
MOULD DIMENSIONAL DESCRIPTION FLANGE WIDTH: 80 mm
BACK SUPPORT HEIGHT:

900 mm

=

Glass fibre structure with Metal alignment pins and bushes.
MATERIAL ) ALIGNMENT Bushes are open at the back. Pin
tooling gelcoat surface :
diameter 20 mm, 15mm long, taper.
INTERSECTION CORNER
STRENGTHENING Not strengthened DEMOULDING FEATURES | None
/s / / / s /
[100] 450
1T 1B 2T 2B | 31 | 3B | 41 | 48 | 5T | 5B | 6T | 6B | AVE
AVERAGE SURFACE ROUGHNESS MOULD [Ra] (um):
0.132 0.272 0.311 0.187 0.274 0.219 0.243 0.287 0.201 0.209 0.254 0.225
AVERAGE SURFACE ROUGNESS OF PART AFTER DEMOULD [Ra] (um):
0.244 0.453 0.525 0.303 0.462 0.358 0.41 0.467 0.339 0.348 | 0432 0.381 0.394
AVERAGE SURFACE ROUGNESS OF PART AFTER PAINT [Ra] (um):
0.052 0.053 0.061 0.051 0.067 0.051 0.059 | 0.067 0.048 0.051 0.062 0.055 (i
RELEASE AGENT USED ON MOULD 770NC Loctite Frekote 770-NC release system
BONDING LINE THICKNESS 3mm
INTERSECTION CORNER QUALITY Partly damaged
TIME USED FOR P600 GRIT CALCULATED
FINISHING PART _| 2 HOURS SANDING 4HOURS PERCENTAGE | %%

(Coetzee, 2013)

*Ade



A composite manufacturing process APPENDIX A:

for producing Class A finished components Factory Mould Survey Data

P o
) 4 ) 4

A.5. ELEVATOR & ELEVATOR MOULD

LENGTH: 1215 mm
WIDTH: 395 mm
MOULD DIMENSIONAL DESCRIPTION FLANGE WIDTH: 50 mm

BACK SUPPORT HEIGHT: 200 mm
1

Ul

B
Fs
TOP: Nuceron651, Axson N
F16 surface layer . .
MATERIAL BOTTOM: Glass fibre ALIGNMENT Metal pins & bushes. Round pins, taper
) ) above, @20 mm.
structure with tooling gelcoat
surface
INTERSECTION CORNER
STRENGTHENING Not strengthened DEMOULDING FEATURES | None
(1) (2) (3) (4) (5) (¢
150 PN N - -

T | 1B | 21 | 2B | 31 | 3B | 41 | 4B | 57T | 58 | 6T | 6B | AVE

AVERAGE SURFACE ROUGHNESS MOULD [Ra] (um):

0.419 0.236 0.119 0.138 0.409 0.237 0.103 0.129 0.417 0.291 0.139 0.128

AVERAGE SURFACE ROUGNESS OF PART AFTER DEMOULD [Ra] (um):

1.673 0.953 0.402 0.488 1673 | 0953 | 0402 | 0.488 1673 | 0953 | 0402 | 0488 | 0.879

AVERAGE SURFACE ROUGNESS OF PART AFTER PAINT [Ra] (um):

0.058 0.055 0.046 0.045 0.056 0.053 0.049 | 0.051 0.052 0.061 0.047 0.052 0.052

RELEASE AGENT USED ON MOULD 770NC Loctite Frekote 770-NC release system

BONDING LINE THICKNESS 1mm

INTERSECTION CORNER QUALITY Severely damaged on top mould, partly damaged bottom mould
TIME USED FOR P600 GRIT CALCULATED

FINISHING SET | 8 HOURS SANDING 1.THOURS PERCENTAGE | "%

(Coetzee, 2013)
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A.6. RUDDER & RUDDER MOULD

MOULD DIMENSIONAL DESCRIPTION

LENGTH: 1440 mm
WIDTH: 580 mm
FLANGE WIDTH: 50 mm

BACK SUPPORT HEIGHT:

900 mm

Glass fibre structure with Metal pins & bushes. Tapered pins. @
MATERIAL ; ALIGNMENT 15 mm, height 15 mm. Bushes open at
tooling gelcoat surface back
INTERSECTION CORNER Wedge slot for top mould demould, but
STRENGTHENING Not sure DEMOULDING FEATURES S |\ "\ vart demould.
iL | 1R | 2L | 2R | 3L [ 3R | 4. | 4R | 5. | 5R | 6L | 6R | AVE
AVERAGE SURFACE ROUGHNESS MOULD [Ra] (um):
0.189 0.283 0.218 0.241 0.132 0.272 0.311 0.189 0.274 0.219 0.287 0.213
AVERAGE SURFACE ROUGNESS OF PART AFTER DEMOULD [Ra] (um):
0.303 0.462 0.358 0.41 0.467 0.348 0432 | 0.383 0.453 0.525 | 0.308 0.469 0.410
AVERAGE SURFACE ROUGNESS OF PART AFTER PAINT [Ra] (um):
0.044 0.056 0.052 0.075 0.052 0.061 0.047 | 0.052 0.053 0.049 | 0.051 0.049 0.053
RELEASE AGENT USED ON MOULD 770NC Loctite Frekote 770-NC release system
BONDING LINE THICKNESS Leading edge: 10 mm, Trailing edge: 2-3 mm
INTERSECTION CORNER QUALITY Partly damaged
TIME USED FOR CALCULATED
FINISHING PART 31.4 HOURS P600 GRIT SANDING 4 HOURS PERCENTAGE 13 %

(Coetzee, 2013)
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A.7. FLAP 1 & FLAP 1 MOULD
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MOULD DIMENSIONAL DESCRIPTION

LENGTH: 2970 mm
WIDTH: 670 mm
FLANGE WIDTH: 150 mm
BACK SUPPORT HEIGHT: 1m

A

Nuceron651, Axson F16 Round, untapered metal pins &
MATERIAL surface layer SLIE LA bushes; @ 15 mm, 10 mm high.
INTERSECTION CORNER
STRENGTHENING none DEMOULDING FEATURES | Epoxy squeeze-out slots

@, I

N ¢

Q3

L N N

1

L

]
500
1T - 1T | 2T- 2T | 3T - 3T 1B | 1B - 2B | 2B - 3B | 3B - AVE
AVERAGE SURFACE ROUGHNESS MOULD [Ra] (um):
0.790 0.930 0.962 1.243 0399 | 0357 | 0278 | 0.358 0.803 | 0352 | 0.280 | 0.354
AVERAGE SURFACE ROUGNESS OF PART AFTER DEMOULD [Ra] (um):
1.761 1.665 2711 2.449 1.916 1.748 1.187 | 0.822 1.187 1726 | 1.762 | 2.231 1.764
AVERAGE SURFACE ROUGNESS OF PART AFTER PAINT [Ra] (um):
0.068 0.069 0.056 0.060 | 0.058 | 0.055 | 0.092 | 0.086 0.056 | 0.060 | 0.058 | 0.049 | 0.064
RELEASE AGENT USED ON MOULD Loctite Frekote 770-NC release system
BONDING LINE THICKNESS 1-2mm
INTERSECTION CORNER QUALITY Severely damaged
TIME USED FOR 175 P600 GRIT 25 CALCULATED 219%
FINISHING SET ) SANDING ) PERCENTAGE °

(Coetzee, 2013)
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A.8. FLAP 2 & FLAP 2 MOULD

o
) 4

MOULD DIMENSIONAL DESCRIPTION

LENGTH:

WIDTH:

FLANGE WIDTH:

BACK SUPPORT HEIGHT:

5400 mm
360 mm
40 mm
200 mm

TOP: Nuceron651, Axson F16
surface layer Round, untapered metal pins &
MATERIAL BOTTOM: Glass fibre structure with ALIGNMENT bushes; @ 15 mm, 10 mm high.
tooling gelcoat surface
INTERSECTION CORNER | TOP: none, DEMOULDING Eboxv squeeze-out slos
STRENGTHENING BOTTOM: Metal inserts FEATURES Poxy 54
150
1l
<
AT- | 2T| | 3T- | 41| | 5T- | 6T| | AVEr | 1B- | 2B] | 3B- | 4B] | 58- | 6B| | AVEs
AVERAGE SURFACE ROUGHNESS MOULD [Ra] (um):
1.458 | 1.701 1.402 1.713 1.451 1.755 0.875 | 1.021 0.841 1.028 | 0.871 | 1.053
AVERAGE SURFACE ROUGNESS OF PART AFTER DEMOULD [Ra] (um):
2591 | 2.213 1.023 2112 2.445 2.103 1.137 | 1.531 1262 | 1.542 | 1.306 | 1.580 | 1.393
AVERAGE SURFACE ROUGNESS OF PART AFTER PAINT [Ra] (um):
0.061 | 0.065 0.095 0.084 0.087 0.052 0.074 | 0.058 | 0.051 0.057 | 0.054 | 0.052 | 0.071 | 0.057
RELEASE AGENT USED ON MOULD Loctite Frekote 770-NC release system
BONDING LINE THICKNESS 1-2mm
INTERSECTION CORNER QUALITY Partly damaged on both top and bottom
TIME USED FOR P600 GRIT CALCULATED
FINISHING SET | ¥ HOURS SANDING 1.5HOURS PERCENTAGE | '

(Coetzee, 2013)
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A.9. FLAP 3 (18M) & FLAP 3 (18M) MOULD

o
) 4

LENGTH: 1160 mm

WIDTH: 200 mm
MOULD DIMENSIONAL DESCRIPTION FLANGE WIDTH: 35 mm

BACK SUPPORT HEIGHT: 150 mm

_ | \

-

Nuceron651, Axson F16

ALIGNMENT Metal pins, no bushes.

MATERIAL
surface layer
INTERSECTION CORNER
STRENGTHENING None DEMOULDING FEATURES | None

120

]

TITEELEY
566 b o

1T | 1B | 2T | 2B | 3T | 3B | 4T | 4B | 5T | 58 | 6T | 6B | AVE

AVERAGE SURFACE ROUGHNESS MOULD [Ra] (um):

1.458 1.701 1.402 1.713 0.358 | 0.803 1.755 | 0.354 0.803 0.841 1.028 | 0.215

AVERAGE SURFACE ROUGNESS OF PART AFTER DEMOULD [Ra] (um):

2.406 2.807 2.313 2.354 0.591 1.325 2896 | 0.985 1.325 1.388 1.753 0.354 1.708

AVERAGE SURFACE ROUGNESS OF PART AFTER PAINT [Ra] (um):

0.068 0.069 0.056 0.060 | 0.095 | 0.084 | 0.087 | 0.057 0.054 | 0.052 | 0.058 | 0.049 | 0.066

RELEASE AGENT USED ON MOULD 770NC Loctite Frekote 770-NC release system
BONDING LINE THICKNESS 1mm

INTERSECTION CORNER QUALITY Severely damaged

TIME USED FOR P600 GRIT CALCULATED

FINISHNG SET | 4 HOURS SANDING 0.7HOURS PERCENTAGE | 187

(Coetzee, 2013)

+A9e¢



A composite manufacturing process

for producing Class A finished components

P

APPENDIX A:
Factory Mould Survey Data

) 4

A.10. FLAP 4 (18M) & FLAP 4 (18M) MOULD

o
) 4

MOULD DIMENSIONAL DESCRIPTION

LENGTH:
WIDTH:
FLANGE WIDTH:

BACK SUPPORT HEIGHT:

400 mm
140 mm
20mm and 50 mm

Nuceron651, Axson F16

MATERIAL ALIGNMENT Metal pins, @ 15 mm
surface layer
INTERSECTION CORNER
e T None DEMOULDING FEATURES | None
2 3 4
L | 1
R +—1 l
|
-7 STYP
T | 1B | 21 | 2B | 31 | 3B | 41 | 4B | 57T | 58 | 6T | 6B | AVE
AVERAGE SURFACE ROUGHNESS MOULD [Ra] (um):
0.357 0.278 0.962 1.745 1.402 1.985 2415 0.962 0.803 0.352 0.280 0.803
AVERAGE SURFACE ROUGNESS OF PART AFTER DEMOULD [Ra] (um):
1.761 1.665 2.711 2.449 1.916 1.748 1.187 0.822 1.187 1.726 1.762 2.231 1.764
AVERAGE SURFACE ROUGNESS OF PART AFTER PAINT [Ra] (um):
0.068 0.069 0.056 0.060 0.058 0.055 0.092 0.086 0.056 0.060 0.058 0.049 0.064
RELEASE AGENT USED ON MOULD 770NC Loctite Frekote 770-NC release system
BONDING LINE THICKNESS 1 mm
INTERSECTION CORNER QUALITY Severely damaged
TIME USED FOR P600 GRIT CALCULATED
FINISHING SET 31 HOURS SANDING 05HOURS PERCENTAGE 16%

(Coetzee, 2013)
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A11.18M TIP & 18M TIP MOULD

LENGTH:

WIDTH:

MOULD DIMENSIONAL DESCRIPTION (PART OF WING MOULD)

FLANGE WIDTH:
BACK SUPPORT HEIGHT:

Nuceron651, Axson F16

MATERIAL ALIGNMENT (PART OF WING MOULD)
surface layer

INTERSECTION CORNER

STRENGTHENING (PART OF WING MOULD) DEMOULDING FEATURES | (PART OF WING MOULD)

1

| 1]
CIT LTI

1T | 1B | 21 | 2B | 31T | 3B | 41 | 4B | 57T | 5B | 6T | 6B | AVE

AVERAGE SURFACE ROUGHNESS MOULD [Ra] (um):
0.649 0.626 0.329 0.593 0.329 0.635 0.628 | 0.695 0.596 0.560 0.612 0.615

AVERAGE SURFACE ROUGNESS OF PART AFTER DEMOULD [Ra] (um):

0.876 0.845 0.444 0.801 0.451 0.857 0.872 | 0.938 0.805 0.654 | 0.826 0.824 0.766

AVERAGE SURFACE ROUGNESS OF PART AFTER PAINT [Ra] (um):

0.060 0.071 0.084 0.087 0.057 0.069 0.056 | 0.055 0.084 0.078 | 0.071 0.062 0.070

RELEASE AGENT USED ON MOULD 770NC Loctite Frekote 770-NC release system
BONDING LINE THICKNESS 3—-4mm

INTERSECTION CORNER QUALITY Severely damaged

TIME USED FOR P600 GRIT CALCULATED
FINISHING SET | 879 HOURS SANDING 59 HOURS PERCENTAGE | °”

(Coetzee, 2013)
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A12. 21M & 21M TIP MOULD

MOULD DIMENSIONAL DESCRIPTION

LENGTH:
WIDTH:
FLANGE WIDTH:

BACK SUPPORT HEIGHT:
A 4,

MATERIAL Nuceron651, Axson F16 ALIGNMENT Metal_pins and bushes; @ 10 mm x 20
surface layer mm high.
INTERSECTION CORNER
STRENGTHENING Not strengthened DEMOULDING FEATURES | None
1T | 1B | 2T 2B | 37T | 3B | 41 | 4B | 5T | 5B | 6T | 6B | AVE
AVERAGE SURFACE ROUGHNESS MOULD [Ra] (um):
0634 | 0529 | 0314 | 0578 | 0547 | 0574 | 0613 | 0485 | 0.581 0545 | 0548 | 0.596
AVERAGE SURFACE ROUGNESS OF PART AFTER DEMOULD [Ra] (um):
0.951 0.655 0.471 0.613 0.8205 | 0.665 0.615 0.744 0.874 0.412 0.813 0.634 0.689
AVERAGE SURFACE ROUGNESS OF PART AFTER PAINT [Ra] (um):
0.056 0.060 0.058 0.055 0.055 0.084 0.078 0.071 0.057 0.054 0.052 0.081 0.063
RELEASE AGENT USED ON MOULD 770NC Loctite Frekote 770-NC release system
BONDING LINE THICKNESS 3-4mm
INTERSECTION CORNER QUALITY Slightly damaged
TIME USED FOR P600 GRIT CALCULATED
FINISHING SET | /71 HOURS SANDING 7:3HOURS PERCENTAGE | °

(Coetzee, 2013)
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A.13. FLAP 3 (21M) & FLAP 3 (21M) MOULD

o
) 4

MOULD DIMENSIONAL DESCRIPTION

LENGTH:
WIDTH:

FLANGE WIDTH:
BACK SUPPORT HEIGHT:

MATERIAL Glass fibre structure with

Metal pins and bushes. @ 10 mm x 20

; ALIGNMENT .
tooling gelcoat surface mm high.
INTERSECTION CORNER
STRENGTHENING Not strengthened DEMOULDING FEATURES | Epoxy squeeze out slots
230
— i i i i
8 a) 4 2 1
1T - 1T | 2T- | 2T | 3T - 3T | 1B | 1B - 2B | 2B - 3B | 3B- | AVE
AVERAGE SURFACE ROUGHNESS MOULD [Ra] (um):
0.177 0.101 0.148 0.154 0.161 0.157 0.243 | 0.158 0.272 0.178 | 0.222 0.203
AVERAGE SURFACE ROUGNESS OF PART AFTER DEMOULD [Ra] (um):
0.366 0.336 3.571 0.818 0.511 1.243 3.309 | 3.066 0.712 0.617 | 0.332 0.371 1.271
AVERAGE SURFACE ROUGNESS OF PART AFTER PAINT [Ra] (um):
0.061 0.111 0.057 0.102 0.057 0.102 0.102 | 0.054 0.081 0.056 | 0.071 0.061 0.076
RELEASE AGENT USED ON MOULD 770NC Loctite Frekote 770-NC release system
BONDING LINE THICKNESS 1-2mm
INTERSECTION CORNER QUALITY good
TIME USED FOR P600 GRIT
FINISHING SET | °HOURS SANDING 0.6 HOURS L 12%

(Coetzee, 2013)
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A.14. FLAP 4 (21M) & FLAP 4 (21M) MOULD

o
) 4

MOULD DIMENSIONAL DESCRIPTION

ALIGNMENT Metal pins and bushes; @ 10 mm x 20

MATERIAL

Glass fibre structure with
tooling gelcoat surface

LENGTH:

WIDTH:

FLANGE WIDTH:

BACK SUPPORT HEIGHT:
-

e T

750 mm
170 mm
40 mm

mm high.

