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\/ Original Study
Configuration 01 Geometry

U.S. AIR FORCE

0.300 D = 0.3281 0.005 x 0.005
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U.S. AIR FORCE

Original Study

Fastener Load vs Life Configuration 01

IFS 0.05
Width Thickness Diameter Offset IFS Pin Load Weff TSF BrSF Stress Life Life
[ 2746 0273 03281 065  0.005 1.219 |
Varying LT 0.273 0.3281 0 1.219 1.000 0.000 42.3% 21924 7664
0.273 0.3281 500 1.219 0.965 0.132  42.3% 21925 7887
0.273 0.3281 1000 1.219 0.929 0.263 42.3% 22044 8168
0.273 0.3281 1500 1.219 0.8%4 0.395 42.3% 22047 8467
0.273 0.3281 2000 1.219 0.858 0.527  42.3% 22154 8718
0.273 0.3281 2500 1.219 0.823 0.658  42.3% 22273 8974
Varying Load Transfer (0.005 IFS) Varying Load Transfer (0.05 IFS)
22300 9200
/ 9000
22250
22200 / 8800 / /
/ 8600
22150 / /
8400
2 22100 _ £ / _
= ./ =4=Varying LT 8200 =o=Varying LT
22050 o =f-Nominal CP / =fi=Nominal CP
/S 8000
22000 / 2800 /
21950 / 7600 ‘/
21900 . . . ' . . 7400 ; : : : : .
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
Pin Load Pin Load

As the Pin Load Increases the Life Decreases
This Trend is counter Intuitive
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\/ Original Study
Configuration 02 Geometry

U.S. AIR FORCE

0.090 D =0.250
l— \! {0.050 x 0.050
1
:

T —>‘ 0.560 —

- 2.800 -
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\'“/ Original Study
* Fastener Load vs Life Configuration 02

U.S. AIR FORCE

| | Weff_bearing
Method: Vary Pin Load and calculate TSF and BrSF using Weff and run prediction
Width  Thickness Diameter Offset  IFS Pin Load Weff TSF BrSF Stress Life
| 2.8 0.09 0.25 056  0.005| | 1499 | 17.662| |
Varying LT 0.09 0.25 0 1.494 1.000 0.000 17.662 33547
0.09 0.25 200 1.494 0.916 0.503 17.662 30187
0.09 0.25 400 1.494 0.832 1.007 17.662 27535
0.09 0.25 800 1.494 0.663 2.013 17.662 23918
0.09 0.25 1000 1.494 0.579 2.516 17.662 22595
0.09 0.25 1200 1.494 0.495 3.020 17.662 21484
Varying Load Transfer (0.005 IFS)
35000
30000
£ 25000
= —+—\Varying LT
—=—Nominal CP
20000
15000 T T T T T T 1
0 200 400 600 800 1000 1200 1400 6
Pin Load
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\/ SwWRI Study: AFGROW Solution
Beta Curve as a Function of Pin Load (Config. 01)

U.S. AIR FORCE

1.6

1.5

1.4

1.3

1.2

1.1

PL = 2500 —

N PL = 2500
0] 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 . o | .
—0 —500 1000 —1500 —2000 2500 . o —0 —sm0 1000 ——1500 —— 2000 2500
Config. 01 Offset Hole Config. 01 Centered Hole
Beta Curve with Varying Load Transfer Beta Curve with Varying Load Transfer

Note: Centered Hole Model Removes the Hole Offset Effect and Finite Width
Effect

IFS = 0.05” — both Offset Hole and Centered Hole
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\/ SWRI Study: StressCheck Solution

Beta Curve as a Function of Pin Load Wide Plate

0000000000

0000000000

5.600e+004

4.800e+004

4.000e+004

0000000000
7.400e+004 PL = 2500
1.600e+004
0000000000

0.000e+000

Config. 01 Two-Dimensional StressCheck Model

— —G] — ] — 1500 —F000  — 2500

Conf. 01 Two-Dimensional StressCheck Model Beta Curve

The Finite Element Model shows the opposite trend from
AFGROW??
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U.S. AIR FORCE

USAF Study:
AFGROW Solution (Config. 01)
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A\ ¥4 USAF Study: AFGROW Solution
Beta Curve as a Function of Pin Load (Config. 01)

