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Pattanachoke Kunapongkiti 2012: Nondestructive Machanical Property Testing of Recycled
ABS Plastic. Master of Engineering (Electrical Engineering), Major Field: Electrical
Engineering, Department of Electrical Engineering.

Thesis Advisor: Assistant Professor. Suneat Pranonsatit, Ph.D. 116 pages.

Adding recycled plastic into the overall composition is one of widely customary methods to
reduce plastic waste. However, the mechanical properties of recycled plastic products are different
from virgin plastic products. Therefore, quality control is required in manufacturing. Generally,
universal mechanical testing is a destructive and time-consuming method. This thesis, therefore,
presents an alternative, which is a nondestructive mechanical property testing of recycled ABS
plastic. Furthermore, this technique aims for a cheaper and more convenient substitution. A
spectroscopic method of measuring optical transmittance characteristics in near-infrared wavelengths

is employed.

ABS plastic samples were prepared with various recycled compositions, thicknesses and
colors. They were tested both near infrared optical characteristics and conventional mechanical
properties, that are tensile and impact strengths. These properties vary with recycled compositions
and thicknesses. The optical characteristics at wavelength of 1550 nm were utilized to distinguish the
differences in recycle compositions. Since the percentage of optical transmittance is a function of
recycle composition and, thus, tensile and impact strengths, the resulted mechanical properties can be
calculated using equations derived from previously collected data and relationships. Linear
relationships were employed with coefficient of determination (Rz) over 0.8. A plastic sensor system
was established. Laser diode sensor, thickness meter and color sensor were included, along with user-
friendly commands and displays. Sensor measured data was collected. Finally, comparisons between
results from conventional mechanical testing and calculated results were made. The comparison

results showed that the normalized root mean square errors (NRMSE) are in an acceptable range.

In conclusions, the proposed recycled plastic sensor system was established and verified. The
results indicate that the spectroscopic method of laser diode, integrated with colour and thickness
measurement units can be employed in replacement of destructive mechanical testing. The sensor
system exhibits accuracy and simplicity with conveniences and low cost maintenance. It is expected
that the system can eventually help promote the addition of recycled plastics, so that the waste can be

reduced.

Student’s signature Thesis Advisor’s signature
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Method (a) Near-infrared spectrometer (b) LD absorption  (a)/(b) Ratio
Price ($) 42000-84000 4200 1/10-1/20
Size (mm’) 400%300%200-1000x1000x500  50x100%100 1/40-1/1000
Weight (kg) 15 0.5 1/30
Maintenance Required Free o0
Lifetime of light source (h) ~ 3000 (incandescent lamp) ~100000 (laser 33

diode)

—_

Response speed (ms) 0.05 1/20

Dissipation power (W) 200 5 1/40
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M519N 1 (A1D)

Method (a) Near-infrared spectrometer (b) LD absorption  (a)/(b) Ratio
Identification accuracy Good Medium -
Analysis Detail Simple -

301: Inada et al. (2001)
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start

Get( color)
Get ( thickness)
Get(IR transmittion)

Thickness
Out of length

If ( 4> thickness>0.65 )

N=(Thickness % 0.73)*136.9863
R = IR transmittion
I=int(Thickness/0.73)

=z —

If color == red >> goto 1
If color == blue >> goto 2
If color == yellow >> goto 3
If color == purple >> goto 4
If color == green >> goto 5
If color ==natural >> goto 6

Output
Color
Thickness
IR transmiiton

Color is not valid
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P= (R -(65.66-(0.2778*N)))/(-0.049-(N*0.0000505))

,

P= (R -(38.16-(0.15838*N)))/(-0.054+(N*0.0001414))

\ v

IF (1 = 3)

P= (R -(22.48-(0.086161*N)))/(-0.040+(N*0.0000808))

<

If (1 = 4)

P= (R -(13.95-(0.05906*N)))/(-0.032+(N*0.0001010))

G [

Goto M
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P= (R -(71.79-(0.27808*N)))/(-0.114-(N*0.0001212))

)

P= (R -(44.26-(0.171515*N)))/(-0.126+(N*0.0003535))