INTERSECTION CORNER
STRENGTHENING

Not strengthened

DEMOULDING FEATURES

Epoxy squeeze-out slots

1T- | T| | 2T- | 2T| | 3T- | 3T| | 1B| | 1B- | 2B| | 2B- | 3B| | 3B- | AVE
AVERAGE SURFACE ROUGHNESS MOULD [Ra] (um):
0.191 0.187 0.272 0.178 0.222 0.101 0.148 0.154 0.161 0177 0.101 0.108

AVERAGE SURFACE ROUGNESS OF

PART AFTER DEMOULD [Ra] (um):

0.347 0.418 0.439

0415 | 0312 | 0.308

0.996

0.307 0.352

0419 | 0423 | 0407 | 0.429

AVERAGE SURFACE ROUGNESS OF PART AFTER PAINT [Ra] (um):

0.062 0.101 0.054

0.112 0.061 0.086

0.053

0.088 0.057

0.087 | 0.042 0.078 0.073

RELEASE AGENT USED ON MOULD

770NC Loctite Frekote 770-NC release system

1mm

slightly damaged

BONDING LINE THICKNESS

INTERSECTION CORNER QUALITY

TIME USED FOR P600 GRIT
FINISHING SET | >2HOURS SANDING

0

.3 HOURS

%

(Coetzee, 2013)
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APPENDIX B: EXTRA DETAIL ON TESTS

B.1. SURFACE ROUGHNESS MEASURING

The purpose of the surface roughness testing is to provide a measurable value for each

sample and to determine whether one particular sample is in fact a better quality than the

other. Samples are compared in terms of their surface roughness (Rz) and the arithmetical

average height (Ra).

Measuring of the surface roughness is fairly easy and it is done
by a hand-held Roughness gauge, the AR-132C Surface
Roughness Tester (AWR, n.d).

The following process and guidelines should be followed to

ensure that the results measured are reliable (AWR, n.d.):

1.
2.

Locate the areas which will require measuring

On each location, about 10mm in front of where the
needle will require measuring, mark a 12.5mm position as
illustrated in Figure B-1.

Turn on the AR-132C Tester and ensure that it is set to
metric and that the cut-off set to 2.5mm.

Position the tester with the measuring position in line with
marked position on the sample, as illustrated in Figure B-
2. Ensure that the needle is on the measuring position
and not on the marked position.

Carefully press either of the start buttons and ensure not
to distort the tester before the reading is shown.

Write down the Ra and Rz values.

M
12 5mm

Figure B-0-1: AR-132C
Required Measuring
Area.

Surface to be
Needle position measyred

AR-132Croughness
meter outline

Marked measuring
Iocation

Figure B-0-2: Top view of measuring
with AR-132 C roughness meter

This test will be performed as one of the quality indicators for the tests described hereafter.

Whenever a test refers to the surface roughness measuring, this test will be applicable.

+Ble
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BEST PRACTISES FOR PROFILOMETER MEASURING

According to (MacKenzie, 2008), the following can be considered as best practises to obtain

the best results when measuring with a Profilometer:

¢ The skid should be flush and parallel with surface ‘Tracing Direction

being measured. As illustrated in Figure B-3.

¢ Ensure that the skidless drive datum level is flush

Correct
to surface being measured. Tracing Direction

¢ Ensure that the drive X axis is parallel to the part

axis.

Incorrect

¢ Measurements should be on the outer top dead ) ]
Figure B-0-3: Correct tracing

centre or bottom of the bore. direction of a profilometer.
+ The racing arm must be assembled properly (use the set screw or another method).
¢ The part held should be affixed in a rigid mount. Tracing Direction

¢ The set up should be free from ambient vibration.

¢ Surface to be measured must be clean. Correct

TS

¢ Measurements should be taken 90 degrees to “lay’

unless otherwise specified.

Incorrect
With the Class A surface finishing defined and with

information available on how to measure the surface quality, Figure B-0-4: Correct

Profilometer skid position.

this study will proceed to define the type of parts which (MacKenzie, 2008)

these qualities will be based on.

+B2e¢
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The following test procedure should be followed:

1
2
3

B.2. TEST 6: APPLICATION OF TOOLING GELCOAT VERSUS THE
USAGE OF EPOXY FILLER SURFACES

Prepare 2 pieces of Plexiglass TM 100mm x 100mm

Prepare the acrylic surfaces with at least 5 layers of Mequiars Mirror Glaze 87 Wax.

Prepare the brushes for application by trimming the hair of the brush to about half of the

original brush hair length.

Plug in the heat gun and have it ready on the lowest setting.

Follow the processes set out in Table B-1:

Table B-1: Application of surface layers

APPLICATION OF GC1150

APPICATION OF EPOXY & CAB-O-SIL

Mix 30 g of GC1050 with 6 g of G15.

After the tooling gelcoat is mixed, it should be
scraped out of the cup and put into another cup
before applying it. This helps to prevent any
unmixed areas from being applied to the tool.
Whilst carefully heating the application area with
the heat gun, apply the gelcoat in long full strokes.
(It should not be heated too much)

Apply the gelcoat to the entire area.

Let the gelcoat cure for at least two hours before
apply the bonding layers. Then the other sample

can be applied.

Sieve about 30grams of Cab-o-sil

Mix a total of 50 grams of epoxy.

Start mixing in the Cab-o-sil, noting how much is
added every time, into the epoxy mix until the
epoxy has the same thixotropy as the tooling
gelcoat.

With the other brush apply this mixture in the same
way as described for the tooling gelcoat.

After the entire area has been applied, lightly heat
the entire area to decrease the viscosity and thus
assisting with the release of any air bubbles
trapped on the bottom.

Let the epoxy cure for at least two hours before

applying the bonding layers.

+B3e¢
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Application of layers

After the surface layers have cured for about 1h30min,
the following bonding/structural layers can be cut in

blocks (balanced & symmetric layup):

Table B-2: Orientation and layer style of samples

LAYER A

LAYER B

Figure B-0-5: Layer style of Fibre

Layer Material Orientation | layer style
number

1 Glass veil NA Layer A style
2 Glass veil NA Layer B style
3 90070 45 Layer A style
4 90070 90 Layer B style
5 92110 45 Layer A style
6 92110 90 Layer B style
7 92125 45 Layer A style
8 92125 90 Layer B style
9 92125 90 Layer A style
10 92125 45 Layer B style
11 92110 90 Layer A style
12 92110 45 Layer B style
13 90070 90 Layer A style
14 90070 45 Layer B style

+B4e
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APPENDIX C: TEST 2 CNC TESTING EXTRA INFORMATION

In this section the entire process of how the CNC samples were designed and manufactured

is explained. The section will first look at the design and will then explain the steps followed

for each of the individual features of the CNC test samples.

C.1. CNC SAMPLE DESIGN

The CNC sample design needed to test certain features which influence CNC machining.

The “S”-shaped samples were designed to capture those features, whereas the block design

formed part of the conventional material tests.

The “S”-shaped samples were all dimensionally the same and had the following features, as

illustrated in the Figure C-1:

As only one size ball nose cutter would be used, the radiuses needed to be larger
than the radius of the cutter. The cutter size was 12mm, thus the radii were made
22mm.

The samples needed to have a draft angle as to let the cutter avoid roughening a 90
degree vertical surface when it is cutting close to the bottom

The samples needed to form curves, as flat block samples (like the block in the
sample board) only need the roughing tools to obtain a perfectly good surface finish,
whereas curves need the use of ball nose cutters.

The sample needed to change direction, as any change in direction of the sample
can cause defect points in the cutting process, which will reflect on resulted sample.
Because the surface roughness actually needed testing, the top surface needed to

be flat, to allow for a more accurate testing surface.

eC1le
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DRAFT ANGLE ON § HEIGHT OF 5LOT

5
ol _I_ -

A LA LT TAAL & T T VT TRAr Y L TEal UL TEAL |

25

! Tl
e
III
II I
A, 25,
L\n:-
]
/s
&

INCREASE STEPOVER

>

1 INCREASE Resolution&Focets HCREASE FEED
Constant Feed Constant Resolution
Constant Stepover Constant Focets
Constant Tolerance Constant Tolerance

Constant RP# Constant RP#

Figure C-1: CNC sample design layout

The block shaped sample did not need a great many variables as the only testing was aimed
at creating a perfectly good corner. In order to ensure that the corner is sharp, the sample
was cut past the split surface, creating a slot around the plug area. The slot then prevented
the split surface from being affected by the spraying of the plug area, as it would then be
covered by Plexiglass TM as explained later.

Each one of the features of the sample board will now be explained in the order of machine
operations of the CNC.
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C.2. CNC TOTAL CUTTING TIME AND MACHINE LAYOUT
ILLUSTRATION

CNC machining consists of a few steps that are necessary in order to optimise tool
capabilities. The part is first broadly roughened to a near shape, and then roughened more
to a close near shape with a roughening tool. After the roughening is completed, the actually

testing starts by applying different settings to a ball nose cutter.

The final steps are each completed on its own. This section will explain these steps in order
of the machining processes, with illustrations taken from the VISICAM software used to
program the SCM RECORD 110 AL PRISMA, CNC machine, which makes use of the Xilog
Plus operating software for cutting. Each one of the different tools has been programmed
into the Visicadcam software. The Tables below provide information for each individual step

in the process:

+C3e
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C.3 ROUGHING: 40MM

Tool used: T3 - END MILL @40mm ROUGHNING SPIRAL IN
Cutting illustration SETTINGS
: Side allowance 0.5
Bottom allowance 0.5
% Step-over method Spiral in
é’ Step-over setting 20
Step down method Automatic
Step down setting 4
Min 20
E Max 50
- Boundary Past
Plunging method Helical
) Rapid style Clearance plane
§ Lead in Horizontal
Lead out Horizontal
0 Cut mode Rough
g‘% Spindle speed ( rev/min) 17109
§ § Feed (mm/min) 7186
o Reduction feed (mm/min) 3596
RESOLUTION 20
FACETS 2.5
[}
-§ Time taken to cut 21min

¢Cle
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C.4 ROUGHING: 11.5MM

Tool used: T1 - END MILL @11.5mm

Cutting illustration

Passes

Limit

Leads

Cutting
parameters

time

+Cb5e¢

ROUGHNING SPIRAL OUT

SETTINGS
Side allowance
Bottom allowance
Step-over method
Step-over setting
Step down method
Step down setting
Min
Max
Boundary
Plunging method
Rapid style
Lead in
Lead out
Cut mode
Spindle speed ( rev/min)
Feed (mm/min)
Reduction feed (mm/min)
RESOLUTION
FACETS

Time taken to cut

0.5
0.5
Spiral out
5.75
Automatic
2
25
50
Past
Helical
Clearance plane
Horizontal
Horizontal
Finish
16955
3000
3569
20
25

28min49sec
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C.5. SLOT MILL: 10MM

Tool used: T5 — SLOTMILL 910mm MILL
Cutting illustration SETTINGS
Side allowance 0
Bottom allowance 0
4 Step-over method N/A
g Step-over setting 5
Step down method N/A
Step down setting
Min
E Max
- Boundary N/A
Plunging method N/A
8 Rapid style N/A
3 Lead in N/A
Lead out N/A
0 Cut mode Finish
g’ % Spindle speed ( rev/min) 17000
§ § Feed (mm/min) 1500
o Reduction feed (mm/min) 750
RESOLUTION 20
FACETS 25
[}
-.§. Time taken to cut 4min43sec
RESULTS

+CGe
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C.6. SLOT MILL: 6MM

Tool used: T9 — SLOTMILL 96.05mm MILL
Cutting illustration SETTINGS
Side allowance 0
Bottom allowance 0
4 Step-over method N/A
g Step-over setting 3.025
Step down method N?A
Step down setting
Min
E Max
- Boundary N/A
Plunging method N/A
2 Rapid style N/A
3 Lead in N/A
Lead out N/A
0 Cut mode Finish
g’ g Spindle speed ( rev/min) 17000
§ § Feed (mm/min) 1000
o Reduction feed (mm/min) 1000
RESOLUTION
FACETS
[}
-§ Time taken to cut 1min9sec
HOLE DIAMETERS RESULTS
HOLE PROGRAMMED FITMENT WITH G6
DIAMETER TOLERANCE SHAFTS
1 9.9 TO SMALL
2 9.95 FIT
3 10 FIT
g 10.05 TOLOOSE For a 10mm g6 shaft, the best setting for the
5 101 TO LOOSE CNC machine is 9.95 and 10 mm
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C.7. CONSTANT STEP OVER (1, 2, 3):

Tool used: T12 - BALLNOSE @12 mm CONSTANT STEPOVER
Cutting illustration SETTINGS
Side allowance 0
Bottom allowance 0
§ Step-over method N/A
§ Step-over setting 0.7
Step down method N/A
Step down setting 0.7
- Min 0
E Max 45
- Boundary ON
- Plunging method Plunging
o Rapid style Clearance plane
§ Lead in Horizontal
Lead out Horizontal
" Cut mode 17000
g’ % Spindle speed ( rev/min) 800
g E Feed (mm/min) 400
o Reduction feed (mm/min)

e Time takento cut  1h1min24sec
FACETS: 20 40 60
RESOLUTION 2.5 1 0.5
RESULTS

POSITION Ra(um) Ra(um) Ra(um)
1 9.77 9.768 10.58
2 13.26 7.695 8.404
3 11.78 11.95 11.84
4 3.472 10.58 3.723
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C.8. CONSTANT STEP OVER (4):

Tool used: T12 - BALLNOSE @12 mm

Cutting illustration

Passes

Limit

Leads

Cutting
parameters

(V]

FACETS 120 £
RESOLUTION 0.1
RESULTS

+C9e

CONSTANT STEPOVER
SETTINGS
Side allowance 0
Bottom allowance 0
Step-over method N/A
Step-over setting 0.5
Step down method N/A
Step down setting 0.5
Min 0
Max 45
Boundary ON
Plunging method Plunging
Rapid style Clearance plane
Lead in Horizontal
Lead out Horizontal
Cut mode Finish
Spindle speed ( rev/min) 17000
Feed (mm/min) 2000
Reduction feed (mm/min) 1000
Time taken to cut 11min23sec

SURFACE ROUGHNESS

Ra(um)
Position 1 9.659
Position 2 11.18
Position 3 10.2
Position 4 11.45
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C.9. CONSTANT STEP OVER (5):

Tool used: T12 - BALLNOSE @12 mm CONSTANT STEPOVER
Cutting illustration SETTINGS
Side allowance 0
Bottom allowance 0
g Step-over method N/A
6_‘@ Step-over setting 0.5
Step down method N/A
Step down setting 0.5
- Min 0
E Max 45
- Boundary ON
- Plunging method Plunging
8 Rapid style Clearance plane
§ Lead in Horizontal
Lead out Horizontal
S Cut mode Finish
g’é Spindle speed ( rev/min) 17000
§ § Feed (mm/min) 1500
e Reduction feed (mm/min) 750
FACETS 120 -g Time taken to cut 15min11sec
RESOLUTION 0.1 *
RESULTS - SURFACE ROUGHNESS
Ra(um)
Position 1 10.36
Position 2 8.349
Position 3 9.822
Position 4 14.19

+C100
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C.10. CONSTANT STEP OVER (6):

Tool used: T12 - BALLNOSE @12 mm CONSTANT STEPOVER
Cutting illustration SETTINGS
Side allowance 0
Bottom allowance 0
g Step-over method N/A
6_‘@ Step-over setting 0.5
Step down method N/A
Step down setting 0.5
- Min 0
E Max 45
- Boundary ON
- Plunging method Plunging
8 Rapid style Clearance plane
§ Lead in Horizontal
Lead out Horizontal
S Cut mode Finish
g’é Spindle speed ( rev/min) 17000
§ § Feed (mm/min) 800
e Reduction feed (mm/min) 400
FACETS 120 E Time takentocut o0
RESOLUTION 0.1
RESULTS - SURFACE ROUGHNESS
Ra(um)
Position 1 9.659
Position 2 10.09
Position 3 8.622
Position 4 3.356

+C11¢
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C.11. CONSTANT STEP OVER (7):

Tool used: T12 - BALLNOSE @12 mm CONSTANT STEPOVER
Cutting illustration SETTINGS
Side allowance 0
Bottom allowance 0
g Step-over method N/A
6_‘@ Step-over setting 0.7
Step down method N/A
Step down setting 0.7
- Min 0
£ Max 45
- Boundary ON
- Plunging method Plunging
8 Rapid style Clearance plane
§ Lead in Horizontal
Lead out Horizontal
S Cut mode Finish
g’é Spindle speed ( rev/min) 17000
§ § Feed (mm/min) 2000
e Reduction feed (mm/min) 1000
FACETS 129 .“g’ Time taken to cut 8min11sec
RESOLUTION 0.1 h
RESULTS - SURFACE ROUGHNESS
Ra(um)
Position 1 9.331
Position 2 8.895
Position 3 12.11
Position 4 9.822

*+C12¢
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C.12. CONSTANT STEP OVER (8):

Tool used: T12 - BALLNOSE @12 mm CONSTANT STEPOVER
Cutting illustration SETTINGS
Side allowance 0
Bottom allowance 0
g Step-over method N/A
6_‘@ Step-over setting 0.7
Step down method N/A
Step down setting 0.7
- Min 0
E Max 45
- Boundary ON
- Plunging method Plunging
8 Rapid style Clearance plane
§ Lead in Horizontal
Lead out Horizontal
- Cut mode Finish
g’é Spindle speed ( rev/min) 17000
§ § Feed (mm/min) 1500
e Reduction feed (mm/min) 750
[}
FACETS 120 £ Time takentocut  10min57sec
RESOLUTION 0.1
RESULTS - SURFACE ROUGHNESS
Ra(um)
Position 1 10.96
Position 2 10.25
Position 3 11.62
Position 4 11.35

+C13¢
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C.13. CONSTANT STEP OVER (9):

Tool used: T12 - BALLNOSE @12 mm CONSTANT STEPOVER
Cutting illustration SETTINGS
Side allowance 0
Bottom allowance 0
g Step-over method N/A
6_‘@ Step-over setting 0.7
Step down method N/A
Step down setting 0.7
- Min 0
E Max 45
- Boundary ON
- Plunging method Plunging
8 Rapid style Clearance plane
§ Lead in Horizontal
Lead out Horizontal
S Cut mode Finish
g’é Spindle speed ( rev/min) 17000
§ § Feed (mm/min) 800
e Reduction feed (mm/min) 400
FACETS 120 E Time takentocut o0
RESOLUTION 0.1
RESULTS - SURFACE ROUGHNESS
Ra(um)
Position 1 10.15
Position 2 10.96
Position 3 9.877
Position 4 3.800

