




10% 30%

1

2

3

5

6



7







m

R =
−1

δK δG

5mm



Tyy 3
R = 0.2mm R = 1mm

R = 5mm

R = 1mm

3D

PPSGF40
R = 0.2mm R = 1mm R = 5mm

R = 1mm
R = 0.2mm

R = 1mm R = 5mm

R = 1mm

R = 0.2mm

θ

30

r = 0.2 mm



r = 1 mm

r = 5 mm

Ktn

a

R1 11 fat
671981

R1 11 fat
680000

r = 0.2 mm

r = 1 mm

r = 5 mm

R =
0.2 mm

R = 1 mm

R = 5 mm

R =
0.2 mm

R = 1 mm

R = 5 mm



45

90

R = 0.2 mm

R =
0.2 mm

R =
1 mm

R =
5 mm

λ

KI

20%



r = 0 mm

20%





r = 0.2 mm
r = 1 mm
r = 5 mm
σUTS

λ− 1
KIai





σ0

σy ≥ σ0 d0

σy(x, 0) = σ0

x = R + d0

a0

σ0

(1/a0)

∫ R+a0

R

σy(x, 0)dx = σ0



KQ∞ σ∞
N

σ∞
N

m m

KQ∞ = KF (1−m(σ∞
N /σ0))

KU
C

KIC

=

√

1 +
π

4

R

lch

KU
C KIC

lch

−60 C

σ1

σt



σ

σ = f(ω)

σt

σ(0) = σt

GC

GC =

∫ ωc

0

f(ω)dω

ωc



KC l
(0.5− λ)ch lch

lch



R/lch

KV,R
C Pmax

KV,R(P1)
P1

KV,R
C

KIC l
0.5−λ
ch

= 0.82403 + 0.64091(R/lch)
1/2 + 0.03307(R/lch)



Rc

0.1lch

6% 25%



−0.5

[±45]

[±45/02]



[±45]

σf = Hc(2ac)
−m

Hc 2ac m

40%



Kt

KIρ = σmax
√
πρ/2

ρ 0

ρ

σθθ = σyy =
σtip

Ã

{

(

x′

r0
+ βt

1

)λ−1

+ χ

(

x′

r0
+ βt

2

)λ−1
}

r0 =
q − 1

q
ρ



q =
2π − 2α

π

t =
2− ln(−χ)

ln(β1β2)

1− λ

ρ λ

cos(1− λ)θ2(γ){cos(1− λ)θ1(γ)[m11(γ)n21(γ)−m21(γ)n11(γ)]−
− sin(1− λ)θ1(γ)[m21(γ)n12(γ)−m12(γ)n21(γ)]}−

− sin(1− λ)θ2(γ){cos(1− λ)θ1(γ)[m22(γ)nm11(γ)−m11(γ)n22(γ)]−
− sin(1− λ)θ1(γ)[m12(γ)n22(γ)−m22(γ)n12(γ)]} = 0

mj1 = cos2 θ − (βj sin θ)
2

mj2 = 2βj sin θ cos θ

nj1 =
1

2
sin 2θ(1 + β2

j )

nj2 = −βj cos 2θ

χ = −ρλ−1
1 (γ)[m11(γ) cos(1− λ)θ1(γ) +m12(γ) sin(1− λ)θ1(γ)]

ρλ−1
2 (γ)[m21(γ) cos(1− λ)θ2(γ) +m22(γ) sin(1− λ)θ2(γ)]

Ã = β
t(λ−1)
1 + χβ

t(λ−1)
2 =

β
t(1−λ)
2 + χβ

t(1−λ)
1

β
t(1−λ)
1 β

t(1−λ)
2

x′ (2T12 + T66)
2 ≥ 4T11T22



µ2,4 = ±iβ2 µ1,3 = ±iβ1

T11µ
4 + (2T12 + T66)µ

2 + T22 = 0

β1,2 =

√

2T12 + T66 ±
√

(2T12 + T66)2 − 4T11T22

2T11

Tij Sij

T11 = S11 =
1

Ex

T22 = S22 =
1

Ey

T12 = S12 = −νxy
Ex

T66 = S66 =
1

Gxy

Ex Ey

x y Gxy νxy

β1,2 =

√

√

√

√−νxy +
Ex

2Gxy

±

√

(

−νxy +
Ex

2Gxy

)2

−
(

Ex

Ey

)

Tij Bij

T11 = B11 =
S11S33 − S2

13

S33

T12 = B12 =
S12S33 − S13S23

S33

T22 = B22 = −S22S33 − S2
13

S33

T66 = B66 = S66

S33 =
1
Eζ



σyy ≈ σtip
(β1β2)

t(1−λ)(1 + χ)

β
t(1−λ)
2 + χβ

t(1−λ)
1

(r0
x′

)(1−λ)