IF (1 = 3)

P= (R -(27.28-(0.10606*N)))/(-0.091+(N*0.0002929))

<

If (1 = 4)

P= (R -(16.78-(0.064949*N)))/(-0.062+(N*0.0002424))

04 [
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P= (R -(73.23-(0.319495*N)))/(-0.170+(N*0.0006667))

P= (R -(41.60-(0.16111*N)))/(-0.104+(N*0.0001616))

N

b
|f(|L

P= (R -(25.65-(0.085454*N)))/(-0.088+(N*0.0001010))

\ v

If (1 = 4)

P= (R -(17.19-(0.0671717*N)))/(-0.078+(N*0.0002727))
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P= (R -(69.98-(0.29282*N)))/(-0.111+(N*0.0000808))

P= (R -(40.99-(0.1671717*N)))/(-0.103+(N*0.0003636))

P= (R -(24.44-(0.09393*N)))/(-0.067+(N*0.0001616))

Y

If (1 = 4)

P= (R -(15.14-(0.05829*N)))/(-0.051+(N*0.0001515))

Goto M
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P= (R -(66.50-(0.2841*N)))/(-0.042+(N*0.0000101))

P= (R -(38.37-(0.149394*N)))/(-0.041+(N*0.0000202))

P= (R -(23.58-(0.0937*N)))/(-0.039+(N*0.0000404))

| Y

If (I = 4)

P= (R -(14.30-(0.05516*N)))/(-0.035+(N*0.0001414))

Goto M
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P= (R -(92.18-(0.1976*N)))/(-0.018-(N*0.00014))

P= (R -(72.61-(0.164141*N)))/(-0.032-(N*0.00017))

| Y

If (1 = 3)

—

P= (R -(56.36-(0.132626*N)))/(-0.049)

\ Y

If (I = 4)

P= (R -(43.26-(0.10303*N)))/(-0.049+(N*0.0000808))

Goto M
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Tansile = (-0.020°P) +44.77

If (P =10)

k4

Impact = {-0.016"F) + 15.54

Impact = (-0.461*P) + 16.83

Output data
Tensile
Impact

MNA 66 miﬁmamﬁmumqﬁq LAZNULTINTSUND

Impact : gELE S

Tensile : g% N/mm?

IR Transmittion Thickmness : Color :
93.05 % 0.741 mm.
Cannect Using =

[IE | Disconnect |

mJ/mm?

Calculate ‘
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N000 0 0.83 1.86 0.00
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N030 30 32.53 9.00 8.45
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N100 100 77.93 14.24 22.07
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G000 0 0.20 0.45 0.00
G010 10 12.68 5.53 26.77

G030 30 32.35 10.99 7.83



MI1INUINN 3 (AD)

PR % f1% recycle 910 Andoan A1 % AW
¥oF10819 R . R
recycle 934 w03 Ia Tog WAIFIY HANaA

G050 50 51.14 7.47 228
G100 100 98.62 3.09 1.38
P000 0 0.00 0.00 0.00
P010 10 18.32 6.51 83.16
P030 30 45.36 6.62 51.19
P050 50 62.20 4.81 24.39
P100 100 89.49 2.71 10.51

MSNUINN 4 LAAIOATITIUNTUVDINAITANTUT 2.92 ﬁaEmmﬁ‘iﬂ‘lﬁ’mmawaﬂﬂiaﬂ

T % % recycle 911 Anioani 1 % AN
recycle 934 s lalon WINTFIU HANAIA
NO000 0 0.00 0.00 0.00
NO10 10 11.29 4.53 12.92
NO030 30 34.28 7.07 14.26
NO050 50 56.50 7.26 13.00
N100 100 99.38 1.40 0.63
Y000 0 0.00 0.00 0.00
Y010 10 9.61 5.15 3.86
Y030 30 42.78 10.02 42.59
Y050 50 61.80 10.41 23.60
Y100 100 91.35 7.97 8.65
R000 0 0.00 0.00 0.00

RO10 10 15.41 9.87 54.10



MIINUINN 4 (AD)

PR % f1% recycle 910 Andoan A1 % AW
¥oF10819 R . R
recycle 934 w03 Ia Tog WATTIU HANaA