+C149¢
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C.14. CONSTANT STEP OVER (10):

Tool used: T12 - BALLNOSE @12 mm

Cutting illustration

Passes

Leads

Cutting
parameters

Q

FACETS 120 .g
RESOLUTION 0.1
RESULTS

+C15¢

CONSTANT STEPOVER
SETTINGS
Side allowance 0
Bottom allowance 0
Step-over method N/A
Step-over setting 1
Step down method N/A
Step down setting 1
Min 0
Max 45
Boundary ON
Plunging method Plunging

Rapid style Clearance plane
Lead in Horizontal
Lead out Horizontal
Cut mode Finish
Spindle speed ( rev/min) 17000
Feed (mm/min) 800
Reduction feed (mm/min) 400
Time taken to cut 7min51sec
SURFACE ROUGHNESS
Ra(um)
Position 1 10.69
Position 2 10.58
Position 3 9.986
Position 4 8.676
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C.15. CONSTANT STEP OVER (11):

Tool used: T12 - BALLNOSE @12 mm

Cutting illustration

Passes

Cutting
parameters

o
FACETS 120 g-
RESOLUTION 0.1
RESULTS

+C16¢

CONSTANT STEPOVER
SETTINGS
Side allowance 0
Bottom allowance 0
Step-over method N/A
Step-over setting 1
Step down method N/A
Step down setting 1
Min 0
Max 45
Boundary ON
Plunging method Plunging

Rapid style Clearance plane
Lead in Horizontal
Lead out Horizontal
Cut mode Finish
Spindle speed ( rev/min) 17000
Feed (mm/min) 1500
Reduction feed (mm/min) 400
7min51sec
Time taken to cut
SURFACE ROUGHNESS
Ra(um)
Position 1 9.932
Position 2 10.85
Position 3 10.25
Position 4 7.203
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C.16. CONSTANT STEP OVER (12):

Tool used: T12 - BALLNOSE @12 mm CONSTANT STEPOVER
Cutting illustration SETTINGS
Side allowance 0
Bottom allowance 0
g Step-over method N/A
6_‘@ Step-over setting 1
Step down method N/A
Step down setting 1
- Min 0
£ Max 45
- Boundary ON
- Plunging method Plunging
8 Rapid style Clearance plane
§ Lead in Horizontal
Lead out Horizontal
- Cut mode Finish
g’é Spindle speed ( rev/min) 17000
§ § Feed (mm/min) 2000
e Reduction feed (mm/min) 1000
FACETS 120 é Time taken to cut smind6sec
RESOLUTION 0.1
RESULTS - SURFACE ROUGHNESS
Ra(um)
Position 1 9.877
Position 2 11.62
Position 3 11.89
Position 4 4.61
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C.17. FINISHING OF THE BLOCK SAMPLE

The finishing of the block sample commenced in the normal process of plug finishing:

STEP 1: The surrounding area was wrapped

STEP 2: The block was sprayed with Standox 1K

with plastic to prevent contamination during )
primer.

spraying.

STEP 3: The block was left to dry and wet STEP 4: The block was sprayed with Standox
sanded to a P800 grit. 2K paint and left to dry.

=7 — .,

STEP 4: The block was sanded with a P800 to a STEP 5: The Plexiglass TM was applied with
P2000 grit and polished. double-sided tape.

+C18¢
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APPENDIX D: MANUFACTURING OF JS1 INSTRUMENT
PANEL

The manufacturing of the instrument panel that has been used to verify the process
described in Chapter 6 is described in this Appendix. The process started with the CAD
design and the plug manufacturing, it then proceeds to the mould design and manufacturing
and ends with the part manufacturing

D.1. CAD DESIGN

The general shape of the part was predetermined by the original design of the JS 1 and the
old mould was used to obtain an outline of the top face. The outline was drawn on
Solidworks, enlarged by 3mm to account for the radius in the old mould and extruded for 20
mm, with a 3 mm draft (Figure D-1a). A split surface was added to obtain the top plug.
(Figure D-1b)

a EXTRUDED PART, b
WITH DRAFT ANGLE

c EXTRUSION d

€ f
1.5mm OFFSET

g EXTRUSION h

:
5
: 3

Figure D-0-1: CAD Design process followed to create JS1 instrument panel plugs.

The top plug was then used to create a top mould by extruding a block and subtracting the
plug. (Figure D-1c, d). The top mould surface was then offset by 1.5mm to create the
bottom mould surface (Figure D-1e, f). By extruding a block and subtracting the bottom
mould, the bottom plug was created (Figure D-1g, h).

oD1e
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D.2. PLUG

The plugs were created by importing the parasolid file, created by the CAD modelling, into
VISCAM and creating the tool paths with settings set out in Chapter 6. The plugs were then
cut on the CNC machine out of Nuceron651 tooling board. After cutting, the plugs were

finished.

D.2.1. CNC PROGRAMMING AND CUTTING

The Tables in D2.2. and D2.3 provide the tool path settings created with VISICAM for both
the bottom and the top plug. The tables start with the roughing operations and goes into the
finishing operations. The total cutting time for each operation is provided, and an estimated
cutting time for 1sgm by 50 mm high is calculated. These values can be used to determine

cutting times for future projects.

D.2.2. BOTTOM PLUG CNC TOOLPATH SETTINGS

Tool used: T3 - END MILL 40mm ROUGHNING SPIRAL OUT
Cutting illustration SETTINGS
Side allowance 0.5
Bottom allowance 0.5
2 Step-over method Spiral out
Eﬂ Step-over setting 20
Step down method Automatic
Step down setting 3
Min 0
£ Max 50
3
Boundary On
Plunging method Plunging
P Rapid style Clearance plane
3 Lead in Axial
Lead out Axial
Cut mode ROUGH
E’§ Spindle speed ( rev/imin) 17109
3 § Feed (mm/min) 7186
= Reduction feed (mm/min) 3593
RESOLUTION 0.1
FACETS 120
©
E Time taken to cut 8min

oD2e¢
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Tool used: T1 - END MILL @12mm
Cutting illustration

Passes

Limit

Leads

Cutting
parameters

Time

Tool used: T9 — SLOT MILL @6.05mm

Cutting illustration

Passes

Limit

Leads

Cutting
parameters

Time

+D3e¢

ROUGHNING SPIRAL OUT

SETTINGS
Side allowance
Bottom allowance
Step-over method
Step-over setting
Step down method
Step down setting
Min
Max
Boundary
Plunging method
Rapid style
Lead in
Lead out
Cut mode
Spindle speed ( rev/imin)
Feed (mm/min)
Reduction feed (mm/min)
RESOLUTION
FACETS

Time taken to cut

ROUGHNING SPIRAL OUT

SETTINGS
Side allowance
Bottom allowance
Step-over method
Step-over setting
Step down method
Step down setting
Min
Max
Boundary
Plunging method
Rapid style
Lead in
Lead out
Cut mode
Spindle speed ( revimin)
Feed (mm/min)
Reduction feed (mm/min)
RESOLUTION
FACETS

Time taken to cut

0.5
0.5
Spiral out
6
Constant
3
0
50
On
Plunging
Clearance plane
Axial
Axial
ROUGH
16995
7138
3569
0.1
120

1mind44sec

0.5
0.5
Spiral out
3.025
Constant
3.025
0
50
On
Plunging
Clearance plane
Axial
Axial
Rough
17000
2000
1000
0.1
120

1min16sec
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Tool used: T7 - BALLNOSE @6 mm
Cutting illustration

Passes

Limit

Leads

Cutting
parameters

Q
£
-
Tool used: T10 — BALLNOSE @3mm
Cutting illustration
g
£
-
5
©
S

Cutting
parameters

Time

oD4e

STEEP / SHALLOW
SETTINGS
Side allowance

Bottom allowance
Step-over method
Step-over setting

Step down method

Step down setting

Min

Max

Boundary

Plunging method

Rapid style

Lead in

Lead out

Cut mode

Spindle speed ( rev/imin)
Feed (mm/min)
Reduction feed (mm/min)
RESOLUTION

FACETS

Time taken to cut

REST AREA
SETTINGS
Side allowance

Bottom allowance
Step-over method
Step-over setting

Step down method

Step down setting

Min

Max

Boundary

Plunging method

Rapid style

Lead in

Lead out

Cut mode

Spindle speed ( revimin)
Feed (mm/min)
Reduction feed (mm/min)
RESOLUTION

FACETS

Time taken to cut

0
0
Upper
0.5
Adaptive
0.5
19
49
Past
(x-250) (y-185)
Clearance plane
Horizontal
Horizontal
Finish
17000
800
400
0.1
120
2h17min2sec

0
0
By rest area
0.5 (previous 6)
By rest area
0.5
19
49
On
(x-250)(y-185)
Clearance plane
Vertical
Vertical
Finish
17000
800
400
0.1
120

10min28sec
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Tool used: T3 — ENDMILL @40mm
Cutting illustration

Passes

Limit

Leads

Cutting
parameters

Q
£
-
Tool used: T9 — SLOTMILL @6.05 mm
Cutting illustration
g
£
-
5
©
S

Cutting
parameters

Time

+D5e¢

FACEMILL ZIGZAG
SETTINGS

External extension value

Bottom allowance

Step-over method

Step-over setting

Step down method

Step down setting

Min

Max

Shape methods

Plunging method

Rapid style

Lead in

Lead out

Cut mode

Spindle speed ( rev/imin)

Feed (mm/min)

Reduction feed (mm/min)

RESOLUTION

FACETS

Time taken to cut

PLANAR FACES
SETTINGS
Side allowance

Bottom allowance

Step-over method

Step-over setting

Step down method

Step down setting

Min

Max

Boundary

Plunging method

Rapid style

Lead in

Lead out

Cut mode

Spindle speed ( revimin)
Feed (mm/min)
Reduction feed (mm/min)
RESOLUTION

FACETS

Time taken to cut

20

ZigZag
20
ZigZag
20
0
0
Silhouette
N/A
N/A
N/A
N/A
Finish
17000
800
400
0.1
120

14min58sec

N/A

3
N/A
N/A
19

19

On

Ramping

Clearance plane

Vertical
Vertical
Finish
17000
800
400
0.1
120

1min5sec
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A composite manufacturing process

D.2.3. TOP PLUG CNC TOOLPATH SETTINGS

Tool used: T3 - END MILL @940mm ROUGHNING SPIRAL OUT

Cutting illustration

Side allowance 0.5
Bottom allowance 0.5
§ Step-over method Spiral out
8 Step-over setting 20
Step down method Automatic
Step down setting 3
Min 0
£ Max 50
- Boundary On, Defualt
Plunging method Plunging
) Rapid style Clearance plane
8 Lead in Axial
Lead out Axial
Cut mode Rough
E’% Spindle speed ( revimin) 17109
§ § Feed (mm/min) 7186
s Reduction feed (mm/min) 3593
RESOLUTION 0.1
FACETS 120
° Time taken to cut 16mindsec
E
Tool used: T1 - END MILL @12mm ROUGHNING SPIRAL OUT
Cutting illustration SETTINGS
Side allowance 0.5
Bottom allowance 0.5
§ Step-over method Spiral out
g Step-over setting 5.75
Step down method Automatic
Step down setting 2
Min 29
E Max 50
3
Boundary On
Plunging method Plunging

® Rapid style Clearance plane

g Lead in Axial
Lead out Axial

Cut mode Rough

E’€§ Spindle speed ( rev/min) 16995
38 Feed (mm/min) 5000
= Reduction feed (mm/min) 2500

RESOLUTION 0.1
FACETS 120
Time taken to cut 1min22sec

Time

+D6e
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Tool used: T3 — ENDMILL @40mm
Cutting illustration

Passes

Limit

Leads

Cutting
parameters

Time

Tool used: T7 — BALLNOSE @6 mm

Cutting illustration

Passes

Limit

Leads

Cutting
parameters

Time

oD7¢

FACEMILL ZIGZAG
SETTINGS

External extension value

Bottom allowance

Step-over method

Step-over setting

Step down method

Step down setting

Min

Max

Shape method

Plunging method

Rapid style

Lead in

Lead out

Cut mode

Spindle speed ( rev/imin)

Feed (mm/min)

Reduction feed (mm/min)

RESOLUTION

FACETS

Time taken to cut

CONSTANT STEPOVER

SETTINGS
Side allowance
Bottom allowance
Step-over method
Step-over setting
Step down method
Step down setting
Min
Max
Boundary
Plunging method
Rapid style
Lead in
Lead out
Cut mode
Spindle speed ( revimin)
Feed (mm/min)
Reduction feed (mm/min)
RESOLUTION
FACETS

Time taken to cut

50

ZigZag
15
ZigZag
20
0
0
Silhouette
N/A
N/A
N/A
N/A
Finish
15120
6350
3593
0.1

120

1min52sec

N/A
0.5
N/A
0.5
19
49
On
Plunging
Clearance plane
Horizontal
Horizontal
Finish
17000
1500
750
0.1
120
1h22min33sec
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Tool used: T9 — SLOTMILL @ 6.05 mm PLANAR FACES
Cutting illustration SETTINGS
Side allowance 0
Bottom allowance 0
2 Step-over method N/A
E Step-over setting 2.8
Step down method N/A
Step down setting N/A
Min 19
£ Max 19
- Boundary On
Plunging method Ramping
® Rapid style Clearance plane
E Lead in Vertical
g Lead out Vertical
X Cut mode Finish
E’é Spindle speed( rev/min) 17000
3 § Feed(mm/min) 1500
= Reduction feed (mm/min) 750
RESOLUTION 0.1
FACETS 120
° Time taken to cut 37min11sec
ig
Tool used: T9 — SLOTMILL @ 6.05 mm MILL
Cutting illustration SETTINGS
Side allowance 0
Bottom allowance 0
2 Step-over method N/A
g Step-over setting 3.025
Step down method N/A
Step down setting 3.025
Min 0
£ Max 0
- Boundary N/A
Plunging method N/A
2 Rapid style N/A
g Lead in N/A
Lead out N/A
Cut mode Finish
E"% Spindle speed( rev/imin) 17000
g § Feed(mm/min) 800
= Reduction feed (mm/min) 400
- RESOLUTION 0.1
FACETS 120
Time taken to cut 1min5sec

Time

+D8e¢
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D.2.4. PLUG AFTER CNC CUTTING

Figure D-2 and D-3 illustrate the cutting surfaces of both the top and bottom plugs. The
Figures show that even though the CNC tool paths have been optimised, various surface

discrepancies are caused by the cutting itself, which was not predicted on the CAM

modelling.

Figure D-2: Top plug discrepancies

Figure D-3: Bottom plug discrepancies

+D9e
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D.2.5. PLUG FINISHING

The plugs were finished with the process described in Chapter 6. Figure D-4 illustrates a
number of areas in the plug which were repaired during finishing as well as the enlarged

images of critical areas after finishing:

Figure D-4: Plug surfaces after finishing

After the plugs have been finished and prepared with a Mequiars Mirror Glaze 87 Wax, it

was time to manufacture the moulds

+D10¢
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D.3. MOULD OF INSTRUMENT PANEL

Creating composite moulds requires one to follow a few steps involving both design and
manufacturing. The mould composition and mould inserts required designing after which the
inserts required manufacturing before the mould manufacturing commenced. This section
describes these processes in more detail, starting with the design of the mould layup. It
should be noted that the design part and insert manufacturing commenced parallel to the
plug manufacturing, as these processes were not influenced by each other. This ensured
that the moulds could be manufactured as soon as the plugs were finished. The first step in

the mould process was to design the mould layup.

D.3.1. MOULD LAYUP DESIGN

Table D-1: Layup schedule of mould

Table D-1 indicates the balanced, symmetrical layup e | e | e iﬁ:
schedule prepared for the manufacturing of composite -2 T”sﬁd {De?drees] (mm) | style
ooing Ins ?tﬂ
moulds. The materials used were all bidirectional, thus 1 Gele’m‘. outside 2
32z vell Cutto
P : 2 xd nia 0.04 fit
eliminating the need for a counter angled layer of each 3 0T e R
material. The brick layer styles are indicated in Figure D- 4 | 50070 9 012 |b
] 92110 45 0.16 3
5. g 92110 90 0.16 b
7 92125 45 0.25 3
i 92125 90 0.25 b
To determine how much material was required, the total 9 | 400gsm 45 12 |3
10 4(0gsm 90 12 b
area of the mould was calculated. The calculated areas 11 | Supawood 0 16 3
. . . 12 400gsm 90 12 b
were used to determine how much material will be 13 | 400gsm 5 12 .
. . o o A . " 14 92125 90 0.25 b
required in the 45° and 90° direction. The quantities of = oE 5 05 -
gelcoat and epoxy were also calculated, illustrated in 16 | 92110 0 016 |b
17 92110 45 0.16 3
Table D-2. 15 | Peelply a0 emoved | b
Table D-2: Area and material required calculations an
AREA OF MOULD TOTAL MATERIAL NEEDED FOR 1
MOULD
LENGTH+60mm fortnmming = 0560 m [ Gekoat =Ar-G-T0F = 120 g
WIDTH+ 60 mm fortnmming 0430 m | PB = ([L'W)- A=) 4 = 09 o A B
HEIGHT 0030 m | 90070 = Ar-1 = 03w
TOTAL AREA (A7) 0241 o | 92110 = Ar-2 = 05
PERIMETER of chape 125 m | 92125 = Ar-2 = 05* o
Area required for rbbon (A=) 004 m? | 92146 = Ar-2 = 05* o
Gelcoat thickness (G) 00005 m | Epoxy = E = 500 g
" Required foronly 30° or43°. Figure D-5: Brick layers styles
E = 0.3 -80gsm) + {05 m*T63gem) + {05 m*280gsm) = {05 m*4h0gsm) +[0.9-30gsm)

+D11¢
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D.3.2. MOULD INSERT DESIGN

The moulds required inserts for the core of the layup as
well as alignment inserts. The core inserts were
manufactured with the CNC machine from 12mm

Supawood, as illustrated in Figure D-6.