σyy ≈
K1ρ√
2πx′

K1ρ

K1ρ =
√
2πσtip

(β1β2)
t(1−λ)(1 + χ)

β
t(1−λ)
2 + χβ

t(1−λ)
1

r1−λ
0 = Mσtipr

1−λ
0

M =
√
2π

(β1β2)
t(1+λ)(1 + χ)

β
t(1−λ)
2 + χβ

t(1−λ)
1



σθθ =
K1ρ√

2π(1 + χ)
rλ−1
1

{

1 + χ

(

r1
r2

)1−λ
}

r1 = x′ + r0β
t
1 r2 = x′ + r0β

t
2

K1ρ =
√
2πσθθ|θ=0

r1−λ
1

1 + χ

1 + χ
(

r1
r2

)1−λ

1+χ

1+χ
(

r1
r2

)

1−λ

r0 = 0, r1 = r2 = x′

K1ρ = lim
x′→0

√
2πσθθ|θ=0

(x′)1−λ

2α < 90 K1ρ

Ψ Ψ

Ψ =

(

β1β2

β2 + β1

)2

K1ρ ρ
Ψ

Ψ



±20%

KIc



σ0

σtip = σ0

σtip = σ0

KIρc = Mσ0r
1−λ
0

KIc

KIρc = KIc

KIρc = KIc

r0N =

(

K1c

Mσ0

)
1

1−λ

r0 > r0N

σ0

KIc

KIρc

KIc

=

(

r0
r0N

)1−λ

r0 < r0N
K1c



KIρc

KIc

=

{

1 +

(

r0
r0N

)m(1−λ)
}

1

m

m 1.25 3



m

∆KI

∆KI

a α

∆KI ∆Kth

R = σmin

σmax



∆σg,th =
∆Kth√

πa

a

0

∆σg,th

∆σ0 = 2 · σa,∞

a0

a0 =
1

π

(

∆Kth

∆σ0

)2

∆Kth = ∆σg,th

√

π(a+ a0)

a

a0



∆σg,th =
∆σ0

Ktg



a0 a∗

a/ρ = cost

Ktg

∆Kth α

∆Kth = ∆σg,th

√

πα2(a+ a0)

α2(a+a0)



a0

a0

a0

ρ ≤ 4 · a0

0 ≤ ρ ≤ 4 · a0



KV
I =

√
2π lim

r→0
(σθθ(r, 0) · r1−λ1)

σθθ

λ1

kV
I

KV
I = αγ

√
πaγσg =

√
π
(

α1/γ
γ a

)γ
σg

γ = 1− λ1

γ = 1− λ1

αγ

aeff



∆σg.th =
∆KV

I,th√
π(aeff )γ

∆σg.th =
∆KV

I,th√
π(aeff + aV0 )

γ

aV0
a0

aV0 =

(

∆KV
I,th√

π∆σ0

)1/γ



a0 KIC

W =
∑ 1

2
σijǫij

W =
1

2
σrrǫrr +

1

2
σθθǫθθ +

1

2
σzzǫzz +

1

2

τ 2rθ
G

W =
1

VC

∫

VC

WdV =
e1
E

(

K1

R
(1−λ1)
C

)2

+
e2
E

(

K2

R
(1−λ2)
C

)2

k1 k2

e1 e2 2α

λ1 λ2

E



r0 = ρ
π − 2α

2π − 2α

PA66 − GF35

θ = 0 250mm 40mm 3mm



10mm

kt = 2.5

10mm 1mm 0.2 0.5 1mm

Kt 9.8 6.5 4.7

R = −1

f = 0.5÷20Hz

R = −1

RC

δKth



SEDδWC

RC PA66 − GF35 θ = 0

δWC = 0.3MJ/m3 RC = 3mm



σUTS

Kth/KQ





δK δG



200x200x4



1.8mm



5mm



Tyy





Tyy 3

R = 0.2mm R = 1mm R = 5mm



3600



R = 1mm

magnification = SOD/SDD

3D



3D

PPSGF40 R = 0.2mm R =

1mm R = 5mm

3D



R = 1mm

S2 S1

3 R = 5mm

R = 0.2mm



R = 0.2mm R = 1mm R = 5mm



R = 1mm



R = 0.2mm



0 180

0 1 0

45

1

1

2R

E11

E11 = EfVf (1−
tanhna

na
) + Em(1− Vf )