RO30 30 26.75 6.55 10.84
R0O50 50 60.47 11.79 20.94
R100 100 92.14 27.29 7.86
B000 0 0.00 0.00 0.00
BO10 10 10.50 7.09 4.95
B030 30 33.97 10.73 13.23
B050 50 64.46 19.94 28.93
B100 100 93.99 26.85 6.01
G000 0 0.00 0.00 0.00
G010 10 15.53 533 55.32
G030 30 41.28 10.83 37.60
G050 50 55.90 16.08 11.80
G100 100 96.32 4.73 3.68
P000 0 0.59 1.32 0.00
P010 10 15.71 8.47 57.14
P030 30 36.27 7.77 20.90
P050 50 51.91 6.93 3.82
P100 100 98.05 225 1.95

Y o 1 a a A { o o
VniNNH'Jﬂﬁ 5 EAIDATITIUNTUUDINATANTI U 3.65 Mﬂamﬁiﬁﬁﬂ]l??]}i]"lﬂml%’ﬂillﬂIi’)ﬂ

Sodai % 1% recycle 910 Ay a1 % A3

a o a
recycle 354 Lal%’ﬂillﬂii’)ﬂ HIAT1U AANAIA

NO000 0 0.00 0.00 0.00



4
MINUINT 5 (AD)

99

1 d'
ANVYUD U

49810t A% A% recycle 910 1 % AW
recycle 934 s lalon MATTI AANAIA
NO10 10 10.04 5.95 0.37
N030 30 42.65 6.34 42.17
NO050 50 58.91 6.36 17.82
N100 100 94.91 10.51 5.09
Y000 0 0.00 0.00 0.00
Y010 10 13.00 5.65 30.00
Y030 30 37.23 6.79 24.08
Y050 50 59.05 8.53 18.10
Y100 100 90.54 10.12 9.46
R000 0 0.00 0.00 0.00
RO10 10 16.63 291 66.32
R0O30 30 37.70 10.19 25.66
RO50 50 50.39 9.75 0.77
R100 100 89.26 6.28 10.74
B000 0 0.00 0.00 0.00
B010 10 19.21 4.50 92.06
B030 30 40.24 7.02 34.12
B050 50 61.48 14.20 22.96
B100 100 93.04 9.60 6.96
G000 0 0.74 1.65 0.00
G010 10 10.97 10.66 9.71
G030 30 45.44 8.87 51.47
G050 50 55.67 7.73 11.33
G100 100 96.38 5.01 3.62



100

4
MINUINT 5 (AD)

49810t A% A% recycle 910 Andigan 1 % AW
recycle 934 s lalon MATTI AANAIA
P000 0 0.00 0.00 0.00
P010 10 8.26 6.19 17.37
P030 30 33.92 5.92 13.08
P050 50 57.83 10.81 15.65
P100 100 95.72 8.02 4.28

= ] v X A v v c'ul
2. f‘n’iHJ’iﬂ‘lJ!‘VlEl‘lJﬂTi’l‘lr!!!’NﬂQ‘i’l“lﬂ%1ﬂﬂ1’§1’lﬂﬁﬂ‘1j"n1\1ﬂa!!agﬂﬁ‘ﬂﬂt‘l’ﬂﬂﬂ’mm!“lﬁ)i ﬂel'?.)ﬂ
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LB HIYDTF

A I~ =1 1 2K 9 A =R KX I ax ] 1
l,lIE]!,‘]JiEJ‘]JL“V]EJ‘]JﬂTI/]uLLiW]\1@]’JEJLﬂifN‘1/]ﬂT;TE]‘lJﬂ’JHJT]uLLiQﬂ\‘]G]f\‘ILﬂu’J‘ﬁVINﬂﬁ DUAINUELIN