The metal inserts were manufactured out of 316
stainless steel with a g6/H7 tolerance. Extra pins, which
were used for locating the bushes during manufacturing,
were manufactured. The metal pins as well as the

manufacturing drawing are illustrated in Figure D-7.

| | : N

Figure D-6: Supawood inserts cut on

the CNC machine, with illustration to

show how they fit onto the moulds.

[ EALIGNMENT PIM I:EALIGNMENT BUSH
+0.015
@10.000 0.000
A
1 L |
B LI i
ol @ i | |
= & i | BONDING
[ | GROOWVES
[ ! 0.2 mrm DEEP
L L 2 mm PITCH
BONDING
GROOWVES
o 0.2 mm DEEP
- 2 mim PITCH

-0.005
| @10.000-0.014
TYP

(Z)BUSH PIN

R2

STAMP BLOCK

Only shamped deowings may be wsed for producion

-0.005
@ 10.000-0.014

. |[DESCRIPTION

AATERIAL

ALIGMMENT PiM

31455

BUSH PIN

31455

ALIGMMENT BUSH

31455

MAOULD SPACERS

31455, 1.5 mm

Jonker Sarlplanes

et o
WILE

Mould Metal inserts

Al

PORCHEFSTROOM

kT rty

N/A

Dia el wl

N/A

EE

W

B0
F1i]

S0UTH afiaCa

Figure D-7: Metal inserts and metal insert manufacturing drawings
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D.3.3. MOULD MANUFACTURING

Figure D-8 briefly illustrate the steps of the mould manufacturing as described in Chapter 6.
Figures D-8-1 and D-8-2 illustrate the application of the tooling gelcoat with a heat gun. In
Figures D-8-3 and D-8-4, the print barrier is applied, followed by the structural layers shown
in Figure D-8-5. The Supawood inserts are prepared with the epoxy bonding mix and
applied, as shown in Figure D-8-6. In Figures D-8-7 and D-8-8 the symmetry layers are
applied, followed by the layer of peelply. The moulds were then cured for 36 hours at an

average of 23°C, after which it was demoulded, as shown in Figure D-8-9.

Figure D-8: Mould Manufacturing process

After the moulds have been demoulded, they were cleaned, all defaults, Figure D-9, were
repaired, and they were sanded with a P1000 — P2000 grit and polished, illustrated in Figure
D-8.

Figure D-9: Mould defects after demoulding

Figure D-8: Moulds being sanded

+D13¢
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D.4. PART OF INSTRUMENT PANEL

The part manufacturing commenced as described in Chapter 6. After demoulding, the part
was revealed to have a few marks, as illustrated in Figure D-10 possibly due to the release
agent which was not properly wiped off before spraying. These marks can be prevented if
the release agent is properly wiped off before spraying the 2K paint. However, these marks

disappeared easily after polishing the part.

Figure D-10: Marks created by release agent
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APPENDIX E: FINISHING OF SURFACES

The composite parts produced in this study are parts that have surface layers consisting of
gelcoats and paints. These types of surface finishes have certain properties and require

particular approaches to finishing. This section provides more insight on this subject.

E.1. OUTER SKIN OF THE PART - SURFACE LAYERS

The method of painting gliders over the years has changed little. Polyester paint, or better
known as, gelcoats, ("Schwabbellack" or "Vorgelat") are sprayed into the open mould and

the part (fuselage or wing) is laid up on the wet layer. (Dirks, 2012)

After the wing or fuselage halves are put together, the joints are cleaned, painted, and
sanded with an increasingly fine paper and, finally, it is polished. Regardless of the paint
being used, it is a difficult task which requires skill that may take years to perfect. The result
is a very evenly painted gelcoat surface. This layer has a certain thickness and the
shrinkage of the underlying structure evens it out. Even when the gelcoat is of the highest
quality, however, it may turn yellow over the course of time. This yellowing is especially

noticeable after re-finishing or repairing of a glider structure.

Gelcoat finishes may also split because of large temperature changes. This is caused by the
different coefficients of expansion of the polyester gelcoat and underlying reinforced epoxy
plastic. These cracks and flaking happen S

ﬁ

mostly because of high altitude flights

Primer (Optional)

and can ruin the entire glider surface.

Gelooat

This situation can be compared to
automotives that stand in the sun,

Substrate

summer and winter, with little change to
Figure E-1: Surface layers of Composite structures.

their surfaces. Polyurethane paints offer (TIA SWP 29, 2012)

the very highest quality, and is so elastic
that it will not crack even if the filler underneath it gets hair thin cracks. This is the reason
why modern glider manufactures make use of Polyurethane surface layer systems on top of
the in mould gelcoat finish. (Dirks, 2012)
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Finishing the glider with Polyurethane in the mould is, however, not conventional at the

moment, and the current study will investigate possibilities of applying Polyurethane paints

as topcoats with in-mould coatings to produce Class A finished composite structures directly

out of the mould. Because the mould finishing for these types of parts plays a significant

role in the part’s finishing, an entire section will now be devoted to the manufacturing of

moulds for these types of parts. (Dirks, 2012)

E.2. PREPARATION OF THE SURFACE FOR FINISHING

Several preparations are required for the spray painter to achieve an evenly applied gloss

shiny surface, which is free from dust flaws, pinholes, orange peel, and so on (TIA, 2012).

These include:

*

The surface to be sprayed on must be flawless, clean of dust or any other

contamination.
The paint must be selected and mixed correctly.

To obtain the correct viscosity of the paint, the correct amount of thinners must

be applied.

The spraying plays a crucial part and the spray area should be kept clean and

properly maintained.
It is essential to spray in a dust free environment like a spray booth.

The spray environment and surface to be coated must be kept at the prescribed

standards of the paint system to be used.

The spray gun jet must be selected correctly and be adjusted according to the

surface to be sprayed on.

Always let the paint layers flash before applying the next layer, as this will result

in better bonding between layers.

Any disturbance of the painter whilst spraying may result in thicker application or
may cause the formation to run. It is thus crucial that the area around the paint

job is obstacle free and that the spray gun airline must have sufficient reach.

Following these guidelines entails good practice and will help to ensure that the greatest

number of paint flaws is prevented, but it still does not ensure a good quality surface by

*oE2¢
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itself. Spraying a good surface is an artful skill; however, there are further steps to following

for applying the paint.

E.3. APPLICATION PROCESS OF PAINT OR GELCOATS

One can ensure that the entire surface is painted and that paint would not create pin holes or
flake after demoulding or application by following the following spray coats (Duffy, 2004):

1. Application of mist coats
A mist coat (drop coat, dustcoat or tack coat) is a very lightly applied, thin coat
which looks like small, dense drops after application. It is obtained by reducing the
spray gun pressure and holding the gun a little further away from the surface. The
spray gun is also moved at a faster pace. Mist coats cures relatively fast to create a
slightly textured film of paint. The purpose of the mist coat is to improve bonding.

2. Application of light coats
Light coats are usually used when applying the first colour coat (or so-called priming
coat). This coat is obtained by moving the spray gun quickly across the surface.
Applying a larger number of thin light coats yields a more durable coat that is less
prone to problems than thick coatings, which crack and chip more easily.

3. Application of medium wet coats
Medium wet coats are obtained by moving the spray gun across the area at a
normal rate. This layer's advantage is that it provides a normal glossy surface,
provides sufficient coverage, and helps to prevent sagging and running of the paint.

4. Application of full wet coats
A full wet coat is obtained by moving the spray gun at a slower than average pace
across the surface. This will result in more paint being deposited onto the surface.
Full wet coats are usually used when applying clear coats, which result in a thick
glossy finish. Full wet coats can easily result in running and sagging if not applied
properly. The following guidelines can help to ensure a good quality full wet coat
(TIA, 2012):

¢ Objects painted should, if possible, be positioned horizontally, as vertical

surfaces are much more prone to running and sagging.

+ Maintaining the correct distance between the spray gun and object is very
important. Each spray job is different and the distances may vary depending on
the material of the surface, the spraying pressure and the size of the spray gun

jet. The following should be noted:
+E3e
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= Holding the spray gun to close to the object results in the spray angle to
decrease. This results in over-depositing of paint to the surface and usually

results in running of the paint.

» Holding the spray gun too far from the object causes the material to almost
dry before it reaches the surface. The painted surface will be rough which

results in orange peel and a loss of glossiness.

¢ The spray gun should be held exactly parallel to the object and not arched. While
spraying, the gun needs to be moved in smooth and slow wave-like movements,
so that the colour jet of the next spray route overlaps the preceding half of the

sprayed route.

¢ By spraying crosswise, an equally coloured surface is obtained. This is achieved
by leading the gun from left to right (a horizontal process). This is followed by
transposing the jet head and leading the gun from top to bottom (vertical
process). The spray stripes should overlap wet in wet. This spraying process is
right-angled and therefore this method of gun leading is known as the “cross
process”. The process further requires that the edges of an object must be

sprayed before the areas that are more difficult to reach.

+ Care should be taken when filling and closing the cover of the cup of the gun, as

any paint drops which fall onto the object will cause running.

If these steps are followed by a trained painter, the resulted paint layers of the surface will be
of good quality; however, there are still a large number of causes that can result in poor paint

jobs.
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E.4. POLISHING OF PAINTED SURFACES

The polishing of a painted surface can involve various abrasive pastes and liquids, which
can be applied by either hand or machine. Machine compounds reduce the polishing time,
but intricate corners and dwells or smaller parts are difficult to polish. In these cases hand

compounding may be used to obtain the sufficient surface quality.

Because sanding to a P2000 quality already produces a high surface quality, one might feel
that polishing is not required. The following reasons for polishing are provided (Canning,
1982):

¢ To achieve a bright, semi-bright and textured surface finish for decorative and

aesthetic purposes.
+ To create a suitable basis for further coating.
+ To remove surface imperfections and contaminants.

+ Toimprove and refine the surface.

One must always use the appropriate machine compound and only apply correct sufficient
amount to polish a small area. The compound should be worked around the face of the pad
and over the surface before the machine is switched on. This will prevent the compound

from flying from the surface when the machine is switched on.

Compounds have the tendency to dry out and thus buffing of large areas should be avoided.
Even when small areas are buffed, the machine should be moved around the surface

constantly. If it is kept at one place, it may burn through the topcoat.

A higher machine speed will result in a deeper shine. The following procedures should be

followed along with the guidelines above:

¢ The machine should be kept at a 5 degree angle to the surface and only tilted to

reach into corners or match curve lines.

¢ The machine should not be pushed down into the surface, as it can cut through the

topcoat. Rather let the machine do the work.

¢ Care should be taken around panel edges to avoid burn-out.
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¢ The area should often be inspected and more compounding applied if necessary.
The area should be buffed until the compounds dry out, but then buffing should not

continue.

¢ The face of the buff pad should never be placed on an area which might contaminate

it with dirt or debris, as even one grain of sand could severely scratch a surface.

¢ A powered buffer should never be used with hand-rubbing compounds as it can
cause scratches and swirl marks due to the compound being used at a faster rate

than it was designed for.

¢ A lightly foam pad and fine glazing compound should be applied after the initial
compounding with the wool pad. This final step removes any swirl marks left by the

initial polishing and brings out the paint gloss.

After the surface has been polished, the surface could be said to be a Class A product. The
processes described above should be applied to the plug, the mould or the part surface
finish. This is because each surface drawn from the previous step will have small
imperfections which were left on that surface. The surface of the part will thus reflect the

surface of the mould.

Mould surfaces are subjected to a large number of stresses and strains in a production
cycle. Maintaining a good mould surface starts by manufacturing a mould that is durable
and that can withstand the everyday processes of production. The next section provides

guidelines on this.

E.5 SANDING OF PAINTED SURFACES TO A CLASS A FINISH

The surface may be sanded and polished to create a flat, glossy surface, after the paint has
fully cured. Sanding may not always be needed if the sprayed surface is sufficiently smooth,
but in most cases sanding is required. The sufficient methods of sanding to follow when the
final layers of paint have cured are provided (TIA, 2012):
1. The part should be cleaned of any dust or sand to prevent any deep scratches in the
paint during the sanding process.
The surface dye should be applied to the entire surface.
3. Choose the initial grade of the wet sanding paper. This may depend on the depth of
the impurities:
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a. To sand out orange peel on a gelcoat surface may require an initial grade of
P320 using a hard aluminium block.
b. To sand out orange peel on a 2K-paint surface may require an initial grade of
P600 using a hard aluminium block.
c. For sanding out very fine dust imperfections, a grade of P2000 may be used.
4. Sand the surface until all the impurities shown by the surface dye are removed,

always ensuring that the surface is wet. 1 5 5

5. After all impurities of one grade have been o
? Q9
removed, surface dye should be applied %

again and the sanding of the next grade

should commence until a grade of P2000 is

Fi E-2: Directi f ]
reached. Each grade should be sanded at . irections of sanding to remove

) . marks of previous steps.(TIA, 2012)
a different angle opposed to the previous

grade, as illustrated in the Figure E-2.

After the surface has been sanded to a P2000 finish, it should be polished to obtain the

gloss recognised by Class A finishes.

E.6. TYPICAL SURFACE COAT PROBLEMS

Surface coat problems include a wide range of defects that can be found before or after
painting. To maintain repair quality and satisfy customers, one must be able to analyse and
correct finish problems efficiently (Duffy, 2004).

Surface coat defects usually originate as a result of problems in the preparation of the body

surface, painting procedure, environment, paint ingredients, and other sources;

¢ Removal of foreign matter in wet paint

Paint foreign matter includes anything one can see in the paint that will adversely
affect the finish (dust, lint, hair, etc.). Upon noticing, try to remove immediately with
the aid of sharp tweezers, fine wire, tooth pick etc. After removal of debris, blend-

spray a coat of paint over the area right away.
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Figure E-3: Foreign matter in paint. (Duffy, 2004)
Wet sanding between coats
Upon noticing small particles or imperfections in the colour coat, repair them before
spraying the clear coats. It can be done by carefully wet sanding over the top of the
flawed paint with ultrafine, #1000 to #1200, grit sandpaper. Wipe the area dry.
Lightly mist and blend the basecoat over the surface flaw to cover any visible

problem in the colour.

Orange peel

Orange peel can be described as any uneven surface formation, much like that on
the skin of an orange. When viewed under a magnifying glass, the paint surface

looks rough, bumpy or textured.

Correcting: Two full coats of clear coat, properly applied, with the correct flash times
between each coat will normally correct an orange peel problem. Minor orange peel

can be corrected by machine buffing.
Bull’s eye featheredge

This refers to an indented area that results from shrinkage of spot putty or filler,

producing an area that is lower over the top of the putty or filler.
Correcting: Sand and refinish the affected area.
Runs and sags

Paint runs: This occurs when gravity produces a mass slippage of an over wet and
thick paint film.

Figure E-4: Paint running. (Duffy, 2004)

Paint sag: Is a partially slipping down of the paint created by a film that is too heavy

to support itself.
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Figure E-5: Paint sagging. (Duffy, 2004)

Correcting: On small areas of wet paint: Use solvent to wash off the run or sag
before repainting. Larger panels: Allow paint to dry enough for wet sanding. Use
coarse #600 grit wet sandpaper and a stiff sanding rubber block to level off the run
or sag. Block sand the area with a finer, #1000 grit, wet sandpaper to avoid sand

scratches.
+ Paint fish eyes

These are “BB-sized” dimples or crates that form in the liquid paint film right after
spraying.

Correcting: Mix a small amount of fish-eye eliminator additive with the paint. Spray
another coat over the affected area ASAP to see if the paint film will flow out
smoothly over the fish-eye dimples. If the area cures too much or if the problem is
too severe, allow the paint to cure or dry. Then, wet sand or power dry sand the

area to level the dimples in the paint surface. Repaint the spot as needed.

Figure E-6: Fish eyes formed by painting on a contaminated surface. (Duffy, 2004)
¢ Pin holing
Tiny holes in the finish which are usually the result of trapped solvents, air, or
moisture. Correcting: Sand the affected area down as deeply as necessary and

refinish the area.

Figure E-7: Pinholes looks like small chips in the paint. (Duffy, 2004)
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E.7. SANDPAPER GRIT SIZES

Table E-1: Sandpaper grit size comparison

ISO/FEPA Grit

designation

CAMI Grit
designation

Average particle
diameter {pm)

MICROGRITS

Very Fine (sanding finishes P240 I 58.5

between coats) 240 I 53.0
P280 | 52.2
P320 462

P350

40.3

|

Extra fine, start polishing o 36.0
wood

PEDOD 258

Super fine (final sanding o 400 23.0

finishes, final sanding o P&00 21 8

wood) 500 || 20.0

P1000 | 18.3

600 | 16.0

P1200 15.3

Ultrafine (final sanding and P1300 800 I 12.6

polishing of thick finishes) P2000 1000 10.3

P2500 8.4
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APPENDIX F: MATERIALS,

F.1. MATERIALS

MATERIAL NAME

& ILLUSTRATION CLASS

©
@
= Surface layer
E 0
= g (Non-
< conventional)
>
£a
EEg
= £ J Surface layer
2w M (Non-
=] .
= 29 Seotctprint conventional)
o i
= ©
]
o
N~ N .
S Print Barrier
(=]
o
E Reinforcement
D
& .
b Reinforcement
D
B o
© c
: o Tooling board
Lge g
s°3 adhesive
o =
£ &
%
Q Filler
Ke]
C
o
g Surface layer
) ¥ y
52 a (Non-
S hghomin conventional)

o
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EQUIPMENT, SOFTWARE USED

DESCRIPTION

PPF (paint protection film). A high grade, resistant, colourless urethane
film, which can be applied to areas of a vehicle which is subjected to high
impacts due to the effect of detrimental road debris (3M, n.d.).

Specifically designed dual cast vinyl film that provides dimensional
stability and durability, without the need for an over laminate. The wrap's
adhesive is pressure activated, which allows you to reposition the film
during application. The material is flexible, allowing it to conform and
bend easily. Specially designed air releases channels in the film assure a
fast, easy, and virtually bubble-free insulation (AVS, Opencart, 2013).

Glass fibre, plain weave, 86 GSM, 0.09 mm thickness, 4.5mm overlap
(TIA, 2012; AMT Composites, 2013).

Glass fibre, twill weave, 163GSM, 0.16 mm thickness, 8mm overlap (TIA,
2012; AMT Composites, 2013).

Glass fibre, twill weave, 280GSM, 0.28 mm thickness, 14mm overlap
(TIA, 2012; AMT Composites, 2013).