Ef

Em

Vf



a = l/df

n =
√

2Gm

Ef ln 2R
df

E22

Em

=
E33

Em

=
1 + εηVf

1− ηVf

ε = 2 η

η =

Ef

Em
− 1

Ef

Em
+ ε





100 100

80 50

2960



9513 0.5 0.5% ±1.5µm

25mm −2.5mm 12.5mm







200 200mm

θ

θ E1 E2 G12

Ex Ex

θ

Ex(θ) =

[

cos4 θ

E1

+
sin4 θ

E2

+
1

4

(

1

G12

− 2ν12
E1

)

sin θ

]−1



θ

12 E2 = E3 G13 = G12

ν13 = ν12 G23 ν23

σUTS σUCS σUTS σUCS

0 174.4 231.6 1.71 2.87
45 93.4 / 1.41 /
90 64.9 161.0 1.00 4.00

Ex, t = 1.8mm Ex, t = 4.0mm
0 14780 13340
45 8760 8860
90 7490 8273



E1 E2 E3 G12 G13 G23

1.8 14780 7490 7490 3230 3230 1400
4.0 13340 8273 8273 3169 3169 1400

ν12 ν13 ν23
0.4 0.4 0.37
0.4 0.4 0.37



2mm/min

L 1 1.95 12.44
L 2 1.95 12.44
L 3 1.90 12.45

σUTS Ex

L 1 146.6 −15.9 14365 −0.3
L 2 147.2 −15.6 13509 −8.5
L 3 150.8 −13.5 14745 0.0

30

E1



15%

Ktn

Ktn 1.14



30

3 5 mm 1 mm 0.2 mm

0.5 mm/min

mm2 σUTS

R0 1 38.60 102.0
R0 2 38.42 105.7
R0 3 38.68 102.6

r = 0.2 mm



mm2 σUTS

R1 1 40.17 116.0
R1 2 39.22 119.8
R1 3 39.99 107.6
R1 5 40.22 110.6

r = 1 mm

mm2 σUTS

R5 1 47.59 106.0
R5 2 48.13 104.1
R5 3 47.32 112.1

r = 5 mm



r = 0.2 mm

r = 1 mm



r = 5 mm



20 KV

10−3 Pa









σn,UTS Ktn

σUTS/Ktn

Ktn K∗
tn

K∗
tn =

σUTS

σV
UTS

σUTS σUTS/Ktn

Ktn K∗
tn

σn,UTS =
σUTS

{[(Kt − 1)−m + (K∗
tn − 1)−m]−1/m + 1}

m 1.25 3

m = 2

90



Ktn



a



σUTS

σUTS σUTS

0.2 / 103.43 /
0.25 79.93 / 29.4
1 82.57 113.5 37.5
5 93.2 107.4 15.2

σUTS





σmax

σmin

σa =
σmax − σmin

2

σm =
σmax + σmin

2

R =
σmin

σmax

R = −1 σ = 0MPa



R = −1

R = 0.05

50%

1 33MPa

44MPa 14%

K = 15

K = 19.3

3

90% 10%

R f σmax,net σa NR

LP 1 20.44 1.85 0.05 8 80 39.1 1045051
LP 2 20.51 1.87 0.05 5 110 54.0 1827
LP 3 20.57 1.86 0.05 7 90 44.0 60719





1mm

5mm

5mm 1mm

1mm

0 − 2



R1 11 fat 671981 R1 11 fat 680000

1−2Hz

R1 11 fat

671981 680000 690002



50% 10% 90%

Lato destro Lato sinistro
a[mm] ρ[mm] a[mm] ρ[mm] Wg[mm] t[mm] An[mm2]

R0 1 fat 1.98 0.17 1.96 0.18 23.75 1.8 35.67
R0 2 fat 2.04 0.16 1.93 0.23 23.8 1.8 35.7
R0 3 fat 2.04 0.19 2 0.19 23.87 1.8 35.69
R0 4 fat 2 0.18 2.05 0.2 23.98 1.83 36.49
R0 5 fat 1.99 0.14 1.99 0.18 23.9 1.8 35.84
R0 7 fat 1.96 0.22 1.88 0.2 23.71 1.83 36.36
R1 1 fat 2.10 0.97 2.02 1.02 24.8 1.85 38.27
R1 2 fat 1.93 0.99 1.94 0.92 24.6 1.85 38.35
R1 3 fat 1.94 1.04 1.93 1.01 24.55 1.85 38.26
R1 4 fat 2.08 1 2.01 0.97 24.8 1.85 38.31
R1 5 fat 2.05 1.03 1.96 0.94 24.75 1.85 38.39
R1 6 fat 1.93 0.98 1.94 0.9 24.6 1.85 38.35
R1 7 fat 2.05 0.93 1.99 0.98 24.9 1.84 38.34
R1 8 fat 1.99 1.02 1.98 1 24.72 1.84 38.17
R1 10 fat 2.03 0.9 2.05 0.91 24.75 1.85 38.25
R1 11 fat 1.92 0.88 2.05 0.99 24.7 1.84 38.16
R5 1 fat 8.84 8.84 8.39 8.39 40.15 1.85 42.42
R5 2 fat 8.67 8.67 8.46 8.46 39.7 1.85 41.76
R5 3 fat 8.54 8.54 8.31 8.31 39.6 1.85 42.08
R5 4 fat 7.95 7.95 7.76 7.76 39.54 1.8 42.88
R5 5 fat 8.05 8.05 7.92 7.92 39.6 1.83 43.24
R5 6 fat 7.99 7.99 7.9 7.9 39.63 1.83 43.44
R5 8 fat 8.03 8.03 7.94 7.94 39.55 1.84 43.39
R5 9 fat 7.99 7.99 8.08 8.08 39.97 1.84 43.98
R5 11 fat 7.94 7.94 7.99 7.99 39.93 1.84 44.15
R5 12 fat 8.01 8.01 7.96 7.96 39.93 1.84 44.08