= Ay y ] o A =
aanlanszuruminaasunuuaes laloa Idnadansen 6 89 10

AT IINUINT 6 LFAIAIANIUNULTIAIDINAIDINNAITANU U 0.73 Uaatuasnia ldain

a3 lalon
%@ﬁ’)@ﬁh 3 f1 tensile A1 tensile strength ﬂ'uﬁ'mmu 1 %
strength ﬁ]?\? m’éa 1NNIIA NIATITU ﬂ’ﬂiJﬁﬂ‘WEﬂﬂ
N000 45.00 44.77 0.00 0.51
NO10 4441 44.57 0.12 0.35
NO030 4421 43.92 0.13 0.67
NO050 43.55 43.59 0.13 0.10
N100 42.88 42.87 0.21 0.01
Y000 45.00 44.77 0.00 0.51

Y010 44.41 4451 0.11 0.22
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MI1INUINN 6 (AD)

G?;aé’hafiw A1 tensile 11 tensile strange ﬂ'n‘ﬁ'mmu 1 %
strange 954 mﬁlﬂ 1NN NI ANUHANA A
Y030 44.21 44.03 0.14 0.42
Y050 43.55 43.59 0.17 0.09
Y100 42.88 42.96 0.20 0.20
R000 45.00 44.77 0.00 0.51
RO10 44.41 44.44 0.06 0.06
R030 44.21 44.02 0.20 0.44
R050 43.55 43.76 0.20 0.49
R100 42.88 42.98 0.13 0.26
B000 45.00 44.77 0.00 0.51
BO10 44.41 44.39 0.09 0.06
B030 4421 43.97 0.14 0.56
B050 43.55 43.54 0.28 0.02
B100 42.88 4291 0.19 0.08
G000 45.00 44.76 0.03 0.54
G010 44.41 44.55 0.21 0.31
G030 4421 43.86 0.18 0.79
G050 43.55 43.66 0.15 0.24
G100 42.88 42.84 0.10 0.08
P000 45.00 44.77 0.00 0.51
P010 44.41 44.60 0.12 0.43
P030 44.21 44.09 0.12 0.27
P050 43.55 43.61 0.22 0.15

P100 42.88 42.86 0.16 0.05
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AT INUINT 7 LEFAIAIANIUNULTIAIINAI0I N NAITANN U 1.46 Uaauasnia ldan

o3 lalon
%ﬂéﬁﬂ 19 A1 tensile A1 tensile strength ﬂ'u‘ﬁ'mmu 1 %
strength 54 méﬂ 1NMIIA NI 1U ANUAANA A
NO000 45.00 44.77 0.00 0.51
NO10 44.41 44.49 0.08 0.18
NO030 44.21 44.08 0.22 0.30
NO050 43.55 43.82 0.09 0.62
N100 42.88 42.85 0.13 0.07
Y000 45.00 44.77 0.00 0.51
Y010 44.41 44.64 0.05 0.50
Y030 4421 44.07 0.08 0.32
Y050 43.55 43.35 0.18 0.46
Y100 42.88 42.99 0.12 0.27
R000 45.00 44.77 0.00 0.51
RO10 44.41 44.49 0.08 0.18
R030 44.21 44.08 0.07 0.30
RO50 43.55 43.79 0.06 0.55
R100 42.88 42.79 0.04 0.19
B000 45.00 44.77 0.00 0.51
B010 44.41 44.49 0.05 0.16
B030 44.21 44.04 0.09 0.40
B050 43.55 43.60 0.14 0.12
B100 42.88 42.85 0.08 0.06
G000 45.00 44.77 0.00 0.51

G010 44.41 44.58 0.24 0.38
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A
MINNUINT 7 (7D)

%65’3651 R A1 tensile A1 tensile strength ﬂ'u‘ﬁ'mmu 1 %
strength 54 méﬂ 1NMSIIA NI TU ANUAANA A
G030 44.21 44.02 0.31 0.42
G050 43.55 43.59 0.51 0.09
G100 42.88 42.79 0.04 0.20
P000 45.00 44.77 0.00 0.51
P0O10 44.41 44.39 0.08 0.05
P030 44.21 43.97 0.07 0.54
P050 43.55 43.81 0.07 0.60
P100 42.88 42.86 0.08 0.04