F16 fast cast Polyurethane has a low viscosity and is heat resistant. It
has a two minute pot life, shore 72D hardness. It has a 100 to 100
mixing ratio and viscosity of 90 Mpa.s at 25°C. It is mostly used for the
casting of negatives, moulds and mock-ups.

Fumed silica (e.g. Cab-0-Sil™) is a non-crystalline form of silicon
dioxide, also called silica. (TIA, 2012).

ClearPlex® is the first and only optically-clear protection film for auto
windshields. This patent-pending product absorbs the impact of standard
road hazards. The film is thermally fitted to every curve of the windshield,
forming a bond with the glass (AVS, Opencart, 2013).
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GC 1150
Tooling
Gelcoat

Glass veil

Mequiars
Mirror Glaze
87 Wax

Nuceron65

Loctite
Frekote 770-
NC, FMS, PMC

Plexiglass TM

Scottbader

Zyvax
Enviroshield

Crystic
Gelcoat 253PA

Standocryl
2K white

HPMix 015

MATERIAL NAME
& ILLUSTRATION

CLASS

Surface layer

Print Barrier

Release system

Release agent

Tooling Board

Surface layer
(Non-
conventional)

Surface layer

Surface layer

Release agent

o
) 4

DESCRIPTION

This dark blue tooling gelcoat is easily polished and it offers high
chemical resistance. It is suitable for polyester and epoxy resin transfer
moulds, polyurethane foam moulds and RIM (AMT Composites, 2013).

Glass Fibre veil, random orientations weave. 15-20 mm overlap. 30
GSM (Wanberg, 2009).

Frekote PMC is a blend of solvents mould cleaner. Frekote FMS mould
sealer is fast curing mould porosity sealer for glass fibre reinforced
polyester, epoxy and other resin-type moulds. Use to seal new and older
moulds. Frekote 770-NC is a low odour, fast evaporating, various
moulding applications, Max temp 400°C. (AMT Composites, 2013)

Mirror Glaze 87 high temp mould release wax is a unique blend of
exceptionally hard waxes & thermoset resins. It provides excellent mould
release capabilities when conventional mould releases fail to deliver.
Max temperature 105 °C (AMT Composites, 2013).

Application for master models, very fine structure, smooth surface, easy
to varnish, excellent processing properties. Shore D = 68, temperature
resistance 70°C, Density 0.70 g/lcm® (AMT Composites, 2013).

Acrylic is a widely used material, which is a cell cast high molecular
mass. These sheets are available in a wide range of sheets, with various
thicknesses, colours and even surface patterns. The surface finish of
these sheets can vary, depending on the manufacturer and type, but are
generally a high gloss, hard finish or can be compared to clear glass, as
itis defined by (Pilkington, 2009)

Crystic Gelcoat 253PA is a thixotropic, pre-accelerated, isophthalic
gelcoat designed as an in-mould gelcoat with excellent adhesion to
epoxy resins and pre-pregs without the need for a tie-coat. Formulated
for spray application, Crystic Gelcoat 253PA is available in a wide range
of colours and the information contained in this technical data sheet also
applies to these pigmented versions.

MIX 015 WHITE HP, 02083400, Non-hazardous substance, mixture of
synthetic resins, pigments, and solvents (Standox, 2008).

Glass fibre, plain weave, 400 GSM, 0.5 mm thickness, 4.5mm overlap
(AMT Composites, 2013).
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GP

21,73

Zyvax Nano

Zyvax
Waterclean

ENDMILL  BALL NOSE M
wetordryTM

@12mm

END MILL

@6mm

@40mm

MATERIAL NAME
& ILLUSTRATION

CLASS

Release system
sealer

Release agent

Release agent

Release system
cleaner

o
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DESCRIPTION

Universal solvent-free release agent designed specifically to meet the
“green chemistry” requirements, Thermal stability: 260 °C, High gloss,
high slip / lubricity, No build-up on mould. No transfer to mould (AMT
Composites, 2013).

High modulus, clear, flexible film with superior substrate adhesion that
forms a protective shield on the mould or tool surface. As a conditioner,
designed to treat both the chemical and physical bonding sites (AMT
Composites, 2013).

A variable release system that gives total control to the moulder. Thermal
stability: 480 °C. Z1: minimum slip; linhibits pre-release and promotes
tape adhesion. Prevents styrene build up. Z3: medium slip, standard
choice for large hulls and flat areas (AMT Composites, 2013).

Nano release high performance coating is a breakthrough in green
chemistry based on non-polluting, odour-free Nano E.G.O. polymer
technology. Hazard-free and user safe (AMT Composites, 2013).

F.2. EQUIPMENT & CONSUMABLES USED

EQUIPMENT NAME &
ILLUSTRATION

CLASS

Sanding Paper

Equipment

Equipment

DESCRIPTION

3M wet or dry TM sanding paper GRIT P400 to P3000.
COLAD foam sanding pads - medium, fine.

CNC ball nose finishing tool. CARBIDE, JS internal code none, d=6mm,
r=3mm, L=131.15mm, |=10mm, Le=17.5mm, P=0mm

CNC End mill roughing tool. CARBIDE, JS internal code M30120CN,
d=12mm, r=0mm, L=101mm, 1=55mm, Le=59mm, P=0mm

CNC End mill roughing tool. CARBIDE, JS internal code M00450AR,
d=40mm, r=0mm, L=128.42mm, |=29mm, Le=54mm, P=0mm
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EQUIPMENT NAME &

desktop
scale

General
Paint
Brushes

General
Latex Paint
Roller

Gloves

SCM RECORD Paper

110 AL PRISMA

SLOT MILL

Cups

©6.05mm

Spray booth

Spray gun

Wooden

spatulas

ILLUSTRATION

CLASS

Equipment

Consumable
Consumable
Consumable

Consumable

Equipment

. I Equipment
7

Equipment

Consumable
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DESCRIPTION

Electronic scale, maximum weight 30kg x 0.5g increments. Large LCD
display with backlight, Weight accumulation, kg/lb weight selection.

Normal 38 mm width paint brushes, wooden handles.

Paint brushes, 80mm diameters, 50mm widths.

For hand protection against chemicals

Used as mixing containers

Wood, 5 axis-CNC machining, Industrial machine with heavy-duty
structure. Rear tool changer magazine with nr. 16 positions. Control and
program system XYLOG PLUS (H&M, 2011)& (EXA Pro, 2004-2013).

CNC Slot mill finishing tool. CARBIDE, JS internal code none,
d=6.05mm, r=0mm, L=64mm, |1=27mm, Le=45mm, P=0mm

A spray booth is a dedicated facility to provide a clean, safe, well-lit, and
well ventilated enclosure for the purpose of spray painting. The booth
isolates the painting operation from dirt- and dust producing activities
and at the same time confines and exhausts the volatile fumes created
by spray painting. The air movement in the booth moves vapours out of
the booth, reducing worker exposure to vapours (TIA, 2012).

A spray gun breaks the liquid paint substance into a fine mist and forces
it into a refinishing system. It consists of a cup, lid, air cap, fan/pattern
adjustment, flow adjustment, handle and air inlet. It is operated with air
pressure (Duffy, 2004).

For mixing of chemicals
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i Visicadcam
Solidworks
Standard 3D /5 Axis

Xilog plus

F.3. SOFTWARE USED

MATERIAL / EQUIPMENT CLASS

Software

v19.0

Software

Software

DESCRIPTION

VISI Machining 3D creates intelligent toolpaths for CNC machining on
the most complex 3D parts. Extensive range of CAD interfaces and
powerful modelling. VISI can work directly with Parasolid, IGES & Solid
Works (VISI, n.d.).

SolidWorks is a 3D mechanical CAD (computer-aided design) program
that runs on Microsoft Windows. SolidWorks is a Parasolid-based solid
modeller, and utilizes a parametric feature-based approach to create
models and assemblies. Building a model in SolidWorks usually starts
with a 2D sketch (although 3D sketches are available for power users).,
Supported files include: SolidWorks Files (*.sldprt, *.sldasm, *.slddrw),
Part Files (*.prt, *.sldprt), Parasolid (*x_t, *.x_b, *.smt_txt, *xmt_bin).
(Solidworks, 2013)

The software Xilog Plus from the SCM Group is used to manage the
CNC-machining centres with numerical control. It consists of two pieces
of software, which can be installed separately or together: the program
editor and the machine control panel (Hochsmann GmbH, 2007-2013 ).
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MATERIAL PAGE MATERIAL PAGE
NAME ILLUSTRATION NUMBER NAME ILLUSTRATION NUMBER
90070 G2 Nuceron651 G16
Scottbader
92110 G3 Crystic Gelcoat G18
253PA
Standocryl 2K
92125 G4 white HPMix G19
015
Axson F16 Fast Zyvax
cast Polyurethane G5 Enviroshield 622
MGS
Laminating
Resin 285 & G6 Zyvax Flexc2 623
hardener 205,
286, 287
GC 1150 Zyvax
Tooling Gelcoat G1f Waterclean G24
Loctite Frekote
770-NC, FMS, G13
PMC
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G.1.90070 DATASHEET

00235 1050

TISSU YERRE E ! E GLASS FABRIC
Fiche Technique / Product Data

Renfort Textile pour Composites Hautes Performances
Textile Reinforcement for High Performance Composites

DEFIMITION ! DESCRIPTION Edition 02/2006 [ lssue 022006
Type de fils Chaine / Warp : ECH 34
Type of yarns Tramea / Welt : ECH 34
Massa nominale’ Nominal weight 86 gfm* 2.5 ozisgqy®
Armure TAFFETAS

Weave style PLAIM

Poudragsa

Powdering

Traitement

Finish

Largeur standard 1050 mm

Standard width a1 in

CARACTERISTIQUES f CHARACTERISTICS

Contaxiune nominale Chaime / Warp @ 12,0 fils-yarnsfcm
Mominal construction Trame / Welt ©: 12,5 coups-picksicm
Répartition en masse Chaine / Warp : 48 %

Wesight distribution Trame ! Weft; 51 %

Epalssaur / Thickness (*} 0,06 mm

FPROFRIETE MECANIQUES SUR STRATIFIE® ! MECHANICAL PROPERTIES ON LAMINATE®

Men ancsiiena (B o 12090 vidks 0,85 Ga0, arasaien 3 hara) Cure oycke (B0 min @t 120°C, vacuam 0,25 bar, pressunes 2 bars]

Traction chaine Flaxion chainge C.IL. chaine
Warp tanslla Wamp fexural Warp L35

Conlraime / Strenghl (Mpa)
Mo e Modudis [Goa)
Mormes ! Slandads

“Tdola: Lem valeurs moyenres ci-desags sont obileness aur ls base d'un sbreb#is spoxy de mm avec % defibres an volums
"ME : The above aeerage valdes ane oblained whh epory laminate of mmal % of fibres in valume

IMPORTANT

L 5 nonsni griornenis conbens tians | proserme fiche produit som fondds s nos connalssanoes actuddlos of | iesnesudl s o eess offocioes
Eve L oorElen soud d objectivibg |is doivent e adaplés & chenue cae parliouier. Les perfomnanoes il produit apnés Ul sation eent lides
i oo ione perti oulieres de i en manvre, B s ne sursien] gager notre resporeshilie

Al irfarmation is believed to be accurate bui is given without acceptance of hability, Users should make their own
asgessment of the suitability of any product for the purpose required. All seles are mede subject Lo our slandard terms
of sales which include limitations on liability and other impartan? terms.

HEXGCEL Relnforcements
. Composite & Industrial Reinforcemants
HME . 3 v, Condorced BUP, 1208 = &5G08 Vilsurbanne Codex  France
. Tl #33 (04 72 44 L0000 = Fax +33 (04 T2 44 45 77
v, hgooogd com

1 Copyright Hascel
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G.2. 92110 DATASHEET

@ interglas

Glasfasergewebe / Glass Fibre Fabric / Tissu de Verre
Style 92110

Us-Style:
WLE Mr.: 8.4548.60
Flachengewichl / Areal Welght ! Poids & métre carrd: 163 gfm?*
Kiiper 2/2; 252 Twill; Sergé 2/2
Finish: Ek444

Garn ! Yarn / Fil:
Kette { Warmp / Chalne ECO-68

Fadendichie / Fibre Count ! Densité de Fils:
Kette ! Warp / Chaine 12,0 Fd'em (1/em; Filsfcm)

Dicke (Richlwert trocken) / Thickness (approx. dry)

Epaisseur (valeur nominale a sec) 0,18 mm
Traction:

Kette / Warp / Chaine 335 MPa

Schuss [\Weft / Trame 320 MPa

Zug-E-Modul / Young's-Modulus / Module d°Elasticité

Kette | Warp / Chaine 19 GPa
Schuss /Wefl f Trame 18 GPa

+G3e
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G.3. 92125 DATASHEET

A interglas

PRODUCT SPECIFICATION
Specification

Style Number 02125 MIL-¥-1140H
US Style
WLE No. B.4551 60 DN 65066
Eritish Standard BS 3396
Finish/Designation FE144

Unit Tolerance Specification
Weave pattern 2= 2 twill DIN 150 9354
Arga waight g/ m? 280.0 t 5% DIM EM 12127
Yarn ler DIM EM 12654
WESD Yarm ECa-GEx3 10
wedl yarn ECa-204
Fibre count 1/em DIM EN 1044
warp ends 7.0 + 5%
wedt picks 6.9 5%
Temperature resistance 1)
Contimieus lead O 260
Shorl lime resislance a0 G600
Maoisture content Yo < 0.2 + 1% DIM EM 2616
Finish content %o 008 -0.28 + 5% DIM IS0 1887

DIM EM 60

Thickness (approx. dry) mim 0.35 + 5% DM 150 4603E
inlaminate {43% Vol mm 0.25 + 5%

Al stataments herein ane cxpressiors of opinion wihlch we bollewe 40 b accumic and reliable, bul arc

e part, S CERCETING ibke uss of our producls ane nal intandad as recommendations for thair usa in tha iningemant of any palan. Mo
palard warcanty of any kind, aepiais of mpled, B

INTERGLAS Tochnolkgies AG, Bengslrals 14, D-B8155 Erbach, Tolefon +40 (01755 7 855-416, Fax 49 (00704 / g55-512

TS/ 16052008 Page 1ol 2
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G.4. AXSON F16 FAST CAST POLYURETHANE DATASHEET

F 16

FASTCAST POLYURETHANE
CAN BE FILLED
POT LIFE 2°30 - Tg 100°C

Ason

DESCRIPTION

Negatives, moulds, masters and mock-ups using the unfilled product or filled with RZ 30150 mineral filer in order o
fimit exotherm and to get easy machining.

Thermoforming masters using the product filed with RZ 20006 aluminivm powder in order o increase thermal
conduchivity.

PROPERTIES
= Fast demouiding = Easy-fo-use mix ratio (1:1 by weight)
=  Low wiscosily = Adusfable filler content

= Good lemperafure resistance afler heal curing

PHYSICAL PROPERTIES
- B PART A parT8 | unFiLep | o MICRG
S POLYOL | ISOCYAMNATE | MIXING
RZ 30150
Mix ratio by weight 100 100 300
Aspect Bquid liquiid Bquid liquad
Colowr off-white light amber beige beige
Viscosity at 25"C (mPa.s) EROOSFIELD LVT o0 55 80 1,500
Specific gravity at 25°C {gfcm’) IS0 1673 - 1903 1.00 1.10 - -
Specific gravity of cured product at 23°C | 150 2701 - 15980 - - 1.05 1.61
Pot life at 25°C on 200 g (min) el Timer TECAM 10 — T30
MECHANICAL PROPERTIES at 23°C (1)
MIXING FILLED WITH
UNFILLED MIXING 360 phr
RZ 30150
Hardness S0 860 : 003 Shore D1 T2 a2
Flexural modulus ES0 170 © 2001 MPa 1.000 3,600
Flexural strength S0 170 : 2001 MPa T ]
Compressive strength at yield S0 604 : 2002 MPa 3 60
Impact strength (CHARPY) - r 2
Unnotched spe s IS0 178Mel : 1594 kd i 13

1) : Average values obiained on standard specimens / Hardeming 14 hr at 60°C

HANDLING PRECAUTIONS

Normal health and zafety precautions should be obsenved when handling these products -
= Ensure good ventilation

= Wear gloves, safely glasses and walerproof clothes.

For further information, please consulf the product safefy dala shest.