U.S. AIR FORCE

Configuration 01, IFS = 0.005, AFGROW - Centered Hole, Beta Curve

25 35000

Life Curve, PL = 800

PL = 2500 N o

25000

20000 W =30, PL=0

W =30, PL=500

W =30, PL=1000

W =30, PL=1500

W =30, PL=2000
15000

W =30, PL=2500
DFS

Life Curve - PL=1500

PL = 2500

0.5

0 0.1 0.2 0.3 04 0.5 0.6

Crack Length

| b

Bearing influence reduces as the distance from the hole increases
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U.S. AIR FORCE

USAF Study: AFGROW Solution

Beta Curve as a Function of Pin Load (Config. 02)

Beta

19

14

CP 45, IFS = 0.005", AFGROW, Beta Curve and Life Curve

Life Curve, PL =800

PL =1200

-
-
-
-
-
-

90000

80000

30000

p

PL=0
PL=0 \
f
PL =1200

0.15 0.2

Crack Length

0.1

0.05

)

Bearing influence reduces as the distance from the hole increases

0000

Title: W=2.8, PL=0

Title: W=2.8, PL=200
Title: W=2.8, PL=400
Title: W=2.8, PL=800

Title: W=2.8, PL=1000
Title: W=2.8, PL=1200

= = = Life Curve - W=2.8, PL=800

DFS
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U.S. AIR FORCE

USAF Study:
Stress Check Load Transfer Model
Comparison With AFGROW Solution
(Config. 01)

12
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\/ USAF Study: StressCheck vs AFGROW

«Qr StressCheck Load Transfer Model
U.S. AIR FORCE

Solution Space:

Model Count = 55

Diameter — 0.1875, 0.3281
Repair Thickness — 0.1, 0.2, 0.4 Stresscheck V10.4
Crack Length —0.03, 0.05, 0.08, 0.1, 0.14, 0.16, 0.18, 0.2, 0.24, 0.3, 0.34, 0.38, 0.42, 0.54, 0.6, 1.0, 2.0, 3.0 Units = INCH/LBF/SEC/F

LINEAR ID=LSOL
Run=1, DOF=345624
Fnc.=S1
Max= 4.36%92+004
Min=-2.380e+002

Fully Fixed

.000e+003
.900e+003
.800e+003
. 700e+003
.600e+003
.500e+003
.400e+003
. 300e+003
. 200e+003
.100e+003
.000e+003
.000e+002
.000e+002
.000e+002
.000e+002
.000e+002
.000e+002
.000e+002
.000e+002
.000e+002
.000e+000

Applied Stress

of 1,000 psi
Embedded

Crack
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\/ USAF Study: StressCheck vs AFGROW

«Qr StressCheck Load Transfer Model
U.S. AIR FORCE

Width = 4.88”
Length = 13.12”
Thickness = (0.1, 0.2, 0.4) Stresscheck v10.4
; — 7> Material = 17-7PH . Units = INCH/LBF/SEC/F
Width =27 . alena Diameter = (0.1875, 0.3281) LINEAR ID=LSOL
Length = 13.12 J + Fastener & Row Pitch = 4 x Diameter Run=l, DOF=345624

Thickness = 0.30”
Material = 2024-T3511

\

Max= 4.369e+004
Min=-2,380e+002

.000e+003
.900e+003
.800e+003
. 700e+003
.600e+003
.500e+003
.400e+003
.300e+003
.200e+003
.100e+003
.000e+003
.000e+002
.000e+002
.000e+002
.000e+002
.000e+002
.000e+002

Crack Length = (0.03, 0.05, 0.08, 0.10,
0.14,0.16, 0.18, 0.2, 0.24, 0.3, 0.34,
0.38,0.42,0.54, 0.6, 1.0, 2.0, 3.0)

OCR N WA VO N B ORERRERRPRBERRERRPRN

/f .000e+002
+ +
.000e+002
Width = 4.88” .000e+002
'1* Length = 10.50” Resulting Pin Load used is an Average 000e+000
Thickness = 0.29” of these four fasteners (Ib).
Material = 2024-T3511 PL=45,77,116

14
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\./ USAF Study: StressCheck vs AFGROW
e StressCheck Beta Curve (0.3281” Diameter_Centered Hole)

U.S. AIR FORCE
Diameter of 0.3281, StressCheck Beta Curve
1.90
1.70 \ /
1.50 .'
\\\ PL=116
o \w”
[<5) A
(at)] -PL=45
130 PL=77
/ \ Point Where pLeme
Influence of Bearin
PL=45 \\\ >earing
1.10 N Becomes Minimal
\. ‘\
PL = 45
0.90 - . \
= ) 3 > —
070 | PL=116
0 0.2 0.4 0.6 0.8 1 1.2 1.4 16 1.8 2
Crack Length