AT INUINT 8 LAAIAIANIUNULTIAIDINAIDINNAITANM U 2.19 Uaauasnia ldan

s lalon
d9¢oghg  Mtensile A1 tensile strength Aot 1 % AW
strength 959 190 91nm3ia MATFIU HANAIA
NO000 45.00 44.77 0.00 0.51
NO10 44.41 44.49 0.11 0.17
N030 44.21 44.00 0.20 0.48
NO050 43.55 43.73 0.08 0.41
N100 42.88 42.83 0.13 0.11
Y000 45.00 44.77 0.00 0.51
Y010 44.41 44.53 0.12 0.26
Y030 4421 44.04 0.13 0.39
Y050 43.55 43.69 0.08 031

Y100 42.88 42.84 0.09 0.09
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MI1INUINN 8 (AD)

%65’3651 R A1 tensile A1 tensile strength ﬁnﬁmmu 1 %
strength 54 méﬂ 1NMSIIA NI TU ANUAANA A
R000 45.00 44.77 0.00 0.51
RO10 44.41 44.53 0.09 0.25
R030 44.21 44.04 0.10 0.38
R050 43.55 43.60 0.21 0.12
R100 42.88 42.84 0.10 0.07
B000 45.00 44.77 0.00 0.51
B010 44.41 44.43 0.08 0.04
B030 44.21 44.09 0.08 0.28
B050 43.55 43.71 0.07 0.36
B100 42.88 42.82 0.08 0.13
G000 45.00 44.77 0.01 0.52
G010 44.41 44.52 0.11 0.23
G030 44.21 44.12 0.22 0.20
G050 43.55 43.75 0.15 0.45
G100 42.88 42.80 0.06 0.18
P000 45.00 44.77 0.00 0.51
PO10 4441 44.40 0.13 0.02
P030 44.21 43.86 0.13 0.79
P050 43.55 43.53 0.10 0.05

P100 42.88 42.98 0.05 0.25
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AT INUINT 9 LFAIAIANIUNULTIAIDINAIDI N NAITANM U 2.92 Uadiuasnia ldan

s laTon
%aéﬁadn A1 tensile A1 tensile strength ﬂ'nﬁ'mmu A1 % AW
strength 934 1n@g 1M a WATFIU HANaIA
NO000 45.00 44.77 0.00 0.51
NO10 4441 44.54 0.09 0.30
NO030 44.21 44.08 0.14 0.29
NO050 43.55 43.64 0.15 0.21
N100 42.88 42.78 0.03 0.22
Y000 45.00 44.77 0.00 0.51
Y010 44.41 44.58 0.10 0.37
Y030 4421 4391 0.20 0.67
Y050 43.55 43.53 0.21 0.04
Y100 42.88 42.94 0.16 0.16
R000 45.00 44.77 0.00 0.51
RO10 44.41 44.46 0.20 0.11
R0O30 44.21 44.24 0.13 0.05
RO50 43.55 43.56 0.24 0.02
R100 42.88 42.93 0.55 0.12
B000 45.00 44.77 0.00 0.51
B010 44.41 44.56 0.14 0.33
B030 44.21 44.09 0.21 0.28
B050 43.55 43.48 0.40 0.16
B100 42.88 42.89 0.54 0.04
G000 45.00 44.77 0.00 0.51
G010 44.41 44.46 0.11 0.11

G030 44.21 43.94 0.22 0.61
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MI1INUINN 9 (AD)

%65’3651 R A1 tensile A1 tensile strength ﬁnﬁmmu 1 %
strength 54 m"ﬁ'ﬂ 1NMSIIA NI TU ANUAANA A
G050 43.55 43.65 0.32 0.23
G100 42.88 42.84 0.09 0.07
P000 45.00 44.76 0.03 0.54
P010 44.41 44.46 0.17 0.10
P030 44.21 44.04 0.16 0.38
P050 43.55 43.73 0.14 0.42
P100 42.88 42.81 0.04 0.15