Page 1/2- 1T ociobre 20032

ANSON Francs ANEON GemisH AN SDH EEMICA ANSOM Canbrsl Buropa ANS DR SHANGHA AN JAPAM B SO BDAA,

EF 40488 Dwemnbach Earcsona T Mormos Shangta o iy Fus

EES0S Cargy Cadan: T [+F4E 80 T4 S37110 Tl {34 B3 23N V82 Tl {*E2T) ITEAIIUE  Tal (FORS-IU) MSSEIOOT  Tal{*SHI) S R iz rdm@umor e
FRAMCE

Tal [(**33)1 M 403480  ANSDN ITALI ANSON UK AXSOW MEXK D AASON KA USA ANSON MIDDLE EAST ANSON HONEA

Fm FXN13MMOTET Ssows e xmien DF Esimr Mapids e reriss i@ e rem Seoad

Erad - smon@smon®  Tal (++39) 53 B8 T3 7338 Tl i+ad4) M BE DET Tl {#4OT) WEIEGET  Tel (F91) 3IT SEIE i e A
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G.5. MGS LAMINATING RESIN AND HARDENER DATASHEET
—

Ein Untsrnahinen @ Bakalite Grippss

Résine L 285
Durcisseurs 285, 286, 287

Laminating resin L 285
Hardeners 285, 286, 287

Characteristics Charactéristigues
Approval: GERMAM FEDERAL AVIATION Homaologation: | SERVICES FEDERALX DE
AUTHORITY LAERQNALITIOUE CIVILE
Application: Production of gliders, mataor Damaines Cansfructions de plamaurs, de
gliders and mator planes d'application: planewrs & mataur et o awions 4
Baoat and shipbuildung mafedr
Sports equipment Cansfruction de bateawy, dguipe-
Madal airplansas mants sportifs, adromoddlizma
Maulds and tools Cansfruction de mowles, de
pabarits &t de montures
Operational 070 == +E0-40°C Température 405G @ +50-d0°C sans -
temperaturs: [-7E°F =>+120-140°F} without d'application: G055 & +80 - +100°C avec
5070 == +80 - +100°C fraitement thermigue
[<7B*F=>175-210°F) aftar
heat traatment
Processing: At temperatures between 10°C Mise en A das tempdratvres enlre T0°C ef
and 507G [50-1207F) Ve 507G
All usupal procassing mathods Tows bes procédes de fravtement
" usage
Special Extremby good physiolagical Partiewiaritds: | Excallant caractére physiofogigue
properties: compatipility Bonnes propadids mésanigues af
Gaed mechanic and thermic tharmiques
properties Temps o'wilisation ey, 45 minulas
Pat life from appros. 45 min, to 4 5 hewres
apprax, 5 haurs
Special L7856 T Thixotropic Adaptations (¥ L thuafropigues
modifications: | L285W:  White spdetales: L2837 W teunture dianche

1-40
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Ein Lnternehmen der Bakalile Grupps

Laminating resin L 285
Hardeners 285, 286, 287

Application

Lamanaling resin systam approved by the GERMAN FED-
ERAL AVIATION AUTHORITY with different pol lives far
processing of glass, carbon and aramide fibres, featuring
high static and dynamic loadability,

After heat treatrment sl 50 - 55 G (120-130°F), the sy-
stem meets the standards Tor ghders and motor gliders
leperational temperatures -00"C [-73°F] ta +54°C
{1307 F]). In order to meed the standards for moter planes
loperational temperatures -60°0C (-75°F) ta + 72°C
| 160" F], heat treatment at B3 “C [175%F] is necessary,

The range ol pob lives s batween approx. 45 minand 5k,
The hardeners have the same mixing rato and can be
rrixed Mg tharmselves i any ratie, This permils a se-
lection of (he aplimum System for all prvc-:ssirlg =
iiveds, Alber initial v.'.l,.|ri|‘|;::I al room temperature, the com-
ponenls manufactured are workable and demouldable,
You will recerve high-gloss and nen-tacky surfaces, aven
with unfavourable prequring canditions, &, £ |parEr LEm=
paralures or high Fagrmichibies,

The mixing viscosity guarantees fast and complete im-
pregnation af the reinforcement libres; however, the res-
i owill mol spill cul ol the fabrics on wertical surfaces. In
grder g oblain special properties, il s also possible to
add fillers fo the minture of resing hardener, such as Asrg-
%il, rmicroballoens, cotton lakes, melal powder, e,

If high heat resistance or aircrall apgroval are nol neces-
Sary, hardenss 783 can also be wsed wilhoul beal freal-
ment af terwards. However, the indicated properties will
gnly be ohlained aller haal treatmenl al temperalures
awer 507G [1207°F),

1-42

Résine L 285
Durclsseurs 285, 286, 287

Application

Spstdme de rdgine pour Slralifids homologod  par leg
SERVICES FEDERAUX DE LAERONAUTIQUE CIVILE
avec différenls temps o'ulivsalion goor iF mise an o
o fibres o verre, o8 carbone ef ¢aramide, Les bomtes
propridtés mécdmques de cos SyEldmes permelten de
produire des compesdnls & charge statigue ef dynamigue

Aprds avodr suld un lraifemend thermigue entre 50- 55°C,
Tes spsidmes rempiissent le5 exifences requises pour fes
planeurs of planews & motew (fempdrafuee o application -
G0°C A& v 535G Un irgtement thermgues 4 8070 a5l
néCessAre pour SEUSIIRS AU BxEences relalives aux aWens
& mgdeur [tempdrafures dsppicalion - §Q°C 4 + 72°C),

Les femps d'uliisation se sifvenl anv, enfre 43 min et 5
Frawras, Leg durcisseors ont ke mdeme rapport de meiznge ol
sont mugcililas enfre sux dans chagee ragporl, oe g
permel dabtenr fe spsfsme oplimal pour chagque cag
dapplcalion, Aprég e dureissement iniial & fempdrafurs
ambudnle, o5 pitces peovent Sieg raiddes of dimoides,
Méme dang des condilions oe durcissemsn! désavan-
fagevses (basses fampdralures ou fumioitd g Nar levdel
o ablien! des swiaces poies &f non Johdrentes,

La wscosite de mdlange exl oeflime de fagon 3 assurer,
drune parl, une mmpvdgnahion rapude of oplmale des fitiras
e panforcement of, daulne part, dempdcher s fufes de
regine au riveay des UEEVS poses suv das Surlces verlics-
Tes, Pour ablanic dag proprgiés spéoiales, i esl dgalement
possile o afowler au mélange réging Sdurcsieur des sod-
D fads e Aeros, micrabalions, Focans de coton, powdne
mdigiiigue, el

Fowr da nombréugaes apoicdlions o0 une rdsglance ther-
migue glgvte ou Mhomoingalion adronaulgue nesl pag
requise, i dureisgeur 285 peu! dive phived sang radament
fhermigue cansseutl, Copendanl, les progeislds fnales
ingigudes ne seranl altemies gu'aprds W posi-oureisse-
ment 3 deg lampdralures supérieures & 50°C,

H-2001
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Laminating resin L 285
Hardeners 285, 286, 287

Application

The laminating resin system has a hydrophile charactar
|highar humidity absorption, lower resistance to diffusi-
an of steam). Therafore, we do not expact any problems
conceming compatibility in case of combination with pe-
Iyester gelcoats, diverse paints [e. g. on the basis of PUR),
ate. However, comprehansive tests are indispenzable.

Since the appreval of laminating resin L 285 in 1985, it
has been used by nearly all manufacturers of planes and
gliders and - especially because of the extremely good
physiological combatibility - it is the most commonly used
system in the aircraft industry today. It often happens
that workers who have axperienced problams with some
apaxy resins conceming allargies or skin irritation are

able to process laminating resin L 285.

The relevant industrial safety regulations for the hand-
ling of apoxy resins and hardeners and our instructions

fior safe processing are to be cbsarved.

1-d4

KLIRERE HAT P L T E s H

Ein Lnternehmen der Bakalile Grupps

Résine L 285
Durclsseurs 285, 286, 287

Application

Le spstdme de résme gour Sirahiies @ des propridtds hwdre-
philes fabsorplion ohurmdild &levde, lable résislance 4 &
diifusion de vagewr deaul  esl done peu probable de
renconirerdes profidmes de cormpalibivis org de Do livsalion
cormbiede de pelaoals WP, de vennis divers o, ex 3 base de
PURJ et aulres. Cependand, i esl absolumen! ndoassaire
deffectver des essns préafables,

Depuls son homalogation en 1R85, la rdsine poar stratifss |
PRI est appliqude par fous fes consfrucfans davions da
remammde af représents, grdce & son excellent carscidne
physilagigus, g résine [a plus uilisde dans & construction
adranguiigue, @ été cansfalé que des whiisaleurs ne sup-
poviant pas certaing fupes de résines (nitation de la pesu af
atergias] peavent par conire ravailer sves i résine pour
stratifids [ 785,

I gat impdratll dobsarver lag consignes oe sdourid con-
cermant (4 manipulation de résines dpow ef de durclsseuns
AlE QUE ROS FECOMMANDENONS DOUr 18 MIE &N e &
Touite Seeunitd,

H-2001
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Laminating resin L 285
Hardeners 285, 286, 287

o
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KLIFEEHA S K E SnAsH

Ein Lnternehmen der Bakalile Grupps

Résine L 285
Durclsseurs 285, 286, 287

Specifications Spécifications
Laminating resin L 265
Résine L 285
Dansity Ibs/gal / F7°F 985 - 1028
Densite glom® f 2500 1,14 - 1,23
Viscasit eps / 77OF
wi P 400 - 900
Viscosilé mPas / 25°C
Epu:m-:lle e‘qJ. walent B 165 - 170
Equivalent dpoxy
Epoxide value
poida walue B 0,56 - 0,65
Vaigwr EF
G alar
o . Gardnar max 3
Colaration selen
Hardener 285 Hardanar 286 Hardener 247
Durcisseur 285 Dwircisseur 284 Durcisseur 287
Density Ibs/gal / 77°F 784 - 810 7.84 - 8.0 7.76 - 800
Drensitd glom' f 25°C 094 - 0,97 0,94 < 0,97 0,93 -0,96
Viscosity cps S 77°F
o 50 - 100 4l - 100 BQ - 100
Wizcosits mPas ; 25°C
Amine value
mg KOH / g 480 - 550 450 - 500 450 - 500
Indice d'amine
Seler Gardn w3 ax 3% i 3
Fardrer K } i {* F ]
Colorafian selon

1-46

(*] Applies 1o tranzparent hardener anly -
hardeners are coloured transparent blue

) Walable pour réglage incolare; les durcis-

+G9e

saurs sont colarés bleuw transparent
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BA ST O S II'.IIII'-'.
, KIS A S KT E s

Ein Untsrnahimean der Bakalile Crupps

Laminating resin L 285 Résine L 285
Hardeners 285, 286, 287 Durclsseurs 285, 286, 287
Processing details Caractéristiques de mise en osuvre

Resin L 785 Hardener 265 Hardenar 286 Hardanar 287
Résine | 785 Durcisseur 285 Durcisseur 284 Durcigseur 287

Average EP - Value

Water mopanne £R 0.62 B i B
fAyerage amine aguivalent
Equivalant moyan d'aming b o o
Mixing ratios Rapports de mélange
Resin L 285 : Hardenar 285, 286, 287
Résine L 285 ; Durcisseur 285, 786, 287
Parts b “:iht
Part 100 : 40 (+/-2)
Parts by volume
Parts ﬁf A 100 : 50 (+/-2)
1-48 M-2001
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G.6. GC 1150 TOOLING GELCOAT DATASHEET

ASOI’] TECHNICAL DATA SHEET

TESOAMGOTGGTES

GC1150/GC 15

PHYSICAL PROFPERTIES
RESIN HARDENER

GC1150 GC 15 e mini
Mixing ratio by weight 100 20
Aspect paste liquid thick liguid
Calor dark blue light amber dark blug
Brookfield LVT viscosity at 25°C (mPa.s) thixotrope 850 thizotrope
Dansity at 25°C IS0 1675-R5 1.25-1.358 1.05 - 1.09 .
Density of the cured product IS0 278168 - - 1.25—1.26

Application diagram of GCT 150:GC 15
(Application lemperature : 23°C Mass 390 g}
- / ’
[
'
Tima {mn)

PROCESSING CONDITIONS

Apply DEMOLDWNG AGENT 847 or WAX 827 on a non porous patlen,
Bach-wp | EPOLAM 2050 and reinforcemenis

EPQ 4030
Quantity of gel coat for preduction of T m? surface Curing cycile
(for infarmalion anly) na "
[+F:] -
e
e
E 0.7 1 n
e
= A
= J/
E o8
E F
u rd
= e
[SE-ER -
s
e
s
04 =il - T - "
A 0EZ 076 0,88 1,01
Thra (Hhemes
Cuaniity of gel coat (kg)

Initial stabilization 16 hra at room temperature

Page 2% - 732901082
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GC1150/GC 15

TECHNICAL DATA SHEET

EPOXY GEL COAT

CAN BE SANDED - GLOSS RECOVERY
GOOD TEMPERATURE RESISTANCE
GOOD CHEMICAL RESISTANCE

USE
olds : Polyester ATM, polyurethame foaming.

MECHANICAL AND THERMAL PROPERTIES AT 23°Ci1,

Hardness 150 B66-85 Shore D1 /D15 &7/ 88
Compressive modulus 150 604-97 MPa G000
Comprassive yield strangth 50 60497 MPa 120
Flexural modulus 150 17633 MPa 4800
Flexural strength 150 17593 MPa 103
Glass transition temperature after curing T.M.A-Matilar “C 130
Glass transition temperature without curing (24hre T M.A-Matir oG 100
at room temperature)

(1} : Average values ablained on standardized specimans  Hardaning 16 hrs at 25°C + curing describad in
processing conditions

STORAGE CONDITIONS

sa belore 24 months according lo the manulaciuring dale. Expiralion dale indicaled on the packaging.
HANDLING PRECAUTIONS

armal health and safely precautions shawkd be abserved when handling these products ©

ensure good veniilalion
wear gloves, safely glasses and clothes,

ar further information, please consult the progduct safety data sheeat,

PACKAGING
a5in Hardener
1 x 8.69 kg 1% 1.740 kg
12 x 0.326 kg Carlon de 12 x 0.085 kg
GUARANTEE

ha infarmabian of awr fechmical dafa shewt are based on o presant inowiedpe and the result of fesls conaucled wndar pracise conditions, #
i the responalilily of the uger fo delerming the suillshilly of ANSON proaicts, wider thel sivn candlisne befane comimeancing with e
progosed appiication. AXSON miuse any guaranfes about the compahibiily of a product with any parficidar agplcation. AXSON aisclaim afl
responahilly for demage from any inckdent wivch resulls from the wse of thess prodiacts. The quarantes conoitons sre regquiatad by our
panaral sake conditiang.

The technical data sheet and the safely data sheel are also available on our websile : www.axson. com

Page 142 07052
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G.7. LOCTITE FREKOTE 770-NC, FMS, PMC DATASHEET

LOCTITE

001 Triid Breal Cromsing
Rueky Hil, CT 060673010
Talupha: 571-5100
Fh; (68 SF-3468

Product Description Sheet

FREKOTE® 700-NC
Mold Release Agent
Industrial Products, September 2001

Description

Lextitedl Frakoled 7O0-MC offers exoellen releasse properties
for tha maost demanding appBcations, Frekoia TO0-MNC
releases epoxies (thermosets and prepregs), polyesiar
resing, and hemmoplastic compaunds,

Featuras

Mo chlorinated solvents

High gloss and high slip

Mo contaminating transtar
Versalie - releases mosh polymears
No mold build-up

Roor temperatune curs

Properties

AppEATanca Claar liguid

Ofior Hydrocarbon

Salvents Aliphatic Hydracarbon, Cibutyl Ether

Spacific Gravity 0.760 +- 010

Flash Paint 31°C (BA°F} Tag Closed Cup

Speclal Cautions Muolsture sensiive, keap contaner
flightly closed when not in usa

Shelf Lifa 1 year from date of manufacturs

Application Temp 1375 - 138%C (55°F -2T5°F)

Thermel slability whan cirad 4000 {TS0°F)

Mold Preparation

The mold surface must be clean and free of any release
agenl of other contaminants for Frekele TOOMC 1o be
comgletaly effective, Remaove any contaminants with Frakote
FMC, PMC Plus or suitable cleaning solvent. Light indusirial
abrasives can be used 1o remove by resin buld up,

Hew Molds: Full curing of new molds |s advisable to ensure
the Best bonding of @e Frekote o the mold surface, Mew
fiberglass and epoxy molds should be cured per
manufacturer's  instructions  before  starting  full  scale
preductian,

Nota: For porous, green or repaired molds, a Frekois
Sealer should be used - technical data ks availabla. Consult
with yeur Frekale Represantalive for assistance,

Application *Consult MSDS prior to use.”

Frekote 700-WC can be applied to mold surfaces at room
temgerature up bo 135°C {275°F) by spraying, brushing or
wiping with & clean lint-fres, coth. When spraying, ensure a
dry alr source |8 ussd or use an alless spray system When
gel coats are used, & wipe-on-wipe-oll method of application
s recommandad. If possibla, warm tha mold prior to applying
Frekote TOO-MC to approdmately 50°C {120°F) to dive off
any moisiure entrapped on the mokd surface,

KOT FOR PROODUCT SPECIFICATIONS
THE TECHNMICAL DATA CONTAMED HEREIN ARE INTENDED 43 REFERERNCE GhLY.
PLERSE CONTACT LOCTITE COAPORATION QUALITY DEFAATMENT FOR ABBISTANCE AND AECOHMERDATIORS OH BPECIFICATIONS FOR THIB PRODUCT.

MOCKY HILL, CT FAR- 1 (@E0-371-34T3 DUBLIN, INELARD  FAXR: #3331 451 - 5938

1. Only & thin wet fim is required. Wipe or spray on a
smoath, thin, confinuous, wel lm, Avold wiging o
spraying over the same area thal was sl coated
untl the solvent has evaporated. If sprayig, hold
nozzke 8-10 inches [(20-30 cm. rom mold surace. I
is suggested that small aress be coated working
progressively from one slde of the maold to the other.

2 Indtially, apply two or more base coats, allowing up
ter 5 - 10 minutes after each application for complats
solvent evaporation. The fim should be dry and not

feel tacky.

3, farosols may somelimes leave a matle surface
fnish. To enhance gloss, use a cothon doth to gently
butf up dry film, if required.

4, Parformance is enhancad by recoating once, after
the first few initial pulls. Maximum releases will be
obtaimed 85 the mold surface becomes condibioned
te Frekiote TO0-MC.

A, Whan any release difficully is expariencad, the area
In guestion can be “touched-up” by recoating the
entire okl suface o just those areas whene
raleass dificulty is occurring, For temparatures up
b1 35°C (275°F), use Frekote FOO-NC allowing the
fim o thoroughly dry before conlinuing melding
oparation. If application tempseratures excesd 135°C
(275°F), Frekote 800-MC |8 recommended.

Mote: Touch-up coats applied at regular intervals before the
base fim breaks down will extend the number of releases
obtamable and reduce possible resin altack/build-up.

Precaution: Usars of closed mold systemns (Le. robomadding)
must ba cartain thal solvent evaporation is complate and that
all sohvent vapors have bean ventilated from the mold cavity
priar o cosing the mald. Ao oil-ee comprassed all source
can ba used o assist in evaporabion of solvents and
ventilation of the mold cavity.

Flammability/ Storage

Frakabe 700-MC contains lammable solvents, The product
should always ba used in well venlilated areas. Stors in a
cood, dry place. Keep container tightly dosed when nat in
LS,
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LOCTITE

1001 Trewdl Brook Creasing
Fooschy Hl, CT 06067-2910

Talaphama: |BEE 571-6100
F: (B0} 571-5485

Product Description Sheet

FREKOTE" Mold Sealer (FMS)
Industrial Products, October 2003

Dnnnr!&nlnn

Lot Frakote® Mold Sealer (FM3) is farmulated specifically
a5 a sealar for fibarglass reinforced polyaster, apoxy and ather
compasite molds commonly wsed in the fiberglass maolding
mdduslry,  This seaber must be used when using green of new
molds as well as when sealing okfer molds with micro-parasity
and ather shght surface mperfectons.