TSF, BSF and Effective Width

16
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\/ Beta Factors

U.S. AIR FORCE

Beta factor i1s used to calculate the stress
Intensity factor

K=oNax f

Xis the crack length

Example of Beta for an edge crack in a semi infinite plate

| T S A R

= B=1122

17



A 4 _ _
A\ 4 Combined Beta Solutions
(Tension and Bearing Only)

U.S. AIR FORCE

Loading Is combined using Superposition

I<Total — + K

Tension Bearing

BTotaI — (TSF) BTension + (BSF) BBearing

TSF = —ZBuas  — 1 (BSF ——) BSF = —ZBewie = (1. ToF) Ner
ORef (Far field) Weff ORef (Far field) b

18



A )
\/ Combined Beta Solutions

o . .
* (Pictorially)
U.S. AIR FORCE
ORef — (4444 Y

GBearing\\>§> — (TS F) O + (BSF)
2222 YVVYY

BTotaI - (TSF) BTension T (BSF)

l l

Represents the amount of Represents the amount of
tension stress compared Bearing stress compared
K =g, [Ttx B to the reference stress to the reference stress

19

BTotaI = (G_(];;T) BTension + (Mﬂ) BBearing

ORet



U.S. AIR FORCE

StressCheck Betas vs AFGROW Betas

(Centered Hole, Wide Plate, Single Fastener)

Note: Removes finite width & hole offset assumptions

20



A )
\/ StressCheck Load Transfer Model

*3r . .
U.S. AIR FORCE (Centered Hole, Wide Plate, Single Fastener)

Solution Space:

Diameter —0.3281

Thickness — 0.30

Pin Load — 47, 77, 116

Crack Length —0.03, 0.05, 0.08, 0.1, 0.14, 0.16, 0.18, 0.2, 0.24, 0.3, 0.34, 0.38, 0.42, 0.54, 0.6, 1.0, 2.0, 3.0, 5.0, 8.0, 10.0

A StressCheck vi0.4

Units = IMCH/LEF/SEC/F
LINEAR ID=L50L
Run=1, DOF=15118
Fnc.=51

GRef =1000 pS| Max= 1.164e+005

Min=-7.163e+002

/ 2.000e+003

1.900e+003
1.800e+003
1.700e+003
1.600e+003
1.500e+003
1.400e+003
1.300e+003
1.200e+003
1.100e+003
1.000e+003
9.000e+002
8.000e+002
7.000e+002
5.000e+002
5.000e+002

GBypass i 4.000e+002

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y 3 00064007
\ < > 2.000e+002

27 inches

w

KRR I ISR F IR ITIIIR RIS FESFIT T
22 R

<

1.000e+002
0.000e+000

Fastener Load 47 Ibs T7lbs | 116 1bs L =30 inches
Bypass Stress 994 psi 991 psi | 986 psi

Note: Bypass stress is calculated as an average over the width of 27 inches.

21
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\'.'/ Tension & Bearing Beta Curve (Separated)
* (SC & AFGROW - Centered Hole, Wide Plate, Single Fastener)

U.S. AIR FORCE

Solution Space:

Diameter —0.3281

Thickness — 0.30

Pin Load — 47, 77, 116

Crack Length —0.03, 0.05, 0.08, 0.1, 0.14, 0.16, 0.18, 0.2, 0.24, 0.3, 0.34, 0.38, 0.42, 0.54, 0.6, 1.0, 2.0, 3.0, 5.0, 8.0, 10.0

Beta vs Crack Length (W=27", Weff = 27", Single Fastener, Tension & Bearing)

2.500

2.000

1.500

— — — StressCheck Beta (Bearing)

Beta

AFGROW Beta (Bearing(

B Tension esheck pets (Tension)

1.000 AFGROW Beta (Tension)

Largest Influence
L ' of Bearing Load /

0000 L e = = = === === === e e e e e e e e e e

3 4 5 6 7 8 9 10
Crack Length 22




\
\/ Combining the Tension & Bearing Beta Curve

o
* (Centered Hole, Wide Plate, Single Fastener)

U.S. AIR FORCE

Solution Space:

Diameter — 0.3281

Thickness — 0.30

Pin Load — 47, 77, 116

Crack Length —0.03, 0.05, 0.08, 0.1, 0.14, 0.16, 0.18, 0.2, 0.24, 0.3, 0.34, 0.38, 0.42, 0.54, 0.6, 1.0, 2.0, 3.0, 5.0, 8.0, 10.0