MIEUINT 10 LAAIAIANUNULUTIAIDINAIDINNATANNU 3.65 Uaauainialdan

o3 lalon
Sodeghg  Mtensile  f1 tensile strength Aniioany 1 % AW
strength 939 1m0 9101330 WINTFIU AANaIR
NO00O0 45.00 4477 0.00 0.51
NO10 44 .41 44.57 0.12 0.35
NO030 4421 43.92 0.13 0.67
NO050 43.55 43.59 0.13 0.10
N100 42 .88 42.87 0.21 0.01
Y000 45.00 44.77 0.00 0.51
Y010 44.41 44.51 0.11 0.22
Y030 4421 44.03 0.14 0.42
Y050 43.55 43.59 0.17 0.09
Y100 42 .88 42.96 0.20 0.20

R0O0O 45.00 44.77 0.00 0.51
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MI1INUINN 10 (AD)

%65’3651 R A1 tensile A1 tensile strength ﬁnﬁmmu 1 %
strength 54 méﬂ 1NMSIIA NI TU ANUAANA A
RO10 44.41 44.44 0.06 0.06
R030 44.21 44.02 0.20 0.44
R050 43.55 43.76 0.20 0.49
R100 42.88 42.98 0.13 0.26
B000 45.00 44.77 0.00 0.51
B010 44.41 44.39 0.09 0.06
B030 44.21 43.97 0.14 0.56
B050 43.55 43.54 0.28 0.02
B100 42.88 4291 0.19 0.08
G000 45.00 44.76 0.03 0.54
G010 44.41 44.55 0.21 0.31
G030 44.21 43.86 0.18 0.79
G050 43.55 43.66 0.15 0.24
G100 42.88 42.84 0.10 0.08
P000 45.00 44.77 0.00 0.51
PO10 44.41 44.60 0.12 0.43
P030 44.21 44.09 0.12 0.27
P050 43.55 43.61 0.22 0.15

P100 42.88 42.86 0.16 0.05
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IBUBDS

A = = 1 Y A 2 3 ax
WOl e UNaUMNULTINTZUNNAGATOINATDUANUNULTINTEUNNFUTUITN NG

o =2 Ay Y s Y o A =
ﬂ‘UﬂTﬂu!L‘Nﬂ\1‘1/]11@ﬂi5‘1J’31Jﬂ1'iﬂﬂﬁﬂﬂ!&ﬂﬂlal“ﬁ@ﬂﬂjﬂﬂLclflllclffli llﬂWﬁﬂ\WﬂiN‘ﬂ 11 9915

A1 1NUINA 11 LAAIAIANIUNULIIAININAIDINNAITANY U 0.73 Haatuasndaldan

a3 lalon
doiflina A1 Impact 1 Impact strength Anioany 1 % A
strength 939 (@8 910M33A WIATTIU AANAIR
NO000 19.84 19.45 0.86 1.96
NO10 15.22 15.41 0.38 1.25
NO030 15.13 15.02 0.14 0.75
NO050 14.88 14.80 0.19 0.59
N100 13.80 14.29 0.23 3.57
Y000 19.84 19.83 0.00 0.03
Y010 15.22 15.57 0.60 2.32
Y030 15.13 14.89 0.07 1.58
Y050 14.88 14.62 0.12 1.78
Y100 13.80 14.04 0.12 1.71
R000 19.84 19.83 0.00 0.03
RO10 15.22 16.41 1.95 7.83
R030 15.13 15.21 0.62 0.49
RO50 14.88 14.62 0.26 1.81
R100 13.80 13.98 0.06 1.30
B000 19.84 19.83 0.00 0.03

B010 15.22 17.21 1.96 13.05
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MI1INUINN 11 (AD)

49810t A1 Impact 1 Impact strength Ao 1 % A
strength 934 1@g 11NM3a AT AANAIA
B030 15.13 14.88 0.08 1.65
B050 14.88 14.64 0.06 1.63
B100 13.80 14.06 0.14 1.91
G000 19.84 19.83 0.00 0.03
G010 15.22 17.51 2.27 15.06
G030 15.13 14.90 0.13 1.54
G050 14.88 14.68 0.09 1.38
G100 13.80 14.06 0.16 1.84
P000 19.84 19.83 0.00 0.03
P10 15.22 16.02 1.07 5.26
P030 15.13 14.96 0.00 1.16
P050 14.88 14.61 0.07 1.84
P100 13.80 14.05 0.04 1.82