Faatures

Fast Curing

Seals “green” molds and repaired areas
EFminates porosityimicro-porosity

hard rubbing is required. Change cloth frequently to ensure
proper drying of the mold. On small molds, allow up to 15
minules belween coals, I one coal lakes more than 15
minutas, simply go back to starting point and bagin to apply next
coal.

3. Coat the entire mold surface overlapping the last area
cogted. Green mobds will need a minimum of three costs
and fully curad molds (nol gresn) require 1-2 coabs for
proper s=aling.

4. Once the final coat is applied, the coating should be cured

High ghosa fntsh at roam temperature for 15-20 minutes.
Easy application

5. The mold must now be coated with the designated Frekote
Properties release agent.

For example
Odor Hydracarbon For a gloss finish use Frekote SOLO, WOLD or FRP-
Salvents Dibutyl Ether'Asphatic Maphitha HC.
Specific Gravity Q.7EZ +- 0.5 For a malle finish use Frekole 44-NC
Special Cautions Molsture sensitive, keep container For a lay-up without gel coat, use Frekote 770-NC.
fighthy closed wiven nat in use,

Application Temp 13°C - 35°C (B5°F -90°F) Refer to lhe appropriale lechnical dala sheel for Turther
Shelf Life One year from date of manufacture instructions.
Mald Preparation Flammability!Storage

The mold surface must be dry, dean and free of any release
agenl or olher conlaminants for the sealer o be complebely
effective. Remowve any contaminants with Frekote PMC or ather
sultabde cleaning solvents. Full curing of greennew maolds is
highly recommended Io ensure oplimal performance of the
saalar.  Ahlwvays follow your tooling supplier's guidelines for
proper curing of new rmolds.

Application *Consult M5DS prior to use®

FME should be apphed al room lemperalure (less than 35°C or
BE'F) by wiping on with a claan. lint-free, cotton cloth.

1. Soak cloth with FM3 wntil it is wet, but not dripping. Wipe
on a smooth, wat film over @ 2' x 2" to &' x 3" araa of the
mald surface. Do not over apply.

2. Walt 15-20 seconds at 21°C (TO°F) after application. Gently
wipe dry starting fram the aut
workimg inward with a second clean and dry, cotton cloth,

Note: Changes in temperaiure will afiect salvent dry tire, AL
temparatures below 18°C (B5°F), waiting time batween wiping
on and drying off can be slightly bonger than 20 seconds. A
hagher then normad lemperabures (greater then 359 or B5°F) the
wait time is significantty reduced Bnd can be as guick as 1-2
seconds. In these conditions it |s also advisable to reduce your
wipe area 1o 17 % 1" in order 1o eliminale sireaking due 1o the
moreased solvant evaporation and pobmmer cure fimes. A
general guideling g fo wail uniil the edpes of the wiped area
begins to creep inwards indicaling thal evaporation has just
pegun.  Wipa from the outside and slowly work your way
flowards the center. Light hand pressure is all that is needed. No

Frekale FME containg lammable solvents, The product should
always be used in wellventlated arsas. Store in & cool, dry
place, Consull MSDE for complete details,

Mote

The data containgd herein are Turnished for information only and
ara believed to be raliabla. We cannot assume responsibility for
the results obtained by others over whoae methods we hawve no
contral. 1L is the user's responsibility 1o determing suitabilily for
the usar's purpose of any production methods mantioned herein

profection of propery and of persons againsl any hazards that
may be involved in the handling and use theraaf. In ight of the
foregoing, Lectite Corporation specifically disclaims all
warranties expressed or implied, including warranties of
merchamtability or fitness for a particular purpose, arising
from sale or use of Loctite Corporation s products. Loclite
Corporation  specifically  disclaims  any liability for
consegquential or incidental damages of any kind, incleding
lost profits. The discussion herein of vartious processes or
compasiions is not o be interpreted as reprasentation that thay
are free from dominaton of patents owned by others or 88 &
licierge wder any Loclile Corporation patents hal may cower
such processes or compositions.  We recommand that each
prospective user test his proposed application before repetitive
uge, using lhis data a5 a guide. This product may be covened by
ona or mora, Uniled Siates. or foreign patents or patent
applicatans.

ROGEY HILL, CF  FAR: #1 (88035715473

MOT Fof PRODUCT SRECIFICATIONS
FLEASE CONTACT LOCTITE CORPORATION QUALITY DEPARTMENT FOR ARLSTANCE AND RECOMMENDATIONE 0N SFECFICATIONG FOR THE PRODUCT.

DUSLIK, IRELAHD  FAX: +3531)4E1 - SaE8

Lot and Frakate are e Trad

s of Lol C ar LLELA
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LOCTITE

1001 Trean Eroak Creasing

Product Description Sheet
FREKOTE® PMC

T BE0Y) 5T1-5100 Mold Cleaner
FAX! (580 571-5485
Industrial Products, October 2003
Daacf!:ﬁnn
Lactite™ Frebote™ PMC is 8 special blend of sovenls designed 1o Flammability!Storage

dizsohve and remove wax from polyester molds without duling the
surface. PMC can also be used to clean epoky and medal mold
sufaces as wel &5 lor deaning brushes and equipment. PMC is
highly recommended for prepaning polyaster mold surfaces prior to
applcation of Frekote Mold Saalers and Mold Felease Agents.

Properties

Specilic Gravily D.BE0 L0015

Epeclal Cautions Keep awsy from heat, sparks and
open Rame,

Shelf Lifa Twa years from date of manufaciurs.

For FRP Molds and Wax Removal

FMC should ba applied te the mold surface with a clean colton
cloth.  Wax will immediately begin o dessolve and should be
removed from the surface with a8 secand dean cloth while it is
stll dissalved in the PMC. As the cloth becomes saturated with
wax, dispase of It and use a new cloth. Repeat process until
wan residue is remowed, Wipe dry. The mold & thes ready for
apphcation of Frekote Mold Sealer or Releasa

A simple best o assess mold deanliness is the wuse of masking
tape. A waxed surface will allow sasy ralease of masking tapa.
whereas a wax free surface will allow good adheskon of masking
lape, This les! can also be used o delermine the effecliveness
of a Frekote imterface. A& good imterface will prevent amy
slgnificant degree of lape adhesion.

Note
redease, be sure to wipe clean with PRMC affer doing so0, 88 many
balling compounds conlain wax,

Frokale PMC contains Nammable sohvenls. The pradust should
atways be usad in wallvantiated aress.  Store in a cool, dry place.
Caonsult M3DSE for complete details,

Mote

The diala conbxined herein ane Turnished for infonmation anly and
ara believed to e raliable. We cannot assume responsibility for
thi results abtained by others over whoae methods we have no
conlral, 1L is the user's responsibility (o delermine suitabilily for
the usar's purpase of any praduction methods mantioned herein
amd to gdopl such precavtions as may be advisable for the
profection of prapery and of persons againsl any hazards thal
may be imigived in the handling and use tharaaf. In kight of the
foregolng, Lectite Corporatien specifically  disclaims  all
warranties expressed or implied, including warranties of
marchantability or fitness for a particular purpese, arising
from gale or use of Loctite Corporation s preducts. Loctite
Corporation  specifically disclaims  any  liability for
consequantial or incidental damages of any kind, including
lost profits.  The discussion herein of vabows processes o
compasitions is not o be intarpreted as representation that they
are free from domineton of patents owned by others or 88 &
license woder any Loctile Corporation pabents hal may coves
such processes or composifions. Wa recommand that sach
prospective user test his proposed applcation before repetitive
use, using Lhis data as a guide, This produc] may be covened by
ong or mora, United States. or foreign patenis or patent
applications.

OF FOR PRODUCT SPECIFICATIONS
THE TECHRICAL DATA CONTAINED HEREIN ARE INTEWDED 48 REFERERCE ORLY.
PFLEASE CONTACT LOCTITE CORPORATION GUALITY DEPARTNENT FOR ASSTANGE AND RECOMMEN ATIONS 0N SFECFIGATIONS FOS THES PRODBUCT

Lot and Frakabe are R Trad
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G.8. NUCERONG651 DATASHEET

Characteristics:

vary fine struclura

smaooth surface

easy to vamish

excellent processing properties

Applications:

LI I

cubing models
work modals
general modelling

L I

Technical data:

master models and copy madels

NECURON" 651

Data Sheet

| Calour || brown

[ Coefficient of thermal expansion |[ approx. 52 x 107 K
| Temperature resistance || approx. FO°C

| Shore D || approx. BB

| Compressive sirength || approx. 26 Mimm?
[ Flexural strength | approx. 30 Nimm?
| Dansity || approx. 0.70 glom®
| Abrasion resistance (al defined paramaters) || approx. - mm’

[ Fire protection classification |[B2

| Electrical current resislance || approx. - €2 x em

| Notehed impact siranglh || approx. - kdim®

| Thermal conductivity

|| approx. 0.11 Wimk

+« physiclogically harmlass

Measurements:

1200 500 (| 130 || mm
1200 500 || 150 || mm
1500 200 40 || mm
1500 500 g0 [ mm
1500 a00 B0 || mm
1500 500 75 || mm
1500 500 (| 100 || mm
1500 500 130 || mm
1500 500 (| 150 || mm

Storage/Transport;
betwesn 18°C and 25°C,

= containg ne halogens, plasticizer or solvent
+  manufactured fusrecarbohydrate-free

surfaces machined paraliel, other dimensions on request

Varlations in temperature should be avolded during the transport and storage.

& Macurmer-Frodudt GnbH- Brochheide 16 - D493 Bohmes Tdl (Wm Fam (+45) BT1950250
EdvEl: infoiEnecumen.de - Intermet wassrecimer.de Stand: 1, Movernher 2008

HECURONE-boards should be stored on a flat undergrownd and In a dry space at a temperature

+G16¢
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NECURON" 651

Data Sheet

212
F'rnl:‘assing_:
Adhesiva ! Pulty Calaur Mixture ratio Paot life Curing time at
Ato B in minutes at 20°C in hours
20°C
MHECURONE KE bircwn 1 2.3 0.6
HECURONE K8 transparent 1:1 10 4.6
MECURONE& 36 brown 1:1 1012 6-5
or usual and compalible pallernmaking adhesives/resing
‘We recommeand that boards are plane-parallel to ensure good glue joints.
Machining:
Machining temperature: 2006 - 25°C
Taools: matal-working tools
Milling parameters:
[ [ Roughing Il Finishing
[ Type of tool [ finishing tools d=80mm Il finishing tools d=B0mm
| Tool diameter [d] {mm}) [ a0 Il &0
[ Culting speed [Ve] (misec) | S0 I 50
[ Speed [n] (1imin) [ 12000 Il BOOD
| Feed spesd (mimin) [ 10 Il 7.5
[ Tooth speed [fz] (mm) [ 0.21 Il 0.21
[ Mumber of testh [z] | 4 Il 4
[ Cutting depth [a.] {mm}) | 4 [ 0.5
[ Cutter mark length [fe] (mm) || as | 5

NECURON" 651

This malerial does nol contaim any Mers thal release harmful dust during machining, Meverlheless the dust
contant in the air should not rise above & magim®. Safety procedures recommendad by the vocational co-oparative
of the chemical mdustry should be complied with, The aficks: is not a regulatory product acconding to ICC

requlations. In accordance with general local and national regulations waste is o be disposad by incineration in
authorised places o carveyed to autharised tips (EAK 120108),

Technkzal statements and recommendations refer to curment stendard of technkgue and are based on our own
axperience, Further developments and improvemants are resenced. Due to the variety of processing possibilities
own axperimanis are racommended fo optimise rasults,

£ Mecumer-Praduct GrrbH- Bruchheids 16 - D516 Bohme= Td (Wm Foam {-+44)54718500590
Edvail: InfoiEnecurmer. de - Inbermet wiavenecuner. e Stand: 1, Moverrber 208
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G.9. SCOTTBADER CRYSTIC GELCOAT 253PA DATASHEET

Spray Gelcoat for Use with Hand-lay and Infusion
Epoxy Laminating Systems

Introduction

Crystic Gelcoat 253PA 15 a thixotropic, pre-aceelerated, 1sophthalic geleoat designed as an in-mould gelcoat with
excellent adhesion to epoxy resins and pre-pregs without the need for a te-coat. Formulated for spray application,
Crystic Geleoat 253PA is available in a wide range of colowrs and the information contained in this technical data
sheet also applics to these pigmented versions.

Applications
Crystic Geleoat 253PA 15 designed for use with wet lay and vacuum injected cpoxy systems.

It is mot recommended for use in any application which is subject to continmous immersion in water.

Features and Benefits

Crystic Gelcoat 253PA has good epoxy bonding characteristics and excellent weather resistance. It has been
shown to give a robust, rehable bond with a number of wet lav, and vacuum injection, epoxy resin systems, but
users should check wath thewr speaific cpoxy system supplier or perform a test themsclves before procecding with
use.

Application

Crystic Geleoat 253PA should be allowed to attain workshop temperature (18%C- 20°C) and mixed before use.
Crystic Gelcoat 253PA requires the addition of an imitiator to start the curing reaction. Use Butanox M-50 {or other
equivalent catalyst) and incorporaie this mio the gelcoat at | — 2% v/w. Unsaturated polyester products release heat
when they cure in bulk. If mamually adding catalvst to the product prior to spraying. do not prepare more material
than s requred to compleie the job and spray within 3 minutes. Ensure that all equipment is thoroughly cleaned
after use. Prepregs that be used with Crvstic Gelcoat 253 PA should have a cure temperature of at least 80-
%5°C to ensure adequate adhesion.

Gently stir the gelcoat before use. by hand or with a low shear mixer.

Ensure that the workshop temperature is between 18 and 25 °C.

Spray at the minimum pressure to achicve and acceptable spray pattern.

Apply the peleoat in thin even passes. building up the film thickness to 0.5 — 0.6 mm wet.
Ensure adequate mould ventlation.

. . £

T
Exceed a wet film thickness of 0.8 mm or drainage may occur.
Allow vapour to be retamed in decp mould sections as this will slow the cure.
Apply excessive gelcoat in comers of moulds as this can cause pre-release.

Pot Life
Temperature Pot Life in Minutes
15°C 25
H°C 15
25°C 10

Additves

Crystic Gelcoat 253PA 15 supplied 1n a wide range of colours. This eliminates the potential for mixing emrors with
small quantities of pigment paste. The addition of fillers or other additives can adversely affect the properties of
the gelcoat and are not recommended.

+G18¢
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G.10. STANDOCRYL 2K WHITE HPMIX 015 DATASHEET

m SAFETY DWTA SHEET

DR0E3400 w11

Revision Date: 2008-07-28
Frint Date: 2008-05-13
en'fll Page 1- %

1. Identi cation of the substance/preparation and of the company/undertaking

Froduct nerms MIX 015 WHITE HF
Froduct cada 02083400

Intended use of the subslancepreparation
Caoating for profaseional use

Companylindariaking Identl cation

ProducenSupplier DuPant Sustralia Lid

StrealBox T Edan Park Drive

Mat -CodeFosial codeGiy Macquane Fark MEW 2113, Australa
Telephone (D2 9523 8111

Taletax (02 9923 6011

Froduct Information
Trlephone (o2y 923 §111

Emergency Infarmaticn
Medical Emergency Phone 1800 674 415
Transportation Emargency Fhone  (D2) 9823 6575

For furthar Infarmaticn, pleasa also consult our Interned site
hizp:tfwraen stanom . com

2. Hazards identi cation

Danperous Goods, Mone Hazardous Substance

Human haalth hazards

Classi catan : dangerous for she amdronmaent; Flammatie;

Flammable. Harmiul 1o aqualic angarisms, may cause long-arm adveee efacts in the aquatc ermironment. Repealed expoaures

Mgy calsa Bkin drmess or Lracking. Vepours may caluse drowsinass end dizziness.

Special hazard instractions Tar hurmans and ervironment
Do nit breathed VBOOURSOIRAY.
I came of insuf cient verdtlation, wear suitable respirabary equipment

3. Compositionfinformation on ingredients

Chemical charactarization
Mixtire: of synthatic resirs, piomems, and soheernis

Hezardous campanenis

CAS-No Chemical Mame Concerration Classi catian
TIITEES nhulyl ace@mle T - - 000 % RId

A

RET
1330-20-7 zylene T.00 - 1000 % R19

Hn; R20v21

i; RIE
BATAI-05-5 sokent raphtha patrcleum), dght srom. S00-- 7.00 % R19

{70, 1% benzmne) X RAT
M R51/53
Hn: RBE
REg
HET
MotaH
ModsP

Copyright (H} 2008 DuPont Standos () . Stando e f, Sandaed (5 and Slandocry (7 are regstered rademarks of E.1 du Pood de
Memours and Compary for B brands of peformance coabng malerias. A0 nghis reserved

+G19¢
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 stancox| SAFETY DATA SHEET Reevision Darte: 2006-07-28
Frint Date: 2008-05-13
en'fl) Pagn 2 - &
CAS-MNo Chamical Kama Concentration Clessl canion
GR35 1,2 d-trmezhylhenzane 300 - B0 % R4
®n, B2
Xi; RAIGITIAS
M; R51/53
100-41-4 alhylbanzens 200 - 250 % F.R11
Nn; R20
106-67-8 messitglene 050-= 100 % R13
X RAT
M; R51/53
HTE1-45-5 nacdgCanoic acid, 2, 3-apoyp ropyl ester 0.50 - 1.00 % M, R51/53
R43
103-53-1 rrpropy lbenzens 0Z25-=-05% R13
An; RS
Xi; RAT
M; R51/53
oh-A2A CLImeEne 0,90 = o 920 % R0
n; FAS
X RAT
M; R51/53
B052-41-3 Sioddard sohvant 010 - 020 % M; IR51/53
Xn; RER
]
R4
RET
addilienal advice
Sar full tex: of R-phrases in chapoer 16,
4. First aid measures
General advice
When aympbons pergist of in all cases aof doubl seek medical advics, Never give anyihing by mouth 1o an Uncongcious person.
Inhalation
#yoid inhalation of vapaur or misl. Move 1o freah air in case of accidental inhalation of vapours. 1T breathing is irmegular o
shoppad, edminisar arl el respiration. | unconscicus plece In recovary posiicn and seak madical sdvica, IF symEpicms parsist
call a physician.
FHin contact
Do WOT wse sahwenbs or thinners. Take off all contaminated cdothing immediatesty.
Eyeconlact
Rempue contact iensaes, Imigate copiously with dean, fresh water far at beast 15 minutes, hakding the eyelds apart. Seck
riedical advica,
Ingestion
1 swalowed, saek medical advice immadialely and show this container of label. Do NOT induce womiling. Keep at rasl.
5, Fire- ghting measures
Hezardaus combustion products
Fina will praduce dense black smake cantaining harardous combustion produss (soe heading 140, Expasim o decomposition
products may be a hazard so bealth.