R f σa,n ai[mm] Ni NR
Ni

NR
[%]

R0 1 fat 0.05 6 28 0.26 2000 23624 8.5 /
R0 2 fat 0.05 8 25 0.11 20000 96414 20.7 /
R0 3 fat 0.05 8 25 0.27 20000 79479 25.2 /
R0 4 fat 0.05 8 23.5 0.39 130000 211016 61.6 /
R0 5 fat 0.05 12 22 0.19 100000 565976 17.7 /
R0 7 fat 0.05 12 22 0.3 250000 1383040 18.1 /
R1 1 fat 0.05 6 22 / / / / 2400000
R1 2 fat 0.05 10 19 / / / / 4299144
R1 3 fat 0.05 2 44 / 758∗ 758 100 /
R1 4 fat 0.05 2 33 0.39 4000 6108 65.5 /
R1 5 fat 0.05 5 28 0.23 30000 37272 80.5 /
R1 6 fat 0.05 10 25 0.77 1650000 1678792 98.3 /
R1 7 fat 0.05 8 25 / 76805∗ 76805 100 /
R1 8 fat 0.05 8 25 0.2 375000 401224 93.5 /
R1 10 fat 0.05 8 25 / 37720∗ 37720 100 /
R1 11 fat 0.05 8 25 0.25 671981 690002 97.4 /
R5 1 fat 0.05 10 29.6 / 670924∗ 670924 100 /
R5 2 fat 0.05 3 36.9 0.39 2000 5823 34.3 /
R5 3 fat 0.05 7 31.3 / 73639∗ 73639 100 /
R5 4 fat 0.05 10 25.5 / / / / 2995656
R5 5 fat 0.05 5 29 / 35027∗ 35027 100 /
R5 6 fat 0.05 3 29 / 88587∗ 88587 100 /
R5 8 fat 0.05 3 29.6 0.3 40000 91582 43.7 /
R5 9 fat 0.05 10 29.6 0.27 40000 113446 35.3 /
R5 11 fat 0.05 8 20 / / / / 2521621
R5 12 fat 0.05 5 26 / 934726∗ 934726 100 /



r = 0.2 mm

r = 1 mm



r = 5 mm



R = 0.2 mm

26%

R0 4 fat Ni/NR = 61.6%

Ni/NR N

N > 2milioni

R = 1 mm

R1 7 fat R1 10 fat R 1 3 fat

N

R = 5 mm

N

30 − 40% R5 2 fat

R5 8 fat R5 9 fat



N

R = 5 mm N

R = 1 mm

R = 5 mm



R f σa,n ai[mm] Ni NR
Ni

NR
[%]

0 R025 3 0.05 10 20.9 0.66 8110 16333 49.7 /
0 R025 4 0.05 15 19.0 0.12 20000 541369 3.7 /
0 R025 5 0.05 15 19.0 0.10 520000 840042 61.9 /
0 R025 6 0.05 15 17.1 / / / / 3400046
0 R025 9 0.05 5 21.8 0.38 2488 14101 17.6 /
0 R025 10 0.05 15 19.9 0.35 24670 70442 35.0 /
0 R1 1 0.05 5 21.6 0.35 37566 52556 71.5 /
0 R1 2 0.05 15 19.6 0.50 800000 881970 90.7 /
0 R1 3 0.05 15 17.6 0.00 / / / 2003367
0 R1 4 0.05 15 18.6 0.30 / / / 3096925
0 R1 5 0.05 5 23.5 0.36 8510 14078 60.4 /
0 R5 1 0.05 10 22.1 0.95 170000 180639 94.1 /
0 R5 3 0.05 15 19.9 1.00 85000 95000 89.5 /
0 R5 4 0.05 15 17.7 / / / / 2249699
0 R5 5 0.05 15 22.1 0.92 193768 207902 93.2 /
0 R5 6 0.05 15 19.9 0.62 1012311 1061530 95.4 /
0 R5 7 0.05 5 26.6 0.54 13735 20807 66.0 /