! 1 [ ] a a A 'w Y
minwmnﬁ 12 ua@ammmwumﬁwmmamawmmﬂwm 1.46 uaammﬁm“lﬂmﬂ

a3 lalon
I A1 Impact A1 Impact strength Andioany 1 % AW
strength 939 1nde 91nMs A WIAITIU HANAA
N000 19.84 19.83 0.00 0.03
NO10 15.22 15.32 0.06 0.64
NO030 15.13 14.99 0.18 0.96
NO050 14.88 14.78 0.07 0.71

N100 13.80 14.00 0.10 1.45



110

MIINUINN 12 (AD)

G- INCAUNN A1 Impact 1 Impact strength Aniioany 1 % A
strength 939 (@g 910M33A WATIU AANAIA
Y000 19.84 19.83 0.00 0.03
Y010 15.22 16.75 1.25 10.03
Y030 15.13 14.98 0.06 1.00
Y050 14.88 14.40 0.14 3.23
Y100 13.80 14.12 0.09 2.28
R000 19.84 19.83 0.00 0.03
RO10 15.22 15.49 0.44 1.78
R030 15.13 14.99 0.05 0.97
R0O50 14.88 14.75 0.05 0.87
R100 13.80 13.96 0.03 1.14
B000 19.84 19.83 0.00 0.03
B0O10 15.22 15.31 0.04 0.60
B030 15.13 14.95 0.07 1.20
B050 14.88 14.60 0.11 1.88
B100 13.80 14.00 0.06 1.47
G000 19.84 19.83 0.00 0.03
G010 15.22 17.49 2.11 14.90
G030 15.13 14.94 0.25 1.25
G050 14.88 14.60 0.41 1.94
G100 13.80 13.95 0.03 1.11
P000 19.84 19.83 0.00 0.03
PO10 15.22 15.24 0.06 0.10
P030 15.13 14.90 0.05 1.52

P050 14.88 14.77 0.06 0.75



111

MIINUINN 12 (AD)

G- INCAUNN A1 Impact 1 Impact strength ANDEAVU 1 % A
strength 939 1RAY 91NN WIATFIU AANAIA
P100 13.80 14.01 0.06 1.51

A3 19HUINA 13 LAAIAIANMUNULTIAIINAIDEIWNNATANHUT 2.19 Haamasnialdan

o3 lalona
- (O M1 Impact @1 Impactstrength  Aidleann A1 % AW

strength 939 1mAe 9110M3 A AT AANAIA
NO0OO 19.84 19.83 0.00 0.03
NO10 15.22 15.59 0.69 2.44
NO030 15.13 14.92 0.16 1.39
NO050 14.88 14.71 0.06 1.20
N100 13.80 13.99 0.10 1.35
Y000 19.84 19.83 0.00 0.03
Y010 15.22 15.98 1.50 4.98
Y030 15.13 14.96 0.11 1.16
Y050 14.88 14.67 0.07 1.42
Y100 13.80 13.99 0.07 1.40
R000 19.84 19.83 0.00 0.03
RO10 15.22 15.60 0.60 2.50
R030 15.13 14.96 0.08 1.16
RO50 14.88 14.61 0.17 1.87
R100 13.80 14.00 0.08 1.43
B000 19.84 19.83 0.00 0.03

B010 15.22 15.27 0.06 0.32



MIINUINN 13 (AD)

1 d'
ANVYIUUU

%65’3651 9 f Impact f Impact strength 1 % A
strength 934 1@g 11NM3a AT AANAIA
B030 15.13 15.00 0.07 0.91
B050 14.88 14.69 0.06 1.31
B100 13.80 13.98 0.06 1.30
G000 19.84 19.74 0.21 0.50
G010 15.22 15.34 0.10 0.78
G030 15.13 15.02 0.18 0.73
G050 14.88 14.72 0.12 1.09
G100 13.80 13.96 0.05 1.17
P000 19.84 19.83 0.00 0.03
PO10 15.22 15.46 0.58 1.59
P030 15.13 14.81 0.11 2.11
P050 14.88 14.54 0.08 2.28
P100 13.80 14.11 0.04 2.23