Copyight (@ 2008 DuPont. Slandes 7). Stardn & ([, Slardabypd & amd Slandocry (T ana regatarad radamarks of B o Fom da

Memours and Company for ks brands of peformance coatng maleria’s. Al nghts reseraed
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m SAFETY DWTA SHEET Reavisian Date: 2008-07-28
Frint Date: 2008-08-13
eriAll Page 5 - 8

the=s can easily damage the gloves and make them ineffective. The instructions ard infarmation provided by the glove supplier
0N UEE, SI0rB08, MBalranance and replecament miust be folowed, Damaged gloves or those showing signs of waar should be
replaced immediateky:.

Eya protection
Wear profectiee eyewear for profection against solvent spater.

Skin and body pratection
\Waar sutable protective dothing, Personned should wear anceszatic clochings made of natral ber or af high temperaties:
resigtant synibetic  ber.

Hygizmre messures
Wash skin horcughly with scap and 'waler or use recognized skin cleansarn, Do nol use organic solvenis!

Environmental exposure controls
Do nit ket product enter drairs. For ecalogical nformation refer 1o section 12,

4, Physical and chemical properties
A ppearancea

Form: iquid  Colour; white

Imparant physical and chemical information

Value Method
“FTash pant T
Autcignitizn lemparatune 407 — 46370 DM 51784
Bailng paint'boling ange: 126 - 110=C
Lowear explosion Emi 0.8%
Lipper eaplasicn imit 123%
Wapour pressure A6 HPa
Relattva darsity 127 g/vem? DIM 5329750 2811
‘Water salubility party miscike
Wigcosity (23°47) Ei ] 130 24371-1983 6 mm
Zabvan: separation best = A ADRRID
Conlenl of wolalile componants [induding wabsr} | 37.9% Basia Vapour pregaura == 0.01 kPa
pH Mo applicable:

10. Stability and reactivity

Etability
Snable

Cordilons to avaid
Srable under recommended siorage and handing condiions (see sectian 7).

Faterials o avold
Keep away from oxidising agents, strongly alkaline and strongly acid materials in order ta avoid exothemic reastions

Hezardous decompasition products
When exprsed o high emperatires may produce hamardous decompasition products such as carbon monodoe and diceicea,
armoke, cides of nilfogen.

11. Toxicological information

Cianaral obsarvallons
Thare is e data awailabke on the product. See sections 3 and 15 for detais.

Fraclicel experience

Exprosune o component sakvents vapours conoemcration in cocess of the stated occupatonal exposure limit may resul in adwerse:
health effect such as mucous membrane and respiratory sysbem irrtation and adverss efiect on kidney, lver and central nervoos
systam. Symploms and sigre Rcluss haedacha, dizzness, Bigue, muscllar waskness, drowsness and Inaxirama casaes, Ioss
of consciousness Through skin resarbtion, solsents can cavss some of the effects described here. Repeated o prokangad
contact with the preparaton may cause ramoval of natural 131 from she skin rasuling in non-allargic confast darmatitis and

Copyight (@ 2008 DuPont. Elandea 7). Staeddn e (T, Siardaigd 3 and Slandoery (T ars regstarad rademarks af F 1 d Fond da
Memours and Company for ks brands of peformance coatng maleria’s. Al nghts reseraed
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G.11. ZYVAX ENVIROSHIELD DATASHEET

ZYVAX, INC

Zyvax.com

P.O, 1825
Ellijay; GA 30540 USA
+1 706 69E 4405

ENVIROSHIELD
DESCRIPTION

EMVIROSHIELD is a universal solvent-free releasa agent designed specifically to meel the “Green Chamistry” requirements around
the world, ZY¥VAX ENVIROSHIELD chemically bonds o the mold conditoner, without transfer o the molded part, or other
processing equipment, Micro-polymer resin prevents build-up on mold and high lubricity allows quick effortless demaolding. For the
100% SOLVENT-FREE mold release system best suiled to your neads, see our wabsite: wwow. syvax_com.

The Mold Release People~

| =

ENVIRDSHIELD BEMEFITS

* Erwironmentally safe * Thermmal stability: 260 2C (500 %F) * High glass
* Mo CFCs, WOCs, or ODCs * Fast, room temperature application * High slip / lubricity
* Mo odaor - solvent and alcohol free * Maon-flammable and safe o use * Mo build-up on mold

* Exempl from REACH requirements Mo resp

USES

ENVIRCSHIELD iz recommended for applications requinng multiple releases, superior surface finish with high gloss and easy
touch-up for seamless prodoction cycles. ENVIROSHIELD can be used for releasing epoxies, phenolics, polyester resins,
polyamides, polybismaleimides, various rubbers and elastomers.

HOW TO USE
Before applying ENVIROSHIELD:

¥ All previous surface Ireatments, residues, waxas or ails should be removed using a ZYVAX mold and part cleaner.

¥+ The mald should be properly sealed with 8 ZYWAX mold sealer according to the technical data sheet,

1. Apply one light coat of ENVIROSHIELD to a small area of the maold {1-2 f; 0.2 m°) using a chean, lint-free cloth or hand
H] r.

2. Hﬁ?;f:?:ppmimstely B0 seconds, and then wipe the mold surface dry using & separate clean clath.
Make sure the enlire mold surface is coaled in this manner, slightly cvar-lapping the last coated area if you are applying in
sections. Be cerain that all contours are adequately coated.

3. Waitfor a minimum of 15 minubes.

4, Apply a second coat of ENVIROSHIELD in the same way, and wait for a minimum of 30 minutes before using mold,
For mold termperatures abova B0 °C (180 =F), apply one very light coatl of ENVIRODSHIELD and do not wipe off. Wait for a
minimum of 15 minutes befare using maold.
For touch-up, apply one coat of ENVIROSHIELD as above.

SAFETY DATA
Material safely data sheets for all ZYVAX products are avallable al weww zyvax.com and should be consulted prior to use of
provduct,

STORAGE & SHELF LIFE
Store product between 5 2C and 30 %C {41 °F and B6 *F). Shel life is 18 months fram the date of manufacture, in the original
unopenad container.

LUSE LIFE

Use life of product is 60 days from opening of container, Product must be kept in the orginal container and the lid replaced
immediately afler dispensing. Afer opening, product should continue to be stored propary. WARMING: Mever punclure any
WA product container,

LIMITATIONS OF LIARILTY

T thes barst of cur kniwledge, the tschnicel dets contsined hemein srs ros and scourste o8 fe dale of Bessncs, s ane subject to changs withoul prior notice. Uler mast comect ZyWAK
10 werity oorreciness before speciying or ondering. Mo guaranies of acouracy is gen or mplied. Ve quammes our products 10 confomm fo SV qualty comml We assume no

resparskdlly for couerage, percem am hs use. Liabilty, B any, ks Imited to replacement of products. MO OTHER WARRANTY OR GUARANTEE OF AHY
KIND IS MADE BY 7Y0AY, FXPRESAFED OR MPLIED. ATATUTORY, BY OPERATION OF LAW OR GTHERWISE, INCLUMHNG FITHESE FOR A FAATICULAR PURPOSE
ENVIROSHIELD EMNGLISH REWISION 7
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G.12. ZYVAX FLEX-Z1, Z3 DATASHEET

Adjustable Slipcoat

FLEX-Z 1.0  BIMIBALAA SLIF Irhibits pra-relaasa and promcles taps adbasion

FLEE-Z 2.0 LOW I MEDIUM SLIF Idaad for the accasicnal pra-ralaasa problam

FLEX-Z 3.0  WECIUM SLIF Standard choica for karge hulls and flat areas

FLEX-Z 40  WEDIUM { HIGHSLIP  If yous dion knaow whera to shaet, start hans

FLEE-Z 5.0 HIGH 3LIF Excabant choics for small parts and high wear areas
FLEX-Z B EXTRASLIF Lisa an dificult-to-relapss male molds o a5 & flange ralasa

FLEX-Z can be applied directly onto molds previcusly treated with Zyvax solvent-based release coatings. It can be sprayed on or wiped on_
On meew molds or when converling obd molds, Tollow the ngbrocions oullined bebow,

;oA W

HOW TO SELECT YOUR SLIPCOAT

CLEAMIMNG

WATERCLEAN - for mold stripping
Apply a small amount of WATERCLEAMN drecity 1o tha mold surfaca,

Flex..

ﬂ.ﬂ_j’l.lﬂ-tlhl-i Slipcoat Systeam’

210 i alip 1o 26,0 st alip

SURFACE CLEANER - for in-process cleaning
Apply SURFAGE GLEAMER to & claan clogh,

Dampan a clean cloth with wabar 8rd sl the surlace. A plastic brush 2. Working in =mall areas, wipe the cleaner onto the surfacs. Use as
can b usad an non-skid arsas to dean mare slsctivaly. much serubbing aclion as required Lo removs conlaminants.
Rinse the mald surface with clean water untl no residus remains 3. Before it flashes off, wipe the suface dry with a dean clath.
Repeat as necessary to achieve a walerbreak-free surface. 4, Repeat as necessary o achieve a clean surface,
Thia meald 5 now ready lor sealing 5 Apply twe coats of tha appropniate shpeeat bafora continuing
[POCEEEn g
SEALING (AS REQUIRED])
Usse SEALER GP on Applying SEALER GP
o« M old 1. Lighty apply SEALER GP ta a clean cloth.
i mees ¥ Wipe anta the mald surface. WWipe aff whils it is shll wet
0« OHd makds that are always dilicull o release 3. Wark in small sections (1-2 5, it.), cwanapping as necessary,
§ . X 4. Continus in this mannar urdd the entire mold {or section of the mold)
0w Molds in clossd molding processes b bser codied,
5. Allow 15 minules fo cure befare applying the s=cond coat.
o
L Mholdts {or araas of malds) that hove basn patched or rapairad B Apply a second coat of 2EALER GF n the samae manner and allow
0~ hreas of @ makd wilh expased parosity 15 minutas b cura bafore applying tha sekacted FLEX-Z slipcoat
0+ Sams tools may require additicnal coats of SEALER GP. If
macessary, apply addSonal costs of sealer in Fie same manrer.
SLIPCOAT
Application Instructions - Wiping Application Instructions - Spraying
Apply FLEX-Z to a small area of the mold section using a 100% cotion 1. Using an HVLF type sprayer, FLEX.Z should ga on as a dry spray
cloth wips ar Bounty® papar fowel with no wiart araas kaft bahind the spray
Wipe on a light ceal and DO NOT WIFE OFF, 2. Kaeping the spray head 6-12 inches {if possible) from tha suface.
Caarefulty ard torsughly coat the antire makd surtace. canetully and tharaughly sprary the entire mold aurface.
Al 15 minutes i cure befare spplying the nest coat. 3. Ifan area is over saburabed, simply wipe the wel area wilh a dean, dry
. K . cloth to ensure gven coverage.
Apply thrae additional coats of FLEX-Z in the: same way, and wait far a
kU 15 mirates bafors using the medd, 4 Allow 1% minutes to cure bafore apphing the next coal
5. Apply three addilional coats of FLEX-Z in the same way, and wait for

U= For tauch ups, appdy a single coat of FLEX-Z, wail 15 minites, ard
corlinue processing.

0 ¢ Il more or less shp is needed, simply mave up or down the FLEX-Z
slipcoat scale. A single coat can be applied when doing so.

I+ Irdividisal sectians of @ mald can be freated wath different slipcoats 1o
achiave apdimum rasulls.

a mirdmum 15 minutes betore using the mold.

0 # Fortauch ups, apply a sifgle coat of FLEX-Z. wail 15 minutes,
and cantinue processing.

0+ 1If mara or less sip 5 reeded, simply mows up or down tha
FLEX-Z shproal scaba, A singla coal can be appliad when daing
B

0+ Individual sections of a mold can be reated with dilfersnt
slipcoals ta achiews oplimum results.
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G.13. ZYVAX WATERCLEAN DATASHEET

ZYVAX, INC

Zyvax.com

P.0, Box 1825
Ellijay; GA 30540 USA
+1 706 69E 4405

WATERCLEAN
DESCRIPTION

WATERCLEAM has been developed to provide an environmentally safe and effective solvent-free alternative 1o salvent
washing for the removal of suface contaminagnts from molds and molded paris. WATERCLEAN is non-hazardous, non-
flammable and will not harm the surface. WATERCLEAM eliminates solvent washing when preparing parts for painting,
bonding or other procassas thal require a completely clean surface. For the 100% SOLVENT-FREE maold release syslem best
suited to your needs, see our webaite: wWww Zyvax.com,

The Mold Release People =

| =

VWATERCLEAN BEMEFITS

* Easy to apply " Mo edor

* Cost effective * Man-flammahble

* Environmenially safe * Mo saolvenis or alcohol

* Exempt from REACH requirements * Mo CFCs, VOCs or ODCs
LSES

WATERCLEAN is suitable for all surfaces including gelcoat. WATERCLEAN
cleaning of molds, molds, equipment and finished parts

HOW TO USE
v WATERCLEAN should appear uniform in container. If not, than shake or stir.
1. Apply 3 SMALL amaunt directly to the dry mold surface,
2. Using a damp paper towel, scrub the surface. Work with small sections until the entire surface is scrubbed.
DO NOT allow WATERCLEAMN to dry on the surface.
3. Remowve using anly clean WATER. This can be done by rinsing with a wet cloth or water sprayer.
Rinzse until no residue remaing; the surface should feel clean. Ringing will highlight areas that require more cleaning
4. Repeal until a waterbreak-frea surface is achieved.
You are now ready to apply a sealer and release agent.

SAFETY DATA

Material safely data sheels for all ZYVAX products are available at www zyvax.com and should be consulted prior 1o use of
product,

STORAGE & SHELF LIFE
Store product belween 5 °C and 30 *C (41°F and 86 °F). Shell life is 18 months from the date of manufactura, in the original

unopenad container. NOTE: WATERCLEAMN needs to be carefully sealed when notl in use in order o avoeld water
evaparation.

LISE LIFE

Use life of product is 60 days from opening the container. Product must be kept in the original container and the lid replaced
immediately after dispensing. After opening, the product should be stored properly. WARMING: Mever puncture any ZYWVAX
product containear.

LIMITATIONS OF L &RILTY

Tix thes barst of cur kniwledge, the tschnical dets contsined henein srs ros and scourste ot e dale of Bessncs, s ane subject o changs withoul prior notice. Lleer mast comlect ZyWAK
10 werity oorreciness before speciying or ondering. Mo guaranies of acouracy is gen or mplied. e quammies our products 10 confomm fo SV qualty comml We assume no
resparsbilly for coverage, pericemance, of Injurkes resubing fram Bs ase. Liablily, B any, & Imiled o replacemen of products. MO OTHER WORFANTY OR GUARANTEE OF ANY
KIND IS MADE BY 7YVaX, FXPFRFEIFD OR MPLIED. ATATLUTORY, BY OPFERATICHN OF LaW OR OTHERWISE, INCLLIDHNG FITHESE FOR & PARTICLLAR PLIRRPDSE.

WATERCLEAN EMGLISH REWISION 7
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SURFACE CLEANER
DESCRIPTION

SURFACE CLEANER is a combination of solvents specially blended to aid in the preparation of new and used malds and
plugs prior to treatment with ZYVAX MOLD CONMDITIOMERS AMD RELEASE AGENTS. It readily removes waxes and
other surface contaminants without harming or dulling the working surfaces of the mold. For the 100% SOLVENT-FREE
maold release system best suited to your needs, see our website: www.zyvax. com,

SURFACE CLEANER BENEFITS

* Can be used lo remove all release agenis * Mo residue
* Ease of application and use * Fast drying
USES

SURFACE CLEANER is safe and effective cleaning for maolds, molds, equipment and finished parts and will remove
uncured resin or gelcoat. SURFACE CLEANER will also clean brushes and spray equipment used to apply various release
products and elastomeric materials.

HOW TO USE

1. Apply SURFACE CLEANER liberally to the surface of the mold with a clean cloth.

2. As the waxes and other contaminants begin to dissolve and loosen, remove them from the surface while still wet using
a separale clean cloth or abrasive pad.
Make sure entire mold surface is cleaned in this manner, slightly over-lapping the last area if you are waorking in
sections. Be certain that all contours are adequately cleanad.

3. Repeat this process until the entire mold is clean.
The cleaning cloths should be regularly replaced as they becomae saturated with wax, elc.

4, When all the contaminants have been removed, wipe the enfire surface with a clean cloth scaked with SURFACE
CLEANER, and buff until dry.

SAFETY DATA
Matarial safety data sheets for all ZyWVAX products are available at www.zyvax.com and should be consulted prior to use of
product,

STORAGE & SHELF LIFE

Store product between 5 °C and 30 °C (41 °F and 86 °F). Shelf life is 18 months from the date of manufacture, in the
original unopened container,

USE LIFE

Usze life of product is 60 days from opening of container. Product must be kept in the orginal centainer and the lid replaced
immediately after dispensing. After opening, product should confinue to he stored properly. WARMNING Newver punciure
any ZYVAX product container.

LMITATIONS GF LABILITY
To the bast of our knovledge, the technical data containgd hersin ans rus and accurate at the dale of issmnce, ard ans subject 1o change withoul pricr notics. User meust conlact ZYVAK
io waiily copmetress bafom speciding of ordering, Mo guaranten of acoasscy & ghoan of implied, e gussanies cur proaduct 1o confom o ZYWAN qually contral  Wa assiime ra

mspernbilly far towsge, performarcs, of injuring resnling from it uss, Lisbilly, if any & lmited 1o mplecamn of geoducts. N0 OTHER WARRANTY OR GUARANTEE OF ANY
KD 1E MADE BY Z¥VAX, EXPRESEED OR IMPLIED, STATUTORY, BY OPERATION OF LAW OR OTHERWISE, INCLUDING FITHESE FOR A PARTICULAR PUREQEE

SURFACE CLEANER ENGLISH REVISION &
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