- (Lells [/ /7
ypass —
OBearin //5 — ] i
B g — 1_ (BSF “l/? ) O + ( Bearmg)
eff ORef

Ty T

ﬁTotal — 1 (0'477 0'3581) ﬁTension + (417,;;)500)

v

If W= 27.0,then

v
BTotaI — (0994) BTension T (0477)

23
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Solution Space:

Diameter — 0.3281

Thickness — 0.30

Pin Load — 47, 77, 116

Tension & Bearing Beta Curve (Separated)
(SC & AFGROW - Centered Hole, Wide Plate, Single Fastener)

Crack Length —0.03, 0.05, 0.08, 0.1, 0.14, 0.16, 0.18, 0.2, 0.24, 0.3, 0.34, 0.38, 0.42, 0.54, 0.6, 1.0, 2.0, 3.0, 5.0, 8.0, 10.0

2.5

15

Beta

0.5

(TSF) BTension

/

(BSF)
;

0.4 0.6 0.8 1 1.2 1.4 16 1.8
Crack Length

Beta vs Crack Length (W=27", Weff=27", Single Fastener, Tension & Bearing)

TSF BSF

47 lbs 0.994 0.477
77 lbs 0.990 0.782
116 lbs 0.936 1.179

AFGROW Beta -
—— AFGROW Beta -
—— AFGROW Beta -
—— AFGROW Beta -
AFGROW Beta -
—— AFGROW Beta -

PL=47 |bs (Bearing)
PL=77 |bs (Bearing)
Pl=1161bs (Bearing)
PL=47 |bs (Tension)
PL=77 Ibs (Tension)
Pl=1161bs (Tension)

24
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U.S. AIR FORCE

Solution Space:

Diameter — 0.3281
Thickness — 0.30

Pin Load

—44,77,116

Tension & Bearing Beta Curve (Combined)
(SC & AFGROW - Centered Hole, Wide Plate, Single Fastener)

Crack Length —0.03, 0.05, 0.08, 0.1, 0.14, 0.16, 0.18, 0.2, 0.24, 0.3, 0.34, 0.38, 0.42, 0.54, 0.6, 1.0, 2.0, 3.0, 5.0, 8.0, 10.0

3.00000

2.50000

2.00000

Beta

1.50000

1.00000

0.50000

Beta vs Crack Length (W=27", Weff = 27", Single Fastener, Tension & Bearing)

ﬁ Total

0 1 2 3 4 5 6 7 8

Crack Length

10

SC Beta - 44 |bs
SCBeta- 77 Ibs

SCBeta- 116 Ibs

AFGROW Beta - 44 Ibs

AFGROW Beta - 77 |bs

AFGROW Beta - 116 |bs

25
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U.S. AIR FORCE

Tension & Bearing Beta Curve (Combined)
(SC & AFGROW - Centered Hole, Wide Plate, Single Fastener)

Solution Space:

Diameter — 0.3281
Thickness — 0.30

Pin Load — 47, 77, 116
Crack Length —0.03, 0.05, 0.08, 0.1, 0.14, 0.16, 0.18, 0.2, 0.24, 0.3, 0.34, 0.38, 0.42, 0.54, 0.6, 1.0, 2.0, 3.0, 5.0, 8.0, 10.0

Beta vs Crack Length (W=27", Weff=1.31" & 27", Single Fastener, Tension & Bearing)
3.00
(27 inches)
E SCBeta-47 lbs
[ SCBeta - 77 Ibs
500 - SCBeta- 116 Ibs
g ! AFGROW Beta - 44 Ibs
a - AFGROW Beta - 77 lbs
[ AFGROW Beta - 116 Ibs
AFGROW Beta - Pl 47, Weff=13.5
120 AFGROW Beta - PI 77, Weff=13.5
AFGROW Beta - PL 116, Weff=13.5
1.00
SC Betas
29
PL=116" }Weﬁ: 1.31
0.50
0 02 04 06 0.8 1 1.2 1.4 16 1.8 2 (4 D) 26
Crack Length
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U.S. AIR FORCE

StressCheck Betas vs AFGROW Betas

(Centered Hole, Wide Plate, Three Fasteners)

27
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\/ StressCheck Load Transfer Model

[ 4
Qr

U.S. AIR FORCE

(Centered Hole, Wide Plate, Three Even Spaced Fasteners)

Solution Space:

Diameter —0.3281

Thickness — 0.30

Pin Load — 47, 77, 116

Crack Length —0.03, 0.05, 0.08, 0.1, 0.14, 0.16, 0.18, 0.2, 0.24, 0.3, 0.34, 0.38, 0.42, 0.54, 0.6, 1.0, 2.0, 3.0

StressCheck wl10.4

Units = INCH/LBF/SEC/F
LINEAR ID=LZ0L
Run=l, DOF=32446
Fric.=51
Max= 1.159e+005
Min=-7.15%de+007

1

A

.000e+003
.900e+003
. 800e+003
.700e+003
.600e+003
. 500e+003
. 400e+003
.300e+003
.200e+003
. 100e+003
.000e+003
.000e+002
.000e+002
.000e+002
. 000e+002
.000e+002
. 000e+002
. 00024002
. 000e+002
. 00024002
. 000e+000

27 inches

w

[

V"J’YY’V "’V’V’V‘V’Y‘V‘V’V’T’V e "‘V V’V’"'V’V’V.V.V.V."""V"’V Y’Y’T‘T’T“""’V By Y Y Y A A LV

ASAAMAAAANASASAAAANARAAANSAAASNNAPAAANNAANNAANAASANASAS
VAV YV YV YV YV Y VY VY VYV VYV VVVVVVVVV VY

P
<«
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\/ SC & AFGROW Tension & Bearing Beta Curve

«Qr
U.S. AIR FORCE (Centered Hole, Narrow Plate, Three Even Spaced Fasteners)

) >
2
w fwfm S @

Solution Space:

Diameter —0.3281

Thickness — 0.30

Pin Load — 47, 77, 116

Crack Length —0.03, 0.05, 0.08, 0.1, 0.14, 0.16, 0.18, 0.2, 0.24, 0.3, 0.34, 0.38, 0.42, 0.54, 0.6, 1.0, 2.0, 3.0

Beta vs Crack Length (W=27", Weff = 13.5", Three Fasteners_even spaced, Tension & Bearing)

3.00000

c|

Effective Width
(13.5 inches)

2.50000

2.00000 — — —SCBeta-PL44

SCBeta - PL77
— — —SCBeta-PL116

Beta

AFGROW Beta - PL 44

AFGROW Beta-PL77

1.50000 AFGROW Beta - PL 116

1.00000

0.50000
0 0.5 1 1.5 2 2.5 3 29

Crack Length
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\/ StressCheck Load Transfer Model

«Qr _
U.S. AIR FORCE (Centered Hole, Wide Plate, Three Uneven Spaced Fasteners)

Solution Space:

Diameter —0.3281

Thickness — 0.30

Pin Load — 47, 77, 116

Crack Length —0.03, 0.05, 0.08, 0.1, 0.14, 0.16, 0.18, 0.2, 0.24, 0.3, 0.34, 0.38, 0.42, 0.54, 0.6, 1.0, 2.0, 2.8

StressCheck w10.4

4 Units = INCH/LBF/SEC/F

LITNEAR TID=LS0OL

Run=1, DOF=33742
Frc.=51

Max= 1.159e+005

Min=-7.154e4+002

.000e+003
.900e+003
.800e+003
.700e+003
.600e+003
.500e+003
.400e+003
.300e+003
.200e+003
.100e+003
.000e+003
.000e+002
.000e+002
.000e+002
.000e+002
.000e+002
.000e+002
.000e+002
.000e+002
.000e+002 30
.000e+000

VVYVVVY

fr,

RARATAN

27 inches
111
VVVY

w

T

A

O B N W kR VO N OW R R R R R B R R R BN

L =30 inches
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\/ SC & AFGROW Tension & Bearing Beta Curve
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U.S. AIR FORCE

(Centered Hole, Narrow Plate, Three Uneven Spaced Fasteners) %% <4

Solution Space:

Diameter —0.3281

Thickness — 0.30

Pin Load — 47, 77, 116

Crack Length —0.03, 0.05, 0.08, 0.1, 0.14, 0.16, 0.18, 0.2, 0.24, 0.3, 0.34, 0.38, 0.42, 0.54, 0.6, 1.0, 2.0, 2.8

Beta vs Crack Length (W=27", Weff = 13.5", Three Fasteners_uneven spaced, Tension & Bearing)
350000
3.00000 - - 7\ : LN
Effective Width | =\ -
5o N/ vﬁ‘g‘égb 2
(13.5inches) | ESNPASPOREOA /| 4
| SO
BSOS
40 VAVAN
A V’V £ ©  — ——SCBeta-PL47
k ISR — ——SCBeta-PL77
% #0000 | D val —>  — — _sCBeta-PL116
m = ~ e AFGROW Beta - PL 47
7 | % AFGROW Beta - PL77
AFGROW Beta - PL 116
1.50000
1.00000
oo 0 05 1 15 2 25 3 31
Crack Length
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U.S. AIR FORCE

StressCheck Betas vs AFGROW Betas

(Centered Hole, Wide Plate, Four Fasteners)

32



A )
\/ StressCheck Load Transfer Model

[ 4
Qr

U.S. AIR FORCE (Centered Hole, Wide Plate, Four Even Spaced Fasteners)

Solution Space:

Diameter —0.3281

Thickness — 0.30

Pin Load — 47, 77, 116

Crack Length —0.03, 0.05, 0.08, 0.1, 0.14, 0.16, 0.18, 0.2, 0.24, 0.3, 0.34, 0.38, 0.42, 0.54, 0.6, 1.0, 2.0, 3.0

L A

Units = INCH/LBF/SEC/F
LIMNEAR ID=LS0OL
Run=1l, DOF=36710
Frnc.=51
Max= 1.156e+005
Min=-7.146e4+002

1

A

.000e+003
.900e+003
.800e+003
.700e+003
.600e+003
.500e+003
.400e+003
. 30024003
.200e+003
.100e+003
.000e+003
.000e+002
.000e+002
.000e+002
.000e+002
. 000e+002
.000e+002
. 00024002
. 000e+002
.000e+002 33
. 000e+000

27 inches

w

‘\‘A’A A‘A’AAA‘AAAAA’A’AA‘AAAAAAAAA’AAAAAAAAAA’AAAAAAA AVAYAVAVAVAVAVAVAVAVAN

{7
v e e e ST i
LR R A OO0

VYVYYVYVYYYVTYVYYVVYVYYVVYVYVYVVYYV

¥

¥

[
|

P
<«

O R N W B UTOE -~ 0 WKKERKRRRRRKERK R KB N

L =30 inches
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\/ SC & AFGROW Tension & Bearing Beta Curve

®
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U.S. AIR FORCE

(Centered Hole, Narrow Plate, Four Even Spaced Fasteners) %%\m@

Solution Space:

Diameter —0.3281

Thickness — 0.30

Pin Load — 47, 77, 116

Crack Length —0.03, 0.05, 0.08, 0.1, 0.14, 0.16, 0.18, 0.2, 0.24, 0.3, 0.34, 0.38, 0.42, 0.54, 0.6, 1.0, 2.0, 3.0

Beta vs Crack Length (W=27", Weff = 10.8", Four Fasteners_even spaced, Tension & Bearing)

3.50000

3.00000

Effective Width
(10.8 inches)

2.50000

— — —SCBeta-PL47

— — —SCBeta-PL77
2.00000

— — —SCBeta-PL116

Beta

AFGROW Beta - PL 47

AFGROW Beta - PL77

AFGROW Beta - PL116
1.50000

1.00000

0.50000

0 05 1 15 2 25 3 34
Crack Length




U.S. AIR FORCE

StressCheck Betas vs AFGROW Betas

(Centered Hole, Narrow Plate, Single Fastener)

Note: Removes hole offset assumptions
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\/ USAF Study: StressCheck vs AFGROW

e StressCheck Load Transfer Model (Single Fastener)
U.S. AIR FORCE

Solution Space:

Diameter —0.3281

Thickness — 0.30

Pin Load — 47, 77, 116

Crack Length —0.03, 0.05, 0.08, 0.1, 0.14, 0.16, 0.18, 0.2, 0.24, 0.3, 0.34, 0.38, 0.42, 0.54, 0.6, 1.0, 1.25,1.2,1.3,1.4,1.5

StressCheck v10.4
Units = INCH/LEF/SEC/F
LINEAR ID=LS0OL
run=1, DOF=10166
Fnc. =51
Max= 1.153e+005
Min=-7.141e4+002

2.000e+003

1.900e+003

1.800e+003

1.700e+003

1.600e+003

n 1.500e+003

e - 1.400e+003
< !

2 -] 1.300e+003
S =

= = 1.200e+003

~ ?I 1.100e+003

! ::' 1.000e+003

< Y Y Y YWY Y VY Y Y YR 900064002

8.0002+002

< > 7.000e+002

-~ »

6.0002+002

L =30 inches 5. 000e+002

4.000e+002

¥ 3.0002+002

I 2.000e+002

! 1.000e+002

0.000e+000
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\/ StressCheck & AFGROW Tension Beta Curve

®
Qr

U.S. AIR FORCE

(Centered Hole, Narrow Plate, Single Fastener)

Solution Space:

Diameter —0.3281

Thickness — 0.30

Pin Load — 47, 77, 116

Crack Length —0.03, 0.05, 0.08, 0.1, 0.14, 0.16, 0.18, 0.2, 0.24, 0.3, 0.34, 0.38, 0.42, 0.54, 0.6, 1.0, 1.25,1.2,1.3,1.4,1.5

Beta vs Crack Length (W=4.0", Single Fastener, Tension and Bearing)
3.00000
2.50000
2.00000
— — — SCBeta - Tension
S 150000
<5 AFGROW Beta - Tension
m Tension SC Beta - Bearing
AFGROW Beta - Bearing
1.00000 /
0.50000
0.00000
0 02 04 06 0.8 1 12 1.4 16 37
Crack Length
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Solution Space:

Diameter — 0.3281
Pin Load — 47, 77, 116

SC & AFGROW Tension & Bearing Beta Curve

(Centered Hole, Narrow Plate, Single Fastener)

Crack Length —0.03, 0.05, 0.08, 0.1, 0.14, 0.16, 0.18, 0.2, 0.24, 0.3, 0.34, 0.38, 0.42, 0.54, 0.6, 1.0, 1.25,1.2,1.3,1.4,1.5

3.50000

3.00000

2.50000

2.00000

Beta

1.50000

1.00000

0.50000

Beta vs Crack Length (W=4.0", Weff=4.0", Single Fastener, Tension & Bearing)

— — —SCBeta-PLA7
SCBeta-PL77
T t I SCBeta- PL116
O a AFGROW Beta - PL 47

AFGROW Beta - PL77

AFGROW Beta - PL 116

0.2 0.4 0.6 0.8 1 1.2 14 16

Crack Length
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\/ SC & AFGROW Tension & Bearing Beta Curve

«Qr _
U.S. AIR FORCE (Centered Hole, Narrow Plate, Single Fastener)

Solution Space:

Diameter — 0.3281
Pin Load — 44, 77, 116
Crack Length —0.03, 0.05, 0.08, 0.1, 0.14, 0.16, 0.18, 0.2, 0.24, 0.3, 0.34, 0.38, 0.42, 0.54, 0.6, 1.0, 1.25,1.2,1.3,1.4,1.5

Beta vs Crack Length (W=4.0", Weff=4.0", Single Fastener, Tension & Bearing)
3.50000
3.00000 :‘
=
%
&
=
2.50000
- - — — —SCBeta-PL47
Effective Width
C 2.00000
© - SCBeta-PL116
o (4 I nChES) AFGROW Beta - PL 47
AFGROW Beta-PL77
AFGROW Beta - PL 116
1.50000
1.00000
0.50000
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
‘Crack Length 39




StressCheck Betas vs AFGROW Betas

Summary
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\/ StressCheck vs AFGROW

U.S. AIR FORCE (Summary)

The anomaly of increasing fastener load and increasing life is correct based on how
the study was conducted.

. As the pin load increases the BSF increases and the TSF decreases. In the
case of Config 01. The decreasing TSF is over the crack growth curve
from the IFS to the critical crack length. Therefore, it would naturally
show an increase in life as the pin load decreases.

Bearing and Tension Beta Solutions:
. Line up well for Wide Centered Hole Models
. Line up well for Wide Offset Hole Models
. Have differences for Narrow Centered Hole Models

The Effective width assumption that A-10 currently uses appears to be small

compared to what values are necessary to allow StressCheck and AFGROW to
match up.

« Appears that it should be from the edge of the part to the adjacent fastener.

In all cases ran, the betas as the crack nears the edge of the part do not line up. M



A )
\/ StressCheck vs AFGROW

U.S. AIR FORCE

(Recommendation)

Run Series of Models with larger Fastener Load to ensure that trend is still
valid with smaller TSF values, i.e. a larger range of TSF.

Run Config. 01 with the larger effective width to determine the resulting
life trends with increase pin load.

Run model with crack growing from fastener to fastener.

Run a sensitivity study to determine how much the change in effective
width effects the resulting life.
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\/ StressCheck vs AFGROW

U.S. AIR FORCE

Backup Slides
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\/ Combining the Tension & Bearing Beta Curve

o
* (Centered Hole, Wide Plate, Single Fastener)

U.S. AIR FORCE

Solution Space:

Diameter — 0.3281

Thickness — 0.30

Pin Load — 47, 77, 116

Crack Length —0.03, 0.05, 0.08, 0.1, 0.14, 0.16, 0.18, 0.2, 0.24, 0.3, 0.34, 0.38, 0.42, 0.54, 0.6, 1.0, 2.0, 3.0, 5.0, 8.0, 10.0

YAVAY AV Yy
ORef ——— 5

GBearing - — _ D + GBearin
— 1- (BSFw-)| O (—-"~chef )

T TTTTT

csBypass

ﬁTotal — 1 (0'475 0'3581) ﬁTension + (417,;6560)

v

If W= 27.0,then

v
BTotaI — (0994) BTension T (0475)
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\/ StressCheck & AFGROW Tension Beta Curve

2
* (Centered Hole, Wide Plate, Single Fastener)

U.S. AIR FORCE

Solution Space:

Diameter — 0.3281
Load — 44, 77, 116
Crack Length —0.03, 0.05, 0.08, 0.1, 0.14, 0.16, 0.18, 0.2, 0.24, 0.3, 0.34, 0.38, 0.42, 0.54, 0.6, 1.0, 2.0, 3.0, 5.0, 8.0, 10.0

Beta vs Crack Length (W=27", Single Fastener, Tension)
3.00000
2.50000
SC Beta - 44 |bs
2.00000
© SC Beta - 77 |bs
a SC Beta- 116 Ibs
AFGROW Beta - 44 Ibs
AFGROW Beta - 77 |bs
1.50000 AFGROW Beta - 116 Ibs
1.00000 B
0.50000
0 1 2 3 1 5 6 7 8 9 10
Crack Length 45
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\/ StressCheck & AFGROW Bearing Beta Curve

2
* (Centered Hole, Wide Plate, Single Fastener)

U.S. AIR FORCE

Solution Space:

Diameter — 0.3281
Load — 44, 77, 116
Crack Length —0.03, 0.05, 0.08, 0.1, 0.14, 0.16, 0.18, 0.2, 0.24, 0.3, 0.34, 0.38, 0.42, 0.54, 0.6, 1.0, 2.0, 3.0, 5.0, 8.0, 10.0

Beta vs Crack Length (W=27", Single Fastener, Bearing Only)
0.600
0.500
0.400
SCBeta- 44 Ibs
© SCBeta-7 lbs
o 0.300
@ SCBeta- 116 Ibs
AFGROW Beta - 44 |bs
AFGROW Beta - 77 Ibs
AFGROW Beta - 116 Ibs
0.200
0.100
0.000
0 1 2 3 4 5 6 7 ] 9 10
Crack Length 46
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U.S. AIR FORCE

StressCheck Beta Curve (0.1875” Diameter_Centered Hole)

USAF Study: StressCheck vs AFGROW

CP 100, Diameter of 0.1875, StressCheck Beta Curve
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Beta
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1.10

0.90
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0.4

Point Where
fluence of Bearing
Becomes Minimal

PL=25

1 1.2 1.4

Crack Length

0.8

0.6

1.6

X
PL =62

18

——PL=25
——PL=43
PL=62
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\./ USAF Study: StressCheck vs AFGROW
‘o StressCheck Beta Curve (0.3281” Diameter_Offset Hole)

U.S. AIR FORCE

Diameter of 0.3281_Offset Hole Model, StressCheck Betas

3.50

3.00
2.50
R e
© > - 1.000e40
@ 2.00 1 1 G o PL=38
g |
PL=62
/ PL=89
PL=238
1.50
1.00
0.50
0 0.05 0.1 0.15 0.2 0.25 03 035 04 045

Crack Length
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U.S. AIR FORCE

2.2

18

14

12

USAF Study: AFGROW Solution

Beta Curve as a Function of Pin Load (Config. 01)

IFS = 0.005", AFGROW - Offset Hole, Beta Curve and Life Curve

PL = 2500
Life Curve, PL =800

-

35000

30000

- --7" 20000
15000
,I
s
4
4
/’ 10000
PL=0
J \
!
1
1 5000
1
1
: 1
1
! PL = 2500 .
0.05 01 0.15 0.2 0.25 03
Crack Length

|
Bearing influence reduces as the distance from the hole increases

W =30, PL=0
W =30, PL=500
W =30, PL=1000
W =30, PL=1500
W =30, PL=2000
W =30, PL=2500

= = = Life Curve - W=30, PL=1500

DFS
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