2

R0 R1 R5
σa 2 20.6 20.6 23.4
σa 2 18.2 18.8 18.5

13.2 9.6 26.5
σa 2 19.5 20.4 24.4
σa 2 16 18 19

21.9 13.3 28.4



R = 0.2 mm

R = 1 mm



R = 5 mm

R = 0.2 mm



R = 1 mm

R = 5 mm













KIc

10x20mm

1.8mm

1MPa



0

45 90

8 185

E1 E2 E3 ν12 ν13 ν23
1.8 14780 7490 7490 0.40 0.40 0.37



45 90

E0 E90 E45 ν12
1.8 16400 8607 9269 0.42

1

0

35MPa 0.1 MPa 0 15 0.3 15 35

ǫ =
σ

E
+K

( σ

E

)n

n K



n = 0.179

K = 150

0 45 90

n K

n = 0.179 K = 150

ν12 = 0.376

10%

+10% E0 +10% E90 +10% E45

ν12 0.376 0.41 0.417 0.375
0% 9.04% 10.90% −0.26%

E0 E90 E45 ν12
1.8 14780 8700 8090 0.38





1 MPa



182

3D

185





σ1

0.4%

R R
0.004 0.2 50 5.39
0.008 0.2 25 5.37
0.01 0.2 20 3.54



r = 0 mm

Kt

R = 0.2 mm



R = 0.2 mm



R = 1 mm

R = 5 mm



Fresati
Kt Kt Kt Kt

R0 5.4158 4.3377 8.5502 6.3919
R1 2.5332 2.6708 4.1839 3.6638
R5 1.9815 1.9815 2.6207 2.5586



R = 0.2mm

λ

λ

λ − 1

λ − 1

KI

KI 1 R = 0.2mm

σUTS,fresato = 79.9 KI

σUTS,iniettato = 103.4 KI

σUTS KIc

KIc KIρc

R = 0.2mm

KIc 1 − λ = −0.47

λ− 1 −0.488 −0.451 −0.479 −0.439

λ− 1

KIc

KIc 228.4 MPamm1−λ

222.0 MPamm1−λ

182.22 MPamm1−λ σtip =

Kt,cuoreσUTS,iniettato

195.9 MPamm1−λ

KIc = 182.22 MPamm1−λ



λ

KIc 182.22 MPamm1−λ

KIρc

KIρc = Mσtipr
1−λ
0

M = 1.16

σtip Kt

σUTS

r0



KIρc

KIc

KI



20%

KIai KIρc

KIai

KIai = Mσa,tipr
1−λ
0

M
M = 1.16

σa,tip

Kt σa,net



r0

1− λ 0.47

KIai[Mpa mm1−λ] σa,net[Mpa] Ni

R0 1 fat 49.33 28 2000
R0 2 fat 44.04 25 20000
R0 3 fat 44.04 25 20000
R0 4 fat 41.40 23.5 130000
R0 5 fat 38.76 22 100000
R0 7 fat 38.76 22 250000
R1 3 fat 85.32 44 758
R1 4 fat 63.99 33 4000
R1 5 fat 54.30 28 30000
R1 6 fat 48.48 25 1650000
R1 8 fat 48.48 25 375000
R1 7 fat 48.48 25 76805
R1 10 fat 48.48 25 37720
R1 11 fat 48.48 25 671981
R5 1 fat 86.48 29.6 670924
R5 2 fat 107.81 36.9 2000
R5 3 fat 91.57 31.34 73639
R5 5 fat 84.73 29 35027
R5 6 fat 84.73 29 88587
R5 8 fat 86.48 29.6 40000
R5 9 fat 86.48 29.6 40000
R5 12 fat 75.97 26 934726

KIai

σ





rc

rc

2

Wmediato,liscio =
σa,50%

2E

rc

W =
1

2
σ1ε1 +

1

2
σ2ε2 +

1

2
σ3ε3dV



r = 0 mm

Rc

Wmediato,liscio = 0.0366[MJ/m3]



Wmediato,liscio,matrice = 0.0549[MJ/m3] rc

1

rc

r0

Ni

Rc[mm] Wmediato 1MPa[MJ/m3]
R0 0.64 3.41E − 05
R1 0.64 2.852E − 05
R5 0.64 3.98E − 05
R0 0.42 1.01E − 4
R1 0.42 9.19E − 05
R5 0.42 1.21E − 4

rc

W =
1

2E
(σ2

11+σ2
22+σ2

33−2ν(σ11σ22+σ33σ22+σ33σ11)+2(1+ν)(σ2
12+σ2

13+σ2
23))



ν E

ν = 0.389 E = 4640

δWmediato

Tw Tσ TK

TW−σ =
√

TW



σa,net SEDmediato,matrice SEDmediato,composito

1.63 3.51 1.95 1.96

R5

TW−σ = 1.96
TW−σ = 1.66

σa

Tσ = 2.21
σa TW−σ = 1.66

Rc = 0.42mm
Rc = 0.59mm

TW−σ Tσ





σa,net SEDmediato

1.63 1.96
2.21 1.66





20%
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R0 1 −40

0

wnet mm 20.32 t mm 1.90

Raggio SX mm 0.100 RaggioDX mm 0.182

σUTS MPa 102.0 v mm/min 2



R0 2 −40

0

wnet mm 20.22 t mm 1.90

Raggio SX mm 0.163 RaggioDX mm 0.170

σUTS MPa 105.7 v mm/min 2



R0 3 −40

0

wnet mm 20.36 t mm 1.90

Raggio SX mm 0.140 RaggioDX mm 0.164

σUTS MPa 102.6 v mm/min 2



R0 4 −40

0

wnet mm 20.33 t mm 1.90

Raggio SX mm 0.227 RaggioDX mm 0.226

σUTS MPa / v mm/min 2



R0 5 −40

0

wnet mm 20.30 t mm 1.90

Raggio SX mm 0.160 RaggioDX mm 0.074

σUTS MPa / v mm/min 2



R0 6 −40

0

wnet mm 20.37 t mm 1.90

Raggio SX mm 0.103 RaggioDX mm 0.089

σUTS MPa / v mm/min 2



R1 1 −40

0

wnet mm 21.14 t mm 1.90

Raggio SX mm 1.030 RaggioDX mm 0.912

σUTS MPa 116.0 v mm/min 2



R1 2 −40

0

wnet mm 21.20 t mm 1.85

Raggio SX mm 0.992 RaggioDX mm 0.933

σUTS MPa 119.8 v mm/min 2



R1 3 −40

0

wnet mm 21.05 t mm 1.90

Raggio SX mm 1.015 RaggioDX mm 0.972

σUTS MPa 107.6 v mm/min 2



R1 4 −40

0

wnet mm 21.06 t mm 1.85

Raggio SX mm 0.971 RaggioDX mm 0.929

σUTS MPa / v mm/min 2



R1 5 −40

0

wnet mm 21.17 t mm 1.90

Raggio SX mm 1.009 RaggioDX mm 1.000

σUTS MPa 110.6 v mm/min 2



R1 6 −40

0

wnet mm 21.22 t mm 1.90

Raggio SX mm 0.993 RaggioDX mm 0.946

σUTS MPa / v mm/min 2



R5 1 −40

0

wnet mm 26.85 t mm 1.90

Raggio SX mm 4.690 RaggioDX mm 4.840

σUTS MPa 106.0 v mm/min 2



R5 2 −40

0

wnet mm 27.13 t mm 1.90

Raggio SX mm 4.786 RaggioDX mm 4.806

σUTS MPa 104.1 v mm/min 2



R5 3 −40

0

wnet mm 26.71 t mm 1.90

Raggio SX mm 4.764 RaggioDX mm 4.820

σUTS MPa 112.1 v mm/min 2



R5 5 −40

0

wnet mm 26.92 t mm 1.90

Raggio SX mm 4.667 RaggioDX mm 4.599

σUTS MPa / v mm/min 2



R5 6 −40

0

wnet mm 26.80 t mm 1.90

Raggio SX mm 4.735 RaggioDX mm 4.653

σUTS MPa / v mm/min 2



L1 −40

0

wnet mm 12.44 t mm 1.95

Raggio SX mm / RaggioDX mm /

σUTS MPa 146.6 v mm/min 2



L2 −40

0

wnet mm 12.44 t mm 1.95

Raggio SX mm / RaggioDX mm /

σUTS MPa 147.2 v mm/min 2



L3 −40

0

wnet mm 12.45 t mm 1.90

Raggio SX mm / RaggioDX mm /

σUTS MPa 150.8 v mm/min 2



R0 1 fat −40

0

a mm 1.96 a mm 1.98

p mm 0, 18 p mm 0.17

Sezione net. mm 35.67 t mm 1, 8

R 0.05 f Hz 6

σa,n MPa 28 ai[ ] 0.26

Ni 2000 NR 23624
Ni

NR
% 8.5 Run out /

Fmax KN 2.102581895 Fmin KN 0.105129095





R0 2 fat −40

0

a mm 1.93 a mm 2.04

p mm 0.23 p mm 0.16

Sezione net. mm 35.70 t mm 1, 8

R 0.05 f Hz 8

σa,n MPa 25 ai[ ] 0.11

Ni 20000 NR 96414
Ni

NR
% 20, 7 Run out /

Fmax KN 1.878726316 Fmin KN 0.093936316



R0 3 fat −40

0

a mm 2 a mm 2.04

p mm 0.19 p mm 0.19

Sezione net. mm 35.69 t mm 1, 8

R 0.05 f Hz 8

σa,n MPa 25 ai[ ] 0.27

Ni 20000 NR 79479
Ni

NR
% 25.2 Run out /

Fmax KN 1.878631579 Fmin KN 0.093931579



R0 4 fat −40

0

a mm 2.05 a mm 2

p mm 0.2 p mm 0.18

Sezione net. mm 36.49 t mm 1, 83

R 0.05 f Hz 8

σa,n MPa 23.5 ai[ ] 0.39

Ni 130000 NR 211016
Ni

NR
% 61.6 Run out /

Fmax KN 1.805304632 Fmin KN 0.090265232



R0 5 fat −40

0

a mm 1.99 a mm 1.99

p mm 0.18 p mm 0.14

Sezione net. mm 35.84 t mm 1, 8

R 0.05 f Hz 12

σa,n MPa 22 ai[ ] 0.19

Ni 100000 NR 565976
Ni

NR
% 17.7 Run out /

Fmax KN 1.660115368 Fmin KN 0.083005768



R0 7 fat −40

0

a mm 1.88 a mm 1.96

p mm 0.2 p mm 0.22

Sezione net. mm 36.36 t mm 1, 83

R 0.05 f Hz 12

σa,n MPa 22 ai[ ] 0.3

Ni 250000 NR 1383040
Ni

NR
% 18.1 Run out /

Fmax KN 1.684139368 Fmin KN 0.084206968





R1 1 fat −40

0

a mm 2.02 a mm 2.10

p mm 1.02 p mm 0.97

Sezione net. mm 38.27 t mm 1, 85

R 0.05 f Hz 6

σa,n MPa 22 ai[ ] /

Ni / NR /
Ni

NR
% / Run out 2400000

Fmax KN 1.772292211 Fmin KN 0.088614611



R1 2 fat −40

0

a mm 1.94 a mm 1.93

p mm 0.92 p mm 0.99

Sezione net. mm 38.35 t mm 1, 85

R 0.05 f Hz 10

σa,n MPa 19 ai[ ] /

Ni / NR /
Ni

NR
% / Run out 4299144

Fmax KN 1.533946 Fmin KN 0.0766973



R1 3 fat −40

0

a mm 1.93 a mm 1.94

p mm 1.01 p mm 1.04

Sezione net. mm 38.26 t mm 1, 85

R 0.05 f Hz 2

σa,n MPa 44 ai[ ] /

Ni 758 ∗ NR 758
Ni

NR
% 100 Run out /

Fmax KN 3.543727579 Fmin KN 0.177186379

∗





R1 4 fat −40

0

a mm 2.01 a mm 2.08

p mm 0.97 p mm 1

Sezione net. mm 38.31 t mm 1, 85

R 0.05 f Hz 2

σa,n MPa 33 ai[ ] 0.39

Ni 4000 NR 6108
Ni

NR
% 65.5 Run out /

Fmax KN 2.661651474 Fmin KN 0.133082574



R1 5 fat −40

0

a mm 1.96 a mm 2.05

p mm 0.94 p mm 1.03

Sezione net. mm 38.39 t mm 1, 85

R 0.05 f Hz 5

σa,n MPa 28 ai[ ] 0.23

Ni 30000 NR 37272
Ni

NR
% 80.5 Run out /

Fmax KN 2.262842105 Fmin KN 0.113142105





R1 6 fat −40

0

a mm 1.94 a mm 1.93

p mm 0.9 p mm 0.98

Sezione net. mm 38.35 t mm 1, 85

R 0.05 f Hz 10

σa,n MPa 25 ai[ ] 0.77

Ni 1650000 NR 1678792
Ni

NR
% 98.3 Run out /

Fmax KN 2.01835 Fmin KN 0.1009175



R1 7 fat −40

0

a mm 1.99 a mm 2.05

p mm 0.98 p mm 0.93

Sezione net. mm 38.34 t mm 1, 84

R 0.05 f Hz 8

σa,n MPa 25 ai[ ] /

Ni 76805 ∗ NR 76805
Ni

NR
% 100 Run out /

Fmax KN 2.018092632 Fmin KN 0.100904632

∗





R1 8 fat −40

0

a mm 1.98 a mm 1.99

p mm 1 p mm 1.02

Sezione net. mm 38.17 t mm 1, 84

R 0.05 f Hz 8

σa,n MPa 25 ai[ ] 0.2

Ni 375000 NR 401224
Ni

NR
% 93.5 Run out /

Fmax KN 2.008989474 Fmin KN 0.100449474



R1 10 fat −40

0

a mm 2.05 a mm 2.03

p mm 0.91 p mm 0.9

Sezione net. mm 38.25 t mm 1, 85

R 0.05 f Hz 8

σa,n MPa 25 ai[ ] /

Ni 37720 ∗ NR 37720
Ni

NR
% 100 Run out /

Fmax KN 2.013092105 Fmin KN 0.100654605

∗



R1 11 fat −40

0

a mm 2.05 a mm 1.92

p mm 0.99 p mm 0.88

Sezione net. mm 38.16 t mm 1, 84

R 0.05 f Hz 8

σa,n MPa 25 ai[ ] 0.25

Ni 671981 NR 690002
Ni

NR
% 97.4 Run out /

Fmax KN 2.008408421 Fmin KN 0.100420421



R5 1 fat −40

0

a mm 8.39 a mm 8.84

p mm 8.39 p mm 8.84

Sezione net. mm 42.42 t mm 1, 85

R 0.05 f Hz 10

σa,n MPa 29.6 ai[ ] /

Ni 670924 ∗ NR 670924
Ni

NR
% 100 Run out /

Fmax KN 2.643236379 Fmin KN 0.132161819

∗



R5 2 fat −40

0

a mm 8.46 a mm 8.67

p mm 8.46 p mm 8.67

Sezione net. mm 41.76 t mm 1, 85

R 0.05 f Hz 3

σa,n MPa 36.9 ai[ ] 0.39

Ni 2000 NR 5823
Ni

NR
% 34.3 Run out /

Fmax KN 3.243809084 Fmin KN 0.162191454





R5 3 fat −40

0

a mm 8.31 a mm 8.54

p mm 8.31 p mm 8.54

Sezione net. mm 42.08 t mm 1, 85

R 0.05 f Hz 7

σa,n MPa 31.3 ai[ ] /

Ni 73639 ∗ NR 73639
Ni

NR
% 100 Run out /

Fmax KN 2.776156581 Fmin KN 0.138807829

∗





R5 4 fat −40

0

a mm 7.76 a mm 7.95

p mm 7.76 p mm 7.95

Sezione net. mm 42.88 t mm 1, 8

R 0.05 f Hz 10

σa,n MPa 25.5 ai[ ] /

Ni / NR /
Ni

NR
% / Run out 2995656

Fmax KN 2.302054105 Fmin KN 0.115102705



R5 5 fat −40

0

a mm 7.92 a mm 8.05

p mm 7.92 p mm 8.05

Sezione net. mm 43.24 t mm 1, 83

R 0.05 f Hz 5

σa,n MPa 29 ai[ ] /

Ni 35027 ∗ NR 35027
Ni

NR
% 100 Run out /

Fmax KN 2.640204568 Fmin KN 0.132010228

∗



R5 6 fat −40

0

a mm 7.9 a mm 7.99

p mm 7.9 p mm 7.99

Sezione net. mm 43.44 t mm 1, 83

R 0.05 f Hz 3

σa,n MPa 29 ai[ ] /

Ni 88587 ∗ NR 88587
Ni

NR
% 100 Run out /

Fmax KN 2.652159284 Fmin KN 0.132607964

∗



R5 8 fat −40

0

a mm 7.94 a mm 8.03

p mm 7.94 p mm 8.03

Sezione net. mm 43.39 t mm 1, 84

R 0.05 f Hz 3

σa,n MPa 29.6 ai[ ] 0.3

Ni 40000 NR 91582
Ni

NR
% 43.7 Run out /

Fmax KN 2.703707621 Fmin KN 0.135185381



R5 9 fat −40

0

a mm 8.08 a mm 7.99

p mm 8.08 p mm 7.99

Sezione net. mm 43.98 t mm 1, 84

R 0.05 f Hz 10

σa,n MPa 29.6 ai[ ] 0.27

Ni 40000 NR 113446
Ni

NR
% 35.3 Run out /

Fmax KN 2.740743141 Fmin KN 0.137037157



R5 11 fat −40

0

a mm 7.99 a mm 7.94

p mm 7.99 p mm 7.94

Sezione net. mm 44, 15 t mm 1, 84

R 0.05 f Hz 8

σa,n MPa 20 ai[ ] /

Ni / NR /
Ni

NR
% / Run out 2521621

Fmax KN 1.858826105 Fmin KN 0.092941305



R5 12 fat −40

0

a mm 7.96 a mm 8.01

p mm 7.96 p mm 8.01

Sezione net. mm 44.08 t mm 1, 84

R 0.05 f Hz 5

σa,n MPa 26 ai[ ] /

Ni 934726 ∗ NR 934726
Ni

NR
% 100 Run out /

Fmax KN 2.4130496 Fmin KN 0.12065248

∗
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