AS19EHINT 14 LEAIAINNIUNULTIAINAIDENINATAANNUT 2.92 ﬁaﬁmmﬁ%’ﬂ‘lﬁ’mﬂ
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o3 lalen
- NCAU f1 Impact 1 Impact strength IR0 Anioany 1 % AN
strength 934 INMSIA WATFIU HANaIA
N000 19.84 19.83 0.00 0.03
NO10 15.22 15.78 0.83 3.66
N030 15.13 14.99 0.11 0.94
NO050 14.88 14.64 0.12 1.67
N100 13.80 13.95 0.02 1.08
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MIINUINN 14 (AD)

49810t A1 Impact 1 Impact strength 1RHY Ao A1 % AW
strength 934 10MIIA WATFIU HANa1A
Y000 19.84 19.83 0.00 0.03
Y010 15.22 16.32 1.50 7.23
Y030 15.13 14.86 0.16 1.84
Y050 14.88 14.55 0.17 2.24
Y100 13.80 14.08 0.13 2.01
RO00 19.84 19.83 0.00 0.03
RO10 15.22 16.04 1.18 5.39
R030 15.13 15.11 0.10 0.14
R050 14.88 14.57 0.19 2.10
R100 13.80 14.07 0.44 1.92
B000 19.84 19.83 0.00 0.03
B010 15.22 16.34 1.68 7.37
B030 15.13 15.00 0.17 0.90
B050 14.88 14.51 0.32 2.53
B100 13.80 14.04 0.43 1.70
G000 19.84 19.83 0.00 0.03
G010 15.22 15.31 0.11 0.57
G030 15.13 14.88 0.17 1.68
G050 14.88 14.65 0.26 1.61
G100 13.80 14.00 0.08 1.43
P000 19.84 19.56 0.61 1.40
P010 15.22 16.02 1.76 5.24
P030 15.13 14.96 0.12 1.15

P050 14.88 14.71 0.11 1.18
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MIINUINN 14 (AD)

- NCAURIN A1 Impact A1 Impact strength [N@Y ANDBAVY A1 % AW
strength 934 10MIIA WATFIU HANa1A
P100 13.80 13.97 0.04 1.23

A3 1HUINA 15 LAAIAIANUNULTIAIINAIDINNATANHUT 3.65 Naaasnialdain

o3 lalon
N A f1 Impact #1 Impact strength 1RHY Ao 1 % A
strength 934 210NN MATFIU HANAIA
NO000 19.84 19.83 0.00 0.03
NO10 15.22 16.32 1.06 7.23
N030 15.13 14.86 0.10 1.82
N050 14.88 14.60 0.10 1.93
N100 13.80 14.02 0.17 1.60
Y000 19.84 19.83 0.00 0.03
Y010 15.22 15.58 0.44 2.34
Y030 15.13 14.94 0.11 1.25
Y050 14.88 14.60 0.14 1.94
Y100 13.80 14.09 0.16 2.10
R0O00 19.84 19.83 0.00 0.03
RO10 15.22 15.27 0.05 0.35
RO30 15.13 14.94 0.16 1.30
RO50 14.88 14.73 0.16 1.01
R100 13.80 14.11 0.10 2.25

B000 19.84 19.83 0.00 0.03
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4 :
MIINUINN 15 (A1D)

49810t A1 Impact 1 Impact strength 1RHY Ao 1 % AW
strength 934 10MIIA WATFIU HANAIA
BO10 15.22 15.23 0.07 0.08
B030 15.13 14.90 0.11 1.57
B050 14.88 14.56 0.23 221
B100 13.80 14.05 0.15 1.81
G000 19.84 19.49 0.76 1.75
G010 15.22 16.63 1.87 9.27
G030 15.13 14.81 0.14 2.12
G050 14.88 14.65 0.12 1.58
G100 13.80 14.00 0.08 1.43
P000 19.84 19.83 0.00 0.03
P10 15.22 16.79 1.48 10.31
P030 15.13 15.00 0.09 0.90
P050 14.88 14.61 0.17 1.81

P100 13.80 14.01 0.13 1.